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Chapter 1
MC9S12E256 Device Overview (MC9S12E256DGV1)

1.1 Introduction

The MC9S12E256 is a 112/80 pin low cost general purpose MCU comprised of standard on-chip
peripheralsincluding a 16-bit central processing unit (HCS12 CPU), 256K bytes of Flash EEPROM, 16K
bytes of RAM, three asynchronous serial communications interface modules (SCI), aserial periphera
interface (SPI), an Inter-1C Bus (11C), three 4-channel 16-bit timer modules (TIM), a 6-channel 15-bit
Pulse Modulator with Fault protection module (PMF), a 6-channel 8-bit Pulse Width Modulator (PWM),
a 16-channel 10-bit analog-to-digital converter (ADC), and two 1-channel 8-bit digital-to-analog
converters (DAC). The MC9S12E256 hasfull 16-bit data paths throughout. Theinclusion of aPLL circuit
allows power consumption and performance to be adjusted to suit operational requirements. In addition to
the 1/0O ports available on each module, 16 dedicated I/O port bits are available with Wake-Up capability
from STOP or WAIT mode. Furthermore, an on chip bandgap based voltage regulator (VREG) generates
the internal digital supply voltage of 2.5V (VDD) from a2.97V to 5.5V external supply range.

111 Features

e 16-bit HCS12 CORE
— HCS12 CPU
— Upward compatible with M68HCL11 instruction set
— Interrupt stacking and programmer’s model identical to M68HC11
— Instruction queue
— Enhanced indexed addressing
— Module Mapping Control (MMC)
— Interrupt control (INT)
— Background Debug Module (BDM)
— Debugger (DBG12) including breakpoints and change-of-flow trace buffer
— Multiplexed External Bus Interface (MEBI)
*  Wake-Up interrupt inputs
— Upto 16 port bits available for wake up interrupt function with digital filtering
*  Memory
— 256K Byte Flash EEPROM
— 16K Byte RAM

MC9S12E256 Data Sheet, Rev. 1.08
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

Two 1-channel Digital-to-Analog Converters (DAC)

— 8-bit resolution

Analog-to-Digital Converter (ADC)

— 16-channel module with 10-bit resolution

— External conversion trigger capability

Three 4-channel Timers (TIM)

— Programmable input capture or output compare channels
— Simple PWM mode

— Counter modulo reset

— External event counting

— Gated time accumulation

6 PWM channels (PWM)

— Programmable period and duty cycle

— 8-bit 6-channel or 16-bit 3-channel

— Separate control for each pulse width and duty cycle

— Center-aligned or left-aligned outputs

— Programmable clock select logic with awide range of frequencies
— Fast emergency shutdown input

6-channel Pulse width Modulator with Fault protection (PMF)
— Three independent 15-bit counters with synchronous mode
— Complementary channel operation

— Edge and center aligned PWM signals

— Programmable dead time insertion

— Integral reload rates from 1 to 16

— Four fault protection shut down input pins

— Three current sense input pins

Serial interfaces

— Three asynchronous serial communication interfaces (SCI)
— Synchronous serial peripheral interface (SPI)

— Inter-IC Bus (11C)

Clock and Reset Generator (CRG)

— Windowed COP watchdog

— Real Time interrupt

— Clock Monitor

— Pierce or low current Colpitts oscillator

— Phase-locked loop clock frequency multiplier

— Self Clock mode in absence of external clock

— Low power 0.5to 16Mhz crystal oscillator reference clock
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

»  Operating frequency
— 50MHz equivalent to 25MHz Bus Speed
* Internal 2.5V Regulator
— Input voltage range from 2.97V to 5.5V
— Low power mode capability
— Includes low voltage reset (LVR) circuitry
— Includes low voltage interrupt (LV1) circuitry
e 112-Pin LQFP or 80-Pin QFP package
— Upto 90 1/0 lineswith 5V input and drive capability (112 pin package)
— Up to two dedicated 5V input only lines (IRQ and XIRQ)
— Sixteen 3.3V/5V A/D converter inputs
» Development Support.
— Single-wire background debug™ mode
— On-chip hardware breakpoints
— Enhanced debug features

1.1.2 Modes of Operation

User modes (Expanded modes are only available in the 112-pin package version)
* Normal modes
— Normal Single-Chip Mode
— Normal Expanded Wide Mode
— Normal Expanded Narrow Mode
— Emulation Expanded Wide Mode
— Emulation Expanded Narrow Mode
» Specia Operating Modes
— Specia Single-Chip Mode with active Background Debug Mode
— Special Test Mode (Freescale use only)
— Special Peripheral Mode (Freescale use only)
* Low power modes
— Stop Mode
— Pseudo Stop Mode
— Wait Mode
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

1.1.3 Block Diagram

PWO0O |- <> PPO

| 256K Byte Flash EEPROM ‘ PWO1 | PP

PWO2 > & | o |<» PP2

| 16K Byte RAM ‘ PW03\> 3 | & |« PP3

PW04 [ <> PP4

VDDR —>» PMF PWO05 | <«>» PP5

VSSR —» Voltage Regulator

FAULTO |=e—| <> PQO

BKGD <—>{MODC/TAGHI FAULTY || <> PQ1

Single-wire Background CPU12 IEQHII:-'I% : glo «> 282

Debug Module T — alk 3

Periodic Interrupt 50|« 8 | PQ4

XFC <> COP Watchdog 157 | ] <> PQS5

EXTAL —»| cpg  Siockand Clock Monitor 192 | > PQ6
XTAL ~— Generation Debugger(DBG12)

RESET <> Breakpoints scho RXDO |~ <> PSO
PE0 —»] L »| XIRQ TXDO > <> PS1
PE1 — > IRQ sCH RXD1 = <> PS2
PE2 <> | RW TXD1 [~ 2 |¢» [=> PS3
PE3 <—>|w | <> [STRBTAGLO  System MISO [« Q | o > PS4
PE4 <»{& |3 <> ECLK Integration SPI MOSI [ <> PS5
PE5 <> <> MODA/IPIPEO 'V('gj’M“')e SCK <~ <> PSE
PE6 <> <> MODB/IPIPE1 <> > PS7
PE7 <> l<> NOACC/XCLKS 10C04 > <> PT0
PKO <> l«>| XADDR14 10C05 (> <> PT1
PK1 <> l<>| XADDR15 TIMO 10C06 (> <> PT2
PK2 <> l<»| XADDR16 I0C07 j<> & ||= [=<—> PT3
PK3 <> |Z£ |« XADDR17 I0C14 |«»|8 |a |<> PT4
PK4 <> g |«> XADDR18 TIM1 I0C15 (=] <«>» PT5
PK5 <> l«> XADDR19 IOC16 (> <> PT6
PK6 <> le>| XCS 10C17 || <> PT7
PK7 <> <> ECS PWI0 <> <] <> PUO

TEST PW11 |<—> > <> PU1
R R R IR ERREL Pz =) WX [l | 2
PWM PW13 | <=2 D |=—> PU3
Multiplexed Address/Data Bus PW14 | > 3 (o |<> PU4
EEEEEE R R R R R Y Aty T T
[0C24 |« PU7
DDRA DDRB 10C25 |- >

TIM2 10C26 |«

PTA PTB <
IR EERERIRRRRRERE e B o B
SESEEssEx pERRTERT ANT |<— KWAD1 |< <> PAD1
PICPNTCrC 50 NoOLITOAN—O AN2 [<— KWAD2 < > PAD2
55555555 555555585 o[ kwams | =] | [~ Pabs

........ SISTETEE mmEmEEsE AN5 | <—| KINADS | < < PADS

Mutiplexed TTzz==2Z Z223I2I=Z. ANG |<— 12 |a <>

Wi EEEEEEEE EEEEEEEE | AN7 |<«—] KWAD7 || | < [« PAD7

WigeBus  TXXZSSES I3555388. AN8 [<—| KWADS <] 8 |~ <> PADS

T T T T S e e e T ADC/DAC 3.3V/5V AN |«—{ KWAD9 |w- ~<—> PAD9

+ Multiplexed E E FS-, E .%’ E = § ' Voltage Reference AN10|— KWAD10 =+ <> PAD10

NaowBus SXEEZEZR VRH—e—»|  ANifl<— KWADTf|<| | <> PADI]

..................... VAL q AN12l<— KWAD12 || <> PAD12
Voltage Regulator 3.3V/5V /O Driver 3.3V/5V VDDA > AN13-<«— KWAD13 |- <> PAD13
VDD% —g> VDDX VSSA > AN14|<«— KWAD14 | <« <> PAD14
VSSR VSSX AN15|< KWAD15 | l«<—> PAD15

L — -
h = > DACO DAQO || J> PMO

PLL 2.5V Internal Logic 2.5V > DACH DAOT ] T PMI

VDDPLL  <— VDD12 < > = | fe> PM3

VSSPLL Vssi,2 RXD2 |<—|S [F > PM4

L L Scl2 TXD2 [»|= | &> PM5
_ _ _ , Ic SDA [<> > PM6
Signals shown in Bold are not available on the 80 Pin Package SCL = {e>» PM7

Figure 1-1. MC9S12E256 Block Diagram
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

1.2 Device Memory Map

Table 1-1 shows the device register map of the MC9S12E256 after reset. Figure 1-2 illustrates the device
memory map with Flash and RAM.

Table 1-1. Device Register Map Overview

Address Module Size
0x0000-0x0017 | CORE (Ports A, B, E, Modes, Inits, Test) 24

0x0018 Reserved 1

0x0019 Voltage Regulator (VREG) 1
0x001A—-0x001B | Device ID register (PARTID) 2
0x001C-0x001F | CORE (MEMSIZ, IRQ, HPRIO) 4
0x0020-0x002F | CORE (DBG) 16
0x0030-0x0033 | CORE (PPAGE, Port K) 4
0x0034-0x003F | Clock and Reset Generator (PLL, RTI, COP) 12
0x0040-0x006F | Standard Timer 16-bit 4 channels (TIMO) 48
0x0070-0x007F | Reserved 16
0x0080—-0x00AF | Analog to Digital Converter 10-bit 16 channels (ATD) 48
0x00B0—0x00C7 | Reserved 24
0x00C8-0x00CF | Serial Communications Interface 0 (SCI0) 8
0x00D0-0x00D7 | Serial Communications Interface 1 (SCI1) 8
0x00D8-0x00DF | Serial Peripheral Interface (SPI) 8
0x00E0—-O0x00E7 | Inter IC Bus 8
0x00E8—0x00EF | Serial Communications Interface 2 (SCI2) 8
0x00F0—-0x00F3 | Digital to Analog Converter 8-bit 1-channel (DACO) 4
0x00F4—-0x00F7 | Digital to Analog Converter 8-bit 1-channel (DAC1) 4
0x00F8—-0x00FF | Reserved 8
0x0100- 0x010F | Flash Control Register 16
0x0110-0x013F | Reserved 48
0x0140-0x016F | Standard Timer 16-bit 4 channels (TIM1) 48
0x0170-0x017F | Reserved 16
0x0180-0x01AF | Standard Timer 16-bit 4 channels (TIM2) 48
0x01B0-0x01DF | Reserved 48
0x01E0—-O0x01FF | Pulse Width Modulator 8-bit 6 channels (PWM) 32
0x0200-0x023F | Pulse Width Modulator with Fault 15-bit 6 channels (PMF) 64
0x0240-0x027F | Port Integration Module (PIM) 64
0x0280—0x03FF | Reserved 384
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

/ 0x0000
0x0000 0x03FF
0x0400
0x4000

0x4000
Ox7FFF
0x8000
0x8000
OxBFFF
0xC000 0xC000
OxFFFF
OxFF00
OXEFOCVECTORS VECYORS VECTORS OXFFFF

NORMAL EXPANDED SPECIAL
SINGLE CHIP SINGLE CHIP

1K Register Space

Mappable to any 2K Boundary

16K Bytes RAM

Mappable to any 16K Boundary

16K Page Window
sixteen * 16K Flash EEPROM Pages

16K Fixed Flash EEPROM

2K, 4K, 8K or 16K Protected Boot Sector

BDM
(If Active)

The figure shows a useful map, which is not the map out of reset. After reset the map is:

0x0000—0x03FF: Register Space

0x0000-0x3FFF: 16K RAM (only 15K RAM visible 0x0400-0x3FFF)
Figure 1-2. MC9S12E256 User Configurable Memory Map
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

1.2.1 Detailed Register Map

0x0000 — 0x000F MEBI Map 1 of 3 (HCS12 Multiplexed External Bus Interface)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R
0x0000 PORTA W Bit 7 6 5 4 3 2 1 Bit 0
R
0x0001 PORTB W Bit 7 6 5 4 3 2 1 Bit 0
R
0x0002 DDRA W Bit 7 6 5 4 3 2 1 Bit 0
R
0x0003 DDRB W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0 0
0x0004 Reserved
w
R 0 0 0 0 0 0 0 0
0x0005 Reserved
w
R 0 0 0 0 0 0 0 0
0x0006 Reserved
w
R 0 0 0 0 0 0 0 0
0x0007 Reserved
w
R Bit 1 Bit 0
0x0008 PORTE W Bit 7 6 5 4 3 2
R 0 0
0x0009 DDRE W Bit 7 6 5 4 3 Bit 2
R 0 0 0
0x000A PEAR W NOACCE PIPOE NECLK LSTRE RDWE
R 0 0
0x000B MODE W MODC MODB MODA VIS EMK EME
R 0 0 0 0
0x000C PUCR W PUPKE PUPEE PUPBE PUPAE
R 0 0 0 0
0x000D RDRIV W RDPK RDPE RDPB RDPA
R 0 0 0 0 0 0 0
0x000E EBICTL ESTR
w
R 0 0 0 0 0 0 0 0
0x000F Reserved W

MC9S12E256 Data Sheet, Rev. 1.08
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0x0010 — 0x0014 MMC Map 1 of 4 (HCS12 Module Mapping Control)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

R 0 0

0x0010 INITRM W RAM15 RAM14 RAM13 RAM12 RAM11 RAMHAL
R 0 0 0 0

0x0011 INITRG W REG14 REG13 REG12 REG11
R 0 0

0x0012 INITEE W EE15 EE14 EE13 EE12 EE11 EEON
R 0 0 0 0

0x0013 MISC W EXSTR1 | EXSTRO | ROMHM | ROMON
R Bit 7 6 5 4 3 2 1 Bit 0

0x0014 MTSTO W

0x0015 — 0x0016 INT Map 1 of 2 (HCS12 Interrupt)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0
0x0015 ITCR W WRINT ADRS3 ADR2 ADRH1 ADRO
R
0x0016 ITEST W INTE INTC INTA INT8 INT6 INT4 INT2 INTO

0x0017 — 0x0017MMC Map 2 of 4 (HCS12 Module Mapping Control)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0

0x0017 MTSTH

0x0018 — 0x0018 Miscellaneous Peripherals (Device User Guide)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0

0x0018 Reserved

0x0019 — 0x0019 VREG3V3 (Voltage Regulator)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

R 0 0 0 0 0 LVDS
0x0019  VREGCTRL W LVIE LVIF
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0x001A - 0x001B Miscellaneous Peripherals (Device User Guide)

Address

0x001A

0x001B

Name

PARTIDH

PARTIDL

=S =T

Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ID15 ID14 ID13 ID12 ID11 ID10 ID9 ID8
ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO

0x001C — 0x001D MMC Map 3 of 4 (HCS12 Module Mapping Control, Device User Guide)

Address

0x001C

0x001D

Address

0x001E

Name

MEMSIZ0

MEMSIZ1

Name

INTCR

=S =D

0x001F — 0x001F INT Map 2 of 2 (HCS12 Interrupt)

Address

0x001F

Address

0x0020

0x0021

0x0022

0x0023

0x0024

Name

HPRIO

Name
DBGC1

DBGSC

DBGTBH

DBGTBL

DBGCNT

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
reg_swO 0 eep_sw1 | eep_swO 0 ram_sw2 | ram_sw1 | ram_swO
rom_sw1 | rom_swO 0 0 0 0 pag_sw1 | pag_swO

0x001E — 0x001E MEBI Map 2 of 3 (HCS12 Multiplexed External Bus Interface)

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

0 0 0 0 0 0

IRQE IRQEN

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

0
PSEL7 PSEL6 PSEL5 PSEL4 PSEL3 PSEL2 PSELA1
0x0020 — 0x002F DBG (Including BKP) Map 1 of 1 (HCS12 Debug)
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
0

DBGEN ARM TRGSEL | BEGIN | DBGBRK CAPMOD

AF BF CF 0

TRG

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TBF 0 CNT

PAGSEL EXTCMP

0x0025

DBGCCX

R
w
R
w
R
w
R
w
R
w
R
w
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0020 — 0x002F DBG (Including BKP) Map 1 of 1 (HCS12 Debug) (continued)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
DBGCCH R

0x0026 W Bit 15 14 13 12 11 10 9 Bit 8
DBGCCL R

0x0027 W Bit 7 6 5 4 3 2 1 Bit 0
DBGC2 R

0x0028 BKABEN FULL BDM TAGAB BKCEN TAGC RWCEN RWC
BKPCTO w
DBGC3 R

0x0029 BKAMBH | BKAMBL | BKBMBH | BKBMBL | RWAEN RWA RWBEN RWB
BKPCT1 w
DBGCAX R

0x002A PAGSEL EXTCMP

BKPOX w
DBGCAH R

0x002B Bit 15 14 13 12 11 10 9 Bit 8
BKPOH w
DBGCAL R

0x002C Bit 7 6 5 4 3 2 1 Bit 0
BKPOL w
DBGCBX R

0x002D PAGSEL EXTCMP

BKP1X w
DBGCBH R

0x002E Bit 15 14 13 12 11 10 9 Bit 8
BKP1H w
DBGCBL R

0x002F Bit 7 6 5 4 3 2 1 Bit 0
BKP1L w

0x0030 — 0x0031 MMC Map 4 of 4 (HCS12 Module Mapping Control)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0
0x0030 PPAGE W PIX5 PIX4 PIX3 PIX2 PIX1 PI1X0
R 0 0 0 0 0 0 0 0
0x0031 Reserved W

0x0032 — 0x0033 MEBI Map 3 of 3 (HCS12 Multiplexed External Bus Interface)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R
0x0032 PORTK W ECS XCS XAB19 XAB18 XAB17 XAB16 XAB15 XAB14
R
0x0033 DDRK W Bit 7 6 5 4 3 2 1 Bit 0
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0x0034 — 0x003F CRG (Clock and Reset Generator)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0
0x0034 SYNR SYN5 SYN4 SYN3 SYN2 SYNA1 SYNO
0 0 0 0
0x0035 REFDV REFDV3 | REFDV2 | REFDV1 | REFDVO
CTFLG TOUT7 | TOUT6 | TOUT5 | TOUT4 | TOUT3 | TOUT2 | TOUT1 | TOUTO
0x0036  1EgT ONLY
0 LOCK | TRACK SCM
0x0037  CRGFLG RTIF PROF LOCKIF SCMIF
0 0 0 0 0
0x0038  CRGINT RTIE LOCKIE SCMIE

0x0039 CLKSEL PLLSEL PSTP SYSWAI | ROAWAI | PLLWAI CWAI RTIWAI | COPWAI

0

S VI - - | R s R - « B v B v B + I + B v

0X003A  PLLCTL CME PLLON | AUTO ACQ PRE PCE SCME
0
0x003B RTICTL RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTRO
0 0 0
0x003C  COPCTL WCOP | RSBCK CR2 CR1 CRO
FORBYP 0 0 0 0
0%003D  TreT ONLY RTIBYP | COPBYP PLLBYP FCM
c CTCTL TCTL7 | TCTLe | TCTLs | TCTL4 | TCLT3 | TCTL2 | TCTL1 | TCTLO
Ox003E  1egT ONLY
0 0 0 0 0 0 0 0
0x003F  ARMCOP
Bit 7 6 5 4 3 2 1 Bit 0

0x0040 — 0x006F TIMO (Timer 16 Bit 4 Channels) (Sheet 1 of 4)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0 0
0x0040 TIOS W I0S7 10S6 I0S5 1084
R 0 0 0 0 0 0 0 0
0x0041 CFORC
W| FOC7 FOC6 FOC5 FOC4
R 0 0 0 0
0x0042 OC7M W oc7m7 OC7M6 OC7M5 OC7M4
R 0 0 0 0
0x0043 OC7D W OoC7Dh7 OC7D6 OC7D5 OC7D4
. R Bit 15 14 13 12 11 10 9 Bit 8
0x0044 TCNT (hi)
w
R Bit 7 6 5 4 3 2 1 Bit 0
0x0045 TCNT (lo) W
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0040 — 0x006F TIMO (Timer 16 Bit 4 Channels) (Sheet 2 of 4)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0 0
0x0046 TSCR1 W TEN TSWAI TSFRZ TFFCA
R 0 0 0 0
0x0047 TTOV W TOV7 TOV6 TOV5 TOV4
R
0x0048 TCTLA W Oom7 OoL7 OM6 OL6 OM5 OL5 OomM4 OoL4
R 0 0 0 0 0 0 0 0
0x0049 Reserved
w
R
0x004A TCTL3 W EDG7B EDG7A EDG6B EDG6A EDG5B EDG5A EDG4B EDG4A
R 0 0 0 0 0 0 0 0
0x004B Reserved
w
R 0 0 0 0
0x004C TIE W C71 Col C5l C4l
R 0 0 0
0x004D TSCR2 W TOI TCRE PR2 PR1 PRO
R 0 0 0 0
0x004E TFLG1 W C7F C6F C5F C4F
R 0 0 0 0 0 0 0
0x004F TFLG2 TOF
w
R 0 0 0 0 0 0 0 0
0x0050 Reserved
w
R 0 0 0 0 0 0 0 0
0x0051 Reserved
w
R 0 0 0 0 0 0 0 0
0x0052 Reserved
w
R 0 0 0 0 0 0 0 0
0x0053 Reserved
w
R 0 0 0 0 0 0 0 0
0x0054 Reserved
w
R 0 0 0 0 0 0 0 0
0x0055 Reserved
w
R 0 0 0 0 0 0 0 0
0x0056 Reserved
w
R 0 0 0 0 0 0 0 0
0x0057 Reserved
w
R
0x0058 TC4 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0040 — 0x006F TIMO (Timer 16 Bit 4 Channels) (Sheet 3 of 4)

0x006B Reserved

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R
0x0059 TC4 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R
0x005A TC5 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R
0x005B TC5 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R
0x005C TC6 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R
0x005D TC6 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R
0x005E TC7 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R
0x005F TC7 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R 0
0x0060 PACTL W PAEN PAMOD PEDGE CLKA1 CLKO PAQVI PAI
R 0 0 0 0 0 0
0x0061 PAFLG W PAOVF PAIF
R
0x0062 PACNT (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R
0x0063 PACNT (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0 0
0x0064 Reserved
w
R 0 0 0 0 0 0 0 0
0x0065 Reserved
w
R 0 0 0 0 0 0 0 0
0x0066 Reserved
w
R 0 0 0 0 0 0 0 0
0x0067 Reserved
w
R 0 0 0 0 0 0 0 0
0x0068 Reserved
w
R 0 0 0 0 0 0 0 0
0x0069 Reserved
w
R 0 0 0 0 0 0 0 0
0x006A Reserved
w
R 0 0 0 0 0 0 0 0
w
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0040 — 0x006F TIMO (Timer 16 Bit 4 Channels) (Sheet 4 of 4)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0 0 0 0 0 0
0x006C Reserved
w
R 0 0 0 0 0 0 0 0
0x006D Reserved
w
R 0 0 0 0 0 0 0 0
0x006E Reserved
w
R 0 0 0 0 0 0 0 0
0x006F Reserved W

0x0070 — 0x007F Reserved

Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0070— R R 0 0 0 0 0 0 0 0
OX007F eserved

0x0080 — 0x00AF ATD (Analog to Digital Converter 10 Bit 16 Channel) (Sheet 1 of 3)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 1 1 1 1
0x0080 ATDCTLO WRAP3' | WRAP2' | WRAP1 WRAPO
2 0 0 0 2 2 2 2
0x0081 ATDCTLA ETRIGSEL ETRIGCH3“ | ETRIGCH2“ | ETRIGCH1“ | ETRIGCHO
ASCIF
0x0082 ATDCTL2 ADPU AFFC AWAI ETRIGLE | ETRIGP ETRIG ASCIE
0
0x0083 ATDCTL3 S8C S4C S2C S1C FIFO FRZ1 FRZ0

0x0084 ATDCTL4 SRES8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRS0

0
0x0085 ATDCTL5 DJM DSGN SCAN MULT CcC CB CA
0 0 CcC2 CCi1 cco

0x0086 ATDSTATO SCF ETORF FIFOR

0 0 0 0 0 0 0 0
0x0087 Reserved

0 0 0 0 0 0 0 0
0x0088 ATDTESTO

0 0 0 0 0 0 0

0x0089  ATDTEST1 SC

CCF15 CCF14 CCF13 CCF12 CCF11 CCF10 CCF9 CCF8
0x008A  ATDSTATO

P VI I v B B ¢ R « - « B « B « B « I
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0080 — 0x00AF ATD (Analog to Digital Converter 10 Bit 16 Channel) (Sheet 2 of 3)

Address

0x008B

0x008C

0x008D

0x008E

0x008F

0x0090

0x0091

0x0092

0x0093

0x0094

0x0095

0x0096

0x0097

0x0098

0x0099

0x009A

0x009B

0x009C

0x009D

Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

R| CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFo
ATDSTATA

w

R
ATDDIENO W IEN15 IEN14 IEN13 IEN12 IEN11 IEN10 IEN9 IEN8

R
ATDDIEN1 W IEN7 IEN6 IEN5 IEN4 IEN3 IEN2 IEN1 IENO

R| PTAD15 | PTAD14 | PTAD13 | PTAD12 | PTAD11 PTAD10 PTAD9 PTADS8
PORTADO

w

R| PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO
PORTAD1

w

R Bit15 14 13 12 11 10 9 Bit8
ATDDROH

w

R Bit7 Bit6 0 0 0 0 0 0
ATDDROL

w

R Bit15 14 13 12 11 10 9 Bit8
ATDDR1H

w

R Bit7 Bit6 0 0 0 0 0 0
ATDDR1L

w

R Bit15 14 13 12 11 10 9 Bit8
ATDDR2H

w

R Bit7 Bit6 0 0 0 0 0 0
ATDDR2L

w

R Bit15 14 13 12 11 10 9 Bit8
ATDDR3H

w

R Bit7 Bit6 0 0 0 0 0 0
ATDDR3L

w

R Bit15 14 13 12 11 10 9 Bit8
ATDDR4H

w

R Bit7 Bit6 0 0 0 0 0 0
ATDDR4L

w

R Bit15 14 13 12 11 10 9 Bit8
ATDDRSH

w

R Bit7 Bit6 0 0 0 0 0 0
ATDDR5L

w

R Bit15 14 13 12 11 10 9 Bit8
ATDDR6H

w

R Bit7 Bit6 0 0 0 0 0 0
ATDDR6L W
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0080 — 0x00AF ATD (Analog to Digital Converter 10 Bit 16 Channel) (Sheet 3 of 3)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

R Bit15 14 13 12 11 10 9 Bit8
0x009E ATDDR7H

w

R Bit7 Bit6 0 0 0 0 0 0
0x009F ATDDR7L

w

R Bit15 14 13 12 11 10 9 Bit8
0x00AOQ ATDDR8H

w

R Bit7 Bit6 0 0 0 0 0 0
0x00A1 ATDDRSL

w

R Bit15 14 13 12 11 10 9 Bit8
0x00A2 ATDDRYH

w

R Bit7 Bit6 0 0 0 0 0 0
0x00A3 ATDDROL

w

R Bit15 14 13 12 11 10 9 Bit8
0x00A4  ATDDR10H

w

R Bit7 Bit6 0 0 0 0 0 0
0x00A5  ATDDR10L

w

R Bit15 14 13 12 11 10 9 Bit8
0x00A6  ATDDR11H

w

R Bit7 Bit6 0 0 0 0 0 0
0x00A7  ATDDR11L

w

R Bit15 14 13 12 11 10 9 Bit8
0x00A8  ATDDR12H

w

R Bit7 Bit6 0 0 0 0 0 0
0x00A9  ATDDR12L

w

R Bit15 14 13 12 11 10 9 Bit8
Ox00AA  ATDDR13H

w

R Bit7 Bit6 0 0 0 0 0 0
O0x00AB  ATDDR13L

w

R Bit15 14 13 12 11 10 9 Bit8
0x00AC  ATDDR14H

w

R Bit7 Bit6 0 0 0 0 0 0
O0x00AD  ATDDR14L

w

R Bit15 14 13 12 11 10 9 Bit8
Ox00AE  ATDDR15H

w

R Bit7 Bit6 0 0 0 0 0 0
OxO00AF  ATDDR15L W

1 WRAPO0-3 bits are available in version V04 of ATD10B16C
2 ETRIGSEL and ETRIGCHO0-3 bits are available in version V04 of ATD10B16C
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x00B0 — 0x00C7 Reserved

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x00B0- R d R 0 0 0 0 0 0 0 0
0x00C7 eserve

0x00C8 — 0x00CF SCI0 (Asynchronous Serial Interface)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

R
0x00C8  SCIBDH w| [REN TNP1 TNPO SBR12 | SBR11 | SBR10 | SBR9 SBR8
R
0x00C9 SCIBDL W SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
R
Ox00CA  SCICR1 W LOOPS | SCISWAI | RSRC M WAKE ILT PE PT
R
0x00CB  SCICR2 w| TE TCIE RIE ILIE TE RE RWU SBK
R| TDRE TC RDRF IDLE OR NF FE PF
0x00CC  SCISR1
W
R 0 0 0 ; ] RAF
0x00CD  SCISR2 W TXPOL' | RXPOL' | BRK13 | TXDIR
R| R8s 0 0 0 0 0 0
Ox00CE  SCIDRH T8
W
R| R7 R6 R5 R4 R3 R2 R1 RO
Ox00CF  SCIDRL
w|l 17 T6 T5 T4 T3 T2 T1 TO
T TXPOL and RXPOL bits are available in version V04 of SCI
0x00D0 - 0x00D7 SCI1 (Asynchronous Serial Interface)
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R

0x00DO  SCIBDH w| [REN TNP1 TNPO SBR12 | SBR11 | SBR10 | SBR9 SBR8
R

0x00D1 SCIBDL W SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
R

0x00D2 SCICRT1 W LOOPS | SCISWAI | RSRC M WAKE ILT PE PT
R

0x00D3 SCICR2 w| TE TCIE RIE ILIE TE RE RWU SBK
R| TDRE TC RDRF IDLE OR NF FE PF

0x00D4 SCISR1 W

MC9S12E256 Data Sheet, Rev. 1.08

Freescale Semiconductor

37



Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x00D0 - 0x00D7 SCI1 (Asynchronous Serial Interface) (continued)

Address  Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

R| o 0 0 . ; RAF
0x00D5  SCISR2 TXPOL' | RXPOL' | BRK13 | TXDIR

R| R8s 0 0 0 0 0 0
0x00D6  SCIDRH T8

w

R| R7 R6 R5 R4 R3 R2 R1 RO
0x00D7  SCIDRL

T7 T6 T5 T4 T3 T2 T1 TO

T TXPOL and RXPOL are available in version V04 of SCI

0x00D8 — 0x00DF SPI (Serial Peripheral Interface)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R
0x00D8 SPICR1 W SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
R 0 0 0 0
0x00D9 SPICR2 W MODFEN | BIDIROE SPISWAI SPCO
R 0 0
0x00DA SPIBR W SPPR2 SPPR1 SPPRO SPR2 SPR1 SPRO
R SPIF 0 SPTEF MODF 0 0 0 0
0x00DB SPISR
w
R 0 0 0 0 0 0 0 0
0x00DC Reserved
w
R
0x00DD SPIDR W Bit7 6 5 4 3 2 1 Bit0
R 0 0 0 0 0 0 0 0
0x00DE Reserved
w
R 0 0 0 0 0 0 0 0
0x00DF Reserved W

0x00EO — 0x00E7 IIC (Inter-IC Bus)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0
0x00EO IBAD W ADR7 ADR6 ADR5 ADR4 ADR3 ADR2 ADR1
R
Ox00E1 IBFD W IBC7 IBC6 IBC5 IBC4 IBC3 IBC2 IBC1 IBCO
R _ __ 0 0
0x00E2 IBCR IBEN IBIE MS/SL Tx/Rx TXAK IBSWAI
w RSTA
R TCF IAAS IBB 0 SRW RXAK
0x00E3 IBSR W IBAL IBIF
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x00EO — 0x00E7 IIC (Inter-IC Bus) (continued)

Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R
0x00E4 IBDR W D7 D6 D5 D4 D3 D2 D1 DO
R 0 0 0 0 0 0 0 0
0x00E5 Reserved
w
R 0 0 0 0 0 0 0 0
0x00E6 Reserved
w
R 0 0 0 0 0 0 0 0
0Ox00E7 Reserved
w
0x00E8 — 0x00EF SCI2 (Asynchronous Serial Interface)
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R
0x00E8 SCIBDH W IREN TNP1 TNPO SBR12 SBR11 SBR10 SBR9 SBR8
R
0x00E9 SCIBDL W SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
R
O0x00EA SCICR1 W LOOPS | SCISWAI RSRC M WAKE ILT PE PT
R
0x00EB SCICR2 W TIE TCIE RIE ILIE TE RE RWU SBK
R| TDRE TC RDRF IDLE OR NF FE PF
0x00EC SCISR1
w
R 0 0 0 1 1 RAF
0x00ED SCISR2 W TXPOL RXPOL BRK13 TXDIR
R R8 0 0 0 0 0 0
0x00EE SCIDRH T8
w
R R7 R6 R5 R4 R3 R2 R1 RO
O0x00EF SCIDRL
T7 T6 T5 T4 T3 T2 T1 TO
T TXPOL and RXPOL are available in version V04 of SCI
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x00F0 — 0x00F3 DACO (Digital-to-Analog Converter)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R DACTE 0 0
0x00FO0 DACCO W DACE DJM DSGN DACWAI DACOE
R 0 0 0 0 0 0 0 0
Ox00F1 DACC1
w
R
0x00F2 DACD W BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BITA BITO
R
0x00F3 DACD W BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
0x00F4 — 0x00F7 DAC1 (Digital-to-Analog Converter)
Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R DACTE 0 0
0x00F4 DACCO W DACE DJM DSGN DACWAI DACOE
R 0 0 0 0 0 0 0 0
0x00F5 DACC1
w
R
0x00F6 DACD W BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
R
0x00F7 DACD W BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
0x00F8 — O0x00FF Reserved
Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0xO00F8— R q 0 0 0 0 0 0 0 0
OXO0FF eserve
0x0100 — 0x010F Flash Control Register
Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R| FDIVLD
0x0100 FCLKDIV W PRDIV8 FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIVO
R| KEYEN1 NV6 NV5 NV4 NV3 NV2 SEC1 SECO
0x0101 FSEC
w
R 0 0 0 0 0 0 0 0
0x0102 Reserved for
Factory Test
R 0 0 0 0 0
0x0103 FCNFG W CBEIE CCIE KEYACC
R
0x0104 FPROT W FPOPEN NV6 FPHDIS FPHS1 FPHSO FPLDIS FPLS1 FPLSO
MC9S12E256 Data Sheet, Rev. 1.08
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0100 — 0x010F Flash Control Register (continued)

Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R CCIF 0 0 0
0x0105 FSTAT W CBEIF PVIOL | ACCERR BLANK
R 0 0 0 0
0x0106 FCMD W CMDB6 | CMDB5 CMDB2 CMDBO
R 0 0 0 0 0 0 0 0
0x0107 Reserved for
Factory Test
R 0 0 0 0 0 0 0 0
0x0108 Reserved for
Factory Test
R 0 0 0 0 0 0 0 0
0x0109 Reserved for
Factory Test
R 0 0 0 0 0 0 0 0
0x010A Reserved for
Factory Test
R 0 0 0 0 0 0 0 0
0x010B Reserved for
Factory Test
R 0 0 0 0 0 0 0 0
0x010C Reserved
w
R 0 0 0 0 0 0 0 0
0x010D Reserved
w
R 0 0 0 0 0 0 0 0
0x010E Reserved
w
R 0 0 0 0 0 0 0 0
0x010F Reserved
w
0x0110 — 0x013F Reserved
Address Name Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
0x0110— R d 0 0 0 0 0 0 0 0
0x013F eserve
0x0140 — 0x016F TIM1 (Timer 16 Bit 4 Channels) (Sheet 1 of 4)
Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0 0
0x0140 TIOS W I0S7 10S6 10S5 1084
R 0 0 0 0 0 0 0 0
0x0141 CFORC
W| FOC7 FOC6 FOC5 FOC4
R 0 0 0 0
0x0142 OC7M W oc7m7 OC7M6 OC7M5 OC7M4
R 0 0 0 0
0x0143 OC7D W OoCc7Dh7 OC7D6 OC7D5 OC7D4
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0140 — 0x016F TIM1 (Timer 16 Bit 4 Channels) (Sheet 2 of 4)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
_ Bit 15 14 13 12 11 10 9 Bit 8
0x0144  TCNT (hi)
Bit 7 6 5 4 3 2 1 Bit 0
0x0145  TCNT (lo)
0 0 0 0
0x0146 TSCR1 TEN TSWAI | TSFRZ | TFFCA
0 0 0 0
0x0147 TTOV TOV7 TOV6 TOV5 TOV4
0x0148 TCTLA om7 oL7 OM6 oL6 OM5 oL5 oMm4 oL4
0 0 0 0 0 0 0 0

0x0149 Reserved

0x014A TCTL3 EDG7B EDG7A EDG6B EDG6A EDG5B EDG5A EDG4B EDG4A

0 0 0 0 0 0 0 0
0x014B Reserved
0 0 0 0
0x014C TIE C71 Col C5l C4l
0 0 0
0x014D TSCR2 TOI TCRE PR2 PR1 PRO
0 0 0 0
0x014E TFLG1 C7F C6F C5F C4F
0 0 0 0 0 0 0
0x014F TFLG2 TOF
0 0 0 0 0 0 0 0
0x0150 Reserved
0 0 0 0 0 0 0 0
0x0151 Reserved
0 0 0 0 0 0 0 0
0x0152 Reserved
0 0 0 0 0 0 0 0
0x0153 Reserved
0 0 0 0 0 0 0 0
0x0154 Reserved
0 0 0 0 0 0 0 0
0x0155 Reserved
0 0 0 0 0 0 0 0

0x0156 Reserved

S VI v I = ¢ - « R « R « R « B o - v BT + B v I + B « B « R « R « B « B
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0140 — 0x016F TIM1 (Timer 16 Bit 4 Channels) (Sheet 3 of 4)

0x0169 Reserved

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0 0 0 0 0 0
0x0157 Reserved
w
R
0x0158 TC4 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R
0x0159 TC4 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R
0x015A TC5 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R
0x015B TC5 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R
0x015C TC6 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R
0x015D TC6 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R
0x015E TC7 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R
0x015F TC7 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R 0
0x0160 PACTL W PAEN PAMOD PEDGE CLKA1 CLKO PAQVI PAI
R 0 0 0 0 0 0
0x0161 PAFLG W PAOVF PAIF
R
0x0162 PACNT (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R
0x0163 PACNT (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0 0
0x0164 Reserved
w
R 0 0 0 0 0 0 0 0
0x0165 Reserved
w
R 0 0 0 0 0 0 0 0
0x0166 Reserved
w
R 0 0 0 0 0 0 0 0
0x0167 Reserved
w
R 0 0 0 0 0 0 0 0
0x0168 Reserved
w
R 0 0 0 0 0 0 0 0
w
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0140 — 0x016F TIM1 (Timer 16 Bit 4 Channels) (Sheet 4 of 4)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0 0 0 0 0 0
0x016A Reserved
w
R 0 0 0 0 0 0 0 0
0x016B Reserved
w
R 0 0 0 0 0 0 0 0
0x016C Reserved
w
R 0 0 0 0 0 0 0 0
0x016D Reserved
w
R 0 0 0 0 0 0 0 0
0x016E Reserved
w
R 0 0 0 0 0 0 0 0
0x016F Reserved W

0x0170 — 0x017F Reserved

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0110- R d R 0 0 0 0 0 0 0 0
0x013F eserve

0x0180 — 0x01AF TIM2 (Timer 16 Bit 4 Channels) (Sheet 1 of 3)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0 0
0x0180 TIOS W I0S7 10S6 I0S5 1084
R 0 0 0 0 0 0 0 0
0x0181 CFORC
W| FOC7 FOC6 FOC5 FOC4
R 0 0 0 0
0x0182 OC7M W oCc7m7 OC7M6 OC7M5 OC7M4
R 0 0 0 0
0x0183 OC7D W OC7D7 OC7D6 OC7D5 OC7D4
. R Bit 15 14 13 12 11 10 9 Bit 8
0x0184 TCNT (hi)
w
R Bit 7 6 5 4 3 2 1 Bit 0
0x0185 TCNT (lo)
w
R 0 0 0 0
0x0186 TSCR1 W TEN TSWAI TSFRZ TFFCA
R 0 0 0 0
0x0187 TTOV W TOV7 TOV6 TOV5 TOV4
R
0x0188 TCTLA W OomM7 OoL7 OM6 OL6 OM5 OL5 OoM4 OL4
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0180 — 0x01AF TIM2 (Timer 16 Bit 4 Channels) (Sheet 2 of 3)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
R 0 0 0 0 0 0 0 0
0x0189 Reserved
w
R
0x018A TCTL3 W EDG7B EDG7A EDG6B EDG6A EDG5B EDG5A EDG4B EDG4A
R 0 0 0 0 0 0 0 0
0x018B Reserved
w
R 0 0 0 0
0x018C TIE W C71 Ceol C5l C4l
R 0 0 0
0x018D TSCR2 W TOI TCRE PR2 PR1 PRO
R 0 0 0 0
0x018E TFLG1 W C7F C6F C5F C4F
R 0 0 0 0 0 0 0
0x018F TFLG2 TOF
w
R 0 0 0 0 0 0 0 0
0x0190 Reserved
w
R 0 0 0 0 0 0 0 0
0x0191 Reserved
w
R 0 0 0 0 0 0 0 0
0x0192 Reserved
w
R 0 0 0 0 0 0 0 0
0x0193 Reserved
w
R 0 0 0 0 0 0 0 0
0x0194 Reserved
w
R 0 0 0 0 0 0 0 0
0x0195 Reserved
w
R 0 0 0 0 0 0 0 0
0x0196 Reserved
w
R 0 0 0 0 0 0 0 0
0x0197 Reserved
w
. R . .
0x0198 TC4 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R . .
0x0199 TC4 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
. R . .
0x015A TC5 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R . .
0x019B TC5 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
. R . .
0x019C TC6 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0180 — 0x01AF TIM2 (Timer 16 Bit 4 Channels) (Sheet 3 of 3)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
R
0x019D TC6 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
. R . .
0x019E TC7 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R ) .
0x019F TC7 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R 0
0x01A0 PACTL W PAEN PAMOD PEDGE CLKA1 CLKO PAOQVI PAI
R 0 0 0 0 0 0
0x01A1 PAFLG W PAOVF PAIF
. R . .
0x01A2 PACNT (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R . .
0x01A3 PACNT (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0 0
0x01A4 Reserved
w
R 0 0 0 0 0 0 0 0
0x01A5 Reserved
w
R 0 0 0 0 0 0 0 0
0x01A6 Reserved
w
R 0 0 0 0 0 0 0 0
0x01A7 Reserved
w
R 0 0 0 0 0 0 0 0
0x01A8 Reserved
w
R 0 0 0 0 0 0 0 0
0x01A9 Reserved
w
R 0 0 0 0 0 0 0 0
Ox01AA Reserved
w
R 0 0 0 0 0 0 0 0
0x01AB Reserved
w
R 0 0 0 0 0 0 0 0
0x01AC Reserved
w
R 0 0 0 0 0 0 0 0
0x01AD Reserved
w
R 0 0 0 0 0 0 0 0
Ox01AE Reserved
w
R 0 0 0 0 0 0 0 0
Ox01AF Reserved W
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x01B0 — 0x01DF Reserved

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x01B0- R d R 0 0 0 0 0 0 0 0
0x01DF eserve

0x01EO0 — 0x01FF PWM (Pulse Width Modulator)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0
0x01EO PWME W PWME5 | PWME4 | PWME3 | PWME2 | PWME1 PWMEO
R 0 0
0x01E1 PWMPOL W PPOL5 PPOL4 PPOLS3 PPOL2 PPOL1 PPOLO
R 0 0
0x01E2 PWMCLK W PCLK5 PCLK4 PCLK3 PCLK2 PCLK1 PCLKO
R 0 0
0x01E3 PWMPRCLK W PCKB2 PCKB1 PCKBO PCKA2 PCKA1 PCKAO
R 0 0
0x01E4 PWMCAE W CAE5 CAE4 CAES CAE2 CAE1 CAEO
R 0 0 0
0x01E5 PWMCTL W CON45 CON23 CONO1 PSWAI PFRZ
R 0 0 0 0 0 0 0 0
Ox01E6 PWMTST
Test Only w
R 0 0 0 0 0 0 0 0
0x01E7 PWMPRSC
w
R
0x01E8 PWMSCLA W Bit 7 6 5 4 3 2 1 Bit 0
R
0x01E9 PWMSCLB W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0 0
O0x01EA PWMSCNTA
w
R 0 0 0 0 0 0 0 0
0x01EB PWMSCNTB
w
R Bit 7 6 5 4 3 2 1 Bit 0
0x01EC  PWMCNTO
w 0 0 0 0 0 0 0 0
R Bit 7 6 5 4 3 2 1 Bit 0
O0x01ED  PWMCNT1
w 0 0 0 0 0 0 0 0
R Bit 7 6 5 4 3 2 1 Bit 0
Ox01EE  PWMCNT2
w 0 0 0 0 0 0 0 0
R Bit 7 6 5 4 3 2 1 Bit 0
Ox01EF  PWMCNTS3
w 0 0 0 0 0 0 0 0
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x01EO — 0x01FF PWM (Pulse Width Modulator) (continued)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R Bit 7 6 5 4 3 2 1 Bit 0

0x01FO PWMCNT4
w 0 0 0 0 0 0 0 0
R Bit 7 6 5 4 3 2 1 Bit 0

0x01F1 PWMCNT5
w 0 0 0 0 0 0 0 0
R

0x01F2 PWMPERO W Bit 7 6 5 4 3 2 1 Bit 0
R

0x01F3 PWMPER1 W Bit 7 6 5 4 3 2 1 Bit 0
R

0x01F4 PWMPER2 W Bit 7 6 5 4 3 2 1 Bit 0
R

0x01F5 PWMPER3 W Bit 7 6 5 4 3 2 1 Bit 0
R

0x01F6 PWMPER4 W Bit 7 6 5 4 3 2 1 Bit 0
R

0x01F7 PWMPERS5 W Bit 7 6 5 4 3 2 1 Bit 0
R

0x01F8 PWMDTYO W Bit 7 6 5 4 3 2 1 Bit 0
R

0x01F9 PWMDTY1 W Bit 7 6 5 4 3 2 1 Bit 0
R

0x01FA PWMDTY2 W Bit 7 6 5 4 3 2 1 Bit 0
R

0x01FB PWMDTY3 W Bit 7 6 5 4 3 2 1 Bit 0
R

0x01FC PWMDTY4 W Bit 7 6 5 4 3 2 1 Bit 0
R

0x01FD PWMDTY5 W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 PWMS5IN

0x01FE PWMSDN PWMIF PWMIE PWMLVL PWMSINL | PWM5ENA
W PWMRSTRT
R 0 0 0 0 0 0 0 0

Ox01FF Reserved W
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0200 — 0x023F PMF (Pulse width Modulator with Fault protection) (Sheet 1 of 4)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R

0x0200 PMFCFGO W WP MTG EDGEC EDGEB EDGEA | INDEPC | INDEPB | INDEPA
R 0

0x0201 PMFCFG1 W ENHA BOTNEGC | TOPNEGC | BOTNEGB | TOPNEGB | BOTNEGA | TOPNEGA
R 0 0

0x0202 PMFCFG2 W MSK5 MSK4 MSK3 MSK2 MSKA1 MSKO
R 0

0x0203 PMFCFG3 W PMFWAI | PMFFRZ VLMODE SWAPC | SWAPB SWAPA
R

0x0204 PMFFCTL W FMODE3 FIE3 FMODE2 FIE2 FMODE1 FIE1 FMODEO FIEO
R 0 0 0 0

0x0205 PMFFPIN W FPINE3 FPINE2 FPINE1 FPINEO
R 0 0 0 0

0x0206 PMFFSTA W FFLAG3 FFLAG2 FFLAG1 FFLAGO
R

0x0207 PMFQSMP W QSMP3 QSMP2 QSMP1 QSMPO
R

0x0208 PMFDMPA W DMP13 DMP12 DMP11 DMP10 DMPO3 DMPO02 DMPO1 DMPOO
R

0x0209 PMFDMPB W DMP33 DMP32 DMP31 DMP30 DMP23 DMP22 DMP21 DMP20
R

0x020A PMFDMPC W DMP53 DMP52 DMP51 DMP50 DMP43 DMP42 DMP41 DMP40
R 0 0 0 0 0 0 0 0

0x020B Reserved
w
R 0 0

0x020C PMFOUTC W OUTCTL5 | OUTCTL4 | OUTCTL3 | OUTCTL2 | OUTCTL1 | OUTCTLO
R 0 0

0x020D PMFOUTB W OouUT5 ouT4 OouT3 ouT2 OUTH ouTo
R 0 0 DT5 DT4 DT3 DT2 DTA DTO

0x020E PMFDTMS
w
R 0 0 0

0x020F PMFCCTL W ISENS IPOLC IPOLB IPOLA
R

0x0210 PMFVALO W Bit 15 14 13 12 11 10 9 Bit 8
R

0x0211 PMFVALO W Bit 7 6 5 4 3 2 1 Bit 0
R

0x0212 PMFVALA1 W Bit 15 14 13 12 11 10 9 Bit 8
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0200 — 0x023F PMF (Pulse width Modulator with Fault protection) (Sheet 2 of 4)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R

0x0213 PMFVAL1 W Bit 7 6 5 4 3 2 1 Bit 0
R

0x0214 PMFVAL2 W Bit 15 14 13 12 11 10 9 Bit 8
R

0x0215 PMFVAL2 W Bit 7 6 5 4 3 2 1 Bit 0
R

0x0216 PMFVAL3 W Bit 15 14 13 12 11 10 9 Bit 8
R

0x0217 PMFVAL3 W Bit 7 6 5 4 3 2 1 Bit 0
R

0x0218 PMFVAL4 W Bit 15 14 13 12 11 10 9 Bit 8
R

0x0219 PMFVAL4 W Bit 7 6 5 4 3 2 1 Bit 0
R

0x021A PMFVAL5 W Bit 15 14 13 12 11 10 9 Bit 8
R

0x021B PMFVAL5 W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0 0

0x021C Reserved
w
R 0 0 0 0 0 0 0 0

0x021D Reserved
w
R 0 0 0 0 0 0 0 0

0x021E Reserved
w
R 0 0 0 0 0 0 0 0

0x021F Reserved
w
R 0 0 0 0 0

0x0220 PMFENCA W PWMENA LDOKA | PWMRIEA
R

0x0221 PMFFQCA W LDFQA HALFA PRSCA PWMRFA
R 0

0x0222 PMFCNTA W Bit 14 13 12 11 10 9 Bit 8
R

0x0223 PMFCNTA W Bit 7 6 5 4 3 2 1 Bit 0
R 0

0x0224 PMFMODA W Bit 14 13 12 11 10 9 Bit 8
R

0x0225 PMFMODA W Bit 7 6 5 4 3 2 1 Bit 0
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0200 — 0x023F PMF (Pulse width Modulator with Fault protection) (Sheet 3 of 4)

Address

0x0226

0x0227

0x0228

0x0229

0x022A

0x022B

0x022C

0x022D

0x022E

0x022F

0x0230

0x0231

0x0232

0x0233

0x0234

0x0235

0x0236

0x0237

0x0238

Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0 0
PMFDTMA W Bit 11 10 9 Bit 8
R
PMFDTMA W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0
PMFENCB W PWMENB LDOKB | PWMRIEB
R
PMFFQCB W LDFQB HALFB PRSCB PWMRFB
R 0
PMFCNTB W Bit 14 13 12 11 10 9 Bit 8
R
PMFCNTB W Bit 7 6 5 4 3 2 1 Bit 0
R 0
PMFMODB W Bit 14 13 12 11 10 9 Bit 8
R
PMFMODB W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0
PMFDTMB W Bit 11 10 9 Bit 8
R
PMFDTMB W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0
PMFENCC W PWMENC LDOKC | PWMRIEC
R
PMFFQCC W LDFQC HALFC PRSCC PWMRFC
R 0
PMFCNTC W Bit 14 13 12 11 10 9 Bit 8
R
PMFCNTC W Bit 7 6 5 4 3 2 1 Bit 0
R 0
PMFMODC W Bit 14 13 12 11 10 9 Bit 8
R
PMFMODC W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 ) ,
PMFDTMC W Bit 11 10 9 Bit 8
R
PMFDTMC W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0 0
Reserved W

MC9S12E256 Data Sheet, Rev. 1.08

Freescale Semiconductor 51



Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0200 — 0x023F PMF (Pulse width Modulator with Fault protection) (Sheet 4 of 4)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0 0 0 0 0 0
0x0239 Reserved
w
R 0 0 0 0 0 0 0 0
0x023A Reserved
w
R 0 0 0 0 0 0 0 0
0x023B Reserved
w
R 0 0 0 0 0 0 0 0
0x023C Reserved
w
R 0 0 0 0 0 0 0 0
0x023D Reserved
w
R 0 0 0 0 0 0 0 0
0x023E Reserved
w
R 0 0 0 0 0 0 0 0
0x023F Reserved W

0x0240 — 0x027F PIM (Port Interface Module) (Sheet 1 of 4)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R
0x0240 PTT W PTT7 PTT6 PTT5 PTT4 PTT3 PTT2 PTTH PTTO
R| PTIT7 PTIT6 PTIT5 PTIT4 PTIT3 PTIT2 PTITH PTITO
0x0241 PTIT
w
R
0x0242 DDRT W DDRT7 DDRT7 DDRT5 DDRT4 DDRT3 DDRT2 DDRT1 DDRTO
R
0x0243 RDRT W RDRT7 RDRT6 RDRT5 RDRT4 RDRT3 RDRT2 RDRT1 RDRTO
R
0x0244 PERT W PERT7 PERT6 PERT5 PERT4 PERT3 PERT2 PERT1 PERTO
R
0x0245 PPST W PPST7 PPST6 PPST5 PPST4 PPST3 PPST2 PPST1 PPSTO
R 0 0 0 0 0 0 0 0
0x0246 Reserved
w
R 0 0 0 0 0 0 0 0
0x0247 Reserved
w
R
0x0248 PTS W PTS7 PTS6 PTS5 PTS4 PTS3 PTS2 PTS1 PTSO
R| PTIS7 PTIS6 PTIS5 PTIS4 PTIS3 PTIS2 PTIS1 PTISO
0x0249 PTIS W
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0240 — 0x027F PIM (Port Interface Module) (Sheet 2 of 4)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R

0x024A DDRS W DDRS7 DDRS6 DDRS5 DDRS4 DDRS3 DDRS2 DDRSH1 DDRSO0
R

0x024B RDRS W RDRS7 RDRS6 RDRS5 RDRS4 RDRS3 RDRS2 RDRSH1 RDRSO0
R

0x024C PERS W PERS7 PERS6 PERS5 PERS4 PERS3 PERS2 PERSH1 PERSO
R

0x024D PPSS W PPSS7 PPSS6 PPSS5 PPSS4 PPSS3 PPSS2 PPSSH1 PPSS0
R

0x024E WOMS W WOMS7 | WOMS6 | WOMS5 | WOMS4 | WOMS3 | WOMS2 | WOMS1 | WOMSO
R 0 0 0 0 0 0 0 0

0x024F Reserved
w
R 0

0x0250 PTM W PTM7 PTM6 PTM5 PTM4 PTM3 PTM1 PTMO
R| PTIM7 PTIM6 PTIM5 PTIM4 PTIM3 0 PTIMA1 PTIMO

0x0251 PTIM
w
R 0

0x0252 DDRM W DDRM7 DDRM6 DDRM5 DDRM4 DDRM3 DDRM1 DDRMO
R 0

0x0253 RDRM W RDRM7 RDRM6 RDRM5 RDRM4 RDRM3 RDRM1 RDRMO
R 0

0x0254 PERM W PERM7 PERM6 PERM5 PERM4 PERM3 PERM1 PERMO
R 0

0x0255 PPSM W PPSM7 PPSM6 PPSM5 PPSM4 PPSM3 PPSM1 PPSMO
R 0 0 0 0

0x0256 WOMM W WOMM7 | WOMM6 | WOMM5 | WOMM4
R 0 0 0 0 0 0 0 0

0x0257 Reserved
w
R 0 0

0x0258 PTP W PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
R 0 0 PTIP5 PTIP4 PTIP3 PTIP2 PTIP1 PTIPO

0x0259 PTIP
w
R 0 0

0x025A DDRP W DDRP5 DDRP4 DDRP3 DDRP2 DDRP1 DDRPO
R 0 0

0x025B RDRP W RDRP5 RDRP4 RDRP3 RDRP2 RDRP1 RDRPO
R 0 0

0x025C PERP W PERP5 PERP4 PERP3 PERP2 PERP1 PERPO
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0240 — 0x027F PIM (Port Interface Module) (Sheet 3 of 4)

0x026F Reserved

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0
0x025D PPSP W PPSP5 PPSP4 PPSP3 PPSP2 PPSP1 PPSPO
R 0 0 0 0 0 0 0 0
0x025E Reserved
w
R 0 0 0 0 0 0 0 0
0x025F Reserved
w
R 0
0x0260 PTQ W PTQ6 PTQ5 PTQ4 PTQ3 PTQ2 PTQ1 PTQO
R 0 PTIQ6 PTIQ5 PTIQ4 PTIQ3 PTIQ2 PTIQ1 PTIQO
0x0261 PTIQ
w
R 0
0x0262 DDRQ W DDRQ6 DDRQ5 DDRQ4 DDRQ3 DDRQ2 DDRQ1 DDRQO
R 0
0x0263 RDRQ W RDRQ6 RDRQ5 RDRQ4 RDRQ3 RDRQ2 RDRQ1 RDRQO
R 0
0x0264 PERQ W PERQ6 PERQ5 PERQ4 PERQ3 PERQ2 PERQ1 PERQO
R 0
0x0265 PPSQ W PPSQ6 PPSQ5 PPSQ4 PPSQ3 PPSQ2 PPSQ1 PPSQO0
R 0 0 0 0 0 0 0 0
0x0266 Reserved
w
R 0 0 0 0 0 0 0 0
0x0267 Reserved
w
R
0x0268 PTU W PTU7 PTU6 PTU5 PTU4 PTU3 PTU2 PTUA PTUO
R| PTIU7 PTIU6 PTIU5 PTIU4 PTIU3 PTIU2 PTIU1 PTIUO
0x0269 PTIU
w
R
0x026A DDRU W DDRU7 DDRU6 DDRU5 DDRU4 DDRU3 DDRU2 DDRU1 DDRUO
R
0x026B RDRU W RDRU7 RDRU6 RDRU5 RDRU4 RDRU3 RDRU2 RDRU1 RDRUO
R
0x026C PERU W PERU7 PERUG6 PERU5 PERU4 PERU3 PERU2 PERUA1 PERUO
R
0x026D PPSU W PPSU7 PPSU6 PPSU5 PPSU4 PPSU3 PPSU2 PPSUA1 PPSUO
R 0 0 0 0
0x026E MODRR W MODRR3 | MODRR2 | MODRR1 | MODRRO
R 0 0 0 0 0 0 0 0
w
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

0x0240 — 0x027F PIM (Port Interface Module) (Sheet 4 of 4)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

0x0270 PTAD(H) PTAD15 | PTAD14 | PTAD13 | PTAD12 | PTAD11 | PTAD10 PTAD9 PTAD8

0x0271 PTAD(L) PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO

PTIAD15 | PTIAD14 | PTIAD13 | PTIAD12 | PTIAD11 | PTIAD10 | PTIAD9 | PTIAD8

0x0272  PTIAD(H)

PTIAD7 | PTIAD6 | PTIADS | PTIAD4 | PTIAD3 | PTIAD2 | PTIAD1 PTIADO

0x0273  PTIAD(L)

0x0274 DDRAD(H) DDRAD15 | DDRAD14 | DDRAD13 | DDRAD12 | DDRAD11 | DDRAD10 | DDRAD9 | DDRADS8

0x0275 DDRAD(L) DDRAD7 | DDRAD6 | DDRAD5 | DDRAD4 | DDRAD3 | DDRAD2 | DDRAD1 | DDRADO

0x0276 RDRAD(H) RDRAD15 | RDRAD14 | RDRAD13 | RDRAD12 | RDRAD11 | RDRAD10 | RDRAD9 | RDRADS8

0x0277 RDRAD(L) RDRAD7 | RDRAD6 | RDRAD5 | RDRAD4 | RDRAD3 | RDRAD2 | RDRAD1 | RDRADO

0x0278 PERAD(H) PERAD15 | PERAD14 | PERAD13 | PERAD12 | PERAD11 | PERAD10 | PERAD9 | PERADS

0x0279 PERAD(L) PERAD7 | PERAD6 | PERAD5 | PERAD4 | PERAD3 | PERAD2 | PERAD1 | PERADO

0x027A PPSAD(H) PPSAD15 | PPSAD14 | PPSAD13 | PPSAD12 | PPSAD11 | PPSAD10 | PPSAD9 | PPSADS8

0x027B PPSAD(L) PPSAD7 | PPSAD6 | PPSAD5 | PPSAD4 | PPSAD3 | PPSAD2 | PPSAD1 | PPSADO

0x027C PIEAD(H) PIEAD15 | PIEAD14 | PIEAD13 | PIEAD12 | PIEAD11 | PIEAD10 | PIEAD9 | PIEADS8

0x027D PIEAD(L) PIEAD7 | PIEAD6 | PIEAD5 | PIEAD4 | PIEAD3 | PIEAD2 | PIEAD1 PIEADO

0x027E PIFAD(H) PIFAD15 | PIFAD14 | PIFAD13 | PIFAD12 | PIFAD11 | PIFAD10 | PIFAD9 | PIFAD8

PIFAD7 | PIFADé | PIFAD5 | PIFAD4 | PIFAD3 | PIFAD2 | PIFAD1 PIFADO

S 311332V ESEVTEIPVDEZTVTETITEITEITESEIVTEIXESEDTESEDTDETTED

0x027F  PIFAD(L)

0x0280 — 0x03FF Reserved Space

Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

0x0280— R d R 0 0 0 0 0 0 0 0
OX2FF eserve W

0x0300— Unimpl ted R 0 0 0 0 0 0 0 0
ox03FF  Unimplemente W
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

1.2.2 Part ID Assignments

Thepart ID islocated intwo 8-bit registers PARTIDH and PARTIDL (addresses 0xO01A and 0x001B after

reset. The read-only value is aunique part ID for each revision of the chip. Table 1-2 shows the assigned
part ID numbers.

Table 1-2. Assigned Part ID Numbers

Device Mask Set Number Part ID'
MC9S12E256 0L43X 0x5000

! The coding is as follows:
Bit 15—12: Major family identifier
Bit 11-8: Minor family identifier
Bit 7—4: Major mask set revision number including FAB transfers
Bit 3—0: Minor — non full — mask set revision

The device memory sizes are located in two 8-bit registers MEM SIZ0 and MEM SIZ1 (addresses 0x001C
and 0x001D after reset). Table 1-3 shows the read-only values of these registers. Refer to Chapter 19,
“Module Mapping Control (MMCV4)” for further details.

Table 1-3. Memory Size Registers

Device Register name Value
MC9S12E256 MEMSIZ0 0x07
MC9S12E256 MEMSIZA1 0x81
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Chapter 1 MC9S12E256 Device Overview (MC9S12E256DGV1)

1.3  Signal Description

1.3.1 Device Pinout
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FAULTO/PQO] 6 79— PAD0O4/AN0O4/KWADO4
FAULT1/PQ1]7 78| 1 PAD03/ANO3/KWADO3
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Signals shown in Bold are not available on the 80-pin package

Figure 1-3. Pin Assignments for 112-LQFP
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Figure 1-4. Pin Assignments for 80-QFP
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1.3.2 Signal Properties Summary
Table 1-4. Signal Properties
Pin Name Pin Name Pin Name | Power | Internal Pull Resistor -
. . - . Description
Function 1 Function 2 Function 3 | Domain CTRL Reset State
EXTAL — — VDDPLL NA NA Oscillator pins
XTAL — — VDDPLL NA NA
XFC — — VDDPLL NA NA PLL loop filter pin
RESET — — VDDX None None External reset pin
BKGD MODC TAGHI VDDX Up Up Background debug, mode pin, tag signal
high
TEST VPP — NA NA NA Test pin only
PAD[15,13, AN[15,13, |KWAD[15,13,| VDDX | PERAD/ Disabled Port AD I/O Pins, ATD inputs, keypad
12,8,6,4,2,0]| 12,8,6,4,2,0] | 12,8,6,4,2,0] PPSAD Wake-up
PAD[14,11, AN[14,11, |KWAD[14,11,| VDDX | PERAD/ Disabled Port AD I/O Pins, ATD inputs, keypad
10,9,7,5,3,1]| 10,9,7,5,3,1] | 10,9,7,5,3,1] PPSAD Wake-up
PA[7:0] ADDR[15:8)/ — VDDX PUCR Disabled Port A 1/0 pin, multiplexed
DATA[15:8] address/data
PBJ[7:0] ADDR[7:0)/ — VDDX PUCR Disabled |Port B I/O pin, multiplexed
DATA[7:0] address/data
PE7 NOACC XCLKS VDDX Input Input Port E 1/0 pin, access, clock select
PE6 IPIPE1 MODB VDDX While RESET is low: |Port E I/O pin, pipe status, mode
Down selection
PE5 IPIPEO MODA VDDX While RESET is low: |Port E I/O pin, pipe status, mode
Down selection
PE4 ECLK — VDDX PUCR Mode Dep1 Port E 1/O pin, bus clock output
PE3 LSTRB TAGLO VDDX PUCR Mode Dep' |Port E I/O pin, low strobe, tag signal
low
PE2 R/W —_ VDDX PUCR Mode Dep1 Port E I/0 pin, R/W in expanded modes
PE1 IRQ — VDDX PUCR Up Port E input, external interrupt pin
PEO XIRQ — VDDX PUCR Up Port E input, non-maskable interrupt pin
PK[7] ECS ROMCTL VDDX PUCR Up Port K I/0 Pin, Emulation Chip Select
PK[6] XCS — VDDX PUCR Up Port K I/O Pin, External Chip Select
PK[5:0] |XADDR[19:14] — VDDX PUCR Up Port K 1/0 Pins, Extended Addresses
PM7 SCL — VDDX PERM/ Up Port M 1/O Pin, 1IC SCL signal
PPSM
PM6 SDA — VDDX PERM/ Up Port M 1/O Pin, 1IC SDA signal
PPSM
PM5 TXD2 — VDDX PERM/ Up Port M I/O Pin, SCI2 transmit signal
PPSM
PM4 RXD2 — VDDX PERM/ Up Port M I/O Pin, SCI2 receive signal
PPSM
PM3 — — VDDX PERM/ Disabled Port M I/O Pin
PPSM
PM1 DAO1 — VDDX PERM/ Disabled Port M I/O Pin, DAC1 output
PPSM
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Table 1-4. Signal Properties

Pin Name Pin Name Pin Name | Power Internal Pull Resistor L
. . . . Description
Function 1 Function 2 Function 3 | Domain CTRL Reset State
PMO DAOO — VDDX PERM/ Disabled Port M I/O Pin, DACO output
PPSM
PP[5:0] PWOQ[5:0] — VDDX PERP/ Disabled Port P 1/0 Pins, PWM output
PPSP
PQJ6:4] 15[6:4] — VDDX PERQ/ Disabled Port Q I/O Pins, 1S[6:4] input
PPSQ
PQ[3:0] FAULT[3:0] — VDDX PERQ/ Disabled Port Q I/0 Pins, Fault[3:0] input
PPSQ
PS7 8§ — VDDX PERS/ Up Port S I/0 Pin, SPI SS signal
PPSS
PS6 SCK — VDDX PERS/ Up Port S 1/0 Pin, SPI SCK signal
PPSS
PS5 MOSI — VDDX PERS/ Up Port S 1/0 Pin, SPI MOSI signal
PPSS
PS4 MISO — VDDX PERS/ Up Port S 1/0 Pin, SPI MISO signal
PPSS
PS3 TXD1 — VDDX PERS/ Up Port S 1/0 Pin, SCI1 transmit signal
PPSS
PS2 RXD1 — VDDX PERS/ Up Port S 1/0 Pin, SCI1 receive signal
PPSS
PS1 TXDO — VDDX PERS/ Up Port S 1/0O Pin, SCIO0 transmit signal
PPSS
PSO RXDO — VDDX PERS/ Up Port S 1/0 Pin, SCIO receive signal
PPSS
PT[7:4] I0CA1[7:4] — VDDX PERT/ Disabled Port T I/O Pins, timer (TIM1)
PPST
PT[3:0] I0CO0[7:4] — VDDX PERT/ Disabled Port T I/0 Pins, timer (TIMO)
PPST
PU[7:6] — — VDDX PERU/ Disabled Port U I/O Pins
PPSU
PU[5:4] PW1[5:4] — VDDX PERU/ Disabled Port U I/O Pins, PWM outputs
PPSU
PU[3:0] 10C2[7:4] PW1[3:0] VDDX PERU/ Disabled Port U I/O Pins, timer (TIM2), PWM
PPSU outputs

' The Port E output buffer enable signal control at reset is determined by the PEAR register and is mode dependent. For
example, in special test mode RDWE = LSTRE = 1 which enables the PE[3:2] output buffers and disables the pull-ups. Refer
to Chapter 18, “Multiplexed External Bus Interface (MEBIV3)” for PEAR register details.

NOTE

Signals shown in bold are not available in the 112-pin package.
Signals shown in italic are not available in the 80-pin package.

If the port pins are not bonded out in the chosen package the user should initialize the registersto be inputs
with enabled pull resistance to avoid excess current consumption. This applies to the following pins:
(80QFP): Port A[7:0], Port B[7:0], Port E[6,5,3,2], Port K[7:0], Port U[7:4]
(64QFN): Port U[3:0], Port Q[6:4], Port M[3], Port AD[14,11,10,9,7,5,3,1]
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1.4  Detailed Signal Descriptions

1.4.1 EXTAL, XTAL — Oscillator Pins

EXTAL and XTAL aretheexternal clock and crystal driver pins. Onreset all the device clocks are derived
from the EXTAL input frequency. XTAL isthe crystal output.

1.4.2 RESET — External Reset Pin

RESET isan activelow bidirectional control signal that acts as an input to initialize the MCU to aknown
start-up state. It also acts as an open-drain output to indicate that an internal failure has been detected in
either the clock monitor or COP watchdog circuit. External circuitry connected to the RESET pin should
not include alarge capacitance that would interfere with the ability of thissignal toriseto avalid logic one
within 32 ECLK cycles after the low drive isreleased. Upon detection of any reset, an internal circuit
drives the RESET pin low and a clocked reset sequence controls when the MCU can begin normal
processing.

1.4.3 TEST — Test Pin
The TEST pinisreserved for test and must betied to VSSin all applications.

144 XFC — PLL Loop Filter Pin

Dedicated pin used to create the PLL loop filter. See Chapter 4, “Clocks and Reset Generator (CRGV4)”
for more detailed information.

1.4.5 BKGD / TAGHI / MODC — Background Debug, Tag High & Mode Pin

The BKGD / TAGHI / MODC pin is used as a pseudo-open-drain pin for the background debug
communication. It isused asaMCU operating mode select pin during reset. The state of thispinislatched
to the MODC bit at the rising edge of RESET. In MCU expanded modes of operation, when instruction
taggingison, aninput low on thispin during thefalling edge of E-clock tagsthe high half of theinstruction
word being read into the instruction queue. This pin always has an interna pull up.

1.4.6 PA[7:0] / ADDR[15:8] / DATA[15:8] — Port A I/O Pins

PA[7:0] are general purpose input or output pins. In MCU expanded modes of operation, these pins are
used for the multiplexed external address and databus. PA[7:0] pinsare not availablein the 80 pin package
version.

1.4.7 PB[7:0] / ADDR[7:0] / DATA[7:0] — Port B I/O Pins

PB[7:0] are general purpose input or output pins. In MCU expanded modes of operation, these pins are
used for the multiplexed external address and databus. PB[7:0] pinsarenot availablein the 80 pin package
version.
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1.4.8 PE7 / NOACC / XCLKS — Port E I/O Pin 7

PE7 isagenera purpose input or output pin. During MCU expanded modes of operation, the NOACC
signal, when enabled, is used to indicate that the current bus cycleisan unused or “free cycle’. Thissignal
will assert when the CPU is not using the bus. The XCLK S is an input signal which controls whether a
crystal in combination with the internal Colpitts (low power) oscillator is used or whether Pierce
oscillator/external clock circuitry is used. The state of this pin islatched at the rising edge of RESET. If
theinput isalogic low the EXTAL pinisconfigured for an external clock drive or a Pierce Oscillator. If
the input isalogic high a Colpitts oscillator circuit is configured on EXTAL and XTAL. Sincethispinis
an input with a pull-up device during reset, if the pin isleft floating, the default configuration is a Colpitts

oscillator circuit on EXTAL and XTAL.

EXTAL ||

cbc!
MCU

XTAL

~- Ci 1 crystalor

—T— ceramic resonator

VSSPLL

1. Due to the nature of a translated ground Colpitts oscillator a DC voltage bias is
applied to the crystal. Please contact the crystal manufacturer for crystal DC

Figure 1-5. Colpitts Oscillator Connections (PE7 = 1)

EXTAL } }
C1
MCU RB [:| Crystal or
—— ceramic resonator
RS!
XTAL i i
c2 =

VSSPLL

1. Rs can be zero (shorted) when use with higher frequency crystals.

Refer to manufacturer’s data.

Figure 1-6. Pierce Oscillator Connections (PE7 = 0)

1.4.9 PE6 / MODB / IPIPE1 — Port E I/0 Pin 6

PEG6 is agenera purpose input or output pin. It isused as aMCU operating mode select pin during reset.
The state of thispinislatched to the MODB bit at therising edge of RESET. This pin is shared with the
instruction queuetracking signal IPIPEL. Thispinisaninput with apull-down device whichisonly active
when RESET islow. PE6 is not available in the 80 pin package version.
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1.4.10 PE5/MODA /IPIPEO — Port E I/O Pin 5

PES isagenera purpose input or output pin. It isused asaMCU operating mode select pin during reset.
The state of thispinislatched to the MODA hit at the rising edge of RESET. This pin is shared with the
instruction queuetracking signal I|PIPEO. Thispinisan input with apull-down devicewhichisonly active
when RESET islow. PE5 is not available in the 80-pin package version.

1.4.11 PE4/ECLK— Port E I/O Pin 4 / E-Clock Output

PE4 isageneral purposeinput or output pin. In Normal Single Chip mode PE4 is configured with an active
pull-up whilein reset and immediately out of reset. The pullup can be turned off by clearing PUPEE inthe
PUCR register. In all modes except Normal Single Chip Mode, the PE4 pinisinitialy configured as the
output connection for the internal bus clock (ECLK). ECLK isused as atiming reference and to
demultiplex the address and data in expanded modes. The ECLK frequency is equal to 1/2 the crystal
frequency out of reset. The ECLK output function depends upon the settings of the NECLK bit in the
PEAR register, the IVIS bit in the MODE register and the ESTR bit in the EBICTL register. All clocks,
including the ECLK, are halted when the MCU isin STOP mode. It is possible to configure the MCU to
interface to slow external memory. ECLK can be stretched for such accesses. The PE4 pinisinitially
configured as ECLK output with stretch in all expanded modes. Reference the MISC register
(EXSTR[1:0] bits) for more information. In normal expanded narrow mode, the ECLK isavailablefor use
in external select decode logic or as a constant speed clock for use in the external application system.

1.4.12 PE3/LSTRB/TAGLO — Port E I/O Pin 3 / Low-Byte Strobe (LSTRB)

PE3 can be used as a general-purpose 1/0 in al modes and is an input with an active pull-up out of reset.
The pullup can be turned off by clearing PUPEE in the PUCR register. PE3 can also be configured as a
Low-Byte Strobe (LSTRB). The LSTRB signal isused in write operations, so external low bytewriteswill
not be possible until thisfunctionisenabled. LSTRB can be enabled by setting the LSTRE bitinthe PEAR
register. In Expanded Wide and Emulation Narrow modes, and when BDM tagging isenabled, the LSTRB
function is multiplexed with the TAGL O function. When enabled alogic zero on the TAGLO pin at the
falling edge of ECLK will tag the low byte of an instruction word being read into the instruction queue.
PE3 isnot available in the 80 pin package version.

1.4.13 PE2/R/W — Port E I/0 Pin 2 / Read/Write

PE2 can be used as a genera-purpose I/O in all modes and is configured an input with an active pull-up
out of reset. The pullup can be turned off by clearing PUPEE in the PUCR register. If the read/write
function is required it should be enabled by setting the RDWE bit in the PEAR register. External writes
will not be possible until the read/write function is enabled. The PE2 pin is not available in the 80 pin
package version.

1.4.14 PE1/IRQ — Port E input Pin 1/ Maskable Interrupt Pin

PE1 is always an input and can always be read. The PE1 pin is also the IRQ input used for requesting an
asynchronous interrupt to the MCU. During reset, the | bit in the condition code register (CCR) is set and
any IRQ interrupt is masked until software enablesit by clearing the | bit. The IRQ is software
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programmabl e to either falling edge-sensitive triggering or level-sensitive triggering based on the setting
of the IRQE bit in the IRQCR register. The IRQ is always enabled and configured to level-sensitive
triggering out of reset. It can be disabled by clearing IRQEN bit in the IRQCR register. Thereisan active
pull-up on this pin while in reset and immediately out of reset. The pullup can be turned off by clearing
PUPEE in the PUCR register.

1.4.15 PEO/ XIRQ — Port E input Pin 0 / Non Maskable Interrupt Pin

PEOQ is always an input and can always be read. The PEO pin is aso the XIRQ input for requesting a
nonmaskabl e asynchronous interrupt to the MCU. During reset, the X bit in the condition code register
(CCR) is set and any XIRQ interrupt is masked until MCU software enables it by clearing the X bit.
Because the XIRQ input is level sensitive triggered, it can be connected to a multiple-source wired-OR
network. Thereisan active pull-up on this pin while in reset and immediately out of reset. The pullup can
be turned off by clearing PUPEE in the PUCR register.

1.4.16 PK7/ECS/ROMCTL — Port K 1/0O Pin 7

PK7isagenera purposeinput or output pin. During MCU expanded modes of operation, when the EMK
bit in the MODE register isset to 1, thispinis used as the emulation chip select output (ECS). In expanded
modes the PK7 pin can be used to determine the reset state of the ROMON bit in the MISC register. At
therising edge of RESET, the state of the PK7 pinislatched to the ROMON bit. Thereisan active pull-up
on this pin whilein reset and immediately out of reset. The pullup can be turned off by clearing PUPKE
in the PUCR register. Refer to Chapter 18, “Multiplexed External Bus Interface (MEBIV 3)” for further
details. PK7 is not available in the 80 pin package version.

1.4.17 PK6/XCS — Port K1/O Pin 6

PK6 isagenera purpose input or output pin. During MCU expanded modes of operation, when the EMK
bit in the MODE register is set to 1, thispin is used as an external chip select signal for most external
accessesthat are not selected by ECS. Thereisan active pull-up on thispin whilein reset and immediately
out of reset. The pullup can be turned off by clearing PUPKE in the PUCR register. Refer to Chapter 18,
“Multiplexed External Bus Interface (MEBIV 3)” for further details. PK6 is not available in the 80 pin
package version.

1.4.18 PK]5:0]/ XADDR[19:14] — Port K I/O Pins [5:0]

PK[5:0] are general purpose input or output pins. In MCU expanded modes of operation, when the EMK
bitintheMODE register isset to 1, PK[5:0] provide the expanded address XADDR[19:14] for the external
bus. There are active pull-ups on PK[5:0] pinswhilein reset and immediately out of reset. The pullup can
be turned off by clearing PUPKE in the PUCR register. Refer to Chapter 18, “Multiplexed External Bus
Interface (MEBIV 3)” for further details. PK[5:0] are not available in the 80 pin package version.
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1.4.19 PAD[15:0]/ AN[15:0] / KWAD[15:0] — Port AD I/O Pins [15:0]

PAD[15:0] arethe analog inputs for the analog to digital converter (ADC). They can aso be configured as
general purpose digital input or output pin. When enabled as digital inputs or outputs, the PAD[15:0] can
also be configured as Keypad Wake-up pins (KWU) and generate interrupts causing the MCU to exit
STOP or WAIT mode. Consult Chapter 3, “Port Integration Module (PIM9E256V 1)” and the Chapter 6,
“Analog-to-Digital Converter (ATD10B16CV4)” for information about pin configurations.

1.4.20 PM7/SCL — Port M I/O Pin 7

PM7 isageneral purpose input or output pin. When the 11C module is enabled it becomes the serial clock
line (SCL) for the l1C module (I1C). Whilein reset and immediately out of reset the PM7 pinis configured
as a high impedance input pin. Consult Chapter 3, “Port Integration Module (PIM9E256V1)” and
Chapter 10, “Inter-Integrated Circuit (11CV2)” for information about pin configurations.

1.4.21 PM6/SDA — Port M I/O Pin 6

PM6 isageneral purpose input or output pin. When the I1C module is enabled it becomes the Serial Data
Line(SDL) for the [IC module (11C). Whilein reset and immediately out of reset the PM6 pinisconfigured
as a high impedance input pin. Consult Chapter 3, “Port Integration Module (PIM9E256V1)” and
Chapter 10, “Inter-Integrated Circuit (11CV2)” for information about pin configurations.

1.4.22 PM5/TXD2 — Port M I/O Pin 5

PM5 isageneral purposeinput or output. When the Serial Communications Interface 2 (SCI2) transmitter
is enabled the PM5 pin is configured as the transmit pin TXD2 of SCI2. Whilein reset and immediately
out of reset the PM5 pin is configured as a high impedance input pin. Consult Chapter 3, “Port Integration
Module (PIM9E256V 1)” and Chapter 8, “ Serial Communication Interface (SCIV4)” for information
about pin configurations.

1.4.23 PM4/RXD2 — Port M I/0O Pin 4

PM4 isageneral purposeinput or output. When the Serial Communications Interface 2 (SCI2) receiver is
enabled the PM4 pin is configured as the receive pin RXD2 of SCI2. Whilein reset and immediately out
of reset the PM4 pin is configured as a high impedance input pin. Consult Chapter 3, “Port Integration
Module (PIM9E256V 1)” and Chapter 8, “Serial Communication Interface (SCIV4)” for information
about pin configurations.

1.424 PM3 — Port M1/O Pin 3

PM3isagenera purpose input or output pin. While in reset and immediately out of reset the PM3 pinis
configured as a high impedance input pin. Consult Chapter 3, “Port Integration Module (PIM9E256V 1)”
for information about pin configurations.
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1.4.25 PM1/DAO1 — Port M I/O Pin 1

PM1isagenera purpose input or output pin. When the Digital to Analog module 1 (DAC1) is enabled
the PM1 pinis configured as the analog output DAO1 of DAC1. Whilein reset and immediately out of
reset the PM1 pin is configured as a high impedance input pin. Consult Chapter 3, “Port Integration
Module (PIM9E256V 1)” and Chapter 7, “Digital-to-Analog Converter (DAC8B1CV1)” for information
about pin configurations.

1.4.26 PMO/DAO2 — Port M1/O Pin 0

PMO isageneral purpose input or output pin. When the Digital to Analog module 2 (DAC2) is enabled
the PMO pin is configured as the analog output DA02 of DAC2. While in reset and immediately out of
reset the PMO pin is configured as a high impedance input pin. Consult Chapter 3, “Port Integration
Module (PIM9E256V 1)” and Chapter 7, “Digital-to-Analog Converter (DAC8B1CV1)” for information
about pin configurations.

1.4.27 PP[5:0]/ PWO[5:0] — Port P I/O Pins [5:0]

PP[5:0] are general purpose input or output pins. When the Pulse width Modulator with Fault protection
(PMF) is enabled the PP[5:0] output pins, as awhole or as pairs, can be configured as PW0[5:0] outputs.
Whileinreset and immediately out of reset the PP[5:0] pinsare configured as ahigh impedance input pins.
Consult Chapter 3, “Port Integration Module (PIM9E256V 1)” and Chapter 11, “Pulse Width Modul ator

with Fault Protection (PMF15B6CV2)” for information about pin configurations.

1.4.28 PQ[6:4]/ I1S[2:0] — Port Q I/O Pins [6:4]

PQ[6:4] are general purpose input or output pins. When enabled in the Pulse width Modul ator with Fault
protection module (PMF), the PQ[6:4] pins become the current status input pins, 1S5[2:0], for top/bottom
pulse width correction. While in reset and immediately out of reset PP[5:0] pins are configured as a high
impedance input pins. Consult Chapter 3, “Port Integration Module (PIM9E256V 1)” and Chapter 11,
“Pulse Width Modulator with Fault Protection (PMF15B6CV 2)” for information about pin configurations.

1.4.29 PQ[3:0]/ FAULT[3:0] — Port Q I/O Pins [3:0]

PQ[3:0] are general purpose input or output pins. When enabled in the Pulse width Modul ator with Fault
protection module (PMF), the PQ[3:0] pins become the Fault protection inputs pins, FAULT[3:0], of the
PMF. While in reset and immediately out of reset the PQ[3:0] pins are configured as a high impedance
input pins. Consult Chapter 3, “Port Integration Module (PIM9E256V 1)” and the Chapter 11, “Pulse
Width Modulator with Fault Protection (PMF15B6CV 2)” for information about pin configurations.

1.4.30 PS7/SS — PortSI/OPin7

PS7 isagenera purposeinput or output. When the Serial Peripheral Interface (SPI) is enabled PS7
becomes the slave select pin SS. Whilein reset and immediately out of reset the PS7 pin is configured as
ahigh impedance input pin. Consult Chapter 3, “Port Integration Module (PIM9E256V 1)” and Chapter 9,
“Serial Periphera Interface (SPIV3)” for information about pin configurations.
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1.4.31 PS6/SCK — Port S I/O Pin 6

PS6 isagenera purposeinput or output pin. When the Serial Peripheral Interface (SPI) is enabled PS6
becomes the serial clock pin, SCK. While in reset and immediately out of reset the PS6 pin is configured
as a high impedance input pin. Consult Chapter 3, “Port Integration Module (PIM9E256V 1)” and
Chapter 9, “Serial Peripheral Interface (SPIV3)” for information about pin configurations.

1.4.32 PS5/MOSI— Port S 1/O Pin 5

PS5 isageneral purposeinput or output pin. When the Serial Peripheral Interface (SPI) isenabled PS5is
the master output (during master mode) or slave input (during slave mode) pin. While in reset and
immediately out of reset the PS5 pin is configured as a high impedance input pin Consult Chapter 3, “ Port
Integration Module (PIM9E256V 1)” and Chapter 9, “ Serial Peripheral Interface (SPIV 3)” for information
about pin configurations.

1.4.33 PS4/ MISO — Port S1/0 Pin 4

PS4 isageneral purpose input or output pin. When the Serial Peripheral Interface (SPI) isenabled P4 is
the master input (during master mode) or slave output (during slave mode) pin. While in reset and
immediately out of reset the PS4 pin is configured as a high impedance input pin. Consult Chapter 3, “ Port
Integration Module (PIM9E256V 1)” and Chapter 9, “ Serial Peripheral Interface (SPIV3)” for information
about pin configurations.

1.4.34 PS3/TXD1—PortS1/O Pin 3

PS3isageneral purposeinput or output. When the Serial Communications Interface 1 (SCI1) transmitter
is enabled the PS3 pinis configured as the transmit pin, TXD1, of SCI1. While in reset and immediately
out of reset the PS3 pinis configured as a high impedance input pin. Consult Chapter 3, “Port Integration
Module (PIM9E256V 1)” and Chapter 8, “Serial Communication Interface (SCIV4)” for information
about pin configurations.

1.4.35 PS2/RXD1— Port S I/O Pin 2

PS2 isageneral purpose input or output. When the Serial Communications Interface 1 (SCI1) receiver is
enabled the PS2 pin is configured as the receive pin RXD1 of SCI1. Whilein reset and immediately out
of reset the PS2 pin is configured as a high impedance input pin. Consult Chapter 3, “Port Integration
Module (PIM9E256V 1)” and Chapter 8, “Serial Communication Interface (SCIV4)” for information
about pin configurations.

1.4.36 PS1/TXD0— Port S /O Pin 1

PS1isageneral purposeinput or output. When the Serial Communications Interface 0 (SCI0) transmitter
is enabled the PS1 pinis configured as the transmit pin, TXDO, of SCI0. While in reset and immediately
out of reset the PS1 pinis configured as a high impedance input pin. Consult Chapter 3, “Port Integration
Module (PIM9E256V 1)” and Chapter 8, “Serial Communication Interface (SCIV4)” for information
about pin configurations.
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1.4.37 PS0/RXDO0 — Port S I/O Pin 0

PS0 isageneral purpose input or output. When the Serial Communications Interface O (SCIQ) receiver is
enabled the PSO pin is configured as the receive pin RXDO of SCIO0. Whilein reset and immediately out
of reset the PSO pinis configured as a high impedance input pin. Consult Chapter 3, “Port Integration
Module (PIM9E256V 1)” and Chapter 8, “ Serial Communication Interface (SCIV4)” for information
about pin configurations.

1.4.38 PT[7:4]/10C1[7:4]— Port T /O Pins [7:4]

PT[7:4] are general purpose input or output pins. When the Timer system 1 (TIM1) is enabled they can
also be configured as the TIM1 input capture or output compare pins IOC1[7-4]. Whilein reset and
immediately out of reset the PT[7:4] pins are configured as a high impedance input pins. Consult
Chapter 3, “Port Integration Module (PIM9E256V1)” and Chapter 13, “ Timer Module (TIM16B4CV 1)”
for information about pin configurations.

1.4.39 PT[3:0]/10CO[7:4]— Port T I/O Pins [3:0]

PT[3:0] are general purpose input or output pins. When the Timer system 0 (TIMO) is enabled they can
also be configured as the TIMO input capture or output compare pins |OCO[7-4]. Whilein reset and
immediately out of reset the PT[3:0] pins are configured as a high impedance input pins. Consult
Chapter 3, “Port Integration Module (PIM9E256V1)” and Chapter 13, “ Timer Module (TIM16B4CV 1)”
for information about pin configurations.

1.4.40 PU[7:6] — Port U I/O Pins [7:6]

PU[7:6] are general purposeinput or output pins. While in reset and immediately out of reset the PU[7:6]
pins are configured as a high impedance input pins. Consult Chapter 3, “Port Integration Module
(PIM9E256V1)” for information about pin configurations. PU[7:6] are not available in the 80 pin package
version.

1.4.41 PU[5:4] / PW1[5:4] — Port U I/O Pins [5:4]

PU[5:4] are general purpose input or output pins. When the Pulse Width Modulator (PWM) is enabled the
PU[5:4] output pins, individually or as apair, can be configured as PW1[5:4] outputs. While in reset and
immediately out of reset the PU[5:4] pins are configured as a high impedance input pins. Consult
Chapter 3, “Port Integration Module (PIM9E256V 1)” and Chapter 12, “ Pulse-Width Modul ator
(PWM8B6CV 1)” for information about pin configurations. PU[5:4] arenot availablein the 80 pin package
version.

1.4.42 PU[3:0]/10C2[7:4]/PW1[3:0] — Port U I/O Pins [3:0]

PU[3:0] are general purpose input or output pins. When the Timer system 2 (TIM2) is enabled they can
also be configured as the TIM2 input capture or output compare pins |0C2[7-4]. When the Pulse Width
Modulator (PWM) is enabled the PU[3:0] output pins, individually or as a pair, can be configured as

PW1[3:0] outputs. The MODRR register in the Port Integration Module determinesif the TIM2 or PWM
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function is selected. Whilein reset and immediately out of reset the PU[3:0] pins are configured as ahigh
impedance input pins. Consult Chapter 3, “Port Integration Module (PIMOE256V 1)”, Chapter 13, “ Timer
Module (TIM16B4CV1)”, and Chapter 12, “ Pulse-Width Modulator (PWM8B6CV 1)” for information
about pin configurations.

1.4.43 VDDX,VSSX — Power & Ground Pins for I/O Drivers

External power and ground for I/O drivers. Bypass requirements depend on how heavily the MCU pinsare
loaded.

1.4.44 VDDR, VSSR — Power Supply Pins for I/O Drivers & for Internal
Voltage Regulator

Externa power and ground for 1/0 driversand input to theinternal voltage regulator. Bypass requirements
depend on how heavily the MCU pins are |loaded.

1.4.45 VDD1, VDD2, VSS1, VSS2 — Power Supply Pins for Internal Logic

Power is supplied to the MCU through VDD and VSS. This 2.5V supply is derived from the internal
voltageregulator. Thereisno static load on those pinsallowed. Theinternal voltage regulator isturned off,
if VDDR istied to ground.

1.4.46 VDDA, VSSA — Power Supply Pins for ATD and VREG

VDDA, VSSA are the power supply and ground input pins for the voltage regulator and the analog to
digital converter.

1.4.47 VRH, VRL — ATD Reference Voltage Input Pins

VRH and VRL are the reference voltage input pins for the analog to digital converter.

1.4.48 VDDPLL, VSSPLL — Power Supply Pins for PLL

Provides operating voltage and ground for the Oscillator and the Phased-L ocked Loop. This allows the
supply voltage to the Oscillator and PLL to be bypassed independently. This 2.5V voltage is generated by
the internal voltage regulator.
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Table 1-5. MC9S12E256 Power and Ground Connection Summary

. Nominal _
Mnemonic Description
Voltage

VDD1, VDD2 25V Internal power and ground generated by internal regulator. These also allow an external
VSS1. VSS2 oV source to supply the core VDD/VSS voltages and bypass the internal voltage regulator.

VDDR 3.3/5.0 V | External power and ground, supply to internal voltage regulator.

VSSR oV To disable voltage regulator attach Vppg to Vggp.

VDDX 3.3/5.0 V | External power and ground, supply to pin drivers.

VSSX oV

VDDA 3.3/5.0 V | Operating voltage and ground for the analog-to-digital converter, the reference for the

internal voltage regulator and the digital-to-analog converters, allows the supply voltage to

VESA oV the A/D to be bypassed independently.

VRH 3.3/5.0 V | Reference voltage high for the ATD converter, and DAC.

VRL ov Reference voltage low for the ATD converter.
VDDPLL 25V Provides operating voltage and ground for the Phased-Locked Loop. This allows the supply
VSSPLL oV voltage to the PLL to be bypassed independently. Internal power and ground generated by

internal regulator.

NOTE

All VSS pins must be connected together in the application. Because fast
signal transitions place high, short-duration current demands on the power
supply, use bypass capacitors with high-frequency characteristics and place
them as close to the MCU as possible. Bypass requirements depend on
MCU pin load.
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1.5 System Clock Description

The Clock and Reset Generator providestheinternal clock signalsfor the core and all peripheral modul es.
Figure 1-7 shows the clock connections from the CRG to al modules. Consult Chapter 4, “Clocks and
Reset Generator (CRGV4)” for details on clock generation.

HCS12 CORE
P BDM|| CPU
Core Clock
> MEBI|| MMC
- INT || DBG
Flash
> RAM
> ATD
> DAC
EXTAL > lc
> PIM
> PMF
—
0sC CRG Bus Clock
T > PWM
Oscillator Clock -
XTAL > SCIo, SCI1, SCI2
> SPI
TIMO, TIM1, TIM2
> VREG

Figure 1-7. Clock Connections

Table 1-6. Clock Selection Based on PE7

PE7 = XCLKS Description
1 Colpitts Oscillator selected
0 Pierce Oscillator/external clock selected
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1.6

1.6.1

Modes of Operation

Overview

Eight possible modes determine the operating configuration of the MC9S12E256. Each mode has an
associated default memory map and external bus configuration controlled by a further pin.

Three low power modes exist for the device.

1.6.2

Chip Configuration Summary

The operating mode out of reset is determined by the states of the MODC, MODB, and MODA pinsduring
reset. The MODC, MODB, and MODA bits in the MODE register show the current operating mode and
provide limited mode switching during operation. The states of the MODC, MODB, and MODA pinsare
latched into these bits on the rising edge of the reset signal. The ROMCTL signal alowsthe setting of the
ROMON bit inthe MISC register thus controlling whether theinternal Flash isvisibleinthe memory map.
ROMON = 1 mean the Flash is visible in the memory map. The state of the ROMCTL pin islatched into
the ROMON bit in the MISC register on the rising edge of the reset signal.

Table 1-7. Mode Selection

BKGD = PE6 = PE5 = PK7 = ROMON Mode Description
MODC MODB MODA ROMCTL Bit P
0 0 0 X 1 Special Single Chip, BDM allowed and ACTIVE. BDM is
allowed in all other modes but a serial command is
required to make BDM active.
0 0 1 0 1 Emulation Expanded Narrow, BDM allowed
1 0
0 1 0 X 0 Special Test (Expanded Wide), BDM allowed
0 1 1 0 1 Emulation Expanded Wide, BDM allowed
1 0
1 0 X 1 Normal Single Chip, BDM allowed
1 1 0 0 Normal Expanded Narrow, BDM allowed
1 1
1 1 0 X 1 Peripheral; BDM allowed but bus operations would cause
bus conflicts (must not be used)
1 1 1 0 0 Normal Expanded Wide, BDM allowed
1 1

For further explanation on the modes refer to Chapter 18, “Multiplexed External Bus Interface

(MEBIV3)".
Table 1-8. Clock Selection Based on PE7
PE7 = XCLKS Description
1 Colpitts Oscillator selected
0 Pierce Oscillator/external clock selected
MC9S12E256 Data Sheet, Rev. 1.08
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1.7  Security
The device will make available a security feature preventing the unauthorized read and write of the
memory contents. This feature allows:

* Protection of the contents of FLASH,

* Operation in single-chip mode,

*  Operation from external memory with internal FLASH disabled.
The user must be reminded that part of the security must lie with the user’s code. An extreme example
would be user’s code that dumps the contents of the internal program. This code would defeat the purpose
of security. At the same time the user may also wish to put aback door in the user’s program. An example

of thisisthe user downloads a key through the SCI which allows access to a programming routine that
updates parameters.

1.7.1 Securing the Microcontroller

Once the user has programmed the FLASH, the part can be secured by programming the security bits
located in the FLASH module. These non-volatile bitswill keep the part secured through resetting the part
and through powering down the part.

The security byte resides in a portion of the Flash array.

Check Chapter 2, “256 Kbyte Flash Module (FTS256K 2V 1)” for more details on the security
configuration.

1.7.2 Operation of the Secured Microcontroller

1.7.21 Normal Single Chip Mode

Thiswill be the most common usage of the secured part. Everything will appear the same asif the part was
not secured with the exception of BDM operation. The BDM operation will be blocked.

1.7.2.2 Executing from External Memory

The user may wish to execute from external space with a secured microcontroller. Thisis accomplished
by resetting directly into expanded mode. The internal FLASH will be disabled. BDM operations will be
blocked.

1.7.3 Unsecuring the Microcontroller

In order to unsecure the microcontroller, theinternal FLASH must be erased. This can be done through an
external program in expanded mode.

Once the user has erased the FLASH, the part can be reset into special single chip mode. Thisinvokesa
program that verifies the erasure of the internal FL ASH. Once this program completes, the user can erase
and program the FL A SH security bitsto the unsecured state. Thisisgenerally done through the BDM, but
the user could also change to expanded mode (by writing the mode bits through the BDM) and jumping to
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an external program (again through BDM commands). Notethat if the part goes through areset before the
security bits are reprogrammed to the unsecure state, the part will be secured again.

1.8 Low Power Modes

The microcontroller features three main low power modes. Consult the respective block description
chapter for information on the modul e behavior in Stop, Pseudo Stop, and Wait Mode. Animportant source
of information about the clock system is Chapter 4, “ Clocks and Reset Generator (CRGV4)”.

1.8.1 Stop

Executing the CPU STOP instruction stops all clocks and the oscillator thus putting the chip in fully static
mode. Wake up from this mode can be done viareset or external interrupts.

1.8.2 Pseudo Stop

This mode is entered by executing the CPU STOP instruction. In this mode the oscillator is still running
and the Real Time Interrupt (RTI) or Watchdog (COP) sub module can stay active. Other peripherals are
turned off. This mode consumes more current than the full STOP mode, but the wake up time from this
mode is significantly shorter.

1.8.3 Wait

This mode is entered by executing the CPU WAL instruction. In this mode the CPU will not execute
instructions. The internal CPU signals (address and data bus) will be fully static. All peripherals stay
active. For further power consumption the peripherals can individually turn off their local clocks.

1.84 Run
Although thisisnot alow power mode, unused peripheral modules should not be enabled in order to save
power.

1.9 Resets and Interrupts

Consult the Exception Processing section of the CPU12 Reference Manual for information on resets and
interrupts. System resets can be generated through external control of the RESET pin, through the clock
and reset generator module CRG or through the low voltage reset (LV R) generator of the voltage regul ator
module. Refer to Chapter 4, “Clocks and Reset Generator (CRGV4)” and Chapter 14, “Dual Output
Voltage Regulator (VREG3V3V2)” for detailed information on reset generation.

1.9.1 Vectors

Table 1-9 listsinterrupt sources and vectors in default order of priority.
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Table 1-9. Interrupt Vector Locations

Vector Address Interrupt Source “(;;:SF:( Local Enable H:) Ré%‘y:::e
OxFFFE, OxFFFF External Reset, Power On Reset or Low | None None -
Voltage Reset (see Section 4.3.2.4, “CRG
Flags Register (CRGFLG)” to determine
reset source)
OxFFFC, OxFFFD Clock Monitor fail reset None COPCTL (CME, FCME) -
OxFFFA, OxFFFB CORP failure reset None CORP rate select -
OxFFF8, OXFFF9 Unimplemented instruction trap None None -
OxFFF6, OXFFF7 SWiI None None -
OxFFF4, OxFFF5 XIRQ X-Bit None -
OxFFF2, OXFFF3 IRQ I-Bit INTCR (IRQEN) 0xF2
OxFFFO, OxFFF1 Real Time Interrupt I-Bit CRGINT (RTIE) 0xFO
OxFFES8 to OXFFEF Reserved
OxFFE®6, OXFFE7 Standard Timer 0 channel 4 I-Bit TIE (CA4l) OxE6
OxFFE4, OxFFE5 Standard Timer 0 channel 5 I-Bit TIE (C5I) OxE4
OxFFEZ2, OXxFFE3 Standard Timer 0 channel 6 I-Bit TIE (Cé6l) OxE2
OxFFEO, OxFFE1 Standard Timer 0 channel 7 I-Bit TIE (C71) OxEO
OxFFDE, OxFFDF Standard Timer overflow I-Bit TSCR2 (TOI) 0xDE
OxFFDC, OxFFDD Pulse accumulator overflow I-Bit PACTL(PAQVI) 0xDC
OxFFDA, OxFFDB Pulse accumulator input edge I-Bit PACTL (PAI) 0xDA
OxFFD8, OxFFD9 SPI I-Bit SPICR1 (SPIE, SPTIE) 0xD8
OxFFD6, OxFFD7 SCIo I-Bit SCICR2 0xD6
(TIE, TCIE, RIE, ILIE)
O0xFFD4, OxFFD5 SCH I-Bit SCICR2 0xD4
(TIE, TCIE, RIE, ILIE)
OxFFD2, 0OxFFD3 SCI2 I-Bit SCICR2 0xD2
(TIE, TCIE, RIE, ILIE)
0xFFDO, 0xFFD1 ATD I-Bit ATDCTL2 (ASCIE) 0xDO
OxFFCE, OxFFCF Port AD (KWU) I-Bit PTADIF (PTADIE) 0xCE
0xFFC8 to OXFFCD Reserved
OxFFC6, OXFFC7 CRG PLL lock I-Bit PLLCR (LOCKIE) 0xC6
O0xFFC4, OxFFC5 CRG Self Clock Mode I-Bit PLLCR (SCMIE) 0xC4
O0xFFC2, OxFFC3 Reserved
0xFFCO0, OxFFC1 IIC Bus I-Bit | IBCR (IBIE) 0xCO0
OxFFBA to OxFFBF Reserved
O0xFFB8, OxFFB9 FLASH I-Bit FCNFG (CCIE, CBEIE) 0xB8
O0xFFB6, OxFFB7 Standard Timer 1 channel 4 I-Bit TIE (C4I) 0xB6
OxFFB4, OxFFB5 Standard Timer 1 channel 5 I-Bit TIE (C5I) 0xB4
OxFFB2, 0xFFB3 Standard Timer 1 channel 6 I-Bit TIE (Cé6l) 0xB2
0xFFBO, OxFFB1 Standard Timer 1 channel 7 I-Bit TIE (C7I) 0xB0
OxFFAE, OxFFAF Standard Timer 1 overflow |-Bit TSCR2 (TOI) OxAE
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Table 1-9. Interrupt Vector Locations (continued)

Vector Address Interrupt Source “Cn::::( Local Enable H:) Ré%‘y:::e
O0xFFAC, OxFFAD Standard Timer 1 Pulse accumulator I-Bit PACTL (PAQVI) 0xAC
overflow
OxFFAA, OxFFAB | Standard Timer 1 Pulse accumulator input | I-Bit PACTL (PAlI) OxAA
edge

OxFFA8, OxFFA9 Reserved

OxFFAB, OXFFA7 Standard Timer 2 channel 4 I-Bit TIE (C4l) OxA6
OxFFA4, OxFFA5 Standard Timer 2 channel 5 I-Bit TIE (C5I) 0xA4
O0xFFA2, OXFFA3 Standard Timer 2 channel 6 I-Bit TIE (C8l) 0xA2
OxFFAOQ, OxFFA1 Standard Timer 2 channel 7 I-Bit TIE (C7I) 0xA0
OxFF9E, OxFF9F Standard Timer overflow I-Bit TSCR2 (TOI) Ox9E
0xFF9C, OxFFOD Standard Timer 2 Pulse accumulator I-Bit PACTL (PAOVI) 0x9C

overflow
OxFF9A, OxFFOB | Standard Timer 2 Pulse accumulator input | I-Bit PACTL (PAI) Ox9A
edge
0xFF98, OxFF99 PMF Generator A Reload I-Bit PMFENCA (PWMRIEA) 0x98
0xFF96, OxFF97 PMF Generator B Reload I-Bit PMFENCB (PWMRIEB) 0x96
0xFF94, OxFF95 PMF Generator C Reload I-Bit PMFENCC (PWMRIEC) 0x94
0xFF92, OxFF93 PMF Fault O I-Bit PMFFCTL (FIEO) 0x92
0xFF90, OxFF91 PMF Fault 1 I-Bit PMFFCTL (FIE1) 0x90
OxFF8E, OxFF8F PMF Fault 2 I-Bit PMFFCTL (FIE2) 0x8E
0xFF8C, OxFF8D PMF Fault 3 I-Bit PMFFCTL (FIE3) 0x8C
O0xFF8A, OxFF8B VREG LVI I-Bit CTRLO (LVIE) O0x8A
0xFF88, OxFF89 PWM Emergency Shutdown I-Bit PWMSDN(PWMIE) 0x88
0xFF80 to OxFF87 Reserved
1.9.2 Resets

Resets are a subset of the interrupts featured in Table 1-9. The different sources capable of generating a
system reset are summarized in Table 1-10.

1.9.2.1 Reset Summary Table

Table 1-10. Reset Summary

Reset Priority Source Vector
Power-on Reset 1 CRG Module OxFFFE, OXFFFF
External Reset 1 RESET pin OxFFFE, OXFFFF

Low Voltage Reset 1 VREG Module OxFFFE, OXxFFFF
Clock Monitor Reset 2 CRG Module OxFFFC, OxFFFD
COP Watchdog Reset 3 CRG Module OxFFFA, OxFFFB
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1.9.2.2 Effects of Reset

When areset occurs, MCU registers and control bits are changed to known start-up states. Refer to the
respective module block description chapters for register reset states. Refer to Chapter 18, “Multiplexed
Externa Bus Interface (MEBIV3)” for mode dependent pin configuration of port A, B and E out of reset.

Refer to Chapter 3, “Port Integration Module (PIM9E256V1)” for reset configurations of all peripheral
module ports.

Refer to Table 1-1 for locations of the memories depending on the operating mode after reset.
The RAM array is not automaticaly initialized out of reset.

1.10 Recommended Printed Circuit Board Layout

The Printed Circuit Board (PCB) must be carefully laid out to ensure proper operation of the voltage
regulator aswell asthe MCU itself. The following rules must be observed:

» Every supply pair must be decoupled by a ceramic capacitor connected as near as possible to the
corresponding pins (C1-C6).

» Centra point of the ground star should be the VSSR pin.

» Uselow ohmic low inductance connections between VSS1, VSS2 and VSSR.

* VSSPLL must be directly connected to VSSR.

» Keeptracesof VSSPLL, EXTAL and XTAL as short as possible and occupied board areafor C7,
C8, C11 and Q1 as small as possible.

» Do not place other signals or supplies underneath area occupied by C7, C8, C10 and Q1 and the
connection areato the MCU.

» Centra power input should be fed in at the VDDA/V SSA pins.

Table 1-11. Recommended Decoupling Capacitor Choice

Component Purpose Type Value
C1 VDD1 filter cap Ceramic X7R 100-220nF
c2 VDD2 filter cap (80 QFP only) Ceramic X7R 100-220nF
C3 VDDA filter cap Ceramic X7R 100nF
C4 VDDR filter cap X7R/tantalum >=100nF
C5 VDDPLL filter cap Ceramic X7R 100nF
(73] VDDX filter cap X7R/tantalum >=100nF
c7 OSC load cap
C8 OSC load cap
C9 PLL loop filter cap
C10 PLL loop filter cap See PLL specification chapter
C11 DC cutoff cap
R1 PLL loop filter res
Q1 Quartz
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NOTE: Oscillator in Colpitts mode.
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Figure 1-8. Recommended PCB Layout (112-LQFP)
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NOTE: Oscillator in Colpitts mode.
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Figure 1-9. Recommended PCB Layout (80-QFP)
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256 Kbyte Flash Module (FTS256K2V1)

2.1 Introduction

This document describes the FTS256K 2 modul e that includes a 256 Kbyte Flash (nonvolatile) memory.
The Flash memory may be read as either bytes, aligned words, or misaligned words. Read accesstimeis
one bus cycle for bytes and aligned words, and two bus cycles for misaligned words.

The Flash memory isideal for program and data storage for single-supply applications alowing for field
reprogramming without requiring external voltage sources for program or erase. Program and erase
functions are controlled by a command driven interface. The Flash module supports both block erase and
sector erase. An erased bit reads 1 and a programmed bit reads 0. The high voltage required to program
and erase the Flash memory is generated internally. It isnot possible to read from aFlash block whileitis
being erased or programmed.

CAUTION

A Flash word must be in the erased state before being programmed.
Cumulative programming of bits within a Flash word is not allowed.

211 Glossary

Banked Register — A memory-mapped register operating on one Flash block which shares the same
register address as the equivalent registers for the other Flash blocks. The active register bank is selected
by the BKSEL bit in the FCNFG register.

Command Write Sequence — A three-step MCU instruction sequence to execute built-in algorithms
(including program and erase) on the Flash memory.

Common Register — A memory-mapped register which operates on all Flash blocks.
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2.1.2

213

Features
256 Kbytes of Flash memory comprised of two 128 Kbyte blocks with each block divided into
128 sectors of 1024 bytes
Automated program and erase algorithm
Interrupts on Flash command compl etion, command buffer empty
Fast sector erase and word program operation
2-stage command pipeline for faster multi-word program times
Sector erase abort feature for critical interrupt response
Flexible protection scheme to prevent accidental program or erase
Single power supply for al Flash operations including program and erase
Security feature to prevent unauthorized access to the Flash memory
Code integrity check using built-in data compression

Modes of Operation

Program, erase, erase verify, and datacompress operations (pleaserefer to Section 2.4.1, “Flash Command
Operations” for details).

21.4

Block Diagram

A block diagram of the Flash module is shown in Figure 2-1.
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FTS256K2
Command
Interface
Common
Registers
r—-— - - - - - = A
| Banked |
| Registers |
Command | — |
Interrupt | Command Pipelines |
Request I Flash Block 0-1 |
- | | | comm2 comm1 | [
addr2 || addri
I'l | data2 data1 |
I I
I I
| _ |
| Protection |
I |
L e e —_ = |
Security
Oscillator 4
Clock Clock

Divider [ FCLK

Flash Block 0
64K * 16 Bits

L sector 0

sector 1

sector 127

Flash Block 1
64K * 16 Bits

> sector 0

sector 1

sector 127

Figure 2-1. FTS256K2 Block Diagram
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2.2  External Signal Description

The Flash module contains no signals that connect off-chip.

2.3 Memory Map and Register Definition

This subsection describes the memory map and registers for the Flash module.

2.3.1 Module Memory Map

The Flash memory map is shown in Figure 2-2. The HCS12 architecture places the Flash memory
addresses between 0x4000 and OxFFFF which corresponds to three 16-Kbyte pages. The content of the
HCS12 core PPAGE register is used to map the logical middle page ranging from address 0x8000 to
OxBFFF to any physical 16 Kbyte pagein the Flash memory. By placing Ox3E or Ox3F in the HCS12 Core
PPAGE register, the associated 16 Kbyte pages appear twice in the MCU memory map.

The FPROT register, described in Section 2.3.2.5, “Flash Protection Register (FPROT)”, can be set to
globally protect a Flash block. However, three separate memory regions, one growing upward from the
first address in the next-to-last page in the Flash block (called the lower region), one growing downward
from the last address in the last page in the Flash block (called the higher region), and the remaining
addresses in the Flash block, can be activated for protection. The Flash locations of these protectable
regions are shown in Table 2-2. The higher address region of Flash block 0 is mainly targeted to hold the
boot loader code because it covers the vector space. The lower address region of any Flash block can be
used for EEPROM emulation in an MCU without an EEPROM modul e because it can remain unprotected
while the remaining addresses are protected from program or erase.

Security information that allows the MCU to restrict access to the Flash moduleis stored in the Flash
configuration field found in Flash block O, described in Table 2-1.

Table 2-1. Flash Configuration Field

Paged Flash .
Unpaged Size -
Flash Address Address (Bytes) Description
(PPAGE 0x3F)
OxFFO00 — OxFFO7 0xBFO0 — 0xBF07 8 Backdoor Comparison Key
Refer to Section 2.6.1, “Unsecuring the MCU using Backdoor Key
Access”
0xFF08 — OxFFOB 0xBF08 — 0xBFOB 4 Reserved
OxFFOC 0xBFOC 1 Block 1 Flash Protection Byte
Refer to Section 2.3.2.7, “Flash Status Register (FSTAT)”
OxFFOD 0xBFOD 1 Block 0 Flash Protection Byte
Refer toSection 2.3.2.7, “Flash Status Register (FSTAT)”
OxFFOE OxBFOE 1 Flash Nonvolatile Byte
Refer to Section 2.3.2.9, “Flash Control Register (FCTL)”
OxFFOF O0xBFOF 1 Flash Security Byte
Refer to Section 2.3.2.2, “Flash Security Register (FSEC)”
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(16 bytes)

MODULE BASE + 0x0000
Flash Registers

MODULE BASE + 0x000F

FLASH_START = 0x4000
0x4400
0x4800

0x5000 Flash Protected Low Sectors
1, 2, 4, 8 Kbytes

0x6000  Qx3E

0x8000
Flash Blocks 16K PAGED
MEMORY
0x38 | 0x39 | Ox3A | 0x3B | 0x3C | Ox3D | Ox3E | Ox3F | |
Block 0
0xC000
0x30 | 0x31 | 0x32 | 0x33 | 0x34 | 0x35 | 0x36 | 0x37
Block 1
E O RE Flash Protected High Sectors
OxE000 —Ox3t (2, 4,816 Kbytes
0xF000
0xF800

FLASH_END = OxFFFF J

™

0xFFO00 — OxFFOF, Flash Configuration Field

Note: 0x30—-0x3F correspond to the PPAGE register content

Figure 2-2. Flash Memory Map
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Chapter 2 256 Kbyte Flash Module (FTS256K2V1)

Table 2-2. Detailed Flash Memory Map

MCU Address PPAGE Protectable Lower Protectable Higher Flash Block Relative
Range Range Range Block Address'’
0x4000-0x7FFF Unpaged 0x4000-0x43FF N.A. 0 0x018000-0x01BFFF

(0x3E) 0x4000-0x47FF

0x4000-0x4FFF
0x4000-0x5FFF

0x8000-0xBFFF 0x30 N.A. N.A. 1 0x000000—-0x003FFF
0x31 N.A. N.A. 0x004000-0x007FFF
0x32 N.A. N.A. 0x008000-0x00BFFF
0x33 N.A. N.A. 0x00C000—-0x00FFFF
0x34 N.A. N.A. 0x010000-0x013FFF
0x35 N.A. N.A. 0x014000-0x017FFF
0x36 0x8000—-0x83FF N.A. 0x018000-0x01BFFF

0x8000—-0x87FF
0x8000-0x8FFF
0x8000—-0x9FFF
0x37 N.A. 0xB800-0xBFFF 0x01C000-0x01FFFF
0xB0O00—-0xBFFF
0xA000-0xBFFF
0x8000—-0xBFFF

0x8000-0xBFFF 0x38 N.A. N.A. 0 0x000000—-0x003FFF
0x39 N.A. N.A. 0x004000-0x007FFF
0x3A N.A. N.A. 0x008000—-0x00BFFF
0x3B N.A. N.A. 0x00C000—-0x00FFFF
0x3C N.A. N.A. 0x010000-0x013FFF
0x3D N.A. N.A. 0x014000-0x017FFF
0x3E 0x8000—-0x83FF N.A. 0x018000-0x01BFFF

0x8000-0x87FF
0x8000-OX8FFF
0x8000-0X9FFF
0x3F N.A. 0xB800—OXBFFF 0x01C000—0x01FFFF
0xBO0O-OXBFFF
0xA000-OXBFFF
0x8000—OXBFFF
0xCOO0—OXFFFF | Unpaged N.A. 0xF800—OxFFFF 0 0x01C000—0x01FFFF
(0x3F) 0XFO00-OXFFFF
OXE000-OXFFFF
0XCOO0—OXFFFF

T Block relative address for each 128 Kbyte Flash block consists of 17 address bits.
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The Flash module also contains a set of 16 control and status registers located in address space module
base + 0x0000 to module base + 0XO00F-. In order to accommodate more than one Flash block with a
minimum register address space, a set of registers located from module base + 0x0004 to module

base + 0x000B are repeated in all banks. The active register bank is selected by the BKSEL bitsin the
unbanked Flash configuration register (FCNFG). A summary of theseregistersisgivenin Table 2-3while
their accessibility in normal and special modesis detailed in Section 2.3.2, “Register Descriptions”.

Table 2-3. Flash Register Map

Module Register Name Normal Mode
Base + Access
0x0000 Flash Clock Divider Register (FCLKDIV) R/W
0x0001 Flash Security Register (FSEC)

0x0002 Flash Test Mode Register (FTSTMOD)' R
0x0003 Flash Configuration Register (FCNFG) R/W
0x0004 Flash Protection Register (FPROT) R/W
0x0005 Flash Status Register (FSTAT) R/W
0x0006 Flash Command Register (FCMD) R/W
0x0007 Flash Control Register (FCTL) R
0x0008 Flash High Address Register (FADDRHI)' R
0x0009 Flash Low Address Register (FADDRLO)1 R
0x000A Flash High Data Register (FDATAHI) R
0x000B Flash Low Data Register (FDATALO) R
0x000C  |RESERVED1! R
0x000D RESERVED2! R
Ox000E  |RESERVEDS3' R
Ox000F | RESERVEDA4! R

' Intended for factory test purposes only.
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2.3.2 Register Descriptions
Register Bit 7 6 5 4 3 2 1 Bit 0
Name
FCLKDIV R | FDIVLD
PRDIV8 FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIVO
w
FSEC R KEYEN RNV5 RNV4 RNV3 RNV2 SEC
w
FTSTMOD R 0 0 0 0 0 0 0
WRALL
w
FCNFG R 0 0 0 0
CBEIE CCIE KEYACC BKSEL
w
FPROT R RNV6
w FPOPEN FPHDIS FPHS FPLDIS FPLS
FSTAT R CCIF 0 BLANK 0 0
CBEIF PVIOL | ACCERR
w
FCMD R 0
CMDB
w
FCTL R NV7 NV6 NV5 NV4 NV3 NV2 NV1 NVO
w
FADDRHI R FADDRHI
w | | | |
FADDRLO R FADDRLO
w | | | |
FDATAHI R FDATAHI
w | | | |
FDATALO R FDATALO
w | | | |
RESERVED1 R 0 0 0 0 0 0 0 0
w
I:I = Unimplemented or Reserved
Figure 2-3. FTS256K2 Register Summary
MC9S12E256 Data Sheet, Rev. 1.08
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Register
Name

RESERVED2

RESERVED3

RESERVED4

2.3.2.1

S 31 =3 =3

Chapter 2 256 Kbyte Flash Module (FTS256K2V1)

Bit7 6 3 2 1 Bit 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 2-3. FTS256K2 Register Summary (continued)

Flash Clock Divider Register (FCLKDIV)
The unbanked FCLKDIV register is used to control timed events in program and erase algorithms.

7 6 5 4 3 2 1 0
R| FDIVLD
PRDIV8 FDIV5 FDIV4 FDIV3 FDIV2 FDIVA FDIVO
w
Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-4. Flash Clock Divider Register (FCLKDIV)
All bitsin the FCLKDIV register are readable, bits 6-0 are write once and bit 7 is not writable.

Table 2-4. FCLKDIV Field Descriptions

FCLKDIV Register” for more information.

Field Description
7 Clock Divider Loaded.
FDIVLD |0 Register has not been written.

1 Register has been written to since the last reset.

6 Enable Prescalar by 8.

PRDIV8 |0 The oscillator clock is directly fed into the clock divider.
1 The oscillator clock is divided by 8 before feeding into the clock divider.
5-0 Clock Divider Bits — The combination of PRDIV8 and FDIV[5:0] must divide the oscillator clock down to a
FDIV[5:0] |frequency of 150 kHz—200 kHz. The maximum divide ratio is 512. Please refer to Section 2.4.1.1, “Writing the
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2.3.2.2

Flash Security Register (FSEC)

The unbanked FSEC register holds all bits associated with the security of the MCU and Flash module.

7 6 5 4 3 2 1 0
R KEYEN RNV5 RNV4 RNV3 RNV2 SEC
W |

Reset F F F F F F F F

|:|= Unimplemented or Reserved

Figure 2-5. Flash Security Register (FSEC)

All bitsin the FSEC register are readable but are not writable.

The FSEC register isloaded from the Flash Configuration Field at address $FFOF during the reset
sequence, indicated by F in Figure 2-5.

Table 2-5. FSEC Field Descriptions

Field Description
1-0 Backdoor Key Security Enable Bits —The KEYEN[1:0] bits define the enabling of backdoor key access to the
KEYEN[1:0] | Flash module as shown in Table 2-6.
5-2 Reserved Nonvolatile Bits — The RNV[5:2] bits must remain in the erased 1 state for future enhancements.
RNV[5:2]
1-0 Flash Security Bits — The SEC[1:0] bits define the security state of the MCU as shown in Table 2-7. If the Flash
SECI[1:0] |module is unsecured using backdoor key access, the SEC bits are forced to 10.

Table 2-6. Flash KEYEN States

KEYEN[1:0] Status of Backdoor Key Access
00 DISABLED
01’ DISABLED
10 ENABLED
11 DISABLED

' Preferred KEYEN state to disable Backdoor Key Access.

Table 2-7. Flash Security States

SECI1:0] Status of Security
00 SECURED
o1’ SECURED
10 UNSECURED
11 SECURED

T Preferred SEC state to set MCU to secured state.

The security function in the Flash module is described in Section 2.6, “Flash Module Security”.
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2.3.2.3

The unbanked FTSTMOD register is used to control Flash test features.

Flash Test Mode Register (FTSTMOD)

Chapter 2 256 Kbyte Flash Module (FTS256K2V1)

7 6 5 4 3
R 0 0 0 0
WRALL
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-6. Flash Test Mode Register (FTSTMOD)

All bitsread 0 and are not writable in normal mode. The WRALL bit iswritable only in special mode to

simplify mass erase and erase verify operations. When writing to the FTSTMOD register in special mode,
all unimplemented/reserved bits must be written to O.

Table 2-8. FTSTMOD Field Descriptions

Field Description
4 Write to All Register Banks — If the WRALL bit is set, all banked registers sharing the same register address
WRALL will be written simultaneously during a register write.

0 Write only to the bank selected via BKSEL.
1 Write to all register banks.
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Chapter 2 256 Kbyte Flash Module (FTS256K2V1)

2.3.2.4 Flash Configuration Register (FCNFG)
The unbanked FCNFG register enables the Flash interrupts and gates the security backdoor writes.
7 6 5 4 3 2 1 0
R 0 0 0 0
" CBEIE CCIE KEYACC BKSEL
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-7. Flash Configuration Register (FCNFG)

CBEIE, CCIE, KEYACC and BKSEL hits are readable and writable while all remaining bits read 0 and
are not writable. KEYACC isonly writable if KEYEN (see Section 2.3.2.2, “Flash Security Register
(FSEC)”) is set to the enabled state.

Table 2-9. FCNFG Field Descriptions

Field Description
7 Command Buffer Empty Interrupt Enable — The CBEIE bit enables an interrupt in case of an empty command
CBEIE buffer in the Flash module.
0 Command buffer empty interrupt disabled.
1 Aninterrupt will be requested whenever the CBEIF flag (see Section 2.3.2.7, “Flash Status Register (FSTAT)”)
is set.
6 Command Complete Interrupt Enable — The CCIE bit enables an interrupt in case all commands have been
CCIE completed in the Flash module.
0 Command complete interrupt disabled.
1 Aninterrupt will be requested whenever the CCIF flag (see Section 2.3.2.7, “Flash Status Register (FSTAT)”)
is set.
5 Enable Security Key Writing
KEYACC |0 Flash writes are interpreted as the start of a command write sequence.
1 Writes to Flash array are interpreted as keys to open the backdoor. Reads of the Flash array return invalid
data.
0 Block Select — The BKSEL bit indicates which register bank is active.
BKSEL 0 Select register bank associated with Flash block 0.
1 Select register bank associated with Flash block 1.
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2.3.2.5 Flash Protection Register (FPROT)
The banked FPROT register defineswhich Flash sectors are protected against program or erase operations.

7 6 5 4 ‘ 3 2 1 0
R RNV6
FPOPEN FPHDIS FPHS FPLDIS FPLS
w
Reset F F F F ‘ F F F F
= Unimplemented or Reserved

Figure 2-8. Flash Protection Register (FPROT)

All bitsinthe FPROT register are readable and writable with restrictions except for RNV[6] whichisonly
readable (see Section 2.3.2.6, “Flash Protection Restrictions”).

During reset, the banked FPROT registers are |oaded from the Flash Configuration Field at the address
shown in Table 2-10. To change the Flash protection that will be loaded during the reset sequence, the
upper sector of the Flash memory must be unprotected, then the Flash Protect/Security byte located as
described in Table 2-1 must be reprogrammed.

Table 2-10. Reset Loading of FPROT

Flash Address | Protection Byte for

OxFFOD Flash Block 0
OxFFOC Flash Block 1

Trying to ater datain any of the protected areasin the Flash block will result in aprotection violation error
and the PVIOL flag will be set inthe FSTAT register. A mass erase of the Flash block is not possible if
any of the contained Flash sectors are protected.

Table 2-11. FPROT Field Descriptions

Field Description

7 Protection Function Bit — The FPOPEN bit determines the protection function for program or erase as shown

FPOPEN |in Table 2-12.

0 FPHDIS and FPLDIS bits define unprotected address ranges as specified by the corresponding FPHS[1:0]
and FPLS[1:0] bits. For an MCU without an EEPROM module, the FPOPEN clear state allows the main part
of the Flash block to be protected while a small address range can remain unprotected for EEPROM
emulation.

1 FPHDIS and FPLDIS bits enable protection for the address range specified by the corresponding FPHS[1:0]
and FPLS[1:0] bits.

6 Reserved Nonvolatile Bit — The RNV[6] bit must remain in the erased state 1 for future enhancements.
RNVI[6]
5 Flash Protection Higher Address Range Disable — The FPHDIS bit determines whether there is a

FPHDIS | protected/unprotected area in the higher address space of the Flash block.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled

4:3 Flash Protection Higher Address Size — The FPHS[1:0] bits determine the size of the protected/unprotected
FPHS[1:0] |area as shown in Table 2-13. The FPHS[1:0] bits can only be written to while the FPHDIS bit is set.
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Table 2-11. FPROT Field Descriptions (continued)

Field Description
2 Flash Protection Lower address range Disable — The FPLDIS bit determines whether there is a
FPLDIS protected/unprotected area in the lower address space of the Flash block.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled
1:0 Flash Protection Lower Address Size — The FPLS[1:0] bits determine the size of the protected/unprotected
FPLS[1:0] |area as shown in Table 2-14. The FPLS[1:0] bits can only be written to while the FPLDIS bit is set.
Table 2-12. Flash Protection Function
FPOPEN FPHDIS FPLDIS Function'
1 1 1 No Protection
1 1 0 Protected Low Range
1 0 1 Protected High Range
1 0 0 Protected High and Low Ranges
0 1 1 Full Block Protected
0 1 0 Unprotected Low Range
0 0 1 Unprotected High Range
0 0 0 Unprotected High and Low Ranges
1 For range sizes, refer to Table 2-13 and Table 2-14.
Table 2-13. Flash Protection Higher Address Range
. Unpaged Paged .
FPHS[1:0] Address Range Address Range Protected Size
00 0xF800—0xFFFF 0x0037/0x003F: 0xC800—-0xCFFF 2 Kbytes
01 0xFO00—OxFFFF 0x0037/0x003F: 0xC000—-0xCFFF 4 Kbytes
10 0xE000-OxFFFF 0x0037/0x003F: 0xBOOO—0xCFFF 8 Kbytes
11 0xC000-0xFFFF 0x0037/0x003F: 0x8000—0xCFFF 16 Kbytes
Table 2-14. Flash Protection Lower Address Range
. Unpaged Paged .
FPLS[1:0] Address Range Address Range Protected Size
00 0x4000-0x43FF 0x0036/0x003E: 0x8000—-0x83FF 1 Kbyte
01 0x4000-0x47FF 0x0036/0x003E: 0x8000—-0x87FF 2 Kbytes
10 0x4000-0x4FFF 0x0036/0x003E: 0x8000—-0x8FFF 4 Kbytes
11 0x4000—-0x5FFF 0x0036/0x003E: 0x8000—0x9FFF 8 Kbytes

All possible Flash protection scenarios are illustrated in Figure 2-9. Although the protection schemeis
loaded from the Flash array after reset, it can be changed by the user. This protection scheme can be used
by applications requiring re-programming in single-chip mode while providing as much protection as
possibleif re-programming is not required.
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Figure 2-9. Flash Protection Scenarios
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2.3.2.6 Flash Protection Restrictions

The general guidelineisthat Flash protection can only be added and not removed. Table 2-15 specifies all
valid transitions between Flash protection scenarios. Any attempt to write an invalid scenario to the
FPROT register will be ignored and the FPROT register will remain unchanged. The contents of the
FPROT register reflect the active protection scenario. See the FPHS and FPL S descriptions for additional
restrictions.

Table 2-15. Flash Protection Scenario Transitions

From To Protection Scenario'
Protection

Scenatrio 0 1 2 3 4 5 6 7
0 X X X X
1 X
2 X X
3 X
4 X X
5 X X X X
6 X X X
7 X X X X X X X X

1 Allowed transitions marked with X.

2.3.2.7 Flash Status Register (FSTAT)
The banked FSTAT register defines the operational status of the module.

7 6 5 4 3 2 1 0
R CCIF 0 BLANK 0 0
CBEIF PVIOL ACCERR
W
Reset 1 1 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 2-10. Flash Status Register (FSTAT — Normal Mode)
7 6 5 4 3 2 1 0
R CCIF 0 BLANK 0
CBEIF PVIOL ACCERR FAIL
w
Reset 1 1 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-11. Flash Status Register (FSTAT — Special Mode)
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CBEIF, PVIOL, and ACCERR arereadable and writable, CCIF and BLANK arereadable and not writable,
remaining bits read Oand are not writable in normal mode. FAIL is readable and writable in special mode.
FAIL must be clear when starting a command write sequence.

Table 2-16. FSTAT Field Descriptions

Field Description

7 Command Buffer Empty Interrupt Flag — The CBEIF flag indicates that the address, data and command
CBEIF buffers are empty so that a new command write sequence can be started. The CBEIF flag is cleared by writing
a 1to CBEIF. Writing a 0 to the CBEIF flag has no effect on CBEIF. Writing a 0 to CBEIF after writing an aligned
word to the Flash address space but before CBEIF is cleared will abort a command write sequence and cause
the ACCERR flag to be set. Writing a 0 to CBEIF outside of a command write sequence will not set the ACCERR
flag. The CBEIF flag is used together with the CBEIE bit in the FCNFG register to generate an interrupt request
(see Figure 2-29).

0 Buffers are full.
1 Buffers are ready to accept a new command.

6 Command Complete Interrupt Flag — The CCIF flag indicates that there are no more commands pending. The
CCIF CCIF flag is cleared when CBEIF is clear and sets automatically upon completion of all active and pending
commands. The CCIF flag does not set when an active commands completes and a pending command is fetched
from the command buffer. Writing to the CCIF flag has no effect on CCIF. The CCIF flag is used together with
the CCIE bit in the FCNFG register to generate an interrupt request (see Figure 2-29).

0 Command in progress.
1 All commands are completed.

5 Protection Violation Flag — The PVIOL flag indicates an attempt was made to program or erase an address in
PVIOL a protected area of the Flash block during a command write sequence. The PVIOL flag is cleared by writing a 1
to PVIOL. Writing a 0 to the PVIOL flag has no effect on PVIOL. While PVIOL is set, it is not possible to launch
a command or start a command write sequence.

0 No failure.
1 A protection violation has occurred.

4 Access Error Flag — The ACCERR flag indicates an illegal access to the Flash array caused by either a
ACCERR | violation of the command write sequence, issuing an illegal command (illegal combination of the CMDBX bits in
the FCMD register), launching the sector erase abort command terminating a sector erase operation early or the
execution of a CPU STOP instruction while a command is executing (CCIF = 0). The ACCERR flag is cleared by
writing a 1 to ACCERR. Writing a 0 to the ACCERR flag has no effect on ACCERR. While ACCERR is set in any
of the banked FTSAT registers, it is not possible to launch a command or start a command write sequence in any
of the Flash blocks. If ACCERR is set by an erase verify operation or a data compress operation, any buffered
command will not launch.

0 No access error detected.
1 Access error has occurred.

2 Erase Verify Operation Status Flag — When the CCIF flag is set after completion of an erase verify command,
BLANK | the BLANK flag indicates the result of the erase verify operation. The BLANK flag is cleared by the Flash module
when CBEIF is cleared as part of a new valid command write sequence. Writing to the BLANK flag has no effect
on BLANK.

0 Flash block verified as not erased.
1 Flash block verified as erased.

1 Flag Indicating a Failed Flash Operation — The FAIL flag will set if the erase verify operation fails (selected
FAIL Flash block verified as not erased). The FAIL flag is cleared by writing a 1 to FAIL. Writing a 0 to the FAIL flag
has no effect on FAIL.

0 Flash operation completed without error.
1 Flash operation failed.
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2.3.2.8

Flash Command Register (FCMD)
The banked FCMD register is the Flash command register.

7 6 5 ‘ 3 2 1 0
R 0
CMDB
w
Reset 0 0 0 ‘ 0 0 0 0
= Unimplemented or Reserved

Figure 2-12. Flash Command Register (FCMD - NVM User Mode)

All CMDB bhits are readable and writable during a command write sequence while bit 7 reads 0 and is not

writable.
Table 2-17. FCMD Field Descriptions
Field Description
6-0 Flash Command — Valid Flash commands are shown in Table 2-18. Writing any command other than those
CMDBI[6:0] |listed in Table 2-18 sets the ACCERR flag in the FSTAT register.
Table 2-18. Valid Flash Command List
CMDBJ[6:0] NVM Command
0x05 Erase Verify
0x06 Data Compress
0x20 Word Program
0x40 Sector Erase
0x41 Mass Erase
0x47 Sector Erase Abort
MC9S12E256 Data Sheet, Rev. 1.08
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2.3.2.9 Flash Control Register (FCTL)
The banked FCTL register isthe Flash control register.
7 6 5 4 3 2 1 0
R NV7 NV6 NV5 NV4 NV3 NV2 NV1 NVO
W
Reset F F F F F F F F
= Unimplemented or Reserved

Figure 2-13. Flash Control Register (FCTL)

All bitsin the FCTL register are readable but are not writable.

The FCTL register isloaded from the Flash Configuration Field byte at $FFOE during the reset sequence,
indicated by F in Figure 2-13.

Table 2-19. FCTL Field Descriptions

Field Description

7-0 Nonvolatile Bits — The NV[7:0] bits are available as nonvolatile bits. Refer to the Device User Guide for proper
NV[7:0] use of the NV bits.

2.3.2.10 Flash Address Registers (FADDR)
The banked FADDRHI and FADDRLO registers are the Flash address registers.

7 6 5 4 3 2 1 0
R FADDRHI
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 2-14. Flash Address High Register (FADDRHI)
7 6 5 4 3 2 1 0
R FADDRLO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-15. Flash Address Low Register (FADDRLO)

All FADDRHI and FADDRLO hits are readable but are not writable. After an array write as part of a
command write sequence, the FADDR registers will contain the mapped MCU address written.
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2.3.2.11 Flash Data Registers (FDATA)
The banked FDATAHI and FDATALO registers are the Flash data registers.

7 6 5 4 \ 3 2 1 0
R FDATAHI
w | | | | |
Reset 0 0 0 0 0 0 0 0

I:l: Unimplemented or Reserved

Figure 2-16. Flash Data High Register (FDATAHI)

7 6 5 4 3 2 1 0
R FDATALO
w | | |
Reset 0 0 0 0 0 0 0 0

I:l: Unimplemented or Reserved

Figure 2-17. Flash Data Low Register (FDATALO)

All FDATAHI and FDATALO bits are readable but are not writable. After an array write as part of a
command write sequence, the FDATA registers will contain the data written. At the completion of a data
compress operation, the resulting 16-bit signature is stored in the FDATA registers. The data compression
signature is readable in the FDATA registers until a new command write sequence is started.

2.3.2.12 RESERVED1

Thisregister isreserved for factory testing and is not accessible.

R 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0

l:|= Unimplemented or Reserved

Figure 2-18. RESERVED1
All bits read 0 and are not writable.

2.3.2.13 RESERVED2

Thisregister isreserved for factory testing and is not accessible.

R 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0

I:l: Unimplemented or Reserved

Figure 2-19. RESERVED2
All bits read 0 and are not writable.
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2.3.2.14 RESERVED3

Thisregister isreserved for factory testing and is not accessible.

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-20. RESERVED3
All bitsread 0 and are not writable.

2.3.2.15 RESERVED4

Thisregister isreserved for factory testing and is not accessible.

R 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0

I:l: Unimplemented or Reserved

Figure 2-21. RESERVED4
All bitsread 0 and are not writable.

2.4  Functional Description

241 Flash Command Operations

Write and read operations are both used for the program, erase, erase verify, and data compress algorithms
described in this subsection. The program and erase algorithms are time controlled by a state machine
whose timebase, FCLK, is derived from the oscillator clock via a programmable divider. The command
register aswell asthe associated address and dataregisters operate asabuffer and aregister (2-stage FIFO)
so that a second command along with the necessary data and address can be stored to the buffer while the
first command remainsin progress. This pipelined operation allows atime optimization when
programming more than one word on a specific row in the Flash block as the high voltage generation can
be kept active in between two programming commands. The pipelined operation also allows a
simplification of command launching. Buffer empty aswell ascommand compl etion are signalled by flags
in the Flash status register with interrupts generated, if enabled.

The next paragraphs describe:

How to write the FCLKDIV register.

Command write sequences used to program, erase, and verify the Flash memory.

Valid Flash commands.

Effects resulting from illegal Flash command write sequences or aborting Flash operations.

A wbdpE
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2411 Writing the FCLKDIV Register

Prior to issuing any program, erase, erase verify, or data compress command, it isfirst necessary to write
the FCLKDIV register to dividethe oscillator clock down to within the 150 kHz to 200 kHz range. Because
the program and erase timings are al so afunction of the bus clock, the FCLKDIV determination must take
this information into account.

If we define:
* FCLK asthe clock of the Flash timing control block,
» Thusasthe period of the bus clock, and
* INT(x) astaking the integer part of x (e.g. INT(4.323)=4).

Then, FCLKDIV register bits PRDIV8 and FDIV[5:0] are to be set as described in Figure 2-22.

For example, if the oscillator clock frequency is 950 kHz and the bus clock frequency is 10 MHz,
FCLKDIV bits FDIV[5:0] must be set to 4 (000100) and bit PRDIV 8 set to 0. The resulting FCLK
frequency isthen 190 kHz. Asaresult, the Flash program and erase algorithm timings are increased over
the optimum target by:

(200 —190)/200 x 100 = 5%

CAUTION

Program and erase command execution time will increase proportionally
with the period of FCLK. Because of the impact of clock synchronization
on the accuracy of the functional timings, programming or erasing the Flash
memory cannot be performed if the bus clock runs at less than 1 MHz.
Programming or erasing the Flash memory with FCLK < 150 kHz must be
avoided. Setting FCLKDIV to avalue such that FCLK < 150 kHz can
destroy the Flash memory due to overstress. Setting FCLKDIV to avalue
such that (I/FCLK + Tbus) < 5us can result in incompl ete programming or
erasure of the Flash memory cells.

If the FCLKDIV register iswritten, the FDIVLD bit is set automatically. If the FDIVLD bit is 0, the
FCLKDIV register has not been written since the last reset. Flash commands will not be executed if the
FCLKDIV register has not been written to.
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START

YES

PRDIV8=0 (reset)

OSCILLATOR
CLOCK
> 12.8 MHZ?

Chapter 2 256 Kbyte Flash Module (FTS256K2V1)

ALL COMMANDS IMPOSSIBLE

PRDIV8=1

PRDCLK=oscillator_clock/8

PRDCLK=oscillator_clock

-

PRDCLK[MHz]*(5+Tbus[us])
an integer?

NO

Y

FDIV[5:0]=INT(PRDCLK[MHz]*(5+Tbus[us]))

FDIV[5:0]=PRDCLK[MHz]*(5+Tbus[us])-1

<

TRY TO DECREASE Thbus

FCLK=(PRDCLK)/(1+FDIV[5:0])

A

1/FCLK[MHz)\ + Tbus[us] > 5
ND
FCLK > 9.15 MHz

YES

ALL COMMANDS IMPOSSIBLE

YES
END

Figure 2-22. Determination Procedure for PRDIV8 and FDIV Bits
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241.2 Command Write Sequence

The Flash command controller is used to supervise the command write sequence to execute program,
erase, erase verify, and data compress algorithms.

Before starting acommand write sequence, the ACCERR and PVIOL flagsinthe FSTAT register must be
clear (see Section 2.3.2.7, “Flash Status Register (FSTAT)”) and the CBEIF flag must be tested to
determine the state of the address, data, and command buffers. If the CBEIF flag is set, indicating the
buffers are empty, anew command write sequence can be started. If the CBEIF flag isclear, indicating the
buffers are not available, anew command write sequence will overwrite the contents of the address, data,
and command buffers.

A command write sequence consists of three steps which must be strictly adhered to with writes to the
Flash modul e not permitted between the steps. However, Flash register and array reads are allowed during
acommand write sequence. A command write sequence consists of the following steps:

1. Write an aligned data word to avalid Flash array address. The address and datawill be stored in
the address and data buffers, respectively. If the CBEIF flag is clear when the Flash array write
occurs, the contents of the address and data buffers will be overwritten and the CBEIF flag will be
Set.

2. Writeavalid command to the FCMD register.

a) For the erase verify command (see Section 2.4.1.3.1, “Erase Verify Command”), the contents
of the data buffer are ignored and all address bits in the address buffer are ignored.

b) For the data compress command (see Section 2.4.1.3.2, “Data Compress Command”), the
contents of the data buffer represents the number of consecutive words to read for data
compression and the contents of the address buffer represents the starting address.

¢) For the program command (see Section 2.4.1.3.3, “Program Command”), the contents of the
data buffer will be programmed to the address specified in the address buffer with all address
bitsvalid.

d) For the sector erase command (see Section 2.4.1.3.4, “ Sector Erase Command”), the contents
of the data buffer areignored and address bits [9:0] contained in the address buffer are ignored.

€) For the mass erase command (see Section 2.4.1.3.5, “Mass Erase Command”), the contents of
the data buffer and address buffer are ignored.

f) For the sector erase abort command (see Section 2.4.1.3.6, “ Sector Erase Abort Command”),
the contents of the data buffer and address buffer are ignored.

3. Clear the CBEIF flag by writing a 1 to CBEIF to launch the command. When the CBEIF flag is
cleared, the CCIF flag is cleared on the same bus cycle by internal hardware indicating that the
command was successfully launched. For all command write sequences except data compress and
sector erase abort, the CBEIF flag will set four bus cycles after the CCIF flag is cleared indicating
that the address, data, and command buffers are ready for anew command write sequenceto begin.
For data compress and sector erase abort operations, the CBEIF flag will remain clear until the
operation completes.

A command write sequence can be aborted prior to clearing the CBEIF flag by writing a 0 to the CBEIF
flag and will result in the ACCERR flag being set.

MC9S12E256 Data Sheet, Rev. 1.08

104 Freescale Semiconductor



Chapter 2 256 Kbyte Flash Module (FTS256K2V1)

Except for the sector erase abort command, a buffered command will wait for the active operation to be
completed before being launched. The sector erase abort command is launched when the CBEIF flag is
cleared as part of a sector erase abort command write sequence. After acommand is launched, the
completion of the command operation isindicated by the setting of the CCIF flag. The CCIF flag only sets
when all active and buffered commands have been completed.

2413 Valid Flash Commands
Table 2-20 summarizes the valid Flash commands along with the effects of the commands on the Flash
block.
Table 2-20. Valid Flash Command Description
FCMDB NVM Function on Flash Memory
Command
0x05 | Erase Verify | Verify all memory bytes in the Flash block are erased. If the Flash block is erased, the BLANK flag in
the FSTAT register will set upon command completion.
0x06 Data Compress data from a selected portion of the Flash block. The resulting signature is stored in the
Compress | FDATA register.
0x20 Program | Program a word (two bytes) in the Flash block.
0x40 Sector Erase all memory bytes in a sector of the Flash block.
Erase
0x41 Mass Erase | Erase all memory bytes in the Flash block. A mass erase of the full Flash block is only possible when
FPLDIS, FPHDIS, and FPOPEN bits in the FPROT register are set prior to launching the command.
0x47 Sector Abort the sector erase operation. The sector erase operation will terminate according to a set
Erase Abort | procedure. The Flash sector must not be considered erased if the ACCERR flag is set upon command
completion.

CAUTION

A Flash word must be in the erased state before being programmed.
Cumulative programming of bits within a Flash word is not allowed.
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24131 Erase Verify Command

The erase verify operation is used to confirm that a Flash block is erased. After launching the erase verify
command, the CCIF flag in the FSTAT register will set after the operation has completed unless a second
command has been buffered. The number of bus cycles required to execute the erase verify operation is
equal to the number of addressesin the Flash block plus 12 bus cycles as measured from the time the
CBEIF flag is cleared until the CCIF flag is set. The result of the erase verify operation isreflected in the
state of the BLANK flaginthe FSTAT register. If the BLANK flagissetinthe FSTAT register, the Flash
memory is erased.

‘ Read: Register FCLKDIV ‘

Clock Register

Loaded Bit FDIVLD set?
Check
yes Write: Register FCLKDIV
1 Write: Flash Block Address <
*| and Dummy Data
|
o ! NOTE: command write sequence
Write: Register FCMD oy
2. Erase Verify Command 0x05 ,%%%A—?—drgéggﬁmg 0x00 to
| .
. - NOTE: command write sequence
3.| Write: Register FSTAT aborted by writing 0x00 to
Clear bit CBEIF 0x80 FSTAT register.
|
‘ Read: Register FSTAT ‘
Access Write: Register FSTAT
Error Check Clear bit ACCERR 0x10
Bit Polling for
Comman% Read: Register FSTAT

Completion Check

Flash Block Not Erased;
Mass Erase Flash Block

EXIT
Figure 2-23. Example Erase Verify Command Flow
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241.3.2 Data Compress Command

The data compress command is used to check Flash code integrity by compressing data from a selected
portion of the Flash block into a signature analyzer. The starting address for the data compress operation
is defined by the address written during the command write sequence. The number of consecutive word
addresses compressed is defined by the data written during the command write sequence. If the datavalue
written is 0x0000, 64K addresses or 128 Kbytes will be compressed. After launching the data compress
command, the CCIF flag in the FSTAT register will set after the data compress operation has compl eted.
The number of bus cyclesrequired to execute the datacompress operation isequal to two timesthe number
of addresses read plus 20 bus cycles as measured from the time the CBEIF flag is cleared until the CCIF
flag is set. After the CCIF flag is set, the signature generated by the data compress operation is available
inthe FDATA register. The signature in the FDATA register can be compared to the expected signature
to determinetheintegrity of the sel ected datastored in the Flash block. If thelast address of the Flash block
isreached during the data compress operation, data compression will continue with the starting address of
the Flash block.

NOTE

Since the FDATA register (or data buffer) is written to as part of the data
compress operation, a command write sequence is not allowed to be
buffered behind a data compress command write sequence. The CBEIF flag
will not set after launching the data compress command to indicate that a
command must not be buffered behindit. If an attempt ismadeto start anew
command write sequence with a data compress operation active, the
ACCERR flag in the FSTAT register will be set. A new command write
sequence must only be started after reading the signature stored in the
FDATA register.

In order to take corrective action, it is recommended that the data compress command be executed on a
Flash sector or subset of a Flash sector. If the data compress operation on a Flash sector returnsan invalid
signature, the Flash sector must be erased using the sector erase command and then reprogrammed using
the program command.

The data compress command can be used to verify that a sector or sequential set of sectors are erased.
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Read: Register FCLKDIV

Clock Register
Loaded
Check

Bit FDIVLD set?

yes

Write: Register FCLKDIV

v

Write: Flash address to start
compression and number of
word addresses to compress

-t

Write: Register FCMD
Data Compress Command 0x06

NOTE: command write sequence
aborted by writing 0x00 to
FSTAT register.

Write: Register FSTAT
Clear bit CBEIF 0x80

NOTE: command write sequence
aborted by writing 0x00 to

FSTAT register.

Read: Register FSTAT

Access
Error Check

Bit Polling for
Command

Completion Check

Write: Register FSTAT

Clear bit ACCERR 0x10

yes

Read: Register FSTAT

Read: Register FDATA
Data Compress Signature

Signature
Compared to
Known Value

Signature
Valid?

EXIT
Figure 2-24. Example Data Compress Command Flow

Erase and Reprogram
Flash Region Compressed
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24133 Program Command

Chapter 2 256 Kbyte Flash Module (FTS256K2V1)

The program command is used to program a previously erased word in the Flash memory using an
embedded algorithm. If the word to be programmed is in a protected area of the Flash block, the PVIOL
flaginthe FSTAT register will set and the program command will not launch. After the program command
has successfully launched, the CCIF flag in the FSTAT register will set after the program operation has
completed unless a second command has been buffered.

A summary of the launching of a program operation is shown in Figure 2-25.

‘ Read: Register FCLKDIV ‘

Clock Register
Loaded
Check

Bit FDIVLD set?

yes

Write: Register FCLKDIV

Y

1 Write: Flash Address and
*| Program Data

)

5 | Write: Register FCMD
*| Program Command 0x20

NOTE: command write sequence
aborted by writing 0x00 to
FSTAT register.

3 Write: Register FSTAT
*| Clear bit CBEIF 0x80

NOTE: command write sequence
aborted by writing 0x00 to
FSTAT register.

‘ Read: Register FSTAT

Protection

Write: Register FSTAT

Violation Check Clear bit PVIOL 0x20 —»>
Access Write: Register FSTAT
Error Check Clear bit ACCERR 0x10 >
yes
Address, Data, Bit yes S
Command %BE;F Next Write?
et?

Buffer Empty Check

no

Bit Polling for
Command
Completion Check

EXIT

Read: Register FSTAT

Figure 2-25. Example Program Command Flow
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24134

Sector Erase Command

The sector erase command is used to erase the addressed sector in the Flash memory using an embedded
algorithm. If the Flash sector to be erased isin a protected area of the Flash block, the PVIOL flag in the
FSTAT register will set and the sector erase command will not launch. After the sector erase command

has successfully launched, the CCIF flag inthe FSTAT register will set after the sector erase operation has
completed unless a second command has been buffered.

| Read: Register FCLKDIV |

Clock Register
Loaded
Check

Bit FDIVLD set?

yes

Write: Register FCLKDIV

L]

Write: Flash Sector Address
and Dummy Data

-

Write: Register FCMD
Sector Erase Command 0x40

NOTE: command write sequence
aborted by writing 0x00 to
FSTAT register.

Write: Register FSTAT
Clear bit CBEIF 0x80

NOTE: command write sequence
aborted by writing 0x00 to
FSTAT register.

Read: Register FSTAT

Protection
Violation Check

Access
Error Check

Address, Data,
Command

Buffer Empty Check

Bit Polling for
Command

Completion Check

Write: Register FSTAT

Clear bit PVIOL 0x20 | >
Write: Register FSTAT
Clear bit ACCERR 0x10 | >
yes
Next Write?

no

EXIT

Read: Register FSTAT

Figure 2-26. Example Sector Erase Command Flow
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Chapter 2 256 Kbyte Flash Module (FTS256K2V1)

The mass erase command is used to erase a Flash memory block using an embedded algorithm. If the Flash
block to be erased contains any protected area, the PVIOL flaginthe FSTAT register will set and the mass
erase command will not launch. After the mass erase command has successfully launched, the CCIF flag
inthe FSTAT register will set after the mass erase operation has completed unless a second command has

been buffered.

‘ Read: Register FCLKDIV ‘

Clock Register

Loaded Bit FDIVLD set?
Check
yes Write: Register FCLKDIV
4| Write: Flash Block Address -
*| and Dummy Data
[
. : NOTE: command write sequence
Write: Register FCMD o
2. Mass Erase Command 0x41 la:gqﬁdrggyiggg;}ng 0x00to
[ .
. - NOTE: command write sequence
3. | Write: Register FSTAT aborted by writing 0x00 to
Clear bit CBEIF 0x80 FSTAT register.
[
| Read: Register FSTAT
Protection Write: Register FSTAT
Violation Check Clear bit PVIOL 0x20 >
Access Write: Register FSTAT
Error Check Clear bit ACCERR 0x10 >
yes
Address, Data, Bit yes Next Write?
Command CBEIF ext e
Buffer Empty Check Set?
no
Bit Polling for
Command Read: Register FSTAT

Completion Check

EXIT

Figure 2-27. Example Mass Erase Command Flow
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2.4.1.3.6 Sector Erase Abort Command

The sector erase abort command is used to terminate the sector erase operation so that other sectorsin the
Flash block are available for read and program operations without waiting for the sector erase operation
to complete. If the sector erase abort command is launched resulting in the early termination of an active
sector erase operation, the ACCERR flag will set after the operation completes as indicated by the CCIF
flag being set. The ACCERR flag setsto inform the user that the sector may not be fully erased and anew
sector erase command must be launched before programming any location in that specific sector. If the
sector erase abort command is launched but the active sector erase operation completes normally, the
ACCERR flag will not set upon completion of the operation as indicated by the CCIF flag being set.
Therefore, if the ACCERR flag is not set after the sector erase abort command has compl eted, the sector
being erased when the abort command was launched is fully erased. The maximum number of cycles
required to abort a sector erase operation is equal to four FCLK periods (see Section 2.4.1.1, “Writing the
FCLKDIV Register”) plus five bus cycles as measured from the time the CBEIF flag is cleared until the
CCIFflagis s&t.

NOTE

Since the ACCERR bit in the FSTAT register may be set at the completion
of the sector erase abort operation, a command write sequence is not
allowed to be buffered behind a sector erase abort command write sequence.
The CBEIF flag will not set after launching the sector erase abort command
to indicate that a command must not be buffered behind it. If an attempt is
made to start a new command write sequence with a sector erase abort
operation active, the ACCERR flag in the FSTAT register will be set. A new
command write sequence may be started after clearing the ACCERR flag, if
Set.

NOTE

The sector erase abort command must be used sparingly because a sector
erase operation that is aborted counts as a compl ete program/erase cycle.
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Execute Sector Erase Command Flow

Bit Polling for
Command
Completion Check

no

1| Write: Dummy'FIash Address
*| and Dummy Data

NOTE: command write sequence

o Write: Register FCMD
,%%?A—?—drggiggyng 0x00to 2 Sector Erase Abort Cmd 0x47
) [
NOTE: command write sequence o -
aborted by writing 0x00 to 3, | Write: Register FSTAT
FSTAT register. Clear bit CBEIF 0x80

[
‘ Read: Register FSTAT

Bit Polling for
Command
Completion Check

Read: Register FSTAT

Access

Error Check | Write: Register FSTAT

Clear bit ACCERR 0x10

EXIT EXIT
Sector Erase Sector Erase
Completed Aborted

Figure 2-28. Example Sector Erase Abort Command Flow
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241.4 lllegal Flash Operations

The ACCERR flag will be set during the command write sequence if any of thefollowingillegal stepsare
performed, causing the command write sequence to immediately abort:
1. Writing to a Flash address before initializing the FCLKDIV register.

2. Writing to a Flash address in the range 0x8000—0xBFFF when the PPAGE register does not select
a 16 Khyte page in the Flash block selected by the BKSEL bit in the FCNFG register.

3. Writing to a Flash address in the range 0x4000-0x7FFF or 0xCO00-OxFFFF with the BK SEL bit
in the FCNFG register not selecting Flash block 0.

Writing a byte or misaligned word to avalid Flash address.

Starting a command write sequence while a data compress operation is active.

Starting a command write sequence while a sector erase abort operation is active.
Writing a second word to a Flash address in the same command write sequence.
Writing to any Flash register other than FCMD after writing aword to a Flash address.
Writing a second command to the FCMD register in the same command write sequence.
10 Writing an invalid command to the FCMD register.

11. When security is enabled, writing a command other than mass erase to the FCMD register when
the write originates from a non-secure memory location or from the Background Debug Mode.

12. Writing to any Flash register other than FSTAT (to clear CBEIF) after writing to the FCMD
register.

13. Writing a 0 to the CBEIF flag in the FSTAT register to abort a command write sequence.

© oo N s

The ACCERR flag will not be set if any Flash register is read during a valid command write sequence.

The ACCERR flag will also be set if any of the following events occur:

1. Launching the sector erase abort command while a sector erase operation is active which resultsin
the early termination of the sector erase operation (see Section 2.4.1.3.6, “ Sector Erase Abort
Command”)

2. The MCU enters stop mode and a program or erase operation isin progress. The operation is
aborted immediately and any pending command is purged (see Section 2.5.2, “ Stop Modg”).

If the Flash memory isread during execution of an algorithm (i.e., CCIF flaginthe FSTAT register islow),
the read operation will return invalid data and the ACCERR flag will not be set.

If the ACCERR flag is set in the FSTAT register, the user must clear the ACCERR flag before starting
another command write sequence (see Section 2.3.2.7, “Flash Status Register (FSTAT)”).

The PVIOL flag will be set after the command is written to the FCMD register during a command write
sequenceif any of the following illegal operations are attempted, causing the command write sequence to
immediately abort:

1. Writing the program command if the address written in the command write sequence wasin a
protected area of the Flash memory.

2. Writing the sector erase command if the address written in the command write sequence wasin a
protected area of the Flash memory.

3. Writing the mass erase command while any Flash protection is enabled.
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If the PVIOL flag isset inthe FSTAT register, the user must clear the PVIOL flag before starting another
command write sequence (see Section 2.3.2.7, “ Flash Status Register (FSTAT)”).

2.5 Operating Modes

2.5.1 Wait Mode

If acommand isactive (CCIF = 0) when the MCU enterswait mode, the active command and any buffered
command will be completed.

The Flash module can recover the MCU from wait mode if the CBEIF and CCIF interrupts are enabled
(Section 2.8, “Interrupts’).

2.5.2 Stop Mode

If acommand is active (CCIF = 0) when the MCU enters stop mode, the operation will be aborted and, if
the operation is program or erase, the Flash array data being programmed or erased may be corrupted and
the CCIF and ACCERR flags will be set. If active, the high voltage circuitry to the Flash memory will
immediately be switched off when entering stop mode. Upon exit from stop mode, the CBEIF flag is set
and any buffered command will not be launched. The ACCERR flag must be cleared before starting a
command write sequence (see Section 2.4.1.2, “Command Write Sequence”).

NOTE

As active commands are immediately aborted when the MCU enters stop
mode, it is strongly recommended that the user does not use the STOP
instruction during program or erase operations.

2.5.3 Background Debug Mode

In background debug mode (BDM ), the FPROT register iswritable. If the MCU is unsecured, then all
Flash commands listed in Table 2-20 can be executed.

2.6 Flash Module Security

The Flash module provides the necessary security information to the MCU. After each reset, the Flash
modul e determines the security state of the MCU as defined in Section 2.3.2.2, “ Flash Security Register
(FSEC)".

The contents of the Flash security byte at OxFFOF in the Flash configuration field must be changed directly
by programming OxFFOF when the MCU is unsecured and the higher address sector is unprotected. If the
Flash security byte remainsin a secured state, any reset will cause the MCU to initialize to a secure
operating mode.
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2.6.1 Unsecuring the MCU using Backdoor Key Access

The MCU may be unsecured by using the backdoor key access feature which requires knowledge of the
contents of the backdoor keys (four 16-bit words programmed at addresses OXFFOO-0xFFQ7). If the
KEY EN[1:0] bitsare in the enabled state (see Section 2.3.2.2, “ Flash Security Register (FSEC)”) and the
KEYACC bit is set, awrite to abackdoor key addressin the Flash memory triggers acomparison between
the written data and the backdoor key data stored in the Flash memory. If al four words of dataare written
to the correct addresses in the correct order and the data matches the backdoor keys stored in the Flash
memory, the MCU will be unsecured. The data must be written to the backdoor keys sequentially starting
with OxFFO0—-OxFFO1 and ending with OxFFO06—-0xFFO7. 0x0000 and OXFFFF are not permitted as
backdoor keys. While the KEYACC bit is set, reads of the Flash memory will return invalid data.

The user code stored in the Flash memory must have a method of receiving the backdoor key from an
external stimulus. This externa stimulus would typically be through one of the on-chip serial ports.

If the KEY ENJ[1:0] bits are in the enabled state (see Section 2.3.2.2, “Flash Security Register (FSEC)”),
the MCU can be unsecured by the backdoor access sequence described below:
1. Setthe KEYACC bit in the Flash configuration register (FCNFG).

2. Write the correct four 16-bit words to Flash addresses OxFFO0—0xFFQO7 sequentially starting with
OxFFOO.

3. Clear the KEYACC hit.

4. If dl four 16-bit words match the backdoor keys stored in Flash addresses OxFFOO0-0xFFO07, the
MCU is unsecured and the SEC[1:0] bitsin the FSEC register are forced to the unsecure state of
1:0.

The backdoor key access sequenceismonitored by an internal security state machine. Anillegal operation
during the backdoor key access sequence will cause the security state machine to lock, leaving the MCU
in the secured state. A reset of the MCU will cause the security state machine to exit the lock state and
allow anew backdoor key access sequence to be attempted. The following operations during the backdoor
key access sequence will lock the security state machine:

If any of the four 16-bit words does not match the backdoor keys programmed in the Flash array.
If the four 16-bit words are written in the wrong sequence.

If more than four 16-bit words are written.

If any of the four 16-bit words written are 0x0000 or OXFFFF.

If the KEYACC hit does not remain set while the four 16-bit words are written.

6. If any two of the four 16-bit words are written on successive MCU clock cycles.

After the backdoor keys have been correctly matched, the MCU will be unsecured. After the MCU is
unsecured, the Flash security byte can be programmed to the unsecure state, if desired.

o~ wbNhPE

In the unsecure state, the user has full control of the contents of the backdoor keys by programming
addresses OxFFO0-0xFFO7 in the Flash configuration field.

The security as defined in the Flash security byte (OXFFOF) is not changed by using the backdoor key
access sequence to unsecure. The backdoor keys stored in addresses OxFFO0-0xFFO7 are unaffected by
the backdoor key access sequence. After the next reset of the MCU, the security state of the Flash module
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Chapter 2 256 Kbyte Flash Module (FTS256K2V1)

is determined by the Flash security byte (OxFFOF). The backdoor key access sequence has no effect onthe
program and erase protections defined in the Flash protection register.

It is not possible to unsecure the MCU in specia single-chip mode by using the backdoor key access
sequence via the background debug mode (BDM).

2.6.2 Unsecuring the Flash Module in Special Single-Chip Mode using
BDM

The MCU can be unsecured in special single-chip mode by erasing the Flash module by the following
method :

* Reset the MCU into special single-chip mode, delay whilethe erasetest is performed by the BDM
secure ROM, send BDM commands to disabl e protection in the Flash modul e, and execute a mass
erase command write sequence to erase the Flash memory.

After the CCIF flag sets to indicate that the mass operation has completed, reset the MCU into special
single-chip mode. The BDM secure ROM will verify that the Flash memory is erased and will assert the
UNSEC bitinthe BDM statusregister. ThisBDM action will causethe MCU to override the Flash security
state and the MCU will be unsecured. All BDM commands will be enabled and the Flash security byte
may be programmed to the unsecure state by the following method:

* Send BDM commands to execute aword program seguence to program the Flash security byteto
the unsecured state and reset the MCU.

2.7 Resets

2.7.1 Flash Reset Sequence

On each reset, the Flash modul e executes a reset sequence to hold CPU activity while loading the
following registers from the Flash memory according to Table 2-1:
* FPROT — Flash Protection Register (see Section 2.3.2.5, “Flash Protection Register (FPROT)”).
* FCTL — Flash Control Register (see Section 2.3.2.9, “Flash Control Register (FCTL)").
* FSEC — Fash Security Register (see Section 2.3.2.2, “Flash Security Register (FSEC)”).

2.7.2 Reset While Flash Command Active

If areset occurs while any Flash command isin progress, that command will be immediately aborted. The
state of the word being programmed or the sector / block being erased is not guaranteed.
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2.8 Interrupts

The Flash module can generate an interrupt when all Flash command operations have compl eted, when
the Flash address, data, and command buffers are empty.

Table 2-21. Flash Interrupt Sources

Interrupt Source Interrupt Flag Local Enable Global (CCR) Mask
Flash address, data and command buffers empty | CBEIF (FSTAT register) | CBEIE (FCNFG register) | Bit
All Flash commands completed CCIF (FSTAT register) | CCIE (FCNFG register) | Bit
NOTE
Vector addresses and their relative interrupt priority are determined at the
MCU level.

2.8.1 Description of Flash Interrupt Operation
Thelogic used for generating interrupts is shown in Figure 2-29.

The Flash modul e uses the CBEIF and CCIF flags in combination with the CBIE and CCIE enable bitsto
generate the Flash command interrupt request.

Block 0 CBEIF — ]
Block 0 Select |

Block 1 CBEIF —
Block 1 Select _
CBEIE
Flash Command
Interrupt Request
Block 0 CCIF ——
Block 0 Select ]
Block 1 CCIF ——]
Block 1 Select —
CCIE

Figure 2-29. Flash Interrupt Implementation

For adetailed description of the register bits, refer to Section 2.3.2.4, “Flash Configuration Register
(FCNFG)” and Section 2.3.2.7, “Flash Status Register (FSTAT)”.
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Port Integration Module (PIM9E256V1)

3.1 Introduction

The port integration modul e establishes the interface between the peripheral modules and the I/O pinsfor
for portsAD, M, P, Q, S, T and U.
This section covers:

* PortA, B, E, and K and the BKGD pin

» Port AD associated with ATD module (channels 15 through 0) and keyboard wake-up interrupts

* Port M connected to 2 DAC, 1 11C and 1 SCI (SCI2) modules

» Port Pand port Q connected to PMF module

» Port Sconnected to 2 SCI (SCI0 and SCI1) and 1 SPI modules

* Port T connectedto 2 TIM (TIMO and TIM1) modules

» Port U connectedto 1 TIM (TIM2) and 1 PWM modules
Each 1/0 pin can be configured by several registers: input/output selection, drive strength reduction, enable
and select of pull resistors, wired-OR mode selection, interrupt enable, and/or status flags.

NOTE

Refer to Chapter 3, “Port Integration Module (PIM9E256V 1)” for detailson
ports A, B, E and K, and the BKGD pin.

3.1.1 Features

A standard port has the following minimum features:
* Input/output selection
* 5-V output drive with two selectable drive strength (or Slew rates)
e 5V digital and analog input
* Input with selectable pull-up or pull-down device
Optional features:
* Opendrain for wired-OR connections
* Interrupt input with glitch filtering
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3.1.2

Block Diagram
Figure 3-1 isablock diagram of the PIM9E256V 1.

PADO
PAD1
PAD2
PAD3
PAD4
PADS5
PAD6
PAD7
PAD8
PAD9
PAD10
PAD11
PAD12
PAD13
PAD14
PAD15

PQ6
PQ5
PQ4
PQ3
PQ2
PQ1
PQO

PM7
PM6
PM5
PM4
PM3

PM1
PMO

PBO
PB1
PB2
PB3
PB4
PB5
PB6
PB7

PAO
PA1
PA2
PA3
PA4
PA5
PA6
PA7

Port Integration Module

Figure 3-1. PIM9E256V1 Block Diagram
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Chapter 3 Port Integration Module (PIM9E256V1)

External Signal Description
This section lists and describes the signals that connect off chip.

Table 3-1 shows al the pins and their functions that are controlled by the PIM9E256V 1. The order in
which the pin functions are listed represents the functions priority (top — highest priority, bottom — lowest

priority).
Table 3-1. Detailed Signal Descriptions (Sheet 1 of 7)
Port Nap::e Pin Function Description P;?t:ru;::;n
— BKGD |MODC Refer to Chapter 18, “Multiplexed External Bus Interface Refer to Chapter 18,
(MEBIV3)” “Multiplexed External Bus
BKGD Refer to Chapter 15, “Background Debug Module Interface (MEBIV3)”
(BDMV4)”
TAGHI Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
Port A PA7 | ADDR15/DATA15 | Refer to Chapter 18, “Multiplexed External Bus Interface Refer to Chapter 18,
(MEBIV3)” “Multiplexed External Bus
GPIO General-purpose 1/0 Interface (MEBIV3)”
PA6 | ADDR14/DATA14 | Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PA5 | ADDR13/DATA13 | Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PA4 | ADDR12/DATA12 | Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PA3 | ADDR11/DATA11 | Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PA2 | ADDR10/DATA10 | Referto Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PA1 | ADDR9/DATA9 Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PAO | ADDR8/DATAS8 Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
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Table 3-1. Detailed Signal Descriptions (Sheet 2 of 7)

Port Nap::e Pin Function Description P;;\t:ru;::;n
Port B PB7 | ADDR7/DATA7 Refer to Chapter 18, “Multiplexed External Bus Interface Refer to Chapter 18,
(MEBIV3)” “Multiplexed External Bus
GPIO General-purpose /0 Interface (MEBIV3)”
PB6 |ADDRG6/DATA6 Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PB5 | ADDR5/DATAS Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PB4 | ADDR4/DATA4 Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PB3 | ADDR3/DATAS3 Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PB2 | ADDR2/DATA2 Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PB1 | ADDR1/DATA1 Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PBO | ADDRO/DATAOQ Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
Port E PE7 |XCLKS Refer to Chapter 5, “Oscillator (OSCV2)” Refer to Chapter 18,
NOACC Refer to Chapter 18, “Multiplexed External Bus Interface | “Multiplexed External Bus
(MEBIV3)” Interface (MEBIV3)”
GPIO General-purpose 1/0
PE6 |IPIPE1/MODB Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PE5 |IPIPEO/MODA Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PE4 |ECLK Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PE3 |LSTRB/TAGLO Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PE2 |RW Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PE1 |IRQ Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PEO |XIRQ Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
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Table 3-1. Detailed Signal Descriptions (Sheet 3 of 7)

Port Nap::e Pin Function Description P;;\t:ru;::;n
Port K PK7 |ECS/ROMONE Refer to Chapter 18, “Multiplexed External Bus Interface Refer to Chapter 18,
(MEBIV3)” “Multiplexed External Bus
GPIO General-purpose 1/0 Interface (MEBIV3)”
PK6 |XCS Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PK5 |XADDR19 Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PK4 | XADDR18 Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PK3 | XADDR17 Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PK2 | XADDR16 Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PK1 |XADDR15 Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
PKO |XADDR14 Refer to Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”
GPIO General-purpose 1/0
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Table 3-1. Detailed Signal Descriptions (Sheet 4 of 7)

Port Nap::e Pin Function Description P;;\t:ru;::;n
Port AD | PAD15 | AN15 Analog-to-digital converter input channel 15 GPIO

KWAD15 Keyboard wake-up interrupt 15
GPIO General-purpose 1/0

PAD14 | AN14 Analog-to-digital converter input channel 14
KWAD14 Keyboard wake-up interrupt 14
GPIO General-purpose 1/0

PAD13 | AN13 Analog-to-digital converter input channel 13
KWAD13 Keyboard wake-up interrupt 13
GPIO General-purpose 1/0

PAD12 | AN12 Analog-to-digital converter input channel 12
KWAD12 Keyboard wake-up interrupt 12
GPIO General-purpose 1/0

PAD11 | AN11 Analog-to-digital converter input channel 11
KWAD11 Keyboard wake-up interrupt 11
GPIO General-purpose 1/0

PAD10 | AN10 Analog-to-digital converter input channel 10
KWAD10 Keyboard wake-up interrupt 10
GPIO General-purpose 1/0

PAD9 | AN9 Analog-to-digital converter input channel 9
KWAD9 Keyboard wake-up interrupt 9
GPIO General-purpose 1/0

PAD8 | AN8 Analog-to-digital converter input channel 8
KWADS8 Keyboard wake-up interrupt 8
GPIO General-purpose 1/0

PAD7 | AN7 Analog-to-digital converter input channel 7
KWAD7 Keyboard wake-up interrupt 7
GPIO General-purpose 1/0

PAD6 | AN6 Analog-to-digital converter input channel 6
KWADG6 Keyboard wake-up interrupt 6
GPIO General-purpose 1/0

PAD5 | AN5 Analog-to-digital converter input channel 5
KWAD5 Keyboard wake-up interrupt 5
GPIO General-purpose 1/0

PAD4 | AN4 Analog-to-digital converter input channel 4
KWAD4 Keyboard wake-up interrupt 4
GPIO General-purpose 1/0

PAD3 | AN3 Analog-to-digital converter input channel 3
KWADS3 Keyboard wake-up interrupt 3
GPIO General-purpose 1/0

PAD2 | AN2 Analog-to-digital converter input channel 2
KWAD2 Keyboard wake-up interrupt 2
GPIO General-purpose 1/0

PAD1 | ANA1 Analog-to-digital converter input channel 1
KWAD1 Keyboard wake-up interrupt 1
GPIO General-purpose 1/0

PADO | ANO Analog-to-digital converter input channel 0
KWADO Keyboard wake-up interrupt 0
GPIO General-purpose 1/0
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Chapter 3 Port Integration Module (PIM9E256V1)

Port Nap::e Pin Function Description P;;\t:ru;::;n
PortM | PM7 |SCL Inter-integrated circuit serial clock line GPIO
GPIO General-purpose 1/0
PM6 | SDA Inter-integrated circuit serial data line
GPIO General-purpose 1/0
PM5 | TXD2 Serial communication interface 2 transmit pin
GPIO General-purpose 1/0
PM4 | RXD2 Serial communication interface 2 receive pin
GPIO General-purpose 1/0
PM3 |GPIO General-purpose 1/0
PM1 | DAO1 Digital to analog convertor 1 output
GPIO General-purpose 1/0
PMO |DAOO Digital to analog convertor 0 output
GPIO General-purpose 1/0
Port P PP5 |PWM5 Pulse-width modulator O channel 5 GPIO
GPIO General-purpose 1/0
PP4 | PWM4 Pulse-width modulator 0 channel 4
GPIO General-purpose 1/0
PP3 |PWM3 Pulse-width modulator 0 channel 3
GPIO General-purpose 1/0
PP2 | PWM2 Pulse-width modulator 0 channel 2
GPIO General-purpose 1/0
PP1 |PWM1 Pulse-width modulator 0 channel 1
GPIO General-purpose 1/0
PPO |PWMO Pulse-width modulator 0 channel 0
GPIO General-purpose 1/0
Port Q PQ6 |1S2 PMF current status pin 2 GPIO
GPIO General-purpose 1/0
PQ5 |IS1 PMF current status pin 1
GPIO General-purpose 1/0
PQ4 |ISO PMF current status pin 0
GPIO General-purpose 1/0
PQ3 |FAULT3 PMF fault pin3
GPIO General-purpose 1/0
PQ2 |FAULT2 PMF fault pin 2
GPIO General-purpose 1/0
PQ1 | FAULT11 PMF fault pin 1
GPIO General-purpose 1/0
PQO |FAULTO PMF fault pin 0
GPIO General-purpose 1/0
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Table 3-1. Detailed Signal Descriptions (Sheet 6 of 7)

Port Nap::e Pin Function Description P;E:ru;:::tn
Port S PS7 |SS Serial peripheral interface slave select input/output in GPIO
master mode, input in slave mode
GPIO General-purpose 1/0
PS6 |SCK Serial peripheral interface serial clock pin
GPIO General-purpose 1/0
PS5 | MOSI Serial peripheral interface master out/slave in pin
GPIO General-purpose 1/0
PS4 | MISO Serial peripheral interface master in/slave out pin
GPIO General-purpose 1/0
PS3 |TXDO Serial communication interface 1 transmit pin
GPIO General-purpose 1/0
PS2 |RXDO Serial communication interface 1 receive pin
GPIO General-purpose 1/0
PS1 |TXDO Serial communication interface 0 transmit pin
GPIO General-purpose 1/0
PSO |RXDO Serial communication interface 0 receive pin
GPIO General-purpose 1/0
Port T PT7 |[IOC7 Timer 1 channel 7 GPIO
GPIO General-purpose 1/0
PT6 |IOC6 Timer 1 channel 6
GPIO General-purpose 1/0
PT5 |IOC5 Timer 1 channel 5
GPIO General-purpose 1/0
PT4 |IOC4 Timer 1 channel 4
GPIO General-purpose 1/0
PT3 |IOC3 Timer 0 channel 7
GPIO General-purpose 1/0
PT2 [lOC2 Timer 0 channel 6
GPIO General-purpose 1/0
PT1 |IOC1 Timer 0 channel 5
GPIO General-purpose 1/0
PTO |IOCO Timer 0 channel 4
GPIO General-purpose 1/0
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Table 3-1. Detailed Signal Descriptions (Sheet 7 of 7)

Port Nap::e Pin Function Description P;E:ru;:::tn
Port U PU7 |GPIO General-purpose 1/0 GPIO
PU6 |GPIO General-purpose 1/0
PU5 |PWI15 Pulse-width modulator 1 channel 5
GPIO General-purpose 1/0
PU4 |PW14 Pulse-width modulator 1 channel 4
GPIO General-purpose 1/0
PU3 |I0OC3 Timer 2 channel 7
PW13 Pulse-width modulator 1 channel 3
GPIO General-purpose 1/0
PU2 |IOC2 Timer 2 channel 6
PW12 Pulse-width modulator 1 channel 2
GPIO General-purpose 1/0
PU1 [IOC1 Timer 2 channel 5
PW11 Pulse-width modulator 1 channel 1
GPIO General-purpose 1/0
PUO |I1OCO Timer 2 channel 4
PW11 Pulse-width modulator 1 channel O
GPIO General-purpose 1/0
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3.3

Memory Map and Register Definition

This section provides a detailed description of all registers. Table 3-2 is a standard memory map of port
integration module.

Table 3-2. PIM9HZ256 Memory Map

Address Offset Use Access
0x0000 Port T I/O Register (PTT) R/W
0x0001 Port T Input Register (PTIT) R
0x0002 Port T Data Direction Register (DDRT) R/W
0x0003 Port T Reduced Drive Register (RDRT) R/W
0x0004 Port T Pull Device Enable Register (PERT) R/W
0x0005 Port T Polarity Select Register (PPST) R/W

0x0006 - 0x0007 | Reserved —
0x0008 Port S I/0 Register (PTS) R/W
0x0009 Port S Input Register (PTIS) R
0x000A Port S Data Direction Register (DDRS) R/W
0x000B Port S Reduced Drive Register (RDRS) R/W
0x000C Port S Pull Device Enable Register (PERS) R/W
0x000D Port S Polarity Select Register (PPSS) R/W
0x000E Port S Wired-OR Mode Register (WOMS) R/W
0x000F Reserved —
0x0010 Port M I/O Register (PTM) R/W
0x0011 Port M Input Register (PTIM) R
0x0012 Port M Data Direction Register (DDRM) R/W
0x0013 Port M Reduced Drive Register (RDRM) R/W
0x0014 Port M Pull Device Enable Register (PERM) R/W
0x0015 Port M Polarity Select Register (PPSM) R/W
0x0016 Port M Wired-OR Mode Register (WOMM) R/W
0x0017 Reserved —
0x0018 Port P 1/0 Register (PTP) R/W
0x0019 Port P Input Register (PTIP) R
0x001A Port P Data Direction Register (DDRP) R/W
0x001B Port P Reduced Drive Register (RDRP) R/W
0x001C Port P Pull Device Enable Register (PERP) R/W
0x001D Port P Polarity Select Register (PPSP) R/W

0x001E - Ox001F | Reserved —
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Table 3-2. PIM9HZ256 Memory Map (continued)

Address Offset Use Access
0x0020 Port Q 1/0 Register (PTQ) R/W
0x0021 Port Q Input Register (PTIQ) R
0x0022 Port Q Data Direction Register (DDRQ) R/W
0x0023 Port Q Reduced Drive Register (RDRQ) R/W
0x0024 Port Q Pull Device Enable Register (PERQ) R/W
0x0025 Port Q Polarity Select Register (PPSQ) R/W

0x0026 - 0x0027 Reserved =
0x0028 Port U I/O Register (PTU) R/W
0x0029 Port U Input Register (PTIU) R
0x002A Port U Data Direction Register (DDRU) R/W
0x002B Port U Reduced Drive Register (RDRU) R/W
0x002C Port U Pull Device Enable Register (PERU) R/W
0x002D Port U Polarity Select Register (PPSU) R/W
0x002E Port U Module Routing Register (MODRR) R/W
0x002F Reserved =
0x0030 Port AD I/O Register (PTAD) R/W
0x0031
0x0032 Port AD Input Register (PTIAD) R
0x0033
0x0034 Port AD Data Direction Register (DDRAD) R/W
0x0035
0x0036 Port AD Reduced Drive Register (RDRAD) R/W
0x0037
0x0038 Port AD Pull Device Enable Register (PERAD) R/W
0x0039
0x003A Port AD Polarity Select Register (PPSAD) R/W
0x003B
0x003D Port AD Interrupt Enable Register (PIEAD) R/W
0x003D
0x003E Port AD Interrupt Flag Register (PIFAD) R/W
0x003F
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3.3.1 Port AD

Port AD is associated with the analog-to-digital converter (ATD) and keyboard wake-up (KWU)
interrupts. Each pin is assigned to these modules according to the following priority: ATD > KWU >
general-purpose 1/0.

For the pins of port AD to be used as inputs, the corresponding bits of the ATDDIENO and ATDDIEN1
registersin the ATD module must be set to 1 (digital input buffer is enabled). The ATDDIENO and
ATDDIENLI1 registers do not affect the port AD pins when they are configured as outputs.

Refer to Chapter 6, “Analog-to-Digital Converter (ATD10B16CV4)” for information on the ATDDIENO
and ATDDIENL1 registers.

During reset, port AD pins are configured as high-impedance analog inputs (digital input buffer is
disabled).

3.3.1.1 Port AD I/O Register (PTAD)
7 6 5 4 3 2 1 0
R
W PTAD15 PTAD14 PTAD13 PTAD12 PTAD11 PTAD10 PTAD9 PTADS8
KWU:| KWAD15 KWAD14 KWAD13 KWA12 KWAD11 KWAD10 KWAD9 KWADS8
ATD: AN15 AN14 AN13 AN12 AN11 AN10 AN9 AN8
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R
W PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO
KWU: KWAD7 KWADG6 KWAD5 KWAD4 KWAD3 KWAD2 KWAD1 KWADO
ATD: AN7 ANG6 AN5 AN4 AN3 AN2 AN1 ANO
Reset 0 0 0 0 0 0 0 0

Figure 3-2. Port AD I/O Register (PTAD)

Read: Anytime. Write: Anytime.

If the data direction bit of the associated I/0O pin (DDRADX) is set to 1 (output), awrite to the
corresponding I/0O Register bit setsthe value to be driven to the Port AD pin. If the datadirection bit of the
associated I/0 pin (DDRADX) is set to O (input), awrite to the corresponding I/0O Register bit takes place
but has no effect on the Port AD pin.

If the associated datadirection bit (DDRADX) isset to 1 (output), aread returnsthe value of the I/O register
bit.

If the associated data direction bit (DDRADX) is set to O (input) and the associated ATDDIENO(1) bit is
set to O (digital input buffer is disabled), the associated /O register bit (PTADX) reads“1”.

If the associated data direction bit (DDRADX) is set to O (input) and the associated ATDDIENO(1) bit is
set to 1 (digital input buffer is enabled), aread returns the value of the pin.
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3.3.1.2 Port AD Input Register (PTIAD)

7 6 5 4 3 2 1 0
R| PTIAD15 PTIAD14 PTIAD13 PTIAD12 PTIAD11 PTIAD10 PTIAD9 PTIADS8
W
Reset 1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
R| PTIAD7 PTIADG6 PTIADS PTIAD4 PTIAD3 PTIAD2 PTIAD1 PTIADO
W
Reset 1 1 1 1 1 1 1 1

I:l = Reserved or Unimplemented

Figure 3-3. Port AD Input Register (PTIAD)

Read: Anytime. Write: Never; writes to these registers have no effect.

If the ATDDIENO(1) bit of the associated I/O pinisset to O (digital input buffer isdisabled), aread returns
al. If the ATDDIENO(1) bit of the associated I/0O pinisset to 1 (digital input buffer is enabled), aread
returns the status of the associated pin.

3.3.1.3 Port AD Data Direction Register (DDRAD)

7 6 5 4 3 2 1 0

\; DDRAD15 | DDRAD14 | DDRAD13 | DDRAD12 | DDRAD11 DDRAD10 DDRAD9 DDRAD8
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

\; DDRAD7 DDRAD6 DDRAD5 DDRAD4 DDRAD3 DDRAD2 DDRAD1 DDRADO
Reset 0 0 0 0 0 0 0 0

Figure 3-4. Port AD Data Direction Register (DDRAD)

Read: Anytime. Write: Anytime.
Thisregister configures port pins PAD[15:0] as either input or output.

If adatadirection bit isO (pin configured asinput), then aread value on PTADXx depends on the associated
ATDDIENO(1) bit. If the associated ATDDIENO(1) bit isset to 1 (digital input buffer is enabled), aread
on PTADX returns the value on port AD pin. If the associated ATDDIENO(1) bit is set to O (digital input
buffer is disabled), aread on PTADX returnsal.

Table 3-3. DDRAD Field Descriptions

Field Description

15:0 Data Direction Port AD
DDRADI[15:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
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3.3.1.4 Port AD Reduced Drive Register (RDRAD)
7 6 5 4 3 2 1 0
VF\: RDRAD15 RDRAD14 RDRAD13 RDRAD12 RDRAD11 RDRAD10 RDRAD9 RDRAD8
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
RDRAD7 RDRAD6 RDRAD5 RDRAD4 RDRAD3 RDRAD2 RDRAD1 RDRADO
Reset 0 0 0 0 0 0 0 0

Figure 3-5. Port AD Reduced Drive Register (RDRAD)

Read: Anytime. Write: Anytime.

This register configures the drive strength of configured output pins as either full or reduced. If apinis
configured as input, the corresponding Reduced Drive Register bit has no effect.

Table 3-4. RDRAD Field Descriptions

Field Description
15:0 Reduced Drive Port AD
RDRAD[15:0] |0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.
3.3.1.5 Port AD Pull Device Enable Register (PERAD)
7 6 5 4 3 2 1 0
R
W PERAD15 PERAD14 | PERAD13 | PERAD12 PERAD11 PERAD10 PERAD9 PERADS
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R
W PERAD?7 PERAD6 PERADS5 PERAD4 PERADS3 PERAD2 PERAD1 PERADO
Reset 0 0 0 0 0 0 0 0

Figure 3-6. Port AD Pull Device Enable Register (PERAD)
Read: Anytime. Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated on configured input pins. If
apin is configured as output, the corresponding Pull Device Enable Register bit has no effect.

Table 3-5. PERAD Field Descriptions

Field Description
15:0 Pull Device Enable Port AD
PERAD[15:0] |0 Pull-up or pull-down device is disabled.
1 Pull-up or pull-down device is enabled.
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3.3.1.6 Port AD Polarity Select Register (PPSAD)
7 6 5 4 3 2 1 0
R
PPSAD15 PPSAD14 PPSAD13 PPSAD12 PPSAD11 PPSAD10 PPSAD9 PPSAD8
w
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R
W PPSAD7 PPSAD6 PPSAD5 PPSAD4 PPSAD3 PPSAD2 PPSAD1 PPSADO
Reset 0 0 0 0 0 0 0 0

Read: Anytime. Write: Anytime.

Figure 3-7. Port AD Polarity Select Register (PPSAD)

The Port AD Polarity Select Register servesadual purpose by selecting the polarity of the active interrupt
edge as well as selecting a pull-up or pull-down device if enabled (PERADx = 1). The Port AD Polarity
Select Register is effective only when the corresponding Data Direction Register bit is set to O (input).

In pull-down mode (PPSADXx = 1), arising edge on aport AD pin sets the corresponding PIFADX bit. In
pull-up mode (PPSADx = 0), afalling edge on a port AD pin sets the corresponding PIFADXx bit.

Table 3-6. PPSAD Field Descriptions

Field

Description

15:0

Polarity Select Port AD

PPSAD[15:0] |0 A pull-up device is connected to the associated port AD pin, and detects falling edge for interrupt generation.
1 A pull-down device is connected to the associated port AD pin, and detects rising edge for interrupt
generation.
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3.3.1.7

Reset

Read: Anytime. Write: Anytime.

Port AD Interrupt Enable Register (PIEAD)

7 6 5 4 3 2 1 0
PIEAD15 PIEAD14 PIEAD13 PIEAD12 PIEAD11 PIEAD10 PIEAD9 PIEADS8
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
PIEAD7 PIEAD6 PIEAD5 PIEAD4 PIEAD3 PIEAD2 PIEAD1 PIEADO
0 0 0 0 0 0 0 0

Figure 3-8. Port AD Interrupt Enable Register (PIEAD)

This register disables or enables on a per pin basis the edge sensitive external interrupt associated with

port AD.
Table 3-7. PIEAD Field Descriptions
Field Description
15:0 Interrupt Enable Port AD
PIEAD[15:0] | 0 Interrupt is disabled (interrupt flag masked).
1 Interrupt is enabled.
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3.3.1.8 Port AD Interrupt Flag Register (PIFAD)
7 6 5 4 3 2 1 0
R
PIFAD15 PIFAD14 PIFAD13 PIFAD12 PIFAD11 PIFAD10 PIFAD9 PIFAD8
w
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R
W PIFAD7 PIFAD6 PIFAD5 PIFAD4 PIFAD3 PIFAD2 PIFAD1 PIFADO
Reset 0 0 0 0 0 0 0 0

Read: Anytime. Write: Anytime.

Figure 3-9. Port AD Interrupt Flag Register (PIFAD)

Each flag is set by an active edge on the associated input pin. The active edge could berising or falling
based on the state of the corresponding PPSADX bit. To clear each flag, write“1” to the corresponding
PIFADxX bit. Writing a“0” has no effect.

NOTE

If the ATDDIENO(1) bit of the associated pinisset to O (digital input buffer
is disabled), active edges can not be detected.

Table 3-8. PIFAD Field Descriptions

Field Description
15:0 Interrupt Flags Port AD
PIFAD[15:0] |0 No active edge pending. Writing a “0” has no effect.

1 Active edge on the associated bit has occurred (an interrupt will occur if the associated enable bit is set).
Writing a “1” clears the associated flag.
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3.3.2 Port M

Port M is associated with the serial communication interface (SCI2) , Inter-IC bus (I11C) and the digital to
analog converter (DACO and DAC1) modules. Each pin is assigned to these modules according to the
following priority: 11C/SCI2/DACL/DACO > general-purpose |/0.

When the I1C bus is enabled, the PM[7:6] pins become SCL and SDA respectively. Refer to Chapter 10,
“Inter-Integrated Circuit (I1CV2)” for information on enabling and disabling the 11C bus.

When the SCI2 receiver and transmitter are enabled, the PM[5:4] become RXD2 and TXD2 respectively.
Refer to Chapter 8, “ Serial Communication Interface (SCIV4)” for information on enabling and disabling
the SCI receiver and transmitter.

When the DAC1 and DA CO outputs are enabled, the PM[1:0] become DAO1 and DAOO respectively.
Refer to Chapter 7, “ Digital-to-Analog Converter (DAC8B1CV1)” for information on enabling and
disabling the DAC outpui.

During reset, PM[3] and PM[1:0] pins are configured as high-impedance inputs and PM[7:4] pins are
configured as pull-up inputs.

3.3.2.1 Port M I/O Register (PTM)

7 6 5 4 3 2 1 0
R 0
W PTM7 PTM6 PTM5 PTM4 PTM3 PTM1 PTMO
lC: SCL SDA
SCl2: TXD2 RXD2
DAC1/DACO: DAO1 DAOO
Reset 0 0 0 0 0 0 0 0

= Reserved or Unimplemented

Figure 3-10. Port M I/0 Register (PTM)

Read: Anytime. Write: Anytime.

If the associated datadirection bit (DDRMX) isset to 1 (output), aread returnsthe value of the 1/O register
bit. If the associated data direction bit (DDRMX) is set to O (input), aread returns the value of the pin.
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3.3.2.2 Port M Input Register (PTIM)
7 6 5 4 3 1 0
R| PTIM7 PTIM6 PTIM5 PTIM4 PTIM3 PTIM1 PTIMO
W
Reset u u u u u u u
|:|= Reserved or Unimplemented u = Unaffected by reset
Figure 3-11. Port M Input Register (PTIM)
Read: Anytime. Write: Never, writes to this register have no effect.
This register always reads back the status of the associated pins.
3.3.2.3 Port M Data Direction Register (DDRM)
7 6 5 4 3 1 0
w| DPRM? DDRM6 DDRMS5 DDRM4 DDRM3 DDRMf DDRMO
Reset 0 0 0 0 0 0 0

I:l = Reserved or Unimplemented

Figure 3-12. Port M Data Direction Register (DDRM)
Read: Anytime. Write: Anytime.

This register configures port pins PM[7:3] and PM[1:0] as either input or output.

If thelIC isenabled, the I1C controlsthe SCL and SDA 1/O direction, and the corresponding DDRM[7:6]
bits have no effect on their 1/0O direction. Refer to Chapter 10, “Inter-Integrated Circuit (11CV2)” for
details.

If the SCI2 transmitter is enabled, the 1/0 direction of the transmit pin TXD2 is controlled by SCI2, and
the DDRM5 bit has no effect. If the SCI2 receiver isenabled, the I/O direction of thereceive pin RXD2is
controlled by SCI2, and the DDRM4 bit has no effect. Refer to Chapter 8, “ Serial Communication
Interface (SCIV4)” for further details.

If the DAC1 or DACO channel is enabled, the associated pin DAO1 or DAOQ isforced to be output, and
the associated DDRM 1 or DDRMO bit has no effect.

The DDRM bits do not change to reflect the pin 1/O direction when not being used as GPIO. The
DDRM[7:3]; DDRM[1:0] bits revert to controlling the I/O direction of the pins when the associated |1C,
SCI, or DAC1/0 function are disabled.

Table 3-9. DDRM Field Descriptions

Field Description

7:3,1:0 Data Direction Port M
DDRM[7:3, |0 Associated pin is configured as input.
1:0] 1 Associated pin is configured as output.
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3.3.2.4 Port M Reduced Drive Register (RDRM)
7 6 5 4 3 1 0
R
W RDRM7 RDRM6 RDRM5 RDRM4 RDRM3 RDRM1 RDRMO
Reset 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 3-13. Port M Reduced Drive Register (RDRM)

Read: Anytime. Write: Anytime.

This register configures the drive strength of configured output pins as either full or reduced. If apinis
configured as input, the corresponding Reduced Drive Register bit has no effect.

Table 3-10. RDRM Field Descriptions

Field Description
7:3,1:0 Reduced Drive Port M
RDRM[7:3, |0 Full drive strength at output
1:0] 1 Associated pin drives at about 1/3 of the full drive strength.
3.3.2.5 Port M Pull Device Enable Register (PERM)
7 6 5 4 3 2 1 0

R 0
W PERM7 PERM®6 PERM5 PERM4 PERM3 PERM1 PERMO

Reset 0 0 0 0 0 0 0

= Reserved or Unimplemented

Figure 3-14. Port M Pull Device Enable Register (PERM)

Read: Anytime. Write: Anytime.
This register configures whether a pull-up or a pull-down device is activated on configured input or
wired-OR output pins. If apin is configured as push-pull output, the corresponding Pull Device Enable
Register bit has no effect.

Table 3-11. PERM Field Descriptions

Field Description

7:3,1:.0 Pull Device Enable Port M
PERM[7:3, |0 Pull-up or pull-down device is disabled.
1:0] 1 Pull-up or pull-down device is enabled.
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3.3.2.6 Port M Polarity Select Register (PPSM)
7 6 5 4 3 1 0
R
W PPSM7 PPSM6 PPSM5 PPSM4 PPSM3 PPSM1 PPSMO
Reset 0 0 0 0 0 0 0

|:| = Reserved or Unimplemented

Figure 3-15. Port M Polarity Select Register (PPSM)

Read: Anytime. Write: Anytime.

The Port M Polarity Select Register selects whether a pull-down or a pull-up device is connected to the
pin. The Port M Polarity Select Register is effective only when the corresponding Data Direction Register
bit is set to 0 (input) and the corresponding Pull Device Enable Register bit is set to 1.

Table 3-12. PPSM Field Descriptions

Field Description

7:3,1:0 Pull Select Port M
PPSM[7:3, |0 A pull-up device is connected to the associated port M pin.
1:0] 1 A pull-down device is connected to the associated port M pin.
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3.3.2.7 Port M Wired-OR Mode Register (WOMM)

7 6 5 4 3 2 1 0
R 0 0 0 0

W WOMM7 WOMM6 WOMM5 WOMM4
Reset 0 0 0 0 0 0 0 0

|:| = Reserved or Unimplemented

Figure 3-16. Port M Wired-OR Mode Register (WOMM)

Read: Anytime. Write: Anytime.

This register selects whether aport M output is configured as push-pull or wired-OR. When a Wired-OR
Mode Register bitisset to 1, the corresponding output pin isdriven activelow only (open drain) and ahigh
level isnot driven. A Wired-OR Mode Register bit has no effect if the corresponding pin is configured as
an input.

These bits apply also to the SCI2 outputs and allow a multipoint connection of several serial modules.

If the [1C is enabled, the associated pins are aways set to wired-OR mode, and the state of the
WOMM(7:6] bits have no effect. The WOMM|7:6] bits will not change to reflect their wired-OR mode
configuration when the 11C is enabled.

Table 3-13. WOMM Field Descriptions

Field Description

7:4 Wired-OR Mode Port M
WOMM([7:4] |0 Output buffers operate as push-pull outputs.
1 Output buffers operate as open-drain outputs.

MC9S12E256 Data Sheet, Rev. 1.08

140 Freescale Semiconductor



Chapter 3 Port Integration Module (PIM9E256V1)

3.3.3 Port P

Port P is associated with the Pulse Width Modulator (PMF) modules. Each pin is assigned according to
the following priority: PMF > genera-purpose |/0.

When a PMF channel is enabled, the corresponding pin becomes a PWM output. Refer to Chapter 11,
“Pulse Width Modulator with Fault Protection (PMF15B6CV 2)” for information on enabling and
disabling the PWM channels.

During reset, port P pins are configured as high-impedance inputs.

3.3.3.1 Port P I/0O Register (PTP)

7 5 4 3 2 1 0
R 0 0
" PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
PMF: PW05 PW04 PW03 PW02 PWO1 PW00
Reset 0 0 0 0 0 0 0 0

= Reserved or Unimplemented

Figure 3-17. Port P 1/O Register (PTP)

Read: Anytime. Write: Anytime.

If the associated data direction bit (DDRPX) isset to 1 (output), aread returnsthe value of the I/O register
bit. If the associated data direction bit (DDRPX) is set to O (input), aread returns the value of the pin.

The PMF function takes precedence over the general-purpose |/O function if the associated PWM channel
isenabled. The PWM channels 5-0 are outputs if the respective channels are enabled.

3.3.3.2 Port P Input Register (PTIP)

5 4 3 2 1 0
R 0 0 PTIP5 PTIP4 PTIP3 PTIP2 PTIP1 PTIPO
W
Reset 0 0 u u u u u u
= Reserved or Unimplemented u = Unaffected by reset

Figure 3-18. Port P Input Register (PTIP)

Read: Anytime. Write: Never, writes to this register have no effect.
This register always reads back the status of the associated pins.
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3.3.3.3 Port P Data Direction Register (DDRP)

7 5 4 3 2 1 0
R 0 0
W DDRP5 DDRP4 DDRP3 DDRP2 DDRP1 DDRPO
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 3-19. Port P Data Direction Register (DDRP)

Read: Anytime. Write: Anytime.
This register configures port pins PP[5:0] as either input or output.

If aPMF channel is enabled, the corresponding pin isforced to be an output and the associated Data
Direction Register bit has no effect. If aPMF channel is disabled, the corresponding Data Direction
Register bit reverts to control the 1/0O direction of the associated pin.

Table 3-14. DDRP Field Descriptions

Field Description

5:0 Data Direction Port P
DDRP[5:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.

3.3.3.4 Port P Reduced Drive Register (RDRP)

7 5 4 3 2 1 0
R 0 0
W RDRP5 RDRP4 RDRP3 RDRP2 RDRP1 RDRPO
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 3-20. Port P Reduced Drive Register (RDRP)

Read: Anytime. Write:Anytime.

This register configures the drive strength of configured output pins as either full or reduced. If apinis
configured as input, the corresponding Reduced Drive Register bit has no effect.

Table 3-15. RDRP Field Descriptions

Field Description

5:0 Reduced Drive Port P
RDRP[5:0] [0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.
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3.3.3.5 Port P Pull Device Enable Register (PERP)

7 5 4 3 2 1 0
R 0 0
W PERP5 PERP4 PERP3 PERP2 PERP1 PERPO
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 3-21. Port P Pull Device Enable Register (PERP)

Read: Anytime. Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated on configured input pins. If
apinisconfigured as output, the corresponding Pull Device Enable Register bit has no effect.

Table 3-16. PERP Field Descriptions

Field Description

5:0 Pull Device Enable Port P
PERP[5:0] |0 Pull-up or pull-down device is disabled.
1 Pull-up or pull-down device is enabled.

3.3.3.6 Port P Polarity Select Register (PPSP)

7 5 4 3 2 1 0
R 0 0
W PPSP5 PPSP4 PPSP3 PPSP2 PPSP1 PPSPO
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 3-22. Port P Polarity Select Register (PPSP)

Read: Anytime. Write: Anytime.

The Port P Polarity Select Register selectswhether apull-down or a pull-up deviceis connected to the pin.
The Port P Polarity Select Register is effective only when the corresponding Data Direction Register bit
isset to O (input) and the corresponding Pull Device Enable Register bit is set to 1.

Table 3-17. PPSP Field Descriptions

Field Description

5:0 Polarity Select Port P
PPSP[5:0] |0 A pull-up device is connected to the associated port P pin.
1 A pull-down device is connected to the associated port P pin.
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3.3.4 Port Q

Port Q is associated with the Pulse Width Modulator (PMF) modules. Each pin is assigned according to
the following priority: PMF > general-purpose |/0.

When a current status or fault function is enabled, the corresponding pin becomes an input. PQ[3:0] are
connected to FAULT[3:0] inputs and PQ[6:4] are connected to 1§[2:0] inputs of the PMF module. Refer
to Chapter 11, “Pulse Width Modulator with Fault Protection (PMF15B6CV2)” for information on
enabling and disabling these PMF functions.

During reset, port Q pins are configured as high-impedance inputs.

3.3.41 Port Q I/O Register (PTQ)
6 5 4 3 2 1 0
R
W PTQ5 PTQ5 PTQ4 PTQ3 PTQ2 PTQ1 PTQO
PMF: 1S2 IS1 1S0 FAULT3 FAULT2 FAULT1 FAULTO
Reset 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 3-23. Port Q I/O Register (PTQ)

Read: Anytime. Write: Anytime.

If the associated data direction bit (DDRQX) isset to 1 (output), aread returnsthe value of the I/O register
bit. If the associated data direction bit (DDRQX) is set to O (input), aread returns the value of the pin.

3.34.2 Port Q Input Register (PTIQ)
6 5 4 3 2 1 0
R 0 PTIQ6 PTIQ5 PTIQ4 PTIQ3 PTIQ2 PTIQ1 PTIQO
W
Reset 0 u u u u u u u
= Reserved or Unimplemented u = Unaffected by reset

Figure 3-24. Port Q Input Register (PTIQ)
Read: Anytime. Write: Never, writes to this register have no effect.
This register always reads back the status of the associated pins.
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3.34.3 Port Q Data Direction Register (DDRQ)

6 5 4 3 2 1 0
R 0
W DDRQ#6 DDRQ5 DDRQ4 DDRQ3 DDRQ2 DDRQ1 DDRQO
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 3-25. Port Q Data Direction Register (DDRQ)

Read: Anytime. Write: Anytime.
This register configures port pins PQ[6:0] as either input or output.

If aPMF function is enabled, the corresponding pin isforced to be an input and the associated Data
Direction Register bit has no effect. If aPMF channel is disabled, the corresponding Data Direction
Register bit reverts to control the 1/0O direction of the associated pin.

Table 3-18. DDRQ Field Descriptions

Field Description

6:0 Data Direction Port Q
DDRQ[6:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.

3.344 Port Q Reduced Drive Register (RDRQ)

6 5 4 3 2 1 0
R 0
W RDRQ6 RDRQ5 RDRQ4 RDRQ3 RDRQ2 RDRQ1 RDRQO
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 3-26. Port Q Reduced Drive Register (RDRQ)

Read: Anytime. Write:Anytime.

This register configures the drive strength of configured output pins as either full or reduced. If apinis
configured as input, the corresponding Reduced Drive Register bit has no effect.

Table 3-19. RDRQ Field Descriptions

Field Description

6:0 Reduced Drive Port Q
RDRQ[6:0] |0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.
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3.3.4.5 Port Q Pull Device Enable Register (PERQ)

6 5 4 3 2 1 0
R 0
W PERQ6 PERQ5 PERQ4 PERQS3 PERQ2 PERQ1 PERQO
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 3-27. Port Q Pull Device Enable Register (PERQ)

Read: Anytime. Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated on configured input pins. If
apinisconfigured as output, the corresponding Pull Device Enable Register bit has no effect.

Table 3-20. PERQ Field Descriptions

Field Description

6:0 Pull Device Enable Port P
PERQ[6:0] [0 Pull-up or pull-down device is disabled.
1 Pull-up or pull-down device is enabled.

3.3.4.6 Port Q Polarity Select Register (PPSQ)

7 6 5 4 3 2 1 0
R 0
W PPSQ6 PPSQ5 PPSQ4 PPSQ3 PPSQ2 PPSQ1 PPSQO
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 3-28. Port Q Polarity Select Register (PPSQ)

Read: Anytime. Write: Anytime.

ThePort Q Polarity Select Register sel ectswhether apull-down or apull-up deviceis connected to the pin.
The Port Q Polarity Select Register is effective only when the corresponding Data Direction Register bit
is set to O (input) and the corresponding Pull Device Enable Register bit is set to 1.

Table 3-21. PPSQ Field Descriptions

Field Description

6:0 Polarity Select Port Q
PPSQ[6:0] |0 A pull-up device is connected to the associated port Q pin.
1 A pull-down device is connected to the associated port Q pin.
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3.3.5 Port S

Port Sis associated with the serial peripheral interface (SPI) and serial communication interfaces (SCIO
and SCI1). Each pin is assigned to these modules according to the following priority: SPI/SCI1/SCIO0 >
general-purpose 1/0.

When the SPI is enabled, the PS[7:4] pins become SS, SCK, MOSI, and M1SO respectively. Refer to
Chapter 9, “Serial Peripheral Interface (SPIV3)” for information on enabling and disabling the SPI.

When the SCI1 receiver and transmitter are enabled, the PS[3:2] pins become TXD1 and RXD1
respectively. When the SCIO receiver and transmitter are enabled, the PS[1:0] pins become TXDO0 and
RXDO respectively. Refer to Chapter 8, “Serial Communication Interface (SCIV4)” for information on
enabling and disabling the SCI receiver and transmitter.

During reset, port S pins are configured as high-impedance inputs.

3.3.5.1 Port S I/0 Register (PTS)
7 6 5 4 3 2 1 0
R
PTS7 PTS6 PTS5 PTS4 PTS3 PTS2 PTS1 PTSO
W
SPI: SS SCK MOSI MISO
SCI1/SCI0: TXD1 RXD1 TXDO RXDO
Reset 0 0 0 0 0 0 0 0

Figure 3-29. Port S I/O Register (PTS)
Read: Anytime. Write: Anytime.
If the associated data direction bit (DDRSX) isset to 1 (output), aread returnsthe value of the I/O register

bit. If the associated data direction bit (DDRSX) is set to O (input), aread returns the value of the pin.

3.3.5.2 Port S Input Register (PTIS)
7 6 5 4 3 2 1 0
R PTIS7 PTIS6 PTIS5 PTIS4 PTIS3 PTIS2 PTIS1 PTISO
w
Reset u u u u u u u u
= Reserved or Unimplemented u = Unaffected by reset

Figure 3-30. Port S Input Register (PTIS)
Read: Anytime. Write: Never, writes to this register have no effect.
This register always reads back the status of the associated pins.
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3.3.5.3 Port S Data Direction Register (DDRS)

7 6 5 4 3 2 1 0
R
DDRS7 DDRS6 DDRS5 DDRS4 DDRS3 DDRS2 DDRSH1 DDRSO
w
Reset 0 0 0 0 0 0 0 0

Figure 3-31. Port S Data Direction Register (DDRS)
Read: Anytime. Write: Anytime.
This register configures port pins PS[7:4] and PS[2:0] as either input or output.

When the SPI is enabled, the PS[7:4] pins become the SPI bidirectional pins. The associated Data
Direction Register bits have no effect.

When the SCI 1 transmitter isenabled, the PS 3] pin becomesthe TXD1 output pin and the associated Data
Direction Register bit has no effect. When the SCI1 receiver is enabled, the PS[ 2] pin becomesthe RXD1
input pin and the associated Data Direction Register bit has no effect.

When the SCI0 transmitter isenabled, the PS 1] pin becomesthe TXDO output pin and the associated Data
Direction Register bit has no effect. When the SCI0 receiver is enabled, the PS 0] pin becomesthe RXDO
input pin and the associated Data Direction Register bit has no effect.

If the SPI, SCI1 and SCIO0 functions are disabled, the corresponding Data Direction Register bit revertsto
control the I/O direction of the associated pin.

Table 3-22. DDRS Field Descriptions

Field Description

7:0 Data Direction Port S
DDRS[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
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3.3.5.4 Port S Reduced Drive Register (RDRS)
7 6 5 4 3 2 1 0
R
RDRS7 RDRS6 RDRS5 RDRS4 RDRS3 RDRS2 RDRSH1 RDRS0
w
Reset 0 0 0 0 0 0 0 0

Figure 3-32. Port S Reduced Drive Register (RDRS)

Read: Anytime. Write: Anytime.

This register configures the drive strength of configured output pins as either full or reduced. If apinis
configured as input, the corresponding Reduced Drive Register bit has no effect.

Table 3-23. RDRS Field Descriptions

Field Description
7:0 Reduced Drive Port S
RDRS[7:0] |0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.
3.3.5.5 Port S Pull Device Enable Register (PERS)
7 6 5 4 3 2 1 0
R
PERS7 PERS6 PERS5 PERS4 PERS3 PERS2 PERS1 PERSO
w
Reset 1 1 1 1 1 1 1 1

Figure 3-33. Port S Pull Device Enable Register (PERS)

Read: Anytime. Write: Anytime.
Thisregister configures whether a pull-up or a pull-down device is activated on configured input or
wired-OR (open drain) output pins. If apinis configured as push-pull output, the corresponding Pull
Device Enable Register bit has no effect.

Table 3-24. PERS Field Descriptions

Field Description
7:0 Pull Device Enable Port S
PERS[7:0] |0 Pull-up or pull-down device is disabled.
1 Pull-up or pull-down device is enabled.
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3.3.5.6 Port S Polarity Select Register (PPSS)
7 6 5 4 3 2 1 0
R
PPSS7 PPSS6 PPSS5 PPSS4 PPSS3 PPSS2 PPSS1 PPSS0
w
Reset 0 0 0 0 0 0 0 0

Figure 3-34. Port S Polarity Select Register (PPSS)

Read: Anytime. Write: Anytime.

The Port S Polarity Select Register selectswhether apull-down or a pull-up deviceis connected to the pin.
The Port S Polarity Select Register is effective only when the corresponding Data Direction Register bit
isset to O (input) and the corresponding Pull Device Enable Register bit is set to 1.

Table 3-25. PPSS Field Descriptions

Field Description
7:0 Pull Select Port S
PPSS[7:0] |0 A pull-up device is connected to the associated port S pin.
1 A pull-down device is connected to the associated port S pin.
3.3.5.7 Port S Wired-OR Mode Register (WOMS)
7 6 5 4 3 2 1 0
R
WOMS7 WOMS6 WOMS5 WOMS4 WOMS3 WOMS2 WOMSH1 WOMSO0
w
Reset 0 0 0 0 0 0 0 0

Figure 3-35. Port S Wired-OR Mode Register (WOMS)

Read: Anytime. Write: Anytime.

This register selects whether aport S output is configured as push-pull or wired-OR. When a Wired-OR
Mode Register bit isset to 1, the corresponding output pinisdriven active low only (open drain) and ahigh
level isnot driven. A Wired-OR Mode Register bit has no effect if the corresponding pin is configured as
an input.

Table 3-26. WOMS Field Descriptions

Field Description
7:0 Wired-OR Mode Port S
WOMS[7:0] |0 Output buffers operate as push-pull outputs.
1 Output buffers operate as open-drain outputs.
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3.3.6 Port T

Port T is associated with two 4-channel timers (TIMO and TIM1). Each pin is assigned to these modules
according to the following priority: TIML/TIMO > general-purpose 1/0.

If the timer TIMO is enabled, the channels configured for output compare are available on port T pins
PT[3:0]. If thetimer TIM 1 is enabled, the channels configured for output compare are available on port T
pins PT[7:4].

Refer to Chapter 13, “Timer Module (TIM16B4CV1)” for information on enabling and disabling the TIM
module.

During reset, port T pins are configured as high-impedance inputs.

3.3.6.1 Port T I/O Register (PTT)
7 6 5 4 3 2 1 0
R
Wl T PTT6 PTT5 PTT4 PTT3 PTT2 PTT1 PTTO
TIM:|  0OC17 0C16 0C15 OC14 0Co7 0C06 0Co5 0C04
Reset 0 0 0 0 0 0 0 0

Figure 3-36. Port T I/O Register (PTT)
Read: Anytime. Write: Anytime.

If the associated data direction bit (DDRTX) isset to 1 (output), aread returns the value of the I/O register
bit. If the associated data direction bit (DDRTX) is set to O (input), aread returns the value of the pin.

3.3.6.2 Port T Input Register (PTIT)
7 6 5 4 3 2 1 0
R PTIT7 PTIT6 PTITS PTIT4 PTIT3 PTIT2 PTIT1 PTITO
w
Reset u u u u u u u u
= Reserved or Unimplemented u = Unaffected by reset

Figure 3-37. Port T Input Register (PTIT)
Read: Anytime. Write: Never, writes to this register have no effect.
This register always reads back the status of the associated pins.
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3.3.6.3 Port T Data Direction Register (DDRT)
7 6 5 4 3 2 1 0
R
DDRT7 DDRT6 DDRT5 DDRT4 DDRT3 DDRT2 DDRT1 DDRTO
w
Reset 0 0 0 0 0 0 0 0

Figure 3-38. Port T Data Direction Register (DDRT)
Read: Anytime. Write: Anytime.
This register configures port pins PT[7:0] as either input or output.

If the TIMO(1) module is enabled, each port pin configured for output compare is forced to be an output
and the associated Data Direction Register bit has no effect. If the associated timer output compareis
disabled, the corresponding DDRTX bit reverts to control the I/O direction of the associated pin.

If the TIMO(1) module is enabled, each port pin configured as an input capture has the corresponding
DDRTX hit controlling the I/O direction of the associated pin.

Table 3-27. DDRT Field Descriptions

Field Description
7:0 Data Direction Port T
DDRT[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
3.3.6.4 Port T Reduced Drive Register (RDRT)
7 6 5 4 3 2 1 0
R
RDRT7 RDRT6 RDRT5 RDRT4 RDRT3 RDRT2 RDRT1 RDRTO
w
Reset 0 0 0 0 0 0 0 0

Figure 3-39. Port T Reduced Drive Register (RDRT)
Read: Anytime. Write: Anytime.

This register configures the drive strength of configured output pins as either full or reduced. If apinis
configured as input, the corresponding Reduced Drive Register bit has no effect.

Table 3-28. RDRT Field Descriptions

Field Description
7:0 Reduced Drive Port T
RDRT[7:0] [0 Full drive strength at output.

1 Associated pin drives at about 1/3 of the full drive strength.
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3.3.6.5 Port T Pull Device Enable Register (PERT)
7 6 5 4 3 2 1 0
R
PERT7 PERT6 PERT5 PERT4 PERT3 PERT2 PERT1 PERTO
w
Reset 0 0 0 0 0 0 0 0

Figure 3-40. Port T Pull Device Enable Register (PERT)

Read: Anytime. Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated on configured input pins. If
apinisconfigured as output, the corresponding Pull Device Enable Register bit has no effect.

Table 3-29. PERT Field Descriptions

Field Description
7:0 Pull Device Enable Port T
PERT[7:0] |0 Pull-up or pull-down device is disabled.
1 Pull-up or pull-down device is enabled.
3.3.6.6 Port T Polarity Select Register (PPST)
7 6 5 4 3 2 1 0
R
PPST7 PPST6 PPST5 PPST4 PPST3 PPST2 PPST1 PPSTO
w
Reset 0 0 0 0 0 0 0 0

Figure 3-41. Port T Polarity Select Register (PPST)

Read: Anytime. Write: Anytime.
ThePort T Polarity Select Register selects whether a pull-down or apull-up deviceis connected to the pin.

The Port T Polarity Select Register is effective only when the corresponding Data Direction Register bit
isset to O (input) and the corresponding Pull Device Enable Register bit is set to 1.

Table 3-30. PPST Field Descriptions

Field Description
7:0 Pull Select Port T
PPST[7:0] |0 A pull-up device is connected to the associated port T pin.
1 A pull-down device is connected to the associated port T pin.
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3.3.7 Port U

Port U isassociated with one 4-channel timer (T1M2) and the pul se width modul ator (PWM) module. Each
pinis assigned to these modules according to the following priority: TIM2/PWM > general-purpose |/O.

If the timer TIM2 is enabled, the channels configured for output compare are available on port U pins
PU[3:0]. Refer to Chapter 13, “Timer Module (TIM16B4CV1)” for information on enabling and disabling
the TIM module.

When aPWM channel isenabled, the corresponding pin becomesaPWM output. Refer to Chapter 3, “Port
Integration Module (PIM9E256V 1)” for information on enabling and disabling the PWM channels.

If both PWM and TIM2 are enabled simultaneoudly, the pin functionality is determined by the
configuration of the MODRR bits

During reset, port U pins are configured as high-impedance inputs.

3.3.71 Port U I/0O Register (PTU)
7 6 5 4 3 2 1 0
R
PTU7 PTU6 PTUS PTU4 PTU3 PTU2 PTU1 PTUO
w
PWM: PW15 PW14 PW13 PW12 PW11 PW10
TIM2: 0c27 0C26 0C25 0C24
Reset 0 0 0 0 0 0 0 0

Figure 3-42. Port U I/0 Register (PTU)

Read: Anytime. Write: Anytime.

If the associated data direction bit (DDRUX) isset to 1 (output), aread returnsthe value of the I/O register
bit. If the associated data direction bit (DDRUX) is set to O (input), aread returns the value of the pin.

3.3.7.2 Port U Input Register (PTIU)
7 6 5 4 3 2 1 0
R PTIU7 PTIU6 PTIU5 PTIU4 PTIU3 PTIU2 PTIU1 PTIUO
w
Reset u u u u u u u u
= Reserved or Unimplemented u = Unaffected by reset

Read: Anytime. Write: Never, writes to this register have no effect.

Figure 3-43. Port U Input Register (PTIU)

This register always reads back the status of the associated pins.
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3.3.7.3 Port U Data Direction Register (DDRU)

7 6 5 4 3 2 1 0
R
DDRU7 DDRU6 DDRU5 DDRU4 DDRU3 DDRU2 DDRUA1 DDRUO
w
Reset 0 0 0 0 0 0 0 0

Figure 3-44. Port U Data Direction Register (DDRU)
Read: Anytime. Write: Anytime.
This register configures port pins PU[7:0] as either input or output.

If a pulse width modulator channel is enabled, the associated pin isforced to be an output and the
associated Data Direction Register bit has no effect. If the associated pulse width modulator channel is
disabled, the corresponding DDRUX bit reverts to control the I/O direction of the associated pin.

If the TIM2 module is enabled, each port pin configured for output compare is forced to be an output and
the associated Data Direction Register bit has no effect. If the associated timer output compare is disabled,
the corresponding DDRUX bit reverts to control the 1/O direction of the associated pin.

If the TIM2 moduleis enabled, each port pin configured as an input capture hasthe corresponding DDRUX
bit controlling the I/O direction of the associated pin.

When both atimer function and a PWM function are enabled on the same pin, the MODRR register
determines which function has control of the pin

Table 3-31. DDRU Field Descriptions

Field Description

7:0 Data Direction Port U
DDRU[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
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3.3.7.4 Port U Reduced Drive Register (RDRU)
7 6 5 4 3 2 1 0
R
RDRU7 RDRU6 RDRU5 RDRU4 RDRU3 RDRU2 RDRU1 RDRUO
w
Reset 0 0 0 0 0 0 0 0

Figure 3-45. Port U Reduced Drive Register (RDRU)

Read: Anytime. Write: Anytime.

This register configures the drive strength of configured output pins as either full or reduced. If apinis
configured as input, the corresponding Reduced Drive Register bit has no effect.

Table 3-32. RDRU Field Descriptions

Field Description
7:0 Reduced Drive Port U
RDRUI[7:0] |0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.
3.3.7.5 Port U Pull Device Enable Register (PERU)
7 6 5 4 3 2 1 0
R
PERU7 PERU6 PERU5 PERU4 PERU3 PERU2 PERU1 PERUO
w
Reset 0 0 0 0 0 0 0 0

Figure 3-46. Port U Pull Device Enable Register (PERU)

Read: Anytime. Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated on configured input pins. If
apin is configured as output, the corresponding Pull Device Enable Register bit has no effect.

Table 3-33. PERU Field Descriptions

Field Description
7:0 Pull Device Enable Port U
PERU[7:0] |0 Pull-up or pull-down device is disabled.
1 Pull-up or pull-down device is enabled.
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3.3.7.6 Port U Polarity Select Register (PPSU)
7 6 5 4 3 2 1 0
R
PPSU7 PPSU6 PPSU5 PPSU4 PPSU3 PPSU2 PPSU1 PPSUO
w
Reset 0 0 0 0 0 0 0 0

Read: Anytime. Write: Anytime.

Figure 3-47. Port U Polarity Select Register (PPSU)

ThePort U Polarity Select Register sel ectswhether apull-down or apull-up deviceis connected to the pin.
The Port U Polarity Select Register is effective only when the corresponding Data Direction Register bit

is set to O (input) and the corresponding Pull Device Enable Register bit is set to 1.
Table 3-34. PPSU Field Descriptions

Field Description
7:0 Pull Select Port U
PPSU[7:0] |0 A pull-up device is connected to the associated port T pin.
1 A pull-down device is connected to the associated port T pin.
3.3.7.7 Port U Module Routing Register (MODRR)
7 5 3 2 1 0
R 0 0 0 0
MODRRS3 MODRR2 MODRRH1 MODRRO
w
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented
Figure 3-48. Port U Module Routing Register (MODRR)
Read: Anytime. Write: Anytime.
This register selects the module connected to port U.
Table 3-35. MODRR Field Descriptions
Field Description
3.0 Pull Select Port U
MODRR[3:0] | 0 If enabled, TIM2 channel is connected to the associated port U pin.
1 If enabled, PWM channel is connected to the associated port U pin.
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3.4  Functional Description

Each pin associated with portsAD, M, P, Q, S, T and U can act as genera -purpose I/0. In addition the pin
can act as an output from a peripheral module or an input to a peripheral module.

A set of configuration registersiscommon to all ports. All registers can be written at any time, however a
specific configuration might not become active.

Example: Selecting a pull-up resistor. Thisresistor does not become active while the port is used
as a push-pull output.

3.4.1 I/O Register

The I/0O Register holds the value driven out to the pin if the port is used as a general -purpose /0. Writing
to the I/O Register only has an effect on the pin if the port is used as general -purpose output.

When reading the I/O Register, the value of each pin isreturned if the corresponding Data Direction
Register bit is set to O (pin configured as input). If the datadirection register bitsis set to 1, the content of
the I/O Register bit isreturned. Thisisindependent of any other configuration (Figure 3-49).

Dueto internal synchronization circuits, it can take up to 2 bus cycles until the correct valueisread on the
I/O Register when changing the data direction register.

3.4.2 Input Register

The Input Register is aread-only register and generally returns the value of the pin (Figure 3-49). It can
be used to detect overload or short circuit conditions.

Dueto internal synchronization circuits, it can take up to 2 bus cycles until the correct valueisread on the
Input Register when changing the Data Direction Register.

3.4.3 Data Direction Register

The Data Direction Register defines whether the pin is used as an input or an output. A Data Direction
Register bit set to 0 configuresthe pin asan input. A Data Direction Register bit set to 0 configuresthe pin
as an output. If a peripheral module controls the pin the contents of the data direction register isignored
(Figure 3-49).
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PTIx |«

; L.
- —‘ PAD
PTx 0

DDRx 0

D|g|ta| data out
Module [output enable

module enable

Figure 3-49. lllustration of I/0O Pin Functionality

Figure 3-50 showsthe state of digital inputs and outputs when an analog modul e drivesthe port. When the
analog module is enabled all associated digital output ports are disabled and all associated digital input
portsread “1”.

Module g’l‘,i',';,%

b

Figure 3-50. Digital Ports and Analog Module
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3.4.4 Reduced Drive Register
If the port is used as an output the Reduced Drive Register allows the configuration of the drive strength.

3.4.5 Pull Device Enable Register

The Pull Device Enable Register turns on a pull-up or pull-down device. The pull device becomes active
only if the pinisused as an input or as awired-OR output.
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3.4.6 Polarity Select Register

The Polarity Select Register selects either a pull-up or pull-down device if enabled. The pull device
becomes active only if the pinis used as an input or as awired-OR output.

3.4.7 Pin Configuration Summary

The following table summarizes the effect of various configuration in the Data Direction (DDR),
Input/Output (1/0), reduced drive (RDR), Pull Enable (PE), Pull Select (PS) and Interrupt Enable (IE)
register bits. The PS configuration bit is used for two purposes.

1. Configure the sensitive interrupt edge (rising or falling), if interrupt is enabled.
2. Select either apull-up or pull-down deviceif PEissetto“1”.

Table 3-36. Pin Configuration Summary

DDR 10 RDR PE PS IE! Function? Pull Device Interrupt
0 X X 0 X 0 Input Disabled Disabled
0 X X 1 0 0 Input Pull Up Disabled
0 X X 1 1 0 Input Pull Down Disabled
0 X X 0 0 1 Input Disabled Falling Edge
0 X X 0 1 1 Input Disabled Rising Edge
0 X X 1 0 1 Input Pull Up Falling Edge
0 X X 1 1 1 Input Pull Down Rising Edge
1 0 0 X X 0 Output to 0, Full Drive Disabled Disabled
1 1 0 X X 0 Output to 1, Full Drive Disabled Disabled
1 0 1 X X 0 Output to 0, Reduced Drive Disabled Disabled
1 1 1 X X 0 Output to 1, Reduced Drive Disabled Disabled
1 0 0 X 0 1 Output to 0, Full Drive Disabled Falling Edge
1 1 0 X 1 1 Output to 1, Full Drive Disabled Rising Edge
1 0 1 X 0 1 Output to 0, Reduced Drive Disabled Falling Edge
1 1 1 X 1 1 Output to 1, Reduced Drive Disabled Rising Edge

T Applicable only on Port AD.
2 Digital outputs are disabled and digital input logic is forced to “1” when an analog module associated with the port is enabled.
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3.5 Resets

Thereset values of al registers are given in the register description in Section 3.3, “Memory Map and
Register Definition”.

All ports start up as general-purpose inputs on reset.

3.5.1 Reset Initialization

All registersincluding the data registers get set/reset asynchronously. Table 3-37 summarizes the port
properties after reset initialization.

Table 3-37. Port Reset State Summary

Reset States
Port .
Data . Wired-OR
Direction Pull Mode Red. Drive Mode Interrupt
A Refer to Pull Up Refer to Chapter 18, “Multiplexed External Bus
B Chapter 18, Interface (MEBIV3)”
“Multiplexed
E External Bus
K Interface
BKGD pin (MEBIV3)
AD Input Hi-z Disabled N/A Disabled
M[7:4] Input Pull Up Disabled Disabled N/A
M[3,1:0] Input Hi-z Disabled Disabled N/A
P Input Hi-z Disabled N/A N/A
Q Input Hi-z Disabled N/A N/A
S Input Pull Up Disabled Disabled N/A
T Input Hi-z Disabled N/A N/A
U Input Hi-z Disabled N/A N/A
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3.6 Interrupts

3.6.1 General

Port AD generates an edge sensitive interrupt if enabled. It offers sixteen 1/0 pins with edge triggered
interrupt capability in wired-OR fashion. The interrupt enable aswell as the sensitivity to rising or falling
edges can be individually configured on per pin basis. All eight bits/pins share the same interrupt vector.
Interrupts can be used with the pins configured asinputs (with the corresponding ATDDIEN1 bit set to 1)
or outputs.

Aninterrupt is generated when a bit in the port interrupt flag register and its corresponding port interrupt
enable bit are both set. This external interrupt feature is capable to wake up the CPU when it isin stop or
wait mode.

A digital filter on each pin prevents pulses (Figure 3-52) shorter than a specified time from generating an
interrupt. The minimum time varies over process conditions, temperature and voltage (Figure 3-51 and
Table 3-38).

Glitch, filtered out, no interrupt flag set

Y

Valid pulse, interrupt flag set

|< tifmax »'

Figure 3-51. Interrupt Glitch Filter on Port AD (PPS = 0)

Table 3-38. Pulse Detection Criteria

Mode
Pulse STOP STOP!
Unit Unit
Ignored touise <= 3 Bus Clock toulse <= 3.2 us
Uncertain B<tyyse <4 Bus Clock 32<tyyse <10 us
Valid toulse >= 4 Bus Clock toulse >= 10 us

' These values include the spread of the oscillator frequency over temperature,
voltage and process.
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—\‘ \/—
e

Figure 3-52. Pulse lllustration

A valid edge on an input is detected if 4 consecutive samples of apassive level are followed by 4
consecutive samples of an active level directly or indirectly

The filters are continuously clocked by the bus clock in RUN and WAIT mode. In STOP mode the clock
isgenerated by asingle RC oscillator in the port integration module. To maximize current saving the RC
oscillator runs only if the following condition is true on any pin:

Sample count <=4 and port interrupt enabled (PIE=1) and port interrupt flag not set (PIF=0).

3.6.2 Interrupt Sources

Table 3-39. Port Integration Module Interrupt Sources

Interrupt Interrupt Local Global (CCR)
Source Flag Enable Mask
Port AD PIFAD[15:0] PIEAD[15:0] | Bit
NOTE
Vector addresses and their relative interrupt priority are determined at the
MCU level.

3.6.3 Operation in Stop Mode

All clocks are stopped in STOP mode. The port integration module has asynchronous paths on port AD to
generate wake-up interrupts from stop mode. For other sources of external interruptsrefer to the respective
block description chapters.
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Chapter 4
Clocks and Reset Generator (CRGV4)

4.1

Introduction

This specification describes the function of the clocks and reset generator (CRGV4).

4.1.1

Features

The main features of this block are:

Phase-locked loop (PLL) frequency multiplier

— Reference divider

— Automatic bandwidth control mode for low-jitter operation

— Automatic frequency lock detector

— CPU interrupt on entry or exit from locked condition

— Self-clock mode in absence of reference clock

System clock generator

— Clock quality check

— Clock switch for either oscillator- or PLL-based system clocks

— User selectable disabling of clocks during wait mode for reduced power consumption
Computer operating properly (COP) watchdog timer with time-out clear window
System reset generation from the following possible sources:

— Power-on reset

— Low voltage reset
Refer to the device overview section for availability of this feature.

— COP reset

— Loss of clock reset
— External pin reset
Real-time interrupt (RTI)
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Chapter 4 Clocks and Reset Generator (CRGV4)

4.1.2

Modes of Operation

This subsection lists and briefly describes all operating modes supported by the CRG.

4.1.3

Run mode

All functional parts of the CRG are running during normal run mode. If RTI or COP functionality
isrequired theindividual bits of the associated rate select registers (COPCTL, RTICTL) haveto be
set to anonzero value.

Wait mode
This mode allows to disable the system and core clocks depending on the configuration of the
individual bitsin the CLKSEL register.
Stop mode
Depending on the setting of the PSTP bit, stop mode can be differentiated between full stop mode
(PSTP = 0) and pseudo-stop mode (PSTP = 1).
— Full stop mode
The oscillator is disabled and thus all system and core clocks are stopped. The COP and the
RTI remain frozen.
— Pseudo-stop mode
The oscillator continues to run and most of the system and core clocks are stopped. If the
respective enable bits are set the COP and RTI will continue to run, else they remain frozen.
Self-clock mode
Self-clock mode will be entered if the clock monitor enable bit (CME) and the self-clock mode
enable bit (SCME) are both asserted and the clock monitor in the oscillator block detects aloss of
clock. As soon as self-clock mode is entered the CRGV 4 starts to perform a clock quality check.
Self-clock mode remains active until the clock quality check indicates that the required quality of
the incoming clock signal is met (frequency and amplitude). Self-clock mode should be used for

safety purposesonly. It providesreduced functionality tothe MCU in casealossof clock iscausing
severe system conditions.

Block Diagram

Figure 4-1 shows a block diagram of the CRGV 4.
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Chapter 4 Clocks and Reset Generator (CRGV4)

Power-on Reset

Voltage
ReQUIator Low Voltage Reset !
RESET ¥ A
X« q Reset System Reset >
Clock CM fail Generator
xcLks. | [Monitor =
2 > 0SCCLK é Clock Quality
Oscil- = Checker
gﬂ; | o Bus Clock
ator o >
E 'XTAL N (&) c Clock
coP RTI ore Loc >
Oscillator Clock
. >
Registers
X XFC q PLLCLK ,
X« VpppLL o PLL Clock and Reset Real-Time Interrupt >
X« VsspLL > Control PLL Lock Interrupt
Self-Clock Mode

Interrupt
! Refer to the device overview section for availability of the low-voltage reset feature.

Figure 4-1. CRG Block Diagram

4.2 External Signal Description
This section lists and describes the signals that connect off chip.

4.2.1 VppopLL: VsspLL — PLL Operating Voltage, PLL Ground

These pins provides operating voltage (Vpppi ) and ground (V ggp | ) for the PLL circuitry. Thisallows
the supply voltage to the PLL to be independently bypassed. Even if PLL usage is not required Vppp |
and V ggp | must be connected properly.

4.2.2 XFC — PLL Loop Filter Pin

A passive external loop filter must be placed on the XFC pin. Thefilter is a second-order, low-pass filter
to eliminate the VCO input ripple. The value of the external filter network and the reference frequency
determines the speed of the corrections and the stability of the PLL. Refer to Chapter 1, “MC9S12E256
Device Overview (MC9S12E256DGV 1)” for calculation of PLL loop filter (XFC) components. If PLL
usage is not required the XFC pin must betied to Vpppy | -
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VbppLL

?

i
MCU
RS
XFC .

CP

Figure 4-2. PLL Loop Filter Connections

4.2.3 RESET — Reset Pin

RESET isan active low bidirectional reset pin. Asan input it initializes the MCU asynchronously to a
known start-up state. As an open-drain output it indicates that an system reset (internal to MCU) has been

triggered.

4.3 Memory Map and Register Definition

This section provides a detailed description of all registers accessible in the CRGV 4.

4.3.1 Module Memory Map

Table 4-1 gives an overview on all CRGV4 registers.

Table 4-1. CRGV4 Memory Map

Ag?f:is Use Access
0x0000 CRG Synthesizer Register (SYNR) R/W
0x0001 CRG Reference Divider Register (REFDV) R/W
0x0002 CRG Test Flags Register (CTFLG)' R/W
0x0003 CRG Flags Register (CRGFLG) R/W
0x0004 CRG Interrupt Enable Register (CRGINT) R/W
0x0005 CRG Clock Select Register (CLKSEL) R/W
0x0006 CRG PLL Control Register (PLLCTL) R/W
0x0007 CRG RTI Control Register (RTICTL) R/W
0x0008 CRG COP Control Register (COPCTL) R/W
0x0009 CRG Force and Bypass Test Register (FORBYP)? R/W
0x000A | CRG Test Control Register (CTCTL)3 R/W
0x000B CRG COP Arm/Timer Reset (ARMCOP) R/W

! CTFLG is intended for factory test purposes only.
2 FORBYP is intended for factory test purposes only.
3 CTCTL is intended for factory test purposes only.
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Chapter 4 Clocks and Reset Generator (CRGV4)

NOTE
Register address = base address + address offset, where the base addressis

defined at the MCU level and the address offset is defined at the module
level.
4.3.2

This section describes in address order al the CRGV 4 registers and their individual bits.

Register Descriptions

Register Bit 7 6 5 4 3 2 1 Bit 0
Name
SYNR R 0 0
" SYN5 SYN4 | SYN3 | SYN2 SYN1 SYNO
REFDV R 0 0 0 0
" REFDV3 | REFDV2 | REFDV1 | REFDVO
CTFLG R 0 0 0 0 0 0 0 0
W
CRGFLG R LOCK | TRACK ScM
w| FATF PORF LVRF | LOCKIF SCMIF
CRGINT R 0 0 0 0 0
RTIE LOCKIE SCMIE
W
CLKSEL R
| PLLSEL | PSTP | SYSWAI | ROAWAI | PLLWAI | CWAI | RTIWAI | COPWAI
PLLCTL R 0
| CME | PLLON | AUTO ACQ PRE PCE SCME
RTICTL R 0
" RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTRO
COPCTL R 0 0 0
| WeoP | RsBck CR2 CR1 CRO
FORBYP R 0 0 0 0 0 0 0 0
W
CTCTL R 0 0 0 0 0 0 0 0
W

I:l = Unimplemented or Reserved

Figure 4-3. CRG Register Summary
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Chapter 4 Clocks and Reset Generator (CRGV4)

Register Bit 7 6 5 4 3 2 1 Bit 0
Name
ARMCOP R 0 0 0 0 0 0 0 0
w| Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

I:l = Unimplemented or Reserved

Figure 4-3. CRG Register Summary (continued)

4.3.2.1 CRG Synthesizer Register (SYNR)

The SYNR register controls the multiplication factor of the PLL. If the PLL ison, the count in the loop
divider (SYNR) register effectively multiplies up the PLL clock (PLLCLK) from the reference frequency
by 2 x (SYNR+1). PLLCLK will not be below the minimum VCO frequency (fscum)-

_ (SYNR+1)
PLLCLK = 2xOSCCLKxX{eermt—=s
NOTE

If PLL isselected (PLLSEL=1), BusClock = PLLCLK /2
Bus Clock must not exceed the maximum operating system frequency.

7 5 4 3 2 1 0
R 0 0
SYN5 SYNR SYN3 SYN2 SYNA1 SYNO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-4. CRG Synthesizer Register (SYNR)
Read: anytime
Write: anytime except if PLLSEL =1

NOTE

Write to this register initializes the lock detector bit and the track detector
bit.
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Chapter 4 Clocks and Reset Generator (CRGV4)

4.3.2.2 CRG Reference Divider Register (REFDV)

The REFDV register provides afiner granularity for the PLL multiplier steps. The count in the reference
divider divides OSCCLK frequency by REFDV + 1.

6 5 3 2 1 0
R 0 0
REFDV3 REFDV2 REFDV1 REFDVO
W
Reset 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-5. CRG Reference Divider Register (REFDV)
Read: anytime
Write: anytime except when PLLSEL =1
NOTE
Write to this register initializes the lock detector bit and the track detector
bit.
4.3.2.3 Reserved Register (CTFLG)
Thisregister isreserved for factory testing of the CRGV4 module and is not available in normal modes.
5 4 3 2 1
R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-6. CRG Reserved Register (CTFLG)

Read: always reads 0x0000 in normal modes
Write: unimplemented in normal modes

NOTE

Writing to this register when in special mode can alter the CRGV4
functionality.
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4.3.2.4 CRG Flags Register (CRGFLG)
This register provides CRG status bits and flags.
7 6 5 4 3 2 1 0
R LOCK TRACK SCMm
" RTIF PORF LVRF LOCKIF SCMIF
Reset 0 Note 1 Note 2 0 0 0 0 0

1. POREF is set to 1 when a power-on reset occurs. Unaffected by system reset.
2. LVRF is set to 1 when a low-voltage reset occurs. Unaffected by system reset.

= Unimplemented or Reserved

Figure 4-7. CRG Flag Register (CRGFLG)

Read: anytime

Write: refer to each bit for individual write conditions

Table 4-2. CRGFLG Field Descriptions

Field Description
7 Real-Time Interrupt Flag — RTIF is set to 1 at the end of the RTI period. This flag can only be cleared by writing
RTIF a 1. Writing a 0 has no effect. If enabled (RTIE = 1), RTIF causes an interrupt request.
0 RTI time-out has not yet occurred.
1 RTI time-out has occurred.
6 Power-on Reset Flag — PORF is set to 1 when a power-on reset occurs. This flag can only be cleared by writing
PORF a 1. Writing a 0 has no effect.
0 Power-on reset has not occurred.
1 Power-on reset has occurred.
5 Low-Voltage Reset Flag — If low voltage reset feature is not available (see Chapter 1, “MC9S12E256 Device
LVRF Overview (MC9S12E256DGV1)”), LVRF always reads 0. LVRF is set to 1 when a low voltage reset occurs. This
flag can only be cleared by writing a 1. Writing a 0 has no effect.
0 Low voltage reset has not occurred.
1 Low voltage reset has occurred.
4 PLL Lock Interrupt Flag — LOCKIF is set to 1 when LOCK status bit changes. This flag can only be cleared by
LOCKIF  |writing a 1. Writing a 0 has no effect.If enabled (LOCKIE = 1), LOCKIF causes an interrupt request.
0 No change in LOCK bit.
1 LOCK bit has changed.
3 Lock Status Bit — LOCK reflects the current state of PLL lock condition. This bit is cleared in self-clock mode.
LOCK Writes have no effect.
0 PLL VCO is not within the desired tolerance of the target frequency.
1 PLL VCO is within the desired tolerance of the target frequency.
2 Track Status Bit — TRACK reflects the current state of PLL track condition. This bit is cleared in self-clock mode.
TRACK | Writes have no effect.
0 Acquisition mode status.
1 Tracking mode status.
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Table 4-2. CRGFLG Field Descriptions (continued)

Field Description

1 Self-Clock Mode Interrupt Flag — SCMIF is set to 1 when SCM status bit changes. This flag can only be
SCMIF cleared by writing a 1. Writing a 0 has no effect. If enabled (SCMIE=1), SCMIF causes an interrupt request.
0 No change in SCM bit.

1 SCM bit has changed.

0 Self-Clock Mode Status Bit — SCM reflects the current clocking mode. Writes have no effect.

SCM 0 MCU is operating normally with OSCCLK available.

1 MCU is operating in self-clock mode with OSCCLK in an unknown state. All clocks are derived from PLLCLK
running at its minimum frequency fggp.

4.3.2.5 CRG Interrupt Enable Register (CRGINT)
This register enables CRG interrupt requests.

7 5 4 3 1
R 0 0 0 0 0
RTIE LOCKIE SCMIE

w

Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-8. CRG Interrupt Enable Register (CRGINT)
Read: anytime

Write: anytime
Table 4-3. CRGINT Field Descriptions

Field Description

7 Real-Time Interrupt Enable Bit
RTIE 0 Interrupt requests from RTI are disabled.
1 Interrupt will be requested whenever RTIF is set.

4 Lock Interrupt Enable Bit
LOCKIE |0 LOCK interrupt requests are disabled.
1 Interrupt will be requested whenever LOCKIF is set.

1 Self-Clock Mode Interrupt Enable Bit
SCMIE 0 SCM interrupt requests are disabled.
1 Interrupt will be requested whenever SCMIF is set.
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4.3.2.6 CRG Clock Select Register (CLKSEL)
Thisregister controls CRG clock selection. Refer to Figure 4-17 for details on the effect of each bit.
7 6 5 4 3 2 1 0
\:: PLLSEL PSTP SYSWAI ROAWAI PLLWAI CWAI RTIWAI COPWAI
Reset 0 0 0 0 0 0 0 0
Figure 4-9. CRG Clock Select Register (CLKSEL)
Read: anytime

Write: refer to each bit for individual write conditions

Table 4-4. CLKSEL Field Descriptions

Field

Description

7
PLLSEL

PLL Select Bit — Write anytime. Writing a 1 when LOCK = 0 and AUTO = 1, or TRACK = 0 and AUTO = 0 has
no effect. This prevents the selection of an unstable PLLCLK as SYSCLK. PLLSEL bit is cleared when the MCU
enters self-clock mode, stop mode or wait mode with PLLWAI bit set.

0 System clocks are derived from OSCCLK (Bus Clock = OSCCLK / 2).

1 System clocks are derived from PLLCLK (Bus Clock = PLLCLK / 2).

PSTP

Pseudo-Stop Bit — Write: anytime — This bit controls the functionality of the oscillator during stop mode.
0 Oscillator is disabled in stop mode.
1 Oscillator continues to run in stop mode (pseudo-stop). The oscillator amplitude is reduced. Refer to oscillator
block description for availability of a reduced oscillator amplitude.
Note: Pseudo-stop allows for faster stop recovery and reduces the mechanical stress and aging of the resonator
in case of frequent stop conditions at the expense of a slightly increased power consumption.

Note: Lower oscillator amplitude exhibits lower power consumption but could have adverse effects during any
electro-magnetic susceptibility (EMS) tests.

5
SYSWAI

System Clocks Stop in Wait Mode Bit — Write: anytime
0 In wait mode, the system clocks continue to run.

1 In wait mode, the system clocks stop.

Note: RTI and COP are not affected by SYSWAI bit.

4
ROAWAI

Reduced Oscillator Amplitude in Wait Mode Bit — Write: anytime — Refer to Chapter 5, “Oscillator (OSCV2)”

for availability of a reduced oscillator amplitude. If no such feature exists in the oscillator block then setting this

bit to 1 will not have any effect on power consumption.

0 Normal oscillator amplitude in wait mode.

1 Reduced oscillator amplitude in wait mode.

Note: Lower oscillator amplitude exhibits lower power consumption but could have adverse effects during any
electro-magnetic susceptibility (EMS) tests.

3
PLLWAI

PLL Stops in Wait Mode Bit — Write: anytime — If PLLWAI is set, the CRGV4 will clear the PLLSEL bit before
entering wait mode. The PLLON bit remains set during wait mode but the PLL is powered down. Upon exiting
wait mode, the PLLSEL bit has to be set manually if PLL clock is required.

While the PLLWAI bit is set the AUTO bit is set to 1 in order to allow the PLL to automatically lock on the selected
target frequency after exiting wait mode.

0 PLL keeps running in wait mode.

1 PLL stops in wait mode.

CWAI

Core Stops in Wait Mode Bit — Write: anytime
0 Core clock keeps running in wait mode.
1 Core clock stops in wait mode.
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Table 4-4. CLKSEL Field Descriptions (continued)

Field Description
1 RTI Stops in Wait Mode Bit — Write: anytime
RTIWAI 0 RTI keeps running in wait mode.
1 RTI stops and initializes the RTI dividers whenever the part goes into wait mode.
0 COP Stops in Wait Mode Bit — Normal modes: Write once —Special modes: Write anytime
COPWAI |0 COP keeps running in wait mode.
1 COP stops and initializes the COP dividers whenever the part goes into wait mode.
4.3.2.7 CRG PLL Control Register (PLLCTL)

Thisregister controlsthe PLL functionality.

7 6 5 4 3 2 1 0
R 0
CME PLLON AUTO ACQ PRE PCE SCME
w
Reset 1 1 1 1 0 0 0 1
= Unimplemented or Reserved
Figure 4-10. CRG PLL Control Register (PLLCTL)
Read: anytime

Write: refer to each bit for individual write conditions

Table 4-5. PLLCTL Field Descriptions

Field Description
7 Clock Monitor Enable Bit — CME enables the clock monitor. Write anytime except when SCM = 1.
CME 0 Clock monitor is disabled.
1 Clock monitor is enabled. Slow or stopped clocks will cause a clock monitor reset sequence or self-clock
mode.
Note: Operating with CME = 0 will not detect any loss of clock. In case of poor clock quality this could cause
unpredictable operation of the MCU.
Note: In Stop Mode (PSTP = 0) the clock monitor is disabled independently of the CME bit setting and any loss
of clock will not be detected.
6 Phase Lock Loop On Bit — PLLON turns on the PLL circuitry. In self-clock mode, the PLL is turned on, but the
PLLON PLLON bit reads the last latched value. Write anytime except when PLLSEL = 1.
0 PLL is turned off.
1 PLL is turned on. If AUTO bit is set, the PLL will lock automatically.
5 Automatic Bandwidth Control Bit — AUTO selects either the high bandwidth (acquisition) mode or the low
AUTO bandwidth (tracking) mode depending on how close to the desired frequency the VCO is running. Write anytime
except when PLLWAI=1, because PLLWAI sets the AUTO bit to 1.
0 Automatic mode control is disabled and the PLL is under software control, using ACQ bit.
1 Automatic mode control is enabled and ACQ bit has no effect.
4 Acquisition Bit — Write anytime. If AUTO=1 this bit has no effect.
ACQ 0 Low bandwidth filter is selected.

1 High bandwidth filter is selected.
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Table 4-5. PLLCTL Field Descriptions (continued)

Field Description
2 RTI Enable during Pseudo-Stop Bit — PRE enables the RTI during pseudo-stop mode. Write anytime.
PRE 0 RTI stops running during pseudo-stop mode.
1 RTI continues running during pseudo-stop mode.
Note: If the PRE bit is cleared the RTI dividers will go static while pseudo-stop mode is active. The RTI dividers
will not initialize like in wait mode with RTIWAI bit set.
1 COP Enable during Pseudo-Stop Bit — PCE enables the COP during pseudo-stop mode. Write anytime.
PCE 0 COP stops running during pseudo-stop mode
1 COP continues running during pseudo-stop mode
Note: If the PCE bit is cleared the COP dividers will go static while pseudo-stop mode is active. The COP dividers
will not initialize like in wait mode with COPWAI bit set.
0 Self-Clock Mode Enable Bit — Normal modes: Write once —Special modes: Write anytime — SCME can not
SCME be cleared while operating in self-clock mode (SCM=1).
0 Detection of crystal clock failure causes clock monitor reset (see Section 4.5.1, “Clock Monitor Reset”).
1 Detection of crystal clock failure forces the MCU in self-clock mode (see Section 4.4.7.2, “Self-Clock Mode”).
4.3.2.8 CRG RTI Control Register (RTICTL)
This register selects the timeout period for the real-time interrupt.
6 5 4 3 2 1 0
R 0
RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTRO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-11. CRG RTI Control Register (RTICTL)
Read: anytime

Write: anytime

NOTE
A write to thisregister initializes the RTI counter.

Table 4-6. RTICTL Field Descriptions

Field Description
6:4 Real-Time Interrupt Prescale Rate Select Bits — These bits select the prescale rate for the RTI. See Table 4-7.
RTRI[6:4]
3.0 Real-Time Interrupt Modulus Counter Select Bits — These bits select the modulus counter target value to
RTR[3:0] |provide additional granularity. Table 4-7 shows all possible divide values selectable by the RTICTL register. The
source clock for the RTl is OSCCLK.
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Chapter 4 Clocks and Reset Generator (CRGV4)

RTR[6:4] =
RTR[3:0] 000 001 010 011 100 101 110 111
(OFF) 2" @M (2" (2" (2" 2" 2'%)
0000 (+1) OFF* 210 o1l 212 513 014 515 216
0001 (-2) OFF* 2x210 ox21 ox212 2x213 ox2'14 2x215 2x216
0010 (=3) OFF* 3x210 3x2'" 3x212 3x213 3x214 3x21% 3x216
0011 (+4) OFF* 4x210 4x21 4x212 4x213 4x214 4x215 4x216
0100 (+5) OFF* 5x210 5x211 5x212 5x213 5x214 5x215 5x216
0101 (:6) OFF* ex210 ex2'! ex212 ex213 ex214 6x215 6x216
0110 (+7) OFF* 7x210 7x2! 7x212 7x213 7x214 7x21° 7x216
0111 (=8) OFF* 8x210 gx2'! 8x212 8x213 8x2'14 8x215 8x216
1000 (=9) OFF* 9x210 ox2'" 9x212 9x2'3 ox214 9x21® 9x216
1001 (+10) OFF* 10x21° 10x2" 10x212 10x213 10x2'4 10x21° 10x216
1010 (3:11) OFF* 11x210 11x2t 11x212 11x213 11x214 11x21° 11x216
1011 (3:12) OFF* 12x210 12x21" 12x212 12x213 12x214 12x215 12x216
1100 (=313) OFF* 13x210 13x2'! 13x212 13x213 13x214 13x215 13x216
1101 (+14) OFF* 14x210 14x21 14x212 14x213 14x214 14x215 14x216
1110 (>-15) OFF* 15x210 15x211 15x212 15x213 15x214 15x215 15x216
1111 (:216) OFF* 16x210 16x2'! 16x212 16x213 16x214 16x21° 16x216

* Denotes the default value out of reset.This value should be used to disable the RTI to ensure future backwards compatibility.
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4.3.2.9 CRG COP Control Register (COPCTL)
This register controls the COP (computer operating properly) watchdog.
7 6 2 1 0
R 0 0 0
W WCOP RSBCK CR2 CRT1 CRO
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 4-12. CRG COP Control Register (COPCTL)

Read: anytime
Writee WCOP, CR2, CR1, CRO: once in user mode, anytime in special mode
Write: RSBCK: once

Table 4-8. COPCTL Field Descriptions

Field Description
7 Window COP Mode Bit — When set, a write to the ARMCOP register must occur in the last 25% of the selected
WCOP period. A write during the first 75% of the selected period will reset the part. As long as all writes occur during
this window, 0x0055 can be written as often as desired. As soon as 0x00AA is written after the 0x0055, the
time-out logic restarts and the user must wait until the next window before writing to ARMCOP. Table 4-9 shows
the exact duration of this window for the seven available COP rates.
0 Normal COP operation
1 Window COP operation
6 COP and RTI Stop in Active BDM Mode Bit
RSBCK |0 Allows the COP and RTI to keep running in active BDM mode.
1 Stops the COP and RTI counters whenever the part is in active BDM mode.
2.0 COP Watchdog Timer Rate Select — These bits select the COP time-out rate (see Table 4-9). The COP
CRI[2:0] time-out period is OSCCLK period divided by CR[2:0] value. Writing a nonzero value to CR[2:0] enables the COP
counter and starts the time-out period. A COP counter time-out causes a system reset. This can be avoided by
periodically (before time-out) reinitializing the COP counter via the ARMCOP register.

Table 4-9. COP Watchdog Rates’

OSCCLK
CR2 CR1 CRo Cycles to Time Out
0 0 0 COP disabled
0 0 1 ot4
0 1 0 216
0 1 1 218
1 0 0 220
1 0 1 222
1 1 0 22
1 1 1 224

' OSCCLK cycles are referenced from the previous COP time-out reset
(writing 0x0055/0x00AA to the ARMCORP register)
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4.3.2.10 Reserved Register (FORBYP)

NOTE

Thisreserved register is designed for factory test purposes only, and is not
intended for general user access. Writing to this register when in special
modes can alter the CRG’s functionality.

4 3 1
R 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-13. Reserved Register (FORBYP)

Read: always read 0x0000 except in special modes

Write: only in special modes

4.3.2.11 Reserved Register (CTCTL)
NOTE
Thisreserved register is designed for factory test purposes only, and is not
intended for general user access. Writing to thisregister when in special test
modes can alter the CRG’s functionality.
4 1
R 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-14. Reserved Register (CTCTL)

Read: always read 0x0080 except in special modes

Write: only in special modes
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4.3.2.12 CRG COP Timer Arm/Reset Register (ARMCOP)

Thisregister is used to restart the COP time-out period.

W

Reset

7

6

5

4

0

0

0

0

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

0

0

0

0

Figure 4-15. ARMCOP Register Diagram
Read: always reads 0x0000
Write: anytime
When the COP is disabled (CR[2:0] = “000") writing to this register has no effect.

When the COP is enabled by setting CR[2:0] nonzero, the following applies:

Writing any value other than 0x0055 or OXOOAA causes a COP reset. To restart the COP time-out
period you must write 0x0055 followed by awrite of 0XOOAA. Other instructions may be executed
between these writes but the sequence (0x0055, 0x00AA) must be completed prior to COP end of
time-out period to avoid a COP reset. Sequences of 0x0055 writes or sequences of 0XO0AA writes
are allowed. When the WCOP bit is set, 0x0055 and OxO0OAA writes must be done in the last 25%
of the selected time-out period; writing any valuein thefirst 75% of the selected period will cause
a COP reset.

4.4 Functional Description

This section gives detailed informations on the internal operation of the design.

4.4.1 Phase Locked Loop (PLL)

The PLL isused to run the MCU from a different time base than the incoming OSCCLK. For increased
flexibility, OSCCLK can be divided in arange of 1 to 16 to generate the reference frequency. This offers
afiner multiplication granularity. The PLL can multiply this reference clock by a multiple of 2, 4, 6,...
126,128 based on the SYNR register.

[SYNR + 1]

PLLCLK = ZXOSCCLKXm

CAUTION

Although it is possibleto set the two dividersto command avery high clock
frequency, do not exceed the specified bus frequency limit for the MCU.
If (PLLSEL =1), BusClock = PLLCLK /2

ThePLL isafrequency generator that operatesin either acquisition mode or tracking mode, depending on
the difference between the output frequency and the target frequency. The PLL can change between
acquisition and tracking modes either automatically or manually.
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The vV CO has aminimum operating frequency, which corresponds to the self-clock mode frequency fgcp-
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EXTAL REFDV <3:0> FEEDBACK| DETECTOR
peAall S >

REDUCED | Y

CONSUMPTION Py REFERENCE VDDPLL/VSSPLL
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DIVIDER > PDET UP
XTAL PHASE DOWN [ CPUMP | |—>{ VCO
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V
CRYSTAL VDDPLL
MONITOR LOOP
PROGRAMMABLE  |= L
DIVIDER LOOP
X FILTER
- : XFC
supplied by: SYN <5:0> PIN !
|:| VDDPLL/VSSPLL PLLCLK
Y
[ ] voowss

Figure 4-16. PLL Functional Diagram

4411 PLL Operation

The oscillator output clock signal (OSCCLK) isfed through the reference programmable divider and is
dividedinarangeof 1to 16 (REFDV+1) to output the reference clock. The VCO output clock, (PLLCLK)
is fed back through the programmable loop divider and is divided in arange of 2 to 128 in increments of
[2 X (SYNR +1)] to output the feedback clock. See Figure 4-16.

The phase detector then compares the feedback clock, with the reference clock. Correction pulses are
generated based on the phase difference between the two signals. Theloop filter then dightly altersthe DC
voltage on the external filter capacitor connected to XFC pin, based on the width and direction of the
correction pulse. The filter can make fast or slow corrections depending on its mode, as described in the
next subsection. The values of the external filter network and the reference frequency determine the speed
of the corrections and the stability of the PLL.

441.2 Acquisition and Tracking Modes

Thelock detector compares the frequencies of the feedback clock, and the reference clock. Therefore, the
speed of the lock detector is directly proportional to the final reference frequency. The circuit determines
the mode of the PLL and the lock condition based on this comparison.
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The PLL filter can be manually or automatically configured into one of two possible operating modes:
* Acquisition mode
In acquisition mode, thefilter can make large frequency correctionsto the VCO. Thismodeisused
at PLL start-up or when the PLL has suffered a severe noise hit and the VCO frequency is far off
the desired frequency. When in acquisition mode, the TRACK statushbit iscleared inthe CRGFLG
register.
» Tracking mode

In tracking mode, the filter makes only small corrections to the frequency of the VCO. PLL jitter
ismuch lower in tracking mode, but the response to noiseis also slower. The PLL enters tracking
mode when the V CO frequency isnearly correct and the TRACK bitissetinthe CRGFL G register.

The PLL can change the bandwidth or operational mode of the loop filter manually or automatically.

In automatic bandwidth control mode (AUTO = 1), the lock detector automatically switches between
acquisition and tracking modes. Automatic bandwidth control mode also is used to determine when the
PLL clock (PLLCLK) issafeto use as the source for the system and core clocks. If PLL LOCK interrupt
requests are enabled, the software can wait for an interrupt request and then check the LOCK bhit. If CPU
interrupts are disabled, software can poll the LOCK bit continuously (during PLL start-up, usually) or at
periodic intervals. In either case, only when the LOCK bit is set, isthe PLLCLK clock safe to use as the
source for the system and core clocks. If the PLL is selected as the source for the system and core clocks
and the LOCK hit is clear, the PLL has suffered a severe noise hit and the software must take appropriate
action, depending on the application.

The following conditions apply when the PLL isin automatic bandwidth control mode (AUTO = 1):

» TheTRACK hit isaread-only indicator of the mode of thefilter.

* TheTRACK bitisset whentheV CO frequency iswithin acertain tolerance, Ay, andisclear when
the VCO frequency is out of a certain tolerance, A .

 TheLOCK bhit isaread-only indicator of the locked state of the PLL.
* TheLOCK bit is set when the VCO frequency iswithin a certain tolerance, A ook, and is cleared
when the VCO frequency is out of a certain tolerance, A

» CPU interrupts can occur if enabled (LOCKIE = 1) when the lock condition changes, toggling the
LOCK hit.

The PLL can also operate in manual mode (AUTO = 0). Manual mode is used by systems that do not
require an indicator of the lock condition for proper operation. Such systemstypically operate well below
the maximum system frequency (fs,¢) and require fast start-up. The following conditions apply when in
manual mode:

* ACQisawritable control bit that controls the mode of the filter. Before turning on the PLL in
manual mode, the ACQ bit should be asserted to configure the filter in acquisition mode.

*  After turning on the PLL by setting the PLLON bit software must wait a given time (t;eq) before
entering tracking mode (ACQ = 0).

» After entering tracking mode software must wait a given time (t;) before selecting the PLLCLK
as the source for system and core clocks (PLLSEL = 1).
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4.4.2 System Clocks Generator
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Figure 4-17. System Clocks Generator

The clock generator createsthe clocks used in the MCU (see Figure 4-17). The gating condition placed on
top of theindividua clock gatesindicates the dependencies of different modes (stop, wait) and the setting
of the respective configuration bits.

The peripheral modules use the bus clock. Some peripheral modules also use the oscillator clock. The
memory blocks use the bus clock. If the MCU enters self-clock mode (see Section 4.4.7.2, “ Self-Clock
Mode”), oscillator clock sourceisswitched to PLLCLK running at its minimum frequency fgoy. The bus
clock isused to generate the clock visible at the ECLK pin. The core clock signal isthe clock for the CPU.
The core clock istwice the bus clock as shown in Figure 4-18. But note that a CPU cycle corresponds to
one bus clock.

PLL clock modeis selected with PLLSEL bit in the CLKSEL register. When selected, the PLL output
clock drives SY SCLK for the main system including the CPU and peripherals. The PLL cannot be turned
off by clearingthe PLLON bhit, if the PLL clock isselected. When PLLSEL ischanged, it takesamaximum
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of 4 OSCCLK plus4 PLLCLK cyclesto make the transition. During the transition, all clocks freeze and
CPU activity ceases.

BUS CLOCK/ECLK

Figure 4-18. Core Clock and Bus Clock Relationship

4.4.3 Clock Monitor (CM)

If no OSCCLK edges are detected within a certain time, the clock monitor within the oscillator block
generates aclock monitor fail event. The CRGV 4 then asserts self-clock mode or generates a system reset
depending on the state of SCME hit. If the clock monitor is disabled or the presence of clocksis detected
no failureisindicated by the oscillator block.The clock monitor function is enabled/disabled by the CME
control bit.

4.4.4 Clock Quality Checker

The clock monitor performs a coarse check on the incoming clock signal. The clock quality checker
provides a more accurate check in addition to the clock monitor.

A clock quality check istriggered by any of the following events:
* Power-on reset (POR)
* Low voltagereset (LVR)
*  Wake-up from full stop mode (exit full stop)
» Clock monitor fail indication (CM fail)

A time window of 50000 VCO clock cycles! is called check window.

A number greater equal than 4096 rising OSCCLK edgeswithin acheck window is called osc ok. Note that
osc ok immediately terminates the current check window. See Figure 4-19 as an example.

1. VCO clock cycles are generated by the PLL when running at minimum frequency fgcp.
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| check window |
g -

1 2 3 49999 50000
VCO
clock >>J |%> |
123 45 4096

OSCCLK |||||||| ||||||||

095v

osc ok
Figure 4-19. Check Window Example

The sequence for clock quality check is shown in Figure 4-20.

CM fail
4’( Clock OK > 2

POR |LVR exit full stop

Clock Monitor Reset

)l )l

< Enter SCM

no
num=0

yes

SCM
active?

check window num=num-+1

Switch to OSCCLK

Exit SCM

Figure 4-20. Sequence for Clock Quality Check

NOTE

Remember that in parallel to additional actions caused by self-clock mode
or clock monitor reset! handling the clock quality checker continues to
check the OSCCLK signal.

1. A Clock Monitor Reset will always set the SCME bit to logical’1’
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NOTE

The clock quality checker enables the PLL and the voltage regulator
(VREG) anytime a clock check has to be performed. An ongoing clock
quality check could also cause arunning PLL (fgc)) and an active VREG
during pseudo-stop mode or wait mode

4.4.5 Computer Operating Properly Watchdog (COP)

WAIT(COPWAI), .
STOP(PSTPPCE), CR[2:0]
COP enable 0:0:0 CRI[2:0]

0:0:1

gating condition

|Z = Clock Gate

COP TIMEOUT
>

Figure 4-21. Clock Chain for COP

The COP (free running watchdog timer) enables the user to check that a program is running and
sequencing properly. The COP is disabled out of reset. When the COP is being used, softwareis
responsible for keeping the COP from timing out. If the COP times out it is an indication that the software
isno longer being executed in the intended sequence; thus a system reset isinitiated (see Section 4.5.2,
“Computer Operating Properly Watchdog (COP) Reset).” The COP runs with a gated OSCCLK (see
Figure 4-21). Three control bitsin the COPCTL register allow selection of seven COP time-out periods.

When COP is enabled, the program must write 0x0055 and OXOOAA (in this order) to the ARMCOP
register during the selected time-out period. As soon asthisis done, the COP time-out period is restarted.
If the program fails to do this and the COP times out, the part will reset. Also, if any value other than
0x0055 or OXxO0AA iswritten, the part isimmediately reset.

Windowed COP operation is enabled by setting WCOP in the COPCTL register. In this mode, writesto
the ARMCOP register to clear the COP timer must occur in the last 25% of the selected time-out period.
A premature write will immediately reset the part.

If PCE bit is set, the COP will continue to run in pseudo-stop mode.
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4.4.6 Real-Time Interrupt (RTI)

The RTI can be used to generate a hardware interrupt at afixed periodic rate. If enabled (by setting
RTIE=1), thisinterrupt will occur at the rate selected by the RTICTL register. The RTI runs with a gated
OSCCLK (seeFigure 4-22). At the end of the RTI time-out period the RTIF flag isset to 1 and anew RTI
time-out period starts immediately.

A writeto the RTICTL register restarts the RTI time-out period.
If the PRE hit is set, the RTI will continue to run in pseudo-stop mode.

WAIT(RTIWAI),

Al
STOP(PSTR,PRE),
RTI enable

osce [

RTR[6:4]

gating condition

= Clock Gate

[+BmmopuLus | AT TIMEOUT
COUNTER (RTRO) [ >

Figure 4-22. Clock Chain for RTI

4.4.7 Modes of Operation

44.7.1 Normal Mode
The CRGV4 block behaves as described within this specification in all normal modes.

4.4.7.2 Self-Clock Mode

The VCO has a minimum operating frequency, fgoy. If the external clock frequency is not available due
to afailure or dueto long crystal start-up time, the bus clock and the core clock are derived from the VCO
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running at minimum operating frequency; this mode of operation is called self-clock mode. Thisrequires
CME =1and SCME = 1. If the MCU was clocked by the PLL clock prior to entering self-clock mode, the
PLLSEL bit will be cleared. If the external clock signal has stabilized again, the CRG will automatically
select OSCCLK to be the system clock and return to normal mode. See Section 4.4.4, “Clock Quality
Checker” for more information on entering and leaving self-clock mode.

NOTE
In order to detect a potential clock loss, the CME bit should be always
enabled (CME=1).

If CME bit is disabled and the MCU is configured to run on PLL clock
(PLLCLK), alossof external clock (OSCCLK) will not be detected and will
cause the system clock to drift towards the VCO’s minimum frequency
fsom- As soon asthe external clock is available again the system clock
ramps up to its PLL target frequency. If the MCU is running on external
clock any loss of clock will cause the system to go static.

4.4.8
The RTI can be stopped by setting the associated rate select bitsto 0.
The COP can be stopped by setting the associated rate select bitsto 0.

Low-Power Operation in Run Mode

4.4.9

The WA instruction puts the MCU in alow power consumption stand-by mode depending on setting of

theindividual bitsinthe CLKSEL register. All individual wait mode configuration bits can be superposed.
This provides enhanced granularity in reducing the level of power consumption during wait mode.

Table 4-10 liststhe individual configuration bits and the parts of the MCU that are affected in wait mode.

Table 4-10. MCU Configuration During Wait Mode

Low-Power Operation in Wait Mode

PLLWAI CWAI SYSWAI RTIWAI COPWAI | ROAWAI
PLL stopped — — _ — —
Core — stopped stopped — — —
System — — stopped — — —
RTI — — — stopped — —
COoP - — — — stopped —
Oscillator — — — — — reduced’

T Refer to oscillator block description for availability of a reduced oscillator amplitude.

After executing the WA instruction the core requests the CRG to switch MCU into wait mode. The CRG
then checks whether the PLLWAI, CWAI and SY SWAI bits are asserted (see Figure 4-23). Depending on
the configuration the CRG switches the system and core clocks to OSCCLK by clearing the PLLSEL bit,
disablesthe PLL, disablesthe core clocks and finally disablesthe remaining system clocks. Assoon asall
clocks are switched off wait mode is active.
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Figure 4-23. Wait Mode Entry/Exit Sequence
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There are five different scenarios for the CRG to restart the MCU from wait mode:
e External reset
e Clock monitor reset
e COPreset
» Self-clock mode interrupt
* Real-timeinterrupt (RTI)

If the MCU gets an external reset during wait mode active, the CRG asynchronously restores all
configuration bitsin theregister spaceto itsdefault settings and startsthe reset generator. After completing
the reset sequence processing begins by fetching the normal reset vector. Wait modeisexited and the MCU
isin run mode again.

If the clock monitor is enabled (CME=1) the MCU is able to leave wait mode when |oss of
oscillator/external clock is detected by a clock monitor fail. If the SCME bit is not asserted the CRG
generates a clock monitor fail reset (CMRESET). The CRG's behavior for CMRESET is the same
compared to external reset, but another reset vector isfetched after completion of the reset sequence. If the
SCME hit is asserted the CRG generates a SCM interrupt if enabled (SCMIE=1). After generating the
interrupt the CRG enters self-clock mode and starts the clock quality checker (see Section 4.4.4, “ Clock
Quality Checker”). Then the MCU continues with normal operation.If the SCM interrupt is blocked by
SCMIE =0, the SCMIF flag will be asserted and clock quality checkswill be performed but the MCU will
not wake-up from wait mode.

If any other interrupt source (e.g. RTI) triggers exit from wait mode the MCU immediately continueswith
normal operation. If the PLL has been powered-down during wait mode the PLLSEL bit iscleared and the
MCU runs on OSCCLK after leaving wait mode. The software must manually set the PLLSEL bit again,
in order to switch system and core clocksto the PLLCLK.

If wait modeisentered from self-clock mode, the CRG will continue to check the clock quality until clock
check is successful. The PLL and voltage regulator (VREG) will remain enabled.

Table 4-11 summarizes the outcome of a clock loss while in wait mode.
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Table 4-11. Outcome of Clock Loss in Wait Mode

CME | SCME | SCMIE CRG Actions
0 X X Clock failure -->
No action, clock loss not detected.
1 0 X Clock failure -->
CRG performs Clock Monitor Reset immediately
1 1 0 Clock failure -->

Scenario 1: OSCCLK recovers prior to exiting Wait Mode.
— MCU remains in Wait Mode,
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— Set SCMIF interrupt flag.

Some time later OSCCLK recovers.

— CM no longer indicates a failure,
— 4096 OSCCLK cycles later Clock Quality Check indicates clock o.k.,
— SCM deactivated,
— PLL disabled depending on PLLWAI,
— VREG remains enabled (never gets disabled in Wait Mode).
— MCU remains in Wait Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit Wait Mode using OSCCLK as system clock (SYSCLK),
— Continue normal operation.

or an External Reset is applied.
— Exit Wait Mode using OSCCLK as system clock,
— Start reset sequence.

Scenario 2: OSCCLK does not recover prior to exiting Wait Mode.
— MCU remains in Wait Mode,
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— Set SCMIF interrupt flag,
— Keep performing Clock Quality Checks (could continue infinitely)
while in Wait Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit Wait Mode in SCM using PLL clock (fgcy) as system clock,
— Continue to perform additional Clock Quality Checks until OSCCLK
is o.k. again.

or an External RESET is applied.

— Exit Wait Mode in SCM using PLL clock (fgcy) as system clock,

— Start reset sequence,

— Continue to perform additional Clock Quality Checks until OSCCLK
is o.k.again.
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Table 4-11. Outcome of Clock Loss in Wait Mode (continued)

CME | SCME | SCMIE CRG Actions
1 1 1 Clock failure -->
— VREG enabled,
— PLL enabled,

— SCM activated,
— Start Clock Quality Check,
— SCMIF set.

SCMIF generates Self-Clock Mode wakeup interrupt.
— Exit Wait Mode in SCM using PLL clock (fscm) as system clock,

— Continue to perform a additional Clock Quality Checks until OSCCLK
is 0.k. again.

4.4.10 Low-Power Operation in Stop Mode

All clocks are stopped in STOP mode, dependent of the setting of the PCE, PRE and PSTP bit. The
oscillator isdisabled in STOP mode unlessthe PSTP bit is set. All countersand dividers remain frozen but
do not initiaize. If the PRE or PCE bits are set, the RTI or COP continuesto run in pseudo-stop mode. In
addition to disabling system and core clocks the CRG requests other functional units of the MCU (e.g.
voltage-regulator) to enter their individual power-saving modes (if available). Thisisthe main difference
between pseudo-stop mode and wait mode.

After executing the STOP instruction the core requests the CRG to switch the MCU into stop mode. If the
PLLSEL bit remains set when entering stop mode, the CRG will switch the system and core clocks to
OSCCLK by clearing the PLLSEL bit. Then the CRG disablesthe PL L, disablesthe core clock and finally
disables the remaining system clocks. As soon as all clocks are switched off, stop modeis active.

If pseudo-stop mode (PSTP = 1) isentered from self-clock mode the CRG will continue to check the clock
quality until clock check issuccessful. The PLL and the voltage regulator (VREG) will remain enabled. If
full stop mode (PSTP = 0) isentered from self-clock mode an ongoing clock quality check will be stopped.
A complete timeout window check will be started when stop mode is exited again.

Wake-up from stop mode also depends on the setting of the PSTP bit.
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4.4.10.1 Wake-Up from Pseudo-Stop (PSTP=1)

Wake-up from pseudo-stop is the same as wake-up from wait mode. There are also three different
scenarios for the CRG to restart the MCU from pseudo-stop mode:

e External reset
e Clock monitor fail
*  Wake-up interrupt

If the MCU gets an external reset during pseudo-stop mode active, the CRG asynchronously restores all
configuration bitsintheregister spaceto itsdefault settings and startsthe reset generator. After completing
the reset sequence processing begins by fetching the normal reset vector. Pseudo-stop mode is exited and
the MCU isin run mode again.

If the clock monitor is enabled (CME = 1) the MCU is able to leave pseudo-stop mode when loss of
oscillator/external clock is detected by a clock monitor fail. If the SCME bit is not asserted the CRG
generates a clock monitor fail reset (CMRESET). The CRG's behavior for CMRESET is the same
compared to external reset, but another reset vector isfetched after completion of the reset sequence. If the
SCME hit is asserted the CRG generates a SCM interrupt if enabled (SCMIE=1). After generating the
interrupt the CRG enters self-clock mode and starts the clock quality checker (see Section 4.4.4, “ Clock
Quality Checker”). Then the MCU continues with normal operation. If the SCM interrupt is blocked by
SCMIE =0, the SCMIF flag will be asserted but the CRG will not wake-up from pseudo-stop mode.

If any other interrupt source (e.g. RTI) triggers exit from pseudo-stop mode the MCU immediately
continueswith normal operation. Because the PLL has been powered-down during stop modethe PLL SEL
bitis cleared and the MCU runson OSCCLK after leaving stop mode. The software must set the PLL SEL
bit again, in order to switch system and core clocksto the PLLCLK.

Table 4-12 summarizes the outcome of a clock loss while in pseudo-stop mode.
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Table 4-12. Outcome of Clock Loss in Pseudo-Stop Mode

CME | SCME | SCMIE CRG Actions
0 X X Clock failure -->
No action, clock loss not detected.
1 0 X Clock failure -->
CRG performs Clock Monitor Reset immediately
1 1 0 Clock Monitor failure -->

Scenario 1: OSCCLK recovers prior to exiting Pseudo-Stop Mode.
— MCU remains in Pseudo-Stop Mode,
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— Set SCMIF interrupt flag.

Some time later OSCCLK recovers.

— CM no longer indicates a failure,

— 4096 OSCCLK cycles later Clock Quality Check indicates clock o.k.,
— SCM deactivated,

— PLL disabled,

— VREG disabled.

— MCU remains in Pseudo-Stop Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit Pseudo-Stop Mode using OSCCLK as system clock (SYSCLK),
— Continue normal operation.

or an External Reset is applied.
— Exit Pseudo-Stop Mode using OSCCLK as system clock,
— Start reset sequence.

Scenario 2: OSCCLK does not recover prior to exiting Pseudo-Stop Mode.
— MCU remains in Pseudo-Stop Mode,
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— Set SCMIF interrupt flag,
— Keep performing Clock Quality Checks (could continue infinitely)
while in Pseudo-Stop Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit Pseudo-Stop Mode in SCM using PLL clock (fgc) as system clock
— Continue to perform additional Clock Quality Checks until OSCCLK

is 0.k. again.

or an External RESET is applied.
— Exit Pseudo-Stop Mode in SCM using PLL clock (fgc) as system clock
— Start reset sequence,
— Continue to perform additional Clock Quality Checks until OSCCLK
is o.k.again.
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Table 4-12. Outcome of Clock Loss in Pseudo-Stop Mode (continued)

CME | SCME | SCMIE CRG Actions
1 1 1 Clock failure -->
— VREG enabled,
— PLL enabled,

— SCM activated,
— Start Clock Quality Check,
— SCMIF set.

SCMIF generates Self-Clock Mode wakeup interrupt.
— Exit Pseudo-Stop Mode in SCM using PLL clock (fscy) as system clock,

— Continue to perform a additional Clock Quality Checks until OSCCLK
is 0.k. again.

4.4.10.2 Wake-up from Full Stop (PSTP=0)
The MCU requires an external interrupt or an external reset in order to wake-up from stop mode.

If the MCU gets an external reset during full stop mode active, the CRG asynchronously restores all
configuration bits in the register space to its default settings and will perform a maximum of 50 clock
check_windows (see Section 4.4.4, “Clock Quality Checker”). After completing the clock quality check
the CRG starts the reset generator. After completing the reset sequence processing begins by fetching the
normal reset vector. Full stop modeis exited and the MCU isin run mode again.

If the MCU iswoken-up by an interrupt, the CRG will aso perform a maximum of 50 clock

check windows (see Section 4.4.4, “Clock Quality Checker”). If the clock quality check issuccessful, the
CRG will release al system and core clocks and will continue with normal operation. If all clock checks
within thetimeout-window arefailing, the CRG will switch to self-clock mode or generate aclock monitor
reset (CMRESET) depending on the setting of the SCME hit.

Because the PLL has been powered-down during stop mode the PLLSEL bit is cleared and the MCU runs
on OSCCLK after leaving stop mode. The software must manually set the PLLSEL bit again, in order to
switch system and core clocksto the PLLCLK.

NOTE
In full stop mode, the clock monitor is disabled and any loss of clock will
not be detected.
4.5 Resets

This section describes how to reset the CRGV 4 and how the CRGV 4 itself controlsthe reset of the MCU.
It explains all special reset requirements. Because the reset generator for the MCU is part of the CRG, this
section aso describes all automatic actions that occur during or as aresult of individual reset conditions.
The reset values of registers and signals are provided in Section 4.3, “Memory Map and Register
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Overview (MC9S12E256DGV1)” for related vector addresses and priorities.
Table 4-13. Reset Summary

Reset Source

Local Enable

Power-on Reset None
Low Voltage Reset None
External Reset None

Clock Monitor Reset

PLLCTL (CME=1

, SCME=0)

COP Watchdog Reset

COPCTL (CR[2:0] nonzero)

The reset sequenceisinitiated by any of the following events:
Low level is detected at the RESET pin (external reset).

(see Figure 4-25). Because entry into reset is asynchronous it does not require arunning SY SCLK.

Power on is detected.
Low voltage is detected.
COP watchdog times out.

Clock monitor failure is detected and self-clock mode was disabled (SCME = 0).
Upon detection of any reset event, an internal circuit drivesthe RESET pin low for 128 SY SCLK cycles

However, theinternal reset circuit of the CRGV 4 cannot sequence out of current reset condition without a

running SY SCLK. The number of 128 SY SCLK cycles might be increased by n = 3 to 6 additional
SYSCLK cycles depending on the internal synchronization latency. After 128+n SY SCLK cyclesthe

RESET pinisreleased. The reset generator of the CRGV 4 waits for additional 64 SY SCLK cycles and
then samples the RESET pin to determine the originating source. Table 4-14 shows which vector will be
fetched.

Table 4-14. Reset Vector Selection
Sampled RESET Pin .
(64 Cycles After Clock Monl_tor cop R_e set Vector Fetch
Reset Pending Pending
Release)
1 0 0 POR / LVR / External Reset
1 1 X Clock Monitor Reset
1 0 1 COP Reset
0 X X POR / LVR / External Reset
with rise of RESET pin
NOTE

External circuitry connected to the RESET pin should not include alarge
capacitance that would interfere with the ability of thissignal toriseto a
valid logic 1 within 64 SY SCLK cycles after the low driveis released.
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Chapter 4 Clocks and Reset Generator (CRGV4)

Theinternal reset of the MCU remains asserted while the reset generator completesthe 192 SY SCLK long
reset sequence. The reset generator circuitry always makes sure the internal reset is deasserted
synchronously after completion of the 192 SY SCLK cycles. In case the RESET pin is externally driven
low for more than these 192 SY SCLK cycles (externa reset), the internal reset remains asserted too.

RESET . :
|, ) (— ) ¢ : E 2

CRG c:lrives RESET pinlow . RESET pin.
: released

128+n cycles 64 cycles.
possibly = With ; /belng 5 ‘possibly
syscLk ~ Mmine/maxo RESET
not cyc_les depending driven low
running on '“te”“?' . externally
synchronization
delay

Figure 4-25. RESET Timing

4.5.1 Clock Monitor Reset

The CRGV4 generates a clock monitor reset in case all of the following conditions are true:
* Clock monitor is enabled (CME=1)
* Lossof clock is detected
» Sdf-clock modeisdisabled (SCME=0)

Thereset event asynchronously forcesthe configuration registersto their default settings (see Section 4.3,
“Memory Map and Register Definition™”). In detail the CME and the SCME arereset to logical ‘1’ (which
doesn’t change the state of the CME bit, because it has already been set). As a consequence, the CRG
immediately enters self-clock mode and startsits internal reset sequence. In parallel the clock quality
check starts. As soon as clock quality check indicates avalid oscillator clock the CRG switchesto
OSCCLK and leaves self-clock mode. Because the clock quality checker isrunning in parallel to the reset
generator, the CRG may |leave self-clock mode while completing the internal reset sequence. When the
reset sequence is finished the CRG checks the internally latched state of the clock monitor fail circuit. If a
clock monitor fail isindicated processing begins by fetching the clock monitor reset vector.

4.5.2 Computer Operating Properly Watchdog (COP) Reset

When COP is enabled, the CRG expects sequential write of 0x0055 and OxO0AA (in this order) to the

ARMCOP register during the selected time-out period. As soon as thisis done, the COP time-out period
restarts. If the program failsto do thisthe CRG will generate areset. Also, if any value other than 0x0055
or OXOOAA iswritten, the CRG immediately generates areset. In case windowed COP operation isenabled
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Chapter 4 Clocks and Reset Generator (CRGV4)

writes (0x0055 or 0XO0AA) to the ARMCORP register must occur in the last 25% of the selected time-out
period. A premature write the CRG will immediately generate a reset.

As soon as the reset sequence is completed the reset generator checks the reset condition. If no clock
monitor failureisindicated and the latched state of the COP timeout is true, processing begins by fetching
the COP vector.

4.5.3 Power-On Reset, Low Voltage Reset

The on-chip voltage regulator detects when V pp to the MCU has reached a certain level and asserts
power-on reset or low voltage reset or both. As soon as a power-on reset or low voltage reset istriggered
the CRG performs aquality check on the incoming clock signal. As soon as clock quality check indicates
avalid oscillator clock signal the reset sequence startsusing the oscillator clock. If after 50 check windows
the clock quality check indicated anon-valid oscillator clock the reset sequence starts using self-clock
mode.

Figure 4-26 and Figure 4-27 show the power-up sequence for cases when the RESET pinistied to Vpp
and when the RESET pinisheld low.

Internal POR

[ ! !
| | |
| . | |
ESET /I ~ II'SCsIeII.“SIIckaIIﬁﬁi)_’| |/
)¢ I I
| | |
| |
| |

\ L
JA\
128 SYSCLK —>| |<—
Internal RESET \ 64 SYSCLK |_> | -€—
T T
| |

Figure 4-26. RESET Pin Tied to Vpp (by a Pull-Up Resistor)

—

I
I
I
S ~— Clock Quality Check —pm-
RESET | (no Self-Clock Mode) I I
| )¢ | |
| I
Internal POR | |
) (
JA) | I
128 SYSCLK — g —
I I il
! =
I

Internal RESET \( 64 SYSCLK !—>|
I

Figure 4-27. RESET Pin Held Low Externally
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Chapter 4 Clocks and Reset Generator (CRGV4)

4.6 Interrupts

The interrupts/reset vectors requested by the CRG are listed in Table 4-15. Refer to Chapter 1,
“MC9S12E256 Device Overview (MC9S12E256DGV 1)” for related vector addresses and priorities.

Table 4-15. CRG Interrupt Vectors

Interrupt Source I\cn:::( Local Enable

Real-time interrupt | bit CRGINT (RTIE)
LOCK interrupt | bit CRGINT (LOCKIE)
SCM interrupt | bit CRGINT (SCMIE)

4.6.1 Real-Time Interrupt

The CRGV 4 generates areal-timeinterrupt when the sel ected interrupt time period elapses. RTI interrupts
arelocally disabled by setting the RTIE bit to 0. The real-time interrupt flag (RTIF) is set to 1 when a
timeout occurs, and is cleared to 0 by writing a 1 to the RTIF bit.

The RTI continues to run during pseudo-stop mode if the PRE bit is set to 1. This feature can be used for
periodic wakeup from pseudo-stop if the RTI interrupt is enabled.

4.6.2 PLL Lock Interrupt

The CRGV4 generates a PLL lock interrupt when the LOCK condition of the PLL has changed, either
from alocked state to an unlocked state or vice versa. Lock interrupts are locally disabled by setting the
LOCKIE bitto 0. The PLL Lock interrupt flag (LOCKIF) is set tol when the LOCK condition has
changed, and is cleared to 0 by writing a 1 to the LOCKIF bit.

4.6.3 Self-Clock Mode Interrupt

The CRGV4 generates a self-clock mode interrupt when the SCM condition of the system has changed,
either entered or exited self-clock mode. SCM conditions can only change if the self-clock mode enable
bit (SCME) isset to 1. SCM conditions are caused by afailing clock quality check after power-on reset
(POR) or low voltage reset (LVR) or recovery from full stop mode (PSTP = 0) or clock monitor failure.
For details on the clock quality check refer to Section 4.4.4, “ Clock Quality Checker.” If the clock monitor
isenabled (CME = 1) aloss of external clock will also cause a SCM condition (SCME = 1).

SCM interrupts are locally disabled by setting the SCMIE bit to 0. The SCM interrupt flag (SCMIF) is set
to 1 when the SCM condition has changed, and is cleared to 0 by writing a1 to the SCMIF hit.
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Chapter 5
Oscillator (OSCV2)

5.1 Introduction

The OSCV 2 modul e provides two alternative oscillator concepts:
* A low noise and low power Colpitts oscillator with amplitude limitation control (ALC)
* A robust full swing Pierce oscillator with the possibility to feed in an external square wave

5.1.1 Features

The Colpitts OSCV 2 option provides the following features:
* Amplitude limitation control (ALC) loop:
— Low power consumption and low current induced RF emission
— Sinusoidal waveform with low RF emission
— Low crystal stress (an external damping resistor is not required)
— Normal and low amplitude mode for further reduction of power and emission
* Anexterna biasing resistor is not required

The Pierce OSC option provides the following features:
* Wider high frequency operation range
* No DC voltage applied across the crystal
* Full rail-to-rail (2.5V nominal) swing oscillation with low EM susceptibility
* Fast start up
Common features:
» Clock monitor (CM)
» Operation from the Vppp | 2.5V (nominal) supply rail

5.1.2 Modes of Operation

Two modes of operation exist:

* Amplitude limitation controlled Colpitts oscillator mode suitable for power and emission critical
applications

» Full swing Pierce oscillator mode that can also be used to feed in an externally generated square
wave suitable for high frequency operation and harsh environments
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Chapter 5 Oscillator (OSCV2)

5.2  External Signal Description
This section lists and describes the signal s that connect off chip.

5.2.1 VpppLL and Vggp L — PLL Operating Voltage, PLL Ground

These pins provide the operating voltage (Vppp 1) and ground (V ggp | ) for the OSCV 2 circuitry. This
allows the supply voltage to the OSCV 2 to be independently bypassed.

5.2.2 EXTAL and XTAL — Clock/Crystal Source Pins

These pins provide the interface for either a crystal or a CMOS compatible clock to control the internal
clock generator circuitry. EXTAL isthe external clock input or theinput to the crystal oscillator amplifier.
XTAL istheoutput of the crystal oscillator amplifier. All the M CU internal system clocksarederived from
the EXTAL input frequency. In full stop mode (PSTP = 0) the EXTAL pinis pulled down by an interna
resistor of typical 200 kQ.
NOTE

Freescale Semiconductor recommends an evaluation of the application

board and chosen resonator or crystal by the resonator or crystal supplier.

The Crystal circuit is changed from standard.

The Colpitts circuit is not suited for overtone resonators and crystals.

EXTAL | |
CcDcC* .
MCU —_—— C1 — Crystal or Ceramic
—— Resonator
XTAL i I
Cc2

VsspLL
* Due to the nature of a translated ground Colpitts oscillator
a DC voltage bias is applied to the crystal.

Please contact the crystal manufacturer for crystal DC bias
conditions and recommended capacitor value CDC.

Figure 5-1. Colpitts Oscillator Connections (XCLKS = 0)

NOTE

The Pierce circuit is not suited for overtone resonators and crystals without
acareful component selection.
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EXTAL H
C3
MCU — Crystal or Ceramic
RB
—— Resonator
RS* [
|

XTAL 1

C4 g

* Rs can be zero (shorted) when used with higher frequency crystals.
Refer to manufacturer’s data.

VsspLL

Figure 5-2. Pierce Oscillator Connections (XCLKS = 1)

MCU

CMOS-Compatible

EXTAL «——— External Oscillator
(Voppu Level)
XTAL—— Not Connected

Figure 5-3. External Clock Connections (XCLKS = 1)

Chapter 5 Oscillator (OSCV2)

5.2.3 XCLKS — Colpitts/Pierce Oscillator Selection Signal

The XCLKS isan input signal which controls whether a crystal in combination with the internal Colpitts
(low power) oscillator isused or whether the Pierce oscillator/external clock circuitry isused. The XCLKS
signal is sampled during reset with the rising edge of RESET. Table 5-1 lists the state coding of the

sampled XCLK Ssignal. Refer to Chapter 1, “MC9S12E256 Device Overview (MCOS12E256DGV 1)” for

polarity of the XCLKS pin.

Table 5-1. Clock Selection Based on XCLKS

XCLKS

Description

0

Colpitts oscillator selected

1

Pierce oscillator/external clock selected
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Chapter 5 Oscillator (OSCV2)

5.3 Memory Map and Register Definition
The CRG contains the registers and associated bits for controlling and monitoring the OSCV 2 module.

5.4 Functional Description

The OSCV 2 block hastwo external pins, EXTAL and XTAL. Theoscillator input pin, EXTAL, isintended
to be connected to either acrystal or an external clock source. The selection of Colpitts oscillator or Pierce
oscillator/external clock depends on the XCLK S signal which is sampled during reset. The XTAL pinis
an output signal that provides crystal circuit feedback.

A buffered EXTAL signal, OSCCLK, becomes the internal reference clock. To improve noise immunity,
the oscillator is powered by the Vppp | and Vggp | power supply pins.

The Pierce oscillator can be used for higher frequencies compared to the low power Colpitts oscillator.

5.4.1 Amplitude Limitation Control (ALC)

The Colpitts oscillator is equipped with afeedback system which does not waste current by generating
harmonics. Its configuration is “ Colpitts oscillator with translated ground.” The transconductor used is
driven by a current source under the control of a peak detector which will measure the amplitude of the
AC signal appearing on EXTAL node in order to implement an amplitude limitation control (ALC) loop.
The ALC loopisin charge of reducing the quiescent current in the transconductor as aresult of anincrease
in the oscillation amplitude. The oscillation amplitude can be limited to two values. The normal amplitude
which isintended for non power saving modes and a small amplitude which is intended for low power
operation modes. Please refer to Chapter 4, “Clocks and Reset Generator (CRGV4)” for the control and
assignment of the amplitude value to operation modes.

5.4.2 Clock Monitor (CM)

The clock monitor circuit is based on an interna resistor-capacitor (RC) time delay so that it can operate
without any MCU clocks. If no OSCCLK edges are detected within this RC time delay, the clock monitor
indicates a failure which asserts self clock mode or generates a system reset depending on the state of
SCME hit. If the clock monitor is disabled or the presence of clocksis detected no failureisindicated. The
clock monitor function is enabled/disabled by the CME control bit, described in Chapter 4, “Clocks and
Reset Generator (CRGV4)”.

5.5 Interrupts

OSCV 2 contains a clock monitor, which can trigger an interrupt or reset. The control bits and status bits
for the clock monitor are described in Chapter 4, “Clocks and Reset Generator (CRGV4)”.
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Chapter 6
Analog-to-Digital Converter (ATD10B16CV4)

6.1 Introduction

The ATD10B16C is a 16-channel, 10-bit, multiplexed input successive approximation anal og-to-digital
converter. Refer to Appendix A, “Electrical Characteristics’ for ATD accuracy.

6.1.1 Features

e 8-/10-hit resolution

* 7us, 10-hit single conversion time

» Sample buffer amplifier

* Programmable sample time

» Left/right justified, signed/unsigned result data
» External trigger control

» Conversion completion interrupt generation

* Anaog input multiplexer for 16 analog input channels
* Anaog/digital input pin multiplexing

» 1to 16 conversion sequence lengths

» Continuous conversion mode

* Multiple channel scans

» Configurable external trigger functionality on any AD channel or any of four additional trigger
inputs. The four additional trigger inputs can be chip external or internal. Refer to device
specification for availability and connectivity

» Configurablelocation for channel wrap around (when converting multiple channelsin a sequence)

6.1.2 Modes of Operation

There is software programmabl e selection between performing single or continuous conversion on a
single channel or multiple channels.

6.1.3 Block Diagram
Refer to Figure 6-1 for ablock diagram of the ATD10B16C block.
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Chapter 6 Analog-to-Digital Converter (ATD10B16CV4)

Bus Clock Clock ATD clock ATD10B16C
Prescaler l
'_ ______ .
| ETRIGO Mode and Sequence Complete
| ETRIG1 Timing Control Interrupt
ETRIG2 i ming <
|
. _ _ _ETriGs X

(See Chapter 1,
“MC9S12E256 Device
Overview
(MC9S12E256DGV1)” for
availability and connectivity)

ATDCTLA1 ATDDIEN

v Results

PORTAD
Vbpa
Vv
SSA Successive
VRH Approximation

VAL Register (SAR)
and DAC

Sample & Hold

|/ ENE

: Comparator

EEEEEXX

AN7
ANG6

AN5
AN4
AN3

AN2
ANA1
ANO

X ENEEEEX

Figure 6-1. ATD10B16C Block Diagram
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Chapter 6 Analog-to-Digital Converter (ATD10B16CV4)

6.2 External Signal Description

This section lists all inputs to the ATD10B16C block.

6.2.1 ANx(x=15,14,13,12,11,10,9,8,7,6, 5, 4, 3, 2, 1, 0) — Analog Input
Channel x Pins

This pin serves as the analog input channel x. It can also be configured as general-purpose digital input

and/or external trigger for the ATD conversion.

6.2.2 ETRIG3, ETRIG2, ETRIG1, ETRIGO — External Trigger Pins
These inputs can be configured to serve as an external trigger for the ATD conversion.

Refer to Chapter 1, “MC9S12E256 Device Overview (MC9S12E256DGV 1)” for availability and
connectivity of these inputs.

6.2.3  VRp, VRL — High Reference Voltage Pin, Low Reference Voltage Pin

VRrn isthe high reference voltage, Vg, isthelow reference voltage for ATD conversion.

6.2.4  Vppa, Vssa — Analog Circuitry Power Supply Pins
These pins are the power supplies for the analog circuitry of the ATD10B16CV 4 block.

6.3 Memory Map and Register Definition
This section provides a detailed description of all registers accessible in the ATD10B16C.

6.3.1 Module Memory Map
Table 6-1 gives an overview of all ATD10B16C registers
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Table 6-1. ATD10B16CV4 Memory Map

Address Offset Use Access
0x0000 ATD Control Register 0 (ATDCTLO) R/W
0x0001 ATD Control Register 1 (ATDCTL1) R/W
0x0002 ATD Control Register 2 (ATDCTL2) R/W
0x0003 ATD Control Register 3 (ATDCTLS3) R/W
0x0004 ATD Control Register 4 (ATDCTL4) R/W
0x0005 ATD Control Register 5 (ATDCTLS5) R/W
0x0006 ATD Status Register 0 (ATDSTATO) R/W
0x0007 Unimplemented
0x0008 ATD Test Register 0 (ATDTESTO)' R
0x0009 ATD Test Register 1 (ATDTEST1) R/W
0x000A ATD Status Register 2 (ATDSTAT2) R
0x000B ATD Status Register 1 (ATDSTAT1) R
0x000C ATD Input Enable Register 0 (ATDDIENO) R/W
0x000D ATD Input Enable Register 1 (ATDDIENT) R/W
0x000E Port Data Register 0 (PORTADO) R
0x000F Port Data Register 1 (PORTAD1) R

0x0010, 0x0011 ATD Result Register 0 (ATDDROH, ATDDROL) R/W

0x0012, 0x0013 ATD Result Register 1 (ATDDR1H, ATDDR1L) R/W

0x0014, 0x0015 ATD Result Register 2 (ATDDR2H, ATDDR2L) R/W

0x0016, 0x0017 ATD Result Register 3 (ATDDR3H, ATDDR3L) R/W

0x0018, 0x0019 ATD Result Register 4 (ATDDR4H, ATDDRA4L) R/W

0x001A, 0x001B ATD Result Register 5 (ATDDR5H, ATDDR5L) R/W

0x001C, 0x001D ATD Result Register 6 (ATDDR6H, ATDDR6L) R/W

0x001E, Ox001F ATD Result Register 7 (ATDDR7H, ATDDR7L) R/W

0x0020, 0x0021 ATD Result Register 8 (ATDDR8H, ATDDRSL) R/W

0x0022, 0x0023 ATD Result Register 9 (ATDDR9H, ATDDR9L) R/W

0x0024, 0x0025 ATD Result Register 10 (ATDDR10H, ATDDR10L) R/W

0x0026, 0x0027 ATD Result Register 11 (ATDDR11H, ATDDR11L) R/W

0x0028, 0x0029 ATD Result Register 12 (ATDDR12H, ATDDR12L) R/W

0x002A, 0x002B ATD Result Register 13 (ATDDR13H, ATDDR13L) R/W

0x002C, 0x002D ATD Result Register 14 (ATDDR14H, ATDDR14L) R/W

0x002E, Ox002F ATD Result Register 15 (ATDDR15H, ATDDR15L) R/W

1 ATDTESTO is intended for factory test purposes only.

NOTE

Register Address = Base Address + Address Offset, where the Base Address
isdefined at the MCU level and the Address Offset is defined at the module

level.
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Chapter 6 Analog-to-Digital Converter (ATD10B16CV4)

6.3.2
This section describes in address order all the ATD10B16C registers and their individual bits.

Register Descriptions

Register Bit 7 6 5 4 3 2 1 Bit 0
Name
0x0000 R 0 0 0 0
ATDCTLO W WRAP3 WRAP2 WRAP1 WRAPO
0x0001 R 0 0 0
ATDCTLA W ETRIGSEL ETRIGCH3 | ETRIGCH2 | ETRIGCH1 | ETRIGCHO
0x0002 R ASCIF
ATDCTL2 W ADPU AFFC AWAI ETRIGLE | ETRIGP ETRIGE ASCIE
0x0003 R 0
ATDCTL3 W S8C S4C S2C Si1C FIFO FRZ1 FRz0
0x0004 R
ATDCTL4 W SRES8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRS0
0x0005 R
ATDCTL5 W DJM DSGN SCAN MULT CD CC CB CA
0x0006 R 0 CC3 CcC2 CC1 CcCo
ATDSTATO W SCF ETORF FIFOR
0x0007 R
Unimplemented
0x0008 R Unimplemented
ATDTESTO W l I |
0x0009 R Unimplemented
ATDTEST1 W l I | SC
0x000A R| CCF15 CCF14 CCF13 CCF12 CCF11 CCF10 CCF9 CCF8
ATDSTAT2 W
0x000B R| CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFO
ATDSTAT1 W
0x000C
ATDDIENO IEN15 IEN14 IEN13 IEN12 IEN11 IEN10 IEN9 IEN8

I:l = Unimplemented or Reserved

Figure 6-2. ATD Register Summary
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Chapter 6 Analog-to-Digital Converter (ATD10B16CV4)

Rﬁgf‘fr Bit 7 6 5 4 3 2 1 Bit 0
0x000D R
ATDDIENT | 'EN7 IENG IEN5 IEN4 IEN3 IEN2 IEN1 IENO

0x000E PTAD15 PTAD14 PTAD13 PTAD12 PTAD11 PTAD10 PTAD9 PTADS8

R
PORTADO W

0x000F R| PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO
PORTAD1 W
R| BIT 9 MSB BIT 8 BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2
BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
0x0010-0x002F W
ATDDRxH-
ATDDRxL R BIT 1 BITO 0 0 0 0 0 0

W

I:l = Unimplemented or Reserved u = Unaffected

Figure 6-2. ATD Register Summary (continued)

6.3.2.1 ATD Control Register 0 (ATDCTLO)

Writes to this register will abort current conversion sequence but will not start a new sequence.

5 3 2 1 0
R 0 0 0 0
WRAP3 WRAP2 WRAP1 WRAPO
w
Reset 0 0 0 0 1 1 1 1
= Unimplemented or Reserved
Figure 6-3. ATD Control Register 0 (ATDCTLO)
Read: Anytime

Write: Anytime
Table 6-2. ATDCTLO Field Descriptions

Field Description

3:0 Wrap Around Channel Select Bits — These bits determine the channel for wrap around when doing
WRAP[3:0] | multi-channel conversions. The coding is summarized in Table 6-3.
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Table 6-3. Multi-Channel Wrap Around Coding

Multiple Channel Conversions
WRAP3 WRAP2 WRAP1 WRAPO (MULT = 1) Wrap Around to ANO
after Converting

0 0 0 0 Reserved
0 0 0 1 AN1
0 0 1 0 AN2
0 0 1 1 AN3
0 1 0 0 AN4
0 1 0 1 AN5
0 1 1 0 ANG6
0 1 1 1 AN7
1 0 0 0 ANS8
1 0 0 1 AN9
1 0 1 0 AN10
1 0 1 1 AN11
1 1 0 0 AN12
1 1 0 1 AN13
1 1 1 0 AN14
1 1 1 1 AN15

6.3.2.2 ATD Control Register 1 (ATDCTL1)

Writes to this register will abort current conversion sequence but will not start a new sequence.

7 3 2 1 0
0 0 0
ETRIGSEL ETRIGCH3 | ETRIGCH2 | ETRIGCH1 | ETRIGCHO
W
Reset 0 0 0 0 1 1 1 1
= Unimplemented or Reserved
Figure 6-4. ATD Control Register 1 (ATDCTL1)
Read: Anytime

Write: Anytime

Table 6-4. ATDCTL1 Field Descriptions

Field Description
7 External Trigger Source Select — This bit selects the external trigger source to be either one of the AD
ETRIGSEL |channels or one of the ETRIG[3:0] inputs. See device specification for availability and connectivity of

ETRIG[3:0] inputs. If ETRIG[3:0] input option is not available, writing a 1 to ETRISEL only sets the bit but has
no effect, that means one of the AD channels (selected by ETRIGCH[3:0]) remains the source for external
trigger. The coding is summarized in Table 6-5.

3.0 External Trigger Channel Select — These bits select one of the AD channels or one of the ETRIG[3:0] inputs

ETRIGCH][3:0] | as source for the external trigger. The coding is summarized in Table 6-5.
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Table 6-5. External Trigger Channel Select Coding

ETRIGSEL | ETRIGCH3 | ETRIGCH2 | ETRIGCH1 | ETRIGCHO External Trigger Source

0 0 0 0 0 ANO

0 0 0 0 1 ANA1

0 0 0 1 0 AN2

0 0 0 1 1 AN3

0 0 1 0 0 AN4

0 0 1 0 1 AN5

0 0 1 1 0 ANG

0 0 1 1 1 AN7

0 1 0 0 0 ANS

0 1 0 0 1 AN9

0 1 0 1 0 AN10
0 1 0 1 1 AN11

0 1 1 0 0 AN12

0 1 1 0 1 AN13
0 1 1 1 0 AN14
0 1 1 1 1 AN15

1 0 0 0 0 ETRIGO'
1 0 0 0 1 ETRIG1!
1 0 0 1 0 ETRIG2'
1 0 0 1 1 ETRIG3!
1 0 1 X X Reserved
1 1 X X X Reserved

T Only if ETRIG[3:0] input option is available (see device specification), else ETRISEL is ignored, that means
external trigger source remains on one of the AD channels selected by ETRIGCHI[3:0]
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Chapter 6 Analog-to-Digital Converter (ATD10B16CV4)

6.3.2.3 ATD Control Register 2 (ATDCTL?2)

Thisregister controls power down, interrupt and external trigger. Writesto this register will abort current

conversion sequence but will not start a new sequence.

7 6 5 4 3 2 1 0
R ASCIF
W ADPU AFFC AWAI ETRIGLE ETRIGP ETRIGE ASCIE
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 6-5. ATD Control Register 2 (ATDCTL2)

Read: Anytime

Write: Anytime

Table 6-6. ATDCTL?2 Field Descriptions

Field Description
7 ATD Power Down — This bit provides on/off control over the ATD10B16C block allowing reduced MCU power
ADPU consumption. Because analog electronic is turned off when powered down, the ATD requires a recovery time
period after ADPU bit is enabled.
0 Power down ATD
1 Normal ATD functionality
6 ATD Fast Flag Clear All
AFFC 0 ATD flag clearing operates normally (read the status register ATDSTAT1 before reading the result register to
clear the associate CCF flag).
1 Changes all ATD conversion complete flags to a fast clear sequence. Any access to a result register will
cause the associate CCF flag to clear automatically.
5 ATD Power Down in Wait Mode — When entering Wait Mode this bit provides on/off control over the
AWAI ATD10B16C block allowing reduced MCU power. Because analog electronic is turned off when powered down,
the ATD requires a recovery time period after exit from Wait mode.
0 ATD continues to run in Wait mode
1 Halt conversion and power down ATD during Wait mode
After exiting Wait mode with an interrupt conversion will resume. But due to the recovery time the result of
this conversion should be ignored.
4 External Trigger Level/Edge Control — This bit controls the sensitivity of the external trigger signal. See
ETRIGLE Table 6-7 for details.
3 External Trigger Polarity — This bit controls the polarity of the external trigger signal. See Table 6-7 for
ETRIGP details.
2 External Trigger Mode Enable — This bit enables the external trigger on one of the AD channels or one of
ETRIGE the ETRIG[3:0] inputs as described in Table 6-5. If external trigger source is one of the AD channels, the digital
input buffer of this channel is enabled. The external trigger allows to synchronize the start of conversion with
external events.
0 Disable external trigger
1 Enable external trigger
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Chapter 6 Analog-to-Digital Converter (ATD10B16CV4)

Table 6-6. ATDCTL2 Field Descriptions (continued)

Field Description
1 ATD Sequence Complete Interrupt Enable
ASCIE 0 ATD Sequence Complete interrupt requests are disabled.
1 ATD Interrupt will be requested whenever ASCIF = 1 is set.
0 ATD Sequence Complete Interrupt Flag — If ASCIE = 1 the ASCIF flag equals the SCF flag (see
ASCIF Section 6.3.2.7, “ATD Status Register 0 (ATDSTATO)”), else ASCIF reads zero. Writes have no effect.
0 No ATD interrupt occurred
1 ATD sequence complete interrupt pending

Table 6-7. External Trigger Configurations

ETRIGLE ETRIGP External Trigger Sensitivity
0 0 Falling Edge
0 1 Ring Edge
1 0 Low Level
1 1 High Level
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Chapter 6 Analog-to-Digital Converter (ATD10B16CV4)

6.3.2.4 ATD Control Register 3 (ATDCTL3)

This register controls the conversion sequence length, FIFO for results registers and behavior in Freeze
Mode. Writes to this register will abort current conversion sequence but will not start a new sequence.

6 5 4 3 2 1 0
R 0
W S8C S4C S2C S1C FIFO FRZ1 FRZ0
Reset 0 0 1 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 6-6. ATD Control Register 3 (ATDCTL3)
Read: Anytime
Write: Anytime
Table 6-8. ATDCTLS3 Field Descriptions

Field Description
6 Conversion Sequence Length — This bit controls the number of conversions per sequence. Table 6-9 shows
S8C all combinations. At reset, S4C is set to 1 (sequence length is 4). This is to maintain software continuity to HC12
Family.
5 Conversion Sequence Length — This bit controls the number of conversions per sequence. Table 6-9 shows
S4C all combinations. At reset, S4C is set to 1 (sequence length is 4). This is to maintain software continuity to HC12
Family.
4 Conversion Sequence Length — This bit controls the number of conversions per sequence. Table 6-9 shows
S2C all combinations. At reset, S4C is set to 1 (sequence length is 4). This is to maintain software continuity to HC12
Family.
3 Conversion Sequence Length — This bit controls the number of conversions per sequence. Table 6-9 shows
S1C all combinations. At reset, S4C is set to 1 (sequence length is 4). This is to maintain software continuity to HC12
Family.
2 Result Register FIFO Mode —If this bit is zero (non-FIFO mode), the A/D conversion results map into the
FIFO result registers based on the conversion sequence; the result of the first conversion appears in the first result

register, the second result in the second result register, and so on.

If this bit is one (FIFO mode) the conversion counter is not reset at the beginning or ending of a conversion
sequence; sequential conversion results are placed in consecutive result registers. In a continuously scanning
conversion sequence, the result register counter will wrap around when it reaches the end of the result register
file. The conversion counter value (CC3-0 in ATDSTATO) can be used to determine where in the result register
file, the current conversion result will be placed.

Aborting a conversion or starting a new conversion by write to an ATDCTL register (ATDCTL5-0) clears the
conversion counter even if FIFO=1. So the first result of a new conversion sequence, started by writing to
ATDCTLS5, will always be place in the first result register (ATDDDRO). Intended usage of FIFO mode is
continuos conversion (SCAN=1) or triggered conversion (ETRIG=1).

Finally, which result registers hold valid data can be tracked using the conversion complete flags. Fast flag clear
mode may or may not be useful in a particular application to track valid data.

0 Conversion results are placed in the corresponding result register up to the selected sequence length.

1 Conversion results are placed in consecutive result registers (wrap around at end).

1:0 Background Debug Freeze Enable — When debugging an application, it is useful in many cases to have the
FRZ[1:0] ATD pause when a breakpoint (Freeze Mode) is encountered. These 2 bits determine how the ATD will respond
to a breakpoint as shown in Table 6-10. Leakage onto the storage node and comparator reference capacitors
may compromise the accuracy of an immediately frozen conversion depending on the length of the freeze
period.
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Chapter 6 Analog-to-Digital Converter (ATD10B16CV4)

Table 6-9. Conversion Sequence Length Coding

ssc | sac | s2¢c | sic N”m':‘:rr ‘;fef'z:‘r’lsz"s

0 0 0 0 16
0 0 0 1 1

0 0 1 0 2

0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
1 0 0 1 9
1 0 1 0 10
1 0 1 1 1
1 1 0 0 12
1 1 0 1 13
1 1 1 0 14
1 1 1 1 15

Table 6-10. ATD Behavior in Freeze Mode (Breakpoint)

FRZ1 FRZ0 Behavior in Freeze Mode
0 0 Continue conversion
0 1 Reserved
1 0 Finish current conversion, then freeze

Freeze Immediately
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Chapter 6 Analog-to-Digital Converter (ATD10B16CV4)

6.3.2.5 ATD Control Register 4 (ATDCTL4)

Thisregister selectsthe conversion clock frequency, the length of the second phase of the sampletime and
the resolution of the A/D conversion (i.e., 8-bits or 10-bits). Writes to this register will abort current
conversion sequence but will not start a new sequence.

7 6 5 4 3 2 1 0
R
SRES8 SMPA1 SMPO PRS4 PRS3 PRS2 PRS1 PRS0
w
Reset 0 0 0 0 0 1 0 1
Figure 6-7. ATD Control Register 4 (ATDCTL4)
Read: Anytime

Write: Anytime
Table 6-11. ATDCTLA4 Field Descriptions

Field Description
7 A/D Resolution Select — This bit selects the resolution of A/D conversion results as either 8 or 10 bits. The
SRESS8 A/D converter has an accuracy of 10 bits. However, if low resolution is required, the conversion can be speeded

up by selecting 8-bit resolution.
0 10 bit resolution
1 8 bit resolution

6:5 Sample Time Select —These two bits select the length of the second phase of the sample time in units of ATD
SMP[1:0] conversion clock cycles. Note that the ATD conversion clock period is itself a function of the prescaler value
(bits PRS4-0). The sample time consists of two phases. The first phase is two ATD conversion clock cycles long
and transfers the sample quickly (via the buffer amplifier) onto the A/D machine’s storage node. The second
phase attaches the external analog signal directly to the storage node for final charging and high accuracy.
Table 6-12 lists the lengths available for the second sample phase.

4:0 ATD Clock Prescaler — These 5 bits are the binary value prescaler value PRS. The ATD conversion clock
PRS[4:0] frequency is calculated as follows:
_ [BusClock]
ATDclock = —[PRS 1] x 0.5

Note: The maximum ATD conversion clock frequency is half the bus clock. The default (after reset) prescaler
value is 5 which results in a default ATD conversion clock frequency that is bus clock divided by 12.
Table 6-13 illustrates the divide-by operation and the appropriate range of the bus clock.

Table 6-12. Sample Time Select

SMP1 SMPO Length of 2nd Phase of Sample Time
0 0 2 A/D conversion clock periods
0 1 4 A/D conversion clock periods
1 0 8 A/D conversion clock periods
1 1 16 A/D conversion clock periods
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Table 6-13. Clock Prescaler Values

Prescale Value Total Divisor Max. Bus Clock’ Min. Bus Clock?
Value

00000 Divide by 2 4 MHz 1 MHz

00001 Divide by 4 8 MHz 2 MHz

00010 Divide by 6 12 MHz 3 MHz

00011 Divide by 8 16 MHz 4 MHz

00100 Divide by 10 20 MHz 5 MHz

00101 Divide by 12 24 MHz 6 MHz

00110 Divide by 14 28 MHz 7 MHz

00111 Divide by 16 32 MHz 8 MHz

01000 Divide by 18 36 MHz 9 MHz

01001 Divide by 20 40 MHz 10 MHz
01010 Divide by 22 44 MHz 11 MHz
01011 Divide by 24 48 MHz 12 MHz
01100 Divide by 26 52 MHz 13 MHz
01101 Divide by 28 56 MHz 14 MHz
01110 Divide by 30 60 MHz 15 MHz
01111 Divide by 32 64 MHz 16 MHz
10000 Divide by 34 68 MHz 17 MHz
10001 Divide by 36 72 MHz 18 MHz
10010 Divide by 38 76 MHz 19 MHz
10011 Divide by 40 80 MHz 20 MHz
10100 Divide by 42 84 MHz 21 MHz
10101 Divide by 44 88 MHz 22 MHz
10110 Divide by 46 92 MHz 23 MHz
10111 Divide by 48 96 MHz 24 MHz
11000 Divide by 50 100 MHz 25 MHz
11001 Divide by 52 104 MHz 26 MHz
11010 Divide by 54 108 MHz 27 MHz
11011 Divide by 56 112 MHz 28 MHz
11100 Divide by 58 116 MHz 29 MHz
11101 Divide by 60 120 MHz 30 MHz
11110 Divide by 62 124 MHz 31 MHz
11111 Divide by 64 128 MHz 32 MHz

T Maximum ATD conversion clock frequency is 2 MHz. The maximum allowed bus clock frequency is

shown in this column.

2 Minimum ATD conversion clock frequency is 500 kHz. The minimum allowed bus clock frequency is

shown in this column.
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Chapter 6 Analog-to-Digital Converter (ATD10B16CV4)

6.3.2.6 ATD Control Register 5 (ATDCTLY5)

Thisregister selectsthe type of conversion sequence and the anal og input channels sampled. Writesto this
register will abort current conversion sequence and start a new conversion sequence. If external trigger is
enabled (ETRIGE = 1) aninitial writeto ATDCTL5 isrequired to alow starting of aconversion sequence
which will then occur on each trigger event. Start of conversion means the beginning of the sampling
phase.

7 6 5 4 3 2 1 0
R
DJM DSGN SCAN MULT CD CcC CB CA
W
Reset 0 0 0 0 0 0 0 0
Figure 6-8. ATD Control Register 5 (ATDCTL5)
Read: Anytime

Write: Anytime
Table 6-14. ATDCTLS5 Field Descriptions

Field Description
7 Result Register Data Justification — This bit controls justification of conversion data in the result registers.
DJM See Section 6.3.2.16, “ATD Conversion Result Registers (ATDDRXx)” for details.

0 Left justified data in the result registers.
1 Right justified data in the result registers.

6 Result Register Data Signed or Unsigned Representation — This bit selects between signed and unsigned
DSGN conversion data representation in the result registers. Signed data is represented as 2’s complement. Signed
data is not available in right justification. See <st-bold>6.3.2.16 ATD Conversion Result Registers (ATDDRXx)
for details.

0 Unsigned data representation in the result registers.
1 Signed data representation in the result registers.

Table 6-15 summarizes the result data formats available and how they are set up using the control bits.

Table 6-16 illustrates the difference between the signed and unsigned, left justified output codes for an input
signal range between 0 and 5.12 Volts.

5 Continuous Conversion Sequence Mode — This bit selects whether conversion sequences are performed
SCAN continuously or only once. If external trigger is enabled (ETRIGE=1) setting this bit has no effect, that means
each trigger event starts a single conversion sequence.

0 Single conversion sequence
1 Continuous conversion sequences (scan mode)

4 Multi-Channel Sample Mode — When MULT is 0, the ATD sequence controller samples only from the
MULT specified analog input channel for an entire conversion sequence. The analog channel is selected by channel
selection code (control bits CD/CC/CB/CA located in ATDCTL5). When MULT is 1, the ATD sequence controller
samples across channels. The number of channels sampled is determined by the sequence length value (S8C,
S4C, S2C, S1C). The first analog channel examined is determined by channel selection code (CC, CB, CA
control bits); subsequent channels sampled in the sequence are determined by incrementing the channel
selection code or wrapping around to ANO (channel 0.

0 Sample only one channel
1 Sample across several channels
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Table 6-14. ATDCTLS5 Field Descriptions (continued)

Field Description
3.0 Analog Input Channel Select Code — These bits select the analog input channel(s) whose signals are
C[D:A} sampled and converted to digital codes. Table 6-17 lists the coding used to select the various analog input

channels.

In the case of single channel conversions (MULT = 0), this selection code specified the channel to be examined.
In the case of multiple channel conversions (MULT = 1), this selection code represents the first channel to be
examined in the conversion sequence. Subsequent channels are determined by incrementing the channel
selection code or wrapping around to ANO (after converting the channel defined by the Wrap Around Channel
Select Bits WRAP[3:0] in ATDCTLO). In case starting with a channel number higher than the one defined by
WRAP[3:0] the first wrap around will be AN15 to ANO.

Table 6-15. Available Result Data Formats.

SRES8 DJM DSGN Descrisﬁzﬂ"a::tg:: g:;altllsapping
1 0 0 8-bit / left justified / unsigned — bits 15:8
1 0 1 8-bit / left justified / signed — bits 15:8
1 1 X 8-bit / right justified / unsigned — bits 7:0
0 0 0 10-bit / left justified / unsigned — bits 15:6
0 0 1 10-bit / left justified / signed -— bits 15:6
0 1 X 10-bit / right justified / unsigned — bits 9:0
Table 6-16. Left Justified, Sighed and Unsigned ATD Output Codes.
Input Signal . . . .
Vg = 0 Volts S_lgned Un_S|gned Sllgned Un§|gned
Vpy = 5.12 Volts 8-Bit Codes 8-Bit Codes 10-Bit Codes 10-Bit Codes
5.120 Volts 7F FF 7FCO FFCO
5.100 7F FF 7F00 FFOO
5.080 7E FE 7E00 FEOO
2.580 01 81 0100 8100
2.560 00 80 0000 8000
2.540 FF 7F FFOO0 7F00
0.020 81 01 8100 0100
0.000 80 00 8000 0000
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Chapter 6 Analog-to-Digital Converter (ATD10B16CV4)

Table 6-17. Analog Input Channel Select Coding

cD cc CB CA Analog Input
Channel
0 0 0 0 ANO
0 0 0 1 AN1
0 0 1 0 AN2
0 0 1 1 AN3
0 1 0 0 AN4
0 1 0 1 AN5
0 1 1 0 ANG6
0 1 1 1 AN7
1 0 0 0 AN8
1 0 0 1 AN9
1 0 1 0 AN10
1 0 1 1 AN11
1 1 0 0 AN12
1 1 0 1 AN13
1 1 1 0 AN14
1 1 1 1 AN15
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Chapter 6 Analog-to-Digital Converter (ATD10B16CV4)

6.3.2.7 ATD Status Register 0 (ATDSTATO)

Thisread-only register contains the Sequence Complete Flag, overrun flags for external trigger and FIFO
mode, and the conversion counter.

7 5 4 3 2 1 0

R 0 CC3 cc2 CC1 cco
SCF ETORF FIFOR
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 6-9. ATD Status Register 0 (ATDSTATO)
Read: Anytime

Write: Anytime (No effect on CC[3:0])
Table 6-18. ATDSTATO Field Descriptions

Field Description
7 Sequence Complete Flag — This flag is set upon completion of a conversion sequence. If conversion
SCF sequences are continuously performed (SCAN = 1), the flag is set after each one is completed. This flag is

cleared when one of the following occurs:
* Write “1” to SCF
¢ Write to ATDCTL5 (a new conversion sequence is started)
* If AFFC = 1 and read of a result register

0 Conversion sequence not completed

1 Conversion sequence has completed

5 External Trigger Overrun Flag —While in edge trigger mode (ETRIGLE = 0), if additional active edges are
ETORF detected while a conversion sequence is in process the overrun flag is set. This flag is cleared when one of the
following occurs:

* Write “1” to ETORF

e Write to ATDCTLO,1,2,3,4 (a conversion sequence is aborted)

¢ Write to ATDCTL5 (a new conversion sequence is started)

0 No External trigger over run error has occurred
1 External trigger over run error has occurred
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Table 6-18. ATDSTATO Field Descriptions (continued)

Field Description
4 FIFO Over Run Flag — This bit indicates that a result register has been written to before its associated
FIFOR conversion complete flag (CCF) has been cleared. This flag is most useful when using the FIFO mode because
the flag potentially indicates that result registers are out of sync with the input channels. However, it is also
practical for non-FIFO modes, and indicates that a result register has been over written before it has been read
(i.e., the old data has been lost). This flag is cleared when one of the following occurs:
* Write “1” to FIFOR
» Start a new conversion sequence (write to ATDCTLS5 or external trigger)
0 No over run has occurred
1 Overrun condition exists (result register has been written while associated CCFx flag remained set)
3.0 Conversion Counter — These 4 read-only bits are the binary value of the conversion counter. The conversion
CC[3:0} counter points to the result register that will receive the result of the current conversion. For example, CC3 = 0,
CC2=1,CC1 =1, CCO = 0 indicates that the result of the current conversion will be in ATD Result Register 6.
If in non-FIFO mode (FIFO = 0) the conversion counter is initialized to zero at the begin and end of the
conversion sequence. If in FIFO mode (FIFO = 1) the register counter is not initialized. The conversion
counters wraps around when its maximum value is reached.
Aborting a conversion or starting a new conversion by write to an ATDCTL register (ATDCTL5-0) clears the
conversion counter even if FIFO=1.
6.3.2.8 Reserved Register 0 (ATDTESTO)
7 6 5 4 3 2 1 0
R u u u u u u u u
w
Reset 1 0 0 0 0 0 0 0
= Unimplemented or Reserved u = Unaffected

Figure 6-10. Reserved Register 0 (ATDTESTO)

Read: Anytime, returns unpredictable values

Write: Anytime in special modes, unimplemented in normal modes

NOTE
Writing to this register when in special modes can alter functionality.
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6.3.2.9 ATD Test Register 1 (ATDTEST1)

Thisregister contains the SC bit used to enable specia channel conversions.

7 6 5 4 3 2 1 0
R u u u u u u u
SC
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved u = Unaffected

Figure 6-11. Reserved Register 1 (ATDTEST1)
Read: Anytime, returns unpredictable values for bit 7 and bit 6
Write: Anytime

NOTE
Writing to this register when in special modes can alter functionality.

Table 6-19. ATDTEST1 Field Descriptions

Field Description
0 Special Channel Conversion Bit — If this bit is set, then special channel conversion can be selected using
SC CC, CB, and CA of ATDCTL5. Table 6-20 lists the coding.

0 Special channel conversions disabled
1 Special channel conversions enabled

Table 6-20. Special Channel Select Coding

SC CcD cC CB CA Analog Input Channel
1 0 0 X X Reserved
1 0 1 0 0 VgH
1 0 1 0 1 VRL
1 0 1 1 0 (VRu+VRL) / 2
1 0 1 1 1 Reserved
1 1 X X X Reserved
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6.3.2.10 ATD Status Register 2 (ATDSTAT2)
This read-only register contains the Conversion Complete Flags CCF15 to CCFS8.

7 6 5 4 3 2 1 0
R CCF15 CCF14 CCF13 CCF12 CCF11 CCF10 CCF9 CCF8
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 6-12. ATD Status Register 2 (ATDSTAT2)
Read: Anytime

Write: Anytime, no effect

Table 6-21. ATDSTAT2 Field Descriptions

Field Description
7:0 Conversion Complete Flag Bits — A conversion complete flag is set at the end of each conversion in a
CCF[15:8] |conversion sequence. The flags are associated with the conversion position in a sequence (and also the result

register number). Therefore, CCF8 is set when the ninth conversion in a sequence is complete and the result
is available in result register ATDDR8; CCF9 is set when the tenth conversion in a sequence is complete and
the result is available in ATDDR9, and so forth. A flag CCFx (x = 15, 14, 13, 12, 11, 10, 9, 8) is cleared when
one of the following occurs:

* Write to ATDCTL5 (a new conversion sequence is started)

* If AFFC = 0 and read of ATDSTAT2 followed by read of result register ATDDRx

e If AFFC = 1 and read of result register ATDDRx
In case of a concurrent set and clear on CCFx: The clearing by method A) will overwrite the set. The clearing
by methods B) or C) will be overwritten by the set.
0 Conversion number x not completed
1 Conversion number x has completed, result ready in ATDDRx
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6.3.2.11  ATD Status Register 1 (ATDSTAT1)
This read-only register contains the Conversion Complete Flags CCF7 to CCFO

7 6 5 4 3 2 1 0
R CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 6-13. ATD Status Register 1 (ATDSTAT1)
Read: Anytime

Write: Anytime, no effect
Table 6-22. ATDSTAT1 Field Descriptions

Field Description

7:0 Conversion Complete Flag Bits — A conversion complete flag is set at the end of each conversion in a
CCF[7:0] conversion sequence. The flags are associated with the conversion position in a sequence (and also the result
register number). Therefore, CCFO is set when the first conversion in a sequence is complete and the result is
available in result register ATDDRO; CCF1 is set when the second conversion in a sequence is complete and
the result is available in ATDDR1, and so forth. A CCF flag is cleared when one of the following occurs:

¢ Write to ATDCTL5 (a new conversion sequence is started)

* If AFFC = 0 and read of ATDSTAT1 followed by read of result register ATDDRx

¢ If AFFC = 1 and read of result register ATDDRx
In case of a concurrent set and clear on CCFx: The clearing by method A) will overwrite the set. The clearing
by methods B) or C) will be overwritten by the set.

Conversion number x not completed
Conversion number x has completed, result ready in ATDDRx
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6.3.2.12 ATD Input Enable Register 0 (ATDDIENO)

7 6 5 4 3 2 1 0
R
IEN15 IEN14 IEN13 IEN12 IEN11 IEN10 IEN9 IEN8
W
Reset 0 0 0 0 0 0 0 0
Figure 6-14. ATD Input Enable Register 0 (ATDDIENO)
Read: Anytime

Write: anytime

Table 6-23. ATDDIENO Field Descriptions

Field Description
7:0 ATD Digital Input Enable on Channel Bits — This bit controls the digital input buffer from the analog input
IEN[15:8] pin (ANx) to PTADx data register.

0 Disable digital input buffer to PTADx
1 Enable digital input buffer to PTADx.

Note: Setting this bit will enable the corresponding digital input buffer continuously. If this bit is set while

simultaneously using it as an analog port, there is potentially increased power consumption because the
digital input buffer maybe in the linear region.

6.3.2.13 ATD Input Enable Register 1 (ATDDIEN1)

7 6 5 4 3 2 1 0
R
IEN7 IEN6 IEN5 IEN4 IEN3 IEN2 IEN1 IENO
w
Reset 0 0 0 0 0 0 0 0
Figure 6-15. ATD Input Enable Register 1 (ATDDIEN1)
Read: Anytime

Write: Anytime

Table 6-24. ATDDIEN1 Field Descriptions

Field Description
7:0 ATD Digital Input Enable on Channel Bits — This bit controls the digital input buffer from the analog input
IEN[7:0] pin (ANx) to PTADx data register.

0 Disable digital input buffer to PTADx
1 Enable digital input buffer to PTADx.

Note: Setting this bit will enable the corresponding digital input buffer continuously. If this bit is set while

simultaneously using it as an analog port, there is potentially increased power consumption because the
digital input buffer maybe in the linear region.
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6.3.2.14 Port Data Register 0 (PORTADO)
The data port associated with the ATD isinput-only. The port pins are shared with the analog A/D inputs

AN[15:8].
7 6 5 4 3 2 1 0
R| PTAD15 PTAD14 PTAD13 PTAD12 PTAD11 PTAD10 PTAD9 PTADS8
w
Reset 1 1 1 1 1 1 1 1
I.Dm AN15 AN14 AN13 AN12 AN11 AN10 AN9 AN8
Function
= Unimplemented or Reserved
Figure 6-16. Port Data Register 0 (PORTADO)
Read: Anytime

Write: Anytime, no effect

The A/D input channels may be used for general-purpose digital input.

Table 6-25. PORTADO Field Descriptions

Field Description
7:0 A/D Channel x (ANXx) Digital Input Bits— If the digital input buffer on the ANx pin is enabled (IENx = 1) or
PTAD[15:8] |channel xis enabled as external trigger (ETRIGE =1, ETRIGCH[3-0] =x, ETRIGSEL = 0) read returns the logic

level on ANXx pin (signal potentials not meeting V,_or V| specifications will have an indeterminate value)).

If the digital input buffers are disabled (IENx = 0) and channel x is not enabled as external trigger, read returns
a “111.

Reset sets all PORTADO bits to “1”.
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6.3.2.15 Port Data Register 1 (PORTAD1)

The data port associated with the ATD isinput-only. The port pins are shared with the analog A/D inputs
AN7-0.

7 6 5 4 3 2 1 0
R PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO
W
Reset 1 1 1 1 1 1 1 1
Pin AN ANG AN5 AN4 AN3 AN2 AN1 ANO
Function
= Unimplemented or Reserved
Figure 6-17. Port Data Register 1 (PORTAD1)
Read: Anytime

Write: Anytime, no effect

The A/D input channels may be used for general-purpose digital input.
Table 6-26. PORTAD1 Field Descriptions

Field Description

7:0 A/D Channel x (ANXx) Digital Input Bits — If the digital input buffer on the ANx pin is enabled (IENx=1) or
PTAD[7:8] |channel x is enabled as external trigger (ETRIGE = 1, ETRIGCH[3-0] = x, ETRIGSEL = 0) read returns the
logic level on ANX pin (signal potentials not meeting V| _or V|4 specifications will have an indeterminate value)).
If the digital input buffers are disabled (IENx = 0) and channel x is not enabled as external trigger, read returns
a “11!.

Reset sets all PORTAD1 bits to “1”.
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6.3.2.16 ATD Conversion Result Registers (ATDDRX)

The A/D conversion results are stored in 16 read-only result registers. The result datais formatted in the
result registers bases on two criteria. First thereisleft and right justification; this selection is made using
the DJM control bit in ATDCTLS5. Second there is signed and unsigned data; this selection is made using
the DSGN control bitin ATDCTL5. Signed datais stored in 2's complement format and only existsin left
justified format. Signed data selected for right justified format isignored.

Read: Anytime

Write: Anytime in special mode, unimplemented in normal modes

6.3.2.16.1 Left Justified Result Data

7 6 5 4 3 2 1 0
R (10-BIT)| BIT 9 MSB BIT 8 BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2
R (8-BIT)| BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 6-18. Left Justified, ATD Conversion Result Register x, High Byte (ATDDRxH)

7 6 2 1
R (10-BIT) BIT 1 BIT 0 0 0 0 0 0 0
R (8-BIT) u u 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved u = Unaffected

Figure 6-19. Left Justified, ATD Conversion Result Register x, Low Byte (ATDDRxL)
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6.3.2.16.2 Right Justified Result Data

2 1 0
R (10-BIT) 0 0 0 0 0 0 BIT 9 MSB BIT 8
R (8-BIT) 0 0 0 0 0 0 0 0

w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 6-20. Right Justified, ATD Conversion Result Register x, High Byte (ATDDRxH)

7 6 5 4 3 2 1 0
R (10-BIT) BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
R (8-BIT)| BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 6-21. Right Justified, ATD Conversion Result Register x, Low Byte (ATDDRXxL)

6.4 Functional Description
The ATD10B16C is structured in an analog and a digital sub-block.

6.4.1 Analog Sub-block

The analog sub-block contains al analog electronics required to perform a single conversion. Separate
power suppliesVppa and Vgsa alow to isolate noise of other MCU circuitry from the analog sub-block.

6.4.1.1 Sample and Hold Machine

The sample and hold (S'H) machine accepts analog signals from the external world and stores them as
capacitor charge on a storage node.

The sample process uses a two stage approach. During the first stage, the sample amplifier isused to
quickly charge the storage node.The second stage connects the input directly to the storage node to
complete the sample for high accuracy.

When not sampling, the sample and hold machine disablesits own clocks. The anal og el ectronics continue
drawing their quiescent current. The power down (ADPU) bit must be set to disable both the digital clocks
and the analog power consumption.

The input analog signals are unipolar and must fall within the potential range of Vggp t0 Vppa-
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6.4.1.2 Analog Input Multiplexer

The analog input multiplexer connects one of the 16 external anal og input channelsto the sample and hold
machine.

6.4.1.3 Sample Buffer Amplifier

The sample amplifier is used to buffer the input analog signal so that the storage node can be quickly
charged to the sample potential.

6.4.1.4 Analog-to-Digital (A/D) Machine

The A/D machine performs analog to digital conversions. The resolution is program selectable at either 8
or 10 bits. The A/D machine uses a successive approximation architecture. It functions by comparing the
stored anal og sampl e potential with aseriesof digitally generated anal og potentials. By following abinary
search agorithm, the A/D machine locates the approximating potential that is nearest to the sampled
potential.

When not converting the A/D machine disablesits own clocks. The analog e ectronics continue drawing
guiescent current. The power down (ADPU) bit must be set to disable both thedigital clocksand theanalog
power consumption.

Only analog input signals within the potential range of Vg to Vry (A/D reference potentials) will result
in anon-railed digital output codes.

6.4.2  Digital Sub-Block

This subsection explains some of the digital featuresin more detail. Seeregister descriptionsfor all details.

6.4.2.1 External Trigger Input

The external trigger feature allows the user to synchronize ATD conversions to the external environment
eventsrather than relying on software to signal the ATD module when ATD conversions areto take place.
The external trigger signal (out of reset ATD channel 15, configurable in ATDCTL1) is programmable to
be edge or level sensitive with polarity control. Table 6-27 gives a brief description of the different
combinations of control bits and their effect on the external trigger function.

Table 6-27. External Trigger Control Bits

ETRIGLE | ETRIGP | ETRIGE | SCAN Description
X X 0 0 Ignores external trigger. Performs one conversion sequence and stops.
X X 0 1 Ignores external trigger. Performs continuous conversion sequences.
0 0 1 X Falling edge triggered. Performs one conversion sequence per trigger.
0 1 1 X Rising edge triggered. Performs one conversion sequence per trigger.
1 0 1 X Trigger active low. Performs continuous conversions while trigger is active.
1 1 1 X Trigger active high. Performs continuous conversions while trigger is active.

During a conversion, if additional active edges are detected the overrun error flag ETORF is set.
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In either level or edge triggered modes, the first conversion begins when the trigger is received. In both
cases, the maximum latency time is one bus clock cycle plus any skew or delay introduced by the trigger
circuitry.

After ETRIGE is enabled, conversions cannot be started by awrite to ATDCTLS5, but rather must be
triggered externaly.

If the level mode is active and the external trigger both de-asserts and re-asserts itself during aconversion
sequence, this does not constitute an overrun. Therefore, the flag is not set. If the trigger remains asserted
in level mode while a sequence is completing, another sequence will be triggered immediately.

6.4.2.2 General-Purpose Digital Input Port Operation

The input channel pins can be multiplexed between analog and digital data. As analog inputs, they are
multiplexed and sampled to supply signalsto the A/D converter. Asdigital inputs, they supply external
input data that can be accessed through the digital port registers (PORTADO & PORTAD1) (input-only).

The analog/digital multiplex operation is performed in the input pads. The input pad is aways connected
to the analog inputs of the ATD10B16C. The input pad signal is buffered to the digital port registers. This
buffer can be turned on or off with the ATDDIENO & ATDDIEN1 register. Thisisimportant so that the
buffer does not draw excess current when analog potentials are presented at its input.

6.4.3 Operation in Low Power Modes

The ATD10B16C can be configured for lower MCU power consumption in three different ways:

« Stop Mode
Stop Mode: Thishalts A/D conversion. Exit from Stop mode will resume A/D conversion, But due
to the recovery time the result of this conversion should be ignored.
Entering stop mode causes all clocks to halt and thus the system is placed in a minimum power
standby mode. This halts any conversion sequence in progress. During recovery from stop mode,
there must be a minimum delay for the stop recovery time tgg before initiating a new ATD
conversion sequence.

*  Wait Mode
Wait Mode with AWAI = 1: This halts A/D conversion. Exit from Wait mode will resume A/D
conversion, but due to the recovery time the result of this conversion should be ignored.
Entering wait mode, the ATD conversion either continues or halts for low power depending on the
logical value of the AWAIT bit.

* FreezeMode
Writing ADPU = 0 (Note that all ATD registersremain accessible.): This abortsany A/D
conversion in progress.
In freeze mode, the ATD10B16C will behave according to the logical values of the FRZ1 and
FRZO0 bits. Thisis useful for debugging and emulation.

NOTE

The reset value for the ADPU bit is zero. Therefore, when thismoduleis
reset, it isreset into the power down state.
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6.5

Resets

At reset the ATD10B16C isin a power down state. The reset state of each individual bit islisted within
Section 6.3, “Memory Map and Register Definition,” which details the registers and their bit fields.

6.6

Interrupts

Theinterrupt requested by the ATD10B16C islisted in Table 6-28. Refer to M CU specification for related
vector address and priority.

Table 6-28. ATD Interrupt Vectors

Interrupt Source

CCR Mask

Local Enable

Sequence Complete Interrupt

I bit

ASCIE in ATDCTL2

See Section 6.3.2, “Register Descriptions,” for further details.
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Chapter 7
Digital-to-Analog Converter (DAC8B1CV1)

7.1 Introduction
The DAC8B1C isa8-hit, 1-channel digital-to-analog converter module.

711 Features

The DACB8B1C includes these features:
e 8-bit resolution.
*  One output independent monotonic channel.

7.1.2 Modes of Operation

The DAC8B1C functionsthe samein normal, special, and emulation modes. It hastwo low-power modes,
wait and stop modes.

7.1.2.1 Run Mode

Normal mode of operation.

7.1.2.2 Wait Mode

Entering wait mode, the DAC conversion either continues or aborts for low power, depending on the
logical state of the DACWAI hit.

7.1.2.3 Stop Mode

The DAC8B1C moduleis disabled in stop mode for reduced power consumption. The STOP instruction
does not affect DAC register states.

71.3 Block Diagram
Figure 7-1 illustrates the functional block diagram of the DAC8B1C module.
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CONTROL CIRCUIT

CHANNEL
VREF |:|—)
ol a
VAL D 2| 2
() [m)
Vbpa D >
Vssa D—’
Y Y
O/P VOLTAGE
pao| < ANALOG SUB-BLOCK

Figure 7-1. DAC8B1C Functional Block Diagram

7.2  External Signal Description
The DAC8B1C module requires four external pins. These pins are listed in Table 7-1 below.

Table 7-1. DAC8B1C External Pin Descriptions

Name Function
DAO DAC channel output
Vbpa DAC power supply
Vssa DAC ground supply
VRer Reference voltage for DAC conversion
VgL Reference ground voltage connected
to Vgga outside the DAC boundary
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7.2.1 DAO — DAC Channel Output

Thispinisused asthe analog output pin of the DAC8B1C module. The value representsthe anal og voltage
level between VSSA and VREF‘

7.2.2  Vppa — DAC Power Supply

This pin serves as the power supply pin.|

7.2.3 Vgga — DAC Ground Supply

This pin serves as an analog ground reference to the DAC.

7.2.4  Vger — DAC Reference Supply

This pin serves as the source for the high reference potential. Separation from the power supply pins
accommodates the filtering necessary to achieve the accuracy of which the system is capable.

7.2.5 VgL — DAC Reference Ground Supply

This pin serves as the ground for the low reference potential. This pin is connected to V ggp outside the
DA C module boundary to accommodate the filtering necessary to achieve the accuracy of which the
system is capable.

7.3 Memory Map and Registers

This section provides a detailed description of all memory and registers accessible to the end user.

7.3.1 Module Memory Map

Figure 7-2 summarizes the DAC8B1C memory map. The base addressis defined at the chip level and the
address offset is defined at the module level.

Address Name Bit7 6 5 4 3 2 1 Bit0
0x0000 DACCO VF\; DACE DACTE 0 0 DJM DSGN DACWAI DACOE
R 0 0 0 0 0 0 0 0
0x0001 DACC1
w
0x0002 DACI?.(Leﬁ R BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
Justified) w
0x0003 DACD. (_nght R BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
Justified) w

|:|= Unimplemented or Reserved

Figure 7-2. DAC8B1C Register Summary
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7.3.2

Register Descriptions

This section consists of register descriptions arranged in address order. Each description includes a
standard register diagram with an associated figure number. Detailsof register bit and field function follow
the register diagrams, in descending bit order.

7.3.21 DAC Control Register 0 (DACCO)
Module Base + 0x0000
7 6 5 4 3 2 1 0
R DACTE 0 0
DACE DJM DSGN DACWAI DACOE
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 7-3. DAC Control Register 0 (DACCO0)

Read: anytime (reserved locations read zero)

Write: anytime except DACTE is available only in special modes

Table 7-2. DACCO Field Descriptions

Field Description
7 DAC Enable — This bit enables digital-to-analog converter functionality. When enabled, an analog voltage based
DACE on the digital value in the DAC data register will be output. When disabled, DAO pin is high-impedance.
0 DAC is disabled and powered down
1 DAC is enabled for conversion
6 DAC Test Enable — This reserved bit is designed for factory test purposes only and is not intended for general
DACTE user access. Writing to this bit when in special test modes can alter DAC functionality.
3 Data Register Data Justification — This bit controls the justification of the data in the DAC data register
DJM (DACD). If DJM is clear (left-justified), the data to be converted must be written to left justified DACD and the right
justified DACD register will read zeroes. If DJM is set (right-justified), the data to be converted is written to right
justified DACD register and left justified DACD register reads zeroes. Data is preserved if DJM bit is changed
after data is written.
0 Left justified data in DAC data register
1 Right justified data in DAC data register
2 Data Register Signed — This bit selects between signed and unsigned conversion data representation in the
DSGN DAC data register. Signed data is represented as 2’s complement.
0 Unsigned data representation in DAC data register
1 Signed data representation in DAC data register
1 DAC Stop in WAIT Mode — DACWAI disables the DAC8B1C module (no new conversion is done) during wait
DACWAI | mode.
0 DAC is enabled during wait mode
1 DAC is disabled and powered down during wait mode
0 DAC Output Enable — This bit enables the output on the DAO pin. To output the DAC voltage, the DACOE bit
DACOE |and the DACE bit must be set. When disabled, DAO pin is high-impedance.

0 Output is not available for external use
1 Output on DAO pin enabled.
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7.3.2.2 Reserved Register (DACC1)
Thisregister isreserved.

Module Base + 0x0000

5 4 3 1
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 7-4. Reserved Register (DACC1)

Read: always read $00
Write: unimplemented

7.3.2.3 DAC Data Register — Left Justified (DACD)

Module Base + 0x0002

7 6 5 4 3 2 1 0
R
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
w
Reset 0 0 0 0 0 0 0 0

Figure 7-5. DAC Data Register — Left Justified (DACD)

Read: read zeroes when DIM is set
Write: unimplemented when DIM s set

The DAC dataregister isan 8-bit readable/writable register that stores the data to be converted when DIV
bit is clear. When the DACE bit is set, the value in thisregister is converted into an analog voltage such
that values from $00 to $FF result in equal voltage increments from V gga t0 Vgee. When DIM bit is set,
this register reads zeroes and cannot be written.
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7.3.2.4 DAC Data Register — Right Justified (DACD)

Module Base + 0x0003

7 6 5 4 3 2 1 0
R
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
w
Reset 0 0 0 0 0 0 0 0

Figure 7-6. DAC Data Register — Right Justified (DACD)

Read: read zeroes when DJIM is clear

Write: unimplemented when DIM is clear

The DAC dataregister isan 8-hit readable/writable register that stores the data to be converted when DIV
bit is set. When the DACE bit is set, the valuein thisregister is converted into an analog voltage such that
valuesfrom $00 to $FF result in equal voltage incrementsfrom V ggp to Vgee. When DIM bit isclear, this
register reads zeroes and cannot be written.
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7.4 Functional Description
The DAC8B1C module consists of analog and digital sub-blocks.

7.4.1 Functional Description

Datato be converted is written to DACD register. The data can be mapped either to left end or right end
of DACD register by clearing or setting DIM bit of DACCO register. Also, the data written to DACD can
be a signed or unsigned data depending on DSGN bit of DACCO register. See Table 7-3 below for data
formats. The maximum unsigned data that can be written to DACD register is $FF while the minimum
value is $00. If the datais signed, the maximum value that can be written to DACD is $7F while the
minimum value is $80, where $7F (signed) corresponds to $FF (unsigned) and $80 (signed) corresponds
to $00 (unsigned). Table 7-4 shows this characteristic between signed, unsigned data values and their
corresponding voltage output. See Table 7-4 for DAC signed and un-signed data and DAC output codes.

Table 7-3. Data Formats

DJM DSGN Description and Bus Bit Mapping
0 0 8 bit/left justified/unsigned — bits 15-8
0 1 8 bit/left justified/signed — bits 15-8
1 0 8 bit/right justified/unsigned — bits 7-0
1 1 8 bit/right justified/signed bits — 7-0

Table 7-4. Signed and Unsigned Data
and DAC Output Codes

Input signal Signed Unsigned
VRL=0 8-Bit 8-Bit
VRer/VRu = 5-12volts Codes Codes
5.12 7F FF
5.08 7E FE
5.07 7D FD
2.580 01 81
2.56 00 80
2.54 FF 7F
2.52 FE 7E
0.020 81 01
0.000 80 00
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Conversion of the datain DACD register takes place as soon as DACE bit of DACCO is set. The transfer
characteristic of the day moduleis shown in Figure 7-7.

256 LSB

255 L.SB

3LSB

Analog Output Voltage

2LSB

1LSB

- — — — — — 1

SFF

Digital Input —_—

1LSB =21.5mV when Vppp=5.5V
1 LSB =11.5mV when Vppa =3.0V

Figure 7-7. DAC8B1C Transfer Function

7.5 Resets

7.5.1 General

The DAC8B1C moduleisreset on asystem reset. If the system reset signal is activated, the DAC registers
areinitialized to their reset state and the DAC8B1C module is powered down. This occurs as a function
of theregister file initialization. If the module is performing a conversion, the current conversion is
terminated.
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Serial Communication Interface (SCIV4)

8.1 Introduction
This block description chapter provides an overview of serial communication interface (SCI) module.

The SCI allows full duplex, asynchronous, serial communication between the CPU and remote devices,
including other CPUs. The SCI transmitter and receiver operateindependently, although they use the same
baud rate generator. The CPU monitors the status of the SCI, writes the data to be transmitted, and
processes received data

8.1.1 Glossary

IR: infrared

IrDA: Infrared Design Association
IRQ: interrupt request

L SB: least significant bit

MSB: most significant bit

NRZ: non-return-to-Zero

RZI: return-to-zero-inverted

RXD: receive pin

SCI: seria communication interface

TXD: transmit pin

8.1.2 Features

The SCI includes these distinctive features:
* Full-duplex or single-wire operation
e Standard mark/space non-return-to-zero (NRZ) format
» Selectable IrDA 1.4 return-to-zero-inverted (RZI) format with programmable pulse widths
* 13-bit baud rate selection
* Programmable 8-bit or 9-bit data format
» Separately enabled transmitter and receiver
» Programmable polarity for transmitter and receiver
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* Programmable transmitter output parity
* Two receiver wakeup methods:
— ldleline wakeup
— Address mark wakeup
* Interrupt-driven operation with eight flags:
— Transmitter empty
— Transmission complete
— Receiver full
— ldlereceiver input
— Receiver overrun
— Noise error
— Framing error
— Parity error
* Receiver framing error detection
» Hardware parity checking
* 1/16 bit-time noise detection

8.1.3 Modes of Operation

The SCI functions the same in normal, special, and emulation modes. It has two low-power modes, wait
and stop modes.

8.1.3.1 Run Mode

Normal mode of operation.

8.1.3.2 Wait Mode

SCI operation in wait mode depends on the state of the SCISWAI bit in the SCI control register 1
(SCICRY).

o |f SCISWALI isclear, the SCI operates normally when the CPU isin wait mode.

o |f SCISWALI isset, SCI clock generation ceases and the SCI module enters a power-conservation
state when the CPU isin wait mode. Setting SCISWAI does not affect the state of the receiver
enable bit, RE, or the transmitter enable bit, TE.

If SCISWAI is set, any transmission or reception in progress stops at wait mode entry. The
transmission or reception resumes when either an internal or external interrupt brings the CPU out
of wait mode. Exiting wait mode by reset aborts any transmission or reception in progress and
resets the SCI.
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Stop Mode

The SCI isinactive during stop mode for reduced power consumption. The STOP instruction does not
affect the SCI register states, but the SCI bus clock will be disabled. The SCI operation resumes after an
external interrupt brings the CPU out of stop mode. Exiting stop mode by reset aborts any transmission or
reception in progress and resets the SCI.

8.1.4 Block Diagram
Figure 8-1isahigh level block diagram of the SCI module, showing the interaction of various function
blocks.
SCI Data Register
A IDLE Interrupt Request
RXD | DataIn Infrared IRQ
> »| Receive Shift Register
Decoder 9 Generation
A
\i
Receive & Wakeup Control
RDRF/OR
Interrupt
Request
SCI o
BAUD -16 Data Format Control TORE 'F?éerﬂlé@i
Bus Clk Generator ¢ Interrupt a
> / Request
Transmit Control
A
Y
Transmit Shift Register IRQ T
ﬁ Generation
TC Interrupt Request
SCI Data Register
Infrared Data Out | TXD
Encoder o

Figure 8-1. SCI Block Diagram

MC9S12E256 Data Sheet, Rev. 1.08

Freescale Semiconductor 245



Chapter 8 Serial Communication Interface (SCIV4)

8.2  External Signal Description

The SCI module has atotal of two external pins.

8.2.1 TXD — SCI Transmit Pin

The TXD pin transmits SCI (standard or infrared) data. It will idle high in either mode and is high
impedance anytime the transmitter is disabled.

8.2.2 RXD — SCI Receive Pin

The RXD pinreceives SCI (standard or infrared) data. Anidlelineisdetected asaline high. Thisinputis
ignored when the receiver is disabled and should be terminated to a known voltage.

8.3 Memory Map and Register Definition
This subsection provides a detailed description of all the SCI registers.

8.3.1 Module Memory Map

The memory map for the SCI module is given in Figure 8-2. The address listed for each register isthe
address offset. The total address for each register is the sum of the base address for the SCI module and
the address offset for each register.

8.3.2 Register Descriptions

This subsection consists of register descriptions in address order. Each description includes a standard
register diagram with an associated figure number. Writes to reserved register locations do not have any
effect and reads of these locations return a 0. Details of register bit and field function follow the register
diagrams, in bit order.
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Register Bit 7 6 5 4 3 2 1 Bit 0
Name
SCIBDH R
IREN TNP1 TNPO | SBR12 | SBR11 | SBR10 | SBRY SBR8
W
SCIBDL R
SBR7 SBR6 SBR5 SBR4 | SBR3 | SBR2 SBR1 SBRO
W
SCICR1 R
| LOOPS | sCiswal | RSRC M WAKE LT PE PT
SCICR2 R
Wl TE TCIE RIE ILIE TE RE RWU SBK
SCISR1 R| TDRE TC RDRF IDLE OR NF FE PF
W
SCISR2 R 0 0 0 RAF
" TXPOL | RXPOL | BRK13 | TXDIR
SCIDRH R Rs 0 0 0 0 0 0
T8
W
SCIDRL R R7 R6 R5 R4 R3 R2 R1 RO
w| 17 T6 5 T4 T3 T2 T1 T0

I:l = Unimplemented or Reserved

Figure 8-2. SCI Registers Summary
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8.3.2.1 SCI Baud Rate Registers (SCIBDH and SCIBDL)
7 6 5 4 3 2 1 0
R
IREN TNP1 TNPO SBR12 SBR11 SBR10 SBR9 SBR8
W
Reset 0 0 0 0 0 0 0 0
Figure 8-3. SCI Baud Rate Register High (SCIBDH)
Table 8-1. SCIBDH Field Descriptions
Field Description
7 Infrared Enable Bit — This bit enables/disables the infrared modulation/demodulation submodule.
IREN 0 IR disabled
1 IR enabled
6:5 Transmitter Narrow Pulse Bits — These bits determine if the SCI will transmit a 1/16, 3/16, 1/32, or 1/4 narrow
TNP[1:0] |pulse. Refer to Table 8-3.
4.0 SCI Baud Rate Bits — The baud rate for the SCI is determined by the bits in this register. The baud rate is
SBR[11:8] | calculated two different ways depending on the state of the IREN bit.
The formulas for calculating the baud rate are:
When IREN = 0 then,
SCI baud rate = SCI module clock / (16 x SBR[12:0])
When IREN = 1 then,
SCI baud rate = SCI module clock / (32 x SBR[12:1])
7 6 5 4 3 2 1 0
R
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
W
Reset 0 0 0 0 0 1 0 0
Figure 8-4. SCI Baud Rate Register Low (SCIBDL)
Table 8-2. SCIBDL Field Descriptions
Field Description
7:0 SCI Baud Rate Bits — The baud rate for the SCI is determined by the bits in this register. The baud rate is
SBRJ[7:0] |calculated two different ways depending on the state of the IREN bit.

The formulas for calculating the baud rate are:
When IREN = 0 then,
SCI baud rate = SCI module clock / (16 x SBR[12:0])
When IREN = 1 then,
SCI baud rate = SCI module clock / (32 x SBR[12:1])
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Read: anytime
NOTE

If only SCIBDH iswritten to, aread will not return the correct data until
SCIBDL iswritten to as well, following awrite to SCIBDH.

Write: anytime

The SCI baud rate register is used to determine the baud rate of the SCI and to control the infrared
modul ation/demodul ation submodule.

Table 8-3. IRSCI Transmit Pulse Width

TNP[1:0] Narrow Pulse Width
11 1/4
10 1/32
01 1/16
00 3/16
NOTE

The baud rate generator is disabled after reset and not started until the TE
bit or the RE bit is set for the first time. The baud rate generator is disabled
when (SBR[12:0] = 0 and IREN = 0) or (SBR[12:1] =0 and IREN = 1).

Writing to SCIBDH has no effect without writing to SCIBDL, because
writing to SCIBDH puts the data in atemporary location until SCIBDL is
written to.

8.3.2.2 SCI Control Register 1 (SCICR1)

7 6 5 4 3 2 1 0
R
LOOPS SCISWAI RSRC M WAKE ILT PE PT
W
Reset 0 0 0 0 0 0 0 0
Figure 8-5. SCI Control Register 1 (SCICR1)
Read: anytime

Write: anytime
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Table 8-4. SCICR1 Field Descriptions

Field Description
7 Loop Select Bit — LOOPS enables loop operation. In loop operation, the RXD pin is disconnected from the SCI
LOOPS and the transmitter output is internally connected to the receiver input. Both the transmitter and the receiver must
be enabled to use the loop function.
0 Normal operation enabled
1 Loop operation enabled
The receiver input is determined by the RSRC bit.
6 SCI Stop in Wait Mode Bit — SCISWAI disables the SCI in wait mode.
SCISWAI [0 SCI enabled in wait mode
1 SCI disabled in wait mode
5 Receiver Source Bit — When LOOPS = 1, the RSRC bit determines the source for the receiver shift register
RSRC input.
0 Receiver input internally connected to transmitter output
1 Receiver input connected externally to transmitter
Refer to Table 8-5.
4 Data Format Mode Bit — MODE determines whether data characters are eight or nine bits long.
M 0 One start bit, eight data bits, one stop bit
1 One start bit, nine data bits, one stop bit
3 Wakeup Condition Bit — WAKE determines which condition wakes up the SCI: a logic 1 (address mark) in the
WAKE most significant bit position of a received data character or an idle condition on the RXD pin.
0 Idle line wakeup
1 Address mark wakeup
2 Idle Line Type Bit — ILT determines when the receiver starts counting logic 1s as idle character bits. The
ILT counting begins either after the start bit or after the stop bit. If the count begins after the start bit, then a string of
logic 1s preceding the stop bit may cause false recognition of an idle character. Beginning the count after the
stop bit avoids false idle character recognition, but requires properly synchronized transmissions.
0 Idle character bit count begins after start bit
1 Idle character bit count begins after stop bit
1 Parity Enable Bit — PE enables the parity function. When enabled, the parity function inserts a parity bit in the
PE most significant bit position.
0 Parity function disabled
1 Parity function enabled
0 Parity Type Bit — PT determines whether the SCI generates and checks for even parity or odd parity. With even
PT parity, an even number of 1s clears the parity bit and an odd number of 1s sets the parity bit. With odd parity, an

odd number of 1s clears the parity bit and an even number of 1s sets the parity bit.
0 Even parity

1 Odd parity
Table 8-5. Loop Functions
LOOPS | RSRC Function
0 X Normal operation
1 0 Loop mode with transmitter output internally connected to receiver input
1 1 Single-wire mode with TXD pin connected to receiver input
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8.3.2.3 SCI Control Register 2 (SCICR2)
7 6 5 4 3 2 1 0
R
W TIE TCIE RIE ILIE TE RE RWU SBK
Reset 0 0 0 0 0 0 0 0
Figure 8-6. SCI Control Register 2 (SCICR2)
Read: anytime

Write: anytime

Table 8-6. SCICR2 Field Descriptions

Field Description
7 Transmitter Interrupt Enable Bit —TIE enables the transmit data register empty flag, TDRE, to generate
TIE interrupt requests.
0 TDRE interrupt requests disabled
1 TDRE interrupt requests enabled
6 Transmission Complete Interrupt Enable Bit — TCIE enables the transmission complete flag, TC, to generate
TCIE interrupt requests.
0 TC interrupt requests disabled
1 TC interrupt requests enabled
5 Receiver Full Interrupt Enable Bit — RIE enables the receive data register full flag, RDRF, or the overrun flag,
RIE OR, to generate interrupt requests.
0 RDRF and OR interrupt requests disabled
1 RDRF and OR interrupt requests enabled
4 Idle Line Interrupt Enable Bit — ILIE enables the idle line flag, IDLE, to generate interrupt requests.
ILIE 0 IDLE interrupt requests disabled
1 IDLE interrupt requests enabled
3 Transmitter Enable Bit — TE enables the SCI transmitter and configures the TXD pin as being controlled by the
TE SCI. The TE bit can be used to queue an idle preamble.
0 Transmitter disabled
1 Transmitter enabled
2 Receiver Enable Bit — RE enables the SCI receiver.
RE 0 Receiver disabled
1 Receiver enabled
1 Receiver Wakeup Bit — Standby state
RwWU 0 Normal operation.
1 RWU enables the wakeup function and inhibits further receiver interrupt requests. Normally, hardware wakes
the receiver by automatically clearing RWU.
0 Send Break Bit — Toggling SBK sends one break character (10 or 11 logic 0s, respectively 13 or 14 logics 0s
SBK if BRK13 is set). Toggling implies clearing the SBK bit before the break character has finished transmitting. As

long as SBK is set, the transmitter continues to send complete break characters (10 or 11 bits, respectively 13
or 14 bits).

0 No break characters

1 Transmit break characters
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8.3.2.4 SCI Status Register 1 (SCISR1)

The SCISR1 and SCISR2 registers provide inputsto the MCU for generation of SCI interrupts. Also, these
registers can be polled by the MCU to check the status of these bits. The flag-clearing procedures require
that the status register be read followed by aread or write to the SCI dataregister. It is permissible to
execute other instructions between the two steps as long as it does not compromise the handling of 1/0.
Note that the order of operationsisimportant for flag clearing.

7 6 5 4 3 2 1 0
R TDRE TC RDRF IDLE OR NF FE PF
w
Reset 1 1 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 8-7. SCI Status Register 1 (SCISR1)
Read: anytime

Write: has no meaning or effect
Table 8-7. SCISR1 Field Descriptions

Field Description

7 Transmit Data Register Empty Flag — TDRE is set when the transmit shift register receives a byte from the
TDRE SCl data register. When TDRE is 1, the transmit data register (SCIDRH/L) is empty and can receive a new value
to transmit.Clear TDRE by reading SCI status register 1 (SCISR1), with TDRE set and then writing to SCI data
register low (SCIDRL).

0 No byte transferred to transmit shift register
1 Byte transferred to transmit shift register; transmit data register empty

6 Transmit Complete Flag — TC is set low when there is a transmission in progress or when a preamble or break
TC character is loaded. TC is set high when the TDRE flag is set and no data, preamble, or break character is being
transmitted.When TC is set, the TXD pin becomes idle (logic 1). Clear TC by reading SCI status register 1
(SCISRT1) with TC set and then writing to SCI data register low (SCIDRL). TC is cleared automatically when data,
preamble, or break is queued and ready to be sent. TC is cleared in the event of a simultaneous set and clear of
the TC flag (transmission not complete).

0 Transmission in progress
1 No transmission in progress

5 Receive Data Register Full Flag — RDRF is set when the data in the receive shift register transfers to the SCI
RDRF data register. Clear RDRF by reading SCI status register 1 (SCISR1) with RDRF set and then reading SCI data
register low (SCIDRL).

0 Data not available in SCI data register
1 Received data available in SCI data register

4 Idle Line Flag' — IDLE is set when 10 consecutive logic 1s (if M = 0) or 11 consecutive logic 1s (if M = 1) appear
IDLE on the receiver input. After the IDLE flag is cleared, a valid frame must again set the RDRF flag before an idle
condition can set the IDLE flag.Clear IDLE by reading SCI status register 1 (SCISR1) with IDLE set and then
reading SCI data register low (SCIDRL).

0 Receiver input is either active now or has never become active since the IDLE flag was last cleared
1 Receiver input has become idle
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Table 8-7. SCISR1 Field Descriptions (continued)

Field

Description

OR

Overrun Flag® — OR is set when software fails to read the SCI data register before the receive shift register
receives the next frame. The OR bit is set immediately after the stop bit has been completely received for the
second frame. The data in the shift register is lost, but the data already in the SCI data registers is not affected.
Clear OR by reading SCI status register 1 (SCISR1) with OR set and then reading SCI data register low
(SCIDRL).

0 No overrun

1 Overrun

Noise Flag — NF is set when the SCI detects noise on the receiver input. NF bit is set during the same cycle as
the RDRF flag but does not get set in the case of an overrun. Clear NF by reading SCI status register 1(SCISR1),
and then reading SCI data register low (SCIDRL).

0 No noise

1 Noise

FE

Framing Error Flag — FE is set when a logic 0 is accepted as the stop bit. FE bit is set during the same cycle
as the RDRF flag but does not get set in the case of an overrun. FE inhibits further data reception until it is
cleared. Clear FE by reading SCI status register 1 (SCISR1) with FE set and then reading the SCI data register
low (SCIDRL).

0 No framing error

1 Framing error

Parity Error Flag — PF is set when the parity enable bit (PE) is set and the parity of the received data does not
match the parity type bit (PT). PF bit is set during the same cycle as the RDRF flag but does not get set in the
case of an overrun. Clear PF by reading SCI status register 1 (SCISR1), and then reading SCI data register low
(SCIDRL).

0 No parity error

1 Parity error

1 When the receiver wakeup bit (RWU) is set, an idle line condition does not set the IDLE flag.
2 The OR flag may read back as set when RDRF flag is clear. This may happen if the following sequence of events occurs:
1. After the first frame is received, read status register SCISR1 (returns RDRF set and OR flag clear);

2. Receive second frame without reading the first frame in the data register (the second frame is not received and OR flag
is set);

3. Read data register SCIDRL (returns first frame and clears RDRF flag in the status register);
4. Read status register SCISR1 (returns RDRF clear and OR set).

Event 3 may be at exactly the same time as event 2 or any time after. When this happens, a dummy SCIDRL read following
event 4 will be required to clear the OR flag if further frames are to be received.
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8.3.2.5 SCI Status Register 2 (SCISR2)

5 4 3 2 1 0
R 0 0 0 RAF
TXPOL RXPOL BRK13 TXDIR
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 8-8. SCI Status Register 2 (SCISR2)
Read: anytime

Write: anytime
Table 8-8. SCISR2 Field Descriptions

Field Description

4 Transmit Polarity — This bit control the polarity of the transmitted data. In NRZ format, a 1 is represented by a
TXPOL mark and a 0 is represented by a space for normal polarity, and the opposite for inverted polarity. In IrDA format,
a 0 is represented by short high pulse in the middle of a bit time remaining idle low for a 1 for normal polarity, and
a 0 is represented by short low pulse in the middle of a bit time remaining idle high for a 1 for inverted polarity.
0 Normal polarity
1 Inverted polarity

3 Receive Polarity — This bit control the polarity of the received data. In NRZ format, a 1 is represented by a mark
RXPOL and a 0 is represented by a space for normal polarity, and the opposite for inverted polarity. In IrDA format, a 0
is represented by short high pulse in the middle of a bit time remaining idle low for a 1 for normal polarity, and a
0 is represented by short low pulse in the middle of a bit time remaining idle high for a 1 for inverted polarity.

0 Normal polarity
1 Inverted polarity

2 Break Transmit Character Length — This bit determines whether the transmit break character is 10 or 11 bit
BRK13 respectively 13 or 14 bits long. The detection of a framing error is not affected by this bit.
0 Break characteris 10 or 11 bit long
1 Break character is 13 or 14 bit long

1 Transmitter Pin Data Direction in Single-Wire Mode — This bit determines whether the TXD pin is going to
TXDIR be used as an input or output, in the single-wire mode of operation. This bit is only relevant in the single-wire
mode of operation.

0 TXD pin to be used as an input in single-wire mode
1 TXD pin to be used as an output in single-wire mode

0 Receiver Active Flag — RAF is set when the receiver detects a logic 0 during the RT1 time period of the start
RAF bit search. RAF is cleared when the receiver detects an idle character.
0 No reception in progress
1 Reception in progress
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8.3.2.6 SCI Data Registers (SCIDRH and SCIDRL)
7 6 5 3 1
R R8 0 0 0 0 0 0
T8
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 8-9. SCI Data Register High (SCIDRH)
Table 8-9. SCIDRH Field Descriptions
Field Description
7 Received Bit 8 — R8 is the ninth data bit received when the SCI is configured for 9-bit data format (M = 1).
R8
6 Transmit Bit 8 — T8 is the ninth data bit transmitted when the SCl is configured for 9-bit data format (M = 1).
T8
7 6 5 4 3 2 1 0
R R7 R6 R5 R4 R3 R2 R1 RO
W T7 T6 T5 T4 T3 T2 T1 TO
Reset 0 0 0 0 0 0 0 0

Figure 8-10. SCI Data Register Low (SCIDRL)

Read: anytime; reading accesses SCI receive data register
Write: anytime; writing accesses SCI transmit data register; writing to R8 has no effect

Table 8-10. SCIDRL Field Descriptions

Field Description
7:0 Received bits 7 through 0 — For 9-bit or 8-bit data formats
_'?[[;58; Transmit bits 7 through 0 — For 9-bit or 8-bit formats

NOTE

If the value of T8 isthe same as in the previous transmission, T8 does not
have to be rewritten.The same value is transmitted until T8 is rewritten

In 8-bit dataformat, only SCI dataregister low (SCIDRL) needsto be
accessed.

When transmitting in 9-bit data format and using 8-bit write instructions,
write first to SCI data register high (SCIDRH) then to SCIDRL.
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8.4  Functional Description

This subsection provides acompl ete functional description of the SCI block, detailing the operation of the
design from the end user’ s perspective in a number of descriptions.

Figure 8-11 shows the structure of the SCI module. The SCI allows full duplex, asynchronous, seria
communication between the CPU and remote devices, including other CPUs. The SCI transmitter and
receiver operate independently, although they use the same baud rate generator. The CPU monitors the
status of the SCI, writes the data to be transmitted, and processes received data.
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Figure 8-11. Detailed SCI Block Diagram

MC9S12E256 Data Sheet, Rev. 1.08

256 Freescale Semiconductor



Chapter 8 Serial Communication Interface (SCIV4)

8.4.1 Infrared Interface Submodule

This module provides the capability of transmitting narrow pulsesto an IR LED and receiving narrow
pulses and transforming them to serial bits, which are sent to the SCI. The IrDA physical layer
specification defines a half-duplex infrared communication link for exchange data. The full standard
includes data rates up to 16 Mbits/s. This design covers only data rates between 2.4 kbits/s and

115.2 kbitg/s.

The infrared submodule consists of two major blocks: the transmit encoder and the receive decoder. The
SCI transmits serial bits of data which are encoded by the infrared submodule to transmit a narrow pulse
for every 0 bit. No pulseis transmitted for every 1 bit. When receiving data, the IR pulses should be
detected using an IR photo diode and transformed to CMOS levels by the IR receive decoder (external
from the MCU). The narrow pulses are then stretched by the infrared submodul e to get back to a serial bit
stream to be received by the SCI. The polarity of transmitted pulses and expected receive pulses can be
inverted so that adirect connection can be made to external IrDA transceiver modulesthat uses active low
pul ses.

The infrared submodule receivesits clock sources from the SCI. One of these two clocks are selected in
the infrared submodule in order to generate either 3/16, 1/16, 1/32, or 1/4 narrow pulses during
transmission. The infrared block receives two clock sources from the SCI, R16XCLK, and R32XCLK,
which are configured to generate the narrow pulse width during transmission. The R16XCLK and
R32XCLK areinternal clocks with frequencies 16 and 32 times the baud rate respectively. Both
R16XCLK and R32XCLK clocks are used for transmitting data. The receive decoder uses only the
R16XCLK clock.

8.4.1.1 Infrared Transmit Encoder

The infrared transmit encoder converts serial bits of data from transmit shift register to the TXD pin. A
narrow pulse istransmitted for a0 bit and no pulse for a1 bit. The narrow pulseis sent in the middle of
the bit with aduration of 1/32, 1/16, 3/16, or 1/4 of abit time. A narrow high pulseistransmitted for a0 bit
when TXPOL is cleared, while anarrow low pulseis transmitted for a 0 bit when TXPOL is set.

8.4.1.2 Infrared Receive Decoder

Theinfrared receive block converts data from the RXD pin to the receive shift register. A narrow pulseis
expected for each O received and no pulseis expected for each 1 received. A narrow high pulseis expected
for a0 bit when RXPOL is cleared, while anarrow low pulseis expected for a0 bit when RXPOL is set.
Thisreceive decoder meetsthe edgejitter requirement asdefined by the IrDA serial infrared physical layer
specification.

8.4.2 Data Format

The SCI uses the standard NRZ mark/space data format. When Infrared is enabled, the SCI uses RZI data
format where Os are represented by light pulses and 1s remain low. See Figure 8-12.
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Figure 8-12. SCI Data Formats

Each data character is contained in aframe that includes a start bit, eight or nine data bits, and a stop bit.
Clearing theM bit in SCI control register 1 configuresthe SCI for 8-bit data characters. A framewith eight
data bits has atotal of 10 bits. Setting the M bit configures the SCI for nine-bit data characters. A frame

with nine data bits has atotal of 11 bits

Table 8-11. Example of 8-bit Data Formats

Start Data Address Parity Stop
Bit Bits Bits Bits Bit
1 8 0 0 1
1 7 0 1 1
1 7 1T 0 1

' The address bit identifies the frame as an address
character. See Section 8.4.5.6, “Receiver Wakeup”.

When the SCI is configured for 9-bit data characters, the ninth data bit isthe T8 bit in SCI data register
high (SCIDRH). It remains unchanged after transmission and can be used repeatedly without rewriting it.
A frame with nine data bits has atotal of 11 bits.

Table 8-12. Example of 9-Bit Data Formats

Start Data Address Parity Stop
Bit Bits Bits Bits Bit
1 9 0 0 1
1 8 0 1 1
1 8 11 0 1

! The address bit identifies the frame as an address

character. See Section 8.4.5.6, “Receiver Wakeup”.
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8.4.3 Baud Rate Generation

A 13-bit modulus counter in the baud rate generator derives the baud rate for both the receiver and the
transmitter. The value from 0 to 8191 written to the SBR[ 12:0] bits determines the module clock divisor.
The SBR bits are in the SCI baud rate registers (SCIBDH and SCIBDL). The baud rate clock is
synchronized with the bus clock and drives the receiver. The baud rate clock divided by 16 drivesthe
transmitter. The receiver has an acquisition rate of 16 samples per bit time.

Baud rate generation is subject to one source of error:
» Integer division of the module clock may not give the exact target frequency.
Table 8-13 lists some examples of achieving target baud rateswith amodule clock frequency of 10.2 MHz.
When IREN = 0 then,
SCI baud rate = SCI module clock / (16 * SCIBR[12:0])

Table 8-13. Baud Rates (Example: Module Clock = 10.2 MHz)

Bits Receiver Transmitter Target Baud Error
SBR[12-0] Clock (Hz) Clock (Hz) Rate (%)
17 600,000.0 37,500.0 38,400 2.3
33 309,090.9 19,318.2 19,200 .62
66 154,545.5 9659.1 9600 .62
133 76,691.7 4793.2 4800 14
266 38,345.9 2396.6 2400 14
531 19,209.0 1200.6 1200 A1
1062 9604.5 600.3 600 .05
2125 4800.0 300.0 300 .00
4250 2400.0 150.0 150 .00
5795 1760.1 110.0 110 .00
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8.4.4 Transmitter
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Figure 8-13. Transmitter Block Diagram

8.4.41 Transmitter Character Length

The SCI transmitter can accommodate either 8-bit or 9-bit data characters. The state of the M bit in SCI
control register 1 (SCICR1) determines the length of data characters. When transmitting 9-bit data, bit T8
in SCI dataregister high (SCIDRH) is the ninth bit (bit 8).

8.4.4.2 Character Transmission

Totransmit data, the M CU writesthe data bitsto the SCI dataregisters (SCIDRH/SCIDRL), whichinturn
are transferred to the transmitter shift register. The transmit shift register then shifts a frame out through

the TXD pin, after it has prefaced them with a start bit and appended them with a stop bit. The SCI data

registers (SCIDRH and SCIDRL) arethe write-only buffers between the internal databus and the transmit
shift register.

The SCI aso sets aflag, the transmit data register empty flag (TDRE), every time it transfers data from
the buffer (SCIDRHY/L) to the transmitter shift register. The transmit driver routine may respond to this
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flag by writing another byte to the transmitter buffer (SCIDRH/SCIDRL), while the shift register is
shifting out the first byte.

To initiate an SCI transmission:
1. Configurethe SCI:

a) Select abaud rate. Write this value to the SCI baud registers (SCIBDH/L) to begin the baud
rate generator. Remember that the baud rate generator is disabled when the baud rate is 0.
Writing to the SCIBDH has no effect without also writing to SCIBDL.

b) Writeto SCICRL to configure word length, parity, and other configuration bits (LOOPS,
RSRC, M, WAKE, ILT, PE, and PT).

c) Enablethe transmitter, interrupts, receive, and wake up as required, by writing to the SCICR2
register bits (TIE, TCIE, RIE, ILIE, TE, RE, RWU, and SBK). A preamble or idle character
will now be shifted out of the transmitter shift register.

2. Transmit procedure for each byte:

a) Poll the TDRE flag by reading the SCISR1 or responding to the TDRE interrupt. Keepin mind
that the TDRE bit resetsto 1.

b) If the TDRE flag is set, write the data to be transmitted to SCIDRH/L, where the ninth bit is
written to the T8 bit in SCIDRH if the SCI isin 9-bit dataformat. A new transmission will not
result until the TDRE flag has been cleared.

3. Repeat step 2 for each subsequent transmission.

NOTE

The TDRE flag is set when the shift register isloaded with the next datato
be transmitted from SCIDRH/L, which happens, generally speaking, alittle
over half-way through the stop bit of the previous frame. Specifically, this
transfer occurs 9/16ths of a bit time AFTER the start of the stop bit of the
previous frame.

Writing the TE bit from 0 to a1 automatically loads the transmit shift register with a preamble of 10
logic 1s(if M =0) or 11 logic 1s(if M = 1). After the preamble shifts out, control logic transfers the data
from the SCI dataregister into the transmit shift register. A logic O start bit automatically goesinto the
least significant bit position of the transmit shift register. A logic 1 stop bit goesinto the most significant
bit position.

Hardware supports odd or even parity. When parity is enabled, the most significant bit (MSB) of the data
character is the parity bit.

Thetransmit dataregister empty flag, TDRE, in SCI statusregister 1 (SCISR1) becomes set when the SCI
dataregister transfers a byte to the transmit shift register. The TDRE flag indicates that the SCI data
register can accept new data from the internal data bus. If the transmit interrupt enable bit, TIE, in SCI
control register 2 (SCICR2) is aso set, the TDRE flag generates a transmitter interrupt request.

When the transmit shift register isnot transmitting aframe, the TXD pin goesto theidle condition, logic 1.
If at any time software clearsthe TE bit in SCI control register 2 (SCICR2), the transmitter enable signal
goes low and the transmit signal goesidle.
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If software clears TE while atransmission isin progress (TC = 0), the frame in the transmit shift register
continuesto shift out. To avoid accidentally cutting off the last framein amessage, alwayswait for TDRE
to go high after the last frame before clearing TE.

To separate messages with preambles with minimum idle line time, use this sequence between messages:
1. Wiritethelast byte of the first message to SCIDRH/L.
2. Wait for the TDRE flag to go high, indicating the transfer of the last frame to the transmit shift
register.
3. Queue apreamble by clearing and then setting the TE bit.
4. Writethe first byte of the second message to SCIDRH/L.

8.4.4.3 Break Characters

Writing alogic 1 to the send break bit, SBK, in SCI control register 2 (SCICR2) |oads the transmit shift
register with abreak character. A break character contains all logic Os and has no start, stop, or parity bit.
Break character length depends on the M bit in SCI control register 1 (SCICR1). Aslong as SBK is at
logic 1, transmitter logic continuously loads break charactersinto thetransmit shift register. After software
clearsthe SBK hit, the shift register finishestransmitting the last break character and then transmitsat | east
onelogic 1. Theautomatic logic 1 at the end of abreak character guarantees the recognition of the start bit
of the next frame.

The SCI recognizes abreak character when a start bit is followed by eight or nine logic O data bits and a
logic O where the stop bit should be. Receiving a break character has these effects on SCI registers:

» Setstheframing error flag, FE

» Setsthereceive dataregister full flag, RDRF

» Clearsthe SCI dataregisters (SCIDRH/L)

* May set theoverrun flag, OR, noiseflag, NF, parity error flag, PE, or thereceiver activeflag, RAF
(see Section 8.3.2.4, “SCI Status Register 1 (SCISR1)” and Section 8.3.2.5, “ SCI Status Register
2 (SCISR2)").

8.4.4.4 Idle Characters

Anidle character (or preamble) contains all logic 1s and has no start, stop, or parity bit. Idle character
length depends on the M bit in SCI control register 1 (SCICR1). The preamble is a synchronizing idle
character that begins the first transmission initiated after writing the TE bit from 0 to 1.

If the TE bit is cleared during a transmission, the TXD pin becomesidle after completion of the
transmission in progress. Clearing and then setting the TE bit during a transmission queues anidle
character to be sent after the frame currently being transmitted.

NOTE

When queueing an idle character, return the TE bit tologic 1 before the stop
bit of the current frame shifts out through the TXD pin. Setting TE after the
stop bit appears on TXD causes data previously written to the SCI data
register to be lost. Toggle the TE bit for a queued idle character while the
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TDRE flag is set and immediately before writing the next byte to the SCI
dataregister.

If the TE bit is clear and the transmission is complete, the SCI is not the
master of the TXD pin

8.4.5 Receiver

INTERNAL BUS

SBR12-SBRO SCI DATA REGISTER
BUS BAUD _ -
CLOCK™ ™| DIVIDER > 5 2
—— Y % 11-BIT RECEIVE SHIFT REGISTER &
DATA L »f{H|8|7]6]5[4]3]2]1]0]|L
SCRYXD ) REGOVERY ~ le[7]e[s[afa]2]1]ofL]
A %
FROM TXD PIN—»| LOOP 8 o
OR TRANSMITTER CO"[‘T'TPL RE =i 'y
RAF 1= A Yy '\
LOOPS " FE
RSRC | < NF |= | RWU |
WAKE > WAKEUP | <
T .| LoGIC _
PE > PARITY [* =|' RS |
BT »| CHECKING |4
IDLE INTERRUPT REQUEST - [|PLE =
\___H e v
—G: RDRF
RDRF/ORINTERRUPTREQUEST<—K_ oR <
\__H RE

Figure 8-14. SCI Receiver Block Diagram

8.4.5.1 Receiver Character Length

The SCI receiver can accommodate either 8-bit or 9-bit data characters. The state of the M bit in SCI
control register 1 (SCICR1) determinesthe length of data characters. When receiving 9-bit data, bit R8 in
SCI dataregister high (SCIDRH) is the ninth bit (bit 8).

8.4.5.2 Character Reception

During an SCI reception, the receive shift register shifts aframe in from the RXD pin. The SCI data
register is the read-only buffer between the internal data bus and the receive shift register.

After a complete frame shiftsinto the receive shift register, the data portion of the frame transfers to the
SCI dataregister. Thereceive dataregister full flag, RDRF, in SCI statusregister 1 (SCISR1) becomes set,
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indicating that the received byte can beread. If thereceiveinterrupt enable bit, RIE, in SCI control register
2 (SCICR?2) is also set, the RDRF flag generates an RDRF interrupt request.

8.4.5.3 Data Sampling

Thereceiver samplesthe RXD pinat the RT clock rate. The RT clock isaninternal signal with afrequency
16 times the baud rate. To adjust for baud rate mismatch, the RT clock (see Figure 8-15) is
re-synchronized:
o After every start bit
» After the receiver detects a data bit change from logic 1 to logic O (after the majority of data bit
samplesat RT8, RT9, and RT10 returnsavalid logic 1 and the mgority of the next RT8, RT9, and
RT10 samplesreturnsavalid logic 0)

To locate the start bit, data recovery logic does an asynchronous search for alogic O preceded by three
logic 1s. When the falling edge of a possible start bit occurs, the RT clock beginsto count to 16.

= START BIT >l LSB
RXD \ /
SAMPLES 1 1 1 1 1 1 1 1 0 0 0 0 0 0O
‘ ‘ ‘ START BIT START BIT DATA
QUALIFICATION VERIFICATION SAMPLING

CLOCK CO CCCCEEEEERREREERRR YR ey
RTLKUNTIIIIIIIIIIIIIIIIIIIIIID:IIIIIIIIII o o o oo

RESETRTCLOCK ¥V ¥ ¥ ¥ V V V ¥ v

Figure 8-15. Receiver Data Sampling

To verify the start bit and to detect noise, data recovery logic takes ssmples at RT3, RT5, and RT7.
Table 8-14 summarizes the results of the start bit verification samples.

Table 8-14. Start Bit Verification

RT3, RT5, and RT7 Samples Start Bit Verification Noise Flag
000 Yes 0
001 Yes 1
010 Yes 1
011 No 0
100 Yes 1
101 No 0
110 No 0
111 No 0

If start bit verification is not successful, the RT clock isreset and a new search for a start bit begins.
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To determine the value of adata bit and to detect noise, recovery logic takes sasmples at RT8, RT9, and
RT10. Table 8-15 summarizes the results of the data bit samples.

Table 8-15. Data Bit Recovery

RT8, RT9, and RT10 Samples Data Bit Determination Noise Flag
000 0 0
001 0 1
010 0 1
011 1 1
100 0 1
101 1 1
110 1 1
111 1 0
NOTE

The RT8, RT9, and RT10 samples do not affect start bit verification. If any
or all of the RT8, RT9, and RT10 start bit samples are logic 1s following a
successful start bit verification, the noise flag (NF) is set and the receiver
assumes that the bit is a start bit (logic 0).

To verify astop bit and to detect noise, recovery logic takes samples at RT8, RT9, and RT10. Table 8-16
summarizes the results of the stop bit samples.

Table 8-16. Stop Bit Recovery

RT8, RT9, and RT10 Samples Framing Error Flag Noise Flag
000 1 0
001 1 1
010 1 1
011 0 1
100 1 1
101 0 1
110 0 1
111 0 0
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In Figure 8-16 the verification samples RT3 and RT5 determine that the first low detected was noise and
not the beginning of a start bit. The RT clock isreset and the start bit search begins again. The noise flag
is not set because the noise occurred before the start bit was found.

y
A

|- START BIT LSB

i

RXD
SAMPLES

—_» O

RTCLOCKCOUNT F EEFERRERECEREREERERR2 S22 gl
O @ o o o o D:D:D:D:D:D:D:D:EEEEEEED:ID:
RESETRTCLOCK  y y ¥ vy v

Figure 8-16. Start Bit Search Example 1

In Figure 8-17, verification sample at RT3 is high. The RT3 sample sets the noise flag. Although the
perceived bit time is misaligned, the data samples RT8, RT9, and RT10 are within the bit time and data

recovery is successful.
’47 PERCEIVED START BIT ———— |
|«— ACTUAL STARTBIT ———— »|<«—SB

\ /

RXD
SAMPLES 11 1 1 1

—» O
—» O
—» O
—» O
—» O

RESET RT CLOCK + + + + + +

Figure 8-17. Start Bit Search Example 2

MC9S12E256 Data Sheet, Rev. 1.08

266 Freescale Semiconductor



Chapter 8 Serial Communication Interface (SCIV4)

In Figure 8-18, alarge burst of noise is perceived as the beginning of a start bit, although the test sample
at RT5is high. The RT5 sample sets the noise flag. Although thisis a worst-case misalignment of
perceived bit time, the data samples RT8, RT9, and RT10 are within the bit time and data recovery is
successful.

PERCEIVED START BIT —————— |
|€«—————— ACTUAL STARTBIT —————»|«—— | SB

RT CLOCK COUNT

RXD
SAMPLES

- - - - N O < 0 O N~ 0 O - N M T 0 © N~ 0 O
FEFEEFEEEEEEEEE®" ==« = « FEEEEEEE E
O @oCoeorfteCrdrfdeeCderrwo:rT O @oCoeeTCeeCECderC-To

RESETRTCLOCK § y ¥ v
Figure 8-18. Start Bit Search Example 3

Figure 8-19 shows the effect of noise early in the start bit time. Although this noise does not affect proper
synchronization with the start bit time, it does set the noise flag.

|<«——— PERCEIVED AND ACTUAL START BIT ———»}«——LSB

RXD Tl [

SAMPLES 1 1 1 1 1 1 1 1 1 0 0

RTCLOCKCOUNT E E EFEE EEEELCEEREREERRZZC-oFE2IR22C R
C CoCoceCaaectCdoc C oCcoCceoCocoTote o

RESETRTCLOCK ¥ ¥ ¥V ¥ Y V ¥V V ¥ \

Figure 8-19. Start Bit Search Example 4

MC9S12E256 Data Sheet, Rev. 1.08

Freescale Semiconductor 267



Chapter 8 Serial Communication Interface (SCIV4)

Figure 8-20 shows a burst of noise near the beginning of the start bit that resets the RT clock. The sample
after the reset islow but is not preceded by three high samples that would qualify as afalling edge.
Depending on the timing of the start bit search and on the data, the frame may be missed entirely or it may
set the framing error flag.

[ START BIT >l LSB
RXD \ |_| |_| NO STARTBITFOUND [

SAMPLES 1 1 1 1 1 1 1 1 1 0 0 1 1 0000000 O

RT CLOCK

- - - _- - - - - - -

RT CLOCK COUNT &

RESETRTCLOCK v ¥ ¥ ¥V ¥ ¥ V V ¥ TYYYYY Y YN YOYOYOY

Figure 8-20. Start Bit Search Example 5
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In Figure 8-21, a noise burst makes the mgjority of data samples RT8, RT9, and RT10 high. This setsthe
noise flag but does not reset the RT clock. In start bits only, the RT8, RT9, and RT 10 data samples are
ignored.

|- START BIT LSB

RXD \ [Tl [

SAMPLES 1 1 1 1 1 1 1 1 1 0

y
A

— P O
—®» O
—» O
-
— P O
-

RTCLOCKCOUNT E E E EEEEECEELERERREERREESR2IZ22CRP
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RESETRTCLOCK ¥ ¥ V¥ V V¥ V ¥V V V vV Y

Figure 8-21. Start Bit Search Example 6

8.4.5.4 Framing Errors

If the data recovery logic does not detect alogic 1 where the stop bit should be in an incoming frame, it
sets the framing error flag, FE, in SCI statusregister 1 (SCISR1). A break character also sets the FE flag
because a break character has no stop bit. The FE flag is set at the same time that the RDRF flag is set.
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8.4.5.5 Baud Rate Tolerance

A transmitting device may be operating at a baud rate below or above the receiver baud rate. Accumulated
bit time misalignment can cause one of the three stop bit datasamples (RT8, RT9, and RT10) tofall outside
the actual stop bit. A noiseerror will occur if the RT8, RT9, and RT10 samplesare not all the samelogical
values. A framing error will occur if the receiver clock is misaligned in such away that the majority of the
RTS8, RT9, and RT10 stop hit samples are alogic O.

Asthe receiver samples an incoming frame, it re-synchronizes the RT clock on any valid falling edge
within the frame. Re synchronization within frames will correct a misalignment between transmitter bit
times and receiver bit times.

8.4.5.5.1 Slow Data Tolerance

Figure 8-22 shows how much a slow received frame can be misaligned without causing a noise error or a
framing error. The slow stop bit begins at RT8 instead of RT1 but arrivesin time for the stop bit data
samples at RT8, RT9, and RT10.

MSB >/ STOP
RECE'VERM&%MMH
RT CLOCK

C e RERReRERRREEREeE
EEEEEEEEEEEEEEEE
DATA
SAMPLES

Figure 8-22. Slow Data

Let'stake RTr asreceiver RT clock and RTt as transmitter RT clock.

For an 8-bit data character, it takesthereceiver 9 bit timesx 16 RTr cycles+7 RTr cycles=151 RTr cycles
to start data sampling of the stop bit.

With the misaligned character shown in Figure 8-22, the receiver counts 151 RTr cycles at the point when
the count of the transmitting deviceis 9 bit times x 16 RTt cycles = 144 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of aslow 8-bit data
character with no errorsis:
((151 —144) / 151) x 100 = 4.63%

For a9-bit datacharacter, it takesthereceiver 10 bit timesx 16 RTr cycles+ 7 RTr cycles= 167 RTr cycles
to start data sampling of the stop bit.

With the misaligned character shown in Figure 8-22, thereceiver counts 167 RTr cyclesat the point when
the count of the transmitting deviceis 10 bit timesx 16 RTt cycles = 160 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of a slow 9-bit
character with no errorsis:

(167 — 160) / 167) X 100 = 4.19%
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8.4.5.5.2 Fast Data Tolerance

Figure 8-23 shows how much afast received frame can be misaligned. The fast stop bit ends at RT10
instead of RT16 but continuesto be sampled at RT8, RT9, and RT10.

STOP \< IDLE OR NEXT FRAME
RECE'VERM&&&W
RT CLOCK

C R RRERReERRR2 IR
EEEEEEEEEEEEEEEE
DATA
SAMPLES

Figure 8-23. Fast Data

For an 8-bit data character, it takes the receiver 9 bit times x 16 RTr cycles+ 10 RTr cycles= 154 RTr
cyclesto finish data sampling of the stop bit.

With the misaligned character shown in Figure 8-23, thereceiver counts 154 RTr cycles at the point when
the count of the transmitting deviceis 10 bit times x 16 RTt cycles = 160 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of afast 8-bit
character with no errorsis:
((160 —154) / 160) x 100 = 3.75%

For a 9-hit data character, it takes the receiver 10 bit times x 16 RTr cycles+ 10 RTr cycles= 170 RTr
cycles to finish data sampling of the stop bit.

With the misaligned character shown in Figure 8-23, the receiver counts 170 RTr cycles at the point when
the count of the transmitting deviceis 11 bit timesx 16 RTt cycles= 176 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of afast 9-bit
character with no errorsis:
((176 —170) / 176) x 100 = 3.40%

8.4.5.6 Receiver Wakeup

To enable the SCI to ignore transmissions intended only for other receiversin multiple-receiver systems,
thereceiver can be put into astandby state. Setting the receiver wakeup bit, RWU, in SCI control register 2
(SCICR?2) puts the receiver into standby state during which receiver interrupts are disabled. The SCI will
continue to load the receive datainto the SCIDRH/L registers, but it will not set the RDRF flag.

The transmitting device can address messages to selected receivers by including addressing information
in theinitial frame or frames of each message.

The WAKE hit in SCI control register 1 (SCICR1) determines how the SCI is brought out of the standby
state to process an incoming message. The WAKE bit enables either idle line wakeup or address mark
wakeup.
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8.4.5.6.1 Idle Input Line Wakeup (WAKE = 0)

In this wakeup method, an idle condition on the RXD pin clears the RWU bit and wakes up the SCI. The
initial frame or frames of every message contain addressing information. All receivers evaluate the
addressing information, and receivers for which the message is addressed process the frames that follow.
Any receiver for which amessageis not addressed can set its RWU bit and return to the standby state. The
RWU bit remains set and the receiver remains on standby until another idle character appears on the RXD
pin.

Idle line wakeup requires that messages be separated by at least one idle character and that no message
contains idle characters.

Theidle character that wakes areceiver does not set thereceiver idlebit, IDLE, or thereceive dataregister
full flag, RDRF.

Theidlelinetype bit, ILT, determines whether the receiver begins counting logic 1s asidle character bits
after the start bit or after the stop bit. ILT isin SCI control register 1 (SCICR1).

8.4.5.6.2 Address Mark Wakeup (WAKE = 1)

In this wakeup method, alogic 1 in the most significant bit (MSB) position of aframe clearsthe RWU bit
and wakes up the SCI. Thelogic 1 in the MSB position marks a frame as an address frame that contains
addressing information. All receivers eval uate the addressing information, and the receiversfor which the
message is addressed process the frames that follow. Any receiver for which a message is not addressed
can set its RWU bit and return to the standby state. The RWU bit remains set and the receiver remains on
standby until another address frame appears on the RXD pin.

Thelogic 1 MSB of an address frame clearsthe receiver’s RWU bit before the stop bit isreceived and sets
the RDRF flag.

Address mark wakeup allows messages to contain idle characters but requires that the MSB be reserved
for use in address frames.

NOTE

With the WAKE bit clear, setting the RWU bit after the RXD pin has been
idle can cause the receiver to wake up immediately.

8.4.6 Single-Wire Operation

Normally, the SCI uses two pins for transmitting and receiving. In single-wire operation, the RXD pinis
disconnected from the SCI. The SCI uses the TXD pin for both receiving and transmitting.

TRANSMITTER

\i

TXD

RECEIVER < RXD

Figure 8-24. Single-Wire Operation (LOOPS =1, RSRC = 1)
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Enable single-wire operation by setting the LOOPS bit and the receiver source bit, RSRC, in SCI control
register 1 (SCICR1). Setting the LOOPS hit disables the path from the RXD pin to the receiver. Setting
the RSRC bit connects the TXD pin to the receiver. Both the transmitter and receiver must be enabled
(TE=1and RE = 1).The TXDIR bit (SCISR2[1]) determines whether the TXD pinisgoing to be used as
an input (TXDIR = 0) or an output (TXDIR = 1) in this mode of operation.

NOTE
In single-wire operation datafrom the TXD pinisinverted if RXPOL is set.

8.4.7 Loop Operation

In loop operation the transmitter output goes to the receiver input. The RXD pinis disconnected from the
SClI

Y

TRANSMITTER TXD

RECEIVER < RXD

Figure 8-25. Loop Operation (LOOPS =1, RSRC = 0)

Enable loop operation by setting the LOOPS bit and clearing the RSRC bit in SCI control register 1
(SCICR1). Setting the LOOPS bit disables the path from the RXD pin to the receiver. Clearing the RSRC
bit connects the transmitter output to the receiver input. Both the transmitter and receiver must be enabled
(TE=1land RE=1).

NOTE

In loop operation data from the transmitter is not recognized by the receiver
if RXPOL and TXPOL are not the same.

8.5 Interrupts

This section describes the interrupt originated by the SCI block.The MCU must service the interrupt
requests. Table 8-17 lists the five interrupt sources of the SCI.

Table 8-17. SCI Interrupt Sources

Interrupt Source Local Enable Description
TDRE SCISR1[7] TIE Active high level. Indicates that a byte was transferred from SCIDRH/L to
the transmit shift register.
TC SCISR1[6] TCIE Active high level. Indicates that a transmit is complete.
RDRF SCISR1[5] RIE Active high level. The RDRF interrupt indicates that received data is
available in the SCI data register.
OR SCISR1[3] Active high level. This interrupt indicates that an overrun condition has
occurred.
IDLE SCISR1[4] ILIE Active high level. Indicates that receiver input has become idle.
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8.5.1 Description of Interrupt Operation

The SCI only originates interrupt requests. The following is a description of how the SCI makes arequest
and how the MCU should acknowledge that request. The interrupt vector offset and interrupt number are
chip dependent. The SCI only has asingle interrupt line (SCI interrupt signal, active high operation) and
all the following interrupts, when generated, are ORed together and issued through that port.

8.5.1.1 TDRE Description

The TDRE interrupt is set high by the SCI when the transmit shift register receives a byte from the SCI
dataregister. A TDRE interrupt indicates that the transmit data register (SCIDRH/L) is empty and that a
new byte can be written to the SCIDRH/L for transmission.Clear TDRE by reading SCI status register 1
with TDRE set and then writing to SCI dataregister low (SCIDRL).

8.5.1.2 TC Description

The TC interrupt is set by the SCI when a transmission has been completed.A TC interrupt indicates that
thereis no transmission in progress. TC is set high when the TDRE flag is set and no data, preamble, or
break character is being transmitted. When TC is set, the TXD pin becomesidle (logic 1). Clear TC by
reading SCI statusregister 1 (SCISR1) with TC set and then writing to SCI dataregister low (SCIDRL).TC
is cleared automatically when data, preamble, or break is queued and ready to be sent.

8.5.1.3 RDRF Description

The RDRF interrupt is set when the data in the receive shift register transfers to the SCI dataregister. A
RDREF interrupt indicates that the received data has been transferred to the SCI data register and that the
byte can now be read by the MCU. The RDRF interrupt is cleared by reading the SCI status register one
(SCISR1) and then reading SCI data register low (SCIDRL).

8.5.1.4 OR Description

The OR interrupt is set when software fails to read the SCI data register before the receive shift register
receives the next frame. The newly acquired datain the shift register will be lost in this case, but the data
already in the SCI dataregistersis not affected. The OR interrupt is cleared by reading the SCI status
register one (SCISR1) and then reading SCI data register low (SCIDRL).

8.5.1.5 IDLE Description

The IDLE interrupt is set when 10 consecutive logic 1s (if M = 0) or 11 consecutive logic 1s (if M = 1)
appear on thereceiver input. After the IDLE iscleared, avalid frame must again set the RDRF flag before
an idle condition can set the IDLE flag. Clear IDLE by reading SCI statusregister 1 (SCISR1) with IDLE
set and then reading SCI data register low (SCIDRL).

8.5.2 Recovery from Wait Mode
The SCI interrupt request can be used to bring the CPU out of wait mode.
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Chapter 9
Serial Peripheral Interface (SPIV3)

9.1

Introduction

The SPI module allows a duplex, synchronous, serial communication between the MCU and peripheral
devices. Software can poll the SPI status flags or the SPI operation can be interrupt driven.

9.1.1

Features

The SPIV 3 includes these distinctive features;

9.1.2

Master mode and slave mode

Bidirectional mode

Slave select output

Mode fault error flag with CPU interrupt capability
Double-buffered data register

Seria clock with programmable polarity and phase
Control of SPI operation during wait mode

Modes of Operation

The SPI functions in three modes, run, wait, and stop.

Run Mode
Thisisthe basic mode of operation.

Wait Mode

SPI operation in wait mode is a configurable low power mode, controlled by the SPISWAI bit
located in the SPICR2 register. In wait mode, if the SPISWAI bit is clear, the SPI operateslikein
Run Mode. If the SPISWAI bit is set, the SPI goesinto a power conservative state, with the SPI
clock generation turned off. If the SPI is configured as amaster, any transmission in progress stops,
but is resumed after CPU goesinto Run Mode. If the SPI is configured as a slave, reception and
transmission of a byte continues, so that the slave stays synchronized to the master.

Stop Mode

The SPI isinactive in stop mode for reduced power consumption. If the SPI is configured as a
master, any transmission in progress stops, but isresumed after CPU goesinto run mode. If the SPI
is configured as a slave, reception and transmission of a byte continues, so that the slave stays
synchronized to the master.

Thisisahigh level description only, detailed descriptions of operating modes are contained in Section 9.4,
“Functional Description.”
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9.1.3 Block Diagram

Figure 9-1 gives an overview on the SPI architecture. The main parts of the SPI are status, control, and
dataregisters, shifter logic, baud rate generator, master/slave control logic, and port control logic.

SPI
2
SPI Control Register 1
BIDIROE
SPI Control Register 2 ;
SPCO
SPI Status Register =
g - Slave CPOL CPHA MOSI
SPIF |MODF| SPTEF Control LA |
7y Phase + [SCK in >
| Interrupt Control Slave Baud Rate| Polarity |
SPI _ | Control
Interrupt Master Baud Rate | Phase + |SCK out B _
Request < i " | Polarity ——  poy [ '@
Control
Control SCK
Baud Rate Generator Master Logic | ‘@
| Control = =
—»[ Counter | " ss
Bus Clock Baud Rate Shift Sample - »
[ Prescaler] [Clock Select] Clock Clock X
spPRA 3 spr A3 LA |
Shifter
SPI Baud Rate Register data in
LSBFE=1-, LSBFE=0-, -
| |
8
» LSBFE=1,
SPI Data Register B 8 MSB LSB
- ¢« -SBFE=0
| |
LSBFE=0\ LSBFE=1- \ data out

Figure 9-1. SPI Block Diagram

9.2 External Signal Description

Thissection liststhe name and description of al portsincluding inputsand outputsthat do, or may, connect
off chip. The SPIV3 module has atotal of four external pins.

9.2.1 MOSI — Master Out/Slave In Pin

This pinisused to transmit data out of the SPI module when it is configured as a master and receive data
when it is configured as dave.
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9.2.2 MISO — Master In/Slave Out Pin

This pin isused to transmit data out of the SPI module when it is configured as a slave and receive data
when it is configured as master.

9.2.3 SS — Slave Select Pin

This pin isused to output the select signal from the SPI module to another peripheral with which adata
transfer isto take place when its configured as a master and its used as an input to receive the slave select
signal when the SPI is configured as slave.

9.24 SCK — Serial Clock Pin

Thispinisused to output the clock with respect to which the SPI transfers data or receive clock in case of
dave.

9.3 Memory Map and Register Definition
This section provides a detailed description of address space and registers used by the SPI.

The memory map for the SPIV3isgiven below in Table 9-1. The addresslisted for each register isthe sum
of abase address and an address offset. The base addressis defined at the SoC level and the address offset
is defined at the module level. Reads from the reserved bits return zeros and writes to the reserved bits
have no effect.

9.3.1 Module Memory Map
Table 9-1. SPIV3 Memory Map

Address Use Access
0x0000 SPI Control Register 1 (SPICR1) R/W
0x0001 SPI Control Register 2 (SPICR2) R/W!
0x0002 SPI Baud Rate Register (SPIBR) RW!
0x0003 | SPI Status Register (SPISR) R2
0x0004 | Reserved —23
0x0005 SPI Data Register (SPIDR) R/W
0x0006 | Reserved —23
0x0007 | Reserved —23

! Certain bits are non-writable.
2 Writes to this register are ignored.
3 Reading from this register returns all zeros.
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9.3.2

Thissection consists of register descriptionsin address order. Each description includes a standard register

Register Descriptions

diagram with an associated figure number. Details of register bit and field function follow the register
diagrams, in bit order.

Name 7 6 5 4 3 2 1 0
R
SPICR1 W SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
R 0 0 0 0
SPICR2 W MODFEN | BIDIROE SPISWAI SPCO
R 0 0
SPIBR W SPPR2 SPPR1 SPPRO SPR2 SPR1 SPRO
R SPIF 0 SPTEF MODF 0 0 0 0
SPISR
w
R
Reserved
w
R
SPIDR W Bit 7 6 5 4 3 2 2 Bit 0
R
Reserved
w
R
Reserved
w
I:l = Unimplemented or Reserved
Figure 9-2. SPI Register Summary
9.3.2.1 SPI Control Register 1 (SPICR1)
7 6 5 4 3 2 1 0
R
W SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
Reset 0 0 0 0 0 1 0 0
Figure 9-3. SPI Control Register 1 (SPICR1)
Read: anytime

Write: anytime
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Table 9-2. SPICR1 Field Descriptions

Field Description
7 SPI Interrupt Enable Bit — This bit enables SPI interrupt requests, if SPIF or MODF status flag is set.
SPIE 0 SPIl interrupts disabled.
1 SPlinterrupts enabled.
6 SPI System Enable Bit — This bit enables the SPI system and dedicates the SPI port pins to SPI system
SPE functions. If SPE is cleared, SPI is disabled and forced into idle state, status bits in SPISR register are reset.
0 SPI disabled (lower power consumption).
1 SPI enabled, port pins are dedicated to SPI functions.
5 SPI Transmit Interrupt Enable — This bit enables SPI interrupt requests, if SPTEF flag is set.
SPTIE 0 SPTEF interrupt disabled.
1 SPTEF interrupt enabled.
4 SPI Master/Slave Mode Select Bit — This bit selects, if the SPI operates in master or slave mode. Switching
MSTR the SPI from master to slave or vice versa forces the SPI system into idle state.
0 SPlis in slave mode
1 SPIlis in master mode
3 SPI Clock Polarity Bit — This bit selects an inverted or non-inverted SPI clock. To transmit data between SPI
CPOL modules, the SPI modules must have identical CPOL values. In master mode, a change of this bit will abort a
transmission in progress and force the SPI system into idle state.
0 Active-high clocks selected. In idle state SCK is low.
1 Active-low clocks selected. In idle state SCK is high.
2 SPI Clock Phase Bit — This bit is used to select the SPI clock format. In master mode, a change of this bit will
CPHA abort a transmission in progress and force the SPI system into idle state.
0 Sampling of data occurs at odd edges (1,3,5,...,15) of the SCK clock
1 Sampling of data occurs at even edges (2,4,6,...,16) of the SCK clock
1 Slave Select Output Enable — The SS output feature is enabled only in master mode, if MODFEN is set, by
SSOE asserting the SSOE as shown in Table 9-3. In master mode, a change of this bit will abort a transmission in
progress and force the SPI system into idle state.
0 LSB-First Enable — This bit does not affect the position of the MSB and LSB in the data register. Reads and
LSBFE writes of the data register always have the MSB in bit 7. In master mode, a change of this bit will abort a

transmission in progress and force the SPI system into idle state.
0 Data is transferred most significant bit first.
1 Data is transferred least significant bit first.

Table 9-3. SS Input / Output Selection

MODFEN SSOE Master Mode Slave Mode
0 0 SS not used by SPI SS input
0 1 SS not used by SPI SS input
1 0 SS input with MODF feature SS input
1 1 SS is slave select output SS input
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9.3.2.2 SPI Control Register 2 (SPICR2)
5 4 3 1 0
R 0 0 0 0
MODFEN BIDIROE SPISWAI SPCO
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 9-4. SPI Control Register 2 (SPICR2)
Read: anytime

Write: anytime; writes to the reserved bits have no effect

Table 9-4. SPICR2 Field Descriptions

Field Description
4 Mode Fault Enable Bit — This bit allows the MODF failure being detected. If the SPI is in master mode and
MODFEN | MODFEN is cleared, then the SS port pin is not used by the SPI. In slave mode, the SS is available only as an
input regardless of the value of MODFEN. For an overview on the impact of the MODFEN bit on the SS port pin
configuration refer to Table 9-3. In master mode, a change of this bit will abort a transmission in progress and
force the SPI system into idle state.
0 SS port pin is not used by the SPI
1 SS port pin with MODF feature
3 Output Enable in the Bidirectional Mode of Operation — This bit controls the MOSI and MISO output buffer
BIDIROE | of the SPI, when in bidirectional mode of operation (SPCO is set). In master mode this bit controls the output
buffer of the MOSI port, in slave mode it controls the output buffer of the MISO port. In master mode, with SPCO
set, a change of this bit will abort a transmission in progress and force the SPI into idle state.
0 Output buffer disabled
1 Output buffer enabled
1 SPI Stop in Wait Mode Bit — This bit is used for power conservation while in wait mode.
SPISWAI |0 SPI clock operates normally in wait mode
1 Stop SPI clock generation when in wait mode
0 Serial Pin Control Bit 0 — This bit enables bidirectional pin configurations as shown in Table 9-5. In master
SPCO mode, a change of this bit will abort a transmission in progress and force the SPI system into idle state
Table 9-5. Bidirectional Pin Configurations
Pin Mode SPCO BIDIROE MISO MOSI
Master Mode of Operation
Normal 0 Master In Master Out
Bidirectional 0 MISO not used by SPI Master In
Master 1/0
Slave Mode of Operation
Normal 0 Slave Out Slave In
Bidirectional 0 Slave In MOSI not used by SPI
Slave I/0
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9.3.2.3 SPI Baud Rate Register (SPIBR)

6 5 4 3 2 1 0
R 0 0
SPPR2 SPPR1 SPPRO SPR2 SPR1 SPRO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 9-5. SPI Baud Rate Register (SPIBR)
Read: anytime

Write: anytime; writes to the reserved bits have no effect
Table 9-6. SPIBR Field Descriptions

Field Description

6:4 SPI Baud Rate Preselection Bits — These bits specify the SPI baud rates as shown in Table 9-7. In master
SPPRI[2:0] |mode, a change of these bits will abort a transmission in progress and force the SPI system into idle state.

2:0 SPI Baud Rate Selection Bits — These bits specify the SPI baud rates as shown in Table 9-7. In master mode,
SPR[2:0} |a change of these bits will abort a transmission in progress and force the SPI system into idle state.

The baud rate divisor equation is as follows:

BaudRateDivisor = (SPPR+ 1) e Z(SPR +1)

The baud rate can be cal culated with the following equation:
Baud Rate = BusClock/BaudRateDivisor
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Table 9-7. Example SPI Baud Rate Selection (25 MHz Bus Clock)

SPPR2 SPPR1 SPPRO SPR2 SPR1 SPRO BaDLi'fisRoarte Baud Rate
0 0 0 0 0 0 2 12.5 MHz
0 0 0 0 0 1 4 6.25 MHz
0 0 0 0 1 0 8 3.125 MHz
0 0 0 0 1 1 16 1.5625 MHz
0 0 0 1 0 0 32 781.25 kHz
0 0 0 1 0 1 64 390.63 kHz
0 0 0 1 1 0 128 195.31 kHz
0 0 0 1 1 1 256 97.66 kHz
0 0 1 0 0 0 4 6.25 MHz
0 0 1 0 0 1 8 3.125 MHz
0 0 1 0 1 0 16 1.5625 MHz
0 0 1 0 1 1 32 781.25 kHz
0 0 1 1 0 0 64 390.63 kHz
0 0 1 1 0 1 128 195.31 kHz
0 0 1 1 1 0 256 97.66 kHz
0 0 1 1 1 1 512 48.83 kHz
0 1 0 0 0 0 6 4.16667 MHz
0 1 0 0 0 1 12 2.08333 MHz
0 1 0 0 1 0 24 1.04167 MHz
0 1 0 0 1 1 48 520.83 kHz
0 1 0 1 0 0 96 260.42 kHz
0 1 0 1 0 1 192 130.21 kHz
0 1 0 1 1 0 384 65.10 kHz
0 1 0 1 1 1 768 32.55 kHz
0 1 1 0 0 0 8 3.125 MHz
0 1 1 0 0 1 16 1.5625 MHz
0 1 1 0 1 0 32 781.25 kHz
0 1 1 0 1 1 64 390.63 kHz
0 1 1 1 0 0 128 195.31 kHz
0 1 1 1 0 1 256 97.66 kHz
0 1 1 1 1 0 512 48.83 kHz
0 1 1 1 1 1 1024 24.41 kHz
1 0 0 0 0 0 10 2.5 MHz
1 0 0 0 0 1 20 1.25 MHz
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Table 9-7. Example SPI Baud Rate Selection (25 MHz Bus Clock) (continued)

SPPR2 SPPR1 SPPRO SPR2 SPR1 SPRO BaudRate | g 4 Rate
Divisor
1 0 0 0 1 0 40 625 kHz
1 0 0 0 1 1 80 312.5 kHz
1 0 0 1 0 0 160 156.25 kHz
1 0 0 1 0 1 320 78.13 kHz
1 0 0 1 1 0 640 39.06 kHz
1 0 0 1 1 1 1280 19.53 kHz
1 0 1 0 0 0 12 2.08333 MHz
1 0 1 0 0 1 24 1.04167 MHz
1 0 1 0 1 0 48 520.83 kHz
1 0 1 0 1 1 96 260.42 kHz
1 0 1 1 0 0 192 130.21 kHz
1 0 1 1 0 1 384 65.10 kHz
1 0 1 1 1 0 768 32.55 kHz
1 0 1 1 1 1 1536 16.28 kHz
1 1 0 0 0 0 14 1.78571 MHz
1 1 0 0 0 1 28 892.86 kHz
1 1 0 0 1 0 56 446.43 kHz
1 1 0 0 1 1 112 223.21 kHz
1 1 0 1 0 0 224 111.61 kHz
1 1 0 1 0 1 448 55.80 kHz
1 1 0 1 1 0 896 27.90 kHz
1 1 0 1 1 1 1792 13.95 kHz
1 1 1 0 0 0 16 1.5625 MHz
1 1 1 0 0 1 32 781.25 kHz
1 1 1 0 1 0 64 390.63 kHz
1 1 1 0 1 1 128 195.31 kHz
1 1 1 1 0 0 256 97.66 kHz
1 1 1 1 0 1 512 48.83 kHz
1 1 1 1 1 0 1024 24.41 kHz
1 1 1 1 1 1 2048 12.21 kHz
NOTE
In slave mode of SPI S-clock speed DIV 2 is not supported.
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9.3.2.4 SPI Status Register (SPISR)
7 5 4 3 1
R SPIF 0 SPTEF MODF 0 0 0 0
w
Reset 0 0 1 0 0 0 0 0
= Unimplemented or Reserved
Figure 9-6. SPI Status Register (SPISR)
Read: anytime

Write: has no effect

Table 9-8. SPISR Field Descriptions

Field Description
7 SPIF Interrupt Flag — This bit is set after a received data byte has been transferred into the SPI Data Register.
SPIF This bit is cleared by reading the SPISR register (with SPIF set) followed by a read access to the SPI Data
Register.
0 Transfer not yet complete
1 New data copied to SPIDR
5 SPI Transmit Empty Interrupt Flag — If set, this bit indicates that the transmit data register is empty. To clear
SPTEF this bit and place data into the transmit data register, SPISR has to be read with SPTEF = 1, followed by a write
to SPIDR. Any write to the SPI Data Register without reading SPTEF = 1, is effectively ignored.
0 SPI Data register not empty
1 SPI Data register empty
4 Mode Fault Flag — This bit is set if the SS input becomes low while the SP! is configured as a master and mode
MODF fault detection is enabled, MODFEN bit of SPICR2 register is set. Refer to MODFEN bit description in
Section 9.3.2.2, “SPI Control Register 2 (SPICR2).” The flag is cleared automatically by a read of the SPI Status
Register (with MODF set) followed by a write to the SPI Control Register 1.
0 Mode fault has not occurred.
1 Mode fault has occurred.
9.3.2.5 SPI Data Register (SPIDR)
7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 2 Bit 0
w
Reset 0 0 0 0 0 0 0 0

Figure 9-7. SPI Data Register (SPIDR)

Read: anytime; normally read only after SPIF is set

Write: anytime

The SPI Data Register is both the input and output register for SPI data. A writeto thisregister allows a
databyte to be queued and transmitted. For a SPI configured as a master, aqueued data byte istransmitted
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immediately after the previous transmission has completed. The SPI Transmitter Empty Flag SPTEF in the
SPISR register indicates when the SPI Data Register is ready to accept new data.

Reading the data can occur anytime from after the SPIF is set to before the end of the next transfer. If the
SPIF isnot serviced by the end of the successive transfers, those data bytes are lost and the data within the
SPIDR retains the first byte until SPIF is serviced.

9.4 Functional Description

The SPI module allows a duplex, synchronous, serial communication between the MCU and peripheral
devices. Software can poll the SPI status flags or SPI operation can be interrupt driven.

The SPI system is enabled by setting the SPI enable (SPE) bit in SPI Control Register 1. While SPE bitis
set, the four associated SPI port pins are dedicated to the SPI function as:

« Slave select (SS)

» Serid clock (SCK)

* Master out/slavein (MOSI)
* Master in/dave out (MISO)

The main element of the SPI system isthe SPI Data Register. The 8-bit dataregister in the master and the
8-hit dataregister inthe dave arelinked by the MOSI and M1SO pinsto form adistributed 16-bit register.
When adatatransfer operation is performed, this 16-bit register is serialy shifted eight bit positions by the
S-clock from the master, so datais exchanged between the master and the slave. Datawritten to the master
SPI Data Register becomes the output data for the slave, and data read from the master SPI Data Register
after atransfer operation is the input datafrom the slave.

A read of SPISR with SPTEF = 1 followed by awrite to SPIDR puts data into the transmit data register.
When atransfer is complete, received datais moved into the receive data register. Data may be read from
this double-buffered system any time before the next transfer has completed. This 8-bit data register acts
asthe SPI receive dataregister for reads and as the SPI transmit data register for writes. A single SPI
register address is used for reading data from the read data buffer and for writing data to the transmit data
register.

The clock phase control bit (CPHA) and a clock polarity control bit (CPOL) inthe SPI Control Register 1
(SPICRL1) select one of four possible clock formats to be used by the SPI system. The CPOL bit simply
selects anon-inverted or inverted clock. The CPHA bit is used to accommodate two fundamentally
different protocols by sampling data on odd numbered SCK edges or on even numbered SCK edges (see
Section 9.4.3, “ Transmission Formats”).

The SPI can be configured to operate as a master or as a slave. When the MSTR bit in SPI Control
Registerl is set, master mode is selected, when the MSTR bit is clear, Slave mode is sel ected.
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9.4.1 Master Mode

The SPI operates in master mode when the MSTR bit is set. Only a master SPI module can initiate
transmissions. A transmission begins by writing to the master SPI Data Register. If the shift register is
empty, the byte immediately transfers to the shift register. The byte begins shifting out on the MOSI pin
under the control of the serial clock.

 S-clock

The SPR2, SPR1, and SPRO baud rate selection bitsin conjunction with the SPPR2, SPPR1, and
SPPRO baud rate preselection bitsin the SPI Baud Rate register control the baud rate generator and
determine the speed of the transmission. The SCK pin isthe SPI clock output. Through the SCK

pin, the baud rate generator of the master controls the shift register of the slave peripheral.

* MOSI and MISO Pins
In master mode, the function of the serial data output pin (MOSI) and the seria datainput pin
(M1SO0) is determined by the SPCO and BIDIROE control bits.

« SSPin
If MODFEN and SSOE bit are set, the SS pin is configured as slave select output. The SS output
becomes low during each transmission and is high when the SPI isin idle state.

If MODFEN is set and SSOE is cleared, the SS pin is configured as input for detecting mode fault
error. |f the SSinput becomes low thisindicates amode fault error where another master tries to
drive the MOSI and SCK lines. In this case, the SPI immediately switches to slave mode, by
clearing the MSTR bit and also disables the slave output buffer MI1SO (or SISO in bidirectional
mode). So the result isthat all outputs are disabled and SCK, MOSI and MISO areinputs. If a
transmission isin progress when the mode fault occurs, the transmission is aborted and the SPI is
forced into idle state.

This mode fault error also sets the mode fault (MODF) flag in the SPI Status Register (SPISR). If the SPI
interrupt enable bit (SPIE) is set when the MODF flag gets set, then an SPI interrupt sequenceis also
requested.

When awriteto the SPI Data Register in the master occurs, thereisahaf SCK-cycledelay. After thedelay,
SCK isstarted within the master. Therest of the transfer operation differs slightly, depending on the clock
format specified by the SPI clock phase bit, CPHA, in SPI Control Register 1 (see Section 9.4.3,
“Transmission Formats’).

NOTE
A change of the bits CPOL, CPHA, SSOE, L SBFE, MODFEN, SPCO,
BIDIROE with SPCO set, SPPR2—SPPRO0 and SPR2-SPRO0 in master mode
will abort atransmission in progress and force the SPI into idle state. The
remote slave cannot detect this, therefore the master has to ensure that the
remote slave is set back to idle state.
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9.4.2 Slave Mode

The SPI operatesin slave mode when the MSTR bit in SPI Control Registerl isclear.

» SCK Clock
In slave mode, SCK isthe SPI clock input from the master.

* MISO and MOSI Pins
In slave mode, the function of the serial data output pin (M1SO) and seria datainput pin (MOSI)
is determined by the SPCO bit and BIDIROE bit in SPI Control Register 2.

+ SSPin
The SS pinisthe slave select input. Before a data transmission occurs, the SS pin of the slave SPI

must be low. SS must remain low until the transmission is complete. If SS goes high, the SPI is
forced into idle state.

The SSinput also controls the seria data output pin, if SSis high (not selected), the serial data
output pin is high impedance, and, if SSislow thefirst bit in the SPI Data Register is driven out
of the serial data output pin. Also, if the Slave is not selected (SSiis high), then the SCK input is
ignored and no internal shifting of the SPI shift register takes place.

Although the SPI is capable of duplex operation, some SPI peripherals are capable of only receiving SPI
datain a slave mode. For these simpler devices, thereis no serial data out pin.

NOTE

When peripherals with duplex capability are used, take care not to
simultaneously enable two receivers whose seria outputs drive the same
system slave’s seria data output line.

Aslong as no more than one slave device drivesthe system slave' s serial data output line, it is possible for
several slavesto receive the sametransmission from amaster, although the master would not receivereturn
information from all of the receiving daves.

If the CPHA bit in SPI Control Register 1 is clear, odd numbered edges on the SCK input cause the data
at the serial datainput pin to belatched. Even numbered edges cause the value previously latched from the
serial datainput pin to shift into the LSB or MSB of the SPI shift register, depending on the LSBFE bit.

If the CPHA hit is set, even numbered edges on the SCK input cause the data at the serial datainput pinto
be latched. Odd numbered edges cause the value previously latched from the serial datainput pin to shift
into the LSB or MSB of the SPI shift register, depending on the L SBFE hit.

When CPHA isset, thefirst edgeisused to get thefirst databit onto the serial dataoutput pin. When CPHA
is clear and the SSinput islow (Slave selected), the first bit of the SPI datais driven out of the serial data
output pin. After the eighth shift, the transfer is considered complete and the received datais transferred

into the SPI Data Register. To indicate transfer is complete, the SPIF flag in the SPI Status Register is set.

NOTE

A change of the bits CPOL, CPHA, SSOE, L SBFE, MODFEN, SPCO and
BIDIROE with SPCO set in slave mode will corrupt atransmission in
progress and has to be avoided.
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9.4.3 Transmission Formats

During an SPI transmission, datais transmitted (shifted out serially) and received (shifted in serialy)
simultaneously. The serial clock (SCK) synchronizes shifting and sampling of the information on the two
serial datalines. A slave select line alows selection of an individual slave SPI device, slave devices that
are not selected do not interfere with SPI bus activities. Optionally, on amaster SPI device, the slave select
line can be used to indicate multiple-master bus contention.

MASTER SPI SLAVE SPI

| miso MISO
’—| SHIFT REGISTER |
A
MOSI MOSI »| SHIFTREGISTER |-
A

SCK SCK
BAUD RATE - _
GENERATOR S5\ AA—o Vg 55

Figure 9-8. Master/Slave Transfer Block Diagram

9.4.3.1 Clock Phase and Polarity Controls

Using two bitsinthe SPI Control Registerl, software selects one of four combinations of serial clock phase
and polarity.

The CPOL clock polarity control bit specifies an active high or low clock and has no significant effect on
the transmission format.

The CPHA clock phase control bit selects one of two fundamentally different transmission formats.

Clock phase and polarity should be identical for the master SPI device and the communicating slave
device. In some cases, the phase and polarity are changed between transmissions to allow amaster device
to communicate with peripheral slaves having different requirements.

9.4.3.2 CPHA = 0 Transfer Format

The first edge on the SCK line is used to clock the first data bit of the slave into the master and the first
data bit of the master into the slave. In some peripherals, the first bit of the ave's datais available at the
slave'sdataout pin as soon asthe slaveis selected. In thisformat, thefirst SCK edgeisissued ahalf cycle
after SS has become low.

A half SCK cyclelater, the second edge appears on the SCK line. When this second edge occurs, the value
previously latched from the serial datainput pin is shifted into the LSB or MSB of the shift register,
depending on L SBFE hit.

After this second edge, the next bit of the SPI master dataistransmitted out of the serial data output pin of
the master to the seria input pin on the slave. This process continues for atotal of 16 edges on the SCK
line, with data being latched on odd numbered edges and shifted on even numbered edges.

MC9S12E256 Data Sheet, Rev. 1.08

288 Freescale Semiconductor



Chapter 9 Serial Peripheral Interface (SPIV3)

Datareception is double buffered. Datais shifted serially into the SPI shift register during the transfer and

istransferred to the parallel SPI Data Register after the last bit is shifted in.

After the 16th (last) SCK edge:
Data that was previously in the master SPI Data Register should now be in the slave data register

Figure 9-9 isatiming diagram of an SPI transfer where CPHA = 0. SCK waveforms are shown for

and the data that was in the slave data register should be in the master.

The SPIF flag in the SPI Status Register is set indicating that the transfer is compl ete.

CPOL =0and CPOL = 1. The diagram may be interpreted as a master or slave timing diagram because

the SCK, M1SO, and MOSI pinsare connected directly between the master and theslave. The M1 SO signal
is the output from the slave and the MOSI signal is the output from the master. The SS pin of the master
must be either high or reconfigured as a general-purpose output not affecting the SPI.

End of Idle State ——___ple@—— Begin Transfer End ——»

SCK Edge Nr. 1 2 3 4 5 6 7 8 9 10 11 12 13 14

e A VAVAVAVAVAVAWAY

SAMPLE | | 1 1 1 1 |1
MOSI/MISO

15 16

Begin of Idle State

craNGE O Y Y ¥ ()

MOSI pin

CHANGEO —

MISO pin

SELSS (0)

Master only

SEL SS () ‘

tL
MSB first (LSBFE = 0): MSB Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1
LSB first (LSBFE =1): LSB Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6
. = Minimum leading time before the first SCK edge
tr = Minimum trailing time after the last SCK edge
t; = Minimum idling time between transfers (minimum SS high time)
t,, t1, and t; are guaranteed for the master mode and required for the slave mode.

Figure 9-9. SPI Clock Format 0 (CPHA = 0)

<P <>

If next transfer begins here

LSB Minimum 1/2 SCK

MSB

for tT, t|, t|_

In slave mode, if the SSlineis not deasserted between the successive transmissions then the content of the
SPI Data Register is not transmitted, instead the |ast received byte is transmitted. If the SSlineis
deasserted for at least minimum idle time (half SCK cycle) between successive transmissions then the
content of the SPI Data Register is transmitted.
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In master mode, with slave select output enabled the SS line is always deasserted and reasserted between
successive transfers for at least minimum idle time.

9.4.3.3 CPHA =1 Transfer Format

Some peripheralsrequire the first SCK edge before thefirst data bit becomes available at the data out pin,
the second edge clocks data into the system. In this format, the first SCK edge isissued by setting the
CPHA bit at the beginning of the 8-cycle transfer operation.

Thefirst edge of SCK occursimmediately after the half SCK clock cycle synchronization delay. Thisfirst
edge commands the slave to transfer its first data bit to the serial datainput pin of the master.

A half SCK cycle later, the second edge appears on the SCK pin. Thisisthe latching edge for both the
master and slave.

When the third edge occurs, the value previously latched from the seria datainput pin is shifted into the
LSB or MSB of the SPI shift register, depending on LSBFE bit. After this edge, the next bit of the master
datais coupled out of the serial data output pin of the master to the serial input pin on the slave.

This process continues for atotal of 16 edges on the SCK line with data being latched on even numbered
edges and shifting taking place on odd numbered edges.

Datareception is double buffered, datais serially shifted into the SPI shift register during the transfer and
istransferred to the parallel SPI Data Register after the last bit is shifted in.

After the 16th SCK edge:

» Datathat was previously in the SPI Data Register of the master is now in the data register of the
dave, and datathat was in the data register of the dave isin the master.

* The SPIF flag bit in SPISR is set indicating that the transfer is complete.

Figure 9-10 shows two clocking variationsfor CPHA = 1. The diagram may be interpreted as a master or
slave timing diagram because the SCK, M1SO, and MOSI pins are connected directly between the master
and the dave. The MISO signal isthe output from the slave, and the MOSI signal is the output from the
master. The SSline is the slave select input to the slave. The SS pin of the master must be either high or
reconfigured as a general-purpose output not affecting the SPI.

The SSline can remain active low between successive transfers (can be tied low at all times). This format
issometimes preferred in systems having asingle fixed master and asingle slave that drive the MISO data
line.

* Back-to-back transfers in master mode

In master mode, if atransmission has completed and anew data byteis available in the SPI Data Register,
this byte is send out immediately without atrailing and minimum idle time.

The SPI interrupt request flag (SPIF) is common to both the master and slave modes. SPIF gets set one
half SCK cycle after the last SCK edge.

MC9S12E256 Data Sheet, Rev. 1.08

290 Freescale Semiconductor



Chapter 9 Serial Peripheral Interface (SPIV3)

End of Idle State 3 ~——— Begin Transfer End —>| Begin of Idle State

SCK Edge Nr. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SAMPLE | 1 1 1 1 1 1 1

MOSI/MISO )

[}

[

CHANGE O ) ) ) ) ) ) ) 5

MOSI pin g

2

CHANGE O —( : @

MISO pin g

SEL SS (0) B .
Master only
SEL SS ()

<>l
<>

T ou T
MSB first (LSBFE =0): MSB  Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 LSB Minimum 1/2 SCK
LSB first (LSBFE = 1): LSB Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit6  MSB  fortpt,t

t_ = Minimum leading time before the first SCK edge, not required for back to back transfers
tt = Minimum trailing time after the last SCK edge
t; = Minimum idling time between transfers (minimum SS high time), not required for back to back transfers

Figure 9-10. SPI Clock Format 1 (CPHA = 1)

—~A

L t

9.4.4 SPI Baud Rate Generation

Baud rate generation consists of a series of divider stages. Six bitsin the SPI Baud Rate register (SPPR2,
SPPR1, SPPRO, SPR2, SPR1, and SPRO) determine the divisor to the SPI module clock which resultsin
the SPI baud rate.

The SPI clock rate is determined by the product of the value in the baud rate preselection bits
(SPPR2-SPPRO0) and the value in the baud rate selection bits (SPR2—SPRO0). The module clock divisor
equation is shown in Figure 9-11

When all bits are clear (the default condition), the SPI module clock is divided by 2. When the selection
bits (SPR2—SPRO0) are 001 and the presel ection bits (SPPR2-SPPRO0) are 000, the module clock divisor
becomes 4. When the selection bits are 010, the module clock divisor becomes 8 etc.

When the preselection bits are 001, the divisor determined by the selection bitsis multiplied by 2. When
the preselection bitsare 010, the divisor ismultiplied by 3, etc. See Table 9-7 for baud rate cal culations for
all bit conditions, based on a 25-MHz bus clock. The two sets of selects allows the clock to be divided by
anon-power of two to achieve other baud rates such as divide by 6, divide by 10, etc.
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The baud rate generator is activated only when the SPI isin the master mode and a serial transfer istaking
place. In the other cases, the divider is disabled to decrease | 5 current.

BaudRateDivisor = (SPPR+1)e 2057 1+ 1)
Figure 9-11. Baud Rate Divisor Equation

9.4.5 Special Features

9.4.51  SS Output

The SS output feature automatically drives the SS pin low during ) transmission to select external devices
and drives it high during idle to deselect external devices. When SS output is selected, the SS output pin
is connected to the SS input pin of the external device.

The SS output is available only in master mode during normal SPI operation by asserting SSOE and
MODFEN bit as shown in Table 9-3.

The mode fault feature is disabled while SS output is enabled.

NOTE

Care must be taken when using the SS output feature in a multimaster
system because the mode fault feature is not available for detecting system
errors between masters.

9.4.5.2 Bidirectional Mode (MOSI or MISO)

The bidirectional mode is selected when the SPCO bit is set in SPI Control Register 2 (see Table 9-9). In
this mode, the SPI uses only one serial data pin for the interface with external device(s). The MSTR bit
decideswhich pinto use. The MOSI pin becomesthe serial datal/O (MOMI) pin for the master mode, and
the M1SO pin becomes seria data I/O (SISO) pin for the slave mode. The MISO pin in master mode and
MOSI pin in slave mode are not used by the SPI.

Table 9-9. Normal Mode and Bidirectional Mode

When SPE =1 Master Mode MSTR =1 Slave Mode MSTR =0
Serial Out > MOSI Serial In [ MOSI
Normal Mode
SPCO =0 SPI SPI
Serial In | MISO Serial Out > MISO
Serial Out | » MOMI Serial In |-
Bidirectional Mode \/‘/ BIDIROE
SPCO =1 SPI BIDIROE SPI ’J\
Serial In |- Serial Out | » SISO
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The direction of each serial 1/0 pin depends on the BIDIROE hit. If the pin is configured as an output,
serial datafrom the shift register is driven out on the pin. The same pinis also the serial input to the shift
register.

The SCK is output for the master mode and input for the slave mode.
The SSisthe input or output for the master mode, and it is always the input for the slave mode.
The bidirectional mode does not affect SCK and SS functions,

NOTE

In bidirectional master mode, with modefault enabled, both datapinsM1SO
and MOSI can be occupied by the SPI, though MOSI is normally used for
transmissions in bidirectional mode and MISO is not used by the SPI. If a
mode fault occurs, the SPI is automatically switched to slave mode, in this
case M1SO becomes occupied by the SPI and MOSI isnot used. Thishasto
be considered, if the MISO pinisused for other purpose.

9.4.6 Error Conditions

The SPI has one error condition:
 Modefault error

9.4.6.1 Mode Fault Error

If the SSinput becomeslow whilethe SPI is configured as amaster, it indicates a system error where more
than one master may be trying to drive the MOSI and SCK lines simultaneoudly. This condition is not
permitted in normal operation, the MODF bit in the SPI Status Register is set automatically provided the
MODFEN bit is set.

In the special case where the SPI isin master mode and MODFEN bit is cleared, the SS pin is not used by
the SPI. In this special case, the mode fault error function isinhibited and MODF remains cleared. In case
the SPI system is configured as aslave, the SS pin is adedicated input pin. Mode fault error doesn’t occur
in slave mode.

If amode fault error occurs the SPI is switched to slave mode, with the exception that the slave output
buffer is disabled. So SCK, MISO and MOSI pins are forced to be high impedance inputs to avoid any
possibility of conflict with another output driver. A transmission in progress is aborted and the SPI is
forced into idle state.

If the modefault error occursin the bidirectional mode for a SPI system configured in master mode, output
enable of the MOMI (MOSI in bidirectional mode) is cleared if it was set. No mode fault error occursin
the bidirectional mode for SPI system configured in slave mode.

Themodefault flag iscleared automatically by aread of the SPI Status Register (with MODF set) followed
by awriteto SPI Control Register 1. If the mode fault flag is cleared, the SPI becomes a normal master or
slave again.
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9.4.7 Operation in Run Mode

In run mode with the SPI system enable (SPE) bit in the SPI control register clear, the SPI systemisina
low-power, disabled state. SPI registers remain accessible, but clocks to the core of this module are
disabled.

9.4.8 Operation in Wait Mode

SPI operation in wait mode depends upon the state of the SPISWAI bit in SPI Control Register 2.
o If SPISWAI isclear, the SPI operates normally when the CPU isin wait mode

o If SPISWAI isset, SPI clock generation ceases and the SPI modul e enters a power conservation
state when the CPU isin wait mode.

— If SPISWAI is set and the SPI is configured for master, any transmission and reception in
progress stops at wait mode entry. The transmission and reception resumes when the SPI exits
wait mode.

— |If SPISWAI is set and the SPI is configured as a slave, any transmission and reception in
progress continues if the SCK continues to be driven from the master. This keeps the slave
synchronized to the master and the SCK.

If the master transmits several bytes while the slaveisin wait mode, the slave will continue to
send out bytes consistent with the operation mode at the start of wait mode (i.e. If the daveis
currently sending its SPIDR to the master, it will continue to send the same byte. Elseif the
slaveis currently sending the last received byte from the master, it will continue to send each
previous master byte).

NOTE

Care must be taken when expecting datafrom a master whilethe slaveisin
wait or stop mode. Even though the shift register will continue to operate,
the rest of the SPI is shut down (i.e. a SPIF interrupt will not be generated
until exiting stop or wait mode). Also, the byte from the shift register will
not be copied into the SPIDR register until after the slave SPI hasexited wait
or stop mode. A SPIF flag and SPIDR copy is only generated if wait mode
isentered or exited during atranmission. If the slave enters wait mode in
idle mode and exits wait mode in idle mode, neither a SPIF nor a SPIDR
copy will occur.

9.4.9 Operation in Stop Mode

Stop mode is dependent on the system. The SPI enters stop mode when the module clock isdisabled (held
high or low). If the SPI isin master mode and exchanging data when the CPU enters stop mode, the
transmission is frozen until the CPU exits stop mode. After stop, data to and from the external SPI is
exchanged correctly. In slave mode, the SPI will stay synchronized with the master.

The stop mode is not dependent on the SPISWAI bit.
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9.5 Reset

The reset values of registers and signals are described in the Memory Map and Registers section (see
Section 9.3, “Memory Map and Register Definition”) which details the registers and their bit-fields.

» |f adatatransmission occurs in slave mode after reset without awriteto SPIDR, it will transmit
garbage, or the byte last received from the master before the reset.
* Reading from the SPIDR after reset will always read a byte of zeros.

9.6 Interrupts

The SPIV3 only originates interrupt requests when SPI is enabled (SPE bit in SPICR1 set). Thefollowing
isadescription of how the SPIV3 makes a request and how the MCU should acknowledge that request.
The interrupt vector offset and interrupt priority are chip dependent.

The interrupt flags MODF, SPIF and SPTEF are logically ORed to generate an interrupt request.

9.6.1 MODF

MODF occurs when the master detects an error on the SS pin. The master SPI must be configured for the
MODF feature (see Table 9-3). After MODF is set, the current transfer is aborted and the following bit is
changed:

e MSTR =0, The master bit in SPICR1 resets.

The MODF interrupt is reflected in the status register MODF flag. Clearing the flag will also clear the
interrupt. Thisinterrupt will stay active while the MODF flag is set. MODF has an automatic clearing
process which is described in Section 9.3.2.4, “SPI Status Register (SPISR).”

9.6.2 SPIF

SPIF occurs when new data has been received and copied to the SPI Data Register. After SPIF is set, it
does not clear until it is serviced. SPIF has an automatic clearing process which is described in

Section 9.3.2.4, “ SPI Status Register (SPISR).” In the event that the SPIF is not serviced before the end of
the next transfer (i.e. SPIF remains active throughout another transfer), the latter transferswill beignored
and no new data will be copied into the SPIDR.

9.6.3 SPTEF

SPTEF occurswhen the SPI Data Register isready to accept new data. After SPTEF isset, it doesnot clear
until it is serviced. SPTEF has an automatic clearing process which is described in Section 9.3.2.4, “SPI
Status Register (SPISR).”
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Chapter 10
Inter-Integrated Circuit (IICV2)

10.1 Introduction

Theinter-IC bus (I1C) is atwo-wire, bidirectional serial bus that provides a simple, efficient method of
data exchange between devices. Being atwo-wire device, the [1C bus minimizes the need for large
numbers of connections between devices, and eliminates the need for an address decoder.

Thisbusis suitable for applications requiring occasional communications over a short distance between a
number of devices. It also provides flexibility, allowing additional devices to be connected to the bus for
further expansion and system devel opment.

The interface is designed to operate up to 100 kbps with maximum bus loading and timing. The deviceis
capable of operating at higher baud rates, up to a maximum of clock/20, with reduced bus loading. The
maximum communication length and the number of devices that can be connected are limited by a
maximum bus capacitance of 400 pF.

10.1.1 Features

The 11C module has the following key features:
» Compatible with 12C bus standard
* Multi-master operation
» Software programmable for one of 256 different serial clock frequencies
» Software selectable acknowledge bit
* Interrupt driven byte-by-byte data transfer
» Arbitration lost interrupt with automatic mode switching from master to slave
» Cadling addressidentification interrupt
» Start and stop signal generation/detection
* Repeated start signal generation
» Acknowledge bit generation/detection
* Bushbusy detection

10.1.2 Modes of Operation

The 11C functions the same in normal, special, and emulation modes. It has two low power modes. wait
and stop modes.
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10.1.3 Block Diagram
The block diagram of the I1C module is shown in Figure 10-1.

lic

Start

Stop
Arbitration
Control

Registers

Interrupt
D In/Out «—» SCL
Clock Data

bus_clock Control Shift
> Register ~——» SDA

Address
Compare

Figure 10-1. lIC Block Diagram

10.2 External Signal Description

The 1CV 2 module has two external pins.

10.2.1 IIC_SCL — Serial Clock Line Pin
Thisisthe bidirectiona serial clock line (SCL) of the module, compatible to the I1C bus specification.

10.2.2 IIC_SDA — Serial Data Line Pin
Thisisthe bidirectiona serial dataline (SDA) of the module, compatible to the 11C bus specification.

10.3 Memory Map and Register Definition

This section provides a detailed description of all memory and registers for the 11C module.

10.3.1 Module Memory Map

The memory map for the [1C moduleis given below in Figure 10-2. The address listed for each register is
the address offset. The total addressfor each register isthe sum of the base address for the 11C module and
the address offset for each register.
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10.3.2 Register Descriptions

This section consists of register descriptionsin address order. Each description includes astandard register
diagram with an associated figure number. Details of register bit and field function follow the register
diagrams, in bit order.

Register Bit 7 6 5 4 3 2 1 Bit 0
Name
IBAD R 0
wy| ADR7 | ADR6 | ADRS | ADR4 | ADR3 | ADR2 | ADRI
IBFD R
w| 1BC7 IBC6 IBC5 IBC4 IBC3 IBC2 IBC1 IBCO
IBCR R — — 0 0
IBEN IBIE MSSL | TxBx | TXAK IBSWAI
W RSTA
IBSR R[ TcF IAAS IBB 0 SRW RXAK
IBAL IBIF
W
IBDR R
D7 D6 D5 D4 D3 D2 D1 DO

I:l = Unimplemented or Reserved

Figure 10-2. lIC Register Summary

10.3.2.1 |lIC Address Register (IBAD)

7 6 5 4 3 2 1
R 0
ADR7 ADRG6 ADR5 ADR4 ADR3 ADR2 ADR1
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 10-3. lIC Bus Address Register (IBAD)

Read and write anytime

Thisregister contains the address the 11C bus will respond to when addressed as a slave; notethat it is not
the address sent on the bus during the address transfer.

Table 10-1. IBAD Field Descriptions

Field Description
71 Slave Address — Bit 1 to bit 7 contain the specific slave address to be used by the IIC bus module.The default
ADR[7:1] | mode of lIC bus is slave mode for an address match on the bus.
0 Reserved — Bit 0 of the IBAD is reserved for future compatibility. This bit will always read 0.
Reserved
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10.3.2.2 IIC Frequency Divider Register (IBFD)
7 6 5 4 3 2 1 0
R
IBC7 IBC6 IBC5 IBC4 IBC3 IBC2 IBCA1 IBCO
w
Reset 0 0 0 0 0 0 0 0

Figure 10-4. lIC Bus Frequency Divider Register (IBFD)

Read and write anytime

Table 10-2. IBFD Field Descriptions

Field Description
7:0 | Bus Clock Rate 7:0 — This field is used to prescale the clock for bit rate selection. The bit clock generator is
IBC[7:0] |implemented as a prescale divider — IBC7:6, prescaled shift register — IBC5:3 select the prescaler divider and

IBC2-0 select the shift register tap point. The IBC bits are decoded to give the tap and prescale values as shown
in Table 10-3.

Table 10-3. I-Bus Tap and Prescale Values

IBC2-0 SCL Tap SDA Tap
(bin) (clocks) (clocks)
000 5 1
001 6 1
010 7 2
011 8 2
100 9 3
101 10 3
110 12 4
111 15 4
IBC5-3 scl2start scl2stop scl2tap tap2tap
(bin) (clocks) (clocks) (clocks) (clocks)
000 2 7 4 1
001 2 7 4 2
010 2 9 6 4
011 6 9 6 8
100 14 17 14 16
101 30 33 30 32
110 62 65 62 64
111 126 129 126 128
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Table 10-4. Multiplier Factor

IBC7-6 MUL
00 01
01 02
10 04
11 RESERVED

The number of clocksfrom thefalling edge of SCL to thefirst tap (Tap[1]) isdefined by the values shown
in the scl2tap column of Table 10-3, all subsequent tap points are separated by 2'B€>3 as shown in the
tap2tap column in Table 10-3. The SCL Tap isused to generated the SCL period and the SDA Tap isused
to determine the delay from the falling edge of SCL to SDA changing, the SDA hold time.

IBC7—6 defines the multiplier factor MUL. The values of MUL are shown in the Table 10-4.
| |
- — = — > SCL Divider le« — — — -

| | |
SCL
| | |

|
|
|
| |
SDA S _____ SDAHold
| |
|
|
|

A AR

—> |«<——SCL Hold(start) —> «——SCL Hold(stop)
| _ | o
| | | |
SCL | |
| | |
! | | |
START condition STOP condition

Figure 10-5. SCL Divider and SDA Hold
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The equation used to generate the divider values from the IBFD bitsis:

SCL Divider = MUL x {2 x (scl2tap + [(SCL_Tap -1) x tap2tap] + 2)}

The SDA hold delay isequal to the CPU clock period multiplied by the SDA Hold value shown in
Table 10-5. The equation used to generate the SDA Hold value from the IBFD hitsis:

SDA Hold = MUL x {scl2tap + [(SDA_Tap - 1) x tap2tap] + 3}
The equation for SCL Hold values to generate the start and stop conditions from the IBFD bitsis:

SCL Hold(start) = MUL x [scl2start + (SCL_Tap - 1) x tap2tap]
SCL Hold(stop) = MUL x [scl2stop + (SCL_Tap - 1) x tap2tap]

Table 10-5. IIC Divider and Hold Values (Sheet 1 of 5)

IBC[7:0] SCL Divider SDA Hold SCL Hold SCL Hold
(hex) (clocks) (clocks) (start) (stop)
MUL =1
00 20 7 6 11
01 22 7 7 12
02 24 8 8 13
03 26 8 9 14
04 28 9 10 15
05 30 9 11 16
06 34 10 13 18
07 40 10 16 21
08 28 7 10 15
09 32 7 12 17
0A 36 9 14 19
0B 40 9 16 21
oC 44 11 18 23
oD 48 11 20 25
OE 56 13 24 29
OF 68 13 30 35
10 48 9 18 25
11 56 9 22 29
12 64 13 26 33
13 72 13 30 37
14 80 17 34 41
15 88 17 38 45
16 104 21 46 53
17 128 21 58 65
18 80 9 38 4
19 96 9 46 49
1A 112 17 54 57
1B 128 17 62 65
1C 144 25 70 73
1D 160 25 78 81
1E 192 33 94 97
1F 240 33 118 121
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Table 10-5. IIC Divider and Hold Values (Sheet 2 of 5)

IBC[7:0] SCL Divider SDA Hold SCL Hold SCL Hold

(hex) (clocks) (clocks) (start) (stop)
20 160 17 78 81
21 192 17 94 97
22 224 33 110 113
23 256 33 126 129
24 288 49 142 145
25 320 49 158 161
26 384 65 190 193
27 480 65 238 241
28 320 33 158 161
29 384 33 190 193
2A 448 65 222 225
2B 512 65 254 257
2C 576 97 286 289
2D 640 97 318 321
2E 768 129 382 385
2F 960 129 478 481
30 640 65 318 321
31 768 65 382 385
32 896 129 446 449
33 1024 129 510 513
34 1152 193 574 577
35 1280 193 638 641
36 1536 257 766 769
37 1920 257 958 961
38 1280 129 638 641
39 1536 129 766 769
3A 1792 257 894 897
3B 2048 257 1022 1025
3C 2304 385 1150 1153
3D 2560 385 1278 1281
3E 3072 513 1534 1537
3F 3840 513 1918 1921

MUL =2

40 40 14 12 22
41 44 14 14 24
42 48 16 16 26
43 52 16 18 28
44 56 18 20 30
45 60 18 22 32
46 68 20 26 36
47 80 20 32 42
48 56 14 20 30
49 64 14 24 34
4A 72 18 28 38
4B 80 18 32 42
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Table 10-5. IIC Divider and Hold Values (Sheet 3 of 5)

IBC[7:0] SCL Divider SDA Hold SCL Hold SCL Hold

(hex) (clocks) (clocks) (start) (stop)
4C 88 22 36 46
4D 96 22 40 50
4E 112 26 48 58
4F 136 26 60 70
50 96 18 36 50
51 112 18 44 58
52 128 26 52 66
53 144 26 60 74
54 160 34 68 82
55 176 34 76 90
56 208 42 92 106
57 256 42 116 130
58 160 18 76 82
59 192 18 92 98
5A 224 34 108 114
5B 256 34 124 130
5C 288 50 140 146
5D 320 50 156 162
5E 384 66 188 194
5F 480 66 236 242
60 320 34 156 162
61 384 34 188 194
62 448 66 220 226
63 512 66 252 258
64 576 98 284 290
65 640 98 316 322
66 768 130 380 386
67 960 130 476 482
68 640 66 316 322
69 768 66 380 386
6A 896 130 444 450
6B 1024 130 508 514
6C 1152 194 572 578
6D 1280 194 636 642
6E 1536 258 764 770
6F 1920 258 956 962
70 1280 130 636 642
71 1536 130 764 770
72 1792 258 892 898
73 2048 258 1020 1026
74 2304 386 1148 1154
75 2560 386 1276 1282
76 3072 514 1532 1538
77 3840 514 1916 1922
78 2560 258 1276 1282
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Table 10-5. IIC Divider and Hold Values (Sheet 4 of 5)

IBC[7:0] SCL Divider SDA Hold SCL Hold SCL Hold

(hex) (clocks) (clocks) (start) (stop)
79 3072 258 1532 1538
7A 3584 514 1788 1794
7B 4096 514 2044 2050
7C 4608 770 2300 2306
7D 5120 770 2556 2562
7E 6144 1026 3068 3074
7F 7680 1026 3836 3842

MUL =4

80 80 28 24 44
81 88 28 28 48
82 96 32 32 52
83 104 32 36 56
84 112 36 40 60
85 120 36 44 64
86 136 40 52 72
87 160 40 64 84
88 112 28 40 60
89 128 28 48 68
8A 144 36 56 76
8B 160 36 64 84
8C 176 44 72 92
8D 192 44 80 100
8E 224 52 96 116
8F 272 52 120 140
90 192 36 72 100
91 224 36 88 116
92 256 52 104 132
93 288 52 120 148
94 320 68 136 164
95 352 68 152 180
96 416 84 184 212
97 512 84 232 260
98 320 36 152 164
99 384 36 184 196
9A 448 68 216 228
9B 512 68 248 260
9C 576 100 280 292
9D 640 100 312 324
9E 768 132 376 388
9F 960 132 472 484
A0 640 68 312 324
A1l 768 68 376 388
A2 896 132 440 452
A3 1024 132 504 516
A4 1152 196 568 580
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Table 10-5. IIC Divider and Hold Values (Sheet 5 of 5)

IBC[7:0] SCL Divider SDA Hold SCL Hold SCL Hold
(hex) (clocks) (clocks) (start) (stop)
A5 1280 196 632 644
A6 1536 260 760 772
A7 1920 260 952 964
A8 1280 132 632 644
A9 1536 132 760 772
AA 1792 260 888 900
AB 2048 260 1016 1028
AC 2304 388 1144 1156
AD 2560 388 1272 1284
AE 3072 516 1528 1540
AF 3840 516 1912 1924
BO 2560 260 1272 1284
B1 3072 260 1528 1540

B2 3584 516 1784 1796
B3 4096 516 2040 2052
B4 4608 772 2296 2308
B5 5120 772 2552 2564
B6 6144 1028 3064 3076
B7 7680 1028 3832 3844
B8 5120 516 2552 2564
B9 6144 516 3064 3076
BA 7168 1028 3576 3588
BB 8192 1028 4088 4100
BC 9216 1540 4600 4612
BD 10240 1540 5112 5124
BE 12288 2052 6136 6148
BF 15360 2052 7672 7684
10.3.2.3 IIC Control Register (IBCR)
7 6 5 4 3 2 0
R 0
IBEN IBIE MS/SL Tx/Rx TXAK IBSWAI
W RSTA
Reset 0 0 0 0 0 0 0
= Unimplemented or Reserved

Read and write anytime

Figure 10-6. IIC Bus Control Register (IBCR)
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Table 10-6. IBCR Field Descriptions

Field

Description

IBEN

I-Bus Enable — This bit controls the software reset of the entire [IC bus module.

0 The module is reset and disabled. This is the power-on reset situation. When low the interface is held in reset
but registers can be accessed

1 The IIC bus module is enabled.This bit must be set before any other IBCR bits have any effect

If the 1IC bus module is enabled in the middle of a byte transfer the interface behaves as follows: slave mode

ignores the current transfer on the bus and starts operating whenever a subsequent start condition is detected.

Master mode will not be aware that the bus is busy, hence if a start cycle is initiated then the current bus cycle

may become corrupt. This would ultimately result in either the current bus master or the 11IC bus module losing

arbitration, after which bus operation would return to normal.

IBIE

I-Bus Interrupt Enable

0 Interrupts from the IIC bus module are disabled. Note that this does not clear any currently pending interrupt
condition

1 Interrupts from the IIC bus module are enabled. An IIC bus interrupt occurs provided the IBIF bit in the status
register is also set.

MS/SL

Master/Slave Mode Select Bit — Upon reset, this bit is cleared. When this bit is changed from 0 to 1, a START
signal is generated on the bus, and the master mode is selected. When this bit is changed from 1 to 0, a STOP
signal is generated and the operation mode changes from master to slave.A STOP signal should only be
generated if the IBIF flag is set. MS/SL is cleared without generating a STOP signal when the master loses
arbitration.

0 Slave Mode

1 Master Mode

Tx/Rx

Transmit/Receive Mode Select Bit — This bit selects the direction of master and slave transfers. When
addressed as a slave this bit should be set by software according to the SRW bit in the status register. In master
mode this bit should be set according to the type of transfer required. Therefore, for address cycles, this bit will
always be high.

0 Receive

1 Transmit

TXAK

Transmit Acknowledge Enable — This bit specifies the value driven onto SDA during data acknowledge cycles
for both master and slave receivers. The IIC module will always acknowledge address matches, provided it is
enabled, regardless of the value of TXAK. Note that values written to this bit are only used when the IIC bus is a
receiver, not a transmitter.

0 An acknowledge signal will be sent out to the bus at the 9th clock bit after receiving one byte data

1 No acknowledge signal response is sent (i.e., acknowledge bit = 1)

RSTA

Repeat Start — Writing a 1 to this bit will generate a repeated START condition on the bus, provided it is the
current bus master. This bit will always be read as a low. Attempting a repeated start at the wrong time, if the bus
is owned by another master, will result in loss of arbitration.

1 Generate repeat start cycle

1
RESERVED

Reserved — Bit 1 of the IBCR is reserved for future compatibility. This bit will always read 0.

0
IBSWAI

| Bus Interface Stop in Wait Mode
0 IIC bus module clock operates normally
1 Halt IIC bus module clock generation in wait mode

Wait mode is entered via execution of a CPU WA instruction. In the event that the IBSWALI bit is set, al
clocksinternal to the 11C will be stopped and any transmission currently in progress will halt.If the CPU
were woken up by asource other than the I1C modul e, then clocks would restart and the I1C would resume
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from where was during the previous transmission. It is not possible for the |1C to wake up the CPU when
itsinternal clocks are stopped.

If it werethe casethat the IBSWAI bit was cleared when the WA instruction was executed, thellC internal
clocksand interface would remain alive, continuing the operation which was currently underway. It isalso
possible to configure the 11C such that it will wake up the CPU via an interrupt at the conclusion of the
current operation. See the discussion on the IBIF and IBIE bitsin the IBSR and IBCR, respectively.

10.3.2.4 |IC Status Register (IBSR)
7 6 5 4 2 1 0
R TCF IAAS IBB SRW RXAK
IBAL IBIF
w
Reset 1 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 10-7. lIC Bus Status Register (IBSR)

This status register is read-only with exception of bit 1 (IBIF) and bit 4 (IBAL), which are software

clearable.
Table 10-7. IBSR Field Descriptions
Field Description
7 Data Transferring Bit — While one byte of data is being transferred, this bit is cleared. It is set by the falling edge
TCF of the 9th clock of a byte transfer. Note that this bit is only valid during or immediately following a transfer to the
IIC module or from the 1IC module.
0 Transfer in progress
1 Transfer complete
6 Addressed as a Slave Bit — When its own specific address (I-bus address register) is matched with the calling
IAAS address, this bit is set.The CPU is interrupted provided the IBIE is set.Then the CPU needs to check the SRW
bit and set its Tx/Rx mode accordingly.Writing to the I-bus control register clears this bit.
0 Not addressed
1 Addressed as a slave
5 Bus Busy Bit
IBB 0 This bit indicates the status of the bus. When a START signal is detected, the IBB is set. If a STOP signal is
detected, IBB is cleared and the bus enters idle state.
1 Bus is busy
4 Arbitration Lost — The arbitration lost bit (IBAL) is set by hardware when the arbitration procedure is lost.
IBAL Arbitration is lost in the following circumstances:
1. SDA sampled low when the master drives a high during an address or data transmit cycle.
2. SDA sampled low when the master drives a high during the acknowledge bit of a data receive cycle.
3. A start cycle is attempted when the bus is busy.
4. A repeated start cycle is requested in slave mode.
5. A stop condition is detected when the master did not request it.
This bit must be cleared by software, by writing a one to it. A write of 0 has no effect on this bit.
3 Reserved — Bit 3 of IBSR is reserved for future use. A read operation on this bit will return 0.
RESERVED
MC9S12E256 Data Sheet, Rev. 1.08
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Table 10-7. IBSR Field Descriptions (continued)

Field Description
2 Slave Read/Write — When IAAS is set this bit indicates the value of the R/W command bit of the calling address
SRW sent from the master

This bit is only valid when the I-bus is in slave mode, a complete address transfer has occurred with an address
match and no other transfers have been initiated.

Checking this bit, the CPU can select slave transmit/receive mode according to the command of the master.

0 Slave receive, master writing to slave

1 Slave transmit, master reading from slave

1 I-Bus Interrupt — The IBIF bit is set when one of the following conditions occurs:
IBIF — Arbitration lost (IBAL bit set)
— Byte transfer complete (TCF bit set)
— Addressed as slave (IAAS bit set)
It will cause a processor interrupt request if the IBIE bit is set. This bit must be cleared by software, writing a one
to it. A write of 0 has no effect on this bit.

0 Received Acknowledge — The value of SDA during the acknowledge bit of a bus cycle. If the received
RXAK acknowledge bit (RXAK) is low, it indicates an acknowledge signal has been received after the completion of 8
bits data transmission on the bus. If RXAK is high, it means no acknowledge signal is detected at the 9th clock.
0 Acknowledge received
1 No acknowledge received

10.3.2.5 |IC Data I/0O Register (IBDR)

7 6 5 4 3 2 1 0
R
D7 D6 D5 D4 D3 D2 D1 DO
w
Reset 0 0 0 0 0 0 0 0

Figure 10-8. lIC Bus Data I/0 Register (IBDR)

In master transmit mode, when dataiswritten to the IBDR adatatransfer isinitiated. The most significant
bit is sent first. In master receive mode, reading this register initiates next byte datareceiving. In slave
mode, the same functions are available after an address match has occurred.Note that the Tx/Rx bit in the
IBCR must correctly reflect the desired direction of transfer in master and slave modesfor the transmission
to begin. For instance, if the I1C is configured for master transmit but a master receive is desired, then
reading the IBDR will not initiate the receive.

Reading the IBDR will return the last byte received while the I1C is configured in either master receive or
slave receive modes. The IBDR does not reflect every byte that is transmitted on the 11C bus, nor can
software verify that a byte has been written to the IBDR correctly by reading it back.

In master transmit mode, the first byte of datawritten to IBDR following assertion of MS/SL is used for
the address transfer and should com.prise of the calling address (in position D7:D1) concatenated with the
required R/W hit (in position DO).
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10.4 Functional Description

This section provides a complete functional description of the [ICV 2.

104.1 I-Bus Protocol

ThellC bussystem usesaserial dataline (SDA) and aserial clock line (SCL) for datatransfer. All devices
connected to it must have open drain or open collector outputs. Logic AND function is exercised on both
lines with external pull-up resistors. The value of these resistors is system dependent.

Normally, astandard communication iscomposed of four parts: START signal, slave addresstransmission,
datatransfer and STOP signal. They are described briefly in the following sections and illustrated in
Figure 10-9.

I I | I I I I | I I I | | I I ! !
I I I | | I I I I | I I I | | I I I I
I 0 5 e o S e A CA A G A G CT

Start Calling Address Read/  Ack Data Byte No  Stop
Signal Write  Bit %ﬁ{( Signal

| | | | |
| | | | | | | | | | | | | | | | | |
s | os s e o[\ s fos e o o

A

Start Calling Address Read/ Ack  Repeated New Calling Address Read/ No  Stop
Signal Write  Bit Start Write. Ack  Signal
Signal Bit

Figure 10-9. lIC-Bus Transmission Signals

10.4.1.1 START Signal

When the busisfree, i.e. no master device is engaging the bus (both SCL and SDA lines are at logical
high), a master may initiate communication by sending a START signal.As shown in Figure 10-9, a
START signal is defined as a high-to-low transition of SDA while SCL is high. Thissignal denotes the
beginning of anew datatransfer (each datatransfer may contain several bytesof data) and bringsall slaves
out of their idle states.
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SCL L o
| |
L — L —
START Condition STOP Condition

Figure 10-10. Start and Stop Conditions

10.4.1.2 Slave Address Transmission

The first byte of datatransfer immediately after the START signal is the slave address transmitted by the
master. Thisis a seven-bit calling address followed by a R/W bit. The R/W bit tells the slave the desired
direction of data transfer.

1 = Read transfer, the slave transmits data to the master.
0 = Write transfer, the master transmits data to the Save.

Only the slave with a calling address that matches the one transmitted by the master will respond by
sending back an acknowledge bit. Thisis done by pulling the SDA low at the 9th clock (see Figure 10-9).

No two slavesin the system may have the same address. If the [1C bus is master, it must not transmit an
address that is equal to its own slave address. The I1C bus cannot be master and slave at the same
time.However, if arbitration islost during an address cycle the 11C bus will revert to slave mode and
operate correctly eveniif it is being addressed by another master.

10.4.1.3 Data Transfer

As soon as successful slave addressing is achieved, the data transfer can proceed byte-by-bytein a
direction specified by the R/W bit sent by the calling master

All transfersthat come after an address cycle arereferred to asdatatransfers, evenif they carry sub-address
information for the slave device.

Each data byte is 8 bits long. Data may be changed only while SCL islow and must be held stable while
SCL ishigh as shown in Figure 10-9. Thereis one clock pulse on SCL for each data bit, the MSB being
transferred first. Each data byte has to be followed by an acknowledge bit, which is signalled from the
receiving device by pulling the SDA low at the ninth clock. So one compl ete data byte transfer needs nine
clock pulses.

If the slave receiver does not acknowledge the master, the SDA line must be left high by the slave. The
master can then generate a stop signal to abort the data transfer or a start signal (repeated start) to
commence a new calling.
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If the master receiver does not acknowledge the slave transmitter after a byte transmission, it means 'end
of data’ to the slave, so the dave releasesthe SDA line for the master to generate STOP or START signal.

10.4.1.4 STOP Signal

The master can terminate the communication by generating a STOP signal to free the bus. However, the
master may generate a START signal followed by a calling command without generating a STOP signal
first. Thisis called repeated START. A STOP signal is defined as alow-to-high transition of SDA while
SCL at logical 1 (see Figure 10-9).

The master can generate a STOP even if the slave has generated an acknowledge at which point the slave
must release the bus.

10.4.1.5 Repeated START Signal

Asshown in Figure 10-9, arepeated START signal isa START signal generated without first generating
a STOP signal to terminate the communication. Thisis used by the master to communicate with another
slave or with the same slave in different mode (transmit/receive mode) without releasing the bus.

10.4.1.6 Arbitration Procedure

The Inter-1C bus is atrue multi-master bus that allows more than one master to be connected on it. If two
or more masterstry to control the bus at the same time, a clock synchronization procedure determinesthe
bus clock, for which the low period is equal to the longest clock low period and the high is equal to the
shortest one among the masters. The relative priority of the contending mastersis determined by a data
arbitration procedure, a bus master loses arbitration if it transmitslogic 1 while another master transmits
logic 0. The losing masters immediately switch over to slave receive mode and stop driving SDA output.
In this case the transition from master to slave mode does not generate a STOP condition. Meanwhile, a
status bit is set by hardware to indicate loss of arbitration.

10.4.1.7 Clock Synchronization

Because wire-AND logic is performed on SCL line, a high-to-low transition on SCL line affects al the
devices connected on the bus. The devices start counting their low period and as soon as a device's clock
has gone low, it holds the SCL line low until the clock high state is reached.However, the change of low
to high in this device clock may not change the state of the SCL line if another device clock iswithin its
low period. Therefore, synchronized clock SCL is held low by the device with the longest low period.
Devices with shorter low periods enter a high wait state during this time (see Figure 10-11). When all
devices concerned have counted off their low period, the synchronized clock SCL lineisreleased and
pulled high. Thereisthen no difference between the device clocks and the state of the SCL line and all the
devicesstart counting their high periods. Thefirst device to completeits high period pullsthe SCL linelow

again.
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Internal Counter Reset

Figure 10-11. lIC-Bus Clock Synchronization

10.4.1.8 Handshaking

The clock synchronization mechanism can be used as ahandshake in datatransfer. Slave devices may hold
the SCL low after completion of one byte transfer (9 bits). In such case, it halts the bus clock and forces
the master clock into wait states until the slave releases the SCL line.

10.4.1.9 Clock Stretching

The clock synchronization mechanism can be used by slaves to slow down the bit rate of atransfer. After
the master has driven SCL low the slave can drive SCL low for the required period and then release it.If
the dave SCL low period is greater than the master SCL |ow period then the resulting SCL bus signal low
period is stretched.

10.4.2 Operation in Run Mode

Thisisthe basic mode of operation.

10.4.3 Operation in Wait Mode

I1C operation in wait mode can be configured. Depending on the state of internal bits, the I1C can operate
normally when the CPU isin wait mode or the 11 C clock generation can be turned off and the 11C module
enters a power conservation state during wait mode. In the later case, any transmission or reception in
progress stops at wait mode entry.

10.4.4 Operation in Stop Mode

ThellC isinactive in stop mode for reduced power consumption. The STOP instruction does not affect
I1C register states.
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10.5 Resets

The reset state of each individual bit islisted in Section 10.3, “Memory Map and Register Definition,”
which details the registers and their bit-fields.

10.6 Interrupts

I1CV 2 uses only one interrupt vector.
Table 10-8. Interrupt Summary

Interrupt | Offset | Vector Priority Source Description
IIC — — — IBAL, TCF, IAAS | When either of IBAL, TCF or IAAS bits is set
Interrupt bits in IBSR may cause an interrupt based on arbitration
register lost, transfer complete or address detect
conditions

Internally there arethreetypesof interruptsin 11C. Theinterrupt service routine can determinetheinterrupt
type by reading the status register.
[1C Interrupt can be generated on

1. Arbitration lost condition (IBAL bit set)

2. Bytetransfer condition (TCF bit set)

3. Address detect condition (IAAS bit set)

ThelIC interrupt is enabled by the IBIE bit in the 11C control register. It must be cleared by writing 0 to
the IBF bit in the interrupt service routine.

10.7 |Initialization/Application Information

10.7.1 lIC Programming Examples

10.7.1.1 Initialization Sequence
Reset will put the 11C bus control register to its default status. Before the interface can be used to transfer
serial data, an initialization procedure must be carried out, as follows:

1. Update the frequency divider register (IBFD) and select the required division ratio to obtain SCL
frequency from system clock.

2. Update the I1C bus address register (IBAD) to define its slave address.
Set the IBEN bit of the I1C bus control register (IBCR) to enable the 11C interface system.

4. Modify the bitsof the I C bus control register (IBCR) to select master/slave mode, transmit/receive
mode and interrupt enable or not.

w
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10.7.1.2 Generation of START

After completion of the initialization procedure, serial data can be transmitted by selecting the ‘'master
transmitter' mode. If the device is connected to a multi-master bus system, the state of the |1C bus busy bit
(IBB) must be tested to check whether the serial busisfree.

If the busisfree (IBB=0), the start condition and the first byte (the slave address) can be sent. The data
written to the data register comprises the slave calling address and the L SB set to indicate the direction of
transfer required from the slave.

The bus free time (i.e., the time between a STOP condition and the following START condition) is built
into the hardware that generates the START cycle. Depending on the relative frequencies of the system
clock and the SCL period it may be necessary to wait until the I1C is busy after writing the calling address
tothe | BDR before proceeding with the following instructions. Thisisillustrated in thefollowing example.

An example of a program which generates the START signa and transmits the first byte of data (save
address) is shown below:

CHFLAG BRSET IBSR, #520, * ;WAIT FOR IBB FLAG TO CLEAR

TXSTART BSET IBCR, #$30 ; SET TRANSMIT AND MASTER MODE;i.e. GENERATE START CONDITION
MOVB CALLING, IBDR ;TRANSMIT THE CALLING ADDRESS, DO=R/W

IBFREE BRCLR IBSR, #3520, * ;WAIT FOR IBB FLAG TO SET

10.7.1.3 Post-Transfer Software Response

Transmission or reception of a byte will set the datatransferring bit (TCF) to 1, which indicates one byte
communication isfinished. ThellC businterrupt bit (IBIF) is set also; an interrupt will be generated if the
interrupt function is enabled during initialization by setting the IBIE bit. Software must clear the IBIF bit
in the interrupt routine first. The TCF bit will be cleared by reading from the I1C bus data I/O register
(IBDR) in receive mode or writing to IBDR in transmit mode.

Software may service the l1C 1/0O in the main program by monitoring the IBIF bit if the interrupt function
isdisabled. Note that polling should monitor the IBIF bit rather than the TCF bit because their operation
is different when arbitration islost.

Note that when an interrupt occurs at the end of the address cycle the master will always be in transmit
mode, i.e. the address is transmitted. If master receive mode is required, indicated by R/W bit in IBDR,
then the Tx/Rx bit should be toggled at this stage.

During slave mode address cycles (IAAS=1), the SRW bit in the status register is read to determine the
direction of the subsequent transfer and the Tx/Rx bit is programmed accordingly. For slave mode data
cycles (IAAS=0) the SRW bitisnot valid, the Tx/Rx bit in the control register should be read to determine
the direction of the current transfer.

The following is an example of a software response by a'master transmitter' in the interrupt routine.

ISR BCLR IBSR, #502 ;CLEAR THE IBIF FLAG
BRCLR IBCR, #5$20, SLAVE ;BRANCH IF IN SLAVE MODE
BRCLR IBCR, #5$10,RECEIVE ;BRANCH IF IN RECEIVE MODE
BRSET IBSR, #501, END ;IF NO ACK, END OF TRANSMISSION
TRANSMIT MOVB DATABUF, IBDR ; TRANSMIT NEXT BYTE OF DATA
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10.7.1.4 Generation of STOP

A datatransfer endswith a STOP signal generated by the 'master’ device. A master transmitter can ssmply
generate a STOP signal after all the data has been transmitted. The following is an example showing how
a stop condition is generated by a master transmitter.

MASTX TST TXCNT ;GET VALUE FROM THE TRANSMITING COUNTER
BEQ END ;END IF NO MORE DATA
BRSET IBSR, #501, END ;END IF NO ACK
MOVB DATABUF, IBDR ; TRANSMIT NEXT BYTE OF DATA
DEC TXCNT ;DECREASE THE TXCNT
BRA EMASTX ;EXIT
END BCLR IBCR, #520 ;GENERATE A STOP CONDITION
EMASTX RTI ;RETURN FROM INTERRUPT

If amaster receiver wants to terminate a data transfer, it must inform the slave transmitter by not
acknowledging the last byte of data which can be done by setting the transmit acknowledge bit (TXAK)
before reading the 2nd last byte of data. Before reading the last byte of data, a STOP signal must be
generated first. Thefollowing isan example showing how a STOP signal is generated by amaster receiver.

MASR DEC RXCNT ;DECREASE THE RXCNT
BEQ ENMASR ;LAST BYTE TO BE READ
MOVB RXCNT, D1 ;CHECK SECOND LAST BYTE
DEC D1 ;TO BE READ
BNE NXMAR ;NOT LAST OR SECOND LAST
LAMAR BSET IBCR, #508 ;SECOND LAST, DISABLE ACK
; TRANSMITTING
BRA NXMAR
ENMASR BCLR IBCR, #$20 ;LAST ONE, GENERATE ‘STOP’ SIGNAL
NXMAR MOVB IBDR, RXBUF ;READ DATA AND STORE
RTI

10.7.1.5 Generation of Repeated START

At the end of datatransfer, if the master continues to want to communicate on the bus, it can generate
another START signal followed by another slave address without first generating a STOP signal. A
program example is as shown.

RESTART BSET IBCR, #3504 ;ANOTHER START (RESTART)
MOVB CALLING, IBDR ; TRANSMIT THE CALLING ADDRESS;D0=R/W

10.7.1.6 Slave Mode

In the slave interrupt service routine, the module addressed as slave bit (IAAS) should be tested to check
if acaling of its own address has just been received. If IAAS s set, software should set the
transmit/receive mode select bit (Tx/Rx bit of IBCR) according to the R/'W command bit (SRW). Writing
totheBCR clearsthe IAAS automatically. Notethat theonly timelAASisread as set isfrom theinterrupt
at the end of the address cycle where an address match occurred, interrupts resulting from subsequent data
transferswill have IAAS cleared. A datatransfer may now be initiated by writing information to IBDR,
for dave transmits, or dummy reading from IBDR, in slave receive mode. The slave will drive SCL low
in-between byte transfers, SCL is released when the IBDR is accessed in the required mode.
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In slave transmitter routine, the received acknowledge bit (RXAK) must be tested before transmitting the
next byte of data. Setting RXAK meansan 'end of data' signal from the master receiver, after which it must
be switched from transmitter mode to receiver mode by software. A dummy read then releases the SCL
line so that the master can generate a STOP signal.

10.7.1.7 Arbitration Lost

If several masters try to engage the bus simultaneously, only one master wins and the others lose
arbitration. The devices which lost arbitration are immediately switched to slave receive mode by the
hardware. Their dataoutput to the SDA lineis stopped, but SCL continuesto be generated until the end of
the byte during which arbitration waslost. Aninterrupt occurs at the falling edge of the ninth clock of this
transfer with IBAL=1 and MS/SL=0. If one master attempts to start transmission while the busis being
engaged by another master, the hardware will inhibit the transmission; switch the MS/SL bit from 1to 0
without generating STOP condition; generate an interrupt to CPU and set the IBAL to indicate that the
attempt to engage the busisfailed. When considering these cases, the slave service routine should test the
IBAL first and the software should clear the IBAL bit if it is set.
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Figure 10-12. Flow-Chart of Typical IIC Interrupt Routine
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Pulse Width Modulator with Fault Protection (PMF15B6CV2)

11.1 Introduction

The Pulse width M odulator with Fault protection (PMF) module can be configured for one, two, or three
complementary pairs. For example:

*  One complementary pair and four independent PWM outputs

e Two complementary pair and two independent PWM outputs

* Three complementary pair and zero independent PWM outputs

e Zero complementary pair and six independent PWM outputs
All PWM outputs can be generated from the same counter, or each pair can have its own counter for three
independent PWM frequencies. Complementary operation permits programmabl e dead-time insertion,
distortion correction through current sensing by software, and separate top and bottom output polarity
control. Each counter value is programmable to support a continuously variable PWM frequency. Both
edge- and center-aligned synchronous pul se width-control and full range modulation from O percent to 100
percent, are supported. The PMF is capable of controlling most motor types: AC induction motors

(ACIM), both brushless (BLDC) and brush DC motors (BDC), switched (SRM), and variable reluctance
motors (VRM), and stepper motors.

11.1.1 Features

* Three complementary PWM signal pairs, or six independent PWM signals
* Three 15-bit counters
» Features of complementary channel operation
— Deadtime insertion
— Separate top and bottom pulse width correction via current status inputs or software
— Separate top and bottom polarity control
» Edge-aigned or center-aligned PWM signals
» Half-cycle reload capability
* Integral reload rates from 1 to 16
e Individual software-controlled PWM output
* Programmable fault protection
» Polarity control
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11.1.2 Modes of Operation

Care must be exercised when using thismodulein the modeslisted in Table 11-1. PWM outputs are placed
in their inactive states in stop mode, and optionally under WAIT and freeze modes. PWM outputs will be
reactivated (assuming they were active to begin with) when these modes are exited.

Table 11-1. Modes When PWM Operation is Restricted

Mode Description

Stop PWM outputs are disabled

Wait PWM outputs are disabled as a function of the PMFWAI bit.
Freeze PWM outputs are disabled as a function of the PMFFRZ bit.

11.1.3 Block Diagrams
Figure 11-1 provides an overview of the PMF module.

The Mux/Swap/Current Sense block istightly integrated with the dead timeinsertion block. Thisdetail is
shown in Figure 11-2.

NOTE

It is possible to have both channels of a complementary pair to be high. For
example, if the TOPNEGA (negative polarity for PWMO0), BOTNEGA
(negative polarity for PWM1), MASKO, and MASK1 bits are set, both the
PWM complementary outputs of generator A will be high. See

Section 11.3.2.2, “PMF Configure 1 Register (PMFCFGL)” for the
description of TOPNEG and BOTNEG bits, and Section 11.3.2.3, “PMF
Configure 2 Register (PMFCFG2)” for the description of the MSK0 and
MSK1 bits.
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Figure 11-1. PMF Block Diagram
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PWM source selection is based on a number of factors:
— State of current sense pins
— IPOL bit
— OUTCTL bit
— Center vs edge aligned
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IPOLA or INSERT DEADTIME

ISENSO or _7/
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4 1
N FAULT
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GENERATOR
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Figure 11-2. Detail of Mux, Swap, and Deadtime Functions

11.2 External Signal Description
The pulse width modulator has external pins named PWMO0-5, FAULTO0-3, and 1S0-IS2.

11.21 PWMO-PWMS5 Pins
PWMO-PWM5 are the output pins of the six PWM channels.

11.2.2 FAULTO-FAULT3 Pins
FAULTO-FAULT3 are input pins for disabling selected PWM outputs.

11.2.3 1S0-IS2 Pins

1S0-1S2 are current status pins for top/bottom pulse width correction in complementary channel operation
while deadtime is asserted.
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11.3

11.3.1

Address

0x0000
0x0001
0x0002
0x0003
0x0004
0x0005
0x0006
0x0007
0x0008
0x0009
0x000A
0x000B
0x000C
0x000D
0x000E
0x000F
0x0010

0x0011

Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

Memory Map and Registers

Module Memory Map

Name

PMFCFGO

PMFCFG1

PMFCFG2

PMFCFG3

PMFFCTL

PMFFPIN

PMFFSTA

PMFQSMP

PMFDMPA

PMFDMPB

PMFDMPC

Reserved

PMFOUTC

PMFOUTB

PMFDTMS

PMFCCTL

PMFVALO

PMFVALO

S 1SS SSTESEITEITEITEITEIVTESEITESEITESEIDEITESEITESEITESEITESETESTED

Bit7 6 5 4 3 2 1 Bit 0
WP MTG EDGEC EDGEB EDGEA INDEPC | INDEPB INDEPA
0
ENHA BOTNEGC | TOPNEGC | BOTNEGB | TOPNEGB | BOTNEGA | TOPNEGA
0 0
MSK5 MSK4 MSKS3 MSK2 MSK1 MSKO
0
PMFWAI | PMFFRZ VLMODE SWAPC SWAPB SWAPA
FMODES3 FIE3 FMODE2 FIE2 FMODE1 FIE1 FMODEO FIEO
0 0 0 0
FPINE3 FPINE2 FPINE1 FPINEO
0 0 0 0
FFLAG3 FFLAG2 FFLAG1 FFLAGO
QSMP3 QSMP2 QSMP1 QSMPO
DMP13 DMP12 DMP11 DMP10 DMPO03 DMPO02 DMPO1 DMPOO
DMP33 DMP32 DMP31 DMP30 DMP23 DMP22 DMP21 DMP20
DMP53 DMP52 DMP51 DMP50 DMP43 DMP42 DMP41 DMP40
0 0
OUTCTL5 | OUTCTL4 | OUTCTL3 | OUTCTL2 | OUTCTL1 | OUTCTLO
0 0
OouT5 OouT4 OouT3 ouT2 OUTH ouTo
0 0 DT5 DT4 DT3 DT2 DT1 DTO
0 0 0
ISENS IPOLC IPOLB IPOLA
PMFVALO
PMFVALO

\:’: Unimplemented or Reserved

Figure 11-3. PMF15B6C Register Summary (Sheet 1 of 3)
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Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

Address Name Bit 7 6 5 4 3 1 Bit 0
R
0x0012 PMFVALI1 W PMFVAL1
R
0x0013 PMFVALI1 W PMFVAL1
R
0x0014 PMFVAL2 W PMFVAL2
R
0x0015 PMFVAL2 W PMFVAL2
R
0x0016 PMFVAL3 W PMFVAL3
R
0x0017 PMFVAL3 W PMFVAL3
R
0x0018 PMFVAL4 W PMFVAL4
R
0x0019 PMFVAL4 W PMFVAL4
R
0x001A PMFVALS5 W PMFVAL5
R
0x001B PMFVAL5 W PMFVAL5
0x001C R
N Reserved
0X001F W
R 0 0 0 0
0x0020 PMFENCA W PWMENA LDOKA | PWMRIEA
R
0x0021 PMFFQCA W LDFQA HALFA PRSCA PWMRFA
R 0 PMFCNTA
0x0022 PMFCNTA
w | | | | |
R PMFCNTA
0x0023 PMFCNTA
w | | | | |
R 0
0x0024 PMFMODA W PMFMODA
R
0x0025 PMFMODA W PMFMODA
R 0 0 0 0
0x0026 PMFDTMA W PMFDTMA
R
0x0027 PMFDTMA W PMFDTMA
\:’: Unimplemented or Reserved
Figure 11-3. PMF15B6C Register Summary (Sheet 2 of 3)
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Address

0x0028

0x0029

0x002A

0x002B

0x002C

0x002D

0x002E

0x002F

0x0030

0x0031

0x0032

0x0033

0x0034

0x0035

0x0036

0x0037

0x0038
\
0XO003F

Name

PMFENCB

PMFFQCB

PMFCNTB

PMFCNTB

PMFMODB

PMFMODB

PMFDTMB

PMFDTMB

PMFENCC

PMFFQCC

PMFCNTC

PMFCNTC

PMFMODC

PMFMODC

PMFDTMC

PMFDTMC

Reserved

o v I s - v B s - v R ¢ s v B ¢ s o B « B « B> « B « B « B « B « B

W

Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

Bit7 6 5 4 3 2 1 Bit 0
0 0 0 0 0
PWMENB LDOKB | PWMRIEB
LDFQB HALFB PRSCB PWMRFB
0 PMFCNTB
PMFCNTB
0
PMFMODB
PMFMODB
0 0 0 0
PMFDTMB
PMFDTMB
0 0 0 0 0
PWMENC LDOKC |PWMRIEC
LDFQC HALFC PRSCC PWMRFC
0 PMFCNTC
PMFCNTC
0
PMFMODC
PMFMODC
0 0 0 0
PMFDTMC
PMFDTMC

l:l: Unimplemented or Reserved

Figure 11-3. PMF15B6C Register Summary (Sheet 3 of 3)
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Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

11.3.2

Register Descriptions

The address of aregister isthe sum of abase address and an address offset. The base address is defined at
the chip level and the address offset is defined at the module level.

11.3.2.1 PMF Configure 0 Register (PMFCFGO)
Module Base + 0x0000
7 6 5 4 3 2 1 0
R
WP MTG EDGEC EDGEB EDGEA INDEPC INDEPB INDEPA
w
Reset 0 0 0 0 0 0 0 0
Figure 11-4. PMF Configure 0 Register (PMFCFGO)
Read anytime.

See bit description for write conditions.

Table 11-2. PMFCFGO Field Descriptions

Field Description
7 Write Protect — This bit enables write protection to be used for all write-protectable registers. While clear, WP
WP allows write-protected registers to be written. When set, WP prevents any further writes to write-protected
registers. Once set, WP can be cleared only by reset.
0 Write-protectable registers may be written.
1 Write-protectable registers are write-protected.
6 Multiple Timebase Generators — This bit determines the number of timebase counters used. Once set, MTG
MTG can be cleared only by reset.
If MTG is set, PWM generators B and C and registers $xx28-$xx37 are available. The three generators have
their own variable frequencies and are not synchronized.
If MTG is cleared, PMF registers from $xx28—-$xx37 can not be written and read zeroes, and bits EDGEC and
EDGEB are ignored. Pair A, Pair B and Pair C PWMs are synchronized to PWM generator A and use registers
from $xx20-$xx27.
0 Single timebase generator.
1 Multiple timebase generators.
5 Edge-Aligned or Center-Aligned PWM for Pair C — This bit determines whether PWM4 and PWM5 channels
EDGEC | will use edge-aligned or center-aligned waveforms. This bit has no effect if MTG bit is cleared. This bit cannot be
modified after the WP bit is set.
0 PWM4 and PWM5 are center-aligned PWMs
1 PWM4 and PWM5 are edge-aligned PWMs
4 Edge-Aligned or Center-Aligned PWM for Pair B — This bit determines whether PWM2 and PWMS3 channels
EDGEB | will use edge-aligned or center-aligned waveforms. This bit has no effect if MTG bit is cleared. This bit cannot be
modified after the WP bit is set.
0 PWM2 and PWMS are center-aligned PWMs
1 PWM2 and PWM3 are edge-aligned PWMs
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Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

Table 11-2. PMFCFGO Field Descriptions (continued)

Field Description
3 Edge-Aligned or Center-Aligned PWM for Pair A — This bit determines whether PWMO0 and PWM1 channels
EDGEA | will use edge-aligned or center-aligned waveforms. It determines waveforms for Pair B and Pair C if the MTG bit
is cleared. This bit cannot be modified after the WP bit is set.
0 PWMO and PWM1 are center-aligned PWMs
1 PWMO and PWM1 are edge-aligned PWMs
2 Independent or Complimentary Operation for Pair C — This bit determines if the PWM channels 4 and 5 will
INDEPC | be independent PWMs or complementary PWMs. This bit cannot be modified after the WP bit is set.
0 PWM4 and PWM5 are complementary PWM pair
1 PWM4 and PWM5 are independent PWMs
1 Independent or Complimentary Operation for Pair B — This bit determines if the PWM channels 2 and 3 will
INDEPB | be independent PWMs or complementary PWMs. This bit cannot be modified after the WP bit is set.
0 PWM2 and PWMS3 are complementary PWM pair
1 PWM2 and PWMS are independent PWMs
0 Independent or Complimentary Operation for Pair A — This bit determines if the PWM channels 0 and 1 will
INDEPA |be independent PWMs or complementary PWMs. This bit cannot be modified after the WP bit is set.

0 PWMO and PWM1 are complementary PWM pair
1 PWMO and PWM?1 are independent PWMs
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Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

11.3.2.2 PMF Configure 1 Register (PMFCFG1)
Module Base + 0x0001
7 6 5 4 3 2 1 0
R 0
ENHA BOTNEGC | TOPNEGC | BOTNEGB | TOPNEGB | BOTNEGA | TOPNEGA
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 11-5. PMF Configure 1 Register (PMFCFG1)

Read anytime. Thisregister cannot be modified after the WP bit is set.

A normal PWM output or positive polarity means that the PWM channel outputs high when the counter

value is smaller than or equal to the pulse width value and outputs low otherwise. An inverted output or

negative polarity meansthat the PWM channel outputs|ow when the counter valueis smaller than or equal
to the pulse width value and outputs high otherwise.

Table 11-3. PMFCFG1 Field Descriptions

Field Description
7 Enable Hardware Acceleration — This bit enables writing to the VLMODE[1:0], SWAPC, SWAPB, and SWAPA
ENHA bits in the PMFCFGS register. This bit cannot be modified after the WP bit is set.
0 Disable writing to VLMODE[1:0], SWAPC, SWAPB, and SWAPA bits
1 Enable writing to VLMODE[1:0], SWAPC, SWAPB, and SWAPA bits
5 Pair C Bottom-side PWM Polarity — This bit determines the polarity for Pair C bottom-side PWM (PWMS5). This
BOTNEGC | bit cannot be modified after the WP bit is set.
0 Positive PWMS5 polarity
1 Negative PWM5 polarity
4 Pair C Top-side PWM Polarity — This bit determines the polarity for Pair C top-side PWM (PWM4). This bit
TOPNEGC | cannot be modified after the WP bit is set.
0 Positive PWM4 polarity
1 Negative PWM4 polarity
3 Pair B Bottom-side PWM Polarity — This bit determines the polarity for Pair B bottom-side PWM (PWM3). This
BOTNEGB | bit cannot be modified after the WP bit is set.
0 Positive PWMS3 polarity
1 Negative PWMS3 polarity
2 Pair B Top-side PWM Polarity — This bit determines the polarity for Pair B top-side PWM (PWM2). This bit
TOPNEGB | cannot be modified after the WP bit is set.
0 Positive PWM2 polarity
1 Negative PWM2 polarity
1 Pair A Bottom-side PWM Polarity — This bit determines the polarity for Pair A bottom-side PWM (PWM1). This
BOTNEGA | bit cannot be modified after the WP bit is set.
0 Positive PWM1 polarity
1 Negative PWM1 polarity
0 Pair A Top-side PWM Polarity — This bit determines the polarity for Pair A top-side PWM (PWMO). This bit
TOPNEGA | cannot be modified after the WP bit is set.
0 Positive PWMO polarity
1 Negative PWMO polarity
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Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

11.3.2.3 PMF Configure 2 Register (PMFCFG2)
Module Base + 0x0002
5 4 3 2 1 0
R 0 0
MSK5 MSK4 MSK3 MSK2 MSK1 MSKO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 11-6. PMF Configure 2 Register (PMFCFG2)

Read and write anytime.

Table 11-4. PMFCFG2 Field Descriptions

Field Description
5-0 Mask PWMx— Where xis 0, 1, 2, 3, 4, and 5.
MSK[5:0] |0 PWMx is unmasked.

1 PWMx is masked and the channel is set to a value of 0 percent duty cycle.

WARNING

When using the TOPNEG/BOTNEG bits and the MSKXx bits at the same time, when in complementary mode,

it is possible to have both pmf channel outputs of a channel pair set to one.
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Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

11.3.2.4

PMF Configure 3 Register (PMFCFG3)

Module Base + 0x0003

7 6 5 4 ‘ 3 2 1 0

R 0
PMFWAI PMFFRZ VLMODE SWAPC SWAPB SWAPA
w
Reset 0 0 0 0 ‘ 0 0 0 0
= Unimplemented or Reserved

Figure 11-7. PMF Configure 3 Register (PMFCFG3)

Read and write anytime.

Table 11-5. PMFCFG3 Field Descriptions

Field

Description

7
PMFWAI

PMF Stops While in Wait Mode — When set to zero, the PWM generators will continue to run while the chip is
in wait mode. In this mode, the peripheral clock continues to run but the CPU clock does not. If the device enters
wait mode and this bit is one, then the PWM outputs will be switched to their inactive state until wait mode is
exited. At that point the PWM pins will resume operation as programmed in the PWM registers.

0 PMF continues to run in wait mode.

1 PMF is disabled in wait mode.

6
PMFFRZ

PMF Stops While in Freeze Mode — When set to zero, the PWM generators will continue to run while the chip
is in freeze mode. If the device enters freeze mode and this bit is one, then the PWM outputs will be switched to
their inactive state until freeze mode is exited. At that point the PWM pins will resume operation as programmed
in the PWM registers.

0 PMF continues to run in freeze mode.

1 PMF is disabled in freeze mode.

4-3
VLMODE

Value Register Load Mode — This field determines the way the value registers are being loaded. This field can
only be written if ENHA is set.

00 = Each value register is accessed independently

01 = Writing to value register zero also writes to value registers one to five

10 = Writing to value register zero also writes to value registers one to three

11 = Reserved (defaults to independent access)

SWAPC

Swap Pair C — This bit can only be written if ENHA is set.
0 No swap.
1 PWM4 and PWMS5 are swapped only in complementary mode.

SWAPB

Swap Pair B — This bit can only be written if ENHA is set.
0 No swap.
1 PWM2 and PWM3 are swapped only in complementary mode.

SWAPC

Swap Pair A —This bit can only be written if ENHA is set.
0 No swap.
1 PWMO and PWM1 are swapped only in complementary mode.
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Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

11.3.2.5 PMF Fault Control Register (PMFFCTL)
Module Base + 0x0004
7 6 5 4 3 2 1 0
R
FMODES3 FIE3 FMODE2 FIE2 FMODE1 FIE1 FMODEO FIEO
w
Reset 0 0 0 0 0 0 0 0

Figure 11-8. PMF Fault Control Register (PMFFCTL))

Read and write anytime.

Table 11-6. PMFFCTL Field Descriptions

Field Description
7,5,3,1 |Fault x Pin Clearing Mode — This bit selects automatic or manual clearing of FAULTx pin faults. See
FMODE[3:0] | Section 11.4.8.2, “Automatic Fault Clearing” and Section 11.4.8.3, “Manual Fault Clearing” for more details.
0 Manual fault clearing of FAULTX pin faults.
1 Automatic fault clearing of FAULTXx pin faults.
where xis 0, 1, 2, and 3.
6,4,2,0 |Faultx Pin Interrupt Enable — This bit enables CPU interrupt requests to be generated by the FAULTx pin. The
FIE[3:0] |fault protection circuit is independent of the FIEx bit and is active when FPINEX is set. If a fault is detected, the
PWM pins are disabled according to the PMF Disable Mapping registers.
0 Fault x CPU interrupt requests disabled.
1 Fault x CPU interrupt requests enabled.
where xis 0, 1, 2 and 3.
11.3.2.6 PMF Fault Pin Enable Register (PMFFPIN)

Module Base + 0x0005

6 5 4 3 2 1 0
R 0 0 0 0
FPINE3 FPINE2 FPINEA FPINEO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 11-9. PMF Fault Pin Enable Register (PMFFPIN)

Read anytime. Thisregister cannot be modified after the WP bit is set.

Table 11-7. PMFFPIN Field Descriptions

Field Description
6,4,2,0 |Fault x Pin Enable — Where xis 0, 1,2 and 3.
FPINE[2:0] |0 FAULTX pin is disabled for fault protection.
1 FAULTX pin is enabled for fault protection.
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Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

11.3.2.7 PMF Fault Status Register (PMFFSTA)
Module Base + 0x0006
6 5 4 3 2 1 0
R 0 0 0 0
FFLAG3 FFLAG2 FFLAG1 FFLAGO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 11-10. PMF Fault Flag Register (PMFFSTA)

Read and write anytime.

Table 11-8. PMFFSTA Field Descriptions

Field Description
6,4,2,0 |Faultx Pin Flag — This flag is set after the required number of samples have been detected after a rising edge
FFLAG[3:0] | on the FAULTx pin. Writing a logic one to FFLAGx clears it. Writing a logic zero has no effect. The fault protection
is enabled when FPINEX is set even when the PWMs are not enabled; therefore, a fault will be latched in,
requiring to be cleared in order to prevent an interrupt.
0 No fault on the FAULTX pin.
1 Fault on the FAULTX pin.
Note: Clearing FFLAGXx satisfies pending FFLAGx CPU interrupt requests.
where xis 0, 1, 2 and 3.
11.3.2.8 PMF Fault Qualifying Samples Register (PMFQSMP)
Module Base + 0x0007
7 6 5 4 3 2 1 0
R
QSMP3 QSMP2 QSMP1 QSMPO
W
Reset 0 0 0 0 0 0 0 0

Figure 11-11. PMF Fault Qualifying Samples Register (PMFQSMP)

Read anytime. Thisregister cannot be modified after the WP bit is set.

Table 11-9. PMFQSMP Field Descriptions

Field Description
7-0 Fault x Qualifying Samples — This field indicates the number of consecutive samples taken at the FAULTx pin
QSMP[3:0] |to determine if a fault is detected. The first sample is qualified after two bus cycles from the time the fault is

present and each sample after that is taken every four bus cycles. See Table 11-10.
where xis 0, 1, 2 and 3.
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Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

Table 11-10. Qualifying Samples

QSMPx Number of Samples
00 1 sample’
01 5 samples
10 10 samples
11 15 samples

' There is an asynchronous path from fault pin to disable
PWMs immediately but the fault is qualified in two bus
cycles.

11.3.2.9 PMF Disable Mapping Registers

Module Base + 0x0008

7 6 5 4 3 2 1 0
R
DMP13 DMP12 DMP11 DMP10 DMPO3 DMP02 DMPO1 DMPOO
W
Reset 0 0 0 0 0 0 0 0

Figure 11-12. PMF Disable Mapping A Register (PMFDMPA)

Module Base + 0x0009

7 6 5 4 3 2 1 0
R
DMP33 DMP32 DMP31 DMP30 DMP23 DMP22 DMP21 DMP20
w
Reset 0 0 0 0 0 0 0 0

Figure 11-13. PMF Disable Mapping B Register (PMFDMPB)

Module Base + 0x000A

7 6 5 4 3 2 1 0
R
DMP53 DMP52 DMP51 DMP50 DMP43 DMP42 DMP41 DMP40
w
Reset 0 0 0 0 0 0 0 0

Figure 11-14. PMF Disable Mapping C Register (PMFDMPC)
Read anytime. These registers cannot be modified after the WP bit is set.

Table 11-11. PMFDMPA, PMFDMPB, and PMFDMPC Field Descriptions

Field Description

7-0 PMF Disable Mapping Bits — The fault decoder disables PWM pins selected by the fault logic and the disable
DMP[00:53] | mapping registers. See Figure 11-15. Each bank of four bits in the disable mapping registers control the mapping
of a single PWM pin. Refer to Table 11-12.
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Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

11.3.2.10

[ DMPx3 | DMPx2 | DMPx1 | DMPx0 |

Fault0

Fault1 > DISABLE PWM PIN x
Fault2

Fault3 where Xis 0,1,2,3,4,5

Figure 11-15. Fault Decoder

Table 11-12. Fault Mapping

PWM Pin Controlling Register Bits
PWMO DMPO03 — DMPO0O
PWM1 DMP13 — DMP10
PWM2 DMP23 — DMP20
PWM3 DMP33 — DMP30
PWM4 DMP43 — DMP40
PWM5 DMP53 — DMP50

PMF Output Control Register (PMFOUTC)

Module Base + 0x000C

5 4 3 2 1 0
R 0 0
OUTCTL5 OUTCTL4 | OUTCTL3 | OUTCTL2 OUTCTLA1 OUTCTLO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 11-16. PMF Output Control Register (PMFOUTC)

Read and write anytime.

Table 11-13. PMFOUTC Field Descriptions

Field Description
5-0 PMF Output Control Bits — These bits enable software control of their corresponding PWM pin. When
OUTCTLI[5:0] | OUTCTLx is set, the OUTx bit activates and deactivates the PWMx output.

When operating the PWM in complementary mode, these bits must be switched in pairs for proper operation.
That is OUTCTLO and OUTCTL1 must have the same value; OUTCTL2 and OUTCTL3 must have the same
value; and OUTCTL4 and OUTCTL5 must have the same value.

0 Software control disabled

1 Software control enabled

where Xis 0, 1,2, 3,4and 5
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Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

11.3.2.11 PMF Output Control Bit Register (PMFOUTB)

Module Base + 0x000D

5 4 3 2 1 0
R 0 0
OuT5 OouT4 OouT3 ouT2 OUT1 OouTo
w
Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 11-17. PMF Output Con

Read and write anytime.

trol Bit Register (PMFOUTB)

Table 11-14. PMFOUTB Field Descriptions

Field Description
5-0 PMF Output Control Bits — When the corresponding OUTCTL bit is set, these bits control the PWM pins,
OUT[5:0] |illustrated in Table 11-15.

Table 11-15. Software Output Control

OUTXx Bit Complementary Channel Operation Independent Channel Operation
OuTOo 1—PWMO is active 1—PWMO is active
0—PWMO is inactive 0—PWMO is inactive
OUT1 1—PWM1 is complement of PWMO 1—PWM1 is active
0—PWM1 is inactive 0—PWM1 is inactive
OouT2 1—PWM2 is active 1—PWM2 is active
0—PWM2 is inactive 0—PWM2 is inactive
OuT3 1—PWM3 is complement of PWM2 1—PWM3 is active
0—PWMB3 is inactive 0—PWMS3 is inactive
ouT4 1—PWMA4 is active 1—PWMA4 is active
0—PWM4 is inactive 0—PWM4 is inactive
OuUT5 1—PWMS5 is complement of PWM4 1—PWMS5 is active

0—PWMS5 is inactive

0—PWMS5 is inactive

MC9S12E256 Data Sheet, Rev. 1.08

Freescale Semiconductor

335



Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

11.3.2.12 PMF Deadtime Sample Register (PMFDTMS)

Module Base + 0x000E

5 4 3 2 1 0
R 0 0 DT5 DT4 DT3 DT2 DTH DTO
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 11-18. PMF Deadtime Sample Register (PMFDTMS))

Read anytime and writes have no effect.

Table 11-16. PMFDTMS Field Descriptions

Field Description

5-0 PMF Deadtime Sample Bits — The Ex bits are grouped in pairs, DTO and DT1, DT2 and DT3, DT4, and DT5.
DT[5:0] Each pair reflects the corresponding I1Sx pin value as sampled at the end of deadtime.

11.3.2.13 PMF Correction Control Register (PMFCCTL)

Module Base + 0x000F

5 4 3 2 1 0
R 0 0 0
ISENS IPOLC IPOLB IPOLA
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 11-19. PMF Correction Control Register (PMFCCTL)

Read and write anytime.

Table 11-17. PMFCCTL Field Descriptions

Field Description

5-4 Current Status Sensing Method — This field selects the top/bottom correction scheme, illustrated in
ISENS Table 11-18.
Note: Assume the user will provide current sensing circuitry causing the voltage at the corresponding input pin
to be low for positive current and high for negative current. In addition, it assumes the top PWMs are PWM
0, 2, and 4 while the bottom PWMs are PWM 1, 3, and 5.

Note: The ISENS bits are not buffered. Changing the current status sensing method can affect the present PWM
cycle.
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Table 11-17. PMFCCTL Field Descriptions (continued)

Field Description
2 Current Polarity — This buffered bit selects the PMF Value register for the PWM4 and PWMS5 pins in top/bottom
IPOLC software correction in complementary mode.
0 PMF Value 4 register in next PWM cycle.
1 PMF Value 5 register in next PWM cycle.
Note: The IPOLXx bits take effect at the beginning of the next load cycle, regardless of the state of the load okay
bit, LDOK. Select top/bottom software correction by writing 01 to the current select bits, ISENS[1:0], in the
PWM control register. Reading the IPOLXx bits read the buffered value and not necessarily the value
currently in effect.
1 Current Polarity — This buffered bit selects the PMF Value register for the PWM2 and PWMS3 pins in top/bottom
IPOLB software correction in complementary mode.
0 PMF Value 2 register in next PWM cycle.
1 PMF Value 3 register in next PWM cycle.
Note: The IPOLXx bits take effect at the beginning of the next load cycle, regardless of the state of the load okay
bit, LDOK. Select top/bottom software correction by writing 01 to the current select bits, ISENS[1:0], in the
PWM control register. Reading the IPOLXx bits read the buffered value and not necessarily the value
currently in effect.
0 Current Polarity — This buffered bit selects the PMF Value register for the PWMO and PWM1 pins in top/bottom
IPOLA software correction in complementary mode.

0 PMF Value 0 register in next PWM cycle.

1 PMF Value 1 register in next PWM cycle.

Note: The IPOLXx bits take effect at the beginning of the next load cycle, regardless of the state of the load okay
bit, LDOK. Select top/bottom software correction by writing 01 to the current select bits, ISENS[1:0], in the
PWM control register. Reading the IPOLXx bits read the buffered value and not necessarily the value
currently in effect.

Table 11-18. Correction Method Selection

ISENS Correction Method
00 No correction’
01 Manual correction
10 Current status sample correction on pins IS0, I1S1, and 1S2 during deadtime?®
11 Current status sample on pins IS0, 1ST, and 1523
At the half cycle in center-aligned operation
At the end of the cycle in edge-aligned operation

" The current status pins can be used as general purpose input/output ports.

2 The polarity of the ISx pin is latched when both the top and bottom PWMs are off. At the 0%
and 100% duty cycle boundaries, there is no deadtime, so no new current value is sensed.

8 Current is sensed even with 0% or 100% duty cycle.
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11.3.2.14 PMF Value 0 Register (PMFVALO)

Module Base + 0x0010

15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0

PMFVALO

Resetoooo\oooo\oooo\oooo
Figure 11-20. PMF Value 0 Register (PMFVALO)

Read and write anytime.
Table 11-19. PMFVALDO Field Descriptions

Field Description

16-0 PMF Value 0 Bits — The 16-bit signed value in this buffered register is the pulse width in PWMO clock period.
PMFVALO | A value less than or equal to zero deactivates the PWM output for the entire PWM period. A value greater than,
or equal to the modulus, activates the PWM output for the entire PWM period. See Table 11-46. The terms
activate and deactivate refer to the high and low logic states of the PWM output.

Note: PMFVALDO is buffered. The value written does not take effect until the LDOK bit is set and the next PWM
load cycle begins Reading PMFVALO reads the value in the buffer and not necessarily the value the PWM
generator is currently using.

11.3.2.15 PMF Value 1 Register (PMFVAL1)

Module Base + 0x0012

15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0

PMFVAL1

Resetoooo\oooo\oooo\oooo
Figure 11-21. PMF Value 1 Register (PMFVALT1)

Read and write anytime.
Table 11-20. PMFVAL1 Field Descriptions

Field Description

16-0 PMF Value 1 Bits — The 16-bit signed value in this buffered register is the pulse width in PWM1 clock period.
PMFVAL1 | A value less than or equal to zero deactivates the PWM output for the entire PWM period. A value greater than,
or equal to the modulus, activates the PWM output for the entire PWM period. See Table 11-46. The terms
activate and deactivate refer to the high and low logic states of the PWM output.

Note: PMFVALT1 is buffered. The value written does not take effect until the LDOK bit is set and the next PWM
load cycle begins. Reading PMFVAL1 reads the value in the buffer and not necessarily the value the PWM
generator is currently using.
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11.3.2.16 PMF Value 2 Register (PMFVALZ2)

Module Base + 0x0014

15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0

PMFVAL2

Resetoooo\oooo\oooo\oooo
Figure 11-22. PMF Value 2 Register (PMFVAL2)

Read and write anytime.

Table 11-21. PMFVAL2 Field Descriptions

Field Description

16-0 PMF Value 2 Bits — The 16-bit signed value in this buffered register is the pulse width in PWM2 clock period.

PMFVAL2 | A value less than or equal to zero deactivates the PWM output for the entire PWM period. A value greater than,

or equal to the modulus, activates the PWM output for the entire PWM period. See Table 11-46. The terms

activate and deactivate refer to the high and low logic states of the PWM output.

Note: PMFVAL2 is buffered. The value written does not take effect until the LDOK bit is set and the next PWM
load cycle begins. Reading PMFVAL2 reads the value in the buffer and not necessarily the value the PWM
generator is currently using.

11.3.2.17 PMF Value 3 Register (PMFVAL3)

Module Base + 0x0016

15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0

PMFVAL3

Resetoooo\oooo\oooo\oooo
Figure 11-23. PMF Value 3 Register (PMFVALD3)

Read and write anytime.

Table 11-22. PMFVALS Field Descriptions

Field Description

16-0 PMF Value 3 Bits — The 16-bit signed value in this buffered register is the pulse width in PWM3 clock period.
PMFVAL3 | A value less than or equal to zero deactivates the PWM output for the entire PWM period. A value greater than,
or equal to the modulus, activates the PWM output for the entire PWM period. See Table 11-46. The terms
activate and deactivate refer to the high and low logic states of the PWM output.

Note: PMFVALS is buffered. The value written does not take effect until the LDOK bit is set and the next PWM
load cycle begins. Reading PMFVALS reads the value in the buffer and not necessarily the value the PWM
generator is currently using.
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11.3.2.18 PMF Value 4 Register (PMFVALA4)

Module Base + 0x0018

15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0

PMFVAL4

Resetoooo\oooo\oooo\oooo
Figure 11-24. PMF Value 4 Register (PMFVAL4)

Read and write anytime.
Table 11-23. PMFVALA4 Field Descriptions

Field Description

16-0 PMF Value 4 Bits — The 16-bit signed value in this buffered register is the pulse width in PWM4 clock period.
PMFVAL4 | A value less than or equal to zero deactivates the PWM output for the entire PWM period. A value greater than,
or equal to the modulus, activates the PWM output for the entire PWM period. See Table 11-46. The terms
activate and deactivate refer to the high and low logic states of the PWM output.

Note: PMFVAL4 is buffered. The value written does not take effect until the LDOK bit is set and the next PWM
load cycle begins. Reading PMFVAL4 reads the value in the buffer and not necessarily the value the PWM
generator is currently using.

11.3.2.19 PMF Value 5 Register (PMFVALY5)

Module Base + 0x001A

15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0

PMFVALS

Resetoooo\oooo\oooo\oooo
Figure 11-25. PMF Value 5 Register (PMFVALS5)

Read and write anytime.
Table 11-24. PMFVALS5 Field Descriptions

Field Description

16-0 PMF Value 5 Bits — The 16-bit signed value in this buffered register is the pulse width in PWMS5 clock period.
PMFVALS | A value less than or equal to zero deactivates the PWM output for the entire PWM period. A value greater than,
or equal to the modulus, activates the PWM output for the entire PWM period. See Table 11-46. The terms
activate and deactivate refer to the high and low logic states of the PWM output.

Note: PMFVALS is buffered. The value written does not take effect until the LDOK bit is set and the next PWM
load cycle begins. Reading PMFVALS reads the value in the buffer and not necessarily the value the PWM
generator is currently using.
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11.3.2.20 PMF Enable Control A Register (PMFENCA)

Module Base + 0x0020

7 6 5 4 3 2 1 0
R 0 0 0 0 0
PWMENA LDOKA PWMRIEA
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 11-26. PMF Enable Control A Register (PMFENCA)

Read and write anytime.

Table 11-25. PMFENCA Field Descriptions

Field Description
7 PWM Generator A Enable — When MTG is clear, this bit when set enables the PWM generators A, B and C
PWMENA |and the PWMO0-5 pins. When PWMENA is clear, PWM generators A, B and C are disabled, and the PWM0-5
pins are in their inactive states unless the corresponding OUTCTLx bits are set.
When MTG is set, this bit when set enables the PWM generator A and the PWMO0 and PWM1 pins. When
PWMENA is clear, the PWM generator A is disabled and PWMO0 and PWM1 pins are in their inactive states
unless the OUTCTLO and OUTCTL1 bits are set.
0 PWM generator A and PWMO0-1 (2-5 if MTG=0) pins disabled unless the respective OUTCTL bit is set.
1 PWM generator A and PWMO0-1 (2-5 if MTG=0) pins enabled.
1 Load Okay A — When MTG is clear, this bit allows loads of the PRSCA bits, the PMFMODA register and the
LDOKA PWMVALO-5 registers into a set of buffers. The buffered prescaler A divisor, PWM counter modulus A value, and
all PWM pulse widths take effect at the next PWM reload.
When MTG is set, this bit allows loads of the PRSCA bits, the PMFMODA register and the PWMVALO-1 registers
into a set of buffers. The buffered prescaler divisor A, PWM counter modulus A value, PWMO0-1 pulse widths take
effect at the next PWM reload.
Set LDOKA by reading it when it is logic zero and then writing a logic one to it. LDOKA is automatically cleared
after the new values are loaded, or can be manually cleared before a reload by writing a logic zero to it. Reset
clears LDOKA.
0 Do not load new modulus A, prescaler A, and PWMO0-1 (2-5 if MTG=0) values
1 Load prescaler A, modulus A, and PWMO0-1 (2-5 if MTG=0) values
Note: Do not set PWMENA bit before setting the LDOKA bit and do not clear the LDOKA bit at the same time as
setting the PWMENA bit.
0 PWM Reload Interrupt Enable A — This bit enables the PWMRFA flag to generate CPU interrupt requests.
PWMRIEA |0 PWMRFA CPU interrupt requests disabled

1 PWMRFA CPU interrupt requests enabled
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11.3.2.21 PMF Frequency Control A Register (PMFFQCA)

Module Base + 0x0021

7 6 5 4 3 2 1 0
R
LDFQA HALFA PRSCA PWMRFA
W
Reset 0 0 0 0 0 0 0 0

Figure 11-27. PMF Frequency Control A Register (PMFFQCA)

Read and write anytime.

Table 11-26. PMFFQCA Field Descriptions

Field Description
7-4 Load Frequency A — This field selects the PWM load frequency according to Table 11-27. See

LDFQA | Section 11.4.7.2, “Load Frequency” for more details.

Note: The LDFQA field takes effect when the current load cycle is complete, regardless of the state of the load
okay bit, LDOKA. Reading the LDFQA field reads the buffered value and not necessarily the value
currently in effect.

3 Half Cycle Reload A — This bit enables half-cycle reloads in center-aligned PWM mode. This bit has no effect

HALFA on edge-aligned PWMs.

0 Half-cycle reloads disabled

1 Half-cycle reloads enabled

2-1 Prescaler A — This buffered field selects the PWM clock frequency illustrated in Table 11-28.

PRSCA | Note: Reading the PRSCA field reads the buffered value and not necessarily the value currently in effect. The
PRSCA field takes effect at the beginning of the next PWM cycle and only when the load okay bit, LDOKA,
is set.

0 PWM Reload Flag A — This flag is set at the beginning of every reload cycle regardless of the state of the
PWMRFA | LDOKA bit. Clear PWMRFA by reading PMFFQCA with PWMRFA set and then writing a logic one to the

PWMRFA bit. If another reload occurs before the clearing sequence is complete, writing logic one to PWMRFA

has no effect.

0 No new reload cycle since last PWMRFA clearing

1 New reload cycle since last PWMRFA clearing

Note: Clearing PWMRFA satisfies pending PWMRFA CPU interrupt requests.

Table 11-27. PWM Reload Frequency A

LDFQA PWM Reload Frequency LDFQ[3:0] PWM Reload Frequency
0000 Every PWM opportunity 1000 Every 9 PWM opportunities
0001 Every 2 PWM opportunities 1001 Every 10 PWM opportunities
0010 Every 3 PWM opportunities 1010 Every 11 PWM opportunities
0011 Every 4 PWM opportunities 1011 Every 12 PWM opportunities
0100 Every 5 PWM opportunities 1100 Every 13 PWM opportunities
0101 Every 6 PWM opportunities 1101 Every 14 PWM opportunities
0110 Every 7 PWM opportunities 1110 Every 15 PWM opportunities
0111 Every 8 PWM opportunities 1111 Every 16 PWM opportunities
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Table 11-28. PWM Prescaler A

PRSCA PWM Clock Frequency
00 fous
01 fous/2
10 fous/4
11 fous/8

11.3.2.22 PMF Counter A Register (PMFCNTA)

Module Base + 0x0022

15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R O PMFCNTA
W

Resetoooo\oooo\oooo\oooo
:l: Unimplemented or Reserved

Figure 11-28. PMF Counter A Register (PMFCNTA)

Read anytime and writes have no effect.
Table 11-29. PMFCNTA Field Descriptions

Field Description

14-0 PMF Counter A Bits — This register displays the state of the 15-bit PWM A counter.
PMFCNTA

11.3.2.23 PMF Counter Modulo A Register (PMFMODA)

Module Base + 0x0024

15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Rl O

w
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
I:l: Unimplemented or Reserved

Figure 11-29. PMF Counter Modulo A Register (PMFMODA)

PMFMODA

Read and write anytime.
Table 11-30. PMFMODA Field Descriptions

Field Description

14-0 PMF Counter Modulo A Bits — The 15-bit unsigned value written to this register is the PWM period in PWM
PMFMODA | clock periods. Do not write a modulus value of zero.
Note: The PWM counter modulo register is buffered. The value written does not take effect until the LDOKA bit
is set and the next PWM load cycle begins. Reading PMFMODA reads the value in the buffer. It is not
necessarily the value the PWM generator A is currently using.
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11.3.2.24 PMF Deadtime A Register (PMFDTMA)
Module Base + 0x0026
15 14 13 12 1 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Rl o 0 0 0
PMFDTMA
w
Reset 0 0 0 0 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1

:l: Unimplemented or Reserved

Figure 11-30. PMF Deadtime A Register (PMFDTMA)

Read anytime. This register cannot be modified after the WP bit is set.

Table 11-31. PMFDTMA Field Descriptions

Field Description
11-0 PMF Deadtime A Bits — The 12-bit value written to this register is the number of PWM clock cycles in
PMFDTMA | complementary channel operation. A reset sets the PWM deadtime register to a default value of OxOFFF,
selecting a deadtime of 256-PWM clock cycles minus one bus clock cycle.
Note: Deadtime is affected by changes to the prescaler value. The deadtime duration is determined as follows:
DT =P x PMFDTMA — 1, where DT is deadtime, P is the prescaler value, PMFDTMA is the programmed
value of dead time. For example: if the prescaler is programmed for a divide-by-two and the PMFDTMA is
set to five, then P = 2 and the deadtime value is equal to DT =2 x 5 — 1 = 9 IPbus clock cycles. A special
case exists when the P = 1, then DT = PMFDTMA.
11.3.2.25 PMF Enable Control B Register (PMFENCB)
Module Base + 0x0028
7 1 0
R 0 0 0 0 0
PWMENB LDOKB PWMRIEB
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 11-31. PMF Enable Control B Register (PMFENCB)

Read anytime and write only if MTG is set.

Table 11-32. PMFENCB Field Descriptions

Field Description
7 PWM Generator B Enable — If MTG is clear, this bit reads zero and cannot be written.
PWMENB | |f MTG is set, this bit when set enables the PWM generator B and the PWM2 and PWM3 pins. When PWMENB

is clear, PWM generator B is disabled, and the PWM2 and PWMS3 pins are in their inactive states unless the

OUTCTL2 and OUTCTLS3 bits are set.
0 PWM generator B and PWM2-3 pins disabled unless the respective OUTCTL bit is set.

1 PWM generator B and PWM2-3 pins enabled.
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Table 11-32. PMFENCB Field Descriptions (continued)

Field Description
1 Load Okay B — If MTG is clear, this bit reads zero and cannot be written.

LDOKB | |f MTG is set, this bit loads the PRSCB bits, the PMFMODB register and the PWMVAL2-3 registers into a set of
buffers. The buffered prescaler divisor B, PWM counter modulus B value, PWM2-3 pulse widths take effect at
the next PWM reload.

Set LDOKB by reading it when it is logic zero and then writing a logic one to it. LDOKB is automatically cleared
after the new values are loaded, or can be manually cleared before a reload by writing a logic zero to it. Reset
clears LDOKB.
0 Do not load new modulus B, prescaler B, and PWM2-3 values.
1 Load prescaler B, modulus B, and PWM2-3 values.
Note: Do not set PWMENB bit before setting the LDOKB bit and do not clear the LDOKB bit at the same time as
setting the PWMENB bit.
0 PWM Reload Interrupt Enable B — If MTG is clear, this bit reads zero and cannot be written.
PWMRIEB

If MTG is set, this bit enables the PWMRFB flag to generate CPU interrupt requests.
0 PWMRFB CPU interrupt requests disabled
1 PWMRFB CPU interrupt requests enabled

11.3.2.26 PMF Frequency Control B Register (PMFFQCB)

Module Base + 0x0029

7 6 5 4 3 2 1 0
R
LDFQB HALFB PRSCB PWMRFB
W
Reset 0 0 0 0 0 0 0 0

Figure 11-32. PMF Frequency Control B Register (PMFFQCB)

Read anytime and write only if MTG is s&t.

Table 11-33. PMFFQCB Field Descriptions

Field Description
7-4 Load Frequency B — This field selects the PWM load frequency according to Table 11-34. See
LDFQB Section 11.4.7.2, “Load Frequency” for more details.

Note: The LDFQB field takes effect when the current load cycle is complete, regardless of the state of the load
okay bit, LDOKB. Reading the LDFQB field reads the buffered value and not necessarily the value
currently in effect.

3 Half Cycle Reload B — This bit enables half-cycle reloads in center-aligned PWM mode. This bit has no effect
HALFB on edge-aligned PWMs.

0 Half-cycle reloads disabled
1 Half-cycle reloads enabled
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Table 11-33. PMFFQCB Field Descriptions (continued)

Field Description
2-1 Prescaler B — This buffered field selects the PWM clock frequency illustrated in Table 11-35.

PRSCB | Note: Reading the PRSCB field reads the buffered value and not necessarily the value currently in effect. The
PRSCB field takes effect at the beginning of the next PWM cycle and only when the load okay bit, LDOKB,
is set.

0 PWM Reload Flag B — This flag is set at the beginning of every reload cycle regardless of the state of the
PWMRFB | LDOKB bit. Clear PWMRFB by reading PMFFQCB with PWMRFB set and then writing a logic one to the

PWMRFB bit. If another reload occurs before the clearing sequence is complete, writing logic one to PWMRFB
has no effect.

0 No new reload cycle since last PWMRFB clearing

1 New reload cycle since last PWMRFB clearing

Note: Clearing PWMRFB satisfies pending PWMRFB CPU interrupt requests.

Table 11-34. PWM Reload Frequency B

LDFQB PWM Reload Frequency LDFQ[3:0] PWM Reload Frequency
0000 Every PWM opportunity 1000 Every 9 PWM opportunities
0001 Every 2 PWM opportunities 1001 Every 10 PWM opportunities
0010 Every 3 PWM opportunities 1010 Every 11 PWM opportunities
0011 Every 4 PWM opportunities 1011 Every 12 PWM opportunities
0100 Every 5 PWM opportunities 1100 Every 13 PWM opportunities
0101 Every 6 PWM opportunities 1101 Every 14 PWM opportunities
0110 Every 7 PWM opportunities 1110 Every 15 PWM opportunities
0111 Every 8 PWM opportunities 1111 Every 16 PWM opportunities

Table 11-35. PWM Prescaler B

PRSCB PWM Clock Frequency
00 fous
01 fous/2
10 fous4
11 fous/8
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11.3.2.27 PMF Counter B Register (PMFCNTB)

Module Base + 0x002A

15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0
R| O PMFCNTB
W
Reset 0 0o o o0J[o0 o o0 o0o[o0O o0 0 0[O0 0 0 O
:l: Unimplemented or Reserved
Figure 11-33. PMF Counter B Register (PMFCNTB)
Read anytime and writes have no effect.
Table 11-36. PMFCNTB Field Descriptions
Field Description
14-0 PMF Counter B — This register displays the state of the 15-bit PWM B counter.
PMFCNTB
11.3.2.28 PMF Counter Modulo B Register (PMFMODB)
Module Base + 0x002C
15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0
Rl O
PMFMODB
w
0 0 0

Resetoooo\oooo\oooo\o

\:|= Unimplemented or Reserved

Figure 11-34. PMF Counter Modulo B Register (PMFMODB)

Read anytime and write only if MTG is set.
Table 11-37. PMFMODB Field Descriptions

Field Description

14-0 PMF Counter Modulo B — The 15-bit unsigned value written to this register is the PWM period in PWM clock
PMFMODB | periods. Do not write a modulus value of zero.
Note: The PWM counter modulo register is buffered. The value written does not take effect until the LDOKB bit

is set and the next PWM load cycle begins. Reading PMFMODB reads the value in the buffer. It is not
necessarily the value the PWM generator B is currently using.

MC9S12E256 Data Sheet, Rev. 1.08

Freescale Semiconductor 347



Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

11.3.2.29 PMF Deadtime B Register (PMFDTMB)
Module Base + 0x002E
15 14 13 12 1 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Rl o 0 0 0
PMFDTMB
w
Reset 0 0 0 0 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1

:l: Unimplemented or Reserved
Figure 11-35. PMF Deadtime B Register (PMFDTMB)

Read anytime and write only if MTG is set. This register cannot be modified after the WP bit is set.

Table 11-38. PMFDTMB Field Descriptions

Field Description
11-0 PMF Deadtime B — The 12-bit value written to this register is the number of PWM clock cycles in
PMFDTMB | complementary channel operation. A reset sets the PWM deadtime register to a default value of OxOFFF,
selecting a deadtime of 256-PWM clock cycles minus one bus clock cycle.
Note: Deadtime is affected by changes to the prescaler value. The deadtime duration is determined as follows:
DT =P xPMFDTMB - 1, where DT is deadtime, P is the prescaler value, PMFDTMB is the programmed
value of dead time. For example: if the prescaler is programmed for a divide-by-two and the PMFDTMB is
set to five, then P = 2 and the deadtime value is equal to DT =2 x 5 — 1 = 9 IPbus clock cycles. A special
case exists when the P = 1, then DT = PMFDTMB.
11.3.2.30 PMF Enable Control C Register (PMFENCC)
Module Base + 0x0030
7 5 1 0
R 0 0 0 0
PWMENC LDOKC PWMRIEC
w
Reset 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 11-36. PMF Enable Control C Register (PMFENCC)

Read anytime and write only if MTG is set.

Table 11-39. PMFENCC Field Descriptions

OUTCTL4 and OUTCTLS5 bits are set.

1 PWM generator C and PWM4-5 pins enabled.

Field Description
7 PWM Generator C Enable — If MTG is clear, this bit reads zero and cannot be written.
PWMENC | |f MTG is set, this bit when set enables the PWM generator C and the PWM4 and PWMS5 pins. When PWMENC

is clear, PWM generator C is disabled, and the PWM4 and PWMS5 pins are in their inactive states unless the

0 PWM generator C and PWM4-5 pins disabled unless the respective OUTCTL bit is set.
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Table 11-39. PMFENCC Field Descriptions (continued)

Field Description
1 Load Okay C — If MTG is clear, this bit reads zero and can not be written.

LDOKC | If MTG is set, this bit loads the PRSCC bits, the PMFMODC register and the PWMVAL4-5 registers into a set of
buffers. The buffered prescaler divisor C, PWM counter modulus C value, PWM4-5 pulse widths take effect at
the next PWM reload.

Set LDOKC by reading it when it is logic zero and then writing a logic one to it. LDOKC is automatically cleared
after the new values are loaded, or can be manually cleared before a reload by writing a logic zero to it. Reset
clears LDOKC.
0 Do not load new modulus C, prescaler C, and PWM4-5 values.
1 Load prescaler C, modulus C, and PWM4-5 values.
Note: Do not set PWMENC bit before setting the LDOKC bit and do not clear the LDOKC bit at the same time
as setting the PWMENC bit.
0 PWM Reload Interrupt Enable C — If MTG is clear, this bit reads zero and cannot be written.
PWMRIEC

If MTG is set, this bit enables the PWMRFC flag to generate CPU interrupt requests.
0 PWMRFC CPU interrupt requests disabled
1 PWMRFC CPU interrupt requests enabled

11.3.2.31 PMF Frequency Control C Register (PMFFQCC)

Module Base + 0x0031

7 6 5 4 3 2 1 0
R
LDFQC HALFC PRSCC PWMRFC
W
Reset 0 0 0 0 0 0 0 0

Figure 11-37. PMF Frequency Control C Register (PMFFQCC)

Read anytime and write only if MTG is s&t.

Table 11-40. PMFFQCC Field Descriptions

Field Description
7-4 Load Frequency C — This field selects the PWM load frequency according to Table 11-41. See
LDFQC Section 11.4.7.2, “Load Frequency” for more details.

Note: The LDFQC field takes effect when the current load cycle is complete, regardless of the state of the load
okay bit, LDOKC. Reading the LDFQC field reads the buffered value and not necessarily the value
currently in effect.

3 Half Cycle Reload C — This bit enables half-cycle reloads in center-aligned PWM mode. This bit has no effect
HALFC on edge-aligned PWMs.

0 Half-cycle reloads disabled
1 Half-cycle reloads enabled
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Table 11-40. PMFFQCC Field Descriptions (continued)

Field Description
2 Prescaler C — This buffered field selects the PWM clock frequency illustrated in Table 11-42.

PRSCC | Note: Reading the PRSCC field reads the buffered value and not necessarily the value currently in effect. The
PRSCC field takes effect at the beginning of the next PWM cycle and only when the load okay bit, LDOKC,
is set.

0 PWM Reload Flag C — This flag is set at the beginning of every reload cycle regardless of the state of the
PWMRFC |LDOKC bit. Clear PWMRFC by reading PMFFQCC with PWMRFC set and then writing a logic one to the

PWMRFC bit. If another reload occurs before the clearing sequence is complete, writing logic one to PWMRFC
has no effect.

0 No new reload cycle since last PWMRFC clearing

1 New reload cycle since last PWMRFC clearing

Note: Clearing PWMRFC satisfies pending PWMRFC CPU interrupt requests.

Table 11-41. PWM Reload Frequency C

LDFQC PWM Reload Frequency LDFQ[3:0] PWM Reload Frequency
0000 Every PWM opportunity 1000 Every 9 PWM opportunities
0001 Every 2 PWM opportunities 1001 Every 10 PWM opportunities
0010 Every 3 PWM opportunities 1010 Every 11 PWM opportunities
0011 Every 4 PWM opportunities 1011 Every 12 PWM opportunities
0100 Every 5 PWM opportunities 1100 Every 13 PWM opportunities
0101 Every 6 PWM opportunities 1101 Every 14 PWM opportunities
0110 Every 7 PWM opportunities 1110 Every 15 PWM opportunities
0111 Every 8 PWM opportunities 1111 Every 16 PWM opportunities

Table 11-42. PWM Prescaler C

PRSCC PWM Clock Frequency
00 fous
01 fous/2
10 fous4
11 fous/8
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Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

11.3.2.32 PMF Counter C Register (PMFCNTC)

Module Base + 0x0032

15 14 13 12\11 10 9 8‘7 6 5 4‘3 2 1 0
R| O PMFCNTC
w
Reset 0 0o o o0J[o0 o o0 o0o[o0O o0 0 0[O0 0 0 O
:l: Unimplemented or Reserved
Figure 11-38. PMF Counter C Register (PMFCNTC)
Read anytime and writes have no effect.
Table 11-43. PMFCNTC Field Descriptions
Field Description
14-0 PMF Counter C — This register displays the state of the 15-bit PWM C counter.
PMFCNTC®
11.3.2.33 PMF Counter Modulo C Register (PMFMODC)
Module Base + 0x0034
15 14 13 12\11 10 9 8‘7 6 5 4‘3 2 1 0
R| O
PMFMODC
W
0 0 0

Resetoooo\oooo\oooo\o

\:|= Unimplemented or Reserved

Figure 11-39. PMF Counter Modulo C Register (PMFMODC)

Read anytime and write only if MTG is set.
Table 11-44. PMFMODC Field Descriptions

Field Description

14-0 PMF Couner Modulo C — The 15-bit unsigned value written to this register is the PWM period in PWM clock
PMFMODC | periods. Do not write a modulus value of zero.
Note: The PWM counter modulo register is buffered. The value written does not take effect until the LDOKC bit

is set and the next PWM load cycle begins. Reading PMFMODC reads the value in the buffer. It is not
necessarily the value the PWM generator A is currently using.
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11.3.2.34 PMF Deadtime C Register (PMFDTMC)
Module Base + 0x0000
15 14 13 12 1 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Rl o 0 0 0
PMFDTMC
w
Reset 0 0 0 0 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1

:l: Unimplemented or Reserved

Figure 11-40. PMF Deadtime C Register (PMFDTMC)

Read anytime and write only if MTG is set. This register cannot be modified after the WP bit is set.

Table 11-45. PMFDTMC Field Descriptions

Field Description
11-0 PMF Deadtime C — The 12-bit value written to this register is the number of PWM clock cycles in
PMFDTMC |complementary channel operation. A reset sets the PWM deadtime register to a default value of OXOFFF,

selecting a deadtime of 4096-PWM clock cycles minus one bus clock cycle.

Note: Deadtime is affected by changes to the prescaler value. The deadtime duration is determined as follows:
DT = P x PMFDTMC - 1, where DT is deadtime, P is the prescaler value, PMFDTMC is the programmed
value of dead time. For example: if the prescaler is programmed for a divide-by-two and the PMFDTMC is
set to five, then P = 2 and the deadtime value is equal to DT =2 x 5 — 1 = 9 IPbus clock cycles. A special
case exists when the P = 1, then DT = PMFDTMC.
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Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

11.4 Functional Description

11.4.1 Block Diagram

A block diagram of the PMF is shown in Figure 11-1. The MTG hit allows the use of multiple PWM
generators (A, B, and C) or just asingle generator (A). PWMO and PWM 1 constitute Pair A, PWM2 and
PWM3 constitute Pair B, and PWM4 and PWM5 constitute Pair C.

11.4.2 Prescaler

To permit lower PWM frequencies, the prescaler produces the PWM clock frequency by dividing the bus
clock frequency by one, two, four, and eight. Each PWM generator has its own prescaler divisor. Each
prescaler isbuffered and will not be used by its PWM generator until the corresponding Load OK bit is set
and anew PWM reload cycle begins.

11.4.3 PWM Generator

Each PWM generator contains a 15-bit up/down PWM counter producing output signals with
software-sel ectables:

» Alignment—Thelogic state of each pair EDGE bit determines whether the PWM pair outputs are
edge-aligned or center-aligned

* Period—The value written to each pair PWM counter modulo register is used to determine the
PWM pair period. The period can also be varied by using the prescaler

— With edge-aligned output, the modulus is the period of the PWM output in clock cycles
— With center-aligned output, the modulusis one-half of the PWM output period in clock cycles

» Pulsewidth—Thenumber writtento the PWM valueregister determinesthe pulsewidth duty cycle
of the PWM output in clock cycles

— With center-aligned output, the pul se width istwice the value written to the PWM valueregister
— With edge-aligned output, the pulse width is the value written to the PWM value register

11.4.3.1 Alignment
Each edge-align bit, EDGEX, selects either center-aligned or edge-aligned PWM generator outputs.

ALIGNMENT REFERENCE

UP/DOWN COUNTER
MODULUS =4

PWM OUTPUT
DUTY CYCLE = 50%

Figure 11-41. Center-Aligned PWM Output

MC9S12E256 Data Sheet, Rev. 1.08

Freescale Semiconductor 353



Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

ALIGNMENT REFERENCE + * * + *

UP COUNTER
MODULUS = 4

— L

Figure 11-42. Edge-Aligned PWM Output

NOTE

Because of the equals-comparator architecture of this PMF, the modulus
equals zero caseis considered illegal. Therefore, the modulus register does
not return to zero, and a modulus value of zero will result in waveforms
inconsistent with the other modulus waveforms. If amodulus of zero is
loaded, the counter will continually count down from $7FFF. Thisoperation
will not betested or guaranteed. Consider itillegal. However, the dead-time
constraints and fault conditions will still be guaranteed.

PWM OUTPUT
DUTY CYCLE = 50%

11.4.3.2 Period
A PWM period is determined by the value written to the PWM counter modul o register.

The PWM counter is an up/down counter in a center-aligned operation. In this mode the PWM highest
output resolution is two bus clock cycles.

PWM period = (PWM modulus) x (PWM clock period) x 2
2 3 4 838 2
UP/DOWN COUNTER \
MODULUS =4

PWM CLOCK PERIOD }4—
PWM PERIOD = 8 x PWM CLOCK PERIOD

Figure 11-43. Center-Aligned PWM Period

COUNT 1 10
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In an edge-aligned operation, the PWM counter is an up counter. The PWM output resolution is one bus
clock cycle.

PWM period = PWM modulus x PWM clock period
1 2 3

PWM CLOCK PERIOD :j }4—

PWM PERIOD = 4 x PWM CLOCK PERIOD

COUNT

- »

UP COUNTER
MODULUS =4

-—

Figure 11-44. Edge-Aligned PWM Period

11.4.3.3 Duty Cycle

The signed 16-bit number written to the PMF value registersis the pulse width in PWM clock periods of
the PWM generator output.

PMFVAL y
MODULUS

NOTE

A PWM valuelessthan or equal to zero deactivatesthe PWM output for the
entire PWM period. A PWM value greater than or equal to the modulus
activates the PWM output for the entire PWM period.

Duty cycle = 100

Table 11-46. PWM Value and Underflow Conditions

PMFVALx Condition PWM Value Used
$0000-$7FFF Normal Value in registers
$8000-$FFFF Underflow $0000
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Center-aligned operation isillustrated in Figure 11-45.
PWM pulse width = (PWM value) x (PWM clock period) x 2
COUNT 0o 1 2 3 4 3 2 1 0o 1 2

< W
< p

UP/DOWN COUNTER Y
MODULUS = 4

PWM VALUE =0 ‘ |
0/4 = 0% Y Y 7

PWM VALUE = 1
1/4 = 25%

PWM VALUE =2
2/4 = 50%

PWM VALUE =3
3/4 =75%

PWM VALUE = 4
4/4 =100% Y

Figure 11-45. Center-Aligned PWM Pulse Width

Edge-aligned operation isillustrated in Figure 11-46.
PWM pulse width = (PWM value) x (PWM clock period)

“

COUNT

< W

UP COUNTER
MODULUS = 4

PWM VALUE =0
0/4 = 0%

Y
e = [ ] [ ] |
|
|
I

Y

PWM VALUE =2
2/4 = 50%

PWM VALUE =3
3/4 =75%

PWM VALUE =4
4/4 = 100%

Figure 11-46. Edge-Alighed PWM Pulse Width
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Independent or Complementary Channel Operation

Writing alogic one to a INDEPX bit configures apair of the PWM outputs as two independent PWM
channels. Each PWM output has its own PWM value register operating independently of the other
channelsin independent channel operation.

Writing alogic zero to a INDEPX bit configures the PWM output as apair of complementary channels.
The PWM pins are paired as shown in Figure 11-47 in complementary channel operation.

PMFVALO PMFVALA1
REGISTER | REGISTER
PAIR A < % <
PWM CHANNELS 0 AND 1 TOP
W: BOTTOM
PMFVAL2 PMFVAL3
REGISTER | REGISTER
PAIR B Nz Nz
PWM CHANNELS 2 AND 3 TOP
W: BOTTOM
PMFVAL4 PMFVAL5
REGISTER | REGISTER
PAIR C X/ X/
PWM CHANNELS 4 AND 5 TOP

BOTTOM

p

Figure 11-47. Complementary Channel Pairs

The complementary channel operation is for driving top and bottom transistors in a motor drive circuit,
such asthe onein Figure 11-48.

YIRS Wj@ LIS

*————

PWM PWM o PWM o
NN SN N

Figure 11-48. Typical 3 Phase AC Motor Drive

AC
INPUTS

Y
/

MOTOR
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In complementary channel operation, there are three additional features:

* Deadtimeinsertion

» Separatetop and bottom pulse width correction for distortions are caused by deadtime inserted and
the motor drive characteristics

» Separate top and bottom output polarity control

e Swap functionality

11.4.5 Deadtime Generators

While in the complementary mode, each PWM pair can be used to drive top/bottom transistors, as shown
in Figure 11-49. |deally, the PWM pairs are an inversion of each other. When the top PWM channel is
active, the bottom PWM channel isinactive, and vice versa

NOTE

To avoid ashort-circuit on the DC bus and endangering the transistor, there
must be no overlap of conducting intervals between top and bottom
transistor. But the transistor’s characteristics make its switching-off time
longer than switching-on time. To avoid the conducting overlap of top and
bottom transistors, deadtime needs to be inserted in the switching period.

Deadtime generators automatically insert software-selectable activation delays into each pair of PWM
outputs. The deadtime register (PMFDTMX) specifies the number of PWM clock cyclesto use for
deadtime delay. Every time the deadtime generator inputs changes state, deadtime isinserted. Deadtime
forces both PWM outputs in the pair to the inactive state.

A method of correcting this, adding to or subtracting from the PWM value used, is discussed next.

PWM
GENERATOR

N

—l/

CURRENT
STATUS

TOP/BOTTOM
GENERATOR

DEADTIME [
GENERATOR | |

TOP/BOTTOM
GENERATOR

DEADTIME
GENERATOR | j

TOP/BOTTOM
GENERATOR

DEADTIME
GENERATOR [ |

Figure 11-49. Deadtime Generators
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BOTTOM (PWM5)
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|

'

PWMO, NO DEADTIME | I | | | | | |
PWM1, NO DEADTIME | | | | | | I |

PWMO, DEADTIME = 1 |

PWM1, DEADTIME = 1

I I [ N I S

] [N S I I N

Figure 11-50. Deadtime Insertion, Center Alignment

'

A l PWM VALUE = 1 A A

PWM Value = 3 ‘ PWM VALUE =3 PWM VALUE =3

MODULUS =3

PWMO, NO DEADTIME | [ | |
PWM1,NO DEADTIME _ | | | |

PWMo, DEADTIME=2 | |

PWM1, DEADTIME =2 | | | |

Figure 11-51. Deadtime at Duty Cycle Boundaries

' l '

T PWM
PWM VALUE =3 VALUE =
PWM VALUE = 2

PWM VALUE

MODULUS =3 \

<—<—
474—

PWMO, NO DEADTIME

PWM1, NO DEADTIME

|_| |_| |—|_
PWMO, DEADTIME = 3 | | |
PWM1, DEADTIME = 3 [ ]

Figure 11-52. Deadtime and Small Pulse Widths
NOTE

The waveform at the pad is delayed by two bus clock cycles for deadtime
insertion.
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11.4.5.1 Top/Bottom Correction

In complementary mode, either the top or the bottom transistor controls the output voltage. However,
deadtime hasto be inserted to avoid overlap of conducting interval between the top and bottom transistor.
Both transistors in complementary mode are off during deadtime, allowing the output voltage to be
determined by the current status of load and introduce distortion in the output voltage. See Figure 11-53.
On AC induction motors running open-loop, the distortion typically manifests itself as poor low-speed
performance, such as torque ripple and rough operation.

DESIRED V+
LOAD VOLTAGE | [
DEADTIME
PWM TO TOP
TRANSISTOR [ 1 [ 1 AJ N
POSITIVE
CURRENT

—

-

NEGATIVE
CURRENT
PWM TO BOTTOM —
TRANSISTOR | [ 1] [ _’J N, A
POSITIVE CURRENT
LOAD VOLTAGE
| |
NEGATIVE CURRENT =

LOAD VOLTAGE

Figure 11-53. Deadtime Distortion

During deadtime, load inductance distorts output voltage by keeping current flowing through the diodes.
Thisdeadtime current flow creates aload voltage that varieswith current direction. With apositive current
flow, the load voltage during deadtime is equal to the bottom supply, putting the top transistor in control.
With anegative current flow, the load voltage during deadtimeis equal to the top supply putting the bottom
transistor in control.

Remembering that the original PWM pulse widths were shortened by deadtime insertion, the averaged
sinusoidal output will be less than desired value. However, when deadtime is inserted, it creates a
distortion in motor current waveform. This distortion is aggravated by dissimilar turn-on and turn-off
delaysof each of thetransistors. By giving the PWM modul e information on which transistor is controlling
at a given time this distortion can be corrected.

For atypical circuit in complementary channel operation, only one of the transistors will be effective in
controlling the output voltage at any given time. This depends on the direction of the motor current for that
pair. See Figure 11-53. To correct distortion one of two different factors must be added to the desired PWM
value, depending on whether the top or bottom transistor is controlling the output voltage. Therefore, the
software is responsible for calculating both compensated PWM values prior to placing them in an
odd-numbered/even numbered PWM register pair. Either the odd or the even PMFVAL register controls
the pulse width at any given time.
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For agiven PWM pair, whether the odd or even PMFVAL register is active depends on either:
« The state of the current status pin, 1Sx, for that driver
» The state of the odd/even correction bit, IPOLX, for that driver
To correct deadtime distortion, software can decrease or increase the value in the appropriate PMFVAL
register.
* Inedge-aigned operation, decreasing or increasing the PWM value by a correction value equal to
the deadtime typically compensates for deadtime distortion.
* In center-aligned operation, decreasing or increasing the PWM value by a correction value equal
to one-half the deadtime typically compensates for deadtime distortion.
In the complementary channel operation, ISENS selects one of three correction methods:
* Manual correction
» Automatic current status correction during deadtime

» Automatic current status correction when the PWM counter value equals the value in the PWM
counter modulus registers
Table 11-47. Correction Method Selection

ISENS Correction Method
00 No correction’
01 Manual correction
10 Current status sample correction on pins IS0, I1S1, and 1S2 during deadtime?
11 Current status sample on pins IS0, 1S1, and 1523
At the half cycle in center-aligned operation
At the end of the cycle in edge-aligned operation

" The current status pins can be used as general purpose input/output ports.

2 The polarity of the ISx pin is latched when both the top and bottom PWMs are off. At the 0%
and 100% duty cycle boundaries, there is no deadtime, so no new current value is sensed.

8 Current is sensed even with 0% or 100% duty cycle.

NOTE

Assume the user will provide current status sensing circuitry causing the
voltage at the corresponding input pinto below for positive current and high
for negative current. In addition, it assumes the top PWMs are PWM O, 2,
and 4 while the bottom PWMS are PWM 1, 3, and 5.
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11.4.5.2 Manual Correction
The IPOLX bits select either the odd or the even PWM value registers to use in the next PWM cycle.

Table 11-48. Top/Bottom Manual Correction

Bit Logic Atate Output Control
IPOLA 0 PMFVALO controls PWMO/PWM1 pair
1 PMFVAL1 controls PWMO/PWM1 pair
IPOLB 0 PMFVAL2 controls PWM2/PWM3 pair
1 PMFVALS controls PWM2/PWMS3 pair
IPOLC 0 PMFVAL4 controls PWM4/PWMS5 pair
1 PMFVALS controls PWM4/PWM5 pair
NOTE

IPOLX bits are buffered so only one PWM register is used per PWM cycle.
If an IPOLX bit changes during a PWM period, the new value does not take
effect until the next PWM period.

IPOLX bitstake effect at the end of each PWM cycle regardiess of the state
of the load okay bit, LDOK.

PWM CONTROLLED BY | TOP PWM
ODD PWMVALREGISTER DEADTIME
GENERATOR
PWM CONTROLLED BY EVEN > BOTTOM PWM
PWMVAL REGISTER AB

IPOLx BIT —D Q
PWM CYCLE START —Pp CLK

Figure 11-54. Internal Correction Logic when ISENS = 01

To detect the current status, the voltage on each ISx pin is sampled twice in a PWM period, at the end of
each deadtime. The value is stored in the DTx bitsin the PMF Deadtime Sample register (PMFDTMYS).
The DTx bits are atiming marker especially indicating when to toggle between PWM value registers.
Software can then set the IPOLX bit to toggle PMFVAL registers according to DTx values.
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PWMOJ I\

POSITIVE D Q DTO

CURRENT
— PWMO —p CLK
Y

e e
NEGATIVE
CURRENT l\ 1S0 PIN

PWM1J I\ VOLTAGE D Q DT1
SENSOR b LK
PWM1 —

Figure 11-55. Current-Status Sense Scheme for Deadtime Correction

If both D flip-flopslatch low, DTO =0, DT1 = 0, during deadtime periods if current islarge and flowing
out of the complementary circuit. See Figure 11-55. If both D flip-flopslatch thehhigh, DTO=1,DT1=1,
during deadtime periods if current is also large and flowing into the complementary circuit. However,
under low-current, the output voltage of the complementary circuit during deadtimeis somewhere between
the high and low levels. The current cannot free-wheel throughout the opposition anti-body diode,
regardless of polarity, giving additional distortion when the current crosses zero. Sampled results will be
DTO=0and DT1 = 1. Thus, the best time to change one PWM value register to another is just before the
current zero crossing.

DEADTIME

PWM TO TOP
TRANSISTOR [ 1 [ 1

POSITIVE
CURRENT

—

-
NEGATIVE
CURRENT

PWM TO BOTTOM I_l
TRANSISTOR

LOAD VOLTAGE WITH
HIGH POSITIVE CURRENT

LOAD VOLTAGE WITH B
LOW POSITIVE CURRENT
LOAD VOLTAGE WITH
HIGH NEGATIVE CURRENT
LOAD VOLTAGE WITH
NEGATIVE CURRENT

T = DEADTIME INTERVAL BEFORE ASSERTION OF TOP PWM
B = DEADTIME INTERVAL BEFORE ASSERTION OF BOTTOM PWM

Figure 11-56. Output Voltage Waveforms
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11.4.5.3 Current-Sensing Correction

A current sense pin, 1Sx, for aPWM pair selects either the odd or the even PWM value registers tousein
the next PWM cycle. The selection is based on user-provided current sense circuitry driving the ISx pin
high for negative current and low for positive current.

Table 11-49. Top/Bottom Current-Sense Correction

Pin Logic State Output Control

IS0 0 PMFVALO controls PWMO/PWM1 pair
1 PMFVALA1 controls PWMO/PWM1 pair

IS 0 PMFVAL2 controls PWM2/PWMS3 pair
1 PMFVALS controls PWM2/PWM3 pair

IS2 0 PMFVAL4 controls PWM4/PWM5 pair
1 PMFVALS5 controls PWM4/PWM5 pair

Previously shown, the current direction can be determined by the output voltage during deadtime. Thus, a
simple external voltage sensor can be used when current status is completed during deadtime, ISENS =
10. Deadtime does not exists at the 100 percent and zero percent duty cycle boundaries. Therefore, the
second automatic mode must be used for correction, ISENS = 11, where current status is sampled at the
half cycle in center-aligned operation and at the end of cycle in edge-aligned operation. Using this mode
requires external circuitry. It actually senses current direction.

PWM CONTROLLED BY

ODD PWMVAL REGISTER — TOP PWM
DEADTIME

PWM CONTROLLED BY GENERATOR

EVEN PWMVAL REGISTER
INITIAL VALUE =0

—> BOTTOM PWM

A/B

ISx PIN —D Q \‘ D Q
IN DEADTIME —DCLK DCLK

PWM CYCLE START
Figure 11-57. Internal Correction Logic when ISENS =10

PWM CONTROLLED BY

— TOP PWM
ODD PWMVAL REGISTER DEADTIME

PWM CONTROLLED BY GENERATOR

EVEN PWMVAL REGISTER
INITIAL VALUE =0

— > BOTTOM PWM

A/B

ISx PIN —D Q \‘ D Q

PMFCNT = PMFMOD —p CLK D CLK

PWM CYCLE START
Figure 11-58. Internal Correction Logic when ISENS = 11
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NOTE

Values |atched on the 1Sx pins are buffered so only one PWM register is
used per PWM cycle. If acurrent status changes during aPWM period, the
new value does not take effect until the next PWM period.

When initially enabled by setting the PWMEN bit, no current status has previously been sampled. PWM
valueregistersone, three, and fiveinitially control thethree PWM pairswhen configured for current status
correction.

11.4.5.4 Output Polarity

Output polarity of the PWMsiis determined by two options: TOPNEG and BOTNEG. The top polarity
option, TOPNEG, controls the polarity of PWMO, PWM2 and PWM4. The bottom polarity option,
BOTNEG, controlsthe polarity of PWM 1, PWM3 and PWM©5. Positive polarity means when the PWM is
active its output is high. Conversely, negative polarity means when the PWM is active its output is low.

The TOPNEG and BOTNEG are in the configure register. TOPNEG is the output of PWMO, PWM2 and
PWM4. They are active low. If TOPNEG is set, PWMO, PWM2, and PWM4 outputs become active-low.
When BOTNEG isset, PWM1, PWM 3, and PWM5 outputs are active-low. When these bitsare clear, their
respective PWM pins are active-high. See Figure 11-59 and Figure 11-60.

DESIRED LOAD VOLTAGE

TOP PWM [ | | |
BOTTOMPWM _ [ | | | [ 1 | | 1

LOAD VOLTAGE

Figure 11-59. Correction with Positive Current

DESIRED LOAD VOLTAGE

TOP PWM | [] | | [ ] |

I I I I
BOTTOM PWM | | | |
I I I I

LOAD VOLTAGE

Figure 11-60. Correction with Negative Current
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UP COUNTER
uwooxggaﬂgfz I SOUNTER _J_j—rw
PWM =0
PWM =0 PWM = 1 |
CENTER-ALIGNED PWM =1 —|—|_ EDGE-ALIGNED _
POSITIVE POLARITY _ —__ POSITIVE POLARITY PWM=2 — |
= PWM =3 |
PWM = 3 L] PWMod ——
PWM = 4
UP/DOWN COUNTER H(FSSS&JUNSTEE
MODULUS = 4
PWM =0
PWM =0 Pwm=1 [
PWM =1 | | EDGE-ALIGNED _
) NEGATVE POLARITYPWM=2 __ [
CENTER-ALIGNED pyy = 2
NEGATIVE POLARITY =2 __ | L PWM = 3 |
PWM =3 | | PWM = 4
PWM = 4

Figure 11-61. PWM Polarity

11.4.6 Software Output Control

Setting output control enable bit, OUTCTLX, enables software to drive the PWM outputs rather than the
PWM generator. In an independent mode, with OUTCTLXx = 1, the output bit OUTX, controls the PWMx
channel. In a complementary channel operation the even OUTCTL bit is used to enable software output
control for the pair. But the OUTCTL bits must be switched in pairsfor proper operation. The OUTCTLXx
and OUTX bits arein the PWM output control register.

NOTE

During software output control, TOPNEG and BOTNEG still control output
polarity. It will take upto 3 clock cyclesto seethe effect of output control on
the PWM output pins.

In independent PWM operation, setting or clearing the OUTX bit activates or deactivates the PWMx
output.

In complementary channel operation, the even-numbered OUTX bits replace the PWM generator outputs
as inputs to the deadtime generators. Complementary channel pairs still cannot be active simultaneously,
and the deadtime generators continue to insert deadtime in both channels of that pair, whenever an even
OUTX bit toggles. Even OUTXx bits control the top PWM signals while the odd OUTx bits control the
bottom PWM signals with respect to the even OUTX hits. Setting the odd OUTx bit makes its
corresponding PWMx the complement of its even pair, while clearing the odd OUTXx bit deactivates the
odd PWMXx.
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Setting the OUTCTLx bits do not disable the PWM generators and current status sensing circuitry. They
continueto run, but no longer control the output pins. When the OUTCTLX bits are cleared, the outputs of
the PWM generator become the inputsto the deadtime generators at the beginning of the next PWM cycle.
Software can drive the PWM outputs even when PWM enable bit (PWMEN) is set to zero.

NOTE

Avoid an unexpected deadtime insertion by clearing the OUTx bits before
setting and after clearing the OUTCTLX bits.

MODULUS = 4
PWM VALUE =2
DEADTIME = 2 l

Y
0 11—

PWM1 | | | | | |
PWMO WITH DEADTIME | | | | I

PWM1 WITH DEADTIME | | | I | |

OUTCTLO |
ouTo I

outs |
I

PWMO | |

PWM1 |

Figure 11-62. Setting OUTO with OUTCTL Set in Complementary Mode
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MODULUS = 4
PWM VALUE =2
DEADTIME =2 l

v
0 1 L

PWM1 | | | | | |
PWMO WITH DEADTIME | | | | I
PWM1 WITH DEADTIME | | | I | |

OUTCTLO

ouTo

OuUT1

PWMO

PWM1

I
Figure 11-63. Clearing OUTO with OUTCTL Set In Complementary Mode

MODULUS = 4
PWM VALUE = 2
DEADTIME = 2 l

Y
0 1 1

PWM1 | | | | | |
PWMO WITH DEADTIME | | | | |
PWM1 WITH DEADTIME | | | | | |

OUTCTLO |
I

ouTo

OUT1

PWMO | |

PWM1

Figure 11-64. Setting OUTCTL with OUTO Set in Complementary Mode
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11.4.7 PWM Generator Loading

11.4.7.1 Load Enable

The load okay bit, LDOK, enables |oading the PWM generator with:
» A prescaler divisor—from the PRSC1 and PRSCO bitsin PWM control register
* A PWM period—from the PWM counter modulus registers
* A PWM pulse width—from the PWM value registers

LDOK prevents reloading of these PWM parameters before software is finished cal culating them Setting
LDOK allowsthe prescaler bits, PMFMOD and PMFVALX registersto beloaded into aset of buffers. The
loaded buffers use the PWM generator at the beginning of the next PWM reload cycle. Set LDOK by
reading it when it isalogic zero and then writing alogic one to it. After loading, LDOK is automatically
cleared.

11.4.7.2 Load Frequency

TheLDFQ3, LDFQ2, LDFQ1, and LDFQO bitsinthe PWM control register (PWMCTL) select anintegral
loading frequency of oneto 16-PWM reload opportunities. The LDFQ bits take effect at every PWM
reload opportunity, regardless the state of the load okay bit, LDOK. The half bit in the PWMCTL register
controls half-cycle reloads for center-aligned PWMSs. If the half bit is set, areload opportunity occurs at
the beginning of every PWM cycle and half cycle when the count equals the modulus. If the half bit is not
set, areload opportunity occurs only at the beginning of every cycle. Reload opportunities can only occur
at the beginning of a PWM cycle in edge-aligned mode.

NOTE

Loading anew modulus on a half cycle will force the count to the new
modulus value minus one on the next clock cycle. Half cycle reloads are
possible only in center-aligned mode. Enabling or disabling half-cycle
reloads in edge-aligned mode will have no effect on the reload rate.

BB S e S
RELOAD A A T A T (N R

CHANGE
RELOAD TO EVERY TO EVERY TO EVERY
FREQUENCY TWO OPPORTUNITIES FOUR OPPORTUNITIES OPPORTUNITY

Figure 11-65. Full Cycle Reload Frequency Change
COUNTER s o T T T
COUNTER
RELOAD A fo A T fff*fv bt

CHANGE
RELOAD TO EVERY TO EVERY TO EVERY TO EVERY
FREQUENCY TWO OPPORTUNITIES FOUR OPPORTUNITIES OPPORTUNITY TWO OPPORTUNITIES

Figure 11-66. Half Cycle Reload Frequency Change
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11.4.7.3

Reload Flag

With areload opportunity, regardless an actual reload occurs as determined by LDOK bit, the PWMF
reload flag is set. If the PWM reload interrupt enable bit, PWMRIE is set, the PWMF flag generates CPU
interrupt requests allowing software to calculate new PWM parametersin real time. When PWMRIE is
not set, reloads till occur at the selected rel oad rate without generating CPU interrupt requests.

READ PWMRF AS 1 THEN
WRITE 0 TO PWMF D—
RESET
vad PWMRF
CLR
D Q h CPU Interrupt
PWMReload_[ | [ | [ |_ pCLK PWMRIE ) Request

Figure 11-67. PWMRF Reload Interrupt Request

HALF = 0, LDFQ[3:0] = 00 = Reload every cycle

UP/DOW
COUNTE
LDOK =1 0 1 0
MODULUS =3 3 3 3
PWM VALUE = 1 2 2 1
PWMRF =1 1 1 Y 1 Y

PWM _l |_| | |_| |_|

Figure 11-68. Full-Cycle Center-Aligned PWM Value Loading

HALF = 0, LDFQ[3:0] = 00 = Reload every cycle

Up/Down

COUNTE
LDOK =1 1 1 1 0
MODULUS =2 3 2 1 2
PWM VALUE =1 1 1 1 1
PWMRF = 1 1 1 1 1

e L] I

Figure 11-69. Full-Cycle Center-Aligned Modulus Loading
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HALF = 1, LDFQI3:0] = 00 = Reload EVERY HALF-CYCLE

PWMRF = 1

vy 'y

UP/DOW
COUNTE
T T T 1 T 1
LDOK =1 1 0 0 1 3 0 3
MODULUS =3 3 3 3 3 3 3 1
PWM VALUE = 1 2 2 2 1 1 3 1
1 1 1 1 v 1 +
PWM _l—l |_|_

Figure 11-70. Half-Cycle Center-Aligned PWM Value Loading

HALF = 1, LDFQ[3:0] = 00 = Reload every HALF-cycle

Up/Down

COUNTE *
L ! ) b4
LDOK=1 | 0 o | 1 0 1o 4

MODULUS=2 | 2 3 4 4 12
PWM VALUE = 1 1 1 1 1 oot

PWMRF = 1 1 1 1 1 T

v Y

s B e B e B e

Figure 11-71. Half-Cycle Center-Aligned Modulus Loading

LDFQ[3:0] = 00 = Reload every cycle

Up-Only

COUNTER |
LDOK =1 0 1 0 0
MODULUS =3 3 3 3 3
PWM VALUE =1 2 2 1 1
PWMRF = 1 1 1 1 1

\J \j \j \j \j
PWM

Figure 11-72. Edge-Aligned PWM Value Loading
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LDFQ[3:0] = 00 = Reload every cycle

Up-Only

COUNTER
LDOK =1 1 1 0
MODULUS =3 4 2 1
PWM VALUE =2 2 2 2
PWMRF = 1 1 1 1

\ \J
AL I R
Figure 11-73. Untitled Figure

11.4.7.4 Initialization

Initialize all registers and set the LDOK bit before setting the PWMEN bit. With LDOK set, setting
PWMEN for thefirst time after reset, immediately |oads the PWM generator thereby setting the PWMRF
flag. PWMRF generates a CPU interrupt request if the PWMRIE bit is set. In complementary channel
operation with current-status correction selected, PWM value registers one, three, and five control the
outputs for the first PWM cycle.

NOTE
Evenif LDOK isnot set, setting PWMEN also sets the PWMREF flag. To

prevent a CPU interrupt request, clear the PWMRIE bit before setting
PWMEN.

Setting PWMEN for the first time after reset without first setting LDOK loads a prescaler divisor of one,
a PWM value of $0000, and an unknown modulus. The PWM generator uses the last values loaded if
PWMEN is cleared and then set while LDOK equals zero.Initializing the deadtime register, after setting
PWMEN or OUTCTLX, can cause an improper deadtime insertion. However, the deadtime can never be
shorter than the specified value.

CLOCK
PWMéEII_\II_ | N |

HI-Z N
PWM S
PINS 4 ACTIVE \ >

HI-Z

Figure 11-74. PWMEN and PWM Pins in Independent Operation

IPBus
ook LI LI L LU L N LWL L
g | A
o HI-Z N HI-Z
PINS < ACTIVE N )

Figure 11-75. PWMEN and PWM Pins in Complementary Operation
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When the PWMEN bit is cleared:
e The PWMx outputs will be tri-stated unless OUTCTLx =1
» The PWM counter is cleared and does not count
* The PWM generator forcesits outputs to zero
* The PWMREF flag and pending CPU interrupt requests are not cleared
» All fault circuitry remains active unless FPINEx = 0
» Software output control remains active
» Deadtime insertion continues during software output control

11.4.8 Fault Protection

Fault protection can disable any combination of PWM pins. Faults are generated by alogic one on any of
the FAULT pins. Each FAULT pin can be mapped arbitrarily to any of the PWM pins.

When fault protection hardware disables PWM pins, the PWM generator continuesto run, only the output
pins are deactivated.

The fault decoder disables PWM pins selected by the fault logic and the disable mapping register. See
Figure 11-15. Each bank of four bitsin the disable mapping register control the mapping for asingle PWM
pin. Refer to Table 11-12.

Thefault protection is enabled even when the PWM is not enabled; therefore, afault will belatched in and
will be cleared in order to prevent an interrupt when the PWM is enabled.

11.4.8.1 Fault Pin Sample Filter

Each fault pin has asamplefilter to test for fault conditions. After every bus cycle setting the FAULTX pin
at logic zero, the filter synchronously samples the pin once every four bus cycles. QSMP determines the
number of consecutive samples that must be logic one for afault to be detected. When afault is detected,
the corresponding FAULTX pin flag, FFLAGYX, is set. Clear FFLAGX by writing alogic onetoit.

If the FIEX, FAULTX pin interrupt enable bit is set, the FFLAGX flag generates a CPU interrupt request.
The interrupt request latch remains set until:

» Software clears the FFLAGx flag by writing alogic one to it

» Software clears the FIEX bit by writing alogic zero to it

* A reset occurs
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11.4.8.2 Automatic Fault Clearing
Setting afault mode bit, FMODEX, configures faults from the FAULTX pin for automatic clearing.

When FMODEX is set, disabled PWM pins are enabled when the FAULTX pin returnsto logic zero and a
new PWM half cycle begins. See Figure 11-76. Clearing the FFLAGx flag does not affect disabled PWM
pins when FMODEX is set.

FAULT PIN ‘ | ‘ | ‘ | ‘ | ! ‘
| | f |
| PwmsENABLED [ PWMSDISABLED  |ENABLED|DISABLED|  PWMS ENABLED

Figure 11-76. Automatic Fault Clearing

11.4.8.3 Manual Fault Clearing

Clearing a fault mode bit, FMODEX, configures faults from the FAULTX pin for manual clearing:

*  PWM pinsdisabled by the FAULTO pin or the FAULT2 pin are enabled by clearing the
corresponding FFLAGX flag. The time at which the PWM pins are enabled depends on the
corresponding QSMPx bit setting. If QSMPx = 00, the PWM pins are enabled on the next | P bus
cyclewhen thelogic level detected by thefilter at the fault pinislogic zero. If QSMPx = 01,10 or
11, the PWMsare enabled when the next PWM half cycle beginsregardless of the state of thelogic
level detected by thefilter at the fault. See Figure 11-77 and Figure 11-78.

*  PWM pinsdisabled by the FAULT1 pin or the FAULT3 pin are enabled when
— Software clears the corresponding FFLAGX flag

— Thefilter detectsalogic zero on thefault pin at the start of the next PWM half cycle boundary.
See Figure 11-79.

FAULTO OR ‘ ‘ : ‘ ‘
FAULT2 | ‘ K
| f | |

| Pwms ENABLED | Pwwms DIsABLED | PWMS ENABLED

FFLAGx
CLEARED

Figure 11-77. Manual Fault Clearing (Faults 0 & 2) — QSMP = 00
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AV RV VN

FAULTO OR ‘ | ‘ | ‘ ‘

FAULT2
| : | |
| Pwms ENABLED [Pwws DisABLED]| PWMS ENABLED
FFLAGX
CLEARED

Figure 11-78. Manual Fault Clearing (Faults 0 & 2) - QSMP=01, 10, or 11

FAULT1 OR ‘ | ‘ ‘ |

FAULT3
| ! | |
| Pwms ENABLED |  PwmsDIsABLED | PWMS ENABLED
FFLAGX
CLEARED f
Figure 11-79. Manual Fault Clearing (Faults 1 & 3)
NOTE

PWM half-cycle boundaries occur at both the PWM cycle start and when
the counter equal sthe modulus, so in edge-aligned operation full-cyclesand
half-cycles are equal.

NOTE

Fault protection aso applies during software output control when the
OUTCTLX bits are set. Fault clearing till occurs at haf PWM cycle
boundaries while the PWM generator is engaged, PWMEN equals one. But
the OUTXx bits can control the PWM pins while the PWM generator is off,
PWMEN equals zero. Thus, fault clearing occurs at | Pbus cycles while the
PWM generator is off and at the start of PWM cycles when the generator is
engaged.

11.5 Resets
All PWM registers are reset to their default values upon any system reset.

11.6 Clocks
The system bus clock is the only clock required by this module.
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11.7 Interrupts

Seven PWM sources can generate CPU interrupt requests:

* Reoad flag x (PWMRFX)—PWMRFX is set at the beginning of every PWM Generator x reload
cycle. The reload interrupt enable bit, PWMRIEX, enables PWMRFx to generate CPU interrupt
requests.
wherex isA, B and C.

» Fault flag x (FFLAGx)—The FFLAGx bit is set when alogic one occurs on the FAULTX pin. The
fault pin interrupt enable x bit, FIEX, enablesthe FFLAGx flag to generate CPU interrupt requests.

wherex isQ, 1, 2 and 3.

MC9S12E256 Data Sheet, Rev. 1.08

376 Freescale Semiconductor



Chapter 12
Pulse-Width Modulator (PWM8B6CV1)

12.1 Introduction

The pulse width modulation (PWM) definition is based on the HC12 PWM definitions. The
PWMB8B6CV 1 module contains the basic features from the HC11 with some of the enhancements
incorporated on the HC12, that is center aligned output mode and four available clock sources. The
PWMB8B6CV 1 module has six channels with independent control of left and center aligned outputs on
each channel.

Each of the six PWM channels has a programmable period and duty cycle as well as a dedicated counter.
A flexible clock select scheme allows atotal of four different clock sources to be used with the counters.
Each of the modulators can create independent continuous waveforms with software-sel ectable duty rates
from 0% to 100%. The PWM outputs can be programmed as | eft aligned outputs or center aligned outputs

12.1.1 Features

* Six independent PWM channels with programmabl e period and duty cycle
» Dedicated counter for each PWM channel

* Programmable PWM enable/disable for each channel

» Software selection of PWM duty pulse polarity for each channel

» Period and duty cycle are double buffered. Change takes effect when the end of the effective period
isreached (PWM counter reaches 0) or when the channel is disabled.

* Programmable center or left aligned outputs on individual channels

e Six 8-bit channel or three 16-bit channel PWM resolution

» Four clock sources (A, B, SA, and SB) provide for awide range of frequencies.
* Programmable clock select logic

* Emergency shutdown

12.1.2 Modes of Operation

There isasoftware programmabl e option for low power consumption in wait mode that disables the input
clock to the prescaler.

In freeze mode there is a software programmable option to disable the input clock to the prescaler. Thisis
useful for emulation.
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12.1.3 Block Diagram

PWM8B6C
PWM Channels
Channel 5 PWMS
Peri Dut t >
Bus Clock PWM Clock [Period and Duty| | counter|
»| Clock Select >
L Channel 4 PWM4
| Period and Duty| | Counter| o
Control >
Channel 3
» PWM3
| Period and Duty| | Counter|
Channel 2 PWM2
Enable > | Period and Duty| | Counter| o
Polarity > Channel 1 — PWM1
| Period and Duty| | Counter|
Alignment -
Channel 0 PWMO
| Period and Duty| | Counter| o

Figure 12-1. PWM8B6CV1 Block Diagram

12.2 External Signal Description
The PWMB8B6CV 1 module has atotal of six external pins.

12.2.1 PWM5 — Pulse Width Modulator Channel 5 Pin

This pin serves as waveform output of PWM channel 5 and as an input for the emergency shutdown
feature.

12.2.2 PWM4 — Pulse Width Modulator Channel 4 Pin

This pin serves as waveform output of PWM channel 4.

12.2.3 PWM3 — Pulse Width Modulator Channel 3 Pin

This pin serves as waveform output of PWM channel 3.
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12.2.4 PWM2 — Pulse Width Modulator Channel 2 Pin

This pin serves as waveform output of PWM channel 2.

12.2.5 PWM1 — Pulse Width Modulator Channel 1 Pin

This pin serves as waveform output of PWM channel 1.

12.2.6 PWMO — Pulse Width Modulator Channel 0 Pin

This pin serves as waveform output of PWM channel 0.

12.3 Memory Map and Register Definition
This subsection describesin detail al the registers and register bits in the PWM8B6CV 1 module.

The special-purpose registers and register bit functions that would not normally be made available to
deviceend users, such asfactory test control registersand reserved registersare clearly identified by means
of shading the appropriate portions of address maps and register diagrams. Notes explaining the reasons
for restricting accessto the registersand functions are also explained in theindividual register descriptions.

12.3.1 Module Memory Map

The following paragraphs describe the content of the registersin the PWM8B6CV 1 module. The base
address of the PWM8B6CV 1 module is determined at the MCU level when the MCU is defined. The
register decode map isfixed and begins at the first address of the modul e address offset. Table 12-1 shows
the registers associated with the PWM and their relative offset from the base address. The register detall
description follows the order in which they appear in the register map.

Reserved bitswithin aregister will alwaysread as0 and thewrite will be unimplemented. Unimplemented
functions are indicated by shading the bit.

Table 12-1 shows the memory map for the PWM8B6CV 1 module.

NOTE

Register address = base address + address offset, where the base address is
defined at the MCU level and the address offset is defined at the module
level.

MC9S12E256 Data Sheet, Rev. 1.08

Freescale Semiconductor 379



Chapter 12 Pulse-Width Modulator (PWM8B6CV1)

Table 12-1. PWM8B6CV1 Memory Map

Ag;lf:—:es;s Register Access
0x0000 PWM Enable Register (PWME) R/W
0x0001 PWM Polarity Register (PWMPOL) R/W
0x0002 PWM Clock Select Register (PWMCLK) R/W
0x0003 PWM Prescale Clock Select Register (PWMPRCLK) R/W
0x0004 PWM Center Align Enable Register (PWMCAE) R/W
0x0005 PWM Control Register (PWMCTL) R/W
0x0006 PWM Test Register (PWMTST)1 R/W
0x0007 PWM Prescale Counter Register (PWMPRSC)2 R/W
0x0008 PWM Scale A Register (PWMSCLA) R/W
0x0009 PWM Scale B Register (PWMSCLB) R/W
0x000A PWM Scale A Counter Register (PWMSCNTA)3 R/W
0x000B PWM Scale B Counter Register (PWMSCNTB)* R/W
0x000C PWM Channel 0 Counter Register (PWMCNTO) R/W
0x000D PWM Channel 1 Counter Register (PWMCNT1) R/W
0x000E PWM Channel 2 Counter Register (PWMCNT2) R/W
0x000F PWM Channel 3 Counter Register (PWMCNT3) R/W
0x0010 PWM Channel 4 Counter Register (PWMCNT4) R/W
0x0011 PWM Channel 5 Counter Register (PWMCNT5) R/W
0x0012 PWM Channel 0 Period Register (PWMPERO) R/W
0x0013 PWM Channel 1 Period Register (PWMPERT) R/W
0x0014 PWM Channel 2 Period Register (PWMPER2) R/W
0x0015 PWM Channel 3 Period Register (PWMPERS3) R/W
0x0016 PWM Channel 4 Period Register (PWMPER4) R/W
0x0017 PWM Channel 5 Period Register (PWMPERS) R/W
0x0018 PWM Channel 0 Duty Register (PWMDTYO0) R/W
0x0019 PWM Channel 1 Duty Register (PWMDTY1) R/W
0x001A PWM Channel 2 Duty Register (PWMDTY2) R/W
0x001B PWM Channel 3 Duty Register (PWMDTY3) R/W
0x001C PWM Channel 4 Duty Register (PWMDTY4) R/W
0x001D PWM Channel 5 Duty Register (PWMDTY5) R/W
0x001E | PWM Shutdown Register (PWMSDN) R/W

A 0N =

PWMTST is intended for factory test purposes only.
PWMPRSC is intended for factory test purposes only.
PWMSCNTA is intended for factory test purposes only.
PWMSCNTB is intended for factory test purposes only.
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Register Descriptions

Chapter 12 Pulse-Width Modulator (PWM8B6CV1)

Thefollowing paragraphs describe in detail all the registers and register bitsin the PWM8B6CV 1 module.

Register
Name

PWME

PWMPOL

PWMCLK

PWMPRCLK

PWMCAE

PWMCTL

PWMTST

PWMPRSC

PWMSCLA

PWMSCLB

PWMSCNTA

PWMSCNTB

PWMCNTO

PWMCNT1

PWMCNT2

S3 =1

S3 =1

S31 =3 £S31 ST S 23 =2 23T =TT =TT =T

Bit7 6 5 4 3 2 1 Bit 0
0 0
PWMES PWME4 PWMES3 PWME2 PWME1 PWMEO
0 0
PPOL5 PPOL4 PPOL3 PPOL2 PPOLA1 PPOLO
0 0
PCLK5 PCLK4 PCLK3 PCLK2 PCLK1 PCLKO
0 0
PCKB2 PCKB1 PCKBO PCKA2 PCKA1 PCKAO
0 0
CAE5 CAE4 CAE2 CAE2 CAE1 CAEO
0 0 0
CON45 CON23 CONO1 PSWAI PFRZ
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0

I:l = Unimplemented or Reserved

Figure 12-2. PWM Register Summary
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Register Bit 7 6 5 4 3 2 1 Bit 0
Name
PWMCNT3 R|[ Bit7 6 5 4 3 2 1 Bit 0
W 0 0 0 0 0 0 0 0
PWMCNT4 R|[ Bit7 6 5 4 3 2 1 Bit0
W 0 0 0 0 0 0 0 0
PWMCNT5 R|[ Bit7 6 5 4 3 2 1 Bit0
W 0 0 0 0 0 0 0 0
PWMPERO — R| g4 6 5 4 3 2 1 Bit 0
W
PWMPER1 R , .
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMPER2 R _ .
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMPERS — RI g5 6 5 4 3 2 1 Bit 0
W
PWMPER4 R , .
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMPER5 R _ .
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMDTYO — R| g 6 5 4 3 2 1 Bit 0
W
PWMPER1 R , .
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMPER2 R _ .
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMPERS — R| gy 6 5 4 3 2 1 Bit 0
W
PWMPER4 R , .
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMPER5 R _ .
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMSDB R 0 0 PWM5IN
w| PWMIF | PWMIE e f PWMLVL PWMSINL | PWMSENA

|:| = Unimplemented or Reserved

Figure 12-2. PWM Register Summary (continued)
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12.3.2.1 PWM Enable Register (PWME)

Each PWM channel has an enable bit (PWMEX) to start its waveform output. When any of the PWMEX
bitsare set (PWMEX = 1), the associated PWM output is enabled immediately. However, the actual PWM
waveform is not available on the associated PWM output until its clock source beginsits next cycle due
to the synchronization of PWMEX and the clock source.

NOTE
The first PWM cycle after enabling the channel can beirregular.
An exception to thisiswhen channels are concatenated. After concatenated modeis enabled (CONxx bits
setin PWMCTL register), enabling/disabling the corresponding 16-bit PWM channel is controlled by the

low-order PWMEX bit. In this case, the high-order bytes PWMEX bits have no effect and their
corresponding PWM output lines are disabled.

Whilein run mode, if all six PWM channels are disabled (PWMES-PWMEQ = 0), the prescaler counter
shuts off for power savings.

5 4 3 2 1 0
R 0 0
PWMES5 PWME4 PWMES PWME2 PWME1 PWMEO
w
Reset 0 0 0 0 0 0 0 0

I:l: Unimplemented or Reserved

Figure 12-3. PWM Enable Register (PWME)
Read: anytime
Write: anytime
Table 12-2. PWME Field Descriptions

Field Description

5 Pulse Width Channel 5 Enable

PWMES5 |0 Pulse width channel 5 is disabled.

1 Pulse width channel 5 is enabled. The pulse modulated signal becomes available at PWM,output bit 5 when
its clock source begins its next cycle.

4 Pulse Width Channel 4 Enable

PWME4 |0 Pulse width channel 4 is disabled.

1 Pulse width channel 4 is enabled. The pulse modulated signal becomes available at PWM, output bit 4 when
its clock source begins its next cycle. If CON45 = 1, then bit has no effect and PWM output line 4 is disabled.

3 Pulse Width Channel 3 Enable

PWMES3 |0 Pulse width channel 3 is disabled.

1 Pulse width channel 3 is enabled. The pulse modulated signal becomes available at PWM, output bit 3 when
its clock source begins its next cycle.

2 Pulse Width Channel 2 Enable

PWME2 |0 Pulse width channel 2 is disabled.

1 Pulse width channel 2 is enabled. The pulse modulated signal becomes available at PWM, output bit 2 when
its clock source begins its next cycle. If CON23 = 1, then bit has no effect and PWM output line 2 is disabled.
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Table 12-2. PWME Field Descriptions (continued)

Field Description

1 Pulse Width Channel 1 Enable
PWMEH1 0 Pulse width channel 1 is disabled.
1 Pulse width channel 1 is enabled. The pulse modulated signal becomes available at PWM, output bit 1 when
its clock source begins its next cycle.

0 Pulse Width Channel 0 Enable

PWMEO |0 Pulse width channel 0 is disabled.

1 Pulse width channel 0 is enabled. The pulse modulated signal becomes available at PWM, output bit 0 when
its clock source begins its next cycle. If CONO1 = 1, then bit has no effect and PWM output line 0 is disabled.

12.3.2.2 PWM Polarity Register (PWMPOL)

The starting polarity of each PWM channel waveform is determined by the associated PPOLX bit in the

PWMPOL register. If the polarity bit is 1, the PWM channel output is high at the beginning of the cycle
and then goes low when the duty count isreached. Conversely, if the polarity bit is 0 the output starts low
and then goes high when the duty count is reached.

5 4 3 2 1 0
R 0 0
W PPOL5 PPOL4 PPOL3 PPOL2 PPOL1 PPOLO
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 12-4. PWM Polarity Register (PWMPOL)
Read: anytime
Write: anytime
NOTE

PPOL X register bits can be written anytime. If the polarity is changed while
aPWM signal is being generated, a truncated or stretched pulse can occur
during the transition

Table 12-3. PWMPOL Field Descriptions

Field Description

5 Pulse Width Channel 5 Polarity
PPOL5 0 PWM channel 5 output is low at the beginning of the period, then goes high when the duty count is reached.
1 PWM channel 5 output is high at the beginning of the period, then goes low when the duty count is reached.

4 Pulse Width Channel 4 Polarity
PPOL4 0 PWM channel 4 output is low at the beginning of the period, then goes high when the duty count is reached.
1 PWM channel 4 output is high at the beginning of the period, then goes low when the duty count is reached.

3 Pulse Width Channel 3 Polarity
PPOL3 0 PWM channel 3 output is low at the beginning of the period, then goes high when the duty count is reached.
1 PWM channel 3 output is high at the beginning of the period, then goes low when the duty count is reached.
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Table 12-3. PWMPOL Field Descriptions (continued)

Field Description

2 Pulse Width Channel 2 Polarity
PPOL2 0 PWM channel 2 output is low at the beginning of the period, then goes high when the duty count is reached.
1 PWM channel 2 output is high at the beginning of the period, then goes low when the duty count is reached.

1 Pulse Width Channel 1 Polarity
PPOLA1 0 PWM channel 1 output is low at the beginning of the period, then goes high when the duty count is reached.
1 PWM channel 1 output is high at the beginning of the period, then goes low when the duty count is reached.

0 Pulse Width Channel 0 Polarity
PPOLO 0 PWM channel 0 output is low at the beginning of the period, then goes high when the duty count is reached
1 PWM channel 0 output is high at the beginning of the period, then goes low when the duty count is reached.

12.3.2.3 PWM Clock Select Register (PWMCLK)

Each PWM channel has a choice of two clocks to use as the clock source for that channel as described
below.

7 6 5 4 3 2 1 0
R 0 0
W PCLK5 PCLK4 PCLK3 PCLK2 PCLK1 PCLKO
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 12-5. PWM Clock Select Register (PWMCLK)
Read: anytime
Write: anytime

NOTE

Register bits PCLKO to PCLK5 can be written anytime. If aclock select is
changed while a PWM signal is being generated, a truncated or stretched
pulse can occur during the transition.

Table 12-4. PWMCLK Field Descriptions

Field Description

5 Pulse Width Channel 5 Clock Select
PCLK5 0 Clock A is the clock source for PWM channel 5.
1 Clock SA is the clock source for PWM channel 5.

4 Pulse Width Channel 4 Clock Select
PCLK4 0 Clock A is the clock source for PWM channel 4.
1 Clock SA is the clock source for PWM channel 4.

3 Pulse Width Channel 3 Clock Select
PCLK3 0 Clock B is the clock source for PWM channel 3.
1 Clock SB is the clock source for PWM channel 3.
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Table 12-4. PWMCLK Field Descriptions (continued)

Field Description

2 Pulse Width Channel 2 Clock Select
PCLK2 0 Clock B is the clock source for PWM channel 2.
1 Clock SB is the clock source for PWM channel 2.

1 Pulse Width Channel 1 Clock Select
PCLK1 0 Clock A is the clock source for PWM channel 1.
1 Clock SA is the clock source for PWM channel 1.

0 Pulse Width Channel 0 Clock Select
PCLKO 0 Clock A is the clock source for PWM channel 0.
1 Clock SA is the clock source for PWM channel 0.

12.3.2.4 PWM Prescale Clock Select Register (PWMPRCLK)

This register selects the prescale clock source for clocks A and B independently.

6 5 4 2 1 0
R 0 0
W PCKB2 PCKB1 PCKBO PCKA2 PCKA1 PCKAO
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 12-6. PWM Prescaler Clock Select Register (PWMPRCLK)
Read: anytime
Write: anytime

NOTE

PCKB2-PCKBO0 and PCK A2-PCKAQ register bits can be written anytime.
If the clock prescale is changed while a PWM signal is being generated, a
truncated or stretched pulse can occur during the transition.

Table 12-5. PWMPRCLK Field Descriptions

Field Description

6:5 Prescaler Select for Clock B — Clock B is 1 of two clock sources which can be used for channels 2 or 3. These
PCKBJ[2:0] |three bits determine the rate of clock B, as shown in Table 12-6.

2:0 Prescaler Select for Clock A — Clock A is 1 of two clock sources which can be used for channels 0, 1, 4, or 5.
PCKA[2:0] | These three bits determine the rate of clock A, as shown in Table 12-7.
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Table 12-6. Clock B Prescaler Selects

PCKB2 PCKB1 PCKBO Value of Clock B
0 0 0 Bus Clock
0 0 1 Bus Clock / 2
0 1 0 Bus Clock / 4
0 1 1 Bus Clock / 8
1 0 0 Bus Clock / 16
1 0 1 Bus Clock / 32
1 1 0 Bus Clock / 64
1 1 1 Bus Clock / 128

Table 12-7. Clock A Prescaler Selects

PCKA2 PCKA1 PCKAO Value of Clock A
0 0 0 Bus Clock
0 0 1 Bus Clock / 2
0 1 0 Bus Clock / 4
0 1 1 Bus Clock / 8
1 0 0 Bus Clock / 16
1 0 1 Bus Clock / 32
1 1 0 Bus Clock / 64
1 1 1 Bus Clock / 128

12.3.2.5 PWM Center Align Enable Register (PWMCAE)

The PWMCAE register contains six control bits for the selection of center aligned outputs or |eft aligned
outputsfor each PWM channel. If the CAEX hit isset to a1, the corresponding PWM output will be center
aligned. If the CAEX bit is cleared, the corresponding PWM output will be left aligned. Reference
Section 12.4.2.5, “Left Aligned Outputs,” and Section 12.4.2.6, “ Center Aligned Outputs,” for amore
detailed description of the PWM output modes.

6 5 4 3 2 1 0
R 0 0
W CAE5 CAE4 CAE3 CAE2 CAE1 CAEO
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 12-7. PWM Center Align Enable Register (PWMCAE)
Read: anytime
Write: anytime
NOTE
Write these bits only when the corresponding channel is disabled.
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Table 12-8. PWMCAE Field Descriptions

Field Description

5 Center Aligned Output Mode on Channel 5
CAE5 0 Channel 5 operates in left aligned output mode.
1 Channel 5 operates in center aligned output mode.

4 Center Aligned Output Mode on Channel 4
CAE4 0 Channel 4 operates in left aligned output mode.
1 Channel 4 operates in center aligned output mode.

3 Center Aligned Output Mode on Channel 3
CAE3 1 Channel 3 operates in left aligned output mode.
1 Channel 3 operates in center aligned output mode.

2 Center Aligned Output Mode on Channel 2
CAE2 0 Channel 2 operates in left aligned output mode.
1 Channel 2 operates in center aligned output mode.

1 Center Aligned Output Mode on Channel 1
CAE1 0 Channel 1 operates in left aligned output mode.
1 Channel 1 operates in center aligned output mode.

0 Center Aligned Output Mode on Channel 0
CAEO 0 Channel 0 operates in left aligned output mode.
1 Channel 0 operates in center aligned output mode.

12.3.2.6 PWM Control Register (PWMCTL)
The PWMCTL register provides for various control of the PWM module.

7 6 5 4 3 2 0
R 0 0 0
CON45 CON23 CONO1 PSWAI PFRZ
w
Reset 0 0 0 0 0 0 0 0

I:l: Unimplemented or Reserved

Figure 12-8. PWM Control Register (PWMCTL)
Read: anytime
Write: anytime

Therearethree control bitsfor concatenation, each of whichisused to concatenateapair of PWM channels
into one 16-bit channel. When channels 4 and 5 are concatenated, channel 4 registers become the
high-order bytes of the double-byte channel. When channels 2 and 3 are concatenated, channel 2 registers
become the high-order bytes of the double-byte channel. When channels 0 and 1 are concatenated,
channel 0 registers become the high-order bytes of the double-byte channel.
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Reference Section 12.4.2.7, “PWM 16-Bit Functions,” for amore detailed description of the concatenation
PWM function.

NOTE
Change these bits only when both corresponding channels are disabled.

Table 12-9. PWMCTL Field Descriptions

Field Description
6 Concatenate Channels 4 and 5
CON45 0 Channels 4 and 5 are separate 8-bit PWMs.
1 Channels 4 and 5 are concatenated to create one 16-bit PWM channel. Channel 4 becomes the high-order
byte and channel 5 becomes the low-order byte. Channel 5 output pin is used as the output for this 16-bit PWM
(bit 5 of port PWMP). Channel 5 clock select control bit determines the clock source, channel 5 polarity bit
determines the polarity, channel 5 enable bit enables the output and channel 5 center aligned enable bit
determines the output mode.
5 Concatenate Channels 2 and 3
CONZ23 0 Channels 2 and 3 are separate 8-bit PWMs.
1 Channels 2 and 3 are concatenated to create one 16-bit PWM channel. Channel 2 becomes the high-order
byte and channel 3 becomes the low-order byte. Channel 3 output pin is used as the output for this 16-bit PWM
(bit 3 of port PWMP). Channel 3 clock select control bit determines the clock source, channel 3 polarity bit
determines the polarity, channel 3 enable bit enables the output and channel 3 center aligned enable bit
determines the output mode.
4 Concatenate Channels 0 and 1
CONO1 0 Channels 0 and 1 are separate 8-bit PWMs.
1 Channels 0 and 1 are concatenated to create one 16-bit PWM channel. Channel 0 becomes the high-order
byte and channel 1 becomes the low-order byte. Channel 1 output pin is used as the output for this 16-bit PWM
(bit 1 of port PWMP). Channel 1 clock select control bit determines the clock source, channel 1 polarity bit
determines the polarity, channel 1 enable bit enables the output and channel 1 center aligned enable bit
determines the output mode.
3 PWM Stops in Wait Mode — Enabling this bit allows for lower power consumption in wait mode by disabling the
PSWAI input clock to the prescaler.
0 Allow the clock to the prescaler to continue while in wait mode.
1 Stop the input clock to the prescaler whenever the MCU is in wait mode.
2 PWM Counters Stop in Freeze Mode — In freeze mode, there is an option to disable the input clock to the
PFRZ prescaler by setting the PFRZ bit in the PWMCTL register. If this bit is set, whenever the MCU is in freeze mode

the input clock to the prescaler is disabled. This feature is useful during emulation as it allows the PWM function
to be suspended. In this way, the counters of the PWM can be stopped while in freeze mode so that after normal
program flow is continued, the counters are re-enabled to simulate real-time operations. Because the registers

remain accessible in this mode, to re-enable the prescaler clock, either disable the PFRZ bit or exit freeze mode.
0 Allow PWM to continue while in freeze mode.

1 Disable PWM input clock to the prescaler whenever the part is in freeze mode. This is useful for emulation.
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12.3.2.7 Reserved Register (PWMTST)
Thisregister isreserved for factory testing of the PWM module and is not available in normal modes.

R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 12-9. Reserved Register (PWMTST)

Read: always read 0x0000 in normal modes
Write: unimplemented in normal modes

NOTE

Writing to this register when in special modes can alter the PWM
functionality.

12.3.2.8 Reserved Register (PWMPRSC)
Thisregister isreserved for factory testing of the PWM module and is not available in norma modes.

R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 12-10. Reserved Register (PWMPRSC)

Read: always read 0x0000 in normal modes
Write: unimplemented in normal modes

NOTE

Writing to this register when in special modes can alter the PWM
functionality.
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12.3.2.9 PWM Scale A Register (PWMSCLA)

PWMSCLA isthe programmable scale value used in scaling clock A to generate clock SA. Clock SA is
generated by taking clock A, dividing it by the value in the PWM SCLA register and dividing that by two.

Clock SA = Clock A / (2 * PWMSCLA)

NOTE

When PWMSCLA = 0x0000, PWMSCLA valueis considered afull scale
value of 256. Clock A isthusdivided by 512.

Any value written to this register will cause the scale counter to load the new scale value (PWMSCLA).

7 6 5 4 3 2 1 0
R
Bit7 6 5 4 3 2 1 Bit O
w
Reset 0 0 0 0 0 0 0 0
Figure 12-11. PWM Scale A Register (PWMSCLA)
Read: anytime

Write: anytime (causes the scale counter to load the PWM SCLA value)

12.3.2.10 PWM Scale B Register (PWMSCLB)

PWMSCLB is the programmable scale value used in scaling clock B to generate clock SB. Clock SB is
generated by taking clock B, dividing it by the value in the PWM SCLB register and dividing that by two.

Clock SB = Clock B/ (2* PWMSCLB)

NOTE

When PWMSCLB = 0x0000, PWM SCLB valueis considered afull scale
value of 256. Clock B isthus divided by 512.

Any value written to this register will cause the scale counter to load the new scale value (PWMSCLB).

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0
Figure 12-12. PWM Scale B Register (PWMSCLB)
Read: anytime

Write: anytime (causes the scale counter to load the PWM SCLB value).
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12.3.2.11 Reserved Registers (PWMSCNTX)

The registers PWMSCNTA and PWMSCNTB are reserved for factory testing of the PWM module and

are not available in normal modes.

R 0 0 0 0 0 0

w
Reset 0 0 0 0 0 0

|:|= Unimplemented or Reserved
Figure 12-13. Reserved Register (PWMSCNTA)

7 6 4 0
R 0 0 0 0 0 0

w
Reset 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 12-14. Reserved Register (PWMSCNTB)

Read: always read 0x0000 in normal modes
Write: unimplemented in normal modes
NOTE

Writing to these registers when in special modes can alter the PWM

functionality.
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12.3.2.12 PWM Channel Counter Registers (PWMCNTX)

Each channel has a dedicated 8-bit up/down counter which runs at the rate of the selected clock source.
The counter can be read at any time without affecting the count or the operation of the PWM channel. In
left aligned output mode, the counter countsfrom O to the value in the period register — 1. In center aligned
output mode, the counter counts from O up to the value in the period register and then back down to 0.

Any value written to the counter causes the counter to reset to 0x0000, the counter direction to be set to
up, the immediate load of both duty and period registers with values from the buffers, and the output to
change according to the polarity bit. The counter is also cleared at the end of the effective period (see
Section 12.4.2.5, “Left Aligned Outputs,” and Section 12.4.2.6, “ Center Aligned Outputs,” for more
details). When the channel is disabled (PWMEXx = 0), the PWMCNTX register does not count. When a
channel becomes enabled (PWMEX = 1), the associated PWM counter starts at the count in the
PWMCNTX register. For more detailed information on the operation of the counters, reference

Section 12.4.2.4, “PWM Timer Counters.”

In concatenated mode, writes to the 16-bit counter by using a 16-bit access or writes to either the low- or
high-order byte of the counter will reset the 16-bit counter. Reads of the 16-bit counter must be made by
16-bit access to maintain data coherency.

NOTE

Writing to the counter while the channel is enabled can cause an irregular
PWM cycle to occur.

7 6 5 4 3 2 1 0
R Bit 7 6 5 4 3 2 1 Bit 0
W 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0
Figure 12-15. PWM Channel Counter Registers (PWMCNTO)
7 6 5 4 3 2 1 0
R Bit 7 6 5 4 3 2 1 Bit 0
W 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0
Figure 12-16. PWM Channel Counter Registers (PWMCNT1)
7 6 5 4 3 2 1 0
R Bit 7 6 5 4 3 2 1 Bit 0
W 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0

Figure 12-17. PWM Channel Counter Registers (PWMCNT2)

MC9S12E256 Data Sheet, Rev. 1.08

Freescale Semiconductor 393



Chapter 12 Pulse-Width Modulator (PWM8B6CV1)

7 6 5 4 3 2 1 0
R Bit 7 6 5 4 3 2 1 Bit 0
W 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0
Figure 12-18. PWM Channel Counter Registers (PWMCNT3)
7 6 5 4 3 2 1 0
R Bit 7 6 5 4 3 2 1 Bit 0
W 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0
Figure 12-19. PWM Channel Counter Registers (PWMCNT4)
7 6 5 4 3 2 1 0
R Bit 7 6 5 4 3 2 1 Bit 0
W 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0
Figure 12-20. PWM Channel Counter Registers (PWMCNT5)
Read: anytime

Write: anytime (any value written causes PWM counter to be reset to 0x0000).

12.3.2.13 PWM Channel Period Registers (PWMPERX)

Thereis adedicated period register for each channel. The value in this register determines the period of
the associated PWM channel.

The period registers for each channel are double buffered so that if they change while the channel is
enabled, the change will NOT take effect until one of the following occurs:

* The effective period ends

* The counter iswritten (counter resets to 0x0000)

* Thechannel isdisabled
Inthisway, the output of the PWM will always be either the old waveform or the new waveform, not some
variation in between. If the channel is not enabled, then writes to the period register will go directly to the
latches aswell as the buffer.

NOTE

Reads of this register return the most recent value written. Reads do not
necessarily return the value of the currently active period due to the double
buffering scheme.

Reference Section 12.4.2.3, “PWM Period and Duty,” for more information.
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To calculate the output period, take the selected clock source period for the channel of interest (A, B, SA,
or SB) and multiply it by the value in the period register for that channel:

» Left aligned output (CAEX =0)
*  PWMXx period = channel clock period * PWMPERX center aligned output (CAEx = 1)
*  PWNMX period = channel clock period * (2 * PWMPERX)

For boundary case programming values, please refer to Section 12.4.2.8, “PWM Boundary Cases.”

7 6 5 4 0
R
Bit 7 6 5 4 Bit 0
w
Reset 0 0 0 0 0
Figure 12-21. PWM Channel Period Registers (PWMPERO)
7 6 5 4 0
R
Bit 7 6 5 4 Bit 0
w
Reset 0 0 0 0 0
Figure 12-22. PWM Channel Period Registers (PWMPER1)
7 6 5 4 0
R
Bit 7 6 5 4 Bit 0
w
Reset 0 0 0 0 0
Figure 12-23. PWM Channel Period Registers (PWMPERZ2)
7 6 5 4 0
R
Bit 7 6 5 4 Bit 0
w
Reset 0 0 0 0 0
Figure 12-24. PWM Channel Period Registers (PWMPER3)
7 6 5 4 0
R
Bit 7 6 5 4 Bit 0
w
Reset 0 0 0 0 0

Figure 12-25. PWM Channel Period Registers (PWMPER4)
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7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
w
Reset 0 0 0 0 0 0 0 0
Figure 12-26. PWM Channel Period Registers (PWMPER5)
Read: anytime

Write: anytime

12.3.2.14 PWM Channel Duty Registers (PWMDTYXx)

Thereis adedicated duty register for each channel. The valuein this register determines the duty of the
associated PWM channel. The duty value is compared to the counter and if it is equal to the counter value
amatch occurs and the output changes state.

Theduty registersfor each channel are double buffered so that if they change while the channel isenabled,
the change will NOT take effect until one of the following occurs:

* The effective period ends

* The counter iswritten (counter resets to 0x0000)

* Thechanndl isdisabled

Inthisway, the output of the PWM will always be either the old duty waveform or the new duty waveform,
not some variation in between. If the channel isnot enabled, then writesto the duty register will go directly
to the latches as well asthe buffer.

NOTE

Reads of this register return the most recent value written. Reads do not
necessarily return the value of the currently active duty due to the double
buffering scheme.

Reference Section 12.4.2.3, “PWM Period and Duty,” for more information.

NOTE

Depending on the polarity bit, the duty registers will contain the count of
either the high time or the low time. If the polarity bit is 1, the output starts
high and then goeslow when the duty count isreached, so the duty registers
contain acount of the high time. If the polarity bit is0, the output starts low
and then goes high when the duty count is reached, so the duty registers
contain a count of the low time.

To calculate the output duty cycle (high time as a % of period) for a particular channel:
* Polarity =0 (PPOLx = 0)
Duty cycle = [(PWMPERXSPWMDTY x)/PWMPERX] * 100%
* Polarity =1 (PPOLx =1)
Duty cycle=[PWMDTY x / PWMPERX] * 100%
» For boundary case programming values, pleaserefer to Section 12.4.2.8, “PWM Boundary Cases.”

MC9S12E256 Data Sheet, Rev. 1.08

396 Freescale Semiconductor



Chapter 12 Pulse-Width Modulator (PWM8B6CV1)

R
Bit 7 6 5 4 3 2 Bit 0
w
Reset 1 1 1 1 1 1 1
Figure 12-27. PWM Channel Duty Registers (PWMDTYO)
7 6 5 4 3 2 0
R
Bit 7 6 5 4 3 2 Bit 0
w
Reset 1 1 1 1 1 1 1
Figure 12-28. PWM Channel Duty Registers (PWMDTY1)
7 6 5 4 3 2 0
R
Bit 7 6 5 4 3 2 Bit 0
w
Reset 1 1 1 1 1 1 1
Figure 12-29. PWM Channel Duty Registers (PWMDTY?2)
7 6 5 4 3 2 0
R
Bit 7 6 5 4 3 2 Bit 0
w
Reset 1 1 1 1 1 1 1
Figure 12-30. PWM Channel Duty Registers (PWMDTY3)
7 6 5 4 3 2 0
R
Bit 7 6 5 4 3 2 Bit 0
w
Reset 1 1 1 1 1 1 1
Figure 12-31. PWM Channel Duty Registers (PWMDTY4)
7 6 5 4 3 2 0
R
Bit 7 6 5 4 3 2 Bit 0
w
Reset 1 1 1 1 1 1 1
Figure 12-32. PWM Channel Duty Registers (PWMDTY5)
Read: anytime

Write: anytime
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12.3.2.15 PWM Shutdown Register (PWMSDN)
The PWMSDN register provides for the shutdown functionality of the PWM module in the emergency
cases.
7 6 5 4 3 2 1 0
R 0 0 PWMS5IN
PWMIF PWMIE PWMLVL PWMS5INL | PWM5ENA
w PWMRSTRT
Reset 0 0 0 0 0 0 0 0
|:|= Unimplemented or Reserved
Figure 12-33. PWM Shutdown Register (PWMSDN)
Read: anytime
Write: anytime
Table 12-10. PWMSDN Field Descriptions
Field Description
7 PWM Interrupt Flag — Any change from passive to asserted (active) state or from active to passive state will be
PWMIF  |flagged by setting the PWMIF flag = 1. The flag is cleared by writing a logic 1 to it. Writing a 0 has no effect.
0 No change on PWMSIN input.
1 Change on PWMSIN input
6 PWM Interrupt Enable — If interrupt is enabled an interrupt to the CPU is asserted.
PWMIE |0 PWM interrupt is disabled.
1 PWM interrupt is enabled.
5 PWM Restart — The PWM can only be restarted if the PWM channel input 5 is deasserted. After writing a logic 1
PWMRSTRT |to the PWMRSTRT bit (trigger event) the PWM channels start running after the corresponding counter passes
next “counter = 0” phase.
Also, if the PWMS5ENA bit is reset to 0, the PWM do not start before the counter passes 0x0000.
The bit is always read as 0.
4 PWM Shutdown Output Level — If active level as defined by the PWMSIN input, gets asserted all enabled PWM
PWMLVL |channels are immediately driven to the level defined by PWMLVL.
0 PWM outputs are forced to 0
1 PWM outputs are forced to 1.
2 PWM Channel 5 Input Status — This reflects the current status of the PWM5 pin.
PWMS5IN
1 PWM Shutdown Active Input Level for Channel 5 — If the emergency shutdown feature is enabled
PWMSINL [(PWMS5ENA = 1), this bit determines the active level of the PWM5 channel.
0 Active level is low
1 Active level is high
0 PWM Emergency Shutdown Enable — If this bit is logic 1 the pin associated with channel 5 is forced to input
PWMS5ENA |and the emergency shutdown feature is enabled. All the other bits in this register are meaningful only if

PWMS5ENA = 1.
0 PWM emergency feature disabled.
1 PWM emergency feature is enabled.
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12.4 Functional Description

12.4.1 PWM Clock Select

There are four available clocks called clock A, clock B, clock SA (scaled A), and clock SB (scaled B).
These four clocks are based on the bus clock.

Clock A and B can be software selected to be 1, 1/2, 1/4, 1/8,..., 1/64, 1/128 times the bus clock. Clock SA
uses clock A asan input and dividesit further with areloadable counter. Similarly, clock SB uses clock B
asan input and divides it further with areloadable counter. The rates available for clock SA are software
selectable to be clock A divided by 2, 4, 6, 8, ..., or 512 in increments of divide by 2. Similar rates are
available for clock SB. Each PWM channel has the capability of selecting one of two clocks, either the
pre-scaled clock (clock A or B) or the scaled clock (clock SA or SB).

The block diagram in Figure 12-34 shows the four different clocks and how the scaled clocks are created.

12.4.1.1 Prescale

The input clock to the PWM prescaler is the bus clock. It can be disabled whenever the part isin freeze
mode by setting the PFRZ bit in the PWMCTL register. If thisbit is set, whenever the MCU isin freeze
mode the input clock to the prescaler is disabled. Thisisuseful for emulation in order to freeze the PWM.
The input clock can also be disabled when al six PWM channels are disabled (PWMES5-PWMEQ = 0)
Thisis useful for reducing power by disabling the prescale counter.

Clock A and clock B are scaled values of the input clock. The valueis software selectable for both clock A
and clock B and has options of 1, 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, or 1/128 times the bus clock. The value
selected for clock A isdetermined by the PCKA2, PCKA1, and PCKAOQ bitsin the PWMPRCLK register.
The value selected for clock B is determined by the PCKB2, PCKB1, and PCKBO bits also in the
PWMPRCLK register.
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Figure 12-34. PWM Clock Select Block Diagram
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Chapter 12 Pulse-Width Modulator (PWM8B6CV1)

12.4.1.2 Clock Scale

The scaled A clock uses clock A as an input and dividesit further with a user programmable value and
then divides thisby 2. The scaled B clock uses clock B as an input and divides it further with a user
programmable value and then divides this by 2. The rates available for clock SA are software selectable
to be clock A divided by 2, 4, 6, 8, ..., or 512 in increments of divide by 2. Similar rates are available for
clock SB.

Clock A isused as an input to an 8-bit down counter. This down counter |oads a user programmable scale
value from the scaleregister (PWMSCLA). When the down counter reaches 1, two things happen; a pulse
isoutput and the 8-bit counter is re-loaded. The output signal from this circuit is further divided by two.

Thisgives agreater range with only aslight reduction in granularity. Clock SA equalsclock A divided by
two times the value in the PWM SCLA register.
NOTE
Clock SA =Clock A/ (2* PWMSCLA)

When PWMSCLA = 0x0000, PWMSCLA vaueis considered afull scale
value of 256. Clock A isthusdivided by 512.

Similarly, clock B isused asan input to an 8-bit down counter followed by adivide by two producing clock
SB. Thus, clock SB equals clock B divided by two times the value in the PWM SCLB register.

NOTE
Clock SB = Clock B / (2 * PWMSCLB)

When PWMSCLB = 0x0000, PWMSCLB valueis considered afull scale
value of 256. Clock B isthus divided by 512.

As an example, consider the case in which the user writes OXOOFF into the PWM SCLA register. Clock A
for this case will be bus clock divided by 4. A pulse will occur at arate of once every 255 x 4 bus cycles.
Passing this through the divide by two circuit produces a clock signal at abus clock divided by 2040 rate.
Similarly, avalue of 0x0001 in the PWM SCLA register when clock A is bus clock divided by 4 will
produce a bus clock divided by 8 rate.

Writing to PWMSCLA or PWM SCL B causes the associated 8-bit down counter to be re-loaded.
Otherwise, when changing rates the counter would have to count down to 0x0001 before counting at the
proper rate. Forcing the associated counter to re-load the scale register value every time PWMSCLA or
PWMSCLB iswritten preventsthis.

NOTE

Writing to the scale registers while channels are operating can cause
irregularities in the PWM outputs.
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12.4.1.3 Clock Select

Each PWM channel hasthe capability of selecting one of two clocks. For channels 0, 1, 4, and 5 the clock
choices are clock A or clock SA. For channels 2 and 3 the choices are clock B or clock SB. The clock
selection is done with the PCLKx control bitsin the PWMCLK register.

NOTE

Changing clock control bits while channels are operating can cause
irregularities in the PWM outputs.

12.4.2 PWM Channel Timers

Themain part of the PWM modul e are the actual timers. Each of the timer channels has a counter, aperiod
register and a duty register (each are 8 bit). The waveform output period is controlled by a match between
the period register and the valuein the counter. The duty is controlled by amatch between the duty register
and the counter value and causes the state of the output to change during the period. The starting polarity
of the output is also selectable on aper channel basis. Figure 12-35 showsablock diagram for PWM timer.

Clock Source
. From Port PWMP
GATE N 8-Bit Counter Data Register
PWMCNTX
(clock edge sync) A
Tp/down| reset 8-Bit Gompare = T | M M
PWMDTYx u UL »
ol x X | ToPin
R Driver
8-Bit Compare = A 1
PWMPERx Y
PPOLx
=U
—a T '—C< CAEx
Q
Ro——mm
PWMEXx

Figure 12-35. PWM Timer Channel Block Diagram
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12.4.2.1 PWM Enable

Each PWM channel has an enable bit (PWMEX) to start its waveform output. When any of the PWMEX
bitsare set (PWMEX = 1), the associated PWM output signal is enabled immediately. However, the actual
PWM waveform is not available on the associated PWM output until its clock source beginsits next cycle
due to the synchronization of PWMEx and the clock source. An exception to thisis when channels are
concatenated. Refer to Section 12.4.2.7, “PWM 16-Bit Functions,” for more detail.

NOTE
The first PWM cycle after enabling the channel can be irregular.
Onthefront end of the PWM timer, the clock isenabled to the PWM circuit by the PWMEX bit being high.

There is an edge-synchronizing circuit to guarantee that the clock will only be enabled or disabled at an
edge. When the channel is disabled (PWMEXx = 0), the counter for the channel does not count.

12.4.22 PWM Polarity

Each channel hasapolarity bit to allow starting awaveform cyclewith ahigh or low signal. Thisis shown
on the block diagram as amux select of either the Q output or the Q output of the PWM outpuit flip-flop.
When one of the bitsin the PWMPOL register is set, the associated PWM channel output is high at the
beginning of the waveform, then goes low when the duty count is reached. Conversely, if the polarity bit
is 0, the output starts low and then goes high when the duty count is reached.

12.4.2.3 PWM Period and Duty
Dedicated period and duty registers exist for each channel and are double buffered so that if they change
while the channel is enabled, the change will NOT take effect until one of the following occurs:
* The effective period ends
* The counter iswritten (counter resets to 0x0000)
* Thechannel isdisabled
Inthisway, the output of the PWM will always be either the old waveform or the new waveform, not some

variation in between. If the channel is not enabled, then writes to the period and duty registers will go
directly to the latches as well asthe buffer.

A changein duty or period can be forced into effect “immediately” by writing the new value to the duty
and/or period registers and then writing to the counter. This forces the counter to reset and the new duty
and/or period valuesto belatched. In addition, because the counter isreadableit is possible to know where
the count is with respect to the duty value and software can be used to make adjustments.

NOTE

When forcing anew period or duty into effect immediately, an irregular
PWM cycle can occur.

Depending on the polarity bit, the duty registers will contain the count of
either the high time or the low time.
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12.4.2.4 PWM Timer Counters

Each channel has a dedicated 8-bit up/down counter which runs at the rate of the selected clock source
(reference Figure 12-34 for the available clock sources and rates). The counter compares to two registers,
aduty register and a period register as shown in Figure 12-35. When the PWM counter matches the duty
register the output flip-flop changes state causing the PWM waveform to also change state. A match
between the PWM counter and the period register behaves differently depending on what output mode is
selected as shown in Figure 12-35 and described in Section 12.4.2.5, “Left Aligned Outputs,” and
Section 12.4.2.6, “Center Aligned Outputs.”

Each channel counter can be read at anytime without affecting the count or the operation of the PWM
channel.

Any value written to the counter causes the counter to reset to 0x0000, the counter direction to be set to
up, the immediate load of both duty and period registers with values from the buffers, and the output to
change according to the polarity bit. When the channel is disabled (PWMEXx = 0), the counter stops. When
achannel becomes enabled (PWMEX = 1), the associated PWM counter continues from the count in the
PWMCNTX register. This allows the waveform to resume when the channel is re-enabled. When the
channel is disabled, writing O to the period register will cause the counter to reset on the next selected
clock.

NOTE

If the user wants to start a new “clean” PWM waveform without any
“history” from the old waveform, the user must write to channel counter
(PWMCNTX) prior to enabling the PWM channel (PWMEX = 1).

Generally, writesto the counter are done prior to enabling achannel to start from aknown state. However,
writing a counter can also be done while the PWM channel is enabled (counting). The effect issimilar to
writing the counter when the channel is disabled except that the new period is started immediately with the
output set according to the polarity bit.

NOTE

Writing to the counter while the channel is enabled can cause an irregular
PWM cycle to occur.

The counter iscleared at the end of the effective period (see Section 12.4.2.5, “ Left Aligned Outputs,” and
Section 12.4.2.6, “Center Aligned Outputs,” for more details).

Table 12-11. PWM Timer Counter Conditions

Counter Clears (0x0000) Counter Counts Counter Stops
When PWMCNTXx register When PWM channel is When PWM channel is
written to any value enabled (PWMEx =1). Counts | disabled (PWMEx = 0)

from last value in PWMCNTX.
Effective period ends
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12.4.2.5 Left Aligned Outputs

The PWM timer provides the choice of two types of outputs, |eft aligned or center aligned outputs. They
are selected with the CAEX bitsin the PWMCAE register. If the CAEX bit iscleared (CAEX = 0), the
corresponding PWM output will be left aligned.

In left aligned output mode, the 8-bit counter is configured as an up counter only. It compares to two
registers, aduty register and a period register as shown in the block diagram in Figure 12-35. When the
PWM counter matches the duty register the output flip-flop changes state causing the PWM waveform to
also change state. A match between the PWM counter and the period register resets the counter and the
output flip-flop as shown in Figure 12-35 as well as performing aload from the double buffer period and
duty register to the associated registers as described in Section 12.4.2.3, “PWM Period and Duty.” The
counter counts from 0 to the value in the period register — 1.

NOTE

Changing the PWM output mode from left aligned output to center aligned
output (or vice versa) while channels are operating can cause irregularities
in the PWM output. It is recommended to program the output mode before
enabling the PWM channel.

PPOLx =0

PPOLx=1 ___|

PWMDTYx

€ '

Period = PWMPERX

Y

Figure 12-36. PWM Left Alighed Output Waveform

To calculate the output frequency in left aligned output mode for a particular channel, take the selected
clock source frequency for the channel (A, B, SA, or SB) and divide it by the value in the period register
for that channel.
*  PWMx frequency = clock (A, B, SA, or SB) / PWMPERX
*  PWMXx duty cycle (high time as a% of period):
— Polarity =0 (PPOLx = 0)
Duty cycle = [(PWMPERX-PWMDTY x)/PWMPERX] * 100%
— Polarity =1 (PPOLx = 1)
Duty cycle= [PWMDTYx / PWMPERX] * 100%

As an example of aleft aligned output, consider the following case:
Clock source = bus clock, where bus clock = 10 MHz (100 ns period)

PPOLXx =0
PWMPERX = 4
PWMDTYx =1

PWMx frequency = 10 MHz/4 = 2.5 MHz
PWMx period = 400 ns
PWMx duty cycle = 3/4 *100% = 75%
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Shown below is the output waveform generated.

E =100 ns | | |

| |
<«—— DUTYCYCLE =75% ———

A

| |
Figure 12-37. PWM Left Aligned Output Example Waveform

! |
PERIOD = 400 ns >
[

12.4.2.6 Center Aligned Outputs

For center aligned output mode selection, set the CAEXx bit (CAEx = 1) in the PWMCAE register and the
corresponding PWM output will be center aligned.

The 8-bit counter operates as an up/down counter in this mode and is set to up whenever the counter is
equal to 0x0000. The counter compares to two registers, aduty register and a period register as shown in
the block diagram in Figure 12-35. When the PWM counter matches the duty register the output flip-flop
changes state causing the PWM waveform to also change state. A match between the PWM counter and
the period register changes the counter direction from an up-count to a down-count. When the PWM
counter decrements and matches the duty register again, the output flip-flop changes state causing the
PWM output to aso change state. When the PWM counter decrements and reaches 0, the counter direction
changes from a down-count back to an up-count and aload from the double buffer period and duty
registers to the associated registersis performed as described in Section 12.4.2.3, “PWM Period and
Duty.” The counter counts from O up to the value in the period register and then back down to 0. Thus the
effective period is PWMPERX* 2.

NOTE

Changing the PWM output mode from left aligned output to center aligned
output (or vice versa) while channels are operating can cause irregularities
in the PWM output. It is recommended to program the output mode before
enabling the PWM channel.

PPOLX = 0 i
|
PPOLX = 1 |
PWMDTYx | | PWMDTYx
<« PWMPERx >: < PWMPERX—— »|
- Period = PWMPERXx*2

Figure 12-38. PWM Center Aligned Output Waveform
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To calculate the output frequency in center aligned output mode for a particular channel, take the selected
clock source frequency for the channel (A, B, SA, or SB) and divide it by twice the value in the period
register for that channel.

PWMXx frequency = clock (A, B, SA, or SB) / (2* PWMPERX)
*  PWMXx duty cycle (high time as a% of period):
— Polarity =0 (PPOLx = 0)
Duty cycle = [(PWMPERXx-PWMDTY x)/PWMPERX] * 100%
— Polarity =1 (PPOLx = 1)
Duty cycle= [PWMDTYx / PWMPERX] * 100%
As an example of a center aligned output, consider the following case:
Clock source = bus clock, where bus clock = 10 MHz (100 ns period)

PPOLx =0
PWMPERXx = 4
PWMDTYx =1

PWMx frequency = 10 MHz/8 = 1.25 MHz
PWMx period = 800 ns
PWMx duty cycle = 3/4 *100% = 75%

Shown below is the output waveform generated.

; ; E =100ns
| | I
i |
| Il
1 T
| |

E =100 ns

<

A

\

DUTY CYCLE = 75%
PERIOD = 800 ns

A
\i

Figure 12-39. PWM Center AI'igned Output Example Waveform

12.4.2.7 PWM 16-Bit Functions

The PWM timer also has the option of generating 6-channels of 8-bits or 3-channels of 16-bitsfor greater
PWM resolution} . This 16-bit channel option is achieved through the concatenation of two 8-bit channels.

The PWMCTL register contains three control bits, each of which is used to concatenate a pair of PWM
channelsinto one 16-bit channel. Channels 4 and 5 are concatenated with the CON45 bit, channels2 and 3
are concatenated with the CON23 bit, and channels 0 and 1 are concatenated with the CONO1 bit.

NOTE
Change these bits only when both corresponding channels are disabled.
When channels 4 and 5 are concatenated, channel 4 registers become the high-order bytes of the double
byte channel as shown in Figure 12-40. Similarly, when channels 2 and 3 are concatenated, channel 2

registers become the high-order bytes of the double byte channel. When channels0 and 1 are concatenated,
channel 0 registers become the high-order bytes of the double byte channel.
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Clock Source 5

Y High Y Low
PWMCNT4 > PWCNT5
Period/Duty Compare — PWM5
Clock Source 3
Y High Y Low
PWMCNT2 > PWCNT3
Period/Duty Compare > PWM3
Clock Source 1
y High Y Low
PWMCNTO > PWCNT1
Period/Duty Compare > PWMI1

Figure 12-40. PWM 16-Bit Mode

When using the 16-bit concatenated mode, the clock source is determined by the low-order 8-bit channel
clock select control bits. That is channel 5 when channels 4 and 5 are concatenated, channel 3 when
channels 2 and 3 are concatenated, and channel 1 when channels 0 and 1 are concatenated. The resulting
PWM is output to the pins of the corresponding low-order 8-bit channel as also shown in Figure 12-40.
The polarity of the resulting PWM output is controlled by the PPOLX bit of the corresponding low-order
8-hit channel as well.

After concatenated mode is enabled (CONXxx bits set in PWMCTL register), enabling/disabling the
corresponding 16-bit PWM channel iscontrolled by the low-order PWMEX bit. In this case, the high-order
bytes PWMEX hits have no effect and their corresponding PWM output is disabled.

In concatenated mode, writes to the 16-bit counter by using a 16-bit access or writes to either the low or
high-order byte of the counter will reset the 16-bit counter. Reads of the 16-bit counter must be made by
16-bit access to maintain data coherency.

Either |eft aligned or center aligned output mode can be used in concatenated mode and is controlled by
the low-order CAEX bit. The high-order CAEX bit has no effect.
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Table 12-12 is used to summarize which channels are used to set the various control bits when in 16-bit
mode.

Table 12-12. 16-bit Concatenation Mode Summary

CONXxx PWMEX PPOLx PCLKx CAEXx PWNMx Output

CON45 PWMES PPOL5 PCLK5 CAE5 PWM5
CONZ23 PWMES PPOL3 PCLK3 CAE3 PWM3
CONO1 PWME1 PPOL1 PCLK1 CAE1 PWM1

12.4.2.8 PWM Boundary Cases

Table 12-13 summarizes the boundary conditionsfor the PWM regardless of the output mode (left aligned
or center aligned) and 8-bit (normal) or 16-bit (concatenation):

Table 12-13. PWM Boundary Cases

PWMDTYx PWMPERXx PPOLx PWMx Output
0x0000 >0x0000 1 Always Low
(indicates no duty)
0x0000 >0x0000 0 Always High
(indicates no duty)
XX 0x0000' 1 Always High
(indicates no period)
XX 0x0000° 0 Always Low
(indicates no period)
>= PWMPERXx XX 1 Always High
>= PWMPERX XX 0 Always Low

1 Counter = 0x0000 and does not count.

12.5 Resets

The reset state of each individual bit is listed within the register description section (see Section 12.3,

“Memory Map and Register Definition,” which details the registers and their bit-fields. All special

functions or modes which are initialized during or just following reset are described within this section.
* The 8-hit up/down counter is configured as an up counter out of reset.

* All the channels are disabled and all the counters don’t count.

12.6 Interrupts

The PWM8B6CV 1 module has only oneinterrupt which is generated at the time of emergency shutdown,
if the corresponding enable bit (PWMIE) is set. This bit is the enable for the interrupt. The interrupt flag
PWMIF is set whenever the input level of the PWMS5 channel changes while PWM5ENA=1 or when
PWMENA is being asserted while the level at PWM5 is active.

A description of the registersinvolved and affected due to thisinterrupt is explained in Section 12.3.2.15,
“PWM Shutdown Register (PWMSDN).”
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Chapter 13
Timer Module (TIM16B4CV1)

13.1 Introduction

The basic timer consists of a 16-bit, software-programmable counter driven by a seven-stage
programmable prescaler.

Thistimer can be used for many purposes, including input waveform measurements while simultaneously
generating an output waveform. Pulse widths can vary from microseconds to many seconds.

Thistimer contains 4 complete input capture/output compare channels 10C[7:4] and one pulse
accumulator. The input capture function is used to detect a selected transition edge and record the time.
The output compare function is used for generating output signals or for timer software delays. The 16-bit
pulse accumulator is used to operate as a simple event counter or a gated time accumulator. The pulse
accumulator shares timer channel 7 when in event mode.

A full access for the counter registers or the input capture/output compare registers should take place in
one clock cycle. Accessing high byte and low byte separately for all of these registers may not yield the
same result as accessing them in one word.

13.1.1 Features

The TIM16B4CV 1 includes these distinctive features:
* Four input capture/output compare channels
e Clock prescaling
e 16-bit counter
* 16-hit pulse accumulator

13.1.2 Modes of Operation

Stop: Timer is off because clocks are stopped.

Freeze: Timer counter keep on running, unless TSFRZ in TSCR (0x0006) is set to 1.
Wait: Counters keep on running, unless TSWAI in TSCR (0x0006) is st to 1.
Normal: Timer counter keep on running, unless TEN in TSCR (0x0006) is cleared to 0.
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13.1.3 Block Diagrams
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interrupt
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Figure 13-1. TIM16B4CV1 Block Diagram
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» TIMCLK (TIMER CLOCK)
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Figure 13-2. 16-Bit Pulse Accumulator Block Diagram
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Figure 13-3. Interrupt Flag Setting
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Figure 13-4. Channel 7 Output Compare/Pulse Accumulator Logic

NOTE

For more information see the respective functional descriptionsin
Section 13.4, “Functional Description,” of this document.
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13.2 External Signal Description
The TIM16B4CV 1 module has atotal of four external pins.

13.2.1 10C7 — Input Capture and Output Compare Channel 7 Pin

This pin serves as input capture or output compare for channel 7. This can also be configured as pulse
accumulator input.

13.2.2 10C6 — Input Capture and Output Compare Channel 6 Pin

This pin serves as input capture or output compare for channel 6.

13.2.3 10C5 — Input Capture and Output Compare Channel 5 Pin

This pin serves as input capture or output compare for channel 5.

13.2.4 10C4 — Input Capture and Output Compare Channel 4 Pin
This pin serves as input capture or output compare for channel 4.

NOTE
For the description of interrupts see Section 13.6, “ Interrupts’.

13.3 Memory Map and Register Definition

This section provides a detailed description of all memory and registers.

13.3.1 Module Memory Map

The memory map for the TIM16B4CV 1 moduleis given below in Table 13-1. The addresslisted for each
register isthe address offset. The total address for each register is the sum of the base address for the
TIM16B4CV 1 module and the address offset for each register.
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Table 13-1. TIM16B4CV1 Memory Map

Address Offset Use Access
0x0000 Timer Input Capture/Output Compare Select (TIOS) R/W
0x0001 Timer Compare Force Register (CFORC) R/W?
0x0002 Output Compare 7 Mask Register (OC7M) R/W
0x0003 Output Compare 7 Data Register (OC7D) R/W
0x0004 Timer Count Register (TCNT(hi)) R/W?2
0x0005 Timer Count Register (TCNT(lo)) R/W?2
0x0006 Timer System Control Register1 (TSCR1) R/W
0x0007 Timer Toggle Overflow Register (TTOV) R/W
0x0008 Timer Control Register1 (TCTL1) R/W
0x0009 Reserved —3
0x000A Timer Control Register3 (TCTL3) R/W
0x000B Reserved —3
0x000C Timer Interrupt Enable Register (TIE) R/W
0x000D Timer System Control Register2 (TSCR2) R/W
0x000E Main Timer Interrupt Flag1 (TFLG1) R/W
0x000F Main Timer Interrupt Flag2 (TFLG2) R/W

0x0010 - 0x0017 | Reserved -3
0x0018 Timer Input Capture/Output Compare Register4 (TC4(hi)) R/W4
0x0019 Timer Input Capture/Output Compare Register 4 (TC4(lo)) R/W*
0x001A Timer Input Capture/Output Compare Register 5 (TC5(hi)) R/W4
0x001B Timer Input Capture/Output Compare Register 5 (TC5(lo)) R/W*
0x001C Timer Input Capture/Output Compare Register 6 (TC6(hi)) R/W4
0x001D Timer Input Capture/Output Compare Register 6 (TC6(l0)) R/W*
0x001E Timer Input Capture/Output Compare Register 7 (TC7(hi)) R/W4
0x001F Timer Input Capture/Output Compare Register 7 (TC7(lo)) R/W*
0x0020 16-Bit Pulse Accumulator Control Register (PACTL) R/W
0x0021 Pulse Accumulator Flag Register (PAFLG) R/W
0x0022 Pulse Accumulator Count Register (PACNT (hi)) R/W
0x0023 Pulse Accumulator Count Register (PACNT(lo)) R/W

0x0024 — 0x002C | Reserved —3

0x002D Timer Test Register (TIMTST) R/W?

0x002E — 0x002F | Reserved —3
Always read 0x0000.

Only writable in special modes (test_mode = 1).
Write has no effect; return 0 on read
Write to these registers have no meaning or effect during input capture.

AW N =
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13.3.2 Register Descriptions

This section consists of register descriptionsin address order. Each description includes astandard register
diagram with an associated figure number. Details of register bit and field function follow the register
diagrams, in bit order.

Register

oo Bit 7 6 5 4 3 2 1 Bit 0
0x0000 R
T10S w| 1087 10S6 10S5 0S4 10S3 10S2 1081 10S0
0x0001 R 0 0 0 0 0 0 0 0
CFORC W| Foc7 FOC6 FOC5 FOC4 FOC3 FOC2 FOCH FOCO
0x0002 R
0CTM wy| OC7M7 | OC7M6 | OC7Ms | OC7M4 | OC7M3 | OC7M2 | OC7M1 | OC7MO
0x0003 R
0C7D \y| OC7D7 | OC7D6 | OC7D5 | OC7D4 | OC7D3 | OC7D2 | OC7D1 | OC7DO
0x0004 R
TCNTH ,y| TONT15 | TONT14 | TCNT13 | TONT12 | TCNT11 | TONT10 | TCNT9 | TONTS
0x0005 R
TONTL wy| TGNT7 | TCNT6 | TONT5 | TCNT4 | TONTS | TCNT2 | TCNT1 | TONTO
0x0006 R 0 0 0 0
TSCR2 w| TEN TSWAI | TSFRZ | TFFCA
0x0007 R
TOv w| Tov7 TOVe TOVs Tov4 Tov3 TOV2 TOV1 TOVO
0x0008 R
TCTLY Wl oM oL7 OMé oL6 OM5 oL5 OM4 OL4
0x0009 R 0 0 0 0 0 0 0 0
Reserved W
0X000A R
TCTLS \y| EDG7B | EDG7A | EDGEB | EDG6A | EDGSB | EDGSA | EDG4B | EDGAA
0X000B R 0 0 0 0 0 0 0 0
Reserved W
0X000C R
TIE Wl C7 cel csl cal cal c2l cl col

I:l = Unimplemented or Reserved

Figure 13-5. TIM16B4CV1 Register Summary
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Register
Name
0x000D R
TSCR2 W
0x000E R
TFLGH1 W
0x000F R
TFLG2 W
0x0010-0x0017 R
Reserved W
R
0x0018-0x001F WV
TCxH-TCxL

R
w
0x0020 R
PACTL W
0x0021 R
PAFLG W
0x0022 R
PACNTH W
0x0023 R
PACNTL W
0x0024—-0x002F R

Reserved

Bit 7 6 5 4 3 2 1 Bit 0
0 0 0
TOI TCRE PR2 PR1 PRO
C7F C6F C5F C4F C3F C2F C1F COF
0 0 0 0 0 0 0
TOF
0 0 0 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0
PAEN PAMOD PEDGE CLK1 CLKO PAOVI PAI
0 0 0 0 0 0
PAOVF PAIF
PACNT15 | PACNT14 | PACNT13 | PACNT12 | PACNT11 | PACNT10 | PACNT9 | PACNT8
PACNT7 | PACNT6 | PACNT5 | PACNT4 | PACNT3 | PACNT2 | PACNT1 | PACNTO

I:l = Unimplemented or Reserved

Figure 13-5. TIM16B4CV1 Register Summary (continued)
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13.3.2.1 Timer Input Capture/Output Compare Select (TIOS)

7 6 5 4 3 2 1
R 0 0 0 0
1057 I0S6 10S5 10S4
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 13-6. Timer Input Capture/Output Compare Select (TIOS)
Read: Anytime

Write: Anytime
Table 13-2. TIOS Field Descriptions

Field Description

74 Input Capture or Output Compare Channel Configuration
IOS[7:4] |0 The corresponding channel acts as an input capture.
1 The corresponding channel acts as an output compare.

13.3.2.2 Timer Compare Force Register (CFORC)

7 6 5 4 3 1
R 0 0 0 0 0 0 0 0
W FOC7 FOC6 FOC5 FOC4
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 13-7. Timer Compare Force Register (CFORC)
Read: Anytime but will always return 0x0000 (1 state is transient)

Write: Anytime
Table 13-3. CFORC Field Descriptions

Field Description

7:4 Force Output Compare Action for Channel 7:4 — A write to this register with the corresponding data bit(s) set
FOC[7:4] |causes the action which is programmed for output compare “x” to occur immediately. The action taken is the
same as if a successful comparison had just taken place with the TCx register except the interrupt flag does not
get set.

Note: A successful channel 7 output compare overrides any channel 6:4 compares. If forced output compare on
any channel occurs at the same time as the successful output compare then forced output compare action
will take precedence and interrupt flag won’t get set.
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13.3.2.3 Output Compare 7 Mask Register (OC7M)

7 6 5 4 3 1
R 0 0 0 0
OC7M7 OC7M6 OC7M5 OC7M4
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 13-8. Output Compare 7 Mask Register (OC7M)
Read: Anytime

Write: Anytime
Table 13-4. OC7M Field Descriptions

Field Description

74 Output Compare 7 Mask — Setting the OC7Mx (x ranges from 4 to 6) will set the corresponding port to be an
OC7M[7:4] |output port when the corresponding TIOSx (x ranges from 4 to 6) bit is set to be an output compare.
Note: A successful channel 7 output compare overrides any channel 6:4 compares. For each OC7M bit that is
set, the output compare action reflects the corresponding OC7D bit.

13.3.2.4 Output Compare 7 Data Register (OC7D)

7 6 5 4 3 1
R 0 0 0 0
OC7D7 OC7D6 OC7D5 OC7D4
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 13-9. Output Compare 7 Data Register (OC7D)
Read: Anytime

Write: Anytime
Table 13-5. OC7D Field Descriptions

Field Description

74 Output Compare 7 Data — A channel 7 output compare can cause bits in the output compare 7 data register
OC7D[7:4] |to transfer to the timer port data register depending on the output compare 7 mask register.
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13.3.2.5 Timer Count Register (TCNT)

Reset

15

14

13

12

11

10

TCNT15 TCNT14 TCNT13 TCNT12 TCNT11 TCNT10 TCNT9 TCNT8
0 0 0 0 0 0 0 0
Figure 13-10. Timer Count Register High (TCNTH)
7 6 5 4 3 2 1 0
TCNT7 TCNT6 TCNT5 TCNT4 TCNT3 TCNT2 TCNT1 TCNTO
0 0 0 0 0 0 0 0

Figure 13-11. Timer Count Register Low (TCNTL)

The 16-bit main timer is an up counter.

A full access for the counter register should take place in one clock cycle. A separate read/write for high
byte and low byte will give adifferent result than accessing them as aword.

Read: Anytime

Write: Has no meaning or effect in the normal mode; only writable in special modes (test_ mode = 1).

The period of thefirst count after awrite to the TCNT registers may be a different size because the write
is not synchronized with the prescaler clock.
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13.3.2.6 Timer System Control Register 1 (TSCR1)

7 6 5 4 3 1
R 0 0 0 0
TEN TSWAI TSFRZ TFFCA
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 13-12. Timer System Control Register 1 (TSCR2)
Read: Anytime

Write: Anytime
Table 13-6. TSCR1 Field Descriptions

Field Description
7 Timer Enable
TEN 0 Disables the main timer, including the counter. Can be used for reducing power consumption.

1 Allows the timer to function normally.
If for any reason the timer is not active, there is no +64 clock for the pulse accumulator because the +64 is
generated by the timer prescaler.

6 Timer Module Stops While in Wait
TSWAI 0 Allows the timer module to continue running during wait.
1 Disables the timer module when the MCU is in the wait mode. Timer interrupts cannot be used to get the MCU
out of wait.

TSWAI also affects pulse accumulator.

5 Timer Stops While in Freeze Mode
TSFRZ 0 Allows the timer counter to continue running while in freeze mode.
1 Disables the timer counter whenever the MCU is in freeze mode. This is useful for emulation.
TSFRZ does not stop the pulse accumulator.

4 Timer Fast Flag Clear All

TFFCA 0 Allows the timer flag clearing to function normally.

1 For TFLG1(0x000E), a read from an input capture or a write to the output compare channel (0x0010-0x001F)
causes the corresponding channel flag, CnF, to be cleared. For TFLG2 (0x000F), any access to the TCNT
register (0x0004, 0x0005) clears the TOF flag. Any access to the PACNT registers (0x0022, 0x0023) clears
the PAOVF and PAIF flags in the PAFLG register (0x0021). This has the advantage of eliminating software
overhead in a separate clear sequence. Extra care is required to avoid accidental flag clearing due to
unintended accesses.
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13.3.2.7 Timer Toggle On Overflow Register 1 (TTOV)

7 6 5 4 3 1
R 0 0 0 0
TOV7 TOV6 TOV5 TOV4
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 13-13. Timer Toggle On Overflow Register 1 (TTOV)
Read: Anytime

Write: Anytime

Table 13-7. TTOV Field Descriptions

Field Description
74 Toggle On Overflow Bits — TOVx toggles output compare pin on overflow. This feature only takes effect when
TOVI[7:4] |in output compare mode. When set, it takes precedence over forced output compare but not channel 7 override

events.
0 Toggle output compare pin on overflow feature disabled.
1 Toggle output compare pin on overflow feature enabled.

13.3.2.8 Timer Control Register 1 (TCTL1)

7 6 5 4 3 2 1 0
R
OomMm7 oL7 OMe6 oLe OM5 OL5 OM4 oL4
w
Reset 0 0 0 0 0 0 0 0
Figure 13-14. Timer Control Register 1 (TCTL1)
Read: Anytime

Write: Anytime

Table 13-8. TCTL1/TCTL2 Field Descriptions

Field Description
74 Output Mode — These four pairs of control bits are encoded to specify the output action to be taken as a result
OMx of a successful OCx compare. When either OMx or OLx is 1, the pin associated with OCx becomes an output
tied to OCx.
Note: To enable output action by OMx bits on timer port, the corresponding bit in OC7M should be cleared.
7:4 Output Level — These four pairs of control bits are encoded to specify the output action to be taken as a result
OLx of a successful OCx compare. When either OMx or OLx is 1, the pin associated with OCx becomes an output
tied to OCx.
Note: To enable output action by OLx bits on timer port, the corresponding bit in OC7M should be cleared.
MC9S12E256 Data Sheet, Rev. 1.08
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Table 13-9. Compare Result Output Action

OMx OLx Action
0 0 Timer disconnected from output pin logic
0 1 Toggle OCx output line
1 0 Clear OCx output line to zero
1 1 Set OCx output line to one

To operate the 16-bit pulse accumulator independently of input capture or output compare 7 and 4
respectively the user must set the corresponding bits IOSx = 1, OMx = 0 and OLx = 0. OC7M7 in the

OCT7M register must aso be cleared.

13.3.2.9 Timer Control Register 3 (TCTL3)

7 6 5 4 3 2 1 0
R
EDG7B EDG7A EDG6B EDG6A EDG5B EDG5A EDG4B EDG4A
W
Reset 0 0 0 0 0 0 0 0
Figure 13-15. Timer Control Register 3 (TCTL3)
Read: Anytime

Write: Anytime.

Table 13-10. TCTL3/TCTLA4 Field Descriptions

Field Description
7:0 Input Capture Edge Control — These eight pairs of control bits configure the input capture edge detector
EDGnB circuits.
EDGnA

Table 13-11. Edge Detector Circuit Configuration

EDGnB EDGnA Configuration
0 0 Capture disabled

0 1 Capture on rising edges only
1 0 Capture on falling edges only
1 1 Capture on any edge (rising or falling)
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13.3.2.10 Timer Interrupt Enable Register (TIE)

7 6 5 4 3 1
R 0 0 0 0
C7l cel Csl C4l
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 13-16. Timer Interrupt Enable Register (TIE)
Read: Anytime

Write: Anytime.

Table 13-12. TIE Field Descriptions

Field Description
74 Input Capture/Output Compare “x” Interrupt Enable — The bits in TIE correspond bit-for-bit with the bits in
C71:.Col the TFLG1 status register. If cleared, the corresponding flag is disabled from causing a hardware interrupt. If set,
the corresponding flag is enabled to cause a interrupt.

13.3.2.11 Timer System Control Register 2 (TSCR2)

7 5 3 2 1 0

R 0 0 0
TOI TCRE PR2 PR1 PRO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 13-17. Timer System Control Register 2 (TSCR2)
Read: Anytime

Write: Anytime.

Table 13-13. TSCR2 Field Descriptions

Field Description
7 Timer Overflow Interrupt Enable
TOI 0 Interrupt inhibited.
1 Hardware interrupt requested when TOF flag set.
3 Timer Counter Reset Enable — This bit allows the timer counter to be reset by a successful output compare 7
TCRE event. This mode of operation is similar to an up-counting modulus counter.
0 Counter reset inhibited and counter free runs.
1 Counter reset by a successful output compare 7.
If TC7 = 0x0000 and TCRE = 1, TCNT will stay at 0x0000 continuously. If TC7 = OxFFFF and TCRE = 1, TOF
will never be set when TCNT is reset from OxFFFF to 0x0000.
2 Timer Prescaler Select — These three bits select the frequency of the timer prescaler clock derived from the
PR[2:0] Bus Clock as shown in Table 13-14.
MC9S12E256 Data Sheet, Rev. 1.08
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Table 13-14. Timer Clock Selection

PR2 PR1 PRO Timer Clock
0 0 0 Bus Clock / 1
0 0 1 Bus Clock / 2
0 1 0 Bus Clock / 4
0 1 1 Bus Clock / 8
1 0 0 Bus Clock / 16
1 0 1 Bus Clock / 32
1 1 0 Bus Clock / 64
1 1 1 Bus Clock / 128

NOTE

The newly selected prescale factor will not take effect until the next
synchronized edge where all prescale counter stages equal zero.

13.3.2.12 Main Timer Interrupt Flag 1 (TFLG1)

7 6 5 4 3 1
R 0 0 0 0
C7F C6F C5F C4F

w

Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 13-18. Main Timer Interrupt Flag 1 (TFLG1)
Read: Anytime

Write: Used in the clearing mechanism (set bits cause corresponding bitsto be cleared). Writing azero will
not affect current status of the bit.

Table 13-15. TFLG1 Field Descriptions

Field Description

7:4 Input Capture/Output Compare Channel “x” Flag — These flags are set when an input capture or output
C[7:4]F compare event occurs. Clear a channel flag by writing one to it.
When TFFCA bit in TSCR register is set, a read from an input capture or a write into an output compare channel
(0x0010-0x001F) will cause the corresponding channel flag CxF to be cleared.
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13.3.2.13 Main Timer Interrupt Flag 2 (TFLG2)

7 5 3 1
R 0 0 0 0 0 0
TOF
W
Reset 0 0 0 0 0 0 0
Unimplemented or Reserved

Figure 13-19. Main Timer Interrupt Flag 2 (TFLG2)

TFLG2 indicates when interrupt conditions have occurred. To clear abit in the flag register, write the bit

to one.

Read: Anytime
Write: Used in clearing mechanism (set bits cause corresponding bits to be cleared).
Any accessto TCNT will clear TFLG2 register if the TFFCA bit in TSCR register is set.

Table 13-16. TFLG2 Field Descriptions

Field Description
7 Timer Overflow Flag — Set when 16-bit free-running timer overflows from 0xFFFF to 0x0000. This bit is cleared
TOF automatically by a write to the TFLG2 register with bit 7 set. (See also TCRE control bit explanation.)
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13.3.2.14 Timer Input Capture/Output Compare Registers High and Low 4-7

(TCxH and TCxL)

15 14 11 12 11 10 9 0
R
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
w
Reset 0 0 0 0 0 0 0 0
Figure 13-20. Timer Input Capture/Output Compare Register x High (TCxH)
7 6 5 4 3 2 1 0
R
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
w
Reset 0 0 0 0 0 0 0 0

Figure 13-21. Timer Input Capture/Output Compare Register x Low (TCxL)

Depending on the TIOS bit for the corresponding channel, these registers are used to latch the value of the
free-running counter when a defined transition is sensed by the corresponding input capture edge detector
or to trigger an output action for output compare.

Read: Anytime

Write: Anytime for output compare function.Writes to these registers have no meaning or effect during
input capture. All timer input capture/output compare registers are reset to 0x0000.

NOTE

Read/Write accessin byte mode for high byte should takes place before low
byte otherwise it will give a different result.
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13.3.2.15 16-Bit Pulse Accumulator Control Register (PACTL)

6 5 4 3 2 1 0
R 0
PAEN PAMOD PEDGE CLK1 CLKO PAOVI PAI
W
Reset 0 0 0 0 0 0 0 0
Unimplemented or Reserved

Figure 13-22. 16-Bit Pulse Accumulator Control Register (PACTL)

When PAEN is set, the PACT is enabled. The PACT shares the input pin with [OC7.
Read: Any time
Write: Any time

Table 13-17. PACTL Field Descriptions

Field Description
6 Pulse Accumulator System Enable — PAEN is independent from TEN. With timer disabled, the pulse
PAEN accumulator can function unless pulse accumulator is disabled.
0 16-Bit Pulse Accumulator system disabled.
1 Pulse Accumulator system enabled.
5 Pulse Accumulator Mode — This bit is active only when the Pulse Accumulator is enabled (PAEN = 1). See
PAMOD | Table 13-18.
0 Event counter mode.
1 Gated time accumulation mode.
4 Pulse Accumulator Edge Control — This bit is active only when the Pulse Accumulator is enabled (PAEN = 1).
PEDGE | For PAMOD bit = 0 (event counter mode). See Table 13-18.
0 Falling edges on IOC7 pin cause the count to be incremented.
1 Rising edges on I0OC7 pin cause the count to be incremented.
For PAMOD bit = 1 (gated time accumulation mode).
0 IOC7 input pin high enables M (bus clock) divided by 64 clock to Pulse Accumulator and the trailing falling
edge on I0C7 sets the PAIF flag.
1 10C7 input pin low enables M (bus clock) divided by 64 clock to Pulse Accumulator and the trailing rising edge
on |IOC7 sets the PAIF flag.
3:2 Clock Select Bits — Refer to Table 13-19.
CLK][1:0]
1 Pulse Accumulator Overflow Interrupt Enable
PAOVI 0 Interrupt inhibited.
1 Interrupt requested if PAOVF is set.
0 Pulse Accumulator Input Interrupt Enable
PAI 0 Interrupt inhibited.
1 Interrupt requested if PAIF is set.
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Table 13-18. Pin Action

PAMOD PEDGE Pin Action
0 0 Falling edge
0 1 Rising edge
1 0 Div. by 64 clock enabled with pin high level

Div. by 64 clock enabled with pin low level

NOTE

If the timer isnot active (TEN = 0in TSCR), there is no divide-by-64
because the +64 clock is generated by the timer prescaler.

Table 13-19. Timer Clock Selection

CLK1 CLKoO Timer Clock
0 0 Use timer prescaler clock as timer counter clock
0 1 Use PACLK as input to timer counter clock
1 0 Use PACLK/256 as timer counter clock frequency

Use PACLK/65536 as timer counter clock frequency

For the description of PACLK please refer Figure 13-22.

If the pulse accumulator is disabled (PAEN = 0), the prescaler clock from the timer is always used as an
input clock to the timer counter. The change from one selected clock to the other happens immediately

after these bits are written.
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13.3.2.16 Pulse Accumulator Flag Register (PAFLG)

5 3 1 0
R 0 0 0 0 0 0
PAOVF PAIF
w
Reset 0 0 0 0 0 0 0 0
Unimplemented or Reserved
Figure 13-23. Pulse Accumulator Flag Register (PAFLG)
Read: Anytime

Write: Anytime

When the TFFCA bit in the TSCR register is set, any accessto the PACNT register will clear all the flags
inthe PAFLG register.

Table 13-20. PAFLG Field Descriptions

Field

Description

Pulse Accumulator Overflow Flag — Set when the 16-bit pulse accumulator overflows from OxFFFF to 0x0000.

PAOVF | This bit is cleared automatically by a write to the PAFLG register with bit 1 set.
0 Pulse Accumulator Input edge Flag — Set when the selected edge is detected at the IOC7 input pin.In event
PAIF mode the event edge triggers PAIF and in gated time accumulation mode the trailing edge of the gate signal at

the I0C7 input pin triggers PAIF.

This bit is cleared by a write to the PAFLG register with bit 0 set.
Any access to the PACNT register will clear all the flags in this register when TFFCA bit in register TSCR(0x0006)
is set.
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13.3.2.17 Pulse Accumulators Count Registers (PACNT)

15 14 13 12 11 10 9 0
R
PACNT15 PACNT14 PACNT13 PACNT12 PACNT11 PACNT10 PACNT9 PACNTS8
W
Reset 0 0 0 0 0 0 0 0
Figure 13-24. Pulse Accumulator Count Register High (PACNTH)
7 6 5 4 3 2 1 0
R
PACNT7 PACNT6 PACNT5 PACNT4 PACNT3 PACNT2 PACNT1 PACNTO
w
Reset 0 0 0 0 0 0 0 0
Figure 13-25. Pulse Accumulator Count Register Low (PACNTL)
Read: Anytime

Write: Anytime
These registers contain the number of active input edges on itsinput pin since the last reset.
When PACNT overflows from OxFFFF to 0x0000, the Interrupt flag PAOVF in PAFLG (0x0021) is set.

Full count register access should take placein one clock cycle. A separate read/writefor high byteand low
byte will give a different result than accessing them as aword.
NOTE

Reading the pulse accumulator counter registersimmediately after an
active edge on the pulse accumulator input pin may miss the last count
because the input has to be synchronized with the bus clock first.
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13.4 Functional Description

This section provides a complete functional description of the timer TIM16B4CV 1 block. Please refer to
the detailed timer block diagram in Figure 13-26 as necessary.

BUS CLOCK
CLK[1:0]
PRI2:1:0 CHANNEL 7 OUTPUT
PACLK CHANNEL
PACLK/256 1
PACLK/65536
»| PRESCALER N Tore |
Cxl
[ TONT(Mi)TCNT(0) |
{} CxF
. CLEAR COUNTER 'R
L»] 16-BITCOUNTER  [* -
I > TOF ™ INTERRUPT - TOF
——1] b= 1o |-l toslc
CHANNEL 4 - — — — — — —__—_ _ 1
— 1e8iT comparator || caF ] — B CaF | CH. 4 CAPTURE |
TC4 A i | [1oca PN
- loc4PIN| |
EDGE Tov4 > LOGIC [ cH.4 COMPARE_|
EDG4A | EDG4B DETECT [ oca - |
| | | ! |
I | | | I
| | | |
|
| | | I
77 | | |
| | | | |
CHANNEL7 ! | ! |
$ 16-BIT COMPARATOR |- C7F | > c7F | _CH.7 CAPTURE |
TC7 A OM:0L7 »|10C7 PIN|  PAINPUT
L | LOGIC [0 7 compare _ |'O¢7 PN| |
EDG7A > EDGE Tovz | > |
.| DETECT |- »|
EDG7B > loc7 L o T — . _ a
| PAOVF | PACNT(n):PACNT(0) | EDOE EE‘)’GE
4% DETECT
- PAE >
PACLK/65536 <—  16-BIT COUNTER  [<—e—{
PACLK/256 4—— 1 PACLK
PAMOD Y
INTERRUPT INTERRUPT | |
REQUEST %]  LoaIC PAIF
J A A { DIVIDE-BY-64 | BUS CLOCK
PAOVI |- PAI
PAOVF PAIF
v PAOVF
PAOVI

Figure 13-26. Detailed Timer Block Diagram
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13.4.1 Prescaler

The prescaler divides the bus clock by 1,2,4,8,16,32,64 or 128. The prescaler select bits, PR[2:0], select
the prescaler divisor. PR[2:0] are in timer system control register 2 (TSCR2).

13.4.2 Input Capture

Clearing the 1/0O (input/output) select bit, I0Sx, configures channel x as an input capture channel. The
input capture function captures the time at which an external event occurs. When an active edge occurs on
the pin of an input capture channel, the timer transfersthe value in the timer counter into the timer channel
registers, TCx.

The minimum pulse width for the input capture input is greater than two bus clocks.

Aninput capture on channel x sets the CxF flag. The Cxl bit enables the CxF flag to generate interrupt
requests.

13.4.3 Output Compare

Setting the I/O select bit, 10Sx, configures channel x as an output compare channel. The output compare
function can generate a periodic pulse with a programmable polarity, duration, and frequency. When the
timer counter reaches the value in the channel registers of an output compare channel, the timer can set,
clear, or toggle the channel pin. An output compare on channel x setsthe CxF flag. The Cxl bit enablesthe
CxF flag to generate interrupt requests.

The output mode and level bits, OMx and OLx, select set, clear, toggle on output compare. Clearing both
OMx and OLx disconnects the pin from the output logic.

Setting aforce output compare bit, FOCx, causes an output compare on channel x. A forced output
compare does not set the channel flag.

A successful output compare on channel 7 overrides output compares on all other output compare
channels. The output compare 7 mask register masks the bits in the output compare 7 dataregister. The
timer counter reset enable bit, TCRE, enables channel 7 output compares to reset the timer counter. A
channel 7 output compare can reset the timer counter even if the IOC7 pin is being used as the pulse
accumulator input.

Writing to the timer port bit of an output compare pin does not affect the pin state. The value written is
stored in an internal latch. When the pin becomes available for general-purpose output, the last value
written to the bit appears at the pin.

13.4.4 Pulse Accumulator

The pulse accumulator (PACNT) isa 16-bit counter that can operate in two modes:
Event counter mode — Counting edges of selected polarity on the pulse accumulator input pin, PAI.

Gated time accumulation mode — Counting pulsesfrom adivide-by-64 clock. The PAMOD bit selectsthe
mode of operation.

The minimum pulse width for the PAI input is greater than two bus clocks.
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13.4.5 Event Counter Mode

Clearing the PAMOD hit configuresthe PACNT for event counter operation. An active edge on the [OC7
pin increments the pulse accumulator counter. The PEDGE bit selects falling edges or rising edges to
increment the count.

NOTE

The PACNT input and timer channel 7 use the same pin IOC7. To use the
|OC7, disconnect it from the output logic by clearing the channel 7 output
mode and output level bits, OM7 and OL7. Also clear the channel 7 output
compare 7 mask bit, OC7TM7.

The Pulse Accumulator counter register reflect the number of active input edges on the PACNT input pin
since the last reset.

The PAOVF bit is set when the accumulator rolls over from OxFFFF to 0x0000. The pulse accumulator
overflow interrupt enable bit, PAOVI, enables the PAOVF flag to generate interrupt requests.

NOTE

The pulse accumulator counter can operate in event counter mode even
when the timer enable bit, TEN, is clear.

13.4.6 Gated Time Accumulation Mode

Setting the PAMOD bit configuresthe pul se accumul ator for gated time accumul ation operation. An active
level on the PACNT input pin enables a divided-by-64 clock to drive the pulse accumulator. The PEDGE
bit selects low levels or high levels to enable the divided-by-64 clock.

The trailing edge of the active level at the IOC7 pin sets the PAIF. The PAI bit enables the PAIF flag to
generate interrupt requests.

The pulse accumulator counter register reflect the number of pulses from the divided-by-64 clock since
the last reset.

NOTE

The timer prescaler generates the divided-by-64 clock. If the timer is not
active, there is no divided-by-64 clock.

13.5 Resets

Thereset state of each individual bit islisted within Section 13.3, “Memory Map and Register Definition”
which details the registers and their bit fields.

13.6 Interrupts

This section describes interrupts originated by the TIM16B4CV 1 block. Table 13-21 lists the interrupts
generated by the TIM16B4CV 1 to communicate with the MCU.

MC9S12E256 Data Sheet, Rev. 1.08

434 Freescale Semiconductor



Chapter 13 Timer Module (TIM16B4CV1)

Table 13-21. TIM16B8CV1 Interrupts

Interrupt Offset' | Vector' | Priority’ Source Description
C[7:4]F — — — Timer Channel 74 Active high timer channel interrupts 7—4
PAQVI — — — Pulse Accumulator Active high pulse accumulator input interrupt
Input
PAOVF — — — Pulse Accumulator Pulse accumulator overflow interrupt
Overflow
TOF — — — Timer Overflow Timer Overflow interrupt

' Chip Dependent.

The TIM16B4CV 1 uses atotal of 7 interrupt vectors. The interrupt vector offsets and interrupt numbers
are chip dependent.

13.6.1 Channel [7:4] Interrupt (C[7:4]F)

This active high outputs will be asserted by the module to request atimer channel 7 — 4 interrupt to be
serviced by the system controller.

13.6.2 Pulse Accumulator Input Interrupt (PAOVI)

Thisactive high output will be asserted by the module to request atimer pulse accumulator input interrupt
to be serviced by the system controller.

13.6.3 Pulse Accumulator Overflow Interrupt (PAOVF)

This active high output will be asserted by the module to request atimer pulse accumulator overflow
interrupt to be serviced by the system controller.

13.6.4 Timer Overflow Interrupt (TOF)

This active high output will be asserted by the modul e to request atimer overflow interrupt to be serviced
by the system controller.
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Chapter 14
Dual Output Voltage Regulator (VREG3V3V2)

14.1 Introduction

The VREG isadual output voltage regulator providing two separate 2.5 V (typical) supplies differing in
the amount of current that can be sourced. The regulator input voltage rangeisfrom 3.3V upto5V

(typical).

1411 Features

The block VREG includes these distinctive features:
» Two paraléd, linear voltage regulators
— Bandgap reference
* Low-voltage detect (LVD) with low-voltage interrupt (LV1)
*  Power-on reset (POR)
* Low-voltagereset (LVR)

14.1.2 Modes of Operation

There are three modes VREG can operate in:

* Full-performance mode (FPM) (MCU is not in stop mode)
The regulator is active, providing the nominal supply voltage of 2.5 V with full current sourcing
capability at both outputs. Features LV D (low-voltage detect), LVR (low-voltage reset), and POR
(power-on reset) are available.

* Reduced-power mode (RPM) (MCU isin stop mode)
The purpose is to reduce power consumption of the device. The output voltage may degradeto a
lower value than in full-performance mode, additionally the current sourcing capability is
substantially reduced. Only the POR is availablein this mode, LVD and LVR are disabled.

»  Shutdown mode
Controlled by Vrecen (See Chapter 1, “MC9S12E256 Device Overview (MC9S12E256DGV 1)”
for connectivity of Vregen)-
This mode is characterized by minimum power consumption. The regulator outputs are in ahigh
impedance state, only the POR featureis available, LVD and LVR are disabled.

This mode must be used to disable the chip internal regulator VREG, i.e., to bypass the VREG to
use external supplies.
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14.1.3 Block Diagram

Figure 14-1 showsthe function principle of VREG by means of ablock diagram. The regulator core REG
consists of two parallel sub-blocks, REG1 and REG2, providing two independent output voltages.

X v
REG2 DDPLL
Vopr X D4 VsspiL
O]
L
Vppa X =
REG1 x Voo
A
LVD |- » LVR —> LVR POR ——> POR
Vesa X X Vss
VREGEN

\/

CTRL
LVI

\/

REG: Regulator Core
LVD: Low Voltage Detect
CTRL: Regulator Control
LVR: Low Voltage Reset
POR: Power-on Reset

X1 PIN

Figure 14-1. VREG3V3 Block Diagram
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14.2 External Signal Description

Due to the nature of VREG being a voltage regulator providing the chip internal power supply voltages
most signals are power supply signals connected to pads.

Table 14-1 shows all signals of VREG associated with pins.
Table 14-1. VREG — Signal Properties

Name Port Function Reset State Pull Up
VbDpR — VREG power input (positive supply) — —
Vbpa — VREG quiet input (positive supply) — —
Vssa — VREG quiet input (ground) — —
Vpp — VREG primary output (positive supply) — —
Vss — VREG primary output (ground) — —
VoDPLL — VREG secondary output (positive supply) — —
VsspLL — VREG secondary output (ground) — —
VRegen (optional) — VREG (Optional) Regulator Enable — —

NOTE

Check Chapter 1, “MC9S12E256 Device Overview
(MC9S12E256DGV1)” for connectivity of the signals.

14.21 Vppr — Regulator Power Input

Signal VppR isthe power input of VREG. All currents sourced into the regulator loads flow through this
pin. A chip external decoupling capacitor (100 nF...220 nF, X7R ceramic) between Vppr and V ggg can
smoothen ripple on Vppg.

For entering shutdown mode, pin Vppr should also be tied to ground on devices without aV gegen PIN.

14.2.2 Vppa, Vssa — Regulator Reference Supply

Signals V ppa/Vssa Which are supposed to be relatively quiet are used to supply the analog parts of the
regulator. Internal precision reference circuits are supplied from these signals. A chip external decoupling
capacitor (100 nF...220 nF, X 7R ceramic) between Vppa and V sga can further improve the quality of this

supply.
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14.2.3 Vpp, Vgg — Regulator Output1 (Core Logic)

SignalsVpp/V ggare the primary outputs of VREG that provide the power supply for the corelogic. These
signals are connected to device pins to allow externa decoupling capacitors (100 nF...220 nF, X7R
ceramic).

In shutdown mode an external supply at V pp/V g can replace the voltage regul ator.

14.2.4 VDDPLL’ VSSPLL _ Regulator Output2 (PLL)

Signals Vppp | /V ssp | are the secondary outputs of VREG that provide the power supply for the PLL
and oscillator. These signals are connected to device pinsto allow external decoupling capacitors (100
NnF...220 nF, X 7R ceramic).

In shutdown mode an external supply at Vppp | /Vssp L Can replace the voltage regulator.

14.2.5 VReggen — Optional Regulator Enable

This optional signal is used to shutdown VREG. In that case Vpp/Vsgand Vppp | /V sgp . Must be
provided externally. shutdown mode is entered with V gegen being low. If Vgegen ishigh, the VREG is
either in full-performance mode or in reduced-power mode.

For the connectivity of V regen See Chapter 1, “MC9S12E256 Device Overview (MC9S12E256DGV 1)".

NOTE

Switching from FPM or RPM to shutdown of VREG and vice versais not
supported while the MCU is powered.

14.3 Memory Map and Register Definition

This subsection provides a detailed description of all registers accessible in VREG.

14.3.1 Module Memory Map

Figure 14-2 provides an overview of all used registers.

Table 14-2. VREG Memory Map

Address

Offset Use Access

0x0000 VREG Control Register (VREGCTRL) R/W
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14.3.2 Register Descriptions
The following paragraphs describe, in address order, all the VREG registers and their individua bits.

14.3.2.1 VREG — Control Register (VREGCTRL)
The VREGCTRL register allowsto separately enable features of VREG.

5 4 3 2 1 0
R 0 0 0 0 0 LVDS
LVIE LVIF

W

Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 14-2. VREG3V3 — Control Register (VREGCTRL)
Table 14-3. VREGCTRL Field Descriptions

Field Description

2 Low-Voltage Detect Status Bit — This read-only status bit reflects the input voltage. Writes have no effect.
LvVDS 0 Input voltage Vppa is above level V|, p or RPM or shutdown mode.

1 Input voltage Vppa is below level V4 and FPM.
1 Low-Voltage Interrupt Enable Bit

LVIE 0 Interrupt request is disabled.
1 Interrupt will be requested whenever LVIF is set.

0 Low-Voltage Interrupt Flag — LVIF is set to 1 when LVDS status bit changes. This flag can only be cleared by
LVIF writing a 1. Writing a 0 has no effect. If enabled (LVIE = 1), LVIF causes an interrupt request.
0 No change in LVDS bit.
1 LVDS bit has changed.

NOTE
On entering the reduced-power mode the LVIF isnot cleared by the VREG.

14.4 Functional Description

Block VREG is avoltage regulator as depicted in Figure 14-1. The regulator functional elements are the
regulator core (REG), alow-voltage detect module (LV D), a power-on reset module (POR) and a
low-voltage reset module (LVR). There is also the regulator control block (CTRL) which represents the
interface to the digital core logic but also manages the operating modes of VREG.

14.4.1 REG — Regulator Core

VREG, respectively its regulator core has two parallel, independent regulation loops (REG1 and REG2)
that differ only in the amount of current that can be sourced to the connected loads. Therefore, only REG1
providing the supply at Vpp/Vsgisexplained. The principleisalso valid for REG2.
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Theregulator isalinear series regulator with a bandgap reference in its full-performance mode and a
voltage clamp in reduced-power mode. All load currents flow from input Vppg to Vgg Of Vggpy |, the
reference circuits are connected to Vppa and Vega -

14.4.2 Full-Performance Mode

In full-performance mode, afraction of the output voltage (Vpp) and the bandgap reference voltage are
fed to an operational amplifier. The amplified input voltage difference control s the gate of an output driver
which basically is alarge NMOS transistor connected to the output.

14.4.3 Reduced-Power Mode

In reduced-power mode, the driver gate is connected to a buffered fraction of the input voltage (VppRr)-
The operational amplifier and the bandgap are disabled to reduce power consumption.

14.4.4 LVD — Low-Voltage Detect

sub-block LVD isresponsible for generating the low-voltage interrupt (LV1). LVD monitors the input
voltage (Vppa—V ssa) and continuously updatesthe statusflag LVDS. Interrupt flag LVIF isset whenever
statusflag LVDS changesitsvalue. The LVD isavailablein FPM and isinactive in reduced-power mode
and shutdown mode.

14.4.5 POR — Power-On Reset

This functional block monitors output Vpp. If Vpp isbelow Vporp, signal POR is high, if it exceeds
Vporp: the signal goes low. The transition to low forces the CPU in the power-on sequence.

Dueto itsrole during chip power-up this module must be active in all operating modes of VREG.

14.4.6 LVR — Low-Voltage Reset

Block LVR monitorsthe primary output voltage Vpp. If it drops below the assertion level (V| yra) Signdl
LVR asserts and when rising above the deassertion level (V| yrp) Signal LVR negates again. The LVR
function is available only in full-performance mode.

14.4.7 CTRL — Regulator Control

This part contains the register block of VREG and further digital functionality needed to control the
operating modes. CTRL also represents the interface to the digital core logic.
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14.5 Resets

This subsection describes how VREG controls the reset of the MCU.The reset values of registers and
signals are provided in Section 14.3, “Memory Map and Register Definition”. Possible reset sources are
listed in Table 14-4.

Table 14-4. VREG — Reset Sources

Reset Source Local Enable
Power-on reset Always active
Low-voltage reset Available only in full-performance mode

14.5.1 Power-On Reset

During chip power-up the digital core may not work if its supply voltage Vpp is below the POR
deassertion level (Vporp)- Therefore, signal POR which forces the other blocks of the deviceinto reset is
kept high until Vyp exceeds Vporp. Then POR becomes low and the reset generator of the device
continues the start-up sequence. The power-on reset is active in all operation modes of VREG.

14.5.2 Low-Voltage Reset
For details on low-voltage reset see Section 14.4.6, “LVR — Low-Voltage Reset”.

14.6 Interrupts
This subsection describes all interrupts originated by VREG.

Theinterrupt vectorsrequested by VREG arelisted in Table 14-5. Vector addresses and interrupt priorities
are defined at MCU level.

Table 14-5. VREG — Interrupt Vectors

Interrupt Source Local Enable

Low Voltage Interrupt (LVI) LVIE = 1; Available only in full-performance mode

14.6.1 LVI— Low-Voltage Interrupt

In FPM VREG monitorsthe input voltage Vppa. Whenever Vppa drops below level V| /4 the status bit
LVDSissetto 1. Viceversa, LVDSisreset to 0 when Vppa rises above level V| p- An interrupt,
indicated by flag LVIF = 1, istriggered by any change of the status bit LVDS if interrupt enable bit
LVIE=1.
NOTE
On entering the reduced-power mode, the LVIF isnot cleared by the VREG.
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Chapter 15
Background Debug Module (BDMV4)

15.1 Introduction

This section describes the functionality of the background debug module (BDM) sub-block of the HCS12
core platform.

A block diagram of the BDM is shown in Figure 15-1.

HOST

SYSTEM BKGD | 16-BIT SHIFT REGISTER |
:'|> ADDRESS
ENTAG |
BUS INTERFACE
EDMACT | INsTRUCTION DECODE <:> D it
TRACE | AND EXECUTION CONTROL LOGIC : :
@ l€—— CLOCKS
SDV o STANDARD BDM —
FIRMWARE | |
ENBDM  j—- LOOKUP TABLE

Figure 15-1. BDM Block Diagram

The background debug module (BDM) sub-block isasingle-wire, background debug system implemented
in on-chip hardware for minimal CPU intervention. All interfacing with the BDM is done viathe BKGD
pin.

BDMV 4 has enhanced capability for maintaining synchronization between the target and host while
allowing moreflexibility in clock rates. Thisincludesasync signal to show the clock rate and a handshake
signal to indicate when an operation is complete. The system is backwards compatible with older external
interfaces.
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15.1.1 Features

Single-wire communication with host development system

BDMV4 (and BDM2): Enhanced capability for allowing more flexibility in clock rates
BDMV4: SYNC command to determine communication rate

BDMV4: GO_UNTIL command

BDMYV4: Hardware handshake protocol to increase the performance of the serial communication
Active out of reset in specia single-chip mode

Nine hardware commands using free cycles, if available, for minima CPU intervention
Hardware commands not requiring active BDM

15 firmware commands execute from the standard BDM firmware lookup table
Instruction tagging capability

Software control of BDM operation during wait mode

Software selectable clocks

When secured, hardware commands are allowed to access the register spacein special single-chip
mode, if the FLASH and EEPROM erase tests fail.

15.1.2 Modes of Operation

BDM isavailable in all operating modes but must be enabled before firmware commands are executed.
Some system peripherals may have a control bit which allows suspending the peripheral function during
background debug mode.

15.1.2.1 Regular Run Modes

All of these operationsrefer to the part in run mode. The BDM does not provide controlsto conserve power
during run mode.

Normal operation

General operation of the BDM is available and operates the same in all normal modes.

Specia single-chip mode

In special single-chip mode, background operation is enabled and active out of reset. Thisalows
programming a system with blank memory.

Specia peripheral mode

BDM isenabled and active immediately out of reset. BDM can be disabled
by clearing the BDMACT bit in the BDM status (BDMSTS) register. The
BDM serial system should not be used in special peripheral mode.

Emulation modes
General operation of the BDM is available and operates the same as in normal modes.

MC9S12E256 Data Sheet, Rev. 1.08

446

Freescale Semiconductor



Chapter 15 Background Debug Module (BDMV4)

15.1.2.2 Secure Mode Operation

If the part isin secure mode, the operation of the BDM isreduced to asmall subset of itsregular run mode
operation. Secure operation prevents access to FLASH or EEPROM other than allowing erasure.

15.2 External Signal Description

A single-wire interface pin is used to communicate with the BDM system. Two additional pins are used
for instruction tagging. These pinsare part of the multiplexed external businterface (MEBI) sub-block and
all interfacing between the MEBI and BDM is done within the core interface boundary. Functional
descriptions of the pins are provided below for completeness.

 BKGD — Background interface pin

«  TAGHI — High byte instruction tagging pin
«  TAGLO — Low byte instruction tagging pin
« BKGD and TAGHI share the same pin.

» TAGLO and LSTRB share the same pin.

NOTE
Generally these pins are shared as described, but it is best to check
Chapter 1, “MC9S12E256 Device Overview (MC9S12E256DGV 1)” to
make certain. All MCUs at the time of this writing have followed this pin
sharing scheme.

15.2.1 BKGD — Background Interface Pin

Debugging control logic communicates with external devices serially viathe single-wire background
interface pin (BKGD). During reset, this pin is a mode select input which selects between normal and
special modes of operation. After reset, this pin becomes the dedicated serial interface pin for the
background debug mode.

15.2.2 TAGHI — High Byte Instruction Tagging Pin

Thispinisused to tag the high byte of aninstruction. When instruction tagging ison, alogic 0 at thefalling
edge of the external clock (ECLK) tagsthe high half of theinstruction word being read into the instruction
queue.

15.2.3 TAGLO — Low Byte Instruction Tagging Pin

This pin isused to tag the low byte of an instruction. When instruction tagging is on and low strobeis
enabled, alogic O at thefalling edge of the external clock (ECLK) tagsthelow half of theinstruction word
being read into the instruction queue.
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15.3 Memory Map and Register Definition

A summary of the registers associated with the BDM is shown in Figure 15-2. Registers are accessed by
host-driven communications to the BDM hardware using READ_BD and WRITE_BD commands.
Detailed descriptions of the registers and associated bits are given in the subsections that follow.

15.3.1 Module Memory Map
Table 15-1. BDM Memory Map
Register
Address Use Access
Reserved —
BDM Status Register (BDMSTS) R/W
Reserved —
BDM CCR Holding Register (BDMCCR) R/W
7 BDM Internal Register Position (BDMINR) R
8- Reserved —
MC9S12E256 Data Sheet, Rev. 1.08
448 Freescale Semiconductor
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Register
Name

Reserved

BDMSTS

Reserved

Reserved

Reserved

Reserved

BDMCCR

BDMINR

Reserved

Reserved

Reserved

Reserved

Register Descriptions

S31 =S31 23 £S31 ST =2 =S ST =TV =SV ST =T

Chapter 15 Background Debug Module (BDMV4)

Bit 7 6 5 4 3 2 1 Bit 0
X X X X X X 0 0
BDMACT DV TRACE NSEC 0
ENBDM c ENTAG S C CLKSW UNS
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
CCR7 CCRe6 CCR5 CCR4 CCRS3 CCR2 CCR1 CCRO
0 REG14 REG13 REG12 REG11 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
X X X X X X X X
X X X X X X X X
= Unimplemented, Reserved = Implemented (do not alter)
X = Indeterminate = Always read zero

Figure 15-2. BDM Register Summary
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15.3.2.1 BDM Status Register (BDMSTS)
7 6 5 4 ‘ 3 2 1 0
R BDMACT Sbv TRACE UNSEC 0
ENBDM ENTAG CLKSW
w
Reset:
Special single-chip mode: 11 1 0 0 0 0 0? 0
Special peripheral mode: 0 1 0 0 0 0 0 0
All other modes: 0 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0
|:|= Unimplemented or Reserved -= Implemented (do not alter)
Figure 15-3. BDM Status Register (BDMSTS)
Note:

1

ENBDM is read as "1" by a debugging environment in Special single-chip mode when the device is not secured or secured but

fully erased (Flash and EEPROM).This is because the ENBDM bit is set by the standard firmware before a BDM command
can be fully transmitted and executed.

UNSEC is read as "1" by a debugging environment in Special single-chip mode when the device is secured and fully erased,

else it is "0" and can only be read if not secure (see also bit description).

Read: All modes through BDM operation

Write: All modes but subject to the following:

« BDMACT can only be set by BDM hardware upon entry into BDM. It can only be cleared by the
standard BDM firmware lookup table upon exit from BDM active mode.

e CLKSW can only be written viaBDM hardware or standard BDM firmware write commands.

» All other bits, while writable via BDM hardware or standard BDM firmware write commands,

should only be altered by the BDM hardware or standard firmware lookup table as part of BDM
command execution.

*  ENBDM should only be set viaa BDM hardware command if the BDM firmware commands are
needed. (This does not apply in special single-chip mode).

Table 15-2. BDMSTS Field Descriptions

Field

Description

ENBDM

Enable BDM — This bit controls whether the BDM is enabled or disabled. When enabled, BDM can be made

active to allow firmware commands to be executed. When disabled, BDM cannot be made active but BDM

hardware commands are allowed.

0 BDM disabled

1 BDM enabled

Note: ENBDM is set by the firmware immediately out of reset in special single-chip mode. In secure mode, this
bit will not be set by the firmware until after the EEPROM and FLASH erase verify tests are complete.

6
BDMACT

BDM Active Status — This bit becomes set upon entering BDM. The standard BDM firmware lookup table is
then enabled and put into the memory map. BDMACT is cleared by a carefully timed store instruction in the
standard BDM firmware as part of the exit sequence to return to user code and remove the BDM memory from
the map.

0 BDM not active

1 BDM active
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Table 15-2. BDMSTS Field Descriptions (continued)

Field

Description

ENTAG

Tagging Enable — This bit indicates whether instruction tagging in enabled or disabled. It is set when the
TAGGO command is executed and cleared when BDM is entered. The serial system is disabled and the tag
function enabled 16 cycles after this bit is written. BDM cannot process serial commands while tagging is active.
0 Tagging not enabled or BDM active

1 Tagging enabled

ShvV

Shift Data Valid — This bit is set and cleared by the BDM hardware. It is set after data has been transmitted as
part of a firmware read command or after data has been received as part of a firmware write command. It is
cleared when the next BDM command has been received or BDM is exited. SDV is used by the standard BDM
firmware to control program flow execution.

0 Data phase of command not complete

1 Data phase of command is complete

TRACE

TRACE1 BDM Firmware Command is Being Executed — This bit gets set when a BDM TRACE1 firmware
command is first recognized. It will stay set as long as continuous back-to-back TRACE1 commands are
executed. This bit will get cleared when the next command that is not a TRACE1 command is recognized.

0 TRACE1 command is not being executed

1 TRACE1 command is being executed

CLKSW

Clock Switch — The CLKSW bit controls which clock the BDM operates with. It is only writable from a hardware
BDM command. A 150 cycle delay at the clock speed that is active during the data portion of the command will
occur before the new clock source is guaranteed to be active. The start of the next BDM command uses the new
clock for timing subsequent BDM communications.

Table 15-3 shows the resulting BDM clock source based on the CLKSW and the PLLSEL (PlIl select from the

clock and reset generator) bits.

Note: The BDM alternate clock source can only be selected when CLKSW = 0 and PLLSEL = 1. The BDM serial
interface is now fully synchronized to the alternate clock source, when enabled. This eliminates frequency
restriction on the alternate clock which was required on previous versions. Refer to Chapter 1,
“MC9S12E256 Device Overview (MC9S12E256DGV1)” to determine which clock connects to the
alternate clock source input.

Note: If the acknowledge function is turned on, changing the CLKSW bit will cause the ACK to be at the new rate
for the write command which changes it.

UNSEC

Unsecure — This bit is only writable in special single-chip mode from the BDM secure firmware and always gets
reset to zero. It is in a zero state as secure mode is entered so that the secure BDM firmware lookup table is
enabled and put into the memory map along with the standard BDM firmware lookup table.

The secure BDM firmware lookup table verifies that the on-chip EEPROM and FLASH EEPROM are erased. This

being the case, the UNSEC bit is set and the BDM program jumps to the start of the standard BDM firmware

lookup table and the secure BDM firmware lookup table is turned off. If the erase test fails, the UNSEC bit will

not be asserted.

0 System is in a secured mode

1 System is in a unsecured mode

Note: When UNSEC is set, security is off and the user can change the state of the secure bits in the on-chip
FLASH EEPROM. Note that if the user does not change the state of the bits to “unsecured” mode, the
system will be secured again when it is next taken out of reset.

Table 15-3. BDM Clock Sources

PLLSEL

CLKSW BDMCLK

0 Bus clock

1 Bus clock

0 Alternate clock (refer to Chapter 1, “MC9S12E256 Device Overview (MC9S12E256DGV1)”
to determine the alternate clock source)

1 Bus clock dependent on the PLL
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15.3.2.2 BDM CCR Holding Register (BDMCCR)

7 6 5 4 3 2 1 0
R
W CCR7 CCR6 CCR5 CCR4 CCR3 CCR2 CCR1 CCRO
Reset 0 0 0 0 0 0 0 0
Figure 15-4. BDM CCR Holding Register (BDMCCR)
Read: All modes

Write: All modes

NOTE
When BDM is made active, the CPU storesthe value of the CCR register in
the BDMCCR register. However, out of specia single-chip reset, the
BDMCCR is set to 0xD8 and not 0xDO which isthe reset value of the CCR
register.

When entering background debug mode, the BDM CCR holding register is used to save the contents of
the condition coderegister of the user’s program. It isalso used for temporary storagein the standard BDM
firmware mode. The BDM CCR holding register can be written to modify the CCR value.

15.3.2.3 BDM Internal Register Position Register (BDMINR)

6 5 4 3 0
R 0 REG14 REG13 REG12 REG11 0 0 0

w
Reset 0 0 0 0 0 0 0 0

I:l: Unimplemented or Reserved

Figure 15-5. BDM Internal Register Position (BDMINR)

Read: All modes
Write: Never
Table 15-4. BDMINR Field Descriptions
Field Description
6:3 Internal Register Map Position — These four bits show the state of the upper five bits of the base address for

REG[14:11] |the system’s relocatable register block. BDMINR is a shadow of the INITRG register which maps the register
block to any 2K byte space within the first 32K bytes of the 64K byte address space.
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15.4 Functional Description

The BDM receives and executes commands from a host viaa single wire seria interface. There are two
types of BDM commands, namely, hardware commands and firmware commands.

Hardware commands are used to read and write target system memory locations and to enter active
background debug mode, see Section 15.4.3, “BDM Hardware Commands.” Target system memory
includes all memory that is accessible by the CPU.

Firmware commands are used to read and write CPU resources and to exit from active background debug
mode, see Section 15.4.4, “ Standard BDM Firmware Commands.” The CPU resourcesreferred to are the
accumulator (D), X index register (X), Y index register (), stack pointer (SP), and program counter (PC).

Hardware commands can be executed at any time and in any mode excluding afew exceptions as
highlighted, see Section 15.4.3, “BDM Hardware Commands.” Firmware commands can only be executed
when the system isin active background debug mode (BDM).

15.4.1 Security

If the user resets into special single-chip mode with the system secured, a secured mode BDM firmware
lookup table is brought into the map overlapping a portion of the standard BDM firmware lookup table.
The secure BDM firmware verifies that the on-chip EEPROM and FLASH EEPROM are erased. This
being the case, the UNSEC bit will get set. The BDM program jumps to the start of the standard BDM
firmware and the secured mode BDM firmware is turned off and all BDM commands are allowed. If the
EEPROM or FLASH do not verify as erased, the BDM firmware sets the ENBDM bit, without asserting
UNSEC, and the firmware enters aloop. This causes the BDM hardware commands to become enabled,
but does not enable the firmware commands. This allows the BDM hardware to be used to erase the
EEPROM and FLASH. After execution of the secure firmware, regardless of the results of the erase tests,
the CPU registers, INITEE and PPAGE, will no longer be in their reset state.

15.4.2 Enabling and Activating BDM

The system must bein active BDM to execute standard BDM firmware commands. BDM can be activated
only after being enabled. BDM is enabled by setting the ENBDM bit in the BDM status (BDMSTYS)
register. The ENBDM bhit is set by writing to the BDM status (BDMSTS) register, viathe single-wire
interface, using a hardware command such asWRITE_BD_BYTE.
After being enabled, BDM is activated by one of the following®:

* Hardware BACKGROUND command

* BDM externa instruction tagging mechanism

* CPU BGND instruction

«  Breakpoint sub-block’s force or tag mechanism?

1. BDM is enabled and active immediately out of special single-chip reset.
2. This method is only available on systems that have a a breakpoint or a debug sub-block.
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When BDM is activated, the CPU finishes executing the current instruction and then begins executing the
firmware in the standard BDM firmware lookup table. When BDM s activated by the breakpoint
sub-block, the type of breakpoint used determinesif BDM becomes active before or after execution of the
next instruction.

NOTE

If an attempt is made to activate BDM before being enabled, the CPU
resumes normal instruction execution after a brief delay. If BDM is not
enabled, any hardware BACK GROUND commands issued are ignored by
the BDM and the CPU is not delayed.

In active BDM, the BDM registers and standard BDM firmware lookup table are mapped to addresses
OxFFOO to OxFFFF. BDM registers are mapped to addresses OxFFO0 to OxFFO7. The BDM uses these
registers which are readable anytime by the BDM. However, these registers are not readable by user
programs.

15.4.3 BDM Hardware Commands

Hardware commands are used to read and write target system memory locations and to enter active
background debug mode. Target system memory includes all memory that is accessible by the CPU such
ason-chip RAM, EEPROM, FLASH EEPROM, I/O and control registers, and all external memory.

Hardware commands are executed with minimal or no CPU intervention and do not require the system to
bein active BDM for execution, although they can continue to be executed in this mode. When executing
a hardware command, the BDM sub-block waits for afree CPU bus cycle so that the background access
does not disturb the running application program. If afree cycleis not found within 128 clock cycles, the
CPU is momentarily frozen so that the BDM can steal a cycle. When the BDM finds a free cycle, the
operation does not intrude on normal CPU operation provided that it can be completed in asingle cycle.
However, if an operation requires multiple cycles the CPU isfrozen until the operation is complete, even
though the BDM found afree cycle.

The BDM hardware commands are listed in Table 15-5.

Table 15-5. Hardware Commands

Command Opcode Data Description
(hex)
BACKGROUND 90 None Enter background mode if firmware is enabled. If enabled, an ACK will
be issued when the part enters active background mode.
ACK_ENABLE D5 None Enable handshake. Issues an ACK pulse after the command is
executed.
ACK_DISABLE D6 None Disable handshake. This command does not issue an ACK pulse.
READ_BD_BYTE E4 16-bit address | Read from memory with standard BDM firmware lookup table in map.
16-bit data out | Odd address data on low byte; even address data on high byte.
READ_BD_WORD EC 16-bit address | Read from memory with standard BDM firmware lookup table in map.
16-bit data out | Must be aligned access.
READ_BYTE EO 16-bit address | Read from memory with standard BDM firmware lookup table out of
16-bit data out | map. Odd address data on low byte; even address data on high byte.
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Table 15-5. Hardware Commands (continued)

Command Opcode Data Description
(hex)

READ_WORD E8 16-bit address | Read from memory with standard BDM firmware lookup table out of
16-bit data out | map. Must be aligned access.

WRITE_BD_BYTE C4 16-bit address | Write to memory with standard BDM firmware lookup table in map. Odd
16-bit data in | address data on low byte; even address data on high byte.

WRITE_BD_WORD CC 16-bit address | Write to memory with standard BDM firmware lookup table in map. Must
16-bit data in | be aligned access.

WRITE_BYTE Co 16-bit address | Write to memory with standard BDM firmware lookup table out of map.
16-bit data in | Odd address data on low byte; even address data on high byte.

WRITE_WORD (0F:] 16-bit address | Write to memory with standard BDM firmware lookup table out of map.
16-bit data in | Must be aligned access.

NOTE:

If enabled, ACK will occur when data is ready for transmission for all BDM READ commands and will occur after the write is
complete for all BDM WRITE commands.

The READ_BD and WRITE_BD commands allow accessto the BDM register locations. These locations
are not normally in the system memory map but share addresses with the application in memory. To
distinguish between physical memory locations that share the same address, BDM memory resources are
enabled just for the READ_BD and WRITE_BD access cycle. This allows the BDM to access BDM
locations unobtrusively, even if the addresses conflict with the application memory map.

15.4.4 Standard BDM Firmware Commands

Firmware commands are used to access and manipulate CPU resources. The system must be in active
BDM to execute standard BDM firmware commands, see Section 15.4.2, “Enabling and Activating
BDM.” Normal instruction execution is suspended while the CPU executes the firmware located in the
standard BDM firmware lookup table. The hardware command BACKGROUND is the usua way to
activate BDM.

Asthe system enters active BDM, the standard BDM firmware lookup table and BDM registers become
visible in the on-chip memory map at OxFFO0-OxFFFF, and the CPU begins executing the standard BDM
firmware. The standard BDM firmware watches for serial commands and executes them as they are
received.

The firmware commands are shown in Table 15-6.
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Table 15-6. Firmware Commands

Command’ Opcode (hex) Data Description

READ_NEXT 62 16-bit data out | Increment X by 2 (X = X + 2), then read word X points to.

READ_PC 63 16-bit data out | Read program counter.

READ_D 64 16-bit data out | Read D accumulator.

READ_X 65 16-bit data out | Read X index register.

READ_Y 66 16-bit data out | Read Y index register.

READ_SP 67 16-bit data out | Read stack pointer.

WRITE_NEXT 42 16-bit data in Increment X by 2 (X = X + 2), then write word to location pointed to by X.

WRITE_PC 43 16-bit data in Write program counter.

WRITE_D 44 16-bit data in Write D accumulator.

WRITE_X 45 16-bit data in Write X index register.

WRITE_Y 46 16-bit data in Write Y index register.

WRITE_SP 47 16-bit data in Write stack pointer.

GO 08 None Go to user program. If enabled, ACK will occur when leaving active
background mode.

GO_UNTIL? oC None Go to user program. If enabled, ACK will occur upon returning to active
background mode.

TRACE1 10 None Execute one user instruction then return to active BDM. If enabled, ACK
will occur upon returning to active background mode.

TAGGO 18 None Enable tagging and go to user program. There is no ACK pulse related to
this command.

' If enabled, ACK will occur when data is ready for transmission for all BDM READ commands and will occur after the write is
complete for all BDM WRITE commands.

2 Both WAIT (with clocks to the S12 CPU core disabled) and STOP disable the ACK function. The GO_UNTIL command will not
get an Acknowledge if one of these two CPU instructions occurs before the “UNTIL” instruction. This can be a problem for any
instruction that uses ACK, but GO_UNTIL is a lot more difficult for the development tool to time-out.

15.4.5 BDM Command Structure

Hardware and firmware BDM commands start with an 8-bit opcode followed by a 16-bit address and/or a
16-bit dataword depending on the command. All the read commands return 16 bits of data despite the byte
or word implication in the command name.

NOTE

8-hit reads return 16-bits of data, of which, only one byte will contain valid
data. If reading an even address, the valid data will appear in the MSB. If
reading an odd address, the valid data will appear in the LSB.

NOTE

16-bit misaligned reads and writes are not allowed. If attempted, the BDM
will ignore the least significant bit of the address and will assume an even
address from the remaining bits.
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For hardware data read commands, the external host must wait 150 bus clock cycles after sending the
address before attempting to obtain the read data. Thisisto be certain that valid datais available in the
BDM shift register, ready to be shifted out. For hardware write commands, the external host must wait
150 bus clock cycles after sending the data to be written before attempting to send a new command. This
isto avoid disturbing the BDM shift register before the write has been completed. The 150 bus clock cycle
delay in both cases includes the maximum 128 cycle delay that can be incurred as the BDM waits for a
free cycle before stealing a cycle.

For firmware read commands, the external host should wait 44 bus clock cyclesafter sending the command
opcode and before attempting to obtain the read data. Thisincludesthe potential of an extra7 cycleswhen
the accessis external with a narrow bus access (+1 cycle) and / or astretch (+1, 2, or 3 cycles), (7 cycles
could be needed if both occur). The 44 cycle wait allows enough time for the requested data to be made
available in the BDM shift register, ready to be shifted out.

NOTE

This timing has increased from previous BDM modules due to the new
capability inwhich the BDM serial interface can potentially run faster than
the bus. On previous BDM modules this extratime could be hidden within
the serial time.

For firmware write commands, the external host must wait 32 bus clock cycles after sending the datato be
written before attempting to send a new command. Thisisto avoid disturbing the BDM shift register
before the write has been completed.

The external host should wait 64 bus clock cycles after a TRACEL or GO command before starting any
new serial command. Thisisto allow the CPU to exit gracefully from the standard BDM firmware lookup
table and resume execution of the user code. Disturbing the BDM shift register prematurely may adversely
affect the exit from the standard BDM firmware lookup table.

NOTE
If the bus rate of the target processor is unknown or could be changing, itis
recommended that the ACK (acknowledge function) be used to indicate
when an operation is complete. When using ACK, the delay times are
automated.

Figure 15-6 represents the BDM command structure. The command blocks illustrate a series of eight bit
times starting with afalling edge. The bar across the top of the blocks indicates that the BKGD line idles
in the high state. The time for an 8-bit command is 8 x 16 target clock cycles.*

1. Target clock cycles are cycles measured using the target MCU'’s serial clock rate. See Section 15.4.6, “BDM Serial Interface,”
and Section 15.3.2.1, “BDM Status Register (BDMSTS),” for information on how serial clock rate is selected.
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8 BITS 16 BITS 150-BC 16 BITS

AT ~16 TC/BIT AT ~16 TC/BIT DELAY AT ~16 TC/BIT
HARDWARE NEXT
READ COMMAND ADDRESS DATA COMMAND
150-8C
DELAY
HARDWARE \ NEXT \
44-BC
DELAY
FIRMWARE NEXT
READ COMMAND DATA COMMAND |
32-BC
DELAY
FIRMWARE | NEXT \
WRITE COMMAND DATA ! COMMAND |
64-BC
DELAY
GO, T NEXT
TRACE COMMAND ! COMMAND | BC = BUS CLOCK CYCLES

---------------- TC = TARGET CLOCK CYCLES
Figure 15-6. BDM Command Structure

15.4.6 BDM Serial Interface

The BDM communicates with external devices serially viathe BKGD pin. During reset, thispinisamode
select input which selects between normal and special modes of operation. After reset, this pin becomes
the dedicated seria interface pin for the BDM.

The BDM serial interface istimed using the clock selected by the CLKSW bit in the status register see
Section 15.3.2.1, “BDM Status Register (BDMSTS).” This clock will be referred to asthe target clock in
the following explanation.

The BDM serial interface uses a clocking scheme in which the external host generates afalling edge on
the BKGD pin to indicate the start of each bit time. Thisfalling edge is sent for every bit whether datais
transmitted or received. Datais transferred most significant bit (MSB) first at 16 target clock cycles per
bit. The interface times out if 512 clock cycles occur between falling edges from the host.

The BKGD pin is a pseudo open-drain pin and has an weak on-chip active pull-up that is enabled at all
times. It is assumed that there is an external pull-up and that drivers connected to BKGD do not typically
drivethe high level. Because R-C rise time could be unacceptably long, the target system and host provide
brief driven-high (speedup) pulsesto drive BKGD to alogic 1. The source of this speedup pulseisthe host
for transmit cases and the target for receive cases.

Thetiming for host-to-target is shown in Figure 15-7 and that of target-to-host in Figure 15-8 and
Figure 15-9. All four cases begin when the host drives the BKGD pin low to generate afalling edge.
Because the host and target are operating from separate clocks, it can take the target system up to one full
clock cycle to recognize this edge. The target measures delays from this perceived start of the bit time
while the host measures delays from the point it actually drove BKGD low to start the bit up to one target
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clock cycle earlier. Synchronization between the host and target is established in this manner at the start
of every bit time.

Figure 15-7 shows an external host transmitting alogic 1 and transmitting alogic 0 to the BKGD pin of a
target system. The host is asynchronous to the target, so there is up to a one clock-cycle delay from the
host-generated falling edge to where the target recognizes this edge as the beginning of the bit time. Ten
target clock cycleslater, the target senses the bit level on the BKGD pin. Internal glitch detect logic
requires the pin be driven high no later that eight target clock cycles after the falling edge for alogic 1
transmission.

Because the host drives the high speedup pulsesin these two cases, the rising edges look like digitally
driven signals.

CLOCK ) | I

HosT -+ ) T
TRANSMIT 1 ,

HosT .\ . /

TRANSMIT 0
| | | | I | I T
PERCEIVED TARGET SENSES BIT T
START OF BIT TIME
10 CYCLES EARLIEST
S~ START OF
SYNCHRONIZATION NEXT BIT

UNCERTAINTY
Figure 15-7. BDM Host-to-Target Serial Bit Timing

The receive cases are more complicated. Figure 15-8 shows the host receiving alogic 1 from the target
system. Because the host is asynchronous to the target, there is up to one clock-cycle delay from the
host-generated falling edge on BKGD to the perceived start of the bit timein thetarget. The host holdsthe
BKGD pin low long enough for the target to recognize it (at least two target clock cycles). The host must
release the low drive before the target drives a brief high speedup pul se seven target clock cycles after the
perceived start of the bit time. The host should sample the bit level about 10 target clock cycles after it
started the bit time.
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CLOCK
TARGETSYSTEM|||||||||||||||||uuu|_||_||_|uU|—||—||—

HOST —
DRIVETO - - - w4 e - - -|-HIGH-IMPEDANCE - - = - = = = = = = = = cim o o a]- = - -
BKGDPIN _ T C

|

TARGET SYSTEM
SPEEDUP
PULSE . HIGH-IMPEDANCE - - - - - - - - - - - - - 1 | S Y A HIGH-IMPEDANCE - - - - -|- - - - - -

PERCEIVED I I I I I I I I
START OF BIT TIME f

BKGD PIN \ \/J

‘ | | | |
= 10 CYCLES > T
[ 10 CYCLES >
EARLIEST
A START OF
HOST SAMPLES NEXT BIT
BKGD PIN

Figure 15-8. BDM Target-to-Host Serial Bit Timing (Logic 1)

Figure 15-9 shows the host receiving alogic O from the target. Because the host is asynchronous to the
target, thereis up to aone clock-cycle delay from the host-generated falling edge on BKGD to the start of
the bit time as perceived by the target. The host initiates the bit time but the target finishesit. Because the
target wantsthe host to receivealogic O, it drivesthe BKGD pin low for 13 target clock cyclesthen briefly
drivesit high to speed up the rising edge. The host samples the bit level about 10 target clock cycles after
starting the bit time.

CLOCK
TARGET SYS.
HOST ~
DRIVETO ---~---4  ropmmmmmmmm oo HIGH-IMPEDANCE - - - = - - = = = = - - - - R
BKGDPIN _ ' _ _ ! / P I
I I I I I I I
SPEEDUP PULSE
TARGET SYS. —
DRIVEAND - - - - - - R e 2 Yt
SPEEDUP PULSE _ \
PERCEIVED + ! ! | | | | | | |
START OF BIT TIME —
BKGDPIN .\ / v
L_“‘ I I I I I I I I I [
|< 10 CYCLES > T
I< 10 CYCLES -
EARLIEST
f START OF
HOST SAMPLES NEXT BIT

BKGD PIN
Figure 15-9. BDM Target-to-Host Serial Bit Timing (Logic 0)
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15.4.7 Serial Interface Hardware Handshake Protocol

BDM commandsthat require CPU execution are ultimately treated at the M CU busrate. Becausethe BDM
clock source can be asynchronously related to the bus frequency, when CLKSW = 0, it is very helpful to
provide a handshake protocol in which the host could determine when an issued command is executed by
the CPU. The dternative is to aways wait the amount of time equal to the appropriate number of cycles
at the slowest possible rate the clock could be running. This sub-section will describe the hardware
handshake protocol.

The hardware handshake protocol signalsto the host controller when an issued command was successfully
executed by the target. This protocol isimplemented by a 16 seria clock cycle low pulse followed by a
brief speedup pulseinthe BKGD pin. Thispulseisgenerated by the target MCU when acommand, issued
by the host, has been successfully executed (see Figure 15-10). This pulseisreferred to asthe ACK pulse.
After the ACK pulse hasfinished: the host can start the bit retrieval if the last issued command was aread
command, or start anew command if the last command was a write command or a control command
(BACKGROUND, GO, GO_UNTIL, or TRACEL). The ACK pulseisnot issued earlier than 32 serial
clock cycles after the BDM command was issued. The end of the BDM command is assumed to be the
16th tick of the last bit. This minimum delay assures enough time for the host to perceive the ACK pulse.
Note also that, there is no upper limit for the delay between the command and the related ACK pulse,
because the command execution depends upon the CPU bus frequency, which in some cases could be very
slow compared to the serial communication rate. This protocol allows a great flexibility for the POD
designers, because it does not rely on any accurate time measurement or short response time to any event
in the serial communication.

BDM CLOCK ; !
(TARGET MCU) J‘| NN STLA
: e L e e o e e I e O
‘ «————— 16CYCLES —— \
TARGET ' - -HIGH-IMPEDANCE - - - _HIGH- o
TRANSMITS : HIGH-IMPEDANCE
ACK PULSE !
1 32 CYCLES
0 SPEEDUP PULSE
! \ MINIMUM DELAY
‘ FROM THE BDM COMMAND R I
BKGD PIN / \ /
‘ EARLIEST
16th TICK OF THE START OF
LAST COMMAD BIT NEXT BIT
Figure 15-10. Target Acknowledge Pulse (ACK)
NOTE

If the ACK pulse was issued by the target, the host assumes the previous
command was executed. If the CPU enters WAIT or STOP prior to
executing a hardware command, the ACK pulse will not be issued meaning
that the BDM command was not executed. After entering wait or stop mode,
the BDM command is no longer pending.
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Figure 15-11 showsthe ACK handshake protocol in acommand level timing diagram. TheREAD_BYTE
instruction is used as an example. First, the 8-bit instruction opcode is sent by the host, followed by the
address of the memory location to beread. Thetarget BDM decodestheinstruction. A buscycleisgrabbed
(free or stolen) by the BDM and it executes the READ_BY TE operation. Having retrieved the data, the
BDM issuesan ACK pulseto the host controller, indicating that the addressed byteisready to beretrieved.
After detecting the ACK pulse, the host initiates the byte retrieval process. Note that datais sent in the
form of aword and the host needsto determine which isthe appropriate byte based on whether the address

was odd or even.
TARGET —» HOST

BKGDPIN | READ_BYTE BYTE ADDRESS J ‘QQEIFI:EESVQSE gg,\&VMEi\DNMD
HOST—» TARGET ‘ HOST—» TARGET
- - BDM ISSUES THE -~ =
‘ ACK PULSE (OUT OF SCALE)
BDM DECODES / \ BDM EXECUTES THE
THE COMMAND READ_BYTE COMMAND

Figure 15-11. Handshake Protocol at Command Level

Differently from the normal bit transfer (where the host initiates the transmission), the seria interface
ACK handshake pulseisinitiated by the target MCU by issuing afalling edge in the BKGD pin. The
hardware handshake protocol in Figure 15-10 specifiesthe timing when the BKGD pinisbeing driven, so
the host should follow thistiming constraint in order to avoid therisk of an electrical conflict inthe BKGD
pin.
NOTE

The only place the BKGD pin can have an electrical conflict is when one

sideisdriving low and the other sideisissuing aspeedup pulse (high). Other

“highs” are pulled rather than driven. However, at low rates the time of the

speedup pulse can become lengthy and so the potential conflict time

becomes longer as well.

The ACK handshake protocol does not support nested ACK pulses. If aBDM command is not
acknowledge by an ACK pulse, the host needs to abort the pending command first in order to be able to
issue anew BDM command. When the CPU enters WAIT or STOP while the host issues a command that
requires CPU execution (e.g., WRITE_BYTE), the target discards the incoming command due to the
WAIT or STOP being detected. Therefore, the command is not acknowledged by the target, which means
that the ACK pulse will not beissued in this case. After a certain time the host should decide to abort the
ACK sequence in order to be free to issue a new command. Therefore, the protocol should provide a
mechanism in which a command, and therefore a pending ACK, could be aborted.

NOTE

Differently from aregular BDM command, the ACK pulse does not provide
atimeout. Thismeansthat in the case of aWAIT or STOP instruction being
executed, the ACK would be prevented from being issued. If not aborted,
the ACK would remain pending indefinitely. See the handshake abort
procedure described in Section 15.4.8, “Hardware Handshake Abort
Procedure.”
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15.4.8 Hardware Handshake Abort Procedure

The abort procedureis based on the SY NC command. In order to abort acommand, which had not issued
the corresponding ACK pulse, the host controller should generate alow pulsein the BKGD pin by driving
it low for at least 128 serial clock cycles and then driving it high for one serial clock cycle, providing a
speedup pulse. By detecting thislong low pulse in the BKGD pin, the target executes the SY NC protocol,
see Section 15.4.9, “SYNC — Request Timed Reference Pulse,” and assumes that the pending command
and therefore the related ACK pulse, are being aborted. Therefore, after the SYNC protocol has been
completed the host isfree to issue new BDM commands.

Although it is not recommended, the host could abort apending BDM command by issuing alow pulsein
the BKGD pin shorter than 128 serial clock cycles, which will not be interpreted as the SY NC command.
The ACK isactually aborted when afalling edge is perceived by the target in the BKGD pin. The short
abort pulse should have at least 4 clock cycles keeping the BKGD pin low, in order to allow the falling
edgeto be detected by thetarget. Inthiscase, thetarget will not executethe SY NC protocol but the pending
command will be aborted along with the ACK pulse. The potential problem with this abort procedure is
when there is a conflict between the ACK pulse and the short abort pulse. In this case, the target may not
perceive the abort pulse. The worst case is when the pending command is aread command (i.e.,
READ_BYTE). If the abort pulse is not perceived by the target the host will attempt to send a new
command after the abort pulse was issued, while the target expects the host to retrieve the accessed
memory byte. In this case, host and target will run out of synchronism. However, if the command to be
aborted is not aread command the short abort pulse could be used. After acommand is aborted the target
assumes the next falling edge, after the abort pulse, isthefirst bit of anew BDM command.

NOTE
Thedetailsabout the short abort pulseare being provided only asareference

for the reader to better understand the BDM internal behavior. It is not
recommended that this procedure be used in areal application.

Because the host knows the target serial clock frequency, the SY NC command (used to abort acommand)
does not need to consider the lower possible target frequency. In this case, the host could issuea SYNC
very closeto the 128 serial clock cycleslength. Providing asmall overhead on the pulse length in order to
assure the SYNC pulse will not be misinterpreted by the target. See Section 15.4.9, “SYNC — Request
Timed Reference Pulse.”

Figure 15-12 shows a SY NC command being issued after aREAD_BY TE, which aborts the
READ_BY TE command. Note that, after the command is aborted a new command could be issued by the
host computer.

NOTE
Figure 15-12 does not represent the signalsin atrue timing scale
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READ_BYTE CMD IS ABORTED SYNC RESPONSE
BY THE SYNC REQUEST FROM THE TARGET
(OUT OF SCALE) \ / (OUT OF SCALE)
BKGD PIN READ_BYTE MEMORY ADDRESS READ_STATUS NEW BDM COMMAND
HOST —» TARGET HOST —» TARGET HOST —» TARGET
- ' - >
BDM DECODE / \ NEW BDM COMMAND
AND STARTS TO EXECUTES

THE READ_BYTE CMD
Figure 15-12. ACK Abort Procedure at the Command Level

Figure 15-13 shows a conflict between the ACK pulse and the SYNC request pulse. This conflict could
occur if aPOD deviceis connected to the target BKGD pin and the target is already in debug active mode.
Consider that thetarget CPU isexecuting apending BDM command at the exact moment the POD isbeing
connected to the BKGD pin. In this case, an ACK pulseisissued along with the SY NC command. In this
case, thereis an electrical conflict between the ACK speedup pulse and the SYNC pulse. Because thisis
not a probable situation, the protocol does not prevent this conflict from happening.

-< AT LEAST 128 CYCLES |

BDM CLOCK
(TARGET MCU) ] ||||||||||||||||||||||||||||||||||||||||||||||||||||

_ ACK PULSE
TARGET MCU
DRIVES TO e / [\ . HIGH-IMPEDANCE = - - - - -- - -
BKGDPIN — \
ELECTRICAL CONFLICT
_ HOST AND
HOST TARGET DRIVE
DRIVESSYNC - ===="1 .- '\ TO BKGD PIN
TOBKGDPIN — .. __L__)
HOST SYNC REQUEST PULSE /
BKGD PIN—\
‘4— 16 CYCLES ————

Figure 15-13. ACK Pulse and SYNC Request Conflict

NOTE

Thisinformation isbeing provided so that the M CU integrator will be aware
that such a conflict could eventually occur.

The hardware handshake protocol isenabled by the ACK_ENABLE and disabled by the ACK_DISABLE
BDM commands. This provides backwards compatibility with the existing POD devices which are not
able to execute the hardware handshake protocol. It also alows for new POD devices, that support the
hardware handshake protocol, to freely communicate with the target device. If desired, without the need
for waiting for the ACK pulse.
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The commands are described as follows:

* ACK_ENABLE — enablesthe hardware handshake protocol. Thetarget will issuethe ACK pulse
when a CPU command is executed by the CPU. The ACK_ENABLE command itself also hasthe
ACK pulse as aresponse.

» ACK_DISABLE — disablesthe ACK pulse protocol. In this case, the host needs to use the worst
case delay time at the appropriate places in the protocol.

The default state of the BDM after reset is hardware handshake protocol disabled.

All the read commands will ACK (if enabled) when the data bus cycle has completed and the dataiis then
ready for reading out by the BKGD serial pin. All thewrite commandswill ACK (if enabled) after the data
has been received by the BDM through the BKGD serial pin and when the data bus cycle is complete. See
Section 15.4.3, “BDM Hardware Commands,” and Section 15.4.4, “ Standard BDM Firmware
Commands,” for more information on the BDM commands.

The ACK_ENABLE sendsan ACK pulse when the command has been completed. This feature could be
used by the host to evaluate if the target supports the hardware handshake protocol. If an ACK pulseis
issued in response to this command, the host knows that the target supports the hardware handshake
protocol. If the target does not support the hardware handshake protocol the ACK pulseis not issued. In
this case, the ACK_ENABLE command isignored by the target because it is not recognized asavalid
command.

The BACKGROUND command will issue an ACK pulse when the CPU changes from normal to
background mode. The ACK pulse related to this command could be aborted using the SY NC command.

The GO command will issue an ACK pulse when the CPU exits from background mode. The ACK pulse
related to this command could be aborted using the SY NC command.

The GO_UNTIL command is equivalent to a GO command with exception that the ACK pulse, in this
case, isissued when the CPU entersinto background mode. This command is an alternative to the GO
command and should be used when the host wants to trace if a breakpoint match occurs and causes the
CPU to enter active background mode. Note that the ACK isissued whenever the CPU entersBDM, which
could be caused by a breakpoint match or by a BGND instruction being executed. The ACK pulse related
to this command could be aborted using the SY NC command.

The TRACEL command has the related ACK pulse issued when the CPU enters background active mode
after oneinstruction of the application program isexecuted. The ACK pulserelated to this command could
be aborted using the SY NC command.

The TAGGO command will not issuean ACK pulse because thiswould interfere with the tagging function
shared on the same pin.
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15.4.9 SYNC — Request Timed Reference Pulse

The SYNC command is unlike other BDM commands because the host does not necessarily know the
correct communication speed to use for BDM communications until after it has analyzed the response to
the SYNC command. To issue a SYNC command, the host should perform the following steps:

1. Drivethe BKGD pinlow for at least 128 cycles at the |lowest possible BDM serial communication
frequency (thelowest serial communication frequency isdetermined by the crystal oscillator or the
clock chosen by CLKSW.)

2. Drive BKGD high for a brief speedup pulse to get afast rise time (this speedup pulseistypicaly
one cycle of the host clock.)

3. Removeall drive to the BKGD pin so it reverts to high impedance.
4. Listentothe BKGD pin for the sync response pulse.

Upon detecting the SY NC request from the host, the target performs the following steps:
1. Discards any incomplete command received or bit retrieved.
Waitsfor BKGD to returnto alogic 1.
Delays 16 cyclesto allow the host to stop driving the high speedup pulse.
Drives BKGD low for 128 cycles at the current BDM serial communication frequency.
Drives aone-cycle high speedup pulse to force afast rise time on BKGD.
Removes all drive to the BKGD pin so it reverts to high impedance.

o gk wbd

The host measures the low time of this 128 cycle SY NC response pulse and determines the correct speed
for subsequent BDM communications. Typically, the host can determine the correct communication speed
within afew percent of the actual target speed and the communication protocol can easily tolerate speed
errors of several percent.

As soon asthe SYNC request is detected by the target, any partially received command or bit retrieved is
discarded. Thisisreferred to asa soft-reset, equivalent to atime-out in the serial communication. After the
SYNC response, the target will consider the next falling edge (issued by the host) as the start of a new
BDM command or the start of new SY NC request.

Another use of the SYNC command pulseisto abort a pending ACK pulse. The behavior is exactly the
same asin aregular SYNC command. Note that one of the possible causes for acommand to not be
acknowledged by the target is a host-target synchronization problem. In this case, the command may not
have been understood by the target and so an ACK response pulse will not be issued.

15.4.10 Instruction Tracing

When a TRACE1 command is issued to the BDM in active BDM, the CPU exits the standard BDM
firmware and executesasingleinstructionin the user code. As soon asthishas occurred, the CPU isforced
to return to the standard BDM firmware and the BDM is active and ready to receive a new command. If
the TRACEL command isissued again, the next user instruction will be executed. Thisfacilitates stepping
or tracing through the user code one instruction at atime.
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If aninterrupt is pending when a TRACEL command isissued, the interrupt stacking operation occurs but
no user instruction is executed. Upon return to standard BDM firmware execution, the program counter
points to the first instruction in the interrupt service routine.

15.4.11 Instruction Tagging

The instruction queue and cycle-by-cycle CPU activity are reconstructible in real time or from trace
history that is captured by alogic analyzer. However, the reconstructed queue cannot be used to stop the
CPU at a specific instruction. Thisis because execution aready has begun by the time an operation is
visible outside the system. A separate instruction tagging mechanism is provided for this purpose.

The tag follows program information as it advances through the instruction queue. When atagged
instruction reachesthe head of the queue, the CPU entersactive BDM rather than executing theinstruction.

NOTE

Tagging isdisabled when BDM becomes active and BDM serial commands
are not processed while tagging is active.

Executing the BDM TAGGO command configurestwo system pinsfor tagging. The TAGLO signal shares
apin with the LSTRB signal, and the TAGHI signal shares a pin with the BKGD signal.

Table 15-7 showsthe functions of the two tagging pins. The pins operate independently, that isthe state of
one pin does not affect the function of the other. The presence of logic level 0 on either pin at the fall of
the external clock (ECLK) performs the indicated function. High tagging is allowed in all modes. Low
tagging isallowed only when low strobeisenabled (LSTRB isallowed only in wide expanded modes and
emulation expanded narrow mode).

Table 15-7. Tag Pin Function

TAGHI TAGLO Tag
1 1 No tag
1 0 Low byte
0 1 High byte
0 0 Both bytes

15.4.12 Serial Communication Time-Out

The host initiates a host-to-target serial transmission by generating afalling edge on the BKGD pin. If
BKGD iskept low for more than 128 target clock cycles, the target understands that a SY NC command
was issued. In this case, the target will keep waiting for arising edge on BKGD in order to answer the
SYNC request pulse. If the rising edge is not detected, the target will keep waiting forever without any
time-out limit.

Consider now the case where the host returns BKGD to logic one before 128 cycles. Thisisinterpreted as
avalid bit transmission, and not as a SY NC request. The target will keep waiting for another falling edge
marking the start of anew bit. If, however, anew falling edgeis not detected by the target within 512 clock
cyclessincethelast falling edge, atime-out occurs and the current command is discarded without affecting
memory or the operating mode of the MCU. Thisisreferred to as a soft-reset.
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If aread command isissued but the datais not retrieved within 512 serial clock cycles, a soft-reset will
occur causing the command to be disregarded. The datais not available for retrieval after the time-out has
occurred. Thisis the expected behavior if the handshake protocol is not enabled. However, consider the
behavior wherethe BDC isrunning in afrequency much greater than the CPU frequency. In this case, the
command could time out before the datais ready to be retrieved. In order to allow the datato beretrieved
even with alarge clock frequency mismatch (between BDC and CPU) when the hardware handshake
protocol isenabled, the time out between aread command and the dataretrieval isdisabled. Therefore, the
host could wait for more then 512 serial clock cycles and continue to be able to retrieve the data from an
issued read command. However, as soon as the handshake pulse (ACK pulse) isissued, the time-out
feature is re-activated, meaning that the target will time out after 512 clock cycles. Therefore, the host
needsto retrieve the datawithin a512 serial clock cyclestime frame after the ACK pulse had been issued.
After that period, the read command is discarded and the data is no longer available for retrieval. Any
falling edge of the BKGD pin after the time-out period is considered to be a new command or a SYNC
request.

Note that whenever a partially issued command, or partially retrieved data, has occurred the time out in
the serial communication is active. This means that if atime frame higher than 512 serial clock cyclesis
observed between two consecutive negative edges and the command being issued or data being retrieved
is not complete, a soft-reset will occur causing the partially received command or data retrieved to be
disregarded. The next falling edge of the BKGD pin, after a soft-reset has occurred, is considered by the
target as the start of anew BDM command, or the start of a SYNC request pulse.

15.4.13 Operation in Wait Mode
The BDM cannot be used in wait mode if the system disables the clocks to the BDM.

There is a clearing mechanism associated with the WAIT instruction when the clocks to the BDM (CPU

core platform) are disabled. Asthe clocksrestart from wait mode, the BDM receives a soft reset (clearing
any command in progress) and the ACK function will be disabled. Thisis achange from previous BDM

modules.

15.4.14 Operation in Stop Mode
The BDM is completely shutdown in stop mode.

There is a clearing mechanism associated with the STOP instruction. STOP must be enabled and the part
must go into stop mode for thisto occur. As the clocks restart from stop mode, the BDM receives a soft
reset (clearing any command in progress) and the ACK function will be disabled. Thisis a change from
previous BDM modules.
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16.1

Introduction

This section describes the functionality of the debug (DBG) sub-block of the HCS12 core platform.

The DBG module is designed to be fully compatible with the existing BKP_HCS12 A module (BKP
mode) and furthermore provides an on-chip trace buffer with flexible triggering capability (DBG mode).
The DBG module providesfor non-intrusive debug of application software. The DBG moduleisoptimized
for the HCS12 16-bit architecture.

16.1.1 Features

The DBG module in BKP mode includes these distinctive features:

Full or dual breakpoint mode

— Compare on address and data (full)

— Compare on either of two addresses (dual)

BDM or SWI breakpoint

— Enter BDM on breakpoint (BDM)

— Execute SWI on breakpoint (SWI)

Tagged or forced breakpoint

— Break just before a specific instruction will begin execution (TAG)
— Break on thefirst instruction boundary after a match occurs (Force)
Single, range, or page address compares

— Compare on address (single)

— Compare on address 256 byte (range)

— Compare on any 16K page (page)

At forced breakpoints compare address on read or write

High and/or low byte data compares

Comparator C can provide an additional tag or force breakpoint (enhancement for BKP mode)
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The DBG in DBG mode includes these distinctive features;

Three comparators (A, B, and C)

— Dual mode, comparators A and B used to compare addresses

— Full mode, comparator A compares address and comparator B compares data

— Can be used astrigger and/or breakpoint

— Comparator C used in LOOP1 capture mode or as additional breakpoint

Four capture modes

— Normal mode, change-of-flow information is captured based on trigger specification

— Loopl mode, comparator C is dynamically updated to prevent redundant change-of-flow
storage.

— Detail mode, address and data for all cycles except program fetch (P) and free (f) cyclesare
stored in trace buffer

— Profile mode, last instruction address executed by CPU is returned when trace buffer address
isread

Two types of breakpoint or debug triggers

— Break just before a specific instruction will begin execution (tag)

— Break on thefirst instruction boundary after a match occurs (force)

BDM or SWI breakpoint

— Enter BDM on breakpoint (BDM)

— Execute SWI on breakpoint (SWI)

Nine trigger modes for comparators A and B

— A

— AorB

— AthenB

— A and B, where B is data (full mode)

— A and not B, where B is data (full mode)

— Event only B, store data

— A then event only B, store data

— Insiderange, A < address< B

— OQutside range, address < A or address> B

Comparator C provides an additional tag or force breakpoint when capture mode is not configured
in LOOP1 mode.

Sixty-four word (16 bitswide) trace buffer for storing change-of-flow information, event only data
and other bus information.

— Source address of taken conditional branches (long, short, bit-conditional, and loop constructs)
— Destination address of indexed JMP, JSR, and CALL instruction.

— Destination address of RTI, RTS, and RTC instructions

— Vector address of interrupts, except for SWI and BDM vectors
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— Data associated with event B trigger modes

— Detail report mode stores address and datafor all cycles except program (P) and free (f) cycles
— Current instruction address when in profiling mode

— BGND isnot considered a change-of-flow (cof) by the debugger

16.1.2 Modes of Operation

There are two main modes of operation: breakpoint mode and debug mode. Each oneismutually exclusive
of the other and selected via a software programmable control bit.
In the breakpoint mode there are two sub-modes of operation:

» Dual address mode, where a match on either of two addresses will cause the system to enter
background debug mode (BDM) or initiate a software interrupt (SW1).

» Full breakpoint mode, where a match on address and data will cause the system to enter
background debug mode (BDM) or initiate a software interrupt (SW1).
In debug mode, there are several sub-modes of operation.
» Trigger modes

There are many waysto create alogical trigger. Thetrigger can be used to capture businformation
either starting from the trigger or ending at the trigger. Types of triggers (A and B are registers):

— Aonly
— AorB
— AthenB
— Event only B (data capture)
— A then event only B (data capture)
— A and B, full mode
— A and not B, full mode
— Inside range
— Outsiderange
e Capture modes

There are several capture modes. These determine which bus information is saved and which is
ignored.

— Normal: save change-of-flow program fetches

— Loopl: save change-of-flow program fetches, ignoring duplicates
— Detail: save al bus operations except program and free cycles

— Profile: poll target from external device

16.1.3 Block Diagram

Figure 16-1 isablock diagram of this module in breakpoint mode. Figure 16-2 is ablock diagram of this
module in debug mode.
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Figure 16-1. DBG Block Diagram in BKP Mode
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Figure 16-2. DBG Block Diagram in DBG Mode

16.2 External Signal Description

The DBG sub-modulerelieson the external businterface (generally the MEBI) whenthe DBG ismatching
on the external bus.

Thetag pinsin Table 16-1 (part of the MEBI) may also be a part of the breakpoint operation.

Table 16-1. External System Pins Associated with DBG and MEBI

Pin Name Pin Functions Description
BKGD/MODC/ TAGHI When instruction tagging is on, a 0 at the falling edge of E tags the high half of the
TAGHI instruction word being read into the instruction queue.
PE3/LSTRB/ TAGLO TAGLO In expanded wide mode or emulation narrow modes, when instruction tagging is on
and low strobe is enabled, a 0 at the falling edge of E tags the low half of the
instruction word being read into the instruction queue.
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16.3 Memory Map and Register Definition

A summary of the registers associated with the DBG sub-block is shown in Figure 16-3. Detailed
descriptions of the registers and bits are given in the subsections that follow.

16.3.1 Module Memory Map
Table 16-2. DBGV1 Memory Map

Ag;if::;s Use Access
Debug Control Register (DBGC1) R/W
Debug Status and Control Register (DBGSC) R/W
Debug Trace Buffer Register High (DBGTBH) R
Debug Trace Buffer Register Low (DBGTBL) R
4 Debug Count Register (DBGCNT) R
5 Debug Comparator C Extended Register (DBGCCX) R/W
6 Debug Comparator C Register High (DBGCCH) R/W
Debug Comparator C Register Low (DBGCCL) R/W
8 Debug Control Register 2 (DBGC2) / (BKPCTO0) R/W
9 Debug Control Register 3 (DBGC3) / (BKPCT1) R/W
A Debug Comparator A Extended Register (DBGCAX) / (/BKP0X) R/W
B Debug Comparator A Register High (DBGCAH) / (BKPOH) R/W
Debug Comparator A Register Low (DBGCAL) / (BKPOL) R/W
Debug Comparator B Extended Register (DBGCBX) / (BKP1X) R/W
Debug Comparator B Register High (DBGCBH) / (BKP1H) R/W
F Debug Comparator B Register Low (DBGCBL) / (BKP1L) R/W

16.3.2 Register Descriptions

This section consists of the DBG register descriptions in address order. Most of the register bits can be
written to in either BKP or DBG mode, although they may not have any effect in one of the modes.
However, the only bitsin the DBG modul e that can be written while the debugger isarmed (ARM = 1) are
DBGEN and ARM

Name'! Bit 7 6 5 4 3 2 1 Bit 0
R 0

DBGC1 W DBGEN ARM TRGSEL | BEGIN | DBGBRK CAPMOD
R AF BF CF 0

DBGSC W TRG

I:I = Unimplemented or Reserved

Figure 16-3. DBG Register Summary
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Name'! Bit 7 6 5 4 3 2 1 Bit 0
DBGTBH R| Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
w
— R| Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
w
DBGONT R| TBF 0 CNT
w
R
DBGCCX®@ W PAGSEL EXTCMP
o R . .
DBGCCH® W Bit 15 14 13 12 11 10 9 Bit 8
R
DBGCCL®@ W Bit 7 6 5 4 3 2 1 Bit 0
DBGC2 R
BKPCTO BKABEN FULL BDM TAGAB | BKCEN TAGC RWCEN RWC
w
DBGC3 R
BKAMBH | BKAMBL | BKBMBH | BKBMBL | RWAEN RWA RWBEN RWB
BKPCT1 W
DBGCAX R
PAGSEL EXTCMP
BKPOX W
DBGCAH R . .
Bit 15 14 13 12 11 10 9 Bit 8
BKPOH W
DEGCAL Rl Bty 6 5 4 3 2 1 Bit 0
BKPOL W
DBGCBX R
PAGSEL EXTCMP
BKP1X W
DBGCBH R . .
Bit 15 14 13 12 11 10 9 Bit 8
BKP1H W
DBGCBL . .
Bit 7 6 5 4 3 2 1 Bit 0
BKP1L W

I:l = Unimplemented or Reserved

Figure 16-3. DBG Register Summary (continued)

' The DBG module is designed for backwards compatibility to existing BKP modules. Register and bit names have changed from
the BKP module. This column shows the DBG register name, as well as the BKP register name for reference.

2 Comparator C can be used to enhance the BKP mode by providing a third breakpoint.
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16.3.2.1 Debug Control Register 1 (DBGC1)
NOTE
All bits are used in DBG mode only.
7 6 5 4 3 1 0
R 0
DBGEN ARM TRGSEL BEGIN DBGBRK CAPMOD
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 16-4. Debug Control Register (DBGC1)
NOTE
This register cannot be written if BKP modeis enabled (BKABEN in
DBGC2 is set).
Table 16-3. DBGC1 Field Descriptions
Field Description
7 DBG Mode Enable Bit — The DBGEN bit enables the DBG module for use in DBG mode. This bit cannot be set
DBGEN |if the MCU is in secure mode.
0 DBG mode disabled
1 DBG mode enabled
6 Arm Bit — The ARM bit controls whether the debugger is comparing and storing data in the trace buffer. See
ARM Section 16.4.2.4, “Arming the DBG Module,” for more information.
0 Debugger unarmed
1 Debugger armed
Note: This bit cannot be set if the DBGEN bit is not also being set at the same time. For example, a write of 01
to DBGEN(7:6] will be interpreted as a write of 00.
5 Trigger Selection Bit — The TRGSEL bit controls the triggering condition for comparators A and B in DBG
TRGSEL |mode. It serves essentially the same function as the TAGAB bit in the DBGC2 register does in BKP mode. See
Section 16.4.2.1.2, “Trigger Selection,” for more information. TRGSEL may also determine the type of breakpoint
based on comparator A and B if enabled in DBG mode (DBGBRK = 1). Please refer to Section 16.4.3.1,
“Breakpoint Based on Comparator A and B
0 Trigger on any compare address match
1 Trigger before opcode at compare address gets executed (tagged-type)
4 Begin/End Trigger Bit — The BEGIN bit controls whether the trigger begins or ends storing of data in the trace
BEGIN buffer. See Section 16.4.2.8.1, “Storing with Begin-Trigger,” and Section 16.4.2.8.2, “Storing with End-Trigger,’
for more detalils.
0 Trigger at end of stored data
1 Trigger before storing data
MC9S12E256 Data Sheet, Rev. 1.08
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Table 16-3. DBGC1 Field Descriptions (continued)

Field Description
3 DBG Breakpoint Enable Bit — The DBGBRK bit controls whether the debugger will request a breakpoint based
DBGBRK | on comparator A and B to the CPU upon completion of a tracing session. Please refer to Section 16.4.3,
“Breakpoints,” for further details.
0 CPU break request not enabled
1 CPU break request enabled
1:0 Capture Mode Field — See Table 16-4 for capture mode field definitions. In LOOP1 mode, the debugger will
CAPMOD | automatically inhibit redundant entries into capture memory. In detail mode, the debugger is storing address and

data for all cycles except program fetch (P) and free (f) cycles. In profile mode, the debugger is returning the
address of the last instruction executed by the CPU on each access of trace buffer address. Refer to
Section 16.4.2.6, “Capture Modes,” for more information.

Table 16-4. CAPMOD Encoding

CAPMOD Description
00 Normal
01 LOOPH1
10 DETAIL
11 PROFILE
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16.3.2.2 Debug Status and Control Register (DBGSC)
7 6 5 3 2 1 0
R AF BF CF 0
TRG
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 16-5. Debug Status and Control Register (DBGSC)
Table 16-5. DBGSC Field Descriptions
Field Description

7 Trigger A Match Flag — The AF bit indicates if trigger A match condition was met since arming. This bit is
AF cleared when ARM in DBGCH1 is written to a 1 or on any write to this register.

0 Trigger A did not match

1 Trigger A match
6 Trigger B Match Flag — The BF bit indicates if trigger B match condition was met since arming.This bit is cleared
BF when ARM in DBGC1 is written to a 1 or on any write to this register.

0 Trigger B did not match

1 Trigger B match
5 Comparator C Match Flag — The CF bit indicates if comparator C match condition was met since arming.This
CF bit is cleared when ARM in DBGCH1 is written to a 1 or on any write to this register.

0 Comparator C did not match

1 Comparator C match
3.0 Trigger Mode Bits — The TRG bits select the trigger mode of the DBG module as shown Table 16-6. See

TRG Section 16.4.2.5, “Trigger Modes,” for more detail.

Table 16-6. Trigger Mode Encoding

TRG Value Meaning
0000 A only
0001 AorB
0010 AthenB
0011 Event only B
0100 A then event only B
0101 A and B (full mode)
0110 A and Not B (full mode)
0111 Inside range
1000 Outside range
1001 Reserved

d (Defaults to A only)

1111

MC9S12E256 Data Sheet, Rev. 1.08

478

Freescale Semiconductor



Chapter 16 Debug Module (DBGV1)

16.3.2.3 Debug Trace Buffer Register (DBGTB)
15 14 13 12 11 10 9 8
R Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
w
Reset u u u u u u u u
= Unimplemented or Reserved
Figure 16-6. Debug Trace Buffer Register High (DBGTBH)
7 6 5 4 3 2 1 0
R Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
w
Reset u u u u u u u u
= Unimplemented or Reserved
Figure 16-7. Debug Trace Buffer Register Low (DBGTBL)
Table 16-7. DBGTB Field Descriptions
Field Description
15:0 Trace Buffer Data Bits — The trace buffer data bits contain the data of the trace buffer. This register can be read

only as a word read. Any byte reads or misaligned access of these registers will return 0 and will not cause the
trace buffer pointer to increment to the next trace buffer address. The same is true for word reads while the
debugger is armed. In addition, this register may appear to contain incorrect data if it is not read with the same
capture mode bit settings as when the trace buffer data was recorded (See Section 16.4.2.9, “Reading Data from
Trace Buffer”). Because reads will reflect the contents of the trace buffer RAM, the reset state is undefined.
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16.3.2.4 Debug Count Register (DBGCNT)

7 5 3 2 1 0
R TBF 0 CNT
W
Reset 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 16-8. Debug Count Register (DBGCNT)
Table 16-8. DBGCNT Field Descriptions
Field Description
7 Trace Buffer Full — The TBF bit indicates that the trace buffer has stored 64 or more words of data since it was
TBF last armed. If this bit is set, then all 64 words will be valid data, regardless of the value in CNT[5:0]. The TBF bit
is cleared when ARM in DBGCH1 is writtento a 1.
5.0 Count Value — The CNT bits indicate the number of valid data words stored in the trace buffer. Table 16-9 shows
CNT the correlation between the CNT bits and the number of valid data words in the trace buffer. When the CNT rolls

over to 0, the TBF bit will be set and incrementing of CNT will continue if DBG is in end-trigger mode. The

DBGCNT register is cleared when ARM in DBGC1 is written to a 1.

Table 16-9. CNT Decoding Table

TBF CNT Description
000000 No data valid
000001 1 word valid
000010 2 words valid
111110 62 words valid
0 111111 63 words valid
000000 64 words valid; if BEGIN = 1, the
ARM bit will be cleared. A
breakpoint will be generated if
DBGBRK = 1
1 000001 64 words valid,
oldest data has been overwritten
. by most recent data
111111
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16.3.2.5 Debug Comparator C Extended Register (DBGCCX)
7 6 5 4 3 2 1 0
R
PAGSEL EXTCMP
W
Reset 0 0 0 0 0 0 0 0
Figure 16-9. Debug Comparator C Extended Register (DBGCCX)
Table 16-10. DBGCCX Field Descriptions
Field Description
7:6 Page Selector Field — In both BKP and DBG mode, PAGSEL selects the type of paging as shown in
PAGSEL |Table 16-11.
DPAGE and EPAGE are not yet implemented so the value in bit 7 will be ignored (i.e., PAGSEL values of 10 and
11 will be interpreted as values of 00 and 01, respectively).
5:0 Comparator C Extended Compare Bits — The EXTCMP bits are used as comparison address bits as shown
EXTCMP |in Table 16-11 along with the appropriate PPAGE, DPAGE, or EPAGE signal from the core.
Note: Comparator C can be used when the DBG module is configured for BKP mode. Extended addressing
comparisons for comparator C use PAGSEL and will operate differently to the way that comparator A and
B operate in BKP mode.
Table 16-11. PAGSEL Decoding’
PAGSEL Description EXTCMP Comment
00 Normal (64k) Not used No paged memory
01 PPAGE EXTCMPI[5:0] is compared to PPAGE[7:0] / XAB[21:14] becomes
(256 — 16K pages) address bits [21:16]2 address bits [21:14]"
108 DPAGE (reserved) EXTCMPI[3:0] is compared to DPAGE / XAB[21:14] becomes address
(256 — 4K pages) address bits [19:16] bits [19:12]
112 EPAGE (reserved) EXTCMPI[1:0] is compared to EPAGE / XAB[21:14] becomes address
(256 — 1K pages) address bits [17:16] bits [17:10]

! See Figure 16-10.
2 Current HCS12 implementations have PPAGE limited to 6 bits. Therefore, EXTCMP[5:4] should be set to 00.
3 Data page (DPAGE) and Extra page (EPAGE) are reserved for implementation on devices that support paged data and extra

space.
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DBGCXX DBGCXH[15:12]
PAGSEL EXTCMP
0 0 BIT15 | BIT14 | BIT13 | BIT12
7 6 3 2 1 BITO
5 4
w
eEvorer Pty -
SEE NOTE 1 =
Y
PORTK/XAB —>» I XAB21 ‘ XAB20 I XAB19 ‘ XAB18 ‘ XAB17 ‘ XAB16 ‘ XAB15 ‘ XAB14 ‘ Q
R N :
o
PPAGE ———— > I PIX7 PIX6 I PIX5 PIX4 PIX3 PIX2 PIX1 PIX0
| —
SEE NOTE 2
NOTES:
1. In BKP and DBG mode, PAGSEL selects the type of paging as shown in Table 16-11.
2. Current HCS12 implementations are limited to six PPAGE bits, PIX[5:0]. Therefore, EXTCMPI[5:4] = 00.
Figure 16-10. Comparator C Extended Comparison in BKP/DBG Mode
16.3.2.6 Debug Comparator C Register (DBGCC)
15 14 13 12 11 10 9 8
R Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 16-11. Debug Comparator C Register High (DBGCCH)
7 6 5 4 3 2 1 0
R Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 16-12. Debug Comparator C Register Low (DBGCCL)
Table 16-12. DBGCC Field Descriptions
Field Description
15:0 Comparator C Compare Bits — The comparator C compare bits control whether comparator C will compare

the address bus bits [15:0] to a logic 1 or logic 0. See Table 16-13.

0 Compare corresponding address bit to a logic 0

1 Compare corresponding address bit to a logic 1

Note: This register will be cleared automatically when the DBG module is armed in LOOP1 mode.
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Table 16-13. Comparator C Compares

PAGSEL EXTCMP Compare High-Byte Compare
x0 No compare DBGCCH]J[7:0] = AB[15:8]
x1 EXTCMP[5:0] = XAB[21:16] DBGCCH][7:0] = XAB[15:14],AB[13:8]

16.3.2.7 Debug Control Register 2 (DBGC?2)

7 6 5 4 3 2 1 0
R
BKABEN! FULL BDM TAGAB BKCEN? TAGC? RWCEN? RWC?
w
Reset 0 0 0 0 0 0 0 0

1 When BKABEN is set (BKP mode), all bits in DBGC2 are available. When BKABEN is cleared and DBG is used in DBG mode,
bits FULL and TAGAB have no meaning.

2 These bits can be used in BKP mode and DBG mode (when capture mode is not set in LOOP1) to provide a third breakpoint.

Figure 16-13. Debug Control Register 2 (DBGC2)

Table 16-14. DBGC2 Field Descriptions

Field Description

7 Breakpoint Using Comparator A and B Enable — This bit enables the breakpoint capability using comparator
BKABEN | A and B, when set (BKP mode) the DBGEN bit in DBGC1 cannot be set.
0 Breakpoint module off
1 Breakpoint module on

6 Full Breakpoint Mode Enable — This bit controls whether the breakpoint module is in dual mode or full mode.
FULL In full mode, comparator A is used to match address and comparator B is used to match data. See
Section 16.4.1.2, “Full Breakpoint Mode,” for more details.
0 Dual address mode enabled
1 Full breakpoint mode enabled

5 Background Debug Mode Enable — This bit determines if the breakpoint causes the system to enter
BDM background debug mode (BDM) or initiate a software interrupt (SWI).
0 Go to software interrupt on a break request
1 Go to BDM on a break request

4 Comparator A/B Tag Select — This bit controls whether the breakpoint will cause a break on the next instruction
TAGAB boundary (force) or on a match that will be an executable opcode (tagged). Non-executed opcodes cannot cause
a tagged breakpoint.

0 On match, break at the next instruction boundary (force)
1 On match, break if/when the instruction is about to be executed (tagged)

3 Breakpoint Comparator C Enable Bit — This bit enables the breakpoint capability using comparator C.
BKCEN |0 Comparator C disabled for breakpoint
1 Comparator C enabled for breakpoint
Note: This bit will be cleared automatically when the DBG module is armed in loop1 mode.

2 Comparator C Tag Select — This bit controls whether the breakpoint will cause a break on the next instruction
TAGC boundary (force) or on a match that will be an executable opcode (tagged). Non-executed opcodes cannot cause
a tagged breakpoint.

0 On match, break at the next instruction boundary (force)
1 On match, break if/when the instruction is about to be executed (tagged)
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Table 16-14. DBGC2 Field Descriptions (continued)

Field Description
1 Read/Write Comparator C Enable Bit — The RWCEN bit controls whether read or write comparison is enabled
RWCEN | for comparator C. RWCEN is not useful for tagged breakpoints.
0 Read/Write is not used in comparison
1 Read/Write is used in comparison
0 Read/Write Comparator C Value Bit — The RWC bit controls whether read or write is used in compare for
RwWC comparator C. The RWC bit is not used if RWCEN = 0.
0 Write cycle will be matched
1 Read cycle will be matched
16.3.2.8 Debug Control Register 3 (DBGC3)
7 6 5 4 3 2 1 0
R
BKAMBH' | BKAMBL' | BKBMBH? | BKBMBL? RWAEN RWA RWBEN RWB
w
Reset 0 0 0 0 0 0 0 0

' In DBG mode, BKAMBH:BKAMBL has no meaning and are forced to 0’s.
2 |nDBG mode, BKBMBH:BKBMBL are used in full mode to qualify data.

Figure 16-14. Debug Control Register 3 (DBGC3)

Table 16-15. DBGC3 Field Descriptions

Field Description
7:6 Breakpoint Mask High Byte for First Address — In dual or full mode, these bits may be used to mask (disable)
BKAMBIH:L] | the comparison of the high and/or low bytes of the first address breakpoint. The functionality is as given in

Table 16-16.

The x:0 case is for a full address compare. When a program page is selected, the full address compare will be
based on bits for a 20-bit compare. The registers used for the compare are {DBGCAX[5:0], DBGCAH[5:0],
DBGCAL[7:0]}, where DBGAX][5:0] corresponds to PPAGE[5:0] or extended address bits [19:14] and CPU
address [13:0]. When a program page is not selected, the full address compare will be based on bits for a 16-bit
compare. The registers used for the compare are {DBGCAH[7:0], DBGCAL[7:0]} which corresponds to CPU
address [15:0].

Note: This extended address compare scheme causes an aliasing problem in BKP mode in which several
physical addresses may match with a single logical address. This problem may be avoided by using DBG
mode to generate breakpoints.

The 1:0 case is not sensible because it would ignore the high order address and compare the low order and

expansion addresses. Logic forces this case to compare all address lines (effectively ignoring the BKAMBH

control bit).

The 1:1 case is useful for triggering a breakpoint on any access to a particular expansion page. This only makes
sense if a program page is being accessed so that the breakpoint trigger will occur only if DBGCAX compares.
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Table 16-15. DBGC3 Field Descriptions (continued)

Field

Description

5:4
BKBMBIH:L]

Breakpoint Mask High Byte and Low Byte of Data (Second Address) — In dual mode, these bits may be
used to mask (disable) the comparison of the high and/or low bytes of the second address breakpoint. The
functionality is as given in Table 16-17.

The x:0 case is for a full address compare. When a program page is selected, the full address compare will be
based on bits for a 20-bit compare. The registers used for the compare are {DBGCBX[5:0], DBGCBH][5:0],
DBGCBL[7:0]} where DBGCBX[5:0] corresponds to PPAGE[5:0] or extended address bits [19:14] and CPU
address [13:0]. When a program page is not selected, the full address compare will be based on bits for a 16-bit
compare. The registers used for the compare are {DBGCBH[7:0], DBGCBL[7:0]} which corresponds to CPU
address [15:0].

Note: This extended address compare scheme causes an aliasing problem in BKP mode in which several
physical addresses may match with a single logical address. This problem may be avoided by using DBG
mode to generate breakpoints.

The 1:0 case is not sensible because it would ignore the high order address and compare the low order and
expansion addresses. Logic forces this case to compare all address lines (effectively ignoring the BKBMBH
control bit).

The 1:1 case is useful for triggering a breakpoint on any access to a particular expansion page. This only makes
sense if a program page is being accessed so that the breakpoint trigger will occur only if DBGCBX compares.

In full mode, these bits may be used to mask (disable) the comparison of the high and/or low bytes of the data
breakpoint. The functionality is as given in Table 16-18.

RWAEN

Read/Write Comparator A Enable Bit — The RWAEN bit controls whether read or write comparison is enabled
for comparator A. See Section 16.4.2.1.1, “Read or Write Comparison,” for more information. This bit is not useful
for tagged operations.

0 Read/Write is not used in comparison

1 Read/Write is used in comparison

RWA

Read/Write Comparator A Value Bit — The RWA bit controls whether read or write is used in compare for
comparator A. The RWA bit is not used if RWAEN = 0.

0 Write cycle will be matched

1 Read cycle will be matched

RWBEN

Read/Write Comparator B Enable Bit — The RWBEN bit controls whether read or write comparison is enabled
for comparator B. See Section 16.4.2.1.1, “Read or Write Comparison,” for more information. This bit is not useful
for tagged operations.

0 Read/Write is not used in comparison

1 Read/Write is used in comparison

RwWB

Read/Write Comparator B Value Bit — The RWB bit controls whether read or write is used in compare for
comparator B. The RWB bit is not used if RWBEN = 0.

0 Write cycle will be matched

1 Read cycle will be matched

Note: RWB and RWBEN are not used in full mode.

Table 16-16. Breakpoint Mask Bits for First Address

BKAMBH:BKAMBL Address Compare DBGCAX DBGCAH DBGCAL
x:0 Full address compare Yes' Yes Yes
0:1 256 byte address range Yes' Yes No
1:1 16K byte address range Yes' No No

1 If PPAGE is selected.
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Table 16-17. Breakpoint Mask Bits for Second Address (Dual Mode)

BKBMBH:BKBMBL Address Compare DBGCBX DBGCBH DBGCBL
x:0 Full address compare Yes' Yes Yes
0:1 256 byte address range Yes' Yes No
1:1 16K byte address range Yes' No No

1 If PPAGE is selected.

Table 16-18. Breakpoint Mask Bits for Data Breakpoints (Full Mode)

BKBMBH:BKBMBL Data Compare DBGCBX DBGCBH DBGCBL
0:0 High and low byte compare No' Yes Yes
0:1 High byte No' Yes No
1:0 Low byte No' No Yes
1:1 No compare No' No No

1 Expansion addresses for breakpoint B are not applicable in this mode.
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16.3.2.9 Debug Comparator A Extended Register (DBGCAX)

7 6 5 4 3 2 1 0
R
PAGSEL EXTCMP
w
Reset 0 0 0 0 0 0 0 0
Figure 16-15. Debug Comparator A Extended Register (DBGCAX)
Table 16-19. DBGCAX Field Descriptions
Field Description
7:6 Page Selector Field — If DBGEN is set in DBGC1, then PAGSEL selects the type of paging as shown in

PAGSEL | Table 16-20.

DPAGE and EPAGE are not yet implemented so the value in bit 7 will be ignored (i.e., PAGSEL values of 10 and
11 will be interpreted as values of 00 and 01, respectively).

In BKP mode, PAGSEL has no meaning and EXTCMP[5:0] are compared to address bits [19:14] if the address
is in the FLASH/ROM memory space.

5:0 Comparator A Extended Compare Bits — The EXTCMP bits are used as comparison address bits as shown
EXTCMP |in Table 16-20 along with the appropriate PPAGE, DPAGE, or EPAGE signal from the core.

Table 16-20. Comparator A or B Compares

Mode EXTCMP Compare High-Byte Compare
BKP' Not FLASH/ROM access No compare DBGCxH[7:0] = AB[15:8]
FLASH/ROM access EXTCMP[5:0] = XAB[19:14] DBGCxH[5:0] = AB[13:8]
DBG? PAGSEL = 00 No compare DBGCxH[7:0] = AB[15:8]
PAGSEL = 01 EXTCMPI[5:0] = XAB[21:16] DBGCxH[7:0] = XAB[15:14], AB[13:8]

! See Figure 16-16.
2 See Figure 16-10 (note that while this figure provides extended comparisons for comparator C, the figure also pertains to
comparators A and B in DBG mode only).

PAGSEL EXTCMP
DBchx|o|o|5\4|3\2\1|B|To\

S N R S B

PORTKIXABI XAB21 | XAB20 I XAB19 ‘ XAB18 | XAB17 ‘ XAB16 ‘ XAB15 | XAB14 ‘

(N A N O N A

PPAGEI PIX7 | PIX6 I PIX5 \ PIX4 | PIX3 \ PIX2 \ PIX1 | PIX0 \

|
SEE NOTE 2

BKP MODE

NOTES:
1. In BKP mode, PAGSEL has no functionality. Therefore, set PAGSEL to 00 (reset state).
2. Current HCS12 implementations are limited to six PPAGE bits, PIX[5:0].

Figure 16-16. Comparators A and B Extended Comparison in BKP Mode
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16.3.2.10 Debug Comparator A Register (DBGCA)

15 14 13 12 11 10 9 8
R
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
w
Reset 0 0 0 0 0 0 0 0
Figure 16-17. Debug Comparator A Register High (DBGCAH)
7 6 5 4 3 2 1 0
R
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
w
Reset 0 0 0 0 0 0 0 0
Figure 16-18. Debug Comparator A Register Low (DBGCAL)
Table 16-21. DBGCA Field Descriptions
Field Description
15:0 Comparator A Compare Bits — The comparator A compare bits control whether comparator A compares the
15:0 address bus bits [15:0] to a logic 1 or logic 0. See Table 16-20.
0 Compare corresponding address bit to a logic 0
1 Compare corresponding address bit to a logic 1

16.3.2.11 Debug Comparator B Extended Register (DBGCBX)

7 6 5 4 ‘ 3 2 1 0

R
PAGSEL EXTCMP
w
Reset 0 0 0 0 ‘ 0 0 0 0
Figure 16-19. Debug Comparator B Extended Register (DBGCBX)
Table 16-22. DBGCBX Field Descriptions
Field Description
7:6 Page Selector Field — If DBGEN is set in DBGC1, then PAGSEL selects the type of paging as shown in
PAGSEL |Table 16-11.
DPAGE and EPAGE are not yet implemented so the value in bit 7 will be ignored (i.e., PAGSEL values of 10 and
11 will be interpreted as values of 00 and 01, respectively.)
In BKP mode, PAGSEL has no meaning and EXTCMP[5:0] are compared to address bits [19:14] if the address
is in the FLASH/ROM memory space.
5.0 Comparator B Extended Compare Bits — The EXTCMP bits are used as comparison address bits as shown
EXTCMP |in Table 16-11 along with the appropriate PPAGE, DPAGE, or EPAGE signal from the core. Also see Table 16-20.
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15 14 13 12 11 10 9 8
R
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
W
Reset 0 0 0 0 0 0 0 0
Figure 16-20. Debug Comparator B Register High (DBGCBH)
7 6 5 4 3 2 1 0
R
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0
Figure 16-21. Debug Comparator B Register Low (DBGCBL)
Table 16-23. DBGCB Field Descriptions
Field Description
15:0 Comparator B Compare Bits — The comparator B compare bits control whether comparator B compares the

15:0 address bus bits [15:0] or data bus bits [15:0] to a logic 1 or logic 0. See Table 16-20.
0 Compare corresponding address bit to a logic 0, compares to data if in Full mode
1 Compare corresponding address bit to a logic 1, compares to data if in Full mode

16.4 Functional Description

This section provides a complete functional description of the DBG module. The DBG module can be
configured to run in either of two modes, BKP or DBG. BKP mode is enabled by setting BKABEN in
DBGC2. DBG modeisenabled by setting DBGEN in DBGC1. Setting BKABEN in DBGC2 overridesthe
DBGEN in DBGC1 and prevents DBG mode. If the part isin secure mode, DBG mode cannot be enabled.

16.4.1 DBG Operating in BKP Mode

In BKP mode, the DBG will be fully backwards compatible with the existing BKP_ST12_A module. The
DBGC2 register has four additional bits that were not available on existing BKP_ST12 A modules. As
long as these bits are written to either all 1sor all Os, they should be transparent to the user. All 1swould
enable comparator C to be used as a breakpoint, but tagging would be enabled. The match address register
would be all Osif not modified by the user. Therefore, code executing at address 0x0000 would have to
occur before a breakpoint based on comparator C would happen.

The DBG modulein BKP mode supports two modes of operation: dual address mode and full breakpoint
mode. Within each of these modes, forced or tagged breakpoint types can be used. Forced breakpoints
occur at the next instruction boundary if a match occurs and tagged breakpoints allow for breaking just
before the tagged instruction executes. The action taken upon a successful match can beto either placethe
CPU in background debug mode or to initiate a software interrupt.
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The breakpoint can operate in dual address mode or full breakpoint mode. Each of these modesis
discussed in the subsections below.

16.4.1.1 Dual Address Mode

When dual address mode is enabled, two address breakpoints can be set. Each breakpoint can cause the
system to enter background debug mode or to initiate a software interrupt based upon the state of BDM in
DBGC2beinglogic 1 or logic O, respectively. BDM requests have a higher priority than SWI requests. No
data breakpoints are allowed in this mode.

TAGAB in DBGC2 selects whether the breakpoint mode is forced or tagged. The BKxMBH:L bitsin
DBGC3 select whether or not the breakpoint is matched exactly or isarange breakpoint. They also select
whether the address is matched on the high byte, low byte, both bytes, and/or memory expansion. The
RWx and RWXEN bits in DBGC3 select whether the type of bus cycle to match isaread, write, or
read/write when performing forced breakpoints.

16.4.1.2 Full Breakpoint Mode

Full breakpoint mode requires a match on address and data for a breakpoint to occur. Upon a successful
match, the system will enter background debug mode or initiate a software interrupt based upon the state
of BDM in DBGC2 being logic 1 or logic O, respectively. BDM requests have a higher priority than SWI
requests. R/W matches are also allowed in this mode.

TAGAB in DBGC2 selects whether the breakpoint mode is forced or tagged. When TAGAB isset in
DBGC2, only addresses are compared and data isignored. The BKAMBH:L bitsin DBGC3 select
whether or not the breakpoint is matched exactly, is arange breakpoint, or isin page space. The
BKBMBH:L bitsin DBGCS3 select whether the data is matched on the high byte, low byte, or both bytes.
RWA and RWAEN bitsin DBGC2 select whether the type of bus cycle to match isaread or awrite when
performing forced breakpoints. RWB and RWBEN bitsin DBGC2 are not used in full breakpoint mode.

NOTE

The full trigger mode is designed to be used for either aword access or a
byte access, but not both at the same time. Confusing trigger operation
(seemingly false triggers or no trigger) can occur if the trigger address
occurs in the user program as both byte and word accesses.

16.4.1.3 Breakpoint Priority

Breakpoint operation is first determined by the state of the BDM module. If the BDM module is already
active, meaning the CPU is executing out of BDM firmware, breakpoints are not allowed. In addition,
while executing a BDM TRACE command, tagging into BDM is not allowed. If BDM is not active, the
breakpoint will give priority to BDM requests over SWI requests. This condition applies to both forced
and tagged breakpoints.

Inall cases, BDM related breakpointswill have priority over those generated by the Breakpoint sub-block.
This priority includes breakpoints enabled by the TAGLO and TAGHI external pins of the system that
interface with the BDM directly and whose signal information passes through and is used by the
breakpoint sub-block.
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NOTE

BDM should not be entered from abreakpoint unlessthe ENABLE bit is set
inthe BDM. Even if the ENABLE bit in the BDM is cleared, the CPU
actually executes the BDM firmware code. It checks the ENABLE and
returnsif ENABLE isnot set. If theBDM isnot serviced by the monitor then
the breakpoint would be re-asserted when the BDM returns to normal CPU
flow.

There is no hardware to enforce restriction of breakpoint operation if the
BDM is not enabled.

When program control returns from atagged breakpoint through an RTI or
aBDM GO command, it will return to the instruction whose tag generated
the breakpoint. Unless breakpoints are disabled or modified in the service
routine or active BDM session, the instruction will be tagged again and the
breakpoint will be repeated. In the case of BDM breakpoints, this situation
can also be avoided by executing a TRACEL command before the GO to
increment the program flow past the tagged instruction.

16.4.1.4 Using Comparator C in BKP Mode

Theoriginal BKP_ST12 A module supports two breakpoints. The DBG_ST12 A module can be used in
BKP mode and allow athird breakpoint using comparator C. Four additional bits, BKCEN, TAGC,
RWCEN, and RWC in DBGC2 in conjunction with additional comparator C address registers, DBGCCX,
DBGCCH, and DBGCCL allow the user to set up athird breakpoint. Using PAGSEL in DBGCCX for
expanded memory will work differently than the way paged memory is done using comparator A and B in
BKP mode. See Section 16.3.2.5, “Debug Comparator C Extended Register (DBGCCX),” for more
information on using comparator C.

16.4.2 DBG Operating in DBG Mode

Enabling the DBG module in DBG mode, allows the arming, triggering, and storing of datain the trace
buffer and can be used to cause CPU breakpoints. The DBG module is made up of three main blocks, the
comparators, trace buffer control logic, and the trace buffer.

NOTE

In general, there is alatency between the triggering event appearing on the
bus and being detected by the DBG circuitry. In general, tagged triggerswill
be more predictable than forced triggers.

16.4.2.1 Comparators

The DBG contains three comparators, A, B, and C. Comparator A compares the core address bus with the
address stored in DBGCAH and DBGCAL. Comparator B comparesthe core address buswith the address
stored in DBGCBH and DBGCBL except in full mode, where it comparesthe data busesto the data stored
in DBGCBH and DBGCBL. Comparator C can be used as a breakpoint generator or as the address
comparison unit in the loopl mode. Matches on comparator A, B, and C are signaled to the trace buffer
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control (TBC) block. When PAGSEL = 01, registers DBGCAX, DBGCBX, and DBGCCX are used to
match the upper addresses as shown in Table 16-11.

NOTE
If atagged-type C breakpoint is set at the same address as an A/B
tagged-type trigger (including the initial entry in an inside or outside range
trigger), the C breakpoint will have priority and the trigger will not be
recognized.

16.4.2.1.1 Read or Write Comparison

Read or write comparisons are useful only with TRGSEL = 0, because only opcodes should be tagged as
they are “read” from memory. RWAEN and RWBEN are ignored when TRGSEL = 1.

In full modes (“A and B” and “A and not B”) RWAEN and RWA are used to select read or write
comparisons for both comparators A and B. Table 16-24 shows the effect for RWAEN, RWA, and RW on
the DBGCB comparison conditions. The RWBEN and RWB bits are not used and are ignored in full
modes.

Table 16-24. Read or Write Comparison Logic Table

RWAEN bit RWA bit RW signal Comment
0

0 Write data bus
Read data bus
Write data bus
No data bus compare since RW=1

No data bus compare since RW=0
Read data bus

aAla|lalalo
alalo|lof| x| x
a2 lo|l || =

16.4.2.1.2  Trigger Selection

The TRGSEL bitin DBGC1 isused to determine the triggering condition in DBG mode. TRGSEL applies
to both trigger A and B except in the event only trigger modes. By setting TRGSEL, the comparators A
and B will qualify amatch with the output of opcode tracking logic and atrigger occurs before the tagged
instruction executes (tagged-type trigger). With the TRGSEL bit cleared, a comparator match forces a
trigger when the matching condition occurs (force-type trigger).

NOTE

If the TRGSEL is set, the address stored in the comparator match address
registers must be an opcode address for the trigger to occur.

16.4.2.2 Trace Buffer Control (TBC)

The TBCisthemain controller for the DBG module. Itsfunction isto decide whether datashould be stored
in the trace buffer based on the trigger mode and the match signals from the comparator. The TBC also
determines whether arequest to break the CPU should occur.
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16.4.2.3 Begin- and End-Trigger

The definitions of begin- and end-trigger as used in the DBG module are as follows:

* Begin-trigger: Storage in trace buffer occurs after the trigger and continues until 64 locations are
filled.

» End-trigger: Storage in trace buffer occurs until the trigger, with the least recent data falling out of
the trace buffer if more than 64 words are collected.

16.4.2.4 Arming the DBG Module

In DBG mode, arming occurs by setting DBGEN and ARM in DBGC1. The ARM bitin DBGC1liscleared
when the trigger condition is met in end-trigger mode or when the Trace Buffer isfilled in begin-trigger
mode. The TBC logic determines whether atrigger condition has been met based on the trigger mode and
the trigger selection.

16.4.2.5 Trigger Modes

The DBG module supports nine trigger modes. The trigger modes are encoded as shown in Table 16-6.
The trigger mode is used as a qualifier for either starting or ending the storing of datain the trace buffer.
When the match condition is met, the appropriate flag A or B isset in DBGSC. Arming the DBG module
clearsthe A, B, and C flagsin DBGSC. In all trigger modes except for the event-only modes and DETAIL
capture mode, change-of-flow addresses are stored in the trace buffer. In the event-only modes only the
value on the data bus at the trigger event B will be stored. In DETAIL capture mode address and data for
all cycles except program fetch (P) and free (f) cycles are stored in trace buffer.

16.4.2.5.1 A Only

In the A only trigger mode, if the match condition for A is met, the A flag in DBGSC is set and atrigger
ocCurs.

16.4.25.2 AorB

In the A or B trigger mode, if the match condition for A or B is met, the corresponding flag in DBGSC is
set and atrigger occurs.

16.4.2.5.3 AthenB

In the A then B trigger mode, the match condition for A must be met before the match condition for B is
compared. When the match condition for A or B is met, the corresponding flag in DBGSC is set. The
trigger occurs only after A then B have matched.

NOTE

When tagging and using A then B, if addresses A and B are close together,
then B may not complete the trigger sequence. This occurs when A and B

areintheinstruction queue at the sametime. Basically the A trigger has not
yet occurred, so the B instruction is not tagged. Generally, if addressB is at

MC9S12E256 Data Sheet, Rev. 1.08

Freescale Semiconductor 493



Chapter 16 Debug Module (DBGV1)

least six addresses higher than address A (or B islower than A) and there
are not changes of flow to put these in the queue at the same time, then this
operation should trigger properly.

16.4.2.5.4 Event-Only B (Store Data)

In the event-only B trigger mode, if the match condition for B is met, the B flag in DBGSC is set and a
trigger occurs. The event-only B trigger mode is considered a begin-trigger type and the BEGIN bit in
DBGCl isignored. Event-only B isincompatible with instruction tagging (TRGSEL = 1), and thus the
value of TRGSEL isignored. Please refer to Section 16.4.2.7, “ Storage Memory,” for more information.

Thistrigger mode isincompatible with the detail capture mode so the detail capture mode will have
priority. TRGSEL and BEGIN will not be ignored and thistrigger mode will behave asif it were*B only”.

16.4.2.5.5 A then Event-Only B (Store Data)

Inthe A then event-only B trigger mode, the match condition for A must be met before the match condition
for B iscompared, after the A match has occurred, atrigger occurs each time B matches. When the match
conditionfor A or B ismet, the corresponding flagin DBGSC isset. The A then event-only B trigger mode
is considered a begin-trigger type and BEGIN in DBGCLl isignored. TRGSEL in DBGCL1 applies only to
the match condition for A. Please refer to Section 16.4.2.7, “ Storage Memory,” for more information.

Thistrigger mode is incompatible with the detail capture mode so the detail capture mode will have
priority. TRGSEL and BEGIN will not be ignored and this trigger mode will be the same as A then B.

16.4.2.5.6 A and B (Full Mode)

In the A and B trigger mode, comparator A compares to the address bus and comparator B compares to
thedatabus. Inthe A and B trigger mode, if the match condition for A and B happen on the same buscycle,
both the A and B flagsin the DBGSC register are set and atrigger occurs.

If TRGSEL = 1, only matches from comparator A are used to determineif the trigger condition is met and
comparator B matches are ignored. If TRGSEL = 0, full-word data matches on an odd address boundary
(misaligned access) do not work unless the accessisto a RAM that manages misaligned accessesin a
single clock cycle (which istypical of RAM modules used in HCS12 MCUSs).

16.4.2.5.7 A and Not B (Full Mode)

In the A and not B trigger mode, comparator A compares to the address bus and comparator B compares
tothedatabus. Inthe A and not B trigger mode, if the match condition for A and not B happen on the same
bus cycle, both the A and B flags in DBGSC are set and atrigger occurs.

If TRGSEL = 1, only matchesfrom comparator A are used to determineif the trigger condition ismet and
comparator B matches are ignored. As described in Section 16.4.2.5.6, “ A and B (Full Mode),” full-word
data compares on misaligned accesses will not match expected data (and thus will cause atrigger in this
mode) unless the accessisto a RAM that manages misaligned accessesin asingle clock cycle.
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16.4.2.5.8 Inside Range (A < address < B)

In the inside range trigger mode, if the match condition for A and B happen on the same bus cycle, both
the A and B flagsin DBGSC are set and atrigger occurs. If amatch condition on only A or only B occurs
noflagsare set. If TRGSEL = 1, theinside range is accurate only to word boundaries. If TRGSEL =0, an
aligned word access which straddles the range boundary will cause atrigger only if the aligned addressis
within the range.

16.4.2.5.9 Outside Range (address < A or address > B)

In the outside range trigger mode, if the match condition for A or B is met, the corresponding flag in
DBGSCisset and atrigger occurs. If TRGSEL = 1, the outside range is accurate only to word boundaries.
If TRGSEL =0, an aligned word access which straddlesthe range boundary will cause atrigger only if the
aligned address is outside the range.

16.4.2.5.10 Control Bit Priorities
The definitions of some of the control bits are incompatible with each other. Table 16-25 and the notes
associated with it summarize how these incompatibilities are managed:

* Read/write comparisons are not compatible with TRGSEL = 1. Therefore, RWAEN and RWBEN
are ignored.

» Event-only trigger modes are aways considered a begin-type trigger. See Section 16.4.2.8.1,
“Storing with Begin-Trigger,” and Section 16.4.2.8.2, “ Storing with End-Trigger.”

» Detail capture mode has priority over the event-only trigger/capture modes. Therefore, event-only
modes have no meaning in detail mode and their functions default to similar trigger modes.

Table 16-25. Resolution of Mode Conflicts

Normal / Loop1 Detail
Mode
Tag Force Tag Force
A only
AorB
Athen B
Event-only B 1 1,3 3
A then event-only B 2 4 4
A and B (full mode) 5 5
A and not B (full mode) 5 5
Inside range 6 6
Outside range 6 6

1 — Ignored — same as force

2 — Ignored for comparator B

3 — Reduces to effectively “B only”

4 — Works same as A then B

5 — Reduces to effectively “A only” — B not compared
6 — Only accurate to word boundaries
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16.4.2.6 Capture Modes

The DBG in DBG mode can operate in four capture modes. These modes are described in the following
subsections.

16.4.2.6.1 Normal Mode

In normal mode, the DBG module uses comparator A and B as triggering devices. Change-of-flow
information or data will be stored depending on TRG in DBGSC.

16.4.2.6.2 Loop1 Mode

Theintent of loopl modeisto prevent thetrace buffer from being filled entirely with duplicate information
from alooping construct such as delays using the DBNE instruction or polling loops using
BRSET/BRCLR instructions. Immediately after addressinformation is placed in thetrace buffer, the DBG
module writes this value into the C comparator and the C comparator is placed in ignore address mode.
Thiswill prevent duplicate address entries in the trace buffer resulting from repeated bit-conditional
branches. Comparator C will be cleared when the ARM bit is set in loopl mode to prevent the previous
contents of the register from interfering with loop1 mode operation. Breakpoints based on comparator C
are disabled.

Loopl mode only inhibits duplicate source address entries that would typically be stored in most tight
looping constructs. It will not inhibit repeated entries of destination addresses or vector addresses, because
repeated entries of these would most likely indicate a bug in the user’s code that the DBG moduleis
designed to help find.

NOTE

In certain very tight loops, the source addresswill have already been fetched
again before the C comparator isupdated. Thisresultsin the source address
being stored twice before further duplicate entries are suppressed. This
condition occurs with branch-on-bit instructions when the branch isfetched
by the first P-cycle of the branch or with loop-construct instructionsin
which the branch is fetched with the first or second P cycle. See examples
below:

LOOP INCX ; l-byte instruction fetched by 1lst P-cycle of BRCLR
BRCLR CMPTMP, #$0c,LOOP ; the BRCLR instruction also will be fetched by 1lst P-cycle of BRCLR

LOOP2 BRN * ; 2-byte instruction fetched by 1st P-cycle of DBNE
NOP ; l-byte instruction fetched by 2nd P-cycle of DBNE
DBNE A, LOOP2 ; this instruction also fetched by 2nd P-cycle of DBNE
NOTE

L oopl mode does not support paged memory, and inhibits duplicate entries
in the trace buffer based solely on the CPU address. Thereis aremote
possibility of an erroneous address match if program flow alternates
between paged and unpaged memory space.
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16.4.2.6.3 Detail Mode

In the detail mode, address and data for all cycles except program fetch (P) and free (f) cycles are stored
in trace buffer. This mode is intended to supply additional information on indexed, indirect addressing
modes where storing only the destination address would not provide all information required for auser to
determine where his code wasin error.

16.4.2.6.4 Profile Mode

Thismodeisintended to allow ahost computer to poll arunning target and provide a histogram of program
execution. Each read of the trace buffer addresswill return the address of the last instruction executed. The
DBGCNT register isnot incremented and the trace buffer does not get filled. The ARM bit isnot used and
all breakpoints and all other debug functions will be disabled.

16.4.2.7 Storage Memory

The storage memory isa64 words deep by 16-bitswide dual port RAM array. The CPU accessesthe RAM
array through a single memory location window (DBGTBH:DBGTBL). The DBG module stores trace
information in the RAM array in acircular buffer format. As datais read viathe CPU, a pointer into the
RAM will increment so that the next CPU read will receive fresh information. In all trigger modes except
for event-only and detail capture mode, the datastored in thetrace buffer will be change-of-flow addresses.
change-of-flow addresses are defined as follows:

» Source address of conditional branches (long, short, BRSET, and |oop constructs) taken
» Destination address of indexed JIMP, JSR, and CALL instruction
» Destination address of RTI, RTS, and RTC instructions
* Vector address of interrupts except for SWI and BDM vectors
In the event-only trigger modes only the 16-bit data bus value corresponding to the event is stored. In the

detail capture mode, address and then data are stored for all cycles except program fetch (P) and free (f)
cycles.

16.4.2.8 Storing Data in Memory Storage Buffer

16.4.2.8.1  Storing with Begin-Trigger

Storing with begin-trigger can be used in all trigger modes. When DBG modeis enabled and armed in the
begin-trigger mode, data is not stored in the trace buffer until the trigger condition is met. As soon as the
trigger condition is met, the DBG module will remain armed until 64 words are stored in the trace buffer.
If the trigger is at the address of the change-of-flow instruction the change-of-flow associated with the
trigger event will be stored in the trace buffer.

16.4.2.8.2  Storing with End-Trigger

Storing with end-trigger cannot be used in event-only trigger modes. When DBG mode is enabled and
armed in the end-trigger mode, datais stored in the trace buffer until the trigger condition is met. When
the trigger condition is met, the DBG module will become de-armed and no more datawill be stored. If
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the trigger is at the address of a change-of-flow address the trigger event will not be stored in the trace
buffer.

16.4.2.9 Reading Data from Trace Buffer

The data stored in the trace buffer can be read using either the background debug module (BDM) module
or the CPU provided the DBG module is enabled and not armed. The trace buffer datais read out first-in
first-out. By reading CNT in DBGCNT the number of valid words can be determined. CNT will not
decrement as datais read from DBGTBH:DBGTBL. The trace buffer datais read by reading
DBGTBH:DBGTBL with a 16-bit read. Each time DBGTBH:DBGTBL isread, a pointer in the DBG will
be incremented to alow reading of the next word.

Reading the trace buffer while the DBG module is armed will return invalid data and no shifting of the
RAM pointer will occur.

NOTE

The trace buffer should be read with the DBG module enabled and in the
same capture mode that the data was recorded. The contents of the trace
buffer counter register (DBGCNT) are resolved differently in detail mode
verses the other modes and may lead to incorrect interpretation of the trace
buffer data.

16.4.3 Breakpoints

There are two ways of getting a breakpoint in DBG mode. One is based on the trigger condition of the
trigger mode using comparator A and/or B, and the other is using comparator C. External breakpoints
generated using the TAGHI and TAGL O external pins are disabled in DBG mode.

16.4.3.1 Breakpoint Based on Comparator A and B

A breakpoint request to the CPU can be enabled by setting DBGBRK in DBGCL. Thevalue of BEGIN in
DBGCL1 determines when the breakpoint request to the CPU will occur. When BEGIN in DBGCL is set,
begin-trigger is selected and the breakpoint request will not occur until the trace buffer isfilled with

64 words. When BEGIN in DBGCLl iscleared, end-trigger is selected and the breakpoint request will occur
immediately at the trigger cycle.

There are two types of breakpoint requests supported by the DBG module, tagged and forced. Tagged
breakpoints are associated with opcode addresses and allow breaking just before a specific instruction
executes. Forced breakpoints are not associated with opcode addresses and allow breaking at the next
instruction boundary. The type of breakpoint based on comparators A and B is determined by TRGSEL in
the DBGCL register (TRGSEL = 1 for tagged breakpoint, TRGSEL = 0 for forced breakpoint).

Table 16-26 illustrates the type of breakpoint that will occur based on the debug run.
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Table 16-26. Breakpoint Setup

BEGIN TRGSEL DBGBRK Type of Debug Run

0 0 0 Fill trace buffer until trigger address
(no CPU breakpoint — keep running)

0 0 1 Fill trace buffer until trigger address, then a forced breakpoint
request occurs

0 1 0 Fill trace buffer until trigger opcode is about to execute
(no CPU breakpoint — keep running)

0 1 1 Fill trace buffer until trigger opcode about to execute, then a
tagged breakpoint request occurs

1 0 0 Start trace buffer at trigger address
(no CPU breakpoint — keep running)

1 0 1 Start trace buffer at trigger address, a forced breakpoint
request occurs when trace buffer is full

1 1 0 Start trace buffer at trigger opcode
(no CPU breakpoint — keep running)

1 1 1 Start trace buffer at trigger opcode, a forced breakpoint request

occurs when trace buffer is full

16.4.3.2 Breakpoint Based on Comparator C

A breakpoint request to the CPU can be created if BKCEN in DBGC2 is set. Breakpoints based on a
successful comparator C match can be accomplished regardless of the mode of operation for comparator
A or B, and do not affect the status of the ARM bit. TAGC in DBGC2 is used to select either tagged or
forced breakpoint requests for comparator C. Breakpoints based on comparator C are disabled in LOOP1
mode.

NOTE

Because breakpoints cannot be disabled when the DBG is armed, one must
be careful to avoid an “infinite breakpoint loop” when using tagged-type C
breakpoints while the DBG is armed. If BDM breakpoints are selected,
executing a TRACEL instruction before the GO instruction is the
recommended way to avoid re-triggering a breakpoint if one does not wish
to de-arm the DBG. If SWI breakpoints are selected, disarming the DBG in
the SWI interrupt service routine is the recommended way to avoid
re-triggering a breakpoint.

16.5 Resets
The DBG moduleis disabled after reset.
The DBG module cannot cause a MCU reset.

16.6 Interrupts

The DBG contains one interrupt source. If a breakpoint is requested and BDM in DBGC2 is cleared, an
SWI interrupt will be generated.
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Chapter 17
Interrupt (INTV1)

17.1 Introduction
This section describes the functionality of the interrupt (INT) sub-block of the S12 core platform.
A block diagram of the interrupt sub-block is shown in Figure 17-1.

INT
HPRIO (OPTIONAL)
WRITE DATA BUS _
A
HIGHEST PRIORITY
I-INTERRUPT
INTERRUPTS
INTERRUPT INPUT REGISTERS
XMASK AND CONTROL REGISTERS READDATABUS
IMASK
WAKEUP
> x i}
©
O
L
>
o
QUALIFIED T
INTERRUPTS T
INTERRUPT PENDING
RESET FLAGS PRIORITY DECODER
VECTOR REQUEST VEGTOR ADDRESS

Figure 17-1. INTV1 Block Diagram
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The interrupt sub-block decodes the priority of all system exception requests and provides the applicable
vector for processing the exception. The INT supports I-bit maskable and X-bit maskable interrupts, a
non-maskabl e unimplemented opcode trap, a non-maskable software interrupt (SWI1) or background
debug mode request, and three system reset vector requests. All interrupt related exception requests are
managed by the interrupt sub-block (INT).

1711 Features

The INT includes these features;

Provides two to 122 I-bit maskable interrupt vectors (OxFFO0-OxFFF2)
Provides one X-bit maskable interrupt vector (OxFFF4)

Provides a non-maskable software interrupt (SWI) or background debug mode request vector
(OXFFF6)

Provides a non-maskabl e unimplemented opcode trap (TRAP) vector (OxFFF8)

Provides three system reset vectors (OXFFFA—OXFFFE) (reset, CMR, and COP)

Determines the appropriate vector and drives it onto the address bus at the appropriate time
Signals the CPU that interrupts are pending

Provides control registers which allow testing of interrupts

Provides additional input signals which prevents requests for servicing | and X interrupts

Wakesthe system from stop or wait mode when an appropriate interrupt occurs or whenever XIRQ
isactive, even if XIRQ is masked

Provides asynchronous path for all | and X interrupts, (OxFFOO-OxFFF4)

(Optional) selects and stores the highest priority | interrupt based on the value written into the
HPRIO register

17.1.2 Modes of Operation

The functionality of the INT sub-block in various modes of operation is discussed in the subsections that

follow.

Normal operation

The INT operates the same in all normal modes of operation.

Special operation

Interrupts may be tested in special modes through the use of the interrupt test registers.
Emulation modes

The INT operates the same in emulation modes as in normal modes.

L ow power modes

See Section 17.4.1, “Low-Power Modes,” for details
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Most interfacing with the interrupt sub-block is done within the core. However, the interrupt does receive
direct input from the multiplexed external bus interface (MEBI) sub-block of the core for the IRQ and

XIRQ pin data.

17.3 Memory Map and Register Definition

Detailed descriptions of the registers and associated bits are given in the subsections that follow.

17.3.1  Module Memory Map
Table 17-1. INT Memory Map

Address

Offset Use Access
0x0015 Interrupt Test Control Register (ITCR) R/W
0x0016 Interrupt Test Registers (ITEST) R/W
0x001F Highest Priority Interrupt (Optional) (HPRIO) R/W
17.3.2 Register Descriptions
Address Name Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0
0x0015 ITCR w WRTINT | ADRS3 ADR2 ADRHT ADRO
R
0x0016 ITEST w INTE INTC INTA INT8 INT6 INT4 INT2 INTO
0x001F HPRIO i PSEL7 PSEL6 PSEL5 PSEL4 PSEL3 PSEL2 PSEL1 0
(OPTIONAL)
= Unimplemented or Reserved

Figure 17-2. INT Register Summary
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17.3.2.1 Interrupt Test Control Register
5 4 3 2 1 0
R 0 0 0
WRTINT ADR3 ADR2 ADR1 ADRO
w
Reset 0 0 0 0 1 1 1 1
= Unimplemented or Reserved

Figure 17-3. Interrupt Test Control Register (ITCR)

Read: Seeindividual bit descriptions
Write: See individual bit descriptions

Table 17-2. ITCR Field Descriptions

Field Description
4 Write to the Interrupt Test Registers

WRTINT | Read: anytime
Write: only in special modes and with I-bit mask and X-bit mask set.
0 Disables writes to the test registers; reads of the test registers will return the state of the interrupt inputs.
1 Disconnect the interrupt inputs from the priority decoder and use the values written into the ITEST registers

instead.
Note: Any interrupts which are pending at the time that WRTINT is set will remain until they are overwritten.
3.0 Test Register Select Bits

ADR[3:0] |Read: anytime
Write: anytime
These bits determine which test register is selected on a read or write. The hexadecimal value written here will
be the same as the upper nibble of the lower byte of the vector selects. That is, an “F” written into ADR[3:0] will
select vectors OXFFFE-OxFFFO while a “7” written to ADR[3:0] will select vectors OxFF7E—OxFF70.
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17.3.2.2 Interrupt Test Registers
7 6 5 4 3 2 1 0
R
INTE INTC INTA INT8 INT6 INT4 INT2 INTO
w
Reset 0 0 0 0 0 0 0 0

Figure 17-4. Interrupt TEST Registers (ITEST)

Read: Only in special modes. Reads will return either the state of the interrupt inputs of the interrupt
sub-block (WRTINT = 0) or the valueswritten into the TEST registers (WRTINT = 1). Readswill aways
return Os in normal modes.

Write: Only in special modes and with WRTINT = 1 and CCR | mask = 1.

Table 17-3. ITEST Field Descriptions

Field Description
7:0 Interrupt TEST Bits — These registers are used in special modes for testing the interrupt logic and priority
INT[E:0] |independent of the system configuration. Each bit is used to force a specific interrupt vector by writing it to a

logic 1 state. Bits are named INTE through INTO to indicate vectors OxFFXE through OxFFx0. These bits can be

written only in special modes and only with the WRTINT bit set (logic 1) in the interrupt test control register

(ITCRY). In addition, | interrupts must be masked using the | bit in the CCR. In this state, the interrupt input lines

to the interrupt sub-block will be disconnected and interrupt requests will be generated only by this register.

These bits can also be read in special modes to view that an interrupt requested by a system block (such as a

peripheral block) has reached the INT module.

There is a test register implemented for every eight interrupts in the overall system. All of the test registers share

the same address and are individually selected using the value stored in the ADR[3:0] bits of the interrupt test

control register (ITCR).

Note: When ADR[3:0] have the value of 0x0O00F, only bits 2:0 in the ITEST register will be accessible. That is,
vectors higher than OxFFF4 cannot be tested using the test registers and bits 7:3 will always read as a
logic 0. If ADR[3:0] point to an unimplemented test register, writes will have no effect and reads will always
return a logic 0 value.
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17.3.2.3 Highest Priority | Interrupt (Optional)

7 6 5 4 3 2 1
R 0
PSEL7 PSEL6 PSEL5 PSEL4 PSEL3 PSEL2 PSELA1
w
Reset 1 1 1 1 0 0 1 0
= Unimplemented or Reserved
Figure 17-5. Highest Priority | Interrupt Register (HPRIO)
Read: Anytime

Write: Only if | mask in CCR =1
Table 17-4. HPRIO Field Descriptions

Field Description

71 Highest Priority | Interrupt Select Bits — The state of these bits determines which I-bit maskable interrupt will
PSEL[7:1] |be promoted to highest priority (of the I-bit maskable interrupts). To promote an interrupt, the user writes the least
significant byte of the associated interrupt vector address to this register. If an unimplemented vector address or
a non |-bit masked vector address (value higher than 0x00F2) is written, IRQ (0xFFF2) will be the default highest
priority interrupt.

17.4 Functional Description

The interrupt sub-block processes all exception requests made by the CPU. These exceptions include
interrupt vector requests and reset vector requests. Each of these exception types and their overall priority
level is discussed in the subsections below.

17.41 Low-Power Modes

The INT does not contain any user-controlled options for reducing power consumption. The operation of
the INT in low-power modes is discussed in the following subsections.

17.4.1.1 Operation in Run Mode

The INT does not contain any options for reducing power in run mode.

17.4.1.2 Operation in Wait Mode

Clocksto the INT can be shut off during system wait mode and the asynchronous interrupt path will be
used to generate the wake-up signal upon recognition of avalid interrupt or any XIRQ request.

17.4.1.3 Operation in Stop Mode

Clocksto the INT can be shut off during system stop mode and the asynchronous interrupt path will be
used to generate the wake-up signal upon recognition of avalid interrupt or any XIRQ request.
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17.5 Resets

The INT supports three system reset exception request types. normal system reset or power-on-reset
request, crystal monitor reset request, and COP watchdog reset request. Thetype of reset exception request
must be decoded by the system and the proper request made to the core. The INT will then provide the
service routine address for the type of reset requested.

17.6 Interrupts

Asshownintheblock diagramin Figure 17-1, the INT containsaregister block to provide interrupt status
and control, an optional highest priority | interrupt (HPRIO) block, and a priority decoder to evaluate
whether pending interrupts are valid and assess their priority.

17.6.1 Interrupt Registers

The INT registers are accessible only in special modes of operation and function as described in
Section 17.3.2.1, “Interrupt Test Control Register,” and Section 17.3.2.2, “Interrupt Test Registers,”
previougly.

17.6.2 Highest Priority I-Bit Maskable Interrupt

When the optional HPRIO block isimplemented, the user is allowed to promote a single I-bit maskable
interrupt to be the highest priority | interrupt. The HPRIO evaluates all interrupt exception requests and
passes the HPRIO vector to the priority decoder if the highest priority | interrupt is active. RTI replaces
the promoted interrupt source.

17.6.3 Interrupt Priority Decoder

The priority decoder evaluates all interrupts pending and determines their validity and priority. When the
CPU requests an interrupt vector, the decoder will provide the vector for the highest priority interrupt
request. Because the vector is not supplied until the CPU requestsit, it is possible that a higher priority
interrupt request could override the original exception that caused the CPU to request the vector. In this
case, the CPU will receive the highest priority vector and the system will process this exception instead of
the original request.

NOTE

Care must be taken to ensure that all exception requests remain active until
the system begins execution of the applicable serviceroutine; otherwise, the
exception request may not be processed.

If for any reason the interrupt source is unknown (e.g., an interrupt request becomes inactive after the
interrupt has been recognized but prior to the vector request), the vector address will default to that of the
last valid interrupt that existed during the particular interrupt sequence. If the CPU requests an interrupt
vector when there has never been a pending interrupt request, the INT will provide the software interrupt
(SWI) vector address.
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Chapter 17 Interrupt (INTV1)

17.7 Exception Priority

The priority (from highest to lowest) and address of all exception vectorsissued by the INT upon request
by the CPU is shown in Table 17-5.

Table 17-5. Exception Vector Map and Priority

Vector Address

Source

OXFFFE—-OXFFFF

System reset

OXFFFC—-OXFFFD

Crystal monitor reset

OxFFFA-OXFFFB

COP reset

OXFFF8—0xFFF9

Unimplemented opcode trap

OXFFF6-0XFFF7

Software interrupt instruction (SWI) or BDM vector request

OXFFF4-OxFFF5

XIRQ signal

OXFFF2-OxFFF3

IRQ signal

OxFFFO—0xFFO00

Device-specific I-bit maskable interrupt sources (priority in descending order)
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Chapter 18
Multiplexed External Bus Interface (MEBIV3)

18.1 Introduction

This section describes the functionality of the multiplexed external businterface (MEBI) sub-block of the
S12 core platform. The functionality of the module is closely coupled with the S12 CPU and the memory
map controller (MMC) sub-blocks.

Figure 18-1 isablock diagram of the MEBI. In Figure 18-1, the signals on the right hand side represent
pinsthat are accessible externally. On some chips, these may not all be bonded out.

The MEBI sub-block of the core servesto provide access and/or visibility to internal core data

mani pul ation operationsincluding timing referenceinformation at the external boundary of the core and/or
system. Depending upon the system operating mode and the state of bits within the control registers of the
MEBI, the internal 16-bit read and write data operations will be represented in 8-bit or 16-bit accesses
externally. Using control information from other blocks within the system, the MEBI will determine the
appropriate type of data access to be generated.

18.1.1 Features

The block name includes these distinctive features:
» External bus controller with four 8-bit ports A,B, E, and K
» Dataand data direction registersfor ports A, B, E, and K when used as general-purpose 1/0
» Control register to enable/disable alternate functions on ports E and K
* Maode control register
» Control register to enable/disable pull resistors on ports A, B, E, and K
» Control register to enable/disable reduced output drive on ports A, B, E, and K
» Control register to configure external clock behavior
« Control register to configure IRQ pin operation
* Logic to capture and synchronize external interrupt pin inputs
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Figure 18-1. MEBI Block Diagram
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Chapter 18 Multiplexed External Bus Interface (MEBIV3)

18.1.2 Modes of Operation

Normal expanded wide mode

Ports A and B are configured as a 16-bit multiplexed address and data bus and port E provides bus
control and status signals. This mode allows 16-bit external memory and peripheral devicesto be
interfaced to the system.

Normal expanded narrow mode

Ports A and B are configured as a 16-bit address bus and port A is multiplexed with 8-bit data.
Port E provides bus control and status signals. This mode allows 8-bit external memory and
peripheral devicesto be interfaced to the system.

Normal single-chip mode

There isno externa expansion busin this mode. The processor program is executed from internal
memory. Ports A, B, K, and most of E are available as general-purpose 1/0.

Specia single-chip mode

Thismode is generally used for debugging single-chip operation, boot-strapping, or security
related operations. The active background modeisin control of CPU execution and BDM firmware
iswaiting for additional serial commands through the BKGD pin. There is no external expansion
bus after reset in this mode.

Emulation expanded wide mode

Developers use this mode for emulation systemsin which the users target application is normal
expanded wide mode.

Emulation expanded narrow mode

Developers use this mode for emulation systemsin which the users target application is normal
expanded narrow mode.

Special test mode

Ports A and B are configured as a 16-bit multiplexed address and data bus and port E provides bus
control and status signals. In specia test mode, the write protection of many control bitsis lifted
so that they can be thoroughly tested without needing to go through reset.

Specia peripheral mode

This mode isintended for Freescale Semiconductor factory testing of the system. The CPU is
inactive and an external (tester) bus master drives address, data, and bus control signals.
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18.2 External Signal Description

In typical implementations, the MEBI sub-block of the core interfaces directly with external system pins.
Some pins may not be bonded out in al implementations.

Table 18-1 outlines the pin names and functions and gives a brief description of their operation reset state
of these pins and associated pull-ups or pull-downs is dependent on the mode of operation and on the
integration of thisblock at the chip level (chip dependent).

Table 18-1. External System Pins Associated With MEBI

Pin Name Pin Functions Description
BKGD/MODC/ MODC At the rising edge on RESET, the state of this pin is registered into the MODC
TAGHI bit to set the mode. (This pin always has an internal pullup.)
BKGD Pseudo open-drain communication pin for the single-wire background debug
mode. There is an internal pull-up resistor on this pin.
TAGHI When instruction tagging is on, a 0 at the falling edge of E tags the high half of
the instruction word being read into the instruction queue.
PA7/A15/D15/D7 PA7-PAO General-purpose /O pins, see PORTA and DDRA registers.
thru
PAO/A8/D8/DO A15-A8 High-order address lines multiplexed during ECLK low. Outputs except in
special peripheral mode where they are inputs from an external tester system.
D15-D8 High-order bidirectional data lines multiplexed during ECLK high in expanded
wide modes, special peripheral mode, and visible internal accesses (IVIS = 1)
in emulation expanded narrow mode. Direction of data transfer is generally
indicated by R/W.
D15/D7 Alternate high-order and low-order bytes of the bidirectional data lines
thru multiplexed during ECLK high in expanded narrow modes and narrow accesses
D8/D0 in wide modes. Direction of data transfer is generally indicated by R/W.
PB7/A7/D7 PB7-PB0O General-purpose /O pins, see PORTB and DDRB registers.
thru
PB0/A0/DO A7-A0 Low-order address lines multiplexed during ECLK low. Outputs except in
special peripheral mode where they are inputs from an external tester system.
D7-D0O Low-order bidirectional data lines multiplexed during ECLK high in expanded
wide modes, special peripheral mode, and visible internal accesses (with
IVIS = 1) in emulation expanded narrow mode. Direction of data transfer is
generally indicated by R/W.
PE7/NOACC PE7 General-purpose /O pin, see PORTE and DDRE registers.
NOACC CPU No Access output. Indicates whether the current cycle is a free cycle. Only
available in expanded modes.
PE6/IPIPE1/ MODB At the rising edge of RESET, the state of this pin is registered into the MODB
MODB/CLKTO bit to set the mode.
PE6 General-purpose /O pin, see PORTE and DDRE registers.
IPIPEA Instruction pipe status bit 1, enabled by PIPOE bit in PEAR.
CLKTO System clock test output. Only available in special modes. PIPOE = 1 overrides

this function. The enabile for this function is in the clock module.

MC9S12E256 Data Sheet, Rev. 1.08

512

Freescale Semiconductor



Chapter 18 Multiplexed External Bus Interface (MEBIV3)

Table 18-1. External System Pins Associated With MEBI (continued)

Pin Name Pin Functions Description
PE5/IPIPEO/MODA MODA At the rising edge on RESET, the state of this pin is registered into the MODA
bit to set the mode.
PE5 General-purpose 1/O pin, see PORTE and DDRE registers.
IPIPEO Instruction pipe status bit 0, enabled by PIPOE bit in PEAR.
PE4/ECLK PE4 General-purpose 1/O pin, see PORTE and DDRE registers.
ECLK Bus timing reference clock, can operate as a free-running clock at the system

clock rate or to produce one low-high clock per visible access, with the high
period stretched for slow accesses. ECLK is controlled by the NECLK bit in
PEAR, the IVIS bit in MODE, and the ESTR bit in EBICTL.

PE3/LSTRB/ TAGLO | PE3 General-purpose 1/O pin, see PORTE and DDRE registers.
LSTRB Low strobe bar, 0 indicates valid data on D7-DO.
SZ8 In special peripheral mode, this pin is an input indicating the size of the data

transfer (0 = 16-bit; 1 = 8-bit).

TAGLO In expanded wide mode or emulation narrow modes, when instruction tagging
is on and low strobe is enabled, a 0 at the falling edge of E tags the low half of
the instruction word being read into the instruction queue.

PE2/R/W PE2 General-purpose /O pin, see PORTE and DDRE registers.

R/W Read/write, indicates the direction of internal data transfers. This is an output
except in special peripheral mode where it is an input.

PE1/IRQ PE1 General-purpose input-only pin, can be read even if IRQ enabled.
IRQ Maskable interrupt request, can be level sensitive or edge sensitive.
PEO/XIRQ PEO General-purpose input-only pin.
XIRQ Non-maskable interrupt input.
PK7/ECS PK7 General-purpose /O pin, see PORTK and DDRK registers.
ECS Emulation chip select
PK6/XCS PK6 General-purpose /O pin, see PORTK and DDRK registers.
XCS External data chip select
PK5/X19 PK5-PKO General-purpose I/O pins, see PORTK and DDRK registers.
tg&%/xm X19-X14 Memory expansion addresses

Detailed descriptions of these pins can be found in Chapter 1, “MC9S12E256 Device Overview
(MC9S12E256DGV1)".
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18.3 Memory Map and Register Definition

A summary of the registers associated with the MEBI sub-block is shown in Table 18-2. Detailed
descriptions of the registers and bits are given in the subsections that follow. On most chips the registers
are mappable. Therefore, the upper bits may not be al Os as shown in the table and descriptions.

18.3.1

Module Memory Map

Table 18-2. MEBI Memory Map

Ag?f:is Use Access
0x0000 Port A Data Register (PORTA) R/W
0x0001 Port B Data Register (PORTB) R/W
0x0002 Data Direction Register A (DDRA) R/W
0x0003 Data Direction Register B (DDRB) R/W
0x0004 Reserved R
0x0005 Reserved R
0x0006 Reserved R
0x0007 Reserved R
0x0008 Port E Data Register (PORTE) R/W
0x0009 Data Direction Register E (DDRE) R/W
0x000A Port E Assignment Register (PEAR) R/W
0x000B Mode Register (MODE) R/W
0x000C Pull Control Register (PUCR) R/W
0x000D Reduced Drive Register (RDRIV) R/W
0x000E External Bus Interface Control Register (EBICTL) R/W
0x000F Reserved R
0x001E | IRQ Control Register (IRQCR) R/W
0x00032 | Port K Data Register (PORTK) R/W
0x00033 | Data Direction Register K (DDRK) R/W
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Chapter 18 Multiplexed External Bus Interface (MEBIV3)

18.3.2 Register Descriptions
Address Name Bit 7 6 5 4 3 2 1 Bit0
0x0000 PORTA Vl\ql Bit 7 6 5 4 3 2 1 Bit 0
R . .
0x0001 PORTB W Bit 7 6 5 4 3 2 1 Bit 0
R . .
0x0002 DDRA W Bit 7 6 5 4 3 2 1 Bit 0
R , i
0x0003 DDRB W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0 0
0x0004 Reserved
w
R 0 0 0 0 0 0 0 0
0x0005 Reserved
w
R 0 0 0 0 0 0 0 0
0x0006 Reserved
w
R 0 0 0 0 0 0 0 0
0x0007 Reserved
w
R . Bit 1 Bit 0
0x0008 PORTE W Bit 7 6 5 4 3 2
R , . 0 0
0x0009 DDRE W Bit 7 6 5 4 3 Bit 2
R 0 0 0
0x000A PEAR W NOACCE PIPOE NECLK LSTRE RDWE
R 0 0
0x000B MODE W MODC MODB MODA IVIS EMK EME
R
0x000C PUCR W PUPKE 0 0 PUPEE 0 0 PUPBE PUPAE
0x000D RDRIV \; RDRK 0 0 RDPE 0 0 RDPB RDPA
R 0 0 0 0 0 0 0
0x000E EBICTL W ESTR
R 0 0 0 0 0 0 0 0
0x000F Reserved
w
R 0 0 0 0 0 0
0x001E IRQCR W IRQE IRQEN
R , i
0x0032 PORTK W Bit 7 6 5 4 3 2 1 Bit 0
R . .
0x0033 DDRK W Bit 7 6 5 4 3 2 1 Bit 0
|:| = Unimplemented or Reserved
Figure 18-2. MEBI Register Summary
MC9S12E256 Data Sheet, Rev. 1.08
Freescale Semiconductor 515



Chapter 18 Multiplexed External Bus Interface (MEBIV3)

18.3.2.1 Port A Data Register (PORTA)

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit0
W
Reset 0 0 0 0 0 0 0 0
Single Chip PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO
Expanded Wide,

Emulation Narrow with  AB/DB15 AB/DB14 AB/DB13 AB/DB12 | AB/DB11  AB/DB10  AB/DB9 AB/DB8
IVIS, and Peripheral

Expanded Narrow AB15and AB14and AB13and AB12and | AB11and AB10and AB9and ABS8and
DB15/DB7 DB14/DB6 DB13/DB5 DB12/DB4 | DB11/DB3 DB10/DB2 DB9/DB1  DB8/DBO

Figure 18-3. Port A Data Register (PORTA)

Read: Anytime when register isin the map
Write: Anytime when register isin the map

Port A bits 7 through O are associated with address lines A15 through A8 respectively and data lines
D15/D7 through D8/DO respectively. When this port is not used for external addresses such asin
single-chip mode, these pins can be used as genera -purpose I/O. Data direction register A (DDRA)
determines the primary direction of each pin. DDRA also determines the source of datafor aread of
PORTA.

Thisregister isnot in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.
NOTE

To ensure that you read the value present on the PORTA pins, always wait
at least one cycle after writing to the DDRA register beforereading from the
PORTA register.
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18.3.2.2 Port B Data Register (PORTB)

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit0
W
Reset 0 0 0 0 0 0 0 0
Single Chip PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
Expanded Wide,
Emulation Narrow with  AB/DB7 AB/DB6 AB/DB5 AB/DB4 AB/DB3 AB/DB2 AB/DB1 AB/DBO
IVIS, and Peripheral
Expanded Narrow AB7 AB6 AB5 AB4 AB3 AB2 AB1 ABO

Figure 18-4. Port A Data Register (PORTB)
Read: Anytime when register isin the map
Write: Anytime when register isin the map

Port B bits 7 through O are associated with address lines A7 through AO respectively and datalines D7
through DO respectively. When this port is not used for external addresses, such asin single-chip mode,
these pins can be used as general-purpose I/O. Data direction register B (DDRB) determines the primary
direction of each pin. DDRB also determines the source of datafor aread of PORTB.

Thisregister isnot in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.
NOTE

To ensure that you read the value present on the PORTB pins, always wait
at least one cycle after writing to the DDRB register before reading from the
PORTB register.
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18.3.2.3 Data Direction Register A (DDRA)

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0

Figure 18-5. Data Direction Register A (DDRA)
Read: Anytime when register isin the map

Write: Anytime when register isin the map

Thisregister controlsthe datadirection for port A. When port A is operating as ageneral-purpose |/O port,
DDRA determines the primary direction for each port A pin. A 1 causes the associated port pin to be an
output and a 0 causes the associated pin to be a high-impedance input. The valuein aDDR bit also affects
the source of datafor reads of the corresponding PORTA register. If the DDR bit is O (input) the buffered
pininput state is read. If the DDR bit is 1 (output) the associated port data register bit state is read.

Thisregister isnot in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally. It isreset to 0x00 so the DDR does not override the three-state control
signals.

Table 18-3. DDRA Field Descriptions

Field Description

7:0 Data Direction Port A
DDRA 0 Configure the corresponding I/O pin as an input
1 Configure the corresponding I/O pin as an output
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18.3.2.4 Data Direction Register B (DDRB)

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0

Figure 18-6. Data Direction Register B (DDRB)
Read: Anytime when register isin the map

Write: Anytime when register isin the map

Thisregister controlsthe datadirection for port B. When port B is operating as ageneral-purpose /O port,
DDRB determines the primary direction for each port B pin. A 1 causes the associated port pin to be an
output and a 0 causes the associated pin to be a high-impedance input. The valuein aDDR bit also affects
the source of datafor reads of the corresponding PORTB register. If the DDR bit is O (input) the buffered
pininput state is read. If the DDR bit is 1 (output) the associated port data register bit state is read.

Thisregister isnot in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally. It isreset to 0x00 so the DDR does not override the three-state control
signals.

Table 18-4. DDRB Field Descriptions

Field Description

7:0 Data Direction Port B
DDRB 0 Configure the corresponding I/O pin as an input
1 Configure the corresponding I/O pin as an output
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18.3.2.5 Reserved Registers

3 1
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 18-7. Reserved Register
3 1
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 18-8. Reserved Register
5 3 1
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 18-9. Reserved Register
3 1
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 18-10. Reserved Register

These register locations are not used (reserved). All unused registers and bitsin this block return logic Os
when read. Writes to these registers have no effect.

These registers are not in the on-chip map in specia peripheral mode.
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18.3.2.6 Port E Data Register (PORTE)

7 6 5 4 3 2 1 0
R Bit 1 Bit 0
Bit 7 6 5 4 3 2
w
Reset 0 0 0 0 0 0 u u
Alternate MODB o
Pin Function ~NOACC or IPIPE1 MODA ECLK LSTRB R/W IRQ XIRQ
or IPIPEO or TAGLO
or CLKTO
= Unimplemented or Reserved u = Unaffected by reset

Figure 18-11. Port E Data Register (PORTE)
Read: Anytime when register isin the map

Write: Anytime when register isin the map

Port E is associated with external bus control signals and interrupt inputs. These include mode select
(MODB/IPIPE1, MODA/IPIPEQ), E clock, size (LSTRB/TAGLO), read/write (R/W), IRQ, and XIRQ.
When not used for one of these specific functions, port E pins 7:2 can be used as genera -purpose /0 and
pins 1:0 can be used as general -purpose input. The port E assignment register (PEAR) selects the function
of each pin and DDRE determines whether each pin isan input or output when it is configured to be
general-purpose 1/0. DDRE also determines the source of datafor aread of PORTE.

Some of these pins have software selectable pull resistors. IRQ and XIRQ can only be pulled up whereas
the polarity of the PE7, PE4, PE3, and PE2 pull resistors are determined by chip integration. Please refer
to Chapter 1, “MC9S12E256 Device Overview (MC9S12E256DGV 1)” (Section 1.3.2, “ Signal Properties
Summary”) to determine the polarity of theseresistors. A single control bit enablesthe pull devicesfor all
of these pins when they are configured as inputs.

Thisregister isnot in the on-chip map in special peripheral mode or in expanded modes when the EME
bit is set. Therefore, these accesses will be echoed externally.

NOTE

It is unwise to write PORTE and DDRE as aword access. If you are
changing port E pins from being inputs to outputs, the data may have extra
transitions during thewrite. It isbest to initialize PORTE before enabling as
outputs.

NOTE

To ensure that you read the value present on the PORTE pins, always wait
at least one cycle after writing to the DDRE register before reading from the
PORTE register.
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18.3.2.7 Data Direction Register E (DDRE)

7 6 5 4 3 2 1
R 0 0
Bit 7 6 5 4 3 Bit 2
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 18-12. Data Direction Register E (DDRE)
Read: Anytime when register isin the map

Write: Anytime when register isin the map

Datadirection register E isassociated with port E. For bitsin port E that are configured as general -purpose
I/O lines, DDRE determines the primary direction of each of these pins. A 1 causes the associated bit to
be an output and a 0 causes the associated bit to be an input. Port E bit 1 (associated with IRQ) and bit 0
(associated with XIRQ) cannot be configured as outputs. Port E, bits 1 and O, can be read regardless of
whether the alternate interrupt function is enabled. The valuein a DDR bit al so affects the source of data
for reads of the corresponding PORTE register. If the DDR bit is O (input) the buffered pin input stateis
read. If the DDR bit is 1 (output) the associated port data register bit state is read.

Thisregister isnot in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally. Also, it is not in the map in expanded modes while the EME control
bit is set.

Table 18-5. DDRE Field Descriptions

Field Description

7:2 Data Direction Port E
DDRE 0 Configure the corresponding I/O pin as an input
1 Configure the corresponding I/O pin as an output
Note: It is unwise to write PORTE and DDRE as a word access. If you are changing port E pins from inputs to
outputs, the data may have extra transitions during the write. It is best to initialize PORTE before enabling
as outputs.
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18.3.2.8 Port E Assignment Register (PEAR)

7 6 5 4 3 2 1
R 0 0 0
NOACCE PIPOE NECLK LSTRE RDWE
w
Reset
Special Single Chip 0 0 0 0 0 0 0 0
Special Test 0 0 1 0 1 1 0 0
Peripheral 0 0 0 0 0 0 0 0
Emulation Expanded 1 0 1 0 1 1 0 0
Narrow
Emulation Expanded
Wide 1 0 1 0 1 1 0 0
Normal Single Chip 0 0 0 1 0 0 0 0
Normal Expanded 0 0 0 0 0 0 0 0
Narrow
Normal Expanded Wide 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 18-13. Port E Assignment Register (PEAR)

Read: Anytime (provided this register isin the map).

Write: Each bit has specific write conditions. Please refer to the descriptions of each bit on the following
pages.

Port E serves as general-purpose I/0 or as system and bus control signals. The PEAR register is used to
choose between the general-purpose 1/0 function and the alternate control functions. When an aternate
control function is selected, the associated DDRE bits are overridden.

The reset condition of this register depends on the mode of operation because bus control signals are
needed immediately after reset in some modes. In normal single-chip mode, no external buscontrol signals
are needed so all of port E is configured for general-purpose I/O. In normal expanded modes, only the E
clock is configured for its alternate bus control function and the other bits of port E are configured for
general-purpose 1/0. Asthe reset vector islocated in external memory, the E clock is required for this
access. R/W is only needed by the system when there are external writable resources. If the normal
expanded system needs any other bus control signals, PEAR would need to be written before any access
that needed the additional signals. In special test and emulation modes, IPIPEL, IPIPEO, E, LSTRB, and
R/W are configured out of reset as bus control signals.

Thisregister isnot in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.
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Table 18-6. PEAR Field Descriptions

Field Description
7 CPU No Access Output Enable
NOACCE | Normal: write once

Emulation: write never

Special: write anytime

1 The associated pin (port E, bit 7) is general-purpose I/O.

0 The associated pin (port E, bit 7) is output and indicates whether the cycle is a CPU free cycle.

This bit has no effect in single-chip or special peripheral modes.

5 Pipe Status Signal Output Enable
PIPOE Normal: write once

Emulation: write never

Special: write anytime.

0 The associated pins (port E, bits 6:5) are general-purpose 1/O.

1 The associated pins (port E, bits 6:5) are outputs and indicate the state of the instruction queue

This bit has no effect in single-chip or special peripheral modes.

4 No External E Clock
NECLK Normal and special: write anytime

Emulation: write never

0 The associated pin (port E, bit 4) is the external E clock pin. External E clock is free-running if ESTR = 0

1 The associated pin (port E, bit 4) is a general-purpose 1/O pin.

External E clock is available as an output in all modes.

3 Low Strobe (LSTRB) Enable
LSTRE Normal: write once

Emulation: write never

Special: write anytime.

0 The associated pin (port E, bit 3) is a general-purpose I/O pin.

1 The associated pin (port E, bit 3) is configured as the LSTRB bus control output. If BDM tagging is enabled,

TAGLO is multiplexed in on the rising edge of ECLK and LSTRB is driven out on the falling edge of ECLK.

This bit has no effect in single-chip, peripheral, or normal expanded narrow modes.

Note: LSTRB is used during external writes. After reset in normal expanded mode, LSTRB is disabled to provide
an extra I/O pin. If LSTRB is needed, it should be enabled before any external writes. External reads do
not normally need LSTRB because all 16 data bits can be driven even if the system only needs 8 bits of
data.

2 Read/Write Enable
RDWE Normal: write once

Emulation: write never

Special: write anytime

0 The associated pin (port E, bit 2) is a general-purpose I/O pin.

1 The associated pin (port E, bit 2) is configured as the R/W pin

This bit has no effect in single-chip or special peripheral modes.

Note: R/W is used for external writes. After reset in normal expanded mode, R/W is disabled to provide an extra
I/0 pin. If R/W is needed it should be enabled before any external writes.
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18.3.2.9 Mode Register (MODE)

7 6 5 3 1 0
R 0 0
MODC MODB MODA IVIS EMK EME

w
Reset

Special Single Chip 0 0 0 0 0 0 0 0

Emulation Expanded 0 0 1 0 1 0 1 1
Narrow

Special Test 0 1 0 0 1 0 0 0
Emulation Expanded

Wide 0 1 1 0 1 0 1 1

Normal Single Chip 1 0 0 0 0 0 0 0

Normal Expanded 1 0 1 0 0 0 0 0
Narrow

Peripheral 1 1 0 0 0 0 0 0

Normal Expanded Wide 1 1 1 0 0 0 0 0

= Unimplemented or Reserved

Figure 18-14. Mode Register (MODE)

Read: Anytime (provided this register isin the map).
Write: Each bit has specific write conditions. Please refer to the descriptions of each bit on the following
pages.

The MODE register is used to establish the operating mode and other miscellaneous functions (i.e.,
internal visibility and emulation of port E and K).

In specia peripheral mode, this register is not accessible but it is reset as shown to system configuration
features. Changes to bitsin the MODE register are delayed one cycle after the write.

Thisregister isnot in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.

Table 18-7. MODE Field Descriptions

Field Description

75 Mode Select Bits — These bits indicate the current operating mode.
MODI[C:A] |If MODA = 1, then MODC, MODB, and MODA are write never.
If MODC = MODA = 0, then MODC, MODB, and MODA are writable with the exception that you cannot change
to or from special peripheral mode

If MODC =1, MODB = 0, and MODA = 0, then MODC is write never. MODB and MODA are write once, except
that you cannot change to special peripheral mode. From normal single-chip, only normal expanded narrow and
normal expanded wide modes are available.

See Table 18-8 and Table 18-16.
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Table 18-7. MODE Field Descriptions (continued)

Field Description
3 Internal Visibility (for both read and write accesses) — This bit determines whether internal accesses
IVIS generate a bus cycle that is visible on the external bus.

Normal: write once

Emulation: write never

Special: write anytime

0 No visibility of internal bus operations on external bus.
1 Internal bus operations are visible on external bus.

1 Emulate Port K
EMK Normal: write once
Emulation: write never
Special: write anytime
0 PORTK and DDRK are in the memory map so port K can be used for general-purpose I/O.
1 If in any expanded mode, PORTK and DDRK are removed from the memory map.
In single-chip modes, PORTK and DDRK are always in the map regardless of the state of this bit.

In special peripheral mode, PORTK and DDRK are never in the map regardless of the state of this bit.

0 Emulate Port E
EME Normal and Emulation: write never
Special: write anytime
0 PORTE and DDRE are in the memory map so port E can be used for general-purpose I/O.
1 Ifin any expanded mode or special peripheral mode, PORTE and DDRE are removed from the memory map.
Removing the registers from the map allows the user to emulate the function of these registers externally.
In single-chip modes, PORTE and DDRE are always in the map regardless of the state of this bit.

Table 18-8. MODC, MODB, and MODA Write Capability?

MODC MODB MODA Mode MODXx Write Capability

0 0 0 Special single chip MODC, MODB, and MODA
write anytime but not to 110°

0 0 1 Emulation narrow No write

0 1 0 Special test MODC, MODB, and MODA
write anytime but not to 1102

0 1 1 Emulation wide No write

1 0 0 Normal single chip MODC write never,

MODB and MODA write once
but notto 110

1 0 1 Normal expanded narrow No write
1 1 0 Special peripheral No write
1 1 1 Normal expanded wide No write

@ No writes to the MOD bits are allowed while operating in a secure mode. For more details, refer to Chapter 1, “MC9S12E256
Device Overview (MC9S12E256DGV1)".

b |f you are in a special single-chip or special test mode and you write to this register, changing to normal single-chip mode, then
one allowed write to this register remains. If you write to normal expanded or emulation mode, then no writes remain.
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18.3.2.10 Pull Control Register (PUCR)

7 6 5 4 1 0
R 0 0 0 0
PUPKE PUPEE PUPBE PUPAE
w
Reset! 1 0 0 1 0 0 0 0

1. The default value of this parameter is shown. Please refer to Chapter 1, “MC9S12E256 Device Overview
(MC9S12E256DGV1)” to determine the actual reset state of this register.

= Unimplemented or Reserved

Figure 18-15. Pull Control Register (PUCR)

Read: Anytime (provided this register isin the map).
Write: Anytime (provided this register isin the map).

Thisregister is used to select pull resistors for the pins associated with the core ports. Pull resistors are
assigned on a per-port basis and apply to any pin in the corresponding port that is currently configured as
an input. The polarity of these pull resistors is determined by chip integration. Please refer to Chapter 1,
“MC9S12E256 Device Overview (MC9S12E256DGV 1)” to determine the polarity of these resistors.

Thisregister isnot in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.

NOTE

These bits have no effect when the associated pin(s) are outputs. (The pull
resistors are inactive.)

Table 18-9. PUCR Field Descriptions

Field Description

7 Pull resistors Port K Enable
PUPKE 0 Port K pull resistors are disabled.
1 Enable pull resistors for port K input pins.

4 Pull resistors Port E Enable
PUPEE 0 Port E pull resistors on bits 7, 4:0 are disabled.
1 Enable pull resistors for port E input pins bits 7, 4:0.
Note: Pins 5 and 6 of port E have pull resistors which are only enabled during reset. This bit has no effect on
these pins.

1 Pull resistors Port B Enable
PUPBE 0 Port B pull resistors are disabled.
1 Enable pull resistors for all port B input pins.

0 Pull resistors Port A Enable
PUPAE 0 Port A pull resistors are disabled.
1 Enable pull resistors for all port A input pins.
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18.3.2.11 Reduced Drive Register (RDRIV)

7 6 5 4 1 0
R 0 0 0 0
RDRK RDPE RDPB RDPA
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 18-16. Reduced Drive Register (RDRIV)
Read: Anytime (provided thisregister isin the map)

Write: Anytime (provided this register isin the map)

Thisregister isused to select reduced drive for the pins associated with the core ports. This gives reduced
power consumption and reduced RFI with aslight increase in transition time (depending on loading). This
feature would be used on ports which have alight loading. The reduced drive function is independent of
which function is being used on a particular port.

Thisregister isnot in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.

Table 18-10. RDRIV Field Descriptions

Field Description

7 Reduced Drive of Port K
RDRK 0 All port K output pins have full drive enabled.
1 All port K output pins have reduced drive enabled.

4 Reduced Drive of Port E
RDPE 0 All port E output pins have full drive enabled.
1 All port E output pins have reduced drive enabled.

1 Reduced Drive of Port B
RDPB 0 All port B output pins have full drive enabled.
1 All port B output pins have reduced drive enabled.

0 Reduced Drive of Ports A
RDPA 0 All port A output pins have full drive enabled.
1 All port A output pins have reduced drive enabled.
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18.3.2.12 External Bus Interface Control Register (EBICTL)

5 1 0
R 0 0 0 0 0 0 0
ESTR
W
Reset:
Peripheral 0 0 0 0 0 0 0 0
All other modes 0 0 0 0 0 0 0 1

= Unimplemented or Reserved

Figure 18-17. External Bus Interface Control Register (EBICTL)

Read: Anytime (provided this register isin the map)
Write: Refer to individual bit descriptions below
The EBICTL register is used to control miscellaneous functions (i.e., stretching of external E clock).

Thisregister isnot in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.
Table 18-11. EBICTL Field Descriptions

Field Description
0 E Clock Stretches — This control bit determines whether the E clock behaves as a simple free-running clock or
ESTR as a bus control signal that is active only for external bus cycles.

Normal and Emulation: write once

Special: write anytime

0 E never stretches (always free running).

1 E stretches high during stretched external accesses and remains low during non-visible internal accesses.

This bit has no effect in single-chip modes.
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18.3.2.13 Reserved Register

5 1
R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 18-18. Reserved Register

Thisregister location is not used (reserved). All bitsin this register return logic Os when read. Writes to
this register have no effect.

Thisregister isnot in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.

18.3.2.14 IRQ Control Register (IRQCR)

7 6 5 4 2 1
R 0 0 0 0 0 0
IRQE IRQEN
w
Reset 0 1 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 18-19. IRQ Control Register (IRQCR)

Read: Seeindividual bit descriptions below
Write: See individual bit descriptions below

Table 18-12. IRQCR Field Descriptions

Field Description
7 IRQ Select Edge Sensitive Only
IRQE Special modes: read or write anytime
Normal and Emulation modes: read anytime, write once
0 IRQ configured for low level recognition.
1 IRQ configured to respond only to falling edges. Falling edges on the IRQ pin will be detected anytime
IRQE = 1 and will be cleared only upon a reset or the servicing of the IRQ interrupt.
6 External IRQ Enable
IRQEN Normal, emulation, and special modes: read or write anytime
0 External IRQ pin is disconnected from interrupt logic.
1 External IRQ pin is connected to interrupt logic.
Note: When IRQEN = 0, the edge detect latch is disabled.
MC9S12E256 Data Sheet, Rev. 1.08
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18.3.2.15 Port K Data Register (PORTK)

7 6 5 4 3 2 1 0

R
Bit 7 6 5 4 3 2 1 Bit 0

W

Reset 0 0 0 0 0 0 0 0

_Alternate e XCS XAB19 XAB18 XAB17 XAB16 XAB15 XAB14
Pin Function
Figure 18-20. Port K Data Register (PORTK)
Read: Anytime

Write: Anytime

This port is associated with the internal memory expansion emulation pins. When the port is not enabled
to emulate the internal memory expansion, the port pins are used as general-purpose I/0. When port K is
operating as a general-purpose /0 port, DDRK determines the primary direction for each port K pin. A 1
causes the associated port pin to be an output and a 0 causes the associated pin to be a high-impedance
input. The valuein a DDR bit also affects the source of datafor reads of the corresponding PORTK
register. If the DDR bit is O (input) the buffered pin input isread. If the DDR bit is 1 (output) the output of
the port data register isread.

Thisregister isnot in the map in peripheral or expanded modes while the EMK control bitin MODE
register is set. Therefore, these accesses will be echoed externaly.

When inputs, these pins can be selected to be high impedance or pulled up, based upon the state of the
PUPKE bit in the PUCR register.

Table 18-13. PORTK Field Descriptions

Field Description

7 Port K, Bit 7 — This bit is used as an emulation chip select signal for the emulation of the internal memory
Port K, Bit 7 | expansion, or as general-purpose 1/O, depending upon the state of the EMK bit in the MODE register. While
this bit is used as a chip select, the external bit will return to its de-asserted state (Vpp) for approximately 1/4
cycle just after the negative edge of ECLK, unless the external access is stretched and ECLK is free-running
(ESTR bitin EBICTL = 0). See Chapter 19, “Module Mapping Control (MMCV4)” for additional details on when
this signal will be active.

6 Port K, Bit 6 — This bit is used as an external chip select signal for most external accesses that are not
Port K, Bit 6 |selected by ECS (see Chapter 19, “Module Mapping Control (MMCV4)’for more details), depending upon the
state the of the EMK bit in the MODE register. While this bit is used as a chip select, the external pin will return
to its de-asserted state (Vpp) for approximately 1/4 cycle just after the negative edge of ECLK, unless the
external access is stretched and ECLK is free-running (ESTR bit in EBICTL = 0).

5:0 Port K, Bits 5:0 — These six bits are used to determine which FLASH/ROM or external memory array page
Port K, Bits 5:0 | is being accessed. They can be viewed as expanded addresses XAB19-XAB14 of the 20-bit address used to
access up to1M byte internal FLASH/ROM or external memory array. Alternatively, these bits can be used for
general-purpose /O depending upon the state of the EMK bit in the MODE register.
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18.3.2.16 Port K Data Direction Register (DDRK)

7 6 5 4 3 2 0
R
Bit 7 6 5 4 3 2 Bit 0
w
Reset 0 0 0 0 0 0 0
Figure 18-21. Port K Data Direction Register (DDRK)
Read: Anytime

Write: Anytime

Thisregister determinesthe primary direction for each port K pin configured as general-purpose |/O. This
register isnot in the map in peripheral or expanded modes whilethe EMK control bitin MODE register is
set. Therefore, these accesses will be echoed externally.

Table 18-14. DDRK Field Descriptions

Field Description
7:0 Data Direction Port K Bits
DDRK 0 Associated pin is a high-impedance input

1 Associated pin is an output

Note: It is unwise to write PORTK and DDRK as a word access. If you are changing port K pins from inputs to
outputs, the data may have extra transitions during the write. It is best to initialize PORTK before enabling

as outputs.

Note: To ensure that you read the correct value from the PORTK pins, always wait at least one cycle after writing

to the DDRK register before reading from the PORTK register.
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18.4 Functional Description

18.4.1 Detecting Access Type from External Signals

The external signals LSTRB, R/W, and ABO indicate the type of bus access that is taking place. Accesses
to the internal RAM module are the only type of access that would produce LSTRB = ABO = 1, because
the internal RAM is specifically designed to allow misaligned 16-bit accesses in asingle cycle. In these
cases the data for the address that was accessed is on the low half of the data bus and the data for
address + 1 is on the high half of the data bus. Thisis summarized in Table 18-15.

Table 18-15. Access Type vs. Bus Control Pins

LSTRB ABO R/W Type of Access

1 0 1 8-bit read of an even address

0 1 1 8-bit read of an odd address

1 0 0 8-bit write of an even address

0 1 0 8-bit write of an odd address

0 0 1 16-bit read of an even address

1 1 1 16-bit read of an odd address
(low/high data swapped)

0 0 0 16-bit write to an even address
16-bit write to an odd address
(low/high data swapped)

18.4.2 Stretched Bus Cycles

In order to alow fast internal bus cyclesto coexist in asystem with slower external memory resources, the
HCS12 supports the concept of stretched bus cycles (module timing reference clocks for timers and baud
rate generators are not affected by thisstretching). Control bitsinthe MISC register inthe MM C sub-block
of the core specify the amount of stretch (0, 1, 2, or 3 periods of the internal bus-rate clock). While
stretching, the CPU state machines are all held in their current state. At this point in the CPU bus cycle,
write data would already be driven onto the data bus so the length of time write dataisvalid is extended
inthe case of astretched bus cycle. Read datawould not be captured by the system until the E clock falling
edge. In the case of a stretched bus cycle, read datais not required until the specified setup time before the
falling edge of the stretched E clock. The chip selects, and R/W signals remain valid during the period of
stretching (throughout the stretched E high time).

NOTE
The address portion of the bus cycleis not stretched.
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18.4.3 Modes of Operation

The operating mode out of reset is determined by the states of the MODC, MODB, and MODA pinsduring
reset (Table 18-16). The MODC, MODB, and MODA bitsin the MODE register show the current
operating mode and provide limited mode switching during operation. The states of the MODC, MODB,
and MODA pins are latched into these bits on the rising edge of the reset signal.

Table 18-16. Mode Selection

MODC MODB MODA Mode Description

0 0 0 Special Single Chip, BDM allowed and ACTIVE. BDM is allowed in all
other modes but a serial command is required to make BDM active.

0 0 1 Emulation Expanded Narrow, BDM allowed

0 1 0 Special Test (Expanded Wide), BDM allowed

0 1 1 Emulation Expanded Wide, BDM allowed

1 0 0 Normal Single Chip, BDM allowed

1 0 1 Normal Expanded Narrow, BDM allowed

1 1 0 Peripheral; BDM allowed but bus operations would cause bus conflicts
(must not be used)

1 1 1 Normal Expanded Wide, BDM allowed

There are two basic types of operating modes:
1. Normal modes: Some registers and bits are protected against accidental changes.

2. Specia modes. Allow greater access to protected control registers and bits for special purposes
such as testing.

A system development and debug feature, background debug mode (BDM), isavailablein all modes. In
specia single-chip mode, BDM is active immediately after reset.

Some aspects of Port E are not mode dependent. Bit 1 of Port E is ageneral purpose input or the IRQ
interrupt input. IRQ can be enabled by bitsin the CPU’s condition codes register but it isinhibited at reset
so thispinisinitially configured as asimpleinput with apull-up. Bit O of Port Eisageneral purposeinput
or the XIRQ interrupt input. XIRQ can be enabled by bits in the CPU’s condition codes register but it is
inhibited at reset so thispinisinitially configured as a simple input with a pull-up. The ESTR bit in the
EBICTL register is set to one by reset in any user mode. This assures that the reset vector can be fetched
evenif itislocated in an external slow memory device. The PE6/MODB/IPIPE1 and PES/MODA/IPIPEO
pins act as high-impedance mode select inputs during reset.

The following paragraphs discuss the default bus setup and describe which aspects of the bus can be
changed after reset on a per mode basis.
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18.4.3.1 Normal Operating Modes

These modes provide three operating configurations. Background debug is available in all three modes,
but must first be enabled for some operations by means of aBDM background command, then activated.

18.4.3.1.1  Normal Single-Chip Mode

Thereis no external expansion busin thismode. All pins of Ports A, B and E are configured as general
purpose 1/0 pins Port E bits 1 and O are avail able as general purpose input only pinswith internal pull
resistors enabled. All other pins of Port E are bidirectional 1/0 pinsthat are initially configured as
high-impedance inputs with internal pull resistors enabled. Ports A and B are configured as
high-impedance inputs with their internal pull resistors disabled.

The pinsassociated with Port E bits 6, 5, 3, and 2 cannot be configured for their alternate functions | PIPEL,
IPIPEO, LSTRB, and R/W while the MCU isin single chip modes. In single chip modes, the associated
control bits PIPOE, LSTRE, and RDWE are reset to zero. Writing the opposite state into them in single
chip mode does not change the operation of the associated Port E pins.

In normal single chip mode, the M ODE register iswritable onetime. Thisallowsauser program to change
the bus mode to narrow or wide expanded mode and/or turn on visibility of internal accesses.

Port E, bit 4 can be configured for afree-running E clock output by clearing NECLK=0. Typically the only
use for an E clock output while the MCU isin single chip modes would be to get a constant speed clock
for use in the external application system.

18.4.3.1.2 Normal Expanded Wide Mode

In expanded wide modes, Ports A and B are configured as a 16-bit multiplexed address and data bus and
Port E bit 4 is configured asthe E clock output signal. These signals allow external memory and peripheral
devicesto beinterfaced to the MCU.

Port E pins other than PE4/ECLK are configured as general purpose I/0 pins (initially high-impedance
inputs with internal pull resistors enabled). Control bits PIPOE, NECLK, LSTRE, and RDWE in the
PEAR register can be used to configure Port E pinsto act as bus control outputsinstead of general purpose
1/O pins.

It is possible to enable the pipe status signals on Port E bits 6 and 5 by setting the PIPOE bit in PEAR, but
it would be unusual to do so in this mode. Devel opment systems where pipe status signals are monitored
would typically use the special variation of this mode.

The Port E bit 2 pin can be reconfigured as the R/W bus control signal by writing “1” to the RDWE bit in
PEAR. If the expanded system includes external devicesthat can be written, such asRAM, the RDWE bit
would need to be set before any attempt to write to an external location. If there are no writable resources
in the external system, PE2 can be |eft as a general purpose I/0 pin.

The Port E bit 3 pin can be reconfigured asthe LSTRB bus control signal by writing “1” to the LSTRE bit
in PEAR. The default condition of thispinisageneral purpose input because the LSTRB function is not
needed in al expanded wide applications.
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The Port E bit 4 pinisinitially configured as ECLK output with stretch. The E clock output function
depends upon the settings of the NECLK bit in the PEAR register, the IVIS bit in the MODE register and
the ESTR hit inthe EBICTL register. The E clock isavailable for use in external select decode logic or as
a constant speed clock for use in the external application system.

18.4.3.1.3 Normal Expanded Narrow Mode

Thismodeisused for lower cost production systemsthat use 8-bit wide external EPROMs or RAMs. Such
systems take extra bus cycles to access 16-bit locations but this may be preferred over the extra cost of
additional external memory devices.

Ports A and B are configured as a 16-bit address bus and Port A is multiplexed with data. Internal visibility
is not available in this mode because the internal cycles would need to be split into two 8-bit cycles.

Since the PEAR register can only be written one time in this mode, use care to set all bitsto the desired
states during the single allowed write.

The PE3/LSTRB pinisaways ageneral purpose I/O pin in normal expanded narrow mode. Although it
ispossibletowritethe LSTRE bitin PEAR to “1” in thismode, the state of L STRE isoverridden and Port
E bit 3 cannot be reconfigured as the LSTRB output.

It is possible to enable the pipe status signals on Port E bits 6 and 5 by setting the PIPOE bit in PEAR, but
it would be unusual to do so in this mode. LSTRB would also be needed to fully understand system
activity. Development systems where pipe status signals are monitored would typically use special
expanded wide mode or occasionally special expanded narrow mode.

The PE4/ECLK pinisinitialy configured as ECLK output with stretch. The E clock output function
depends upon the settings of the NECLK bit in the PEAR register, the IVIS bit in the MODE register and
the ESTR bitinthe EBICTL register. In normal expanded narrow mode, the E clock isavailablefor usein
external select decode logic or as a constant speed clock for use in the external application system.

The PE2/R/W pinisinitialy configured as a general purpose input with an internal pull resistor enabled
but this pin can be reconfigured as the R/W bus control signal by writing “1” to the RDWE bit in PEAR.
If the expanded narrow system includes external devicesthat can be written such as RAM, the RDWE bit
would need to be set before any attempt to write to an external location. If there are no writable resources
in the external system, PE2 can be |eft as a general purpose 1/0 pin.

18.4.3.1.4 Emulation Expanded Wide Mode

In expanded wide modes, Ports A and B are configured as a 16-bit multiplexed address and data bus and
Port E providesbus control and statussignals. These signalsallow external memory and peripheral devices
to beinterfaced to the MCU. These signals can also be used by alogic analyzer to monitor the progress of
application programs.

The bus control related pinsin Port E (PE7/NOACC, PE6/MODB/IPIPEL, PES/MODA/IPIPEQ,
PE4/ECLK, PE3/LSTRB/TAGLO, and PE2/R/W) are all configured to serve their bus control output
functions rather than general purpose I/0. Notice that writes to the bus control enable bitsin the PEAR
register in emulation mode are restricted.
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18.4.3.1.5 Emulation Expanded Narrow Mode

Expanded narrow modes are intended to allow connection of single 8-bit external memory devices for
lower cost systemsthat do not need the performance of afull 16-bit external data bus. Accessesto internal
resourcesthat have been mapped external (i.e., PORTA, PORTB, DDRA, DDRB, PORTE, DDRE, PEAR,
PUCR, RDRIV) will be accessed with a 16-bit data bus on Ports A and B. Accesses of 16-bit external
words to addresses which are normally mapped external will be broken into two separate 8-bit accesses
using Port A as an 8-bit data bus. Internal operations continue to use full 16-bit data paths. They are only
visible externally as 16-bit information if IVIS=1.

Ports A and B are configured as multiplexed address and data output ports. During external accesses,
address A15, data D15 and D7 are associated with PA7, address AO is associated with PBO and data D8
and DO are associated with PAO. During internal visible accesses and accesses to internal resources that
have been mapped external, address A15 and data D15 is associated with PA7 and address AO and data
DO is associated with PBO.

The bus control related pinsin Port E (PE7/NOACC, PE6G/MODB/IPIPEL, PES/MODA/IPIPEO,
PE4/ECLK, PE3/LSTRB/TAGLO, and PE2/R/W) are all configured to serve their bus control output
functions rather than general purpose I/0. Notice that writes to the bus control enable bitsin the PEAR
register in emulation mode are restricted.

The main difference between special modes and normal modes is that some of the bus control and system
control signals cannot be written in emulation modes.

18.4.3.2 Special Operating Modes

Therearetwo specia operating modesthat correspond to normal operating modes. These operating modes
are commonly used in factory testing and system development.

18.4.3.2.1 Special Single-Chip Mode

When the MCU isreset in this mode, the background debug mode is enabled and active. The MCU does
not fetch the reset vector and execute application code as it would in other modes. Instead the active
background modeisin control of CPU execution and BDM firmware is waiting for additional serial
commands through the BKGD pin. When a serial command instructs the MCU to return to normal
execution, the system will be configured as described below unless the reset states of internal control
registers have been changed through background commands after the MCU was reset.

Thereisno external expansion bus after reset in this mode. Ports A and B areinitially smple bidirectional
I/O pinsthat are configured as high-impedance inputs with internal pull resistors disabled; however,
writing to the mode select bitsin the MODE register (which isalowed in special modes) can change this
after reset. All of the Port E pins (except PE4/ECLK) areinitially configured as general purpose
high-impedance inputswith internal pull resistors enabled. PE4/ECLK is configured asthe E clock output
in this mode.

The pins associated with Port E bits 6, 5, 3, and 2 cannot be configured for their alternate functions | PIPEL,
IPIPEO, LSTRB, and R/W while the MCU isin single chip modes. In single chip modes, the associated
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control bits PIPOE, LSTRE and RDWE are reset to zero. Writing the opposite value into these bitsin
single chip mode does not change the operation of the associated Port E pins.

Port E, bit 4 can be configured for afree-running E clock output by clearing NECLK=0. Typically the only
use for an E clock output while the MCU isin single chip modes would be to get a constant speed clock
for use in the external application system.

18.4.3.2.2 Special Test Mode

In expanded wide modes, Ports A and B are configured as a 16-bit multiplexed address and data bus and
Port E provides bus control and status signals. In specia test mode, the write protection of many control
bitsis lifted so that they can be thoroughly tested without needing to go through reset.

18.4.3.3 Test Operating Mode

There is atest operating mode in which an external master, such asan |.C. tester, can control the on-chip
peripherals.

18.4.3.3.1  Peripheral Mode

This mode is intended for factory testing of the MCU. In this mode, the CPU isinactive and an externa
(tester) bus master drives address, data and bus control signalsin through Ports A, B and E. In effect, the
whole MCU acts asiif it was a peripheral under control of an external CPU. This allows faster testing of
on-chip memory and peripherals than previous testing methods. Since the mode control register is not
accessiblein peripheral mode, the only way to change to another modeisto reset the MCU into adifferent
mode. Background debugging should not be used whilethe MCU isin special peripheral mode asinternal
bus conflicts between BDM and the external master can cause improper operation of both functions.

18.4.4 Internal Visibility

Internal visibility is available when the MCU is operating in expanded wide modes or emulation narrow
mode. It isnot availablein single-chip, peripheral or normal expanded narrow modes. Internal visibility is
enabled by setting the VIS bit in the MODE register.

If an internal accessis made while E, R/W, and LSTRB are configured as bus control outputs and internal
visibility isoff (IV1S=0), E will remain low for the cycle, R/W will remain high, and address, dataand the
LSTRB pinswill remain at their previous state.

When interna visibility is enabled (1VI1S=1), certain internal cycleswill be blocked from going external.
During cycleswhen the BDM is selected, R/W will remain high, datawill maintain its previous state, and
address and LSTRB pinswill be updated with the internal value. During CPU no access cycles when the
BDM is not driving, R/W will remain high, and address, data and the LSTRB pins will remain at their
previous state.

NOTE

When the system is operating in a secure mode, internal visibility is not
available (i.e., IVIS = 1 has no effect). Also, the IPIPE signals will not be
visible, regardless of operating mode. | PIPE1- PIPEO will display Oes if
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they are enabled. In addition, the MOD bits in the MODE control register
cannot be written.

18.4.5 Low-Power Options
The MEBI does not contain any user-controlled options for reducing power consumption. The operation
of the MEBI in low-power modes is discussed in the following subsections.

18.4.5.1 Operation in Run Mode

The MEBI does not contain any options for reducing power in run mode; however, the external addresses
are conditioned to reduce power in single-chip modes. Expanded bus modes will increase power
consumption.

18.4.5.2 Operation in Wait Mode

The MEBI does not contain any options for reducing power in wait mode.

18.4.5.3 Operation in Stop Mode

The MEBI will cease to function after execution of a CPU STOP instruction.
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Chapter 19

Module Mapping Control (MMCV4)

19.1 Introduction

This section describes the functionality of the module mapping control (MM C) sub-block of the S12 core

platform.

The block diagram of the MMC is shown in Figure 19-1.
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Figure 19-1. MMC Block Diagram

-
'

The MMC is the sub-module which controls memory map assignment and selection of internal resources
and external space. Internal buses between the core and memories and between the core and peripheralsis
controlled in this module. The memory expansion is generated in this module.
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19.1.1

9 Module Mapping Control (MMCV4)

Features
Registers for mapping of address space for on-chip RAM, EEPROM, and FLASH (or ROM)
memory blocks and associated registers
Memory mapping control and selection based upon address decode and system operating mode
Core address bus control
Core data bus control and multiplexing
Core security state decoding
Emulation chip select signal generation (ECS)
External chip select signal generation (XCS)
Internal memory expansion
Externa stretch and ROM mapping control functions viathe MISC register
Reserved registers for test purposes

Configurable system memory options defined at integration of core into the system-on-a-chip
(SoC).

19.1.2 Modes of Operation

Some of theregisters operate differently depending on the mode of operation (i.e., normal expanded wide,

special

19.2

single chip, etc.). Thisis best understood from the register descriptions.

External Signal Description

All interfacing with the MM C sub-block is done within the core, it has no external signals.

19.3

Memory Map and Register Definition

A summary of the registers associated with the MM C sub-block is shown in Figure 19-2. Detailed
descriptions of the registers and bits are given in the subsections that follow.
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19.3.1 Module Memory Map

Table 19-1. MMC Memory Map

Address ;
Offset Register Access
0x0010 Initialization of Internal RAM Position Register (INITRM) R/W
0x0011 Initialization of Internal Registers Position Register (INITRG) R/W
0x0012 Initialization of Internal EEPROM Position Register (INITEE) R/W
0x0013 Miscellaneous System Control Register (MISC) R/W
Reserved —
Reserved —
0x001C Memory Size Register 0 (MEMSIZ0) R
0x001D Memory Size Register 1 (MEMSIZ1)
0x0030 Program Page Index Register (PPAGE) R/W
Reserved —
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19.3.2 Register Descriptions
Name Bit 7 6 5 4 3 1 Bit 0
INITRM R 0
W RAM15 RAM14 RAM13 RAM12 RAM11 RAMHAL
INITRG R 0 0 0 0
W REG14 REG13 REG12 REG11
INITEE R 0 0
W EE15 EE14 EE13 EE12 EE11 EEON
MISC R 0 0 0 0
W EXSTR1 | EXSTRO | ROMHM | ROMON
MTSTO R Bit 7 6 5 4 3 2 1 Bit 0
W
MTSTH R Bit 7 6 5 4 3 2 1 Bit 0
W
MEMSIZ0 R|REG_SWO0 0 EEP_SW1 | EEP_SWO 0 RAM_SW2 | RAM_SW1 | RAM_SWO0
W
MEMSIZ1 R|ROM_SW1|ROM_SWO0 0 0 0 0 PAG_SW1 | PAG_SWO0
W
PPAGE R 0 0
W PIX5 PIX4 PIX3 PIX2 PIX1 PIX0
Reserved R 0 0 0 0 0 0 0 0
W
I:' = Unimplemented
Figure 19-2. MMC Register Summary
MC9S12E256 Data Sheet, Rev. 1.08
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19.3.2.1 Initialization of Internal RAM Position Register (INITRM)
7 6 5 4 3 2 1 0
R 0 0
W RAM15 RAM14 RAM13 RAM12 RAM11 RAMHAL
Reset 0 0 0 0 1 0 0 1

|:|= Unimplemented or Reserved

Figure 19-3. Initialization of Internal RAM Position Register (INITRM)
Read: Anytime
Write: Once in normal and emulation modes, anytime in special modes
NOTE
Writes to this register take one cycle to go into effect.
Thisregister initializes the position of the internal RAM within the on-chip system memory map.
Table 19-2. INITRM Field Descriptions

Field Description
7:3 Internal RAM Map Position — These bits determine the upper five bits of the base address for the system’s
RAM[15:11] |internal RAM array.
0 RAM High-Align — RAMHAL specifies the alignment of the internal RAM array.
RAMHAL |0 Aligns the RAM to the lowest address (0x0000) of the mappable space
1 Aligns the RAM to the higher address (OxFFFF) of the mappable space
19.3.2.2 Initialization of Internal Registers Position Register (INITRG)
6 5 4 3
R 0 0 0 0
W REG14 REG13 REG12 REG11
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 19-4. Initialization of Internal Registers Position Register (INITRG)
Read: Anytime
Write: Once in normal and emulation modes and anytime in special modes

This register initializes the position of the internal registers within the on-chip system memory map. The
registersoccupy either alK byte or 2K byte space and can be mapped to any 2K byte space within thefirst
32K bytes of the system’s address space.

Table 19-3. INITRG Field Descriptions

Field Description
6:3 Internal Register Map Position — These four bits in combination with the leading zero supplied by bit 7 of
REG[14:11] | INITRG determine the upper five bits of the base address for the system’s internal registers (i.e., the minimum
base address is 0x0000 and the maximum is Ox7FFF).
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19.3.2.3 Initialization of Internal EEPROM Position Register (INITEE)

7 6 5 4 3 1 0
R 0 0
EE15 EE14 EE13 EE12 EE11 EEON
W
Reset! — — — — — — — —

1. The reset state of this register is controlled at chip integration. Please refer to Chapter 1, “MC9S12E256 Device Overview
(MC9S12E256DGV1)” to determine the actual reset state of this register.

= Unimplemented or Reserved

Figure 19-5. Initialization of Internal EEPROM Position Register (INITEE)
Read: Anytime

Write: The EEON bit can be written to any time on all devices. Bits E[11:15] are “write anytime in al
modes’ on most devices. On some devices, bits E[11:15] are “write once in normal and emulation modes
and write anytime in special modes’. See Chapter 1, “MC9S12E256 Device Overview
(MC9S12E256DGV1)” to determine the actual write access rights.

NOTE
Writes to this register take one cycle to go into effect.

Thisregister initializes the position of the internal EEPROM within the on-chip system memory map.
Table 19-4. INITEE Field Descriptions

Field Description
7:3 Internal EEPROM Map Position — These bits determine the upper five bits of the base address for the system’s
EE[15:11] |internal EEPROM array.
0 Enable EEPROM — This bit is used to enable the EEPROM memory in the memory map.
EEON 0 Disables the EEPROM from the memory map.
1 Enables the EEPROM in the memory map at the address selected by EE[15:11].
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19.3.2.4 Miscellaneous System Control Register (MISC)

6 5 3 2 1 0
R 0 0 0 0
EXSTR1 EXSTRO ROMHM ROMON
w
Reset: Expanc!ed 0 0 0 0 1 ’ 0 4
or Emulation
Reset: Peripheral
or Single Chip 0 0 0 0 1 1 0 1
Reset: Special Test 0 0 0 0 1 1 0 0

1. The reset state of this bit is determined at the chip integration level.

= Unimplemented or Reserved

Figure 19-6. Miscellaneous System Control Register (MISC)
Read: Anytime
Write: As stated in each bit description

NOTE
Writes to this register take one cycle to go into effect.

This register initializes miscellaneous control functions.
Table 19-5. MISC Field Descriptions

Field Description
3:2 External Access Stretch Bits 1 and 0
EXSTR[1:0] | Write: once in normal and emulation modes and anytime in special modes
This two-bit field determines the amount of clock stretch on accesses to the external address space as shown in
Table 19-6. In single chip and peripheral modes these bits have no meaning or effect.
1 FLASH EEPROM or ROM Only in Second Half of Memory Map
ROMHM | Write: once in normal and emulation modes and anytime in special modes

0 The fixed page(s) of FLASH EEPROM or ROM in the lower half of the memory map can be accessed.
1 Disables direct access to the FLASH EEPROM or ROM in the lower half of the memory map. These physical
locations of the FLASH EEPROM or ROM remain accessible through the program page window.

0 ROMON — Enable FLASH EEPROM or ROM
ROMON | Write: once in normal and emulation modes and anytime in special modes
This bit is used to enable the FLASH EEPROM or ROM memory in the memory map.
0 Disables the FLASH EEPROM or ROM from the memory map.
1 Enables the FLASH EEPROM or ROM in the memory map.

Table 19-6. External Stretch Bit Definition

Stretch Bit EXSTR1 | Stretch Bit EXSTRO | Number of E Clocks Stretched
0 0 0
0 1 1
1 0 2
1 1 3
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19.3.2.5 Reserved Test Register 0 (MTSTO)

5 4 3 1
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 19-7. Reserved Test Register 0 (MTSTO)
Read: Anytime
Write: No effect — thisregister location is used for internal test purposes.
19.3.2.6 Reserved Test Register 1 (MTST1)
5 3 1
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 1 0 0 0 0
= Unimplemented or Reserved
Figure 19-8. Reserved Test Register 1 (MTST1)
Read: Anytime

Write: No effect — this register location is used for internal test purposes.
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19.3.2.7 Memory Size Register 0 (MEMSIZ0)

7 6 5 4 3 2 1 0
R| REG_SWO 0 EEP_SWH1 EEP_SWO 0 RAM_SW2 | RAM_SW1 | RAM_SWO0
w
Reset — — — — — — — —
= Unimplemented or Reserved
Figure 19-9. Memory Size Register 0 (MEMSIZO0)
Read: Anytime

Write: Writes have no effect

Reset: Defined at chip integration, see Chapter 1, “MC9S12E256 Device Overview
(MC9S12E256DGV1)".

The MEM SIZO0 register reflectsthe state of the register, EEPROM and RAM memory space configuration
switches at the core boundary which are configured at system integration. This register allows read
visibility to the state of these switches.

Table 19-7. MEMSIZO Field Descriptions

Field Description

7 Allocated System Register Space
REG_SWO0O |0 Allocated system register space size is 1K byte
1 Allocated system register space size is 2K byte

5:4 Allocated System EEPROM Memory Space — The allocated system EEPROM memory space size is as
EEP_SWI[1:0] | given in Table 19-8.
2 Allocated System RAM Memory Space — The allocated system RAM memory space size is as given in

RAM_SW/[2:0] | Table 19-9.

Table 19-8. Allocated EEPROM Memory Space

eep_sw1:eep_sw0 Allocated EEPROM Space
00 OK byte
01 2K bytes
10 4K bytes
11 8K bytes

Table 19-9. Allocated RAM Memory Space

ram_sw2:ram_swo Allocated RAM _ I'NITRM RAM Reset ;
RAM Space Mappable Region Bits Used Base Address

000 2K bytes 2K bytes RAM[15:11] 0x0800

001 4K bytes 4K bytes RAM[15:12] 0x0000

010 6K bytes 8K bytes? RAM[15:13] 0x0800

011 8K bytes 8K bytes RAM[15:13] 0x0000
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Table 19-9. Allocated RAM Memory Space (continued)

ram_sw2:ram_swO Allocated RAM _ I_NITRM RAM Reset ;
RAM Space Mappable Region Bits Used Base Address

100 10K bytes 16K bytes 2 RAM[15:14] 0x1800

101 12K bytes 16K bytes 2 RAM[15:14] 0x1000

110 14K bytes 16K bytes 2 RAM[15:14] 0x0800

111 16K bytes 16K bytes RAM[15:14] 0x0000

1 The RAM Reset BASE Address is based on the reset value of the INITRM register, 0x0009.
2 Alignment of the Allocated RAM space within the RAM mappable region is dependent on the value of RAMHAL.

NOTE

As stated, the bitsin this register provide read visibility to the system
physical memory space all ocations defined at system integration. The actual
array sizefor any given type of memory block may differ from the allocated
size. Please refer to Chapter 1, “MC9S12E256 Device Overview
(MC9S12E256DGV 1)” for actual sizes.

19.3.2.8 Memory Size Register 1 (MEMSIZ1)

7 6 5 4 3 2 1 0
R| ROM_SW1 | ROM_SWO0 0 0 0 0 PAG_SW1 | PAG_SWO
w
Reset — — — — — — — —
= Unimplemented or Reserved
Figure 19-10. Memory Size Register 1 (MEMSIZ1)
Read: Anytime

Write: Writes have no effect

Reset: Defined at chip integration, see Chapter 1, “MC9S12E256 Device Overview
(MC9S12E256DGV1)".

The MEMSIZ1 register reflects the state of the FLASH or ROM physical memory space and paging
switches at the core boundary which are configured at system integration. This register allows read
visibility to the state of these switches.

Table 19-10. MEMSIZ1 Field Descriptions

Field Description
7:6 Allocated System FLASH or ROM Physical Memory Space — The allocated system FLASH or ROM
ROM_SWI[1:0] | physical memory space is as given in Table 19-11.
1:0 Allocated Off-Chip FLASH or ROM Memory Space — The allocated off-chip FLASH or ROM memory space
PAG_SWI[1:0] | size is as given in Table 19-12.
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Table 19-11. Allocated FLASH/ROM Physical Memory Space

Allocated FLASH

rom_sw1:rom_swO0 or ROM Space

00 OK byte
01 16K bytes
10 48K bytes(!)
11 64K bytes(!)

NOTES:

1. The ROMHM software bit in the MISC register determines the accessibility of the
FLASH/ROM memory space. Please refer to Section 19.3.2.8, “Memory Size Register
1 (MEMSIZ1),” for a detailed functional description of the ROMHM bit.

Table 19-12. Allocated Off-Chip Memory Options

pag_sw1:pag_sw0 Off-Chip Space On-Chip Space
00 876K bytes 128K bytes
01 768K bytes 256K bytes
10 512K bytes 512K bytes
11 OK byte 1M byte
NOTE

As stated, the bitsin this register provide read visibility to the system
memory space and on-chip/off-chip partitioning allocations defined at
system integration. The actual array size for any given type of memory
block may differ from the allocated size. Please refer to Chapter 1,
“MC9S12E256 Device Overview (MC9S12E256DGV 1)” for actual sizes.

19.3.2.9 Program Page Index Register (PPAGE)

5 4 3 2 1 0
R 0 0
PIX5 PIX4 PIX3 PIX2 PIX1 PIX0
W
Reset! — — — — — — — —

1. The reset state of this register is controlled at chip integration. Please refer to Chapter 1, “MC9S12E256 Device Overview
(MC9S12E256DGV1)” to determine the actual reset state of this register.

= Unimplemented or Reserved

Figure 19-11. Program Page Index Register (PPAGE)
Read: Anytime

Write: Determined at chip integration. Generally it’s. “writeanytimein all modes;” on some devicesit will
be: “write only in special modes.” Check specific device documentation to determine which applies.

Reset: Defined at chip integration as either 0x00 (paired with write in any mode) or 0x3C (paired with
write only in special modes), see Chapter 1, “MC9S12E256 Device Overview (MC9S12E256DGV1)”".
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The HCS12 core architecture limits the physical address space available to 64K bytes. The program page
index register allows for integrating up to 1M byte of FLASH or ROM into the system by using the six
page index bits to page 16K byte blocks into the program page window located from 0x8000 to OxBFFF
asdefined in Table 19-14. CALL and RTC instructions have special accessto read and write this register
without using the address bus.

NOTE

Normal writesto thisregister take one cycle to go into effect. Writesto this
register using the special access of the CALL and RTC instructions will be
complete before the end of the associated instruction.

Table 19-13. PPAGE Field Descriptions

Field Description
5:0 Program Page Index Bits 5:0 — These page index bits are used to select which of the 64 FLASH or ROM
PIX[5:0] array pages is to be accessed in the program page window as shown in Table 19-14.

Table 19-14. Program Page Index Register Bits

PIX5 PIX4 PIX3 PIX2 PIX1 PIX0 Prog:;égace
0 0 0 0 0 0 16K page 0
0 0 0 0 0 1 16K page 1
0 0 0 0 1 0 16K page 2
0 0 0 0 1 1 16K page 3
! 1 1 1 0 0 16K page 60
! 1 1 1 0 1 16K page 61
! 1 1 1 1 0 16K page 62
1 1 1 1 1 1 16K page 63

19.4 Functional Description

The MM C sub-block performs four basic functions of the core operation: bus control, address decoding
and select signal generation, memory expansion, and security decoding for the system. Each aspect is
described in the following subsections.

19.4.1 Bus Control

The MMC controls the address bus and data buses that interface the core with the rest of the system. This
includes the multiplexing of the input data buses to the core onto the main CPU read data bus and control
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of dataflow from the CPU to the output address and data buses of the core. In addition, the MM C manages
all CPU read data bus swapping operations.

19.4.2 Address Decoding

Asdataflows on the core address bus, the MM C decodes the address information, determines whether the
internal core register or firmware space, the peripheral space or amemory register or array spaceis being
addressed and generates the correct select signal. This decoding operation also interprets the mode of
operation of the system and the state of the mapping control registersin order to generate the proper select.
The MMC also generates two external chip select signals, emulation chip select (ECS) and external chip
select (XCS).

19.4.2.1 Select Priority and Mode Considerations

Although internal resources such as control registersand on-chip memory have default addresses, each can
be relocated by changing the default valuesin control registers. Normally, I/O addresses, control registers,
vector spaces, expansion windows, and on-chip memory are mapped so that their address ranges do not
overlap. The MMC will make only one select signal active at any giventime. Thisactivation isbased upon
the priority outlined in Table 19-15. If two or more blocks share the same address space, only the select
signal for the block with the highest priority will become active. An example of thisisif the registers and
the RAM are mapped to the same space, the registers will have priority over the RAM and the portion of
RAM mapped in this shared space will not be accessible. The expansion windows have thelowest priority.
This meansthat registers, vectors, and on-chip memory are aways visible to a program regardless of the
values in the page select registers.

Table 19-15. Select Signal Priority

Priority Address Space

Highest BDM (internal to core) firmware or register space

Internal register space

RAM memory block

EEPROM memory block
On-chip FLASH or ROM

Lowest Remaining external space

In expanded modes, all address space not used by internal resourcesis by default external memory space.
The data registers and data direction registers for ports A and B are removed from the on-chip memory
map and become external accesses. If the EME bit in the MODE register (see Chapter 18, “Multiplexed
Externa BusInterface (MEBIV 3)”) is set, the data and data direction registersfor port E are a so removed
from the on-chip memory map and become external accesses.

In specia peripheral mode, the first 16 registers associated with bus expansion are removed from the
on-chip memory map (PORTA, PORTB, DDRA, DDRB, PORTE, DDRE, PEAR, MODE, PUCR,
RDRIV, and the EBI reserved registers).
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In emulation modes, if the EMK bit in the MODE register (see Chapter 18, “Multiplexed External Bus
Interface (MEBIV3)”) is set, the data and data direction registersfor port K are removed from the on-chip
memory map and become external accesses.

19.4.2.2 Emulation Chip Select Signal

When the EMK bit in the MODE register (see Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)") isset, port K bit 7 is used as an active-low emulation chip select signal, ECS. Thissignal is
active when the system isin emulation mode, the EMK bit is set and the FLASH or ROM space is being
addressed subject to the conditions outlined in Section 19.4.3.2, “ Extended Address (XAB19:14) and ECS
Signal Functionality.” When the EMK bit is clear, this pin is used for general purpose I/O.

19.4.2.3 External Chip Select Signal

When the EMK bit in the MODE register (see Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)") is set, port K bit 6 is used as an active-low external chip select signal, XCS. Thissignal is
active only when the ECS signal described above is not active and when the system is addressing the
external address space. Accesses to unimplemented |ocations within the register space or to locations that
are removed from the map (i.e., ports A and B in expanded modes) will not cause this signal to become
active. When the EMK bit is clear, this pin is used for general purpose 1/0.

19.4.3 Memory Expansion

The HCS12 core architecture limits the physical address space available to 64K bytes. The program page
index register allows for integrating up to 1M byte of FLASH or ROM into the system by using the six
page index bits to page 16K byte blocks into the program page window located from 0x8000 to OxBFFF
in the physical memory space. The paged memory space can consist of solely on-chip memory or a
combination of on-chip and off-chip memory. This partitioning is configured at system integration through
the use of the paging configuration switches (pag_swl:pag_swO) at the core boundary. The options
availableto theintegrator are asgiven in Table 19-16 (thistable matches Table 19-12 but is repeated here
for easy reference).

Table 19-16. Allocated Off-Chip Memory Options

pag_sw1:pag_sw0 Off-Chip Space On-Chip Space
00 876K bytes 128K bytes
01 768K bytes 256K bytes
10 512K bytes 512K bytes
11 OK byte 1M byte

Based upon the system configuration, the program page window will consider its access to be either
internal or external as defined in Table 19-17.
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Table 19-17. External/Internal Page Window Access

. S . Page Window

pag_sw1:pag_sw0 Partitioning PIX5:0 Value Access

00 876K off-Chip, 0x0000—-0x0037 External
128K on-Chip

0x0038—-0x003F Internal

01 768K off-chip, 0x0000—0x002F External
256K on-chip

0x0030—0x003F Internal

10 512K off-chip, 0x0000—-0x001F External
512K on-chip

0x0020—0x003F Internal

11 OK off-chip, N/A External

1M on-chip
0x0000—0x003F Internal
NOTE

The partitioning as defined in Table 19-17 applies only to the allocated
memory space and the actual on-chip memory sizes implemented in the
system may differ. Please refer to Chapter 1, “MC9S12E256 Device
Overview (MC9S12E256DGV1)” for actua sizes.

The PPAGE register holds the page select value for the program page window. The value of the PPAGE
register can be manipulated by normal read and write (some devices don’'t allow writes in some modes)
instructions as well asthe CALL and RTC instructions.

Control registers, vector spaces, and a portion of on-chip memory are located in unpaged portions of the
64K byte physical address space. The stack and /O addresses should also be in unpaged memory to make
them accessible from any page.

The starting address of a service routine must be located in unpaged memory because the 16-bit exception
vectors cannot point to addresses in paged memory. However, a service routine can call other routines that
are in paged memory. The upper 16K byte block of memory space (0OxCO00-OxFFFF) is unpaged. It is
recommended that all reset and interrupt vectors point to locationsin this area.

19.4.3.1 CALL and Return from Call Instructions

CALL and RTC are uninterruptable instructions that automate page switching in the program expansion
window. CALL issimilar to aJSR instruction, but the subroutine that is called can be located anywherein
the normal 64K byte address space or on any page of program expansion memory. CALL calculates and
stacks a return address, stacks the current PPAGE value, and writes a new instruction-supplied value to
PPAGE. The PPAGE value controls which of the 64 possible pagesis visible through the 16K byte
expansion window in the 64K byte memory map. Execution then begins at the address of the called
subroutine.
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During the execution of a CALL instruction, the CPU:

» Writesthe old PPAGE value into an internal temporary register and writes the new
instruction-supplied PPAGE vaue into the PPAGE register.

» Caculatesthe address of the next instruction after the CALL instruction (the return address), and
pushes this 16-bit value onto the stack.

¢ Pushes the old PPAGE vaue onto the stack.

» Cadculatestheeffective address of the subroutine, refillsthe queue, and begins execution at the new
address on the selected page of the expansion window.

This sequence is uninterruptable; there is no need to inhibit interrupts during CALL execution. A CALL
can be performed from any address in memory to any other address.

The PPAGE value supplied by the instruction is part of the effective address. For all addressing mode
variations except indexed-indirect modes, the new page value is provided by an immediate operand in the
instruction. In indexed-indirect variations of CALL, a pointer specifies memory |locations where the new
page value and the address of the called subroutine are stored. Using indirect addressing for both the new
page value and the address within the page allows values calculated at run time rather than immediate
values that must be known at the time of assembly.

The RTC instruction terminates subroutines invoked by a CALL instruction. RTC unstacks the PPAGE
value and the return address and refills the queue. Execution resumes with the next instruction after the
CALL.

During the execution of an RTC instruction, the CPU:
* Pullsthe old PPAGE value from the stack
* Pullsthe 16-bit return address from the stack and loads it into the PC
* Writesthe old PPAGE vaue into the PPAGE register
* REéfills the queue and resumes execution at the return address

This sequence is uninterruptable; an RTC can be executed from anywhere in memory, even from a
different page of extended memory in the expansion window.

The CALL and RTC instructions behave like JSR and RTS, except they use more execution cycles.
Therefore, routinely substituting CALL/RTC for JISR/RTS is not recommended. JSR and RTS can be used
to access subroutines that are on the same page in expanded memory. However, a subroutine in expanded
memory that can be called from other pages must be terminated with an RTC. And the RTC unstacks a
PPAGE value. So any accessto the subroutine, even from the same page, must use a CALL instruction so
that the correct PPAGE vaueisin the stack.

19.4.3.2 Extended Address (XAB19:14) and ECS Signal Functionality

If the EMK bit in the MODE register is set (see Chapter 18, “Multiplexed External Bus Interface
(MEBIV3)”) the PIX5:0 valueswill be output on XAB19:14 respectively (port K bits5:0) when the system
is addressing within the physical program page window address space (0x8000-0xBFFF) and isin an
expanded mode. When addressing anywhere el se within the physical address space (outside of the paging
space), the XAB19:14 signals will be assigned a constant value based upon the physical address space

MC9S12E256 Data Sheet, Rev. 1.08

556 Freescale Semiconductor



Chapter 19 Module Mapping Control (MMCV4)

selected. In addition, the active-low emulation chip select signal, ECS, will likewise function based upon
the assigned memory allocation. In the cases of 48K byte and 64K byte allocated physical FLASH/ROM
space, the operation of the ECS signal will additionally depend upon the state of the ROMHM bit (see
Section 19.3.2.4, “Miscellaneous System Control Register (MISC)”) in the MISC register. Table 19-18,
Table 19-19, Table 19-20, and Table 19-21 summarize the functionality of these signals based upon the
allocated memory configuration. Again, thissignal informationisonly available externally when the EMK
bit is set and the system isin an expanded mode.

Table 19-18. OK Byte Physical FLASH/ROM Allocated

Address Space Page Window Access ROMHM | ECS | XAB19:14
0x0000—-0x3FFF N/A N/A 1 0x3D
0x4000-0x7FFF N/A N/A 1 O0x3E
0x8000-0xBFFF N/A N/A 0 PIX[5:0]
0xC000-0xFFFF N/A N/A 0 O0x3F

Table 19-19. 16K Byte Physical FLASH/ROM Allocated

Address Space Page Window Access ROMHM | ECS | XAB19:14
0x0000-0x3FFF N/A N/A 1 0x3D
0x4000-0x7FFF N/A N/A 1 0x3E
0x8000-0xBFFF N/A N/A 1 PIX[5:0]
0xC000-0xFFFF N/A N/A 0 O0x3F

Table 19-20. 48K Byte Physical FLASH/ROM Allocated

Address Space Page Window Access ROMHM | ECS | XAB19:14
0x0000—-0x3FFF N/A N/A 1 0x3D
0x4000-0x7FFF N/A 0 0 0x3E
N/A 1 1
0x8000—-0xBFFF External N/A 1 PIX[5:0]
Internal N/A 0
0xC000-0xFFFF N/A N/A 0 O0x3F

Table 19-21. 64K Byte Physical FLASH/ROM Allocated

Address Space Page Window Access ROMHM | ECS | XAB19:14
0x0000-0x3FFF N/A 0 0 0x3D
N/A 1 1
0x4000-0x7FFF N/A 0 0 O0x3E
N/A 1 1
0x8000-0xBFFF External N/A 1 PIX[5:0]
Internal N/A 0
0xC000-0xFFFF N/A N/A 0 O0x3F
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A graphical example of amemory paging for a system configured as 1M byte on-chip FLASH/ROM with
64K allocated physical spaceisgivenin Figure 19-12.

0x0000

0x4000

0x8000

0xC000

OXFF00
OXFFFF

61

16K FLASH
(UNPAGED)

62

16K FLASH
(UNPAGED)

ONE 16K FLASH/ROM PAGE ACCESSIBLE AT A TIME
(SELECTED BY PPAGE = 0 TO 63)

16K FLASH
(PAGED)

63

16K FLASH
(UNPAGED)

VECTORS

NORMAL
SINGLE CHIP

These 16K FLASH/ROM pages accessible from 0x0000 to 0x7FFF if selected
by the ROMHM bit in the MISC register.

Figure 19-12. Memory Paging Example: 1M Byte On-Chip FLASH/ROM, 64K Allocation
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Appendix A
Electrical Characteristics

A.1 General

NOTE

The electrical characteristics given in this section are preliminary and
should be used as a guide only. Values cannot be guaranteed by Freescale
and are subject to change without notice.

The part is specified and tested over the 5V and 3.3V ranges. For the
intermediate range, generally the electrical specificationsfor the 3.3V range
apply, but the part is not tested in production test in the intermediate range.

This supplement contains the most accurate electrical information for the MC9S12E-Family
microcontroller available at the time of publication. The information should be considered
PRELIMINARY and is subject to change.

Thisintroduction is intended to give an overview on several common topics like power supply, current
injection etc.

A.1.1 Parameter Classification

The electrical parameters shown in this supplement are guaranteed by various methods. To give the
customer a better understanding the following classification is used and the parameters are tagged
accordingly in the tables where appropriate.

NOTE
This classification will be added at a later release of the specification

P. Those parameters are guaranteed during production testing on each individual device.

C: Those parameters are achieved by the design characterization by measuring a statistically relevant
sample size across process variations. They are regularly verified by production monitors.

T. Those parametersare achieved by design characterization on asmall sample size from typical devices.
All values shown in the typical column are within this category.

D: Those parameters are derived mainly from simulations.
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A.1.2  Power Supply

The MC9S12E-Family utilizes several pinsto supply power to the I/O ports, A/D converter, oscillator,
PLL and internal logic.

The VDDA, VSSA pair suppliesthe A/D converter and D/A converter.
The VDDX, VSSX pair suppliesthe 1/0 pins

The VDDR, VSSR pair supplies the internal voltage regulator.

VDD1, VSSI, VDD2 and VSS2 are the supply pins for the internal logic.
VDDPLL, VSSPLL supply the oscillator and the PLL.

VSS1 and VSS2 are internally connected by metal.

VDD1 and VDD?2 areinternally connected by metal.

VDDA, VDDX, VDDR aswell asVSSA, VSSX, VSSR are connected by anti-parallel diodesfor
ESD protection.

NOTE

In the following context VDD5 is used for either VDDA, VDDR and
VDDX; VSS5isused for either VSSA, VSSR and VSSX unless otherwise
noted.

IDD5 denotes the sum of the currents flowing into the VDDA, VDDX and
VDDR pins.

VDD isusedfor VDD1,VDD2and VDDPLL, VSSisusedfor VSSI1, VSS2
and VSSPLL.

IDD isused for the sum of the currents flowing into VDD1 and VDD2.
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A.1.3 Pins

There are four groups of functional pins.

A.1.3.1 3.3V/5V I/O Pins

Those 1/0 pins have anominal level of 3.3V or 5V depending on the application operating point. This
group of pinsiscomprised of all port 1/0 pins, the analog inputs, BKGD pin and the RESET inputs.The
internal structure of all those pinsisidentical, however some of the functionality may be disabled.
A.1.3.2 Analog Reference

This group of pinsis comprised of the VRH and VRL pins.

A.1.3.3 Oscillator

Thepins XFC, EXTAL, XTAL dedicated to the oscillator have anominal 2.5V level. They are supplied by
VDDPLL.

A.13.4 TEST

Thispin isused for production testing only.

A.1.4  Current Injection

Power supply must maintain regulation within operating V pps or V pp range during instantaneous and
operating maximum current conditions. If positive injection current (V;, > Vpps) isgreater than | pps, the
injection current may flow out of V pps and could result in external power supply going out of regulation.
Insure external V pps load will shunt current greater than maximum injection current. Thiswill be the
greatest risk when the MCU is not consuming power; e.g. if no system clock is present, or if clock rateis
very low which would reduce overall power consumption.
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A.1.5

Absolute Maximum Ratings

Absolute maximum ratings are stress ratings only. A functional operation under or outside those maxima
is not guaranteed. Stress beyond those limits may affect the reliability or cause permanent damage of the

device.

This device contains circuitry protecting against damage due to high static voltage or electrical fields;
however, it is advised that normal precautions be taken to avoid application of any voltages higher than
maximum-rated voltages to this high-impedance circuit. Reliability of operation is enhanced if unused
inputs are tied to an appropriate logic voltage level (e.g., either Vggs of Vpps).

Table A-1. Absolute Maximum Ratings

Num Rating Symbol Min Max Unit
1 I/0, Regulator and Analog Supply Voltage Vbps -0.3 6.5 \
2 Internal Logic Supply Voltage1 Vpp -0.3 3.0
3 PLL Supply Voltage ! VpppLL -0.3 3.0 Vv
4 Voltage difference VDDX to VDDR and VDDA Avppx -0.3 0.3 \Y
5 Voltage difference VSSX to VSSR and VSSA Ayssx -0.3 0.3 \Y
6 Digital 1/0 Input Voltage VN -0.3 6.5 \Y
7 Analog Reference VReH, VRL -0.3 6.5 \
8 XFC, EXTAL, XTAL inputs Vi -0.3 3.0 \
9 TEST input V1EST -0.3 10.0 \Y
10 Instantaneous Maximum Current ID -25 +25 mA

Single pin limit for all digital /O pins 2
11 Instantaneous Maximum Current IDL -25 +25 mA
Single pin limit for XFC, EXTAL, XTALS
12 Instantaneous Maximum Current IDT -0.25 0 mA
Single pin limit for TEST*
13 Operating Temperature Range (packaged) TA -40 125 °C
14 Operating Temperature Range (junction) T, -40 140 °C
15 Storage Temperature Range Tstg -65 155 °C

' The device contains an internal voltage regulator to generate the logic and PLL supply out of the I/O supply. The absolute
maximum ratings apply when the device is powered from an external source.

2 All digital I/O pins are internally clamped to Vgsx and Vppy, Vgsr and Vppg or Vgga and Vppa.
3 These pins are internally clamped to VgspLL and Vppp
4 This pin is clamped low to VggR, but not clamped high. This pin must be tied low in applications.
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A.1.6  ESD Protection and Latch-up Immunity

Appendix A Electrical Characteristics

All ESD testing isin conformity with CDF-AEC-Q100 Stress test qualification for Automotive Grade
Integrated Circuits. During the device qualification ESD stresses were performed for the Human Body

Model (HBM), the Machine Model (MM) and the Charge Device Model.

A devicewill be defined asafailureif after exposure to ESD pulsesthe device no longer meetsthe device
specification. Complete DC parametric and functional testing is performed per the applicable device
specification at room temperature followed by hot temperature, unless specified otherwise in the device

specification.
Table A-2. ESD and Latch-up Test Conditions
Model Description Symbol Value Unit
Human Body Series Resistance R1 1500 Ohm
Storage Capacitance C 100 pF
Number of Pulse per pin
positive — 3
negative — 3
Machine Series Resistance R1 0 Ohm
Storage Capacitance C 200 pF
Number of Pulse per pin
positive — 3
negative — 3
Latch-up Minimum input voltage limit — -2.5 \
Maximum input voltage limit — 7.5 \
Table A-3. ESD and Latch-Up Protection Characteristics
Num C Rating Symbol Min Max Unit
1 C Human Body Model (HBM) VM 2000 — \'
2 C Machine Model (MM) Vmm 200 — \
3 C Charge Device Model (CDM) Veom 500 — \'
4 C Latch-up Current at 125°C I AT mA
positive +100 —
negative -100 —
5 Cc Latch-up Current at 27°C IaT mA
positive +200 —
negative -200 —
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A.1.7 Operating Conditions

This chapter describes the operating conditions of the device. Unless otherwise noted those conditions
apply to al the following data.

NOTE

Instead of specifying ambient temperature all parameters are specified for
the more meaningful silicon junction temperature. For power dissipation
calculations refer to Section A.1.8, “Power Dissipation and Thermal

Characteristics’.
Table A-4. Operating Conditions

Rating Symbol Min Typ Max Unit
I/0O, Regulator and Analog Supply Voltage Vpps 2.97 3.3/5 5.5 \"
Internal Logic Supply Voltage1 Vpp 2.35 2.5 2.75 \Y
PLL Supply Voltage ' VbDPLL 2.35 25 2.75 v
Voltage Difference VDDX to VDDA Ayppx -0.1 0 0.1 \
Voltage Difference VSSX to VSSR and VSSA Ayssx -0.1 0 0.1 \"
Oscillator fosc 0.5 — 16 MHz
Bus Frequency? fous 0.25 — 25 MHz
Operating Junction Temperature Range T\J -40 — 140 °C

' The device contains an internal voltage regulator to generate the logic and PLL supply out of the I/O supply. The given
operating range applies when this regulator is disabled and the device is powered from an external source.

2 Some blocks e.g. ATD (conversion) and NVMs (program/erase) require higher bus frequencies for proper operation.

A.1.8 Power Dissipation and Thermal Characteristics

Power dissipation and thermal characteristics are closely related. The user must assure that the maximum
operating junction temperature is not exceeded. The average chip-junction temperature (T 3) in °C can be
obtained from:

T
T

= TA+(Ppe0;,)

J

3= Junction Temperature, [°C]
TA = Ambient Temperature, [°C]
PD = Total Chip Power Dissipation, [W]

G)JA = Package Thermal Resistance, [°C/W]

The total power dissipation can be calculated from:

Pn = Piyp+P

D INT 10
PINT = Chip Internal Power Dissipation, [W]
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Two cases with internal voltage regulator enabled and disabled must be considered:
1. Internal Voltage Regulator disabled

PInT = 'pp Vop * 'oopiL VopprLL T 'bpba Vbpa

_ 2
Plo = ZRDSON o,
i

Which is the sum of all output currents on I/O ports associated with VDDX and VDDM.

For RDSON isvalid:

\Y

_ OL. ;
RDSON = E,for outputs driven low

respectively

R _ Vpps ~Vow
DSON |OH
2. Internal voltage regulator enabled

I \%

;for outputs driven high

P vV

INT DDR VDDR ¥ 'DDA VDDA

|ppr IS the current shown in Table A-8 and not the overall current flowing into VDDR, which
additionally contains the current flowing into the external loads with output high.

2
Plo = ZRDSON'lloi
i

Which isthe sum of all output currents on I/O ports associated with VDDX and VDDR.
Table A-5. Thermal Package Characteristics’

Num C Rating Symbol Min Typ Max Unit
T Thermal Resistance LQFP112, single sided PCB? CITN — — 54 °oC/W
2 T | Thermal Resistance LQFP112, double sided PCB CATS — — 41 °c/w
with 2 internal planes®
3 T |Junction to Board LQFP112 08 — — 31 °°C/W
4 T |Junction to Case LQFP112 0, — — 11 °c/w
5 T |Junction to Package Top LQFP112 YT — — 2 °c/w
6 T | Thermal Resistance QFP 80, single sided PCB 0 — — 51 °°C/W
7 T Thermal Resistance QFP 80, double sided PCB CATS — — 41 °C/wW
with 2 internal planes
T |Junction to Board QFP80 0,8 — — 27 °°C/W
9 T |Junction to Case QFP80 0,c — — 14 °c/w
10 T |Junction to Package Top QFP80 Y1 — — 3 °C/W

' The values for thermal resistance are achieved by package simulations
2 PC Board according to EIA/JJEDEC Standard 51-3
3 PC Board according to EIA/JJEDEC Standard 51-7
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A.1.9 I/O Characteristics

Thissection describesthe characteristics of al 3.3V/5V /O pins. All parametersare not alwaysapplicable,
e.g., not all pinsfeature pull up/down resistances.

Table A-6. 5V I/O Characteristics

Conditions are shown in Table A-4 unless otherwise noted

Num C Rating Symbol Min Typ Max Unit
1 P |Input High Voltage Vi 0.65"Vpps — — Vv
T Input High Voltage ViH — — Vpps + 0.3 \
2 P Input Low Voltage Vi — — 0.35"Vpps \
T |Input Low Voltage Vi Vgss— 0.3 — — \
3 C Input Hysteresis VHYS — 250 — mV
4 P Input Leakage Current (pins in high ohmic input Iin -1.0 — 1.0 uHA
mode)’
Vin = Vops °" Vsss
5 C Output High Voltage (pins in output mode) VOH Vpps — 0.8 — — \Y
Partial Drive loH = —2mA
6 P | Output High Voltage (pins in output mode) VoH Vpps — 0.8 — — \
Full Drive IOH = —10mA
7 C Output Low Voltage (pins in output mode) VoL — — 0.8 \Y
Partial Drive IOL = +2mA
8 P Output Low Voltage (pins in output mode) VOL — — 0.8 \Y
Full Drive IgL = +10mA
9 P |Internal Pull Up Device Current, tested at V, Max. IpuL — — -130 A
10 C | Internal Pull Up Device Current, tested at V, , Min. lpUH -10 — — A
11 P |Internal Pull Down Device Current, tested at V| lPDH — — 130 A
Min.
12 C | Internal Pull Down Device Current, tested at V| lpDL 10 — — A
Max.
13 D Input Capacitance Ci — 6 — pF
14 T | Injection current? mA
Single Pin limit lics -2.5 — 25
Total Device Limit. Sum of all injected currents licp -25 — 25
15 P | Port AD Interrupt Input Pulse filtered® triGN — — 3 us
16 P Port AD Interrupt Input Pulse passed® tpvaL 10 — — us

Maximum leakage current occurs at maximum operating temperature. Current decreases by approximately one-half for each
8°C to 12°C in the temperature range from 50°C to 125°C.

Refer to Section A.1.4, “Current Injection” for more details
Parameter only applies in STOP or Pseudo STOP mode.
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Table A-7. Preliminary 3.3V I/0 Characteristics

Conditions are shown in Table A-4 unless otherwise noted

Num C Rating Symbol Min Typ Max Unit
1 P |Input High Voltage Viu 0.65*Vpps — — \
T | Input High Voltage ViH — — Vpps + 0.3 \Y
2 P |Input Low Voltage Vi — — 0.35"Vpps \Y
T |Input Low Voltage VL Vgg5— 0.3 — — \'
3 C |Input Hysteresis VHYS 250 mV
4 P |Input Leakage Current (pins in high ohmic input Iin -1.0 — 1.0 A
mode)’
Vin=Vo0s °" Vsss
5 C |Output High Voltage (pins in output mode) VOH Vpps — 0.4 — — Vv
Partial Drive IpH =—0.75mA
6 P | Output High Voltage (pins in output mode) VOH Vpps — 0.4 — — Vv
Full Drive Iy =—4mA
7 C |Output Low Voltage (pins in output mode) VOL — — 04 Vv
Partial Drive Ig| = +0.9mA
8 P | Output Low Voltage (pins in output mode) VOL — — 0.4 \Y
Full Drive Ig| = +4.75mA
9 Internal Pull Up Device Current, tested at V. Max. lpuL — — —-60 HA
10 C | Internal Pull Up Device Current, tested at V, , Min. lpuH -6 — — HA
11 Internal Pull Down Device Current, tested at V| lPDH — — 60 HA
Min.
12 C | Internal Pull Down Device Current, tested at V| IppL 6 — — HA
Max.
13 D |Input Capacitance Cin — 6 — pF
14 Injection current? mA
Single Pin limit lics -2.5 — 25
Total Device Limit. Sum of all injected currents licp -25 — 25
15 P | Port AD Interrupt Input Pulse filtered® tpigN — — 3 us
16 P | Port AD Interrupt Input Pulse passed3 tPvaL 10 — — us

8°C to 12°C in the temperature range from 50°C to 125°C.

Refer to Section A.1.4, “Current Injection”, for more details
Parameter only applies in STOP or Pseudo STOP mode.

A.1.10 Supply Currents

Maximum leakage current occurs at maximum operating temperature. Current decreases by approximately one-half for each

This section describes the current consumption characteristics of the device as well as the conditions for
the measurements.
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A.1.10.1 Measurement Conditions

All measurements are without output loads. Unless otherwise noted the currents are measured in single
chip mode, internal voltage regulator enabled and at 25MHz bus frequency using a4MHz oscillator.

A.1.10.2 Additional Remarks

In expanded modes the currents flowing in the system are highly dependent on the load at the address, data
and control signals aswell as on the duty cycle of those signals. No generally applicable numbers can be
given. A very good estimateisto take the single chip currents and add the currents dueto the external loads.

Table A-8. Supply Current Characteristics

Conditions are shown in Table A-4 unless otherwise noted

Num C Rating Symbol Min Typ Max Unit
1 P Run supply currents mA
Single Chip, Internal regulator enabled Ipps — — 65
2 Wait Supply current Iopw mA
P All modules enabled — — 40
P only RTI enabled — — 5
3 Pseudo Stop Current (RTI and COP enabled) '+ 2 lobPs uA
C —40°C — 570 —
C 27°C — 600 —
C 70°C — 650 —
C 85°C — 750 —
C 105°C — 850 —
C 125°C — 1200 —
C 140°C — 1500 —
4 Pseudo Stop Current (RTI and COP disabled) 2 looPs uA
Cc -40°C — 370 —
P 27°C — 400 500
C 70°C — 450 —
C 85°C — 550 —
P "C" Temp Option 100°C — 600 1600
C 105°C — 650 —
P "V" Temp Option 120°C — 800 2100
C 125°C — 850 —
P "M" Temp Option 140°C — 1200 5000
5 Stop Current 2 lbbs uA
Cc -40°C — 12 —
P 27°C — 30 100
C 70°C — 100 —
C 85°C — 130 —
P "C" Temp Option 100°C — 160 1200
C 105°C — 200 —
P "V" Temp Option 120°C — 350 1700
C 125°C — 400 —
P "M" Temp Option 140°C — 600 5000
T PLL off

2 At those low power dissipation levels T, = T, can be assumed
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A.2 \Voltage Regulator

This section describes the characteristics of the on chip voltage regulator.

Table A-9. Voltage Regulator Electrical Parameters

Num C Characteristic Symbol Min Typ Max Unit
1 P Input Voltages VvDDR A 2.97 — 5.5 \
3 P Output Voltage Core

Full Performance Mode Vb 2.35 25 2.75 \
4 P Output Voltage PLL

Full Performance Mode VbpPLL 2.35 25 2.75 \
5 P | Low Voltage Interrupt’

Assert Level Vivia 4.0 4.37 4.66 \

Deassert Level Vivip 4.15 4.52 4.77 \
6 P | Low Voltage Reset?

Assert Level VivRA 2.25 — — Vv

Deassert Level VivRD — — 2.55 \
7 C | Power-on Reset®

Assert Level VpoRra 0.97 --- — \

Deassert Level VpoRD — --- 2.05 \

T Monitors Vppa, active only in Full Performance Mode. Indicates I/0O & ADC performance degradation due to low supply voltage.
2 Monitors Vpp, active only in Full Performance Mode. V|yga and Vporp Must overlap

3 Monitors Vpp. Active in all modes.
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A.2.1 Chip Power-up and LVI/LVR Graphical Explanation

Voltage regulator sub modules LVI (low voltage interrupt), POR (power-on reset) and LVR (low voltage
reset) handle chip power-up or drops of the supply voltage. Their function is described in Figure A-1.

v A Vbpa
oo Vwo o N
s N T r
| | Voo
| |
|
VLvRD
R P GRS CEEE LR, N l- -
o] WRA . oo I N b
o — - — T — = — - — - — = - t=r -
VpoRD | | | | o
| | | | o
| | | | .
! | | | -  _
| | | o t
|
LVI | | -
' | } !
| LVI enabled [ LVI disaﬂled dueto LVR
POR/\ | | |
| | |
LVR

Figure A-1. Voltage Regulator — Chip Power-up and Voltage Drops (not scaled)
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A.2.2 Output Loads

A.2.21 Resistive Loads

The on-chip voltage regulator is intended to supply the internal logic and oscillator circuits allows no
external DC loads.

A.2.2.2 Capacitive Loads

The capacitive loads are specified in Table A-10. Ceramic capacitors with X 7R dielectricum are required.
Table A-10. Voltage Regulator — Capacitive Loads

Num Characteristic Symbol Min Typ Max Unit
1 Vpp external capacitive load Cpopext 200 440 12000 nF
2 VpppLL external capacitive load CpDPLLext 90 220 5000 nF

A.3  Startup, Oscillator, and PLL

A.3.1 Startup

Table A-11 summarizes severa startup characteristics explained in this section.
Table A-11. Startup Characteristics

Conditions are shown in Table A-4 unless otherwise noted

Num C Rating Symbol Min Typ Max Unit
1 T POR release level VpoRR — — 2.07 \
2 T POR assert level VpoRa 0.97 — — \
3 D Reset input pulse width, minimum input time PWgsTL 2 — — tosc
4 D Startup from Reset NRST 192 — 196 Nosc
5 D Interrupt pulse width, IRQ edge-sensitive mode PWirq 20 — — ns
6 D Wait recovery startup time twrs — 14 teye
7 P LVR release level VivRR 2.25 — — \
8 P LVR assert level VivRA — — 2.55 \

MC9S12E256 Data Sheet, Rev. 1.08
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A.3.1.1 POR

Thereleaselevel Vporg and the assert level Vpora are derived from the Vpp Supply. They areaso valid
if the deviceis powered externally. After releasing the POR reset the oscillator and the clock quality check
are started. If after atime tcooyt no valid oscillation is detected, the MCU will start using theinternal self
clock. The fastest startup time possible is given by nypoec.

A3.1.2 LVR

Thereleaselevel V| rr and the assert level V| \/ra arederived from the Vpp Supply. They areaso valid
if the deviceispowered externally. After releasing the LV R reset the oscillator and the clock quality check
arestarted. If after atimetcqoyt o valid oscillation is detected, the MCU will start using the internal self
clock. The fastest startup time possible is given by nypoc.

A.3.1.3 SRAM Data Retention

Provided an appropriate external reset signal is applied to the MCU, preventing the CPU from executing
codewhen VVDD5 isout of specification limits, the SRAM contentsintegrity isguaranteed if after the reset
the PORF bit in the CRG Flags Register has not been set.

A3.1.4 External Reset

When external reset is asserted for atime greater than PWggr the CRG module generates an internal
reset, and the CPU starts fetching the reset vector without doing a clock quality check, if there was an
oscillation before reset.

A.3.1.5 Stop Recovery
Out of STOP the controller can be woken up by an external interrupt. A clock quality check as after POR
is performed before releasing the clocks to the system.

A.3.1.6 Pseudo Stop and Wait Recovery

Therecovery from Pseudo STOP and Wait are essentially the same since the oscillator was not stopped in
both modes. The controller can be woken up by internal or external interrupts. After t,,, the CPU starts
fetching the interrupt vector.
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A.3.2 Oscillator

The devicefeatures an internal Colpitts and Pierce oscillator. The selection of Colpitts oscillator or Pierce
oscillator/external clock depends on the XCLKS signal which is sampled during reset. Pierce
oscillator/external clock mode allows the input of a square wave. Before asserting the oscillator to the
internal system clocks the quality of the oscillation is checked for each start from either power-on, STOP
or oscillator fail. tcooyT Specifiesthe maximum time before switching to theinternal self clock mode after
POR or STOP if a proper oscillation is not detected. The quality check also determines the minimum
oscillator start-up time tpogc. The device also features a clock monitor. A Clock Monitor Failureis
asserted if the frequency of the incoming clock signal is below the Assert Frequency feoyvpa-

Table A-12. Oscillator Characteristics

Conditions are shown in Table A-4 unless otherwise noted
Num |C Rating Symbol Min Typ Max Unit
1a | C | Crystal oscillator range (Colpitts) fosc 0.5 — 16 MHz
1b | C |Crystal oscillator range (Pierce) ! fosc 0.5 — 40 MHz
2 | P | Startup Current iosc 100 — — uA
3 | C|Oscillator start-up time (Colpitts) tuposc — 82 1003 ms
4 | D | Clock Quality check time-out tcqouT 0.45 25 s
5 | P | Clock Monitor Failure Assert Frequency fomra 50 100 200 KHz
6 P | External square wave input frequency 4 fexT 0.5 — 50 MHz
7 | D |External square wave pulse width low* texTL 9.5 — — ns
8 | D |External square wave pulse width high* tEXTH 9.5 — — ns
9 | D |External square wave rise time* texTR — — 1 ns
10 | D | External square wave fall time* texTE — — 1 ns
11 | D | Input Capacitance (EXTAL, XTAL pins) Cin — 7 pF
12 | C | DC Operating Bias in Colpitts Configuration on VbcBias — 1.1 — \
EXTAL Pin
13 | P | EXTAL Pin Input High Voltage* VinexTaL | 0-75*VpppLL — — \
T | EXTAL Pin Input High Voltage* VH,EXTAL — — VpppLL + 0.3 \
14 | P |EXTAL Pin Input Low Voltage* VL EXTAL — — 0.25"VpppLL \%
T | EXTAL Pin Input Low Voltage* ViLextaL | VsspLL—0-3 — — \
15 | C | EXTAL Pin Input Hysteresis* VHys, EXTAL — 250 — mV

Depending on the crystal a damping series resistor might be necessary
fosc = 4MHz, C = 22pF.

Maximum value is for extreme cases using high Q, low frequency crystals
Only valid if Pierce oscillator/external clock mode is selected

A W N =
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A.3.3 Phase Locked Loop

The oscillator provides the reference clock for the PLL. The PLL s Voltage Controlled Oscillator (VCO)
is aso the system clock source in self clock mode.

A.3.3.1 XFC Component Selection

This section describes the selection of the XFC components to achieve a good filter characteristics.

Cp
VDDPLL }
Cs R XFC Pin
Phase VCO
f 1 fret fuco
=g >®— Ko Ky, ——&—»
refdv+1
Detector
fcmp
Loop Divider
1 1
- — —
synr+1 2

Figure A-2. Basic PLL Functional Diagram

Thefollowing procedure can be used to cal cul ate the resi stance and capacitance val ues using typical values
for K4, f; and i, from Table A-13.

The grey boxes show the calculation for fy,co = 50MHz and f, = IMHz. E.g., these frequencies are used
for fogc = 4MHz and a 25MHz bus clock.

The VCO Gain at the desired VCO frequency is approximated by:

(1 -fyco)
L ey
KV = K1 e =—-100-e ~100 =-90.48MHz/V

The phase detector relationship is given by:
be = _‘ich‘ . KV =316.7Hz/Q

ich ISthe current in tracking mode.
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Theloop bandwidth f- should be chosen to fulfill the Gardner’s stability criteriaby at least afactor of 10,
typical values are 50. { = 0.9 ensures a good transient response.

26 f fref

(C+@10 C410

fC < 25kHz

(£=0.9)

And finally the frequency relationship is defined as

_fveo
Bl

=2-(synr+1) =50
ref

With the above values the resistance can be calculated. The example is shown for aloop bandwidth
fc=10kHz:

R-___C = 2*1*50*10kHz/(316.7Hz/Q)=9.9kQ=~10kQ
The capacitance C4 can now be calculated as:

2
c - 2L 0516, _4q =519nF=-4.7nF
s nfo-R fg R

The capacitance C,, should be chosen in the range of:

CS/20 < Cp < CS/1O Cp = 470pF

A.3.3.2 Jitter Information

The basic functionality of the PLL is shown in Figure A-2. With each transition of the clock fg, the
deviation from the reference clock f, is measured and input voltage to the VCO is adjusted
accordingly.The adjustment is done continuously with no abrupt changes in the clock output frequency.
Noise, voltage, temperature and other factors cause slight variationsin the control loop resulting in aclock
jitter. Thisjitter affects the real minimum and maximum clock periods asillustrated in Figure A-3.
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e i

tminN

Y

tmaxN

Y

Figure A-3. Jitter Definitions

Therelative deviation of t,,o,, isat its maximum for one clock period, and decreasestowards zero for larger
number of clock periods (N).

Defining the jitter as:

1:I'T'I{:I.X(I\I)

N- thom

tmin(N)

N- thom

1-—

J(N) = max(

|

For N < 100, the following equation is a good fit for the maximum jitter:

IN I
= =4
(N) = ==+,

JIN) A

Y

1 5 10 20 N

Thisisvery important to notice with respect to timers, serial modules where a prescaler will eliminate the
effect of the jitter to alarge extent.
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Conditions are shown in Table A-4 unless otherwise noted
Num C Rating Symbol Min Typ Max Unit
1 P Self Clock Mode frequency fscm 1 — 5.5 MHz
2 D VCO locking range fvco 8 — 50 MHz
3 D Lock Detector transition from Acquisition to [Agrk! 3 — 4 %!
Tracking mode
4 D |Lock Detection IALock! 0 — 1.5 %!
5 Un-Lock Detection [Agnll 0.5 — 2.5 %!
6 D Lock Detector transition from Tracking to |Aunt! 6 — 8 %!
Acquisition mode
7 C PLLON Total Stabilization delay (Auto Mode) 2 tstab — 0.5 — ms
8 D PLLON Acquisition mode stabilization delay 2 tacq — 0.3 — ms
9 D PLLON Tracking mode stabilization delay 2 tal — 0.2 — ms
10 D Fitting parameter VCO loop gain Ky — -100 — MHz/V
11 D Fitting parameter VCO loop frequency f4 — 60 — MHz
12 D Charge pump current acquisition mode ligh | — 38.5 — A
13 D Charge pump current tracking mode ligh | — 3.5 — HA
14 C | Jitter fit parameter 12 i1 — — 1.1 %
15 C |Jitter fit parameter 22 i — — 0.13 %

1 9% deviation from target frequency
2 fosc = 4MHz, fgyg = 25MHz equivalent fyco = 50MHz: REFDV = #$03, SYNR = #$018, Cs = 4.7nF, Cp = 470pF, Rs = 10KQ.
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A.4 Flash NVM

A.41 NVM Timing

Thetime base for all NVM program or erase operations is derived from the oscillator. A minimum
oscillator frequency fyymosc is required for performing program or erase operations. The NVM modules
do not have any means to monitor the frequency and will not prevent program or erase operation at
frequencies above or below the specified minimum. Attempting to program or erase the NVM modules at
alower frequency afull program or erase transition is not assured.

The Flash program and erase operations are timed using a clock derived from the oscillator using the
FCLKDIV register. The frequency of this clock must be set within the limits specified as fyymop

The minimum program and erase times shown in Table A-14 are calculated for maximum fyypmop and
maximum f, .. The maximum times are calculated for minimum fy/ v op and afp,s of 2MHz.

A4.11 Single Word Programming

The programming timefor single word programming is dependent on the bus frequency asawell ason the
frequency f"\vmop and can be calculated according to the following formula

1 1

=9. +25. ——
NVMOP

'swpgm f

fbus

A.41.2 Row Programming

Flash programming where up to 64 words in arow can be programmed consecutively by keeping the
command pipeline filled. The time to program a consecutive word can be calcul ated as:
1 1
t =4. +9-
bwpgm = fyymop |

bus

Thetime to program awholerow is:

tbrpgm B tswpgm * 63'tbwpgm

Row programming is more than 2 times faster than single word programming.

A.4.1.3 Sector Erase
Erasing a 1024 byte Flash sector takes:

1
NVMOP

lora ™ 4000 - ;

The setup times can be ignored for this operation.
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A4d414
Erasing aNVM block takes:

Mass Erase

1
NVMOP

tmass = 20000 - ;

The setup times can be ignored for this operation.

A.4.1.5 Blank Check

Thetimeit takesto perform ablank check on the Flash is dependant on the location of the first non-blank
word starting at rel ative address zero. It takes one bus cycle per word to verify plusasetup of thecommand.

tcheckz location - tcyc+ 10~tc

yC

Table A-14. NVM Timing Characteristics

Conditions are shown in Table A-4 unless otherwise noted

Num | C Rating Symbol Min Typ Max Unit
1 D |External Oscillator Clock favmMosc 0.5 — 50° MHz
2 D |Bus frequency for Programming or Erase Operations | fyymBus 1 — — MHz
3 D | Operating Frequency fNvMOP 150 — 200 kHz
4 P |Single Word Programming Time tswpgm 46° — 74.5° us
5 D |Flash Burst Programming consecutive word towpgm 20.42 — 313 us
6 D |Flash Burst Programming Time for 64 Word row thrpgm 1331.22 — 2027.5% us
7 P |Sector Erase Time tera 204 — 26.7° ms
8 P |Mass Erase Time tmass 100% — 1333 ms
9 D |Blank Check Time Flash per block t check 115 — 655468 "teye

fbus-

Restrictions for oscillator in crystal mode apply!
Minimum Programming times are achieved under maximum NVM operating frequency fyymop @nd maximum bus frequency

to formulae in Section A.4.1.1, “Single Word Programming” through Section A.4.1.4, “Mass Erase” for guidance.

N o o b~
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Minimum time, if first word in the array is not blank
Maximum time to complete check on an erased block
Where t. is the system bus clock period.

Maximum Erase and Programming times are achieved under particular combinations of fyymop and bus frequency f bus. Refer
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A.4.2 NVM Reliability

Thereliability of the NVM blocks is guaranteed by stress test during qualification, constant process
monitors and burn-in to screen early life failures. The program/erase cycle count on the sector is
incremented every time a sector or mass erase event is executed.

Table A-15. NVM Reliability Characteristics’

Conditions are shown in Table A-4 unless otherwise noted

Num | C Rating Symbol Min Typ Max Unit
Flash Reliability Characteristics

1 C | Data retention after 10,000 program/erase cycles at an tFLRET 15 1002 — Years
average junction temperature of T j5,q < 85°C

2 | C |Data retention with <100 program/erase cycles at an 20 1002 —
average junction temperature T j5q <85°C

3 | C | Number of program/erase cycles NEL 10,000 — — Cycles
(—40°C < T; £ 0°C)

4 | C | Number of program/erase cycles 10,000 | 100,000° —

(0°C < T, < 140°C)

1 T javg Will not exeed 85°C considering a typical temperature profile over the lifetime of a consumer, industrial or automotive
application.

2 Typical data retention values are based on intrinsic capability of the technology measured at high temperature and de-rated to
25°C using the Arrhenius equation. For additional information on how Freescale defines Typical Data Retention, please refer
to Engineering Bulletin EB618.

3 Spec table quotes typical endurance evaluated at 25°C for this product family, typical endurance at various temperature can
be estimated using the graph below. For additional information on how Freescale defines Typical Endurance, please refer to
Engineering Bulletin EB619.
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Figure A-4. Typical Endurance
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A.5

SPI Characteristics

This section provides electrical parametrics and ratings for the SPI.

In Table A-16 the measurement conditions are listed.

Appendix A Electrical Characteristics

Table A-16. Measurement Conditions

Description Value Unit
Drive mode full drive mode —
Load capacitance C oap, on all outputs 50 pF
Thresholds for delay measurement points (20% / 80%) Vppx \"

A.5.1

Master Mode

In Figure A-5 the timing diagram for master mode with transmission format CPHA=0 is depicted.

@1
(OUTPUT)

SCK
(CPOL =0)
(OUTPUT)

SCK
(CPOL = 1)
(OUTPUT)

MISO
(INPUT)

MOSI
(OUTPUT)

N

<—@—>

<—@—>
N
SB

\:_/
Cag

) Wl

S |
(&)
IN2

=

{

LSB IN

L
,

>
MSB OUT?

{

l:$?61: >< LSB OUT

1.1f configured as an output.
2. LSBF = 0. For LSBF = 1, bit order is LSB, bit 1, ..., bit 6, MSB.

Figure A-5. SPI Master Timing (CPHA = 0)
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In Figure A-6 the timing diagram for master mode with transmission format CPHA=1 is depicted.

(OUTP%J_§I'1) \ t \
() —
—(2) (12> fe—
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((OUTPUT; —-/ S \-;l\,_r X
SCK O 4 (2> = > [<(9
(CPOL = 1) —\ /—\ /| N 1 \
(OUTPUT) @ — 7

MISO
(NPUT) — MSBINZ BIT6...1 LSBIN

@—» —>
MOSI . \
ourPuT) PORTONA )| MASTERMSBOUTS BITS . 1 MASTER LSB OUT PORT DATA

1.1f configured as output
2. LSBF = 0. For LSBF = 1, bit order is LSB, bit 1, ..., bit 6, MSB.

Figure A-6. SPI Master Timing (CPHA=1)

In Table A-17 the timing characteristics for master mode are listed.

Table A-17. SPI Master Mode Timing Characteristics

Num C Characteristic Symbol Min Typ Max Unit
1 P SCK Frequency fack 1/2048 — 1/2 fhus
1 P SCK Period tsck 2 — 2048 thus
2 D Enable Lead Time tiead — 1/2 — tsck
3 D Enable Lag Time tiag — 1/2 — tsck
4 D Clock (SCK) High or Low Time twsck — 1/2 — tsck
5 D Data Setup Time (Inputs) tsu 8 — — ns
6 D Data Hold Time (Inputs) thi 8 — — ns
9 D Data Valid after SCK Edge tysck — — 30 ns
10 D Data Valid after SS fall (CPHA = 0) tyss — — 15 ns
11 D Data Hold Time (Outputs) tho 20 — — ns
12 D Rise and Fall Time Inputs tei — — 8 ns
13 D Rise and Fall Time Outputs tro — — 8 ns
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A.5.2 Slave Mode
In Figure A-7 the timing diagram for slave mode with transmission format CPHA = 0 is depicted.
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(OUTPUT)
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. T o

NOTE: Not defined!

@}

¢

i
SReE

Figure A-7. SPI Slave Timing (CPHA =0)

In Figure A-8 the timing diagram for slave mode with transmission format CPHA = 1 is depicted.
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Figure A-8. SPI Slave Timing (CPHA = 1)
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In Table A-18 the timing characteristics for lave mode are listed.

Table A-18. SPI Slave Mode Timing Characteristics

Num Cc Characteristic Symbol Min Typ Max Unit
1 P SCK Frequency fsck DC — 1/4 fous
1 P | SCK Period tsek 4 — oo thus
2 D Enable Lead Time Yiead 4 — — tous
3 D Enable Lag Time tiag 4 — — tous
4 D | Clock (SCK) High or Low Time twsck 4 — — tous
5 D Data Setup Time (Inputs) tsy 8 — — ns
6 D Data Hold Time (Inputs) thi 8 — — ns
7 D Slave Access Time (time to data active) ty — — 20 ns
8 D Slave MISO Disable Time tais — — 22 ns
9 D |Data Valid after SCK Edge tysok — — 30 + tpys' ns
10 D |Data Valid after SS fall tyss — — 30 + tyye” ns
11 D Data Hold Time (Outputs) tho 20 — — ns
12 D Rise and Fall Time Inputs i — — 8 ns
13 D Rise and Fall Time Outputs trio — — 8 ns

! t,,s added due to internal synchronization delay
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A.6 ATD Characteristics
This section describes the characteristics of the analog to digital converter.

The ATD isspecified and tested for both the 3.3V and 5V range. For ranges between 3.3V and 5V the ATD
accuracy is generally the same asin the 3.3V range but is not tested in this range in production test.

A.6.1 ATD Operating Characteristics — 5V Range
The Table A-19 shows conditions under which the ATD operates.

The following constraints exist to obtain full-scale, full range results:

VSSA <VRL £ VIN £ VRH < VDDA. This constraint exists since the sample buffer amplifier can not
drive beyond the power supply levelsthat it tiesto. If the input level goes outside of thisrangeit will
effectively be clipped.

Table A-19. 5V ATD Operating Characteristics

Conditions are shown in Table A-4 unless otherwise noted. Supply Voltage 5V-10% <= VDDA <=5V+10%

Num |C Rating Symbol Min Typ Max Unit
1 D | Reference Potential
Low VRL Vssa — Vbpai2 v
High VRH Vbpai — Vbba v
2 | C|Differential Reference Voltage' Veu—VRL 4.75 5.0 5.25 \
3 | D|ATD Clock Frequency fATDCLK 0.5 — 2.0 MHz
4 | D|ATD 10-Bit Conversion Period
Clock Cycles?| Nconvio 14 — 28 Cycles
Conv, Time at 2.0MHz ATD Clock fatpcik | Tconvio 7 — 14 us
Conv, Time at 4.0MHz3 ATD Clock farpcik | Tconvio 3.5 — 7 us
5 | D|ATD 8-Bit Conversion Period
Clock Cycles'| Ngonvs 12 — 26 Cycles
Conv, Time at 2.0MHz ATD Clock fATDCLK TCONVB 6 —_— 13 us
6 D | Stop Recovery Time (Vppa = 5.0 Volts) tsr — — 20 us
7 | P|Reference Supply current IRer — — 0.375 mA

Full accuracy is not guaranteed when differential voltage is less than 4.75V

The minimum time assumes a final sample period of 2 ATD clocks cycles while the maximum time assumes a final sample
period of 16 ATD clocks.

3 Reduced accuracy see Table A-22 and Table A-23.

A.6.2  ATD Operating Characteristics — 3.3V Range
The Table A-20 shows conditions under which the ATD operates.

The following constraints exist to obtain full-scale, full range results:

VSSA <VRL £ VIN £ VRH < VDDA. This constraint exists since the sample buffer amplifier can not
drive beyond the power supply levelsthat it tiesto. If the input level goes outside of thisrangeit will
effectively be clipped.

MC9S12E256 Data Sheet, Rev. 1.08

Freescale Semiconductor 585



Appendix A Electrical Characteristics

Table A-20. 3.3V ATD Operating Characteristics

Conditions are shown in Table A-4 unless otherwise noted; Supply Voltage 3.3V-10% <= Vppp <= 3.3V+10%

Num | C Rating Symbol Min Typ Max Unit
1 D | Reference Potential
Low VaL Vssa - Vppa/2 \Y
High|  Vgy Vppa/2 — Vbpa v
C | Differential Reference Voltage Vey-VRL 3.0 3.3 3.6 \
D | ATD Clock Frequency fATDCLK 0.5 — 2.0 MHz
D | ATD 10-Bit Conversion Period
Clock Cycles' | Ngonvio 14 — 28 Cycles
COHV, Time at 2.0MHz ATD Clock fATDCLK TCONV1O 7 — 14 us
Conv, Time at 40MH22 ATD Clock fATDCLK TCONV1O 3.5 —_— 7 us
5 | D | ATD 8-Bit Conversion Period
Clock Cycles'| Nconvs 12 — 26 Cycles
COHV, Time at 2.0MHz ATD Clock fATDCLK TCONVB 6 — 13 us
6 | D |Recovery Time (Vppa=3.3 Volts) trec — — 20 us
7 | P | Reference Supply current IRerF — — 0.250 mA

period of 16 ATD clocks.

The minimum time assumes a final sample period of 2 ATD clocks cycles while the maximum time assumes a final sample

Reduced accuracy see Table A-22 and Table A-23.

A.6.3

Three factors — source resistance, source capacitance and current injection — have an influence on the
accuracy of the ATD.

Factors Influencing Accuracy

A.6.3.1

Dueto theinput pinleakage current as specified in Table A-6 and Table A-7 in conjunction with the source
resistance there will be a voltage drop from the signal source to the ATD input. The maximum source
resistance Rg specifies resultsin an error of less than 1/2 LSB (2.5mV) at the maximum |leakage current.
If device or operating conditions are less than worst case or leakage-induced error is acceptable, larger
values of source resistance are allowed.

Source Resistance

A.6.3.2

When sampling an additional internal capacitor isswitched to theinput. This can cause avoltage drop due
to charge sharing with the external and the pin capacitance. For a maximum sampling error of the input
voltage < 1L SB, then the external filter capacitor, C; > 1024 * (Cins Cinn)-

Source Capacitance

A.6.3.3

There are two cases to consider.

1. A currentisinjected into the channel being converted. The channel being stressed has conversion
values of Ox3FF (OxFF in 8-bit mode) for analog inputs greater than VRH and 0x000 for values
lessthan VRL unless the current is higher than specified as disruptive conditions.

Current Injection
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2. Current isinjected into pinsin the neighborhood of the channel being converted. A portion of this
current is picked up by the channel (coupling ratio K), Thisadditional current impactsthe accuracy
of the conversion depending on the source resistance.

The additional input voltage error on the converted channel can be calculated as

VEerr = K * Rg* Ijng With 1) being the sum of the currentsinjected into the two pins adjacent
to the converted channel.

Table A-21. ATD Electrical Characteristics

Conditions are shown in Table A-4 unless otherwise noted

Num C Rating Symbol Min Typ Max Unit

1 C Max input Source Resistance Rg — — 1 KQ

2 T Total Input Capacitance pF
Non Sampling CinN — — 10
Sampling Cins — — 15

3 C Disruptive Analog Input Current InA -2.5 — 25 mA

4 C Coupling Ratio positive current injection Ko — — 1074 A/A

5 C Coupling Ratio negative current injection Kn — — 107 A/A

A.6.4 ATD Accuracy — 5V Range

Table A-22 specifiesthe ATD conversion performance excluding any errors dueto current injection, input
capacitance and source resistance.

Table A-22. 5V ATD Conversion Performance

Conditions are shown in Table A-4 unless otherwise noted
VRer = VRrH - VRL = 5.12V. Resulting to one 8 bit count = 20mV and one 10 bit count = 5mV
fatocLk = 2.0MHz
Num |(C Rating Symbol Min Typ Max Unit
1 P | 10-Bit Resolution LSB — 5 — mV
2 P | 10-Bit Differential Nonlinearity DNL -1 — 1 Counts
3 P | 10-Bit Integral Nonlinearity INL -2.0 — 2.0 Counts
4 | P|10-Bit Absolute Error’ AE 25 — 25 Counts
5 C | 10-Bit Absolute Error at fopc k= 4MHz AE — 7.0 — Counts
6 P | 8-Bit Resolution LSB — 20 — mV
7 P | 8-Bit Differential Nonlinearity DNL -0.5 — 0.5 Counts
8 P | 8-Bit Integral Nonlinearity INL -1.0 +0.5 1.0 Counts
9 | P |8-Bit Absolute Error! AE -1.5 +1.0 1.5 Counts
' These values include quantization error which is inherently 1/2 count for any A/D converter.
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A.6.5 ATD Accuracy — 3.3V Range

Table A-23 specifiesthe ATD conversion performance excluding any errors due to current injection, input
capacitance and source resistance.

Table A-23. 3.3V ATD Conversion Performance

Conditions are shown in Table A-4 unless otherwise noted
VRer = VRrH - VRL = 3.328V. Resulting to one 8 bit count = 13mV and one 10 bit count = 3.25mV
fATDCLK = ZOMHZ

Num |C Rating Symbol Min Typ Max Unit
1 P | 10-Bit Resolution LSB — 3.25 — mV
2 P | 10-Bit Differential Nonlinearity DNL -1.5 15 Counts
3 P | 10-Bit Integral Nonlinearity INL -3.5 +1.5 3.5 Counts
4 | P |10-Bit Absolute Error’ AE -5 +2.5 5 Counts
5 | C | 10-Bit Absolute Error at fotpc k= 4MHz AE — +7.0 — Counts
6 P | 8-Bit Resolution LSB — 13 — mV
7 | P | 8-Bit Differential Nonlinearity DNL -0.5 — 0.5 Counts
8 P | 8-Bit Integral Nonlinearity INL -1.5 +1.0 15 Counts
9 | P |8-Bit Absolute Error’ AE -2.0 +1.5 2.0 Counts

These values include the quantization error which is inherently 1/2 count for any A/D converter.

For the following definitions see also Figure A-9.
Differential Non-Linearity (DNL) is defined as the difference between two adjacent switching steps.

Vi-Via

1L SB -1

DNL(i) =

The Integral Non-Linearity (INL) isdefined as the sum of all DNLs:

n
vV -V

INL(n) = ZDNL(i) = {‘L—SBO—n

i=1
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A LSB 10-Bit Absolute Error Boundary
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Figure A-9. ATD Accuracy Definitions

NOTE

Figure A-9 shows only definitions, for specification values refer to
Table A-22 and Table A-23.
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A.7 DAC Characteristics

This section describes the characteristics of the digital to analog converter.

A.7.1 DAC Operating Characteristics
Table A-24. DAC Electrical Characteristics (Operating)

Num | C Characteristic Condition Symbol Min Typ Max Unit
1 D | DAC Supply Vppa 2.97 — 5.5 \
2 D | DAC Supply Current Running IbDArUN — — 3.5 mA

D Stop IpDstop — — 1.0 mA
(low power)
3 D | Reference Potential Low Vssa Vssa — Vssa \
D High VRErF Vbpa/2 — Vbpa
4 D | Reference Supply Current VRer to Vssa IReF — — 400 mA
5 | D | Input Current, Channel Off' lorr -200 — 1 uA
6 D | Operating Temperature Range T —40 — 125 ‘C
Table A-25. DAC Timing/Performance Characteristics
Num Cc Parameters Symbol Min Typ Max Unit
1 D | DAC Operating Frequency faus — — 25 MHz
2 D | Integral Non-Linearity INL — 0.25 — Count
3 D | Differential Non-Linearity DNL — 0.10 — Count
4 D | Resolution RES — — 8 Bit
5 D | Settling Time Ts 5 — 10 us
6 P | Absolute Accuracy ABSpcc -1 — 1 Count
7 D | Offset Error ERR — +/-2.5 — mV

A.8 External Bus Timing

A timing diagram of the external multiplexed-busisillustrated in Figure A-10 with the actual timing
values shown on table Table A-26 and Table A-27. All major bus signals are included in the diagram.
While both a data write and data read cycle are shown, only one or the other would occur on a particul ar
bus cycle.

The expanded bus timings are highly dependent on the load conditions. The timing parameters shown
assume a balanced load across all outputs.
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Table A-26. Expanded Bus Timing Characteristics (5V Range)

Conditions are 4.75V < VDDX < 5.25V, Junction Temperature -40°C to +140°C, C oap = 50pF
Num C Rating Symbol Min Typ Max Unit
1 P Frequency of operation (E-clock) fo 0 — 25.0 MHz
2 P Cycle time teye 40 — — ns
3 D Pulse width, E low PWg, 19 — — ns
4 D Pulse width, E high’ PWey 19 — — ns
5 D Address delay time taD — — 8 ns
6 D Address valid time to E rise (PWg —tap) tav 11 — — ns
7 D Muxed address hold time tMAH 2 — — ns
8 D Address hold to data valid taHDS 7 — — ns
9 D Data hold to address tbHA 2 — — ns
10 D Read data setup time tbsr 13 — — ns
11 D Read data hold time toHR 0 — — ns
12 D Write data delay time tbow — — 7 ns
13 D Write data hold time toHw 2 — — ns
14 D | Write data setup time' (PWgn—tppw) tosw 12 — — ns
15 D |Address access time' (t.,c—tap—tpsR) tacca 19 — — ns
16 D |E high access time' (PWgy—tpgR) tacce 6 — — ns
17 D Non-multiplexed address delay time tNAD — — 6 ns
18 D Non-muxed address valid to E rise (PWg —tyap) tnav 14 — — ns
19 D Non-multiplexed address hold time INAH 2 — — ns
20 D Chip select delay time tcsp — — 16 ns
21 D Chip select access time' (teyc—tcsp—tpsr) taccs 11 — — ns
22 D Chip select hold time tcsH 2 — — ns
23 D Chip select negated time tcsn 8 — — ns
24 D Read/write delay time tRwD — — 7 ns
25 D Read/write valid time to E rise (PWg —trwp) tRwv 14 — — ns
26 D Read/write hold time tRWH 2 — — ns
27 D Low strobe delay time tLsp — — 7 ns
28 D |Low strobe valid time to E rise (PWg ~t, gp) tLsv 14 — — ns
29 D Low strobe hold time tLsH 2 — — ns
30 D NOACC strobe delay time tNoD — — 7 ns
31 D |NOACC valid time to E rise (PWg ~tnop) tnov 14 — — ns
32 D NOACC hold time tNoH 2 — — ns
33 D IPIPO[1:0] delay time tpobp 2 — 7 ns
34 D IPIPO[1:0] valid time to E rise (PWg_—tpop) tpov 1 — — ns
35 D IPIPO[1:0] delay time' (PWgy-tp1y) tp1p 2 — 25 ns
36 D IPIPO[1:0] valid time to E fall tp1yv 1 — — ns

1 Affected by clock stretch: add N x teye where N=0,1,2 or 3, depending on the number of clock stretches.
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Table A-27. Expanded Bus Timing Characteristics (3.3V Range)

Conditions are VDDX=3.3V+/-10%, Junction Temperature -40°C to +140°C, C oap = 50pF

Num C Rating Symbol Min Typ Max Unit
1 P Frequency of operation (E-clock) fo 0 — 16.0 MHz
2 P Cycle time toye 62.5 — — ns
3 D Pulse width, E low PWg_ 30 — — ns
4 D Pulse width, E high' PWgy 30 — — ns
5 D Address delay time taD — — 16 ns
6 D | Address valid time to E rise (PWg —tap) tav 16 — — ns
7 D Muxed address hold time tMAH — — ns
8 D |Address hold to data valid taHDS — — ns
9 D Data hold to address tDHA — — ns
10 D Read data setup time tbsr 15 — — ns
11 D Read data hold time tDHR — — ns
12 D Write data delay time toow — — 15 ns
13 D Write data hold time toHw 2 — — ns
14 D | Write data setup time' (PWgy—tppw) tosw 15 — — ns
15 D |Address access time' (teyc—tap—tDSR) tacca 29 — — ns
16 D |E high access time' (PWgy—tpgg) tacce 15 — — ns
17 D Non-multiplexed address delay time tNAD — — 14 ns
18 D Non-muxed address valid to E rise (PWg —tnap) tnav 16 — — ns
19 D Non-multiplexed address hold time INAH — — ns
20 D Chip select delay time tcsp — — 25 ns
21 D Chip select access time' (teyc—tcsp—tosr) taccs 22.5 — — ns
22 D Chip select hold time tcsH — — ns
23 D Chip select negated time tcsn — — ns
24 D Read/write delay time trRwD — — 14 ns
25 D Read/write valid time to E rise (PWg —tgwp) trwy 16 — — ns
26 D Read/write hold time tRWH — — ns
27 D Low strobe delay time tLsp — — 14 ns
28 D Low strobe valid time to E rise (PWg —, gp) t sy 16 — — ns
29 D Low strobe hold time tLsH — — ns
30 D NOACC strobe delay time tnop — — 14 ns
31 D |NOACC valid time to E rise (PWg ~tnop) tnov 16 — — ns
32 D NOACC hold time tNOH — — ns
33 D IPIPO[1:0] delay time tpoD — 14 ns
34 D IPIPO[1:0] valid time to E rise (PWg_—tpop) teov 16 — — ns
35 D |IPIPO[1:0] delay time! (PWgy-tpqy) to1p — 25 ns
36 D IPIPQO[1:0] valid time to E fall tp1v 11 — — ns

1 Affected by clock stretch: add N x teyc Where N=0,1,2 or 3, depending on the number of clock stretches.
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Ordering Information and Mechanical Drawings

MC9S12 E256 C FU Package Options
FU =80 QFP
Package Option PV=112LQFP
> Temperature Option Temperature Options

> Device Title

Figure B-1. Order Part Number Coding
Table B-1 lists the part number coding based on the package and temperature.

Table B-1. Part Number Coding

Part Number Temperature Package
MC9S12E256CFU -40°C, 85°C 80 QFP
MC9S12E256CPV -40°C, 85°C 112 LQFP
MC9S12E256MFU -40°C, 125°C 80 QFP
MC9S12E256MPV -40°C, 125°C 112 LQFP

Table B-2 summarizes the package option and size configuration.

Table B-2. Package Option Summary

C =-40°C to 85°C
V =-40°C to 105°C
> Controller Family M =—-40°C to 125°C

Part Temp.! 2
Package . Flash | RAM | MEBI | TIM | SCI | SPI | lIC | A/D | D/A | PWM | PMF | KWU | I/0
Number Options
112LQFP 1 92
MC9S12E256 M, C 256K | 16K 12 3 1 1 16 2 6 6 16
80QFP 0 60

1 C:To=850C,f=25MHz. M: Tp= 1257C, f = 25MHz
2 1/Ois the sum of ports capable to act as digital input or output.

TIM is the number of channels.

A/D is the number of A/D channels.

D/A is the number of D/A channels.

PWM is the number of channels.

PMF is the number of channels.

KWU is the number of key wake up interrupt pins.

I/O is the sum of ports capable to act as digital input or output.
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