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MICROCHIP

PIC16F627A/628A/648A

18-pin Flash-Based, 8-Bit CM OS Microcontrollers
with nanoWatt Technology

High-Performance RISC CPU:

e Operating speeds from DC — 20 MHz
« Interrupt capability
« 8-level deep hardware stack
« Direct, Indirect and Relative Addressing modes
» 35 single-word instructions:
- All instructions single cycle except branches

Special Microcontroller Features:

« Internal and external oscillator options:

- Precision internal 4 MHz oscillator factory
calibrated to +1%

- Low-power internal 48 kHz oscillator

- External Oscillator support for crystals and
resonators

« Power-saving Sleep mode
* Programmable weak pull-ups on PORTB
* Multiplexed Master Clear/Input-pin

« Watchdog Timer with independent oscillator for
reliable operation

* Low-voltage programming
 In-Circuit Serial Programming™ (via two pins)
« Programmable code protection
* Brown-out Reset
¢ Power-on Reset
« Power-up Timer and Oscillator Start-up Timer
« Wide operating voltage range (2.0-5.5V)
 Industrial and extended temperature range
¢ High-Endurance Flash/EEPROM cell:

- 100,000 write Flash endurance

- 1,000,000 write EEPROM endurance

- 40 year data retention

Low-Power Features:

e Standby Current:
- 100 nA @ 2.0V, typical
e Operating Current:
- 12 uA @ 32 kHz, 2.0V, typical
- 120 A @ 1 MHz, 2.0V, typical
e Watchdog Timer Current:
- 1uA @ 2.0V, typical
¢ Timerl Oscillator Current:
- 1.2 uA @ 32 kHz, 2.0V, typical
« Dual-speed Internal Oscillator:

- Run-time selectable between 4 MHz and
48 kHz

- 4 us wake-up from Sleep, 3.0V, typical

Peripheral Features:

» 16 1/0 pins with individual direction control
¢ High current sink/source for direct LED drive
« Analog comparator module with:

- Two analog comparators

- Programmable on-chip voltage reference
(VREF) module

- Selectable internal or external reference
- Comparator outputs are externally accessible

« TimerO0: 8-bit timer/counter with 8-bit
programmable prescaler

e Timerl: 16-bit timer/counter with external crystal/
clock capability

« Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

e Capture, Compare, PWM module:
- 16-bit Capture/Compare
- 10-bit PWM

< Addressable Universal Synchronous/Asynchronous
Receiver/Transmitter USART/SCI

. F'\)/Tgr?“roafr; Data Memory CCP Timers
Device ——— SRAM EEPROM I/1O (PWM) USART | Comparators 8/16-bit
(words) (bytes) (bytes)
PIC16F627A 1024 224 128 16 1 Y 2 2/1
PIC16F628A 2048 224 128 16 Y 2 2/1
PIC16F648A 4096 256 256 16 1 Y 2 2/1

© 2007 Microchip Technology Inc.
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PIC16F627A/628A/648A

Pin Diagrams

PIC16F627A/628A/648A
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Micro-
chip products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined
and enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
* Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.

© 2007 Microchip Technology Inc. DS40044F-page 3
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PIC16F627A/628A/648A

1.0 GENERAL DESCRIPTION

The PIC16F627A/628A/648A are 18-pin Flash-based
members of the versatile PIC16F627A/628A/648A
family of low-cost, high-performance, CMOS, fully-
static, 8-bit microcontrollers.

All PIC® microcontrollers employ an advanced RISC
architecture. The PIC16F627A/628A/648A have
enhanced core features, an eight-level deep stack, and
multiple internal and external interrupt sources. The
separate instruction and data buses of the Harvard
architecture allow a 14-bit wide instruction word with
the separate 8-bit wide data. The two-stage instruction
pipeline allows all instructions to execute in a single-
cycle, except for program branches (which require two
cycles). A total of 35 instructions (reduced instruction
set) are available, complemented by a large register
set.

PIC16F627A/628A/648A  microcontrollers  typically
achieve a 2:1 code compression and a 4:1 speed
improvement over other 8-bit microcontrollers in their
class.

PIC16F627A/628A/648A devices have integrated
features to reduce external components, thus reducing
system cost, enhancing system reliability and reducing
power consumption.

The PIC16F627A/628A/648A has 8 oscillator
configurations. The single-pin RC oscillator provides a
low-cost solution. The LP oscillator minimizes power
consumption, XT is a standard crystal, and INTOSC is
a self-contained precision two-speed internal oscillator.

The HS mode is for High-Speed crystals. The EC mode
is for an external clock source.

The Sleep (Power-down) mode offers power savings.
Users can wake-up the chip from Sleep through several
external interrupts, internal interrupts and Resets.

A highly reliable Watchdog Timer with its own on-chip
RC oscillator provides protection against software lock-
up.

Table 1-1 shows the features of the PIC16F627A/628A/
648A mid-range microcontroller family.

A simplified block diagram of the PIC16F627A/628A/
648A is shown in Figure 3-1.

The PIC16F627A/628A/648A series fits in applications
ranging from battery chargers to low power remote
sensors. The Flash technology makes customizing
application programs (detection levels, pulse genera-
tion, timers, etc.) extremely fast and convenient. The
small footprint packages makes this microcontroller
series ideal for all applications with space limitations.
Low cost, low power, high performance, ease of use
and /O flexibility make the PIC16F627A/628A/648A
very versatile.

1.1 Development Support

The PIC16F627A/628A/648A family is supported by a
full-featured macro assembler, a software simulator, an
in-circuit emulator, a low cost in-circuit debugger, a low
cost development programmer and a full-featured
programmer. A Third Party “C” compiler support tool is
also available.

TABLE 1-1: PIC16F627A/628A/648A FAMILY OF DEVICES

PIC16F627A

| Pici6re28A

| Piciereasa | Pici6LFE27A

PIC16LF628A

PIC16LF648A

Maximum Frequency 20 20 20 20 20 20
of Operation (MHz)
Flash Program 1024 2048 4096 1024 2048 4096
Memory (words)
Memory RAM Data Memory 224 224 256 224 224 256
(bytes)
EEPROM Data 128 128 256 128 128 256
Memory (bytes)
Timer module(s) TMRO, TMR1, TMRO, TMR1, TMRO, TMR1, TMRO, TMR1, TMRO, TMR1, TMRO, TMR1,
TMR2 TMR2 TMR2 TMR2 TMR2 TMR2
Comparator(s) 2 2 2 2 2 2
REIIEIEIS Capture/Compare/ 1 1 1 1 1 1
PWM modules
Serial Communications USART USART USART USART USART USART
Internal Voltage Yes Yes Yes Yes Yes Yes
Reference
Interrupt Sources 10 10 10 10 10 10
1/0 Pins 16 16 16 16 16 16
Features Voltage Range (Volts) 3.0-5.5 3.0-5.5 3.0-5.5 2.0-55 2.0-5.5 2.0-5.5
Brown-out Reset Yes Yes Yes Yes Yes Yes
Packages 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP,
SOIC, 20-pin SOIC, 20-pin SOIC, 20-pin SOIC, 20-pin SOIC, 20-pin SOIC, 20-pin
SSOP, SSOP, SSOP, SSOP, SSOP, SSOP,
28-pin QFN 28-pin QFN 28-pin QFN 28-pin QFN 28-pin QFN 28-pin QFN

All PIC16F627A/628A/648A family devices use serial programming with clock pin RB6 and data pin RB7.

Al PIC® family devices have Power-on Reset, selectable Watchdog Timer, selectable code-protect and high I/0 current capability.

© 2007 Microchip Technology Inc.
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PIC16F627A/628A/648A

2.0 PIC16F627A/628A/648A
DEVICE VARIETIES

A variety of frequency ranges and packaging options
are available. Depending on application and production
requirements, the proper device option can be selected
using the information in the PIC16F627A/628A/648A
Product Identification System, at the end of this data
sheet. When placing orders, please use this page of
the data sheet to specify the correct part number.

2.1 Flash Devices

Flash devices can be erased and re-programmed
electrically. This allows the same device to be used for
prototype development, pilot programs and production.

A further advantage of the electrically erasable Flash is
that it can be erased and reprogrammed in-circuit, or by
device programmers, such as Microchip’s PICSTART®
Plus or PRO MATE® Il programmers.

2.2 Quick-Turnaround-Production
(QTP) Devices

Microchip offers a QTP Programming Service for
factory production orders. This service is made
available for users who chose not to program a medium
to high quantity of units and whose code patterns have
stabilized. The devices are standard Flash devices, but
with all program locations and configuration options
already programmed by the factory. Certain code and
prototype verification procedures apply before
production shipments are available. Please contact
your Microchip Technology sales office for more
details.

2.3 Serialized Quick-Turnaround-
Production (SQTPSM) Devices

Microchip offers a unique programming service where
a few user-defined locations in each device are
programmed with different serial numbers. The serial
numbers may be random, pseudo-random or
sequential.

Serial programming allows each device to have a
unique number, which can serve as an entry-code,
password or ID number.

© 2007 Microchip Technology Inc.
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PIC16F627A/628A/648A

3.0 ARCHITECTURAL OVERVIEW

The high performance of the PIC16F627A/628A/648A
family can be attributed to a number of architectural
features commonly found in RISC microprocessors. To
begin with, the PIC16F627A/628A/648A uses a
Harvard architecture in which program and data are
accessed from separate memories using separate
busses. This improves bandwidth over traditional Von
Neumann architecture where program and data are
fetched from the same memory. Separating program
and data memory further allows instructions to be sized
differently than 8-bit wide data word. Instruction
opcodes are 14-bits wide making it possible to have all
single-word instructions. A 14-bit wide program mem-
ory access bus fetches a 14-bit instruction in a single
cycle. A two-stage pipeline overlaps fetch and execu-
tion of instructions. Consequently, all instructions (35)
execute in a single-cycle (200 ns @ 20 MHz) except for
program branches.

Table 3-1 lists device memory sizes (Flash, Data and
EEPROM).

TABLE 3-1: DEVICE MEMORY LIST
Memory
Device Flash RAM | EEPROM
Program Data Data
PIC16F627A 1024x14 | 224x8 128x 8
PIC16F628A 2048x 14 | 224x8 128x 8
PIC16F648A 4096 x 14 256 x 8 256 x 8
PIC16LF627A 1024 x 14 224 x 8 128 x 8
PIC16LF628A 2048x 14 | 224x38 128x 8
PIC16LF648A 4096 x 14 | 256 x 8 256 x 8

The PIC16F627A/628A/648A can directly or indirectly
address its register files or data memory. All Special
Function Registers (SFR), including the program
counter, are mapped in the data memory. The
PIC16F627A/628A/648A have an orthogonal (symmet-
rical) instruction set that makes it possible to carry out
any operation, on any register, using any addressing
mode. This symmetrical nature and lack of ‘special
optimal situations’ makes programming with the
PIC16F627A/628A/648A simple yet efficient. In
addition, the learning curve is reduced significantly.

The PIC16F627A/628A/648A devices contain an 8-bit
ALU and working register. The ALU is a general
purpose arithmetic unit. It performs arithmetic and
Boolean functions between data in the working register
and any register file.

The ALU is 8-hits wide and capable of addition,
subtraction, shift and logical operations. Unless
otherwise mentioned, arithmetic operations are two’s
complement in nature. In two-operand instructions,
typically one operand is the working register
(W register). The other operand is a file register or an
immediate constant. In single operand instructions, the
operand is either the W register or a file register.

The W register is an 8-bit working register used for ALU
operations. It is not an addressable register.

Depending on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC), and
Zero (Z) bits in the Status Register. The C and DC bits
operate as Borrow and Digit Borrow out bits,
respectively, in subtraction. See the SUBLW and SUBWF
instructions for examples.

A simplified block diagram is shown in Figure 3-1, and
a description of the device pins in Table 3-2.

Two types of data memory are provided on the
PIC16F627A/628A/648A devices. Nonvolatile
EEPROM data memory is provided for long term
storage of data, such as calibration values, look-up
table data, and any other data which may require
periodic updating in the field. These data types are not
lost when power is removed. The other data memory
provided is regular RAM data memory. Regular RAM
data memory is provided for temporary storage of data
during normal operation. Data is lost when power is
removed.

© 2007 Microchip Technology Inc.
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FIGURE 3-1: BLOCK DIAGRAM
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Note 1: Higher order bits are from the Status register.
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TABLE 3-2: PIC16F627A/628A/648A PINOUT DESCRIPTION
Name Function | Input Type | Output Type Description
RAO/ANO RAO ST CMOS Bidirectional I/O port
ANO AN — Analog comparator input
RA1/AN1 RA1 ST CMOS Bidirectional I/O port
AN1 AN — Analog comparator input
RA2/AN2/VREF RA2 ST CMOS Bidirectional I/O port
AN2 AN — Analog comparator input
VREF — AN VREF output
RA3/AN3/CMP1 RA3 ST CMOS Bidirectional I/O port
AN3 AN — Analog comparator input
CMP1 — CMOS Comparator 1 output
RA4/TOCKI/CMP2 RA4 ST oD Bidirectional I/O port
TOCKI ST — TimerO clock input
CMP2 — oD Comparator 2 output
RA5/MCLR/VPpP RA5 ST — Input port
MCLR ST — Master clear. When configured as MCLR, this
pin is an active low Reset to the device.
Voltage on MCLR/VPP must not exceed VDD
during normal device operation.
VPP — — Programming voltage input
RA6/0SC2/CLKOUT RA6 ST CMOS Bidirectional I/O port
0OSC2 — XTAL Oscillator crystal output. Connects to crystal
or resonator in Crystal Oscillator mode.
CLKOUT — CMOS In RC/INTOSC mode, OSC2 pin can output
CLKOUT, which has 1/4 the frequency of
OSC1.
RA7/0SC1/CLKIN RA7 ST CMOS Bidirectional 1/0 port
OSC1 XTAL — Oscillator crystal input
CLKIN ST — External clock source input. RC biasing pin.
RBO/INT RBO TTL CMOS Bidirectional I/O port. Can be software
programmed for internal weak pull-up.
INT ST — External interrupt
RB1/RX/DT RB1 TTL CMOS Bidirectional I/O port. Can be software
programmed for internal weak pull-up.
RX ST — USART receive pin
DT ST CMOS Synchronous data 1/0
RB2/TX/CK RB2 TTL CMOS Bidirectional I/O port. Can be software
programmed for internal weak pull-up.
TX — CMOS USART transmit pin
CK ST CMOS Synchronous clock 1/0
RB3/CCP1 RB3 TTL CMOS Bidirectional I/O port. Can be software
programmed for internal weak pull-up.
CCP1 ST CMOS Capture/Compare/PWM /O
Legend: O = Output CMOS = CMOS Output P = Power
— = Not used I = Input ST = Schmitt Trigger Input
TTL = TTL Input oD = Open Drain Output AN = Analog

© 2007 Microchip Technology Inc.
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TABLE 3-2: PIC16F627A/628A/648A PINOUT DESCRIPTION (CONTINUED)

Name Function | Input Type | Output Type Description

RB4/PGM RB4 TTL CMOS Bidirectional I/0O port. Interrupt-on-pin change.
Can be software programmed for internal
weak pull-up.

PGM ST — Low-voltage programming input pin. When
low-voltage programming is enabled, the
interrupt-on-pin change and weak pull-up
resistor are disabled.

RB5 RB5 TTL CMOS Bidirectional I/0O port. Interrupt-on-pin change.
Can be software programmed for internal
weak pull-up.

RB6/T1OSO/T1CKI/PGC RB6 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change.
Can be software programmed for internal
weak pull-up.

T10SO — XTAL Timerl oscillator output
T1CKI ST — Timerl clock input

PGC ST — ICSP™ programming clock

RB7/T10SI/PGD RB7 TTL CMOS Bidirectional I/0O port. Interrupt-on-pin change.
Can be software programmed for internal
weak pull-up.

T10SI XTAL — Timerl oscillator input

PGD ST CMOS ICSP data I/O

Vss Vss Power — Ground reference for logic and I/O pins

VDD VDD Power — Positive supply for logic and 1/O pins

Legend: O = Output CMOS = CMOS Output P = Power

— = Not used | = Input ST = Schmitt Trigger Input
TTL = TTL Input oD = Open Drain Output AN = Analog

DS40044F-page 12 © 2007 Microchip Technology Inc.
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3.1 Clocking Schemel/Instruction

Cycle

The clock input (RA7/OSC1/CLKIN pin) is internally
divided by four to generate four non-overlapping
quadrature clocks namely Q1, Q2, Q3 and Q4.
Internally, the Program Counter (PC) is incremented
every Q1, the instruction is fetched from the program
memory and latched into the instruction register in Q4.
The instruction is decoded and executed during the
following Q1 through Q4. The clocks and instruction
execution flow is shown in Figure 3-2.

3.2

An instruction cycle consists of four Q cycles (Q1, Q2,
Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g., GOTO)
then two cycles are required to complete the instruction
(Example 3-1).

A fetch cycle begins with the program counter
incrementing in Q1.

Instruction Flow/Pipelining

In the execution cycle, the fetched instruction is latched
into the Instruction Register (IR) in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3 and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination

write).
FIGURE 3-2: CLOCK/INSTRUCTION CYCLE
'Ql | Q2 | Q3 | Q@4 ' Q1 | Q2 | Q@ | Q4 ! Q1 | Q | Q3 | Q4 !
oscithF~ /s A
o — o :
Q2 Internal
o3 —_ — (e
Q4 |\ / ) / | / |
PC ( PC X PC+1 X PC+2 |

Fetch INST (PC)

Execute INST (PC - 1)

Fetch INST (PC + 1)

Fetch INST (PC + 2)

|
i Execute INST (PC)
I

Execute INST (PC + 1)

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW
1. MOVLW 55h Fetch 1 Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. CALL SUB 1 Fetch 3 | Execute 3
4. BSF PORTA, 3 Fetch 4 Flush
Fetch SUB_1|Execute SUB 1
Note: All instructions are single cycle except for any program branches. These take two cycles since the fetch

instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed.

© 2007 Microchip Technology Inc. DS40044F-page 13
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NOTES:
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40 MEMORY ORGANIZATION

4.1 Program Memory Organization

The PIC16F627A/628A/648A has a 13-bit program
counter capable of addressing an 8K x 14 program
memory space. Only the first 1K x 14 (0000h-03FFh)
for the PIC16F627A, 2K x 14 (0000h-07FFh) for the
PIC16F628A and 4K x 14 (0000h-OFFFh) for the
PIC16F648A are physically implemented. Accessing a
location above these boundaries will cause a wrap-
around within the first 1K x 14 space (PIC16F627A),
2K x 14 space (PIC16F628A) or 4K x 14 space
(PIC16F648A). The Reset vector is at 0000h and the
interrupt vector is at 0004h (Figure 4-1).

FIGURE 4-1: PROGRAM MEMORY MAP
AND STACK

PC<12:0>
CALL, RETURN | 13
RETFIE, RETLW |

Stack Level 1
Stack Level 2

[ ]
Stack Level 8

Reset Vector 000h
<::
Interrupt Vector 0004
On-chip Program 0005
Memory
PIC16F627A,
PIC16F628A and
PIC16F648A
03FFh
On-chip Program
Memory
PIC16F628A and
PIC16F648A
07FFh
On-chip Program
Memory
PIC16F648A only
OFFFh
-
\_/_\
1FFFh

4.2 Data Memory Organization

The data memory (Figure 4-2 and Figure 4-3) is
partitioned into four banks, which contain the General
Purpose Registers (GPRs) and the Special Function
Registers (SFRs). The SFRs are located in the first 32
locations of each bank. There are General Purpose
Registers implemented as static RAM in each bank.
Table 4-1 lists the General Purpose Register available
in each of the four banks.

TABLE 4-1: GENERAL PURPOSE STATIC
RAM REGISTERS
PIC16F627A/628A PIC16F648A
BankO 20-7Fh 20-7Fh
Bankl AOh-FF AOh-FF
Bank2 120h-14Fh, 170h-17Fh 120h-17Fh
Bank3 1FOh-1FFh 1FOh-1FFh

Addresses FOh-FFh, 170h-17Fh and 1FOh-1FFh are
implemented as common RAM and mapped back to
addresses 70h-7Fh.

Table 4-2 lists how to access the four banks of registers
via the Status register bits RP1 and RPO.

TABLE 4-2: ACCESS TO BANKS OF
REGISTERS
Bank RP1 RPO
0 0 0
1 0 1
2 1 0
3 1 1

42.1 GENERAL PURPOSE REGISTER
FILE

The register file is organized as 224 x8 in the
PIC16F627A/628A and 256 x 8 in the PIC16F648A.
Each is accessed either directly or indirectly through
the File Select Register (FSR), See Section 4.4
“Indirect Addressing, INDF and FSR Registers”.

© 2007 Microchip Technology Inc.
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FIGURE 4-2: DATA MEMORY MAP OF THE PIC16F627A AND PIC16F628A
File
Address
Indirect addr.®) | ooh Indirect addr.® | gop Indirect addr.®) | 100h Indirect addr. | 1g0h
TMRO 01h OPTION 81h TMRO 101h OPTION 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
07h 87h 107h 187h
08h 88h 108h 188h
09h 89h 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch 10Ch 18Ch
0Dh 8Dh 10Dh 18Dh
TMRI1L OEh PCON 8Eh 10Eh 18Eh
TMR1H OFh 8Fh 10Fh 18Fh
T1CON 10h 90h
TMR2 11h 91h
T2CON 12h PR2 92h
13h 93h
14h 94h
CCPRIL 15h 95h
CCPR1H 16h 96h
CCP1CON 17h 97h
RCSTA 18h TXSTA 98h
TXREG 1%h SPBRG 99h
RCREG 1Ah EEDATA 9Ah
1Bh EEADR 9Bh
1Ch EECON1 9Ch
1Dh EECON2® | gpp
1Eh 9Eh
CMCON 1Fh VRCON 9Fh 11Fh
General General Register
Purp_ose Purpose 48 Bytes 14Fh
Register BRoeg;ttg; 150h
80 Bytes
______ 6Fh EFh 16Fh 1EFh
70h FOh 170h 1FOh
16 Bytes accesses accesses accesses
70h-7Fh 70h-7Fh 70h-7Fh
7Fh FFh 17Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3

|:| Unimplemented data memory locations, read as ‘0’.
Note 1: Not a physical register.
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Indirect addr.(t)

TMRO

PCL

STATUS

FSR

PORTB

PCLATH

INTCON

General
Purpose
Register
80 Bytes

accesses
70h-7Fh

Bank 2

FIGURE 4-3: DATA MEMORY MAP OF THE PIC16F648A
Indirect addr.®) | ooh Indirect addr.® | goh
TMRO 01lh OPTION 81h
PCL 02h PCL 82h
STATUS 03h STATUS 83h
FSR 04h FSR 84h
PORTA 05h TRISA 85h
PORTB 06h TRISB 86h
07h 87h
08h 88h
0%h 89h
PCLATH O0Ah PCLATH 8Ah
INTCON 0Bh INTCON 8Bh
PIR1 0Ch PIE1 8Ch
0Dh 8Dh
TMRI1L OEh PCON 8Eh
TMR1H OFh SFh
T1CON 10h 90h
TMR2 11h 91h
T2CON 12h PR2 92h
13h 93h
14h 94h
CCPR1L 15h 95h
CCPR1H 16h 96h
CCP1CON 17h 97h
RCSTA 18h TXSTA 98h
TXREG 19h SPBRG 9%h
RCREG 1Ah EEDATA 9Ah
1Bh EEADR 9Bh
1Ch EECON1 9Ch
1Dh EECON2®) | gpp
1Eh 9Eh
CMCON 1Fh VRCON 9Fh
20h AOh
General General
Purpose Purpose
Register Register
80 Bytes
80 Bytes
______ 6Fh EFh
70h FOh
16 Bytes accesses
70h-7Fh
7Fh FFh
Bank 0 Bank 1
|:| Unimplemented data memory locations, read as ‘0’.
Note 1: Not a physical register.

100h
101h
102h
103h
104h
105h
106h
107h
108h
109h
10Ah
10Bh
10Ch
10Dh
10Eh
10Fh

11Fh
120h

16Fh
170h

17Fh

File
Address
Indirect addr.(V) 180h
OPTION 181h
PCL 182h
STATUS 183h
FSR 184h
185h
TRISB 186h
187h
188h
189h
PCLATH 18Ah
INTCON 18Bh
18Ch
18Dh
18Eh
18Fh
1EFh
1FOh
accesses
70h-7Fh
1FFh
Bank 3

© 2007 Microchip Technology Inc.
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4.2.2 SPECIAL FUNCTION REGISTERS

The SFRs are registers used by the CPU and Periph-
eral functions for controlling the desired operation of
the device (Table 4-3). These registers are static RAM.

The special registers can be classified into two sets
(core and peripheral). The SFRs associated with the
“core” functions are described in this section. Those
related to the operation of the peripheral features are
described in the section of that peripheral feature.

TABLE 4-3: SPECIAL REGISTERS SUMMARY BANKO

. . . . . . . . Value on Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR
Reset® on Page

Bank 0

00h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | xxxx xxxx 28
01h TMRO Timer0 Module’s Register XXXX XXXX 45
02h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 28
03h STATUS IRP RP1 RPO TO B | z | bc c 0001 Lxxx| 22
04h FSR Indirect Data Memory Address Pointer XXXX XXXX 28
05h PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO xxxx 0000 31
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XKXXX 36
07h — Unimplemented — —
08h — Unimplemented — —
09%h — Unimplemented — —
0Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 28
0Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 24
0Ch PIR1 EEIF CMIF RCIF TXIF — CCP1IF | TMR2IF TMR1IF | 0000 -000 26
0Dh — Unimplemented — —
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX 48
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX 48
10h TICON — | — | TICKPS1 | TICKPSO | T10SCEN | TISYNC | TMRICS | TMRION | --00 0000 | 48
11h TMR2 TMR2 Module’s Register 0000 0000 52
12h T2CON — | Toutpss | Toutps2 | TouTes | TouTPSO | TMR20N | T2cKPS1 | T2ckPso | -000 0000| 52
13h — Unimplemented — —
14h — Unimplemented — —
15h CCPR1L Capture/Compare/PWM Register (LSB) XXXX XXXX 55
16h CCPR1H Capture/Compare/PWM Register (MSB) XXXX XXXX 55
17h CCP1CON — — CCP1X CCP1Y CCP1M3 | CCP1M2 | CCP1M1 | CCP1IMO | --00 0000 55
18h RCSTA SPEN RX9 SREN CREN ADEN FERR OERR RX9D 0000 000x 72
19h TXREG USART Transmit Data Register 0000 0000 77
1Ah RCREG USART Receive Data Register 0000 0000 80
1Bh — Unimplemented — —
1Ch — Unimplemented — —
1Dh — Unimplemented — —
1Eh — Unimplemented — —
1Fh CMCON C20UT C10uUT C2INV C1INV CIS CM2 CM1 CMO 0000 0000 61
Legend: - = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented

Note 1:  For the initialization condition for registers tables, refer to Table 14-6 and Table 14-7.
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TABLE 4-4: SPECIAL FUNCTION REGISTERS SUMMARY BANK1

. . . . . . . . Value on Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR(l) on Page
Reset
Bank 1
80h INDF Addressing this location uses contents of FSR to address data memory (not a physical XXXK XXXX 28
register)

81h OPTION RBPU | INTEDG | TOCS | TOSE | PSA | Ps2 | PS1 | PSO 1111 1111 23
82h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 28
83h STATUS IRP | RP1 | RPO | TO | PD | z | DC | c 0001 1xxx 22
84h FSR Indirect Data Memory Address Pointer XXXK XXXX 28
85h TRISA TRISA7 TRISA6 TRISAS5 | TRISA4 | TRISA3 TRISA2 TRISAL TRISAO | 1111 1111 31
86h TRISB TRISB7 TRISB6 TRISB5 | TRISB4 | TRISB3 TRISB2 TRISB1 TRISBO |1111 1111 36
87h — Unimplemented — —
88h — Unimplemented — —
89h — Unimplemented — —
8Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 28
8Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 24
8Ch PIE1 EEIE CMIE RCIE TXIE — CCP1IE TMR2IE TMRILIE | 0000 -000 25
8Dh — Unimplemented — —
8Eh PCON — — | — | — | OSCF | — | POR | BOR |---- 1-0x 27
8Fh — Unimplemented — —
90h — Unimplemented — —
91h — Unimplemented — —
92h PR2 Timer2 Period Register 1111 1111 52
93h — Unimplemented — —
94h — Unimplemented — —
95h — Unimplemented — —
96h — Unimplemented — —
97h — Unimplemented — —
98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 71
99h SPBRG Baud Rate Generator Register 0000 0000 73
9Ah EEDATA EEPROM Data Register XXXX XXXX 89
9Bh EEADR EEPROM Address Register XXXK XXXX 90
9ch EECON1 — | — | — ] = Jwrerr| wreN | WwrR [ RD [---- x000| 90
9Dh EECON2 EEPROM Control Register 2 (not a physical registery | ——on ——- 90
9Eh — Unimplemented — —
9Fh VRCON VREN | vroE | vRR | — | wrs | wrRz | wrR1 | VvRo [oo0- oooo| 67
Legend: - = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented

Note 1:  For the initialization condition for registers tables, refer to Table 14-6 and Table 14-7.
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TABLE 4-5: SPECIAL FUNCTION REGISTERS SUMMARY BANK2

. . . . . . . : Value on Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR(l) on Page
Reset

Bank 2

100h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | xxxx xxxx 28
101h TMRO TimerO Module’s Register XXXKX XKXXX 45
102h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 28
103h STATUS rp | Rt | R0 | To | P8 | z | bc | ¢ 0001 Lxxx| 22
104h FSR Indirect Data Memory Address Pointer XXXX KXXX 28
105h — Unimplemented — —
106h PORTB Re7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1I | RBO |0 socc| 36
107h — Unimplemented — —
108h — Unimplemented — —
109h — Unimplemented — —
10Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 28
10Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 24
10Ch — Unimplemented — —
10Dh — Unimplemented — —
10Eh — Unimplemented — —
10Fh — Unimplemented — —
110h — Unimplemented — —
111h — Unimplemented — —
112h — Unimplemented — —
113h — Unimplemented — —
114h — Unimplemented — —
115h — Unimplemented — —
116h — Unimplemented — —
117h — Unimplemented — —
118h — Unimplemented — —
119h — Unimplemented — —
11Ah — Unimplemented — —
11Bh — Unimplemented — —
11Ch — Unimplemented — —
11Dh — Unimplemented — —
11Eh — Unimplemented — —
11Fh — Unimplemented — —
Legend: - = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented.

Note 1:  For the initialization condition for registers tables, refer to Table 14-6 and Table 14-7.
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TABLE 4-6: SPECIAL FUNCTION REGISTERS SUMMARY BANK3

. . . . . . ) . Value on Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reset® on Page

Bank 3

180h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | xxxx xxxx 28
181h OPTION RBPU | INTEDG | TOCS | TOSE | PSA | Ps2 | Ps1 | PsoO 1111 1111 23
182h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 28
183h STATUS rp | Rt | R0 | o | B | z | bc | ¢ 0001 Llxxx| 22
184h FSR Indirect Data Memory Address Pointer XXXX XKXXX 28
185h — Unimplemented — —
186h TRISB TRISB7 | TRISB6 | TRISBS | TRISB4 | TRisB3 | TRISB2 | TRISB1 | TRISBO [1111 1111] 36
187h — Unimplemented — —
188h — Unimplemented — —
18%h — Unimplemented — —
18Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 28
18Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 24
18Ch — Unimplemented — —
18Dh — Unimplemented — —
18Eh — Unimplemented — —
18Fh — Unimplemented — —
190h — Unimplemented — —
191h — Unimplemented — —
192h — Unimplemented — —
193h — Unimplemented — —
194h — Unimplemented — —
195h — Unimplemented — —
196h — Unimplemented — —
197h — Unimplemented — —
198h — Unimplemented — —
19%h — Unimplemented — —
19Ah — Unimplemented — —
19Bh — Unimplemented — —
19Ch — Unimplemented — —
19Dh — Unimplemented — —
19Eh — Unimplemented — —
19Fh — Unimplemented — —
Legend: - = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented

Note 1: For the initialization condition for registers tables, refer to Table 14-6 and Table 14-7.
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4.2.2.1 Status Register

The Status register, shown in Register 4-1, contains the
arithmetic status of the ALU; the Reset status and the
bank select bits for data memory (SRAM).

The Status register can be the destination for any
instruction, like any other register. If the Status register
is the destination for an instruction that affects the Z,
DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are non-
writable. Therefore, the result of an instruction with the
Status register as destination may be different than
intended.

For example, CLRF STATUS will clear the upper-three
bits and set the Z bit. This leaves the Status register
as “000uuluu” (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
Status register because these instructions do not affect
any Status bit. For other instructions, not affecting any
Status bits, see the “Instruction Set Summary”.

Note:  The C and DC bits operate as a Borrow
and Digit Borrow out bit, respectively, in
subtraction. See the SUBLW and SUBWF

instructions for examples.

REGISTER 4-1: STATUS — STATUS REGISTER (ADDRESS: 03h, 83h, 103h, 183h)
R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP rRr1 | RO | 0 | PO | z | bc | ¢
bit 7 bit 0
bit 7 IRP: Register Bank Select bit (used for indirect addressing)

1 = Bank 2, 3 (100h-1FFh)
0 = Bank 0, 1 (00h-FFh)

bit 6-5 RP<1:0>: Register Bank Select bits (used for direct addressing)

00 = Bank 0 (00h-7Fh)
01 = Bank 1 (80h-FFh)
10 = Bank 2 (100h-17Fh)
11 = Bank 3 (180h-1FFh)

bit 4 TO: Time Out bit

1 = After power-up, CLRWDT instruction or SLEEP instruction

0 = AWDT time out occurred
bit 3 PD: Power-down bit

1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit Carry/Borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions) (for Borrow the polarity

is reversed)

1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result

bit 0 C: Carry/Borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note:  For Borrow, the polarity is reversed. A subtraction is executed by adding the two’s
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high or low order bit of the source register.

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

DS40044F-page 22
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4.2.2.2 OPTION Register

The Option register is a readable and writable register,
which contains various control bits to configure the
TMRO/WDT prescaler, the external RBO/INT interrupt,
TMRO and the weak pull-ups on PORTB.

REGISTER 4-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

Note:  To achieve a 1:1 prescaler assignment for
TMRO, assign the prescaler to the WDT
(PSA = 1). See Section 6.3.1 “Switching
Prescaler Assignment”.

OPTION_REG — OPTION REGISTER (ADDRESS: 81h, 181h)

RW-1  RW-1  RW-1  RMW- RW-1 RMW-1 RMW-1 RMW-L
RBPU | INTEDG | Tocs | TosE | psa | ps2 | ps1 | Pso
bit 7 bit 0

RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual port latch values
INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin

TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI/CMP2 pin
0 = Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TOCKI/CMP2 pin
0 = Increment on low-to-high transition on RA4/TOCKI/CMP2 pin

PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

PS<2:0>: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000 1:2 1:1

001 1:4 1:2

010 1:8 1:4

011 1:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1:256 1:128
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

© 2007 Microchip Technology Inc.
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4.2.2.3 INTCON Register

The INTCON register is a readable and writable
register, which contains the various enable and flag bits
for all interrupt sources except the comparator module.
See Section 4.2.24 “PIE1l Register” and
Section 4.2.2.5 “PIR1 Register” for a description of
the comparator enable and flag bits.

Note: Interrupt flag bits get set when an interrupt
condition occurs regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>).

REGISTER 4-3: INTCON — INTERRUPT CONTROL REGISTER (ADDRESS: 0Bh, 8Bh, 10Bh, 18Bh)

RW-0  RW-0 RMW-0  RW-0 RIW-0 RW-0  RMW-0  RW-X
GIE PEEE | TOIE INTE | RBEE | TOF | INTF | RBIF |
bit 7 bit 0
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all un-masked interrupts
0 = Disables all interrupts

bit 6 PEIE: Peripheral Interrupt Enable bit

1 = Enables all un-masked peripheral interrupts
0 = Disables all peripheral interrupts

bit 5 TOIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt

bit 4 INTE: RBO/INT External Interrupt Enable bit

1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt

bit 3 RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt

bit 2 TOIF: TMRO Overflow Interrupt Flag bit

1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow

bit 1 INTF: RBO/INT External Interrupt Flag bit

1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur

bit 0 RBIF: RB Port Change Interrupt Flag bit

1 = When at least one of the RB<7:4> pins changes state (must be cleared in software)
0 = None of the RB<7:4> pins have changed state

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

DS40044F-page 24 © 2007 Microchip Technology Inc.



PIC16F627A/628A/648A

4.2.2.4 PIE1 Register
This register contains interrupt enable bits.

REGISTER 4-4:

bit 7

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1

bit 0

PIE1 — PERIPHERAL INTERRUPT ENABLE REGISTER 1 (ADDRESS: 8Ch)

R/W-0 R/W-0 R/W-0 R/W-0

uU-0

R/W-0 R/W-0 R/W-0

EEIE CMIE RCIE TXIE

| CCPLIE | TMR2IE | TMRLIE |

bit 7

EEIE: EE Write Complete Interrupt Enable Bit

1 = Enables the EE write complete interrupt
0 = Disables the EE write complete interrupt

CMIE: Comparator Interrupt Enable bit

1 = Enables the comparator interrupt
0 = Disables the comparator interrupt

RCIE: USART Receive Interrupt Enable bit
1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt
TXIE: USART Transmit Interrupt Enable bit

1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt

Unimplemented: Read as ‘0’

CCP1IE: CCPL1 Interrupt Enable bit

1 = Enables the CCP1 interrupt

0 = Disables the CCP1 interrupt

TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

bit 0

Legend:

R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

© 2007 Microchip Technology Inc.
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4.2.2.5 PIR1 Register

Note: Interrupt flag bits get set when an interrupt

This register contains interrupt flag bits. condition occurs regardless of the state of

REGISTER 4-5:

bit 7

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1

bit 0

its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User
software should ensure the appropriate
interrupt flag bits are clear prior to

enabling an interrupt.

PIR1 — PERIPHERAL INTERRUPT REGISTER 1 (ADDRESS: 0Ch)

RW-0 RW-0 RO R-0 U-0 RW-0 RW-0  RW-0
EEF | cMF | RCF | TXWF | — | cCCPlF | TMR2IF | TMRLIF
bit 7 bit 0

EEIF: EEPROM Write Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)
0 = The write operation has not completed or has not been started
CMIF: Comparator Interrupt Flag bit

1 = Comparator output has changed

0 = Comparator output has not changed

RCIF: USART Receive Interrupt Flag bit

1 = The USART receive buffer is full

0 = The USART receive buffer is empty

TXIF: USART Transmit Interrupt Flag bit

1 = The USART transmit buffer is empty

0 = The USART transmit buffer is full

Unimplemented: Read as ‘0’

CCP1IF: CCP1 Interrupt Flag bit

Capture Mode
1 = A TMR1 register capture occurred (must be cleared in software)

0 = No TMRL1 register capture occurred
Compare Mode
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMRL1 register compare match occurred
PWM Mode
Unused in this mode

TMR2IF: TMR2 to PR2 Match Interrupt Flag bit

1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred

TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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4.2.2.6 PCON Register

The PCON register contains flag bits to differentiate Note: BOR is unknown on Power-on Reset. It
between a Power-on Reset, an external MCLR Reset, must then be set by the user and checked
WDT Reset or a Brown-out Reset. on subsequent Resets to see if BOR is

REGISTER 4-6:

bit 7-4
bit 3

bit 2
bit 1

bit 0

cleared, indicating a brown-out has
occurred. The BOR Status bit is a “don’t
care” and is not necessarily predictable if
the brown-out circuit is disabled (by
clearing the BOREN bit in the
Configuration Word).

PCON - POWER CONTROL REGISTER (ADDRESS: 8Eh)

u-0 u-0 U-0 u-0 RIW-1 U0 RW-0  RMWX
— — — — | osck | — | POR | BOR
bit 7 bit 0

Unimplemented: Read as ‘0’

OSCF: INTOSC Oscillator Frequency bit
1 =4 MHz typical

0 = 48 kHz typical

Unimplemented: Read as ‘0’

POR: Power-on Reset Status bit

1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

BOR: Brown-out Reset Status bit

1 = No Brown-out Reset occurred
0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bitis unknown
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4.3 PCL and PCLATH

The Program Counter (PC) is 13-bits wide. The low
byte comes from the PCL register, which is a readable
and writable register. The high byte (PC<12:8>) is not
directly readable or writable and comes from PCLATH.
On any Reset, the PC is cleared. Figure 4-4 shows the
two situations for loading the PC. The upper example
in Figure 4-4 shows how the PC is loaded on a write to
PCL (PCLATH<4:0> — PCH). The lower example in
Figure 4-4 shows how the PC is loaded during a CALL
or GOTO instruction (PCLATH<4:3> — PCH).

FIGURE 4-4. LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
12 8 _7 O Instruction with
pC | | PCLas
Destination
E PCLATH<4:0> 8
5 ALU result
LITTITIT]
PCLATH
PCH PCL
12 11 10 8 7 0
PC | | ’ | coro, cann
PCLATH<4:3> 11
2 Opcode <10:0>
LITTITTT]
PCLATH

4.3.1 COMPUTED GoOTO

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When doing a
table read using a computed GOTO method, care
should be exercised if the table location crosses a PCL
memory boundary (each 256-byte block). Refer to the
Application Note AN556 “Implementing a Table Read”
(DS00556).

4.3.2 STACK

The PIC16F627A/628A/648A family has an 8-level
deep x 13-bit wide hardware stack (Figure 4-1). The
stack space is not part of either program or data space
and the Stack Pointer is not readable or writable. The
PC is PUSHed onto the stack when a CALL instruction
is executed or an interrupt causes a branch. The stack
is POPed in the event of a RETURN, RETLW Or a
RETFIE instruction execution. PCLATH is not affected
by a PUSH or POP operation.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
PUSH overwrites the value that was stored from the
first PUSH. The tenth PUSH overwrites the second
PUSH (and so on).

Note 1: There are no Status bits to indicate stack
overflow or stack underflow conditions.

2: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, RETURN, RETLW and RETFIE
instructions, or the vectoring to an
interrupt address.

4.4 Indirect Addressing, INDF and
FSR Registers

The INDF register is not a physical register. Addressing
the INDF register will cause indirect addressing.

Indirect addressing is possible by using the INDF
register. Any instruction using the INDF register
actually accesses data pointed to by the File Select
Register (FSR). Reading INDF itself indirectly will
produce 00h. Writing to the INDF register indirectly
results in a no-operation (although Status bits may be
affected). An effective 9-bit address is obtained by
concatenating the 8-bit FSR register and the IRP bit
(STATUS<7>), as shown in Figure 4-5.

A simple program to clear RAM location 20h-2Fh using
indirect addressing is shown in Example 4-1.

EXAMPLE 4-1: INDIRECT ADDRESSING
MOVLW 0x20 ;initialize pointer
MOVWF FSR ;to RAM

NEXT CLRF INDF ;clear INDF register
INCF FSR ;inc pointer
BTFSS FSR, 4 ;all done?
GOTO NEXT ;no clear next
;yes continue
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FIGURE 4-5: DIRECT/INDIRECT ADDRESSING PIC16F627A/628A/648A
nggitgtser Direct Addressing Rsetgitgtser Indirect Addressing
RP1 RPO 6 from opcode 0 IRP 7 FSR Register 0
N v J N v N v J
bank select location select bank select location select
- » 00 01 10 1 <«
00h 180h
RAM
File
Registers
7Fh 1FFh
Bank0 Bank1l Bank2 Bank3
Note: For memory map detail see Figure 4-3, Figure 4-2 and Figure 4-1.
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NOTES:
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5.0 /O PORTS

The PIC16F627A/628A/648A have two ports, PORTA
and PORTB. Some pins for these 1/O ports are
multiplexed with alternate functions for the peripheral
features on the device. In general, when a peripheral is
enabled, that pin may not be used as a general
purpose I/O pin.

5.1 PORTA and TRISA Registers

PORTA is an 8-hit wide latch. RA4 is a Schmitt Trigger
input and an open drain output. Port RA4 is multiplexed
with the TOCKI clock input. RA5(M is a Schmitt Trigger
input only and has no output drivers. All other RA port
pins have Schmitt Trigger input levels and full CMOS
output drivers. All pins have data direction bits (TRIS
registers) which can configure these pins as input or
output.

A ‘1’ in the TRISA register puts the corresponding
output driver in a High-impedance mode. A ‘0’ in the
TRISA register puts the contents of the output latch on
the selected pin(s).

Reading the PORTA register reads the status of the
pins whereas writing to it will write to the port latch. All
write operations are read-modify-write operations. So a
write to a port implies that the port pins are first read,
then this value is modified and written to the port data
latch.

The PORTA pins are multiplexed with comparator and
voltage reference functions. The operation of these
pins are selected by control bits in the CMCON
(Comparator Control register) register and the VRCON
(Voltage Reference Control register) register. When
selected as a comparator input, these pins will read
as ‘o’s.

Note 1: RADS shares function with VPp. When VPP
voltage levels are applied to RA5, the
device will enter Programming mode.

2. On Reset, the TRISA register is set to all
inputs. The digital inputs (RA<3:0>) are
disabled and the comparator inputs are
forced to ground to reduce -current
consumption.

3. TRISA<6:7> is overridden by oscillator
configuration. When PORTA<6:7> is
overridden, the data reads ‘0’ and the
TRISA<6:7> bits are ignored.

TRISA controls the direction of the RA pins, even when
they are being used as comparator inputs. The user
must make sure to keep the pins configured as inputs
when using them as comparator inputs.

The RA2 pin will also function as the output for the
voltage reference. When in this mode, the VREF pinis a
very high-impedance output. The user must configure
TRISA<2> bit as an input and use high-impedance
loads.

In one of the comparator modes defined by the
CMCON register, pins RA3 and RA4 become outputs
of the comparators. The TRISA<4:3> bits must be
cleared to enable outputs to use this function.

EXAMPLE 5-1:
CLRF  PORTA

INITIALIZING PORTA

;Initialize PORTA by
;setting

joutput data latches
;Turn comparators off and
;enable pins for I/O
;functions

BCF STATUS, RP1

BSF STATUS, RPO ;Select Bankl

MOVLW 0x1F ;Value used to initialize
;data direction

;Set RA<4:0> as inputs
;TRISA<5> always

;read as ‘1’.

MOVLW 0x07
MOVWF CMCON

MOVWF TRISA

;TRISA<7:6>
;depend on oscillator
;mode

FIGURE 5-1: BLOCK DIAGRAM OF
RAO/ANO:RA1/AN1 PINS
Data
B
= D Q VDD
WR
PORTA| CK_\-a
Data Latch
P Q I/0 Pin
WR
TRISA CK~_Q
Analo
TRIS Latch Input Modg ,LSS
(CMCON Reg.)
RD 1 Schmitt Trigger
TRISA Input Buffer

EN
RD PORTA {>O —‘

To Comparator
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FIGURE 5-2:

BLOCK DIAGRAM OF
RA2/AN2/VREF PIN

Data

Bus D Q
WR
PORTA CK 6

Data Latch
D Q

T

WR

TRISA ! CK~_ 0

TRIS Latch

Y

RD
TRISA

Analog

Input Mode

(CMCON

Schmitt Trigger
Input Buffer

VDD

RA2 Pin

SS

Reg.)

RD PORTA

Q

o

>

TEComparator

VROE

VREF 4/0—

FIGURE 5-3:

BLOCK DIAGRAM OF THE RA3/AN3/CMP1 PIN

Data

Bus D

WR
PORTA

CK™_

Q

Q

Data Latch

Comparator Mode =110 (CMCON Reg.)

Comparator Output

— D

WR
TRISA

CK™L_Q

Q

Q

TRIS Latch

RD
TRISA

Analog
Input Mode
(CMCON Reg.)

Input Buffer

RD PORTA

EN

=

To Com parator
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FIGURE 5-4: BLOCK DIAGRAM OF RA4/TOCKI/CMP2 PIN
Data Comparator Mode = 110 (CMCON Reg.)
Bus
D Q
WR Comparator Output
PORTA — 1
«t CK™_Q
Data Latch 0
— D Q
WR ﬂ N RA4 Pin
TRISA l CKL 6
TRIS Latch Vss Vss
« .
Schmitt Trigger
RD TRISA Input Buffer
| Q D
EN
RD PORTA {>O
TMRO Clock Input
FIGURE 5-5: BLOCK DIAGRAM OF THE FIGURE 5-6: BLOCK DIAGRAM OF
RA5/MCLR/VPpP PIN RA6/0SC2/CLKOUT PIN
From OSC1 OSC
Circuit VDD
— MCLRE (Configuration Bit) CLKOUT(Fosc/4)
MCLR 1
circuit 2
> [
<1t [NCIR Fitter we o0 0
Program Schmitt Trigger PORTA _
m%de Input Buffer % CK Q v
- HV Detect ’ * Fosc = Ss
101, 111[ Data Latch
RA5/MCLR/VPP
Data Ve WR *— D Q
Bus
VSs TRISA
7
RD .
TRISA ¢ Schmitt
RD p Trigger
TRISA Vss Fosc = Input Buffer
- 011, 100
EN EN
RD RD PORTA —‘
PORTA DC —‘ . {>O
Note 1: INTOSC with RA6 =1/0O or RC with RA6 = I/O.
2: INTOSC with RA6 = CLKOUT or RC with
RA6 = CLKOUT.

© 2007 Microchip Technology Inc.

DS40044F-page 33



PIC16F627A/628A/648A

FIGURE 5-7: BLOCK DIAGRAM OF RA7/OSC1/CLKIN PIN

To Clock Circuits

A

Data Bus D )
WR PORTA —
CK ™ Q
Data Latch
e— D Q
WR TRISA —
CK ™ Q}—
TRIS Latch
RD TRISA | E

Fosc = 100/101@d

EN
RD PORTA {>c

Note 1: INTOSC with CLKOUT and INTOSC with I/O.

e

Schmitt Trigger

|

Input Buffer

I

RA7/0OSC1/CLKIN Pin
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TABLE 5-1: PORTA FUNCTIONS

Name Function Input Output Description
Type Type
RAO/ANO RAO ST CMOS | Bidirectional 1/0 port
ANO AN — Analog comparator input
RA1/AN1 RA1 ST CMOS | Bidirectional 1/0O port
AN1 AN — Analog comparator input
RA2/AN2/VREF RA2 ST CMOS |Bidirectional 1/0 port
AN2 AN — Analog comparator input
VREF — AN VREF output
RA3/AN3/CMP1 RA3 ST CMOS |Bidirectional 1/0 port
AN3 AN — Analog comparator input
CMP1 — CMOS | Comparator 1 output
RA4/TOCKI/CMP2 RA4 ST oD Bidirectional I/O port. Output is open drain type.
TOCKI ST — External clock input for TMRO or comparator output
CMP2 — oD Comparator 2 output
RA5/MCLR/VPpP RA5 ST — Input port
MCLR ST — Master clear. When configured as MCLR, this pin is an
active low Reset to the device. Voltage on MCLR/VPP must
not exceed VDD during normal device operation.
Vpp HV — Programming voltage input
RA6/0SC2/CLKOUT RA6 ST CMOS | Bidirectional I/O port
0osc2 — XTAL | Oscillator crystal output. Connects to crystal resonator in
Crystal Oscillator mode.
CLKOUT — CMOS |In RC or INTOSC mode. OSC2 pin can output CLKOUT,
which has 1/4 the frequency of OSC1.
RA7/0SC1/CLKIN RA7 ST CMOS | Bidirectional 1/0 port
OsC1 XTAL — Oscillator crystal input. Connects to crystal resonator in
Crystal Oscillator mode.
CLKIN ST — External clock source input. RC biasing pin.
Legend: O = Output CMOS = CMOS Output P = Power
— = Not used | = Input ST = Schmitt Trigger Input
TTL = TTL Input oD = Open Drain Output AN = Analog
TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 All Other
POR
Resets
05h PORTA RA7 RA6 rA5D RA4 RA3 RA2 RA1 RAO xxxx 0000 | gggu 0000
85h TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO | 1111 1111 | 1111 1111
1Fh CMCON | C20UT | C10UT | C2INV | C1INV CIS CM2 CM1 CMO 0000 0000 | 0000 0000
9Fh VRCON VREN | VROE VRR — VR3 VR2 VR1 VRO 000- 0000 | 000- 0000
Legend: - =Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition. Shaded cells

are not used for PORTA.
Note 1. MCLRE configuration bit sets RA5 functionality.
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5.2 PORTB and TRISB Registers

PORTB is an 8-bit wide bidirectional port. The
corresponding data direction register is TRISB. A ‘1’ in
the TRISB register puts the corresponding output driver
in a High-impedance mode. A ‘0’ in the TRISB register
puts the contents of the output latch on the selected
pin(s).

PORTB is multiplexed with the external interrupt,
USART, CCP module and the TMR1 clock input/output.
The standard port functions and the alternate port
functions are shown in Table 5-3. Alternate port
functions may override the TRIS setting when enabled.

Reading PORTB register reads the status of the pins,
whereas writing to it will write to the port latch. All write
operations are read-modify-write operations. So a write
to a port implies that the port pins are first read, then
this value is modified and written to the port data latch.

Each of the PORTB pins has a weak internal pull-up
(=200 pA typical). A single control bit can turn on all the
pull-ups. This is done by clearing the RBPU
(OPTION<7>) bit. The weak pull-up is automatically
turned off when the port pin is configured as an output.
The pull-ups are disabled on Power-on Reset.

Four of PORTB's pins, RB<7:4>, have an interrupt-on-
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB<7:4> pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB<7:4>)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB<7:4>
are OR’ed together to generate the RBIF interrupt (flag
latched in INTCON<O0>).

This interrupt can wake the device from Sleep. The
user, in the interrupt service routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

This interrupt on mismatch feature, together with
software configurable pull-ups on these four pins allow
easy interface to a key pad and make it possible for
wake-up on key-depression (See Application Note
AN552 “Implementing Wake-up on Key Strokes”
(DS00552).

Note: If a change on the 1/O pin should occur
when a read operation is being executed
(start of the Q2 cycle), then the RBIF
interrupt flag may not get set.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

FIGURE 5-8: BLOCK DIAGRAM OF
RBO/INT PIN
- VDD
RBPU
@o—d P Weak Pull-up
VDD
Data Bus
Q
RBO/INT
WR PORTB D
Data Latch Vss
q D Q
WR TRISB o\ G
TRIS Latch
L
RD TRISB j LTp';H
Buffer
—1Q D<< }—«
EN
RD PORTB
- INT . T
Schmitt |
Trigger
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FIGURE 5-9: BLOCK DIAGRAM OF
RB1/RX/DT PIN
VDD
RBPU Weak
SPEN — p Pull-up
* VDD
USART Data Output )
Data Bus D Q 0 RB1/
RX/DT
WR PORTB Cg\_a
Data Latch Vss
e— D Q
WR TRISB —
CKLQ
TRIS Latch
Peripheral OE®Y)
¢ TTL
RD TRISB Input
Buffer
EN
RD PORTB D@ —‘

7Za
Schmitt |
Trigger

___ USART Receive Input

Note 1: Peripheral OE (output enable) is only active if

peripheral select is active.

FIGURE 5-10: BLOCK DIAGRAM OF
RB2/TX/CK PIN
_ VDD
RBPU Weak
SPEN @O—d E:;ull—up

USART TX/CK Output

VDD

peripheral select is active.

Data Bus 0 RB2/
D Q TX/CK
WR PORTB C}zLa
Data Latch Vss
e— D Q
WR TRISB —
AATLL - . Yo7Y B
TRIS Latch
Peripheral OE
q TTL
‘Ii Input
RD TRISB Buffer
Q D <]—0
EN
RD PORTB D" _‘
__ USART Slave Clock In A
Schmitt |
Trigger
Note 1: Peripheral OE (output enable) is only active if
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FIGURE 5-11: BLOCK DIAGRAM OF
RB3/CCP1 PIN
VDD
RBPU g Weak
Pull-up
CCP1CON - P
p VDD
CCP output o
Data Bus 1 RB3/
D Q CCP1
WR PORTB C!ZLG
Data Latch Vss
— D Q
WR TRISB —
ARG W Yo7Y B
TRIS Latch
Peripheral OE@
y TTL
‘Ii Input
RD TRISB Buffer
Q DI—=< '—4
EN
RD PORTB DC _‘
<5epn _/|
Schmitt |
Trigger

Note 1: Peripheral OE (output enable) is only active if
peripheral select is active.
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FIGURE 5-12: BLOCK DIAGRAM OF RB4/PGM PIN
N VDD
RBPU E’
D‘q P weak pull-up
Data Bus
D Q VDD
WR PORTB C}Z\_a
Data Latch ,\ %
D 0 RB4/PGM
WR TRISB Cz\_a
Vss
TRIS Latch
e
RD TRISB o
LVP (Configuration Bit)
/\II
RD PORTB
PGM input |
-t 7 |
Schmitt TTL
. input
Trigger buffer
D
EN Q1
Set RBIF i E(
From other ( ( ; D
RB<7:4> pins
EN

(5

Note: The low-voltage programming disables the interrupt-on-change and the weak pull-ups on RB4.
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FIGURE 5-13: BLOCK DIAGRAM OF RB5 PIN
VDD
RBPU D_q . weak VDD
pull-up
Data Bus o o . —fg @
RB5 pin
WR PORTB Ciz\_a
Data Latch
Vss
D Q ,\
WR TRISB Clz\_a
TRIS Latch

RD TRISB g
pd

TTL
K7 input

buffer

RD PORTB

Set RBIF j

From other
RB<7:4> pins

EN

Q1

|

EN

5
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FIGURE 5-14: BLOCK DIAGRAM OF RB6/T10SO/T1CKI/PGC PIN
S V
RBPU E@
D—d P weak pull-up
Data Bus
b Q VDD
WR PORTB CIZ\_a %
Data Latch ,\
RB6/
b Q—e T10S0/
T1CKI/
— PGC
WR TRISB CE\_Q D it
Vss
TRIS Latch )
e
RD TRISB \,\]
T1O0SCEN
TTL
/\Il @ input
buff
RD PORTB uter
TMR1 Clock |
- 7 ‘
Schmitt
From RB7 Trigger {>0
Serial Programming Clock TMR1 oscillator
-
Q D —e
EN Q1
Set RBIF - |
- —
From other — Q D [—
RB<7:4> pins
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FIGURE 5-15: BLOCK DIAGRAM OF THE RB7/T10SI/PGD PIN
RBPU VDD
Do-d weak pull-up
To RB6 TMR1 oscillator

Data Bus

WR PORTB

D Q

tci\_é

Data Latch

WR TRISB

D Qr—e

cKZLQ

P )
RD TRISB

TRIS Latch

T10SCEN

VDD

RB7/T10SI/
PGD pin

Vss

<]

RD PORTB

N

Serial Programming Input

Set RBIF

Cf

Z

TTL
input
buffer

From other
RB<7:4> pins

@{1@@

Schmitt
Trigger

EN

Q1

4@77%
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TABLE 5-3: PORTB FUNCTIONS

. Output o
Name Function | Input Type Type Description
RBO/INT RBO TTL CMOS Bidirectional I/O port. Can be software programmed for
internal weak pull-up.
INT ST — External interrupt
RB1/RX/DT RB1 TTL CMOS Bidirectional I/O port. Can be software programmed for
internal weak pull-up.
RX ST — USART Receive Pin
DT ST CMOS Synchronous data /O
RB2/TX/CK RB2 TTL CMOS Bidirectional I/O port
TX — CMOS USART Transmit Pin
CK ST CMOS Synchronous Clock 1/0. Can be software programmed
for internal weak pull-up.
RB3/CCP1 RB3 TTL CMOS Bidirectional I/O port. Can be software programmed for
internal weak pull-up.

CCP1 ST CMOS Capture/Compare/PWM/I/O

RB4/PGM RB4 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change. Can be
software programmed for internal weak pull-up.

PGM ST — Low-voltage programming input pin. When low-voltage
programming is enabled, the interrupt-on-pin change
and weak pull-up resistor are disabled.

RB5 RB5 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change. Can be
software programmed for internal weak pull-up.
RB6/T10SO/T1CKI/ RB6 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change. Can be
PGC software programmed for internal weak pull-up.
T10SO — XTAL Timerl Oscillator Output
T1CKI ST — Timerl Clock Input
PGC ST — ICSP™ Programming Clock
RB7/T10SI/PGD RB7 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change. Can be
software programmed for internal weak pull-up.
T10SI XTAL — Timerl Oscillator Input
PGD ST CMOS ICSP Data I/O
Legend: O = Output CMOS = CMOS Output P = Power
— = Not used | = Input ST = Schmitt Trigger Input
TTL = TTL Input oD = Open Drain Output AN = Analog
TABLE 5-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR All Other
Resets
06h, 106h | PORTB | RB7 RB6 RB5 | RB4®Y | RB3 RB2 RB1 RBO | xxxx xxxx | uuuu uuuu
86h, 186h | TRISB | TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 1111 | 1111 1111
81h, 181h | OPTION | RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO |1111 1111|1111 1111

Legend: u = unchanged, x = unknown. Shaded cells are not used for PORTB.
Note 1: LVP configuration bit sets RB4 functionality.

© 2007 Microchip Technology Inc.
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5.3 I/O Programming Considerations

53.1 BIDIRECTIONAL I/O PORTS

Any instruction that writes operates internally as a read
followed by a write operation. The BCF and BSF
instructions, for example, read the register into the
CPU, execute the bit operation and write the result
back to the register. Caution must be used when these
instructions are applied to a port with both inputs and
outputs defined. For example, a BSF operation on bit 5
of PORTB will cause all eight bits of PORTB to be read
into the CPU. Then the BSF operation takes place on
bit 5 and PORTB is written to the output latches. If
another bit of PORTB is used as a bidirectional I/O pin
(e.g., bit 0) and is defined as an input at this time, the
input signal present on the pin itself would be read into
the CPU and rewritten to the data latch of this particular
pin, overwriting the previous content. As long as the pin
stays in the Input mode, no problem occurs. However,
if bit O is switched into Output mode later on, the
content of the data latch may now be unknown.

Reading a port register reads the values of the port
pins. Writing to the port register writes the value to the
port latch. When using read-modify-write instructions
(ex. BCF, BSF, etc.) on a por, the value of the port pins
is read, the desired operation is done to this value, and
this value is then written to the port latch.

Example 5-2 shows the effect of two sequential read-
modify-write instructions (ex., BCF, BSF, etc.) on an
1/0O port.

A pin actively outputting a Low or High should not be
driven from external devices at the same time in order
to change the level on this pin (“wired-OR”, “wired-
AND"). The resulting high output currents may damage
the chip.

EXAMPLE 5-2: READ-MODIFY-WRITE
INSTRUCTIONS ON AN
I/O PORT

;Initial PORT settings:PORTB<7:4> Inputs
; PORTB<3:0> Outputs
;PORTB<7:6> have external pull-up and are

;not connected to other circuitry
i
; PORT latchPORT Pins

BCF STATUS, RPO ;
BCF PORTB, 7 i0lpp pppp 1lpp pPppp
BSF STATUS, RPO ;
BCF TRISB, 7 i10pp pppp 11lpp PPPP

BCF TRISB, 6 i10pp pppp 10pp pPppp

;Note that the user may have expected the
;pin values to be 00pp pppp. The 2nd BCF
;caused RB7 to be latched as the pin value
; (High) .

53.2 SUCCESSIVE OPERATIONS ON I/O

PORTS

The actual write to an I/O port happens at the end of
an instruction cycle, whereas for reading, the data
must be valid at the beginning of the instruction cycle
(Figure 5-16). Therefore, care must be exercised if a
write followed by a read operation is carried out on the
same |/O port. The sequence of instructions should be
such to allow the pin voltage to stabilize (load
dependent) before the next instruction, which causes
that file to be read into the CPU, is executed. Other-
wise, the previous state of that pin may be read into
the CPU rather than the new state. When in doubt, it
is better to separate these instructions with a NOP or
another instruction not accessing this 1/0 port.

FIGURE 5-16: SUCCESSIVE I/O OPERATION
o1l @213l i1l 2losloa il Q2losloa il Q2loslas
| | | | | |
PC 1 PC X PC+1 X | PC+2 X PC+3 !
Instruction ' yoyyr PORTB | MOVF PORTB,W | |  NOP : NOP :
fetched | Write to PORTB | Readto PORTB | | | |
| | [ ! | !
I I I ! I I
| | XXX | |
| | | | |
[ [ [ : TPort pin [ [
[ | 1, 'sampled here | [
| | | | |
! ! TPD—» ! - l !
: : Execute : Execute | Execute |
| | MOVWF . MOVF . NOP .
PORTB PORTB, W
Note 1: This example shows write to PORTB followed by a read from PORTB.
2: Data setup time = (0.25 Tcy - TpPD) where TCY = instruction cycle and TPD = propagation delay of Q1 cycle
to output valid. Therefore, at higher clock frequencies, a write followed by a read may be problematic.
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6.0 TIMERO MODULE

The TimerO module timer/counter has the following
features:

* 8-bit timer/counter

« Read/write capabilities

« 8-bit software programmable prescaler
« Internal or external clock select

« Interrupt on overflow from FFh to 00h
< Edge select for external clock

Figure 6-1 is a simplified block diagram of the TimerO
module. Additional information is available in the “PIC®
Mid-Range MCU Family Reference Manual” (DS33023).

Timer mode is selected by clearing the TOCS bit
(OPTION<5>). In Timer mode, the TMRO register value
will increment every instruction cycle (without
prescaler). If the TMRO register is written to, the
increment is inhibited for the following two cycles. The
user can work around this by writing an adjusted value
to the TMRO register.

Counter mode is selected by setting the TOCS bit. In
this mode the TMRO register value will increment either
on every rising or falling edge of pin RA4/TOCKI/CMP2.
The incrementing edge is determined by the source
edge (TOSE) control bit (OPTION<4>). Clearing the
TOSE bit selects the rising edge. Restrictions on the
external clock input are discussed in detail in
Section 6.2 “Using Timer0 with External Clock”.

The prescaler is shared between the TimerO module
and the Watchdog Timer. The prescaler assignment is
controlled in software by the control bit PSA
(OPTION<3>). Clearing the PSA bit will assign the
prescaler to Timer0. The prescaler is not readable or
writable. When the prescaler is assigned to the Timer0
module, prescale value of 1:2, 1:4,.., 1:256 are
selectable. Section 6.3 “Timer0O Prescaler” details
the operation of the prescaler.

6.1 TimerO Interrupt

TimerO interrupt is generated when the TMRO register
timer/counter overflows from FFh to 00h. This overflow
sets the TOIF bit. The interrupt can be masked by
clearing the TOIE bit (INTCON<5>). The TOIF bit
(INTCON<2>) must be cleared in software by the
Timer0 module interrupt service routine before re-
enabling this interrupt. The TimerO interrupt cannot
wake the processor from Sleep since the timer is shut
off during Sleep.

6.2 Using TimerO with External Clock

When an external clock input is used for TimerO0, it must
meet certain requirements. The external clock
requirement is due to internal phase clock (Tosc)
synchronization. Also, there is a delay in the actual
incrementing of TimerOQ after synchronization.

6.2.1 EXTERNAL CLOCK
SYNCHRONIZATION

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCKI with the internal phase clocks is
accomplished by sampling the prescaler output on the
Q2 and Q4 cycles of the internal phase clocks
(Figure 6-1). Therefore, it is necessary for TOCKI to be
high for at least 2Tosc (and a small RC delay of 20 ns)
and low for at least 2Tosc (and a small RC delay of
20 ns). Refer to the electrical specification of the
desired device.

When a prescaler is used, the external clock input is
divided by the asynchronous ripple-counter type
prescaler so that the prescaler output is symmetrical.
For the external clock to meet the sampling
requirement, the ripple-counter must be taken into
account. Therefore, it is necessary for TOCKI to have a
period of at least 4Tosc (and a small RC delay of 40 ns)
divided by the prescaler value. The only requirement
on TOCKI high and low time is that they do not violate
the minimum pulse width requirement of 10 ns. Refer to
parameters 40, 41 and 42 in the electrical specification
of the desired device. See Table 17-8.

© 2007 Microchip Technology Inc.
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6.3

An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer. A prescaler assignment for the Timer0 module
means that there is no postscaler for the Watchdog
Timer, and vice-versa.

TimerO Prescaler

The PSA and PS<2:0> bits (OPTION<3:0>) determine
the prescaler assignment and prescale ratio.

When assigned to the TimerO module, all instructions
writing to the TMRO register (e.g., CLRF 1, MOVWF 1,
BSF 1, x....etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the Watchdog Timer. The prescaler
is not readable or writable.

FIGURE 6-1: BLOCK DIAGRAM OF THE TIMERO/WDT
Fosc/4 Data Bus
8
0
TOCKI 1 SYNC
pin D z 2 TMRO Reg
0 Cycles
TOSE TOCS
Set flag bit TOIF
TMRL1 Clock Source PSA on Overflow
0
WDT Postscaler/
Watchdog 1 TMRO Prescaler
Timer
8

PSA

WDT Enable bit

\ 8-to-1M PS<2:0>

Note:

PSA

TOSE, TOCS, PSA, PS<2:0> are bits in the Option Register.

WDT
Time-out
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6.3.1 SWITCHING PRESCALER
ASSIGNMENT

The prescaler assignment is fully under software
control (i.e., it can be changed “on-the-fly” during
program execution). Use the instruction sequences
shown in Example 6-1 when changing the prescaler
assignment from Timer0 to WDT, to avoid an
unintended device Reset.

EXAMPLE 6-1: CHANGING PRESCALER
(TIMERO — WDT)

BCF STATUS, RPO ;Skip 1if already in
;Bank 0

CLRWDT ;Clear WDT

CLRF TMRO ;Clear TMRO and
;Prescaler

BSF STATUS, RPO ;Bank 1

MOVLW '00101111'b ;These 3 lines

(5, 6, 7)

;are required only
;1f desired PS<2:0>
;are

CLRWDT ;000 or 001

MOVLW '00101xxx'Db ;Set Postscaler to
MOVWF OPTION_REG ;desired WDT rate
BCF STATUS, RPO ;Return to Bank 0

MOVWF OPTION_REG

TABLE 6-1:

To change prescaler from the WDT to the TimerO
module, use the sequence shown in Example 6-2. This
precaution must be taken even if the WDT is disabled.

EXAMPLE 6-2: CHANGING PRESCALER
(WDT — TIMERO)
CLRWDT ;Clear WDT and
jprescaler
BSF STATUS, RPO

MOVLW b'xxxx0xxx'’ ;Select TMRO, new
jprescale value and
;clock source

MOVWF OPTION_REG

BCF STATUS, RPO

REGISTERS ASSOCIATED WITH TIMERO

Address Name Bit 7 Bit 6 Bit 5 Bit 4

value on Value on
Bit 3 Bit 2 Bit 1 Bit 0 All Other
POR
Resets

01h, 101h |TMRO Timer0 Module Register

XXXX XXXX | uuuu uuuu

0Bh, 8Bh,
10Bh, 18Bh

INTCON GIE PEIE TOIE INTE

RBIE TOIF INTF RBIF | 0000 000x | 0000 000u

81h, 181h |OPTION®| RBPU |INTEDG| TOCS TOSE

PSA PS2 PS1 PSO 1111 1111|1111 1111

85h TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4

TRISA3 | TRISA2 | TRISA1 | TRISAO | 1111 1111|1111 1111

Legend: - =Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used for TimerO.
Note 1: Option is referred by OPTION REG in MPLAB® IDE Software.

© 2007 Microchip Technology Inc.

DS40044F-page 47




PIC16F627A/628A/648A

7.0 TIMER1 MODULE

The Timerl module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L) which are
readable and writable. The TMR1 register pair
(TMR1H:TMR1L) increments from 0000h to FFFFh
and rolls over to 0000h. The Timerl Interrupt, if
enabled, is generated on overflow of the TMR1 register
pair which latches the interrupt flag bit TMRI1IF
(PIR1<0>). This interrupt can be enabled/disabled by
setting/clearing the Timer1 interrupt enable bit TMR1IE
(PIE1<0>).

Timerl can operate in one of two modes:

¢ As atimer
¢ As a counter

The Operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

In Timer mode, the TMR1 register pair value
increments every instruction cycle. In Counter mode, it
increments on every rising edge of the external clock
input.

Timerl can be enabled/disabled by setting/clearing
control bit TMR1ON (T1CON<0>).

Timerl also has an internal “Reset input”. This Reset
can be generated by the CCP module (Section 9.0
“Capture/Compare/PWM (CCP) Module”).
Register 7-1 shows the Timerl control register.

For the PIC16F627A/628A/648A, when the Timerl
oscillator is enabled (TLOSCEN is set), the RB7/
T10SI/PGD and RB6/T10SO/T1CKI/PGC pins
become inputs. That is, the TRISB<7:6> value is
ignored.

REGISTER 7-1: T1CON — TIMER1 CONTROL REGISTER (ADDRESS: 10h)
u-0 u-0 RIW-0  R/W-0 RIW-0 RIW-0 RMW-0  R/W-0
| — | — [tickpsi|TickPso| T10SCEN |TISYNC | TMRICS | TMRION
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0’

bit 5-4 T1CKPS<1:0>: Timerl Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 3 T10OSCEN: Timerl Oscillator Enable Control bit

1 = Oscillator is enabled
0 = Oscillator is shut off(})

bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit

TMR1CS =1

1 = Do not synchronize external clock input

0 = Synchronize external clock input

TIMRICS =0

This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.
bit 1 TMR1CS: Timerl Clock Source Select bit
1 = External clock from pin RB6/T1OSO/T1CKI/PGC (on the rising edge)

0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl

Note 1: The oscillator inverter and feedback resistor are turned off to eliminate power drain.

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown
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7.1 Timerl Operation in Timer Mode

Timer mode is selected by clearing the TMR1CS
(TLCON<1>) bit. In this mode, the input clock to the
timer is Fosc/4. The synchronize control bit TLSYNC
(TLCON<2>) has no effect since the internal clock is
always in sync.

7.2 Timerl Operation in Synchronized
Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the TMRL register pair value increments on
every rising edge of clock input on pin RB7/T10SI/PGD
when bit TLOSCEN is set or pin RB6/T10SO/T1CKl/
PGC when bit TLOSCEN is cleared.

If TLSYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The
prescaler stage is an asynchronous ripple-counter.

In this configuration, during Sleep mode, the TMR1
register pair value will not increment even if the
external clock is present, since the synchronization
circuit is shut off. The prescaler however will continue
to increment.

7.2.1 EXTERNAL CLOCK INPUT TIMING
FOR SYNCHRONIZED COUNTER
MODE

When an external clock input is used for Timerl in
Synchronized Counter mode, it must meet certain
requirements. The external clock requirement is due to
internal phase clock (Tosc) synchronization. Also,
there is a delay in the actual incrementing of the TMR1
register pair value after synchronization.

When the prescaler is 1:1, the external clock input is
the same as the prescaler output. The synchronization
of T1CKI with the internal phase clocks is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, it is
necessary for T1CKI to be high for at least 2 Tosc (and
a small RC delay of 20 ns) and low for at least 2 Tosc
(and a small RC delay of 20 ns). Refer to Table 17-8 in
the Electrical Specifications Section, timing parameters
45, 46 and 47.

When a prescaler other than 1:1 is used, the external
clock input is divided by the asynchronous ripple-counter
type prescaler so that the prescaler output is symmetri-
cal. In order for the external clock to meet the sampling
requirement, the ripple-counter must be taken into
account. Therefore, it is necessary for TLCKI to have a
period of at least 4 Tosc (and a small RC delay of 40 ns)
divided by the prescaler value. The only requirement on
T1CKI high and low time is that they do not violate the
minimum pulse width requirements of 10 ns). Refer to
the appropriate electrical specifications in Table 17-8,
parameters 45, 46 and 47.

FIGURE 7-1: TIMER1 BLOCK DIAGRAM
Set flag bit
TMRL1IF on
Overflow ol Synchronized
TMR1 Clock Input
TMR1H ‘ TMR1L
1| ———
TMR10ON
rigse ST
RBG/TlOSO/TlCKI/PGC@ g ¢ ,j\ 1 -
' ' = Prescaler Synchronize
; —T10SCEN  Foscia 1,2,4,8 A det
. . Enable Internal 0 I
RB7/T1OSIPGD + Oscillator®™  cjock /A\/ 2
' ' Sleep Input
"""" T1CKPS<1:0>
TMRI1CS

Note 1. When the TLOSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.
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7.3 Timerl Operation in
Asynchronous Counter Mode

If control bit TLISYNC (T1CON<2>) is set, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
The timer will continue to run during Sleep and can
generate an interrupt on overflow, which will wake-up the
processor. However, special precautions in software are
needed to read/write the timer (Section 7.3.2 “Reading
and Writing Timerl in Asynchronous Counter
Mode”).

Note: In Asynchronous Counter mode, Timerl
cannot be used as a time base for capture
or compare operations.

7.3.1 EXTERNAL CLOCK INPUT TIMING
WITH UNSYNCHRONIZED CLOCK

If control bit TLSYNC is set, the timer will increment
completely asynchronously. The input clock must meet
certain minimum high and low time requirements. Refer
to Table 17-8 in the Electrical Specifications Section,
timing parameters 45, 46 and 47.

7.3.2 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

Reading the TMR1H or TMRLL register, while the timer
is running from an external asynchronous clock, will
produce a valid read (taken care of in hardware).
However, the user should keep in mind that reading the
16-bit timer in two 8-bit values itself poses certain
problems since the timer may overflow between the
reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write
contention may occur by writing to the timer registers
while the register is incrementing. This may produce an
unpredictable value in the timer register.

Reading the 16-bit value requires some care.
Example 7-1 is an example routine to read the 16-bit
timer value. This is useful if the timer cannot be
stopped.

EXAMPLE 7-1: READING A 16-BIT FREE-

RUNNING TIMER

; All interrupts are disabled

MOVF TMR1H, W ;Read high byte
MOVWF TMPH ;

MOVF TMR1L, W ;Read low byte
MOVWF TMPL ;

MOVF TMR1H, W ;Read high byte
SUBWF TMPH, W ;Sub 1st read with

;2nd read

BTFSC STATUS, Z ;Is result = 0
GOTO CONTINUE ;Good 16-bit read

; TMR1L may have rolled over between the
; read of the high and low bytes. Reading
; the high and low bytes now will read a good

; value.
MOVF TMR1H, W ;Read high byte
MOVWF TMPH ;
MOVF TMR1L, W ;Read low byte

MOVWF TMPL H
; Re-enable the Interrupts (if required)

CONTINUE ;Continue with your

;code
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7.4 Timerl Oscillator

A crystal oscillator circuit is built in between pins T10SI
(input) and T1OSO (amplifier output). It is enabled by
setting control bit TIOSCEN (T1CON<3>). It will
continue to run during Sleep. It is primarily intended for
a 32.768 kHz watch crystal. Table 7-1 shows the
capacitor selection for the Timerl oscillator.

The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 7-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Freq C1l Cc2
32.768 kHz 15 pF 15 pF
Note:  These values are for design guidance only.

Consult Application Note AN826 “Crystal
Oscillator Basics and Crystal Selection for
rfPIC® and PIC® Devices” (DS00826) for
further information on Crystal/Capacitor

7.5 Resetting Timerl Using a CCP

Trigger Output

If the CCP1 module is configured in Compare mode to
generate a “special event trigger” (CCP1M<3:0> =
1011), this signal will reset Timer1.

Note:  The special event triggers from the CCP1
module will not set interrupt flag bit

TMR1IF (PIR1<0>).

Timerl must be configured for either timer or
Synchronized Counter mode to take advantage of this
feature. If Timerl is running in Asynchronous Counter
mode, this Reset operation may not work.

In the event that a write to Timerl coincides with a
special event trigger from CCP1, the write will take
precedence.

In this mode of operation, the CCPRxH:CCPRxL
register pair effectively becomes the period register for
Timerl.

7.6 Resetting Timerl Register Pair

Selection.
(TMR1H, TMRIL)
TMR1H and TMRLL registers are not reset to 00h on
a POR or any other Reset except by the CCP1 special
event triggers (see Section 9.2.4 “Special Event
Trigger”).
T1CON register is reset to 00h on a Power-on Reset or
a Brown-out Reset, which shuts off the timer and
leaves a 1:1 prescale. In all other Resets, the register
is unaffected.
7.7 Timerl Prescaler
The prescaler counter is cleared on writes to the
TMR1H or TMRI1L registers.
TABLE 7-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER
Value on
Address | Name | Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 VaéuoeRO” all other
Resets
0Bh, 8Bh, | INTCON | GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
10Bh, 18Bh
och PIR1 EEIF | CMIF RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
8Ch PIE1 EEIE | CMIE RCIE TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000 | 0000 -000
OEh TMRI1L | Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX | uuuu uuuu
OFh TMR1H | Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX | uuuu uuuu
10h T1CON — | — | T1CKPS1 | TICKPSO | TIOSCEN | T1SYNC | TMR1CS | TMRION | --00 0000 | --uu uuuu
Legend: x = unknown, u = unchanged, - = unimplemented read as ‘0’. Shaded cells are not used by the Timerl module.
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8.0 TIMER2 MODULE

Timer2 is an 8-hit timer with a prescaler and a
postscaler. It can be used as the PWM time base for
PWM mode of the CCP module. The TMR2 register is
readable and writable, and is cleared on any device
Reset.

The input clock (Fosc/4) has a prescale option of 1:1,
1:4 or 1:16, selected by control bits T2CKPS<1:0>
(T2CON<1:0>).

The Timer2 module has an 8-bit period register PR2.
The TMR2 register value increments from 00h until it
matches the PR2 register value and then resets to 00h
on the next increment cycle. The PR2 register is a
readable and writable register. The PR2 register is
initialized to FFh upon Reset.

The match output of Timer2 goes through a 4-bit
postscaler (which gives a 1:1 to 1:16 scaling inclusive)
to generate a Timer2 interrupt (latched in flag bit
TMR2IF, (PIR1<1>)).

Timer2 can be shut off by clearing control bit TMR20N
(T2CON<2>) to minimize power consumption.

Register 8-1 shows the Timer2 control register.

8.1 Timer2 Prescaler and Postscaler

The prescaler and postscaler counters are cleared

when any of the following occurs:

e awrite to the TMR2 register

e awrite to the T2CON register

« any device Reset (Power-on Reset, MCLR Reset,
Watchdog Timer Reset or Brown-out Reset)

The TMR2 register is not cleared when T2CON is
written.

8.2 TMR2 Output
The TMR2 output (before the postscaler) is fed to the

Synchronous Serial Port module which optionally uses
it to generate shift clock.

FIGURE 8-1: TIMER2 BLOCK DIAGRAM

Sets flag
bit TMR2IF | DR

Reset Prescaler
— TMR2 Re —F
_ 9 1.1, 1:4, 126 TOSC
Postscaler Comparator /T/ 2

111 to 1:116| EQ

}a

TOUTPS<3:0>

T2CKPS<1:0>

PR2 Reg
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REGISTER 8-1: T2CON — TIMER2 CONTROL REGISTER (ADDRESS: 12h)
u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— TOUTPS3 | TOUTPS2 | TOUTPS1 ‘ TOUTPSO ‘ TMR20ON ‘ T2CKPS1 | T2CKPSO
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’
bit 6-3 TOUTPS<3:0>: Timer2 Output Postscale Select bits
0000 = 1:1 Postscale Value
0001 = 1:2 Postscale Value
1111 = 1:16 Postscale
bit 2 TMR20ON: Timer2 On bit
1 =Timer2 is on
0 = Timer2 is off
bit 1-0 T2CKPS<1:0>: Timer2 Clock Prescale Select bits
00 = 1:1 Prescaler Value
01 = 1:4 Prescaler Value
1x = 1:16 Prescaler Value
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
TABLE 8-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
Address | Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bt 0 Va}';'oeRO” \;?I“:)Gihoer;
Resets
0Bh, 8Bh, |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
10Bh, 18Bh
och PIR1 EEIF CMIF RCIF TXIF — CCP1IF | TMR2IF | TMR1IF |0000 -000| 0000 -000
8Ch PIE1 EEIE CMIE RCIE TXIE — CCP1IE | TMR2IE | TMRLIE | 0000 -000|0000 -000
11h TMR2 | Timer2 Module’s Register 0000 0000|0000 0000
12h T2CON — ‘TOUTPS3 ‘ TOUTPS2 ‘ TOUTPS1 ‘ TOUTPSO ‘ TMR20ON ‘ T2CKPS1 ‘ T2CKPSO | -000 0000 | -000 0000
92h PR2 Timer2 Period Register 1111 1111|1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented read as ‘0’. Shaded cells are not used by the Timer2 module.
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9.0 CAPTURE/COMPARE/PWM
(CCP) MODULE

The CCP (Capture/Compare/PWM) module contains a
16-hit register which can operate as a 16-bit Capture
register, as a 16-hit Compare register or as a PWM
master/slave Duty Cycle register. Table 9-1 shows the
timer resources of the CCP module modes.

CCP1 Module

Capture/Compare/PWM  Registerl (CCPR1) is
comprised of two 8-bit registers: CCPR1L (low byte)
and CCPR1H (high byte). The CCP1CON register
controls the operation of CCP1. All are readable and
writable.

Additional information on the CCP module is available
in the “PIC® Mid-Range MCU Family Reference Man-
ual” (DS33023).

REGISTER 9-1: CCP1CON — CCP OPERATION REGISTER (ADDRESS: 17h)

TABLE 9-1: CCP MODE - TIMER

RESOURCE
CCP Mode Timer Resource
Capture Timerl
Compare Timerl
PWM Timer2

U-0 u-0 RW-0  R/W-0 R/W-0 RW-0  R/W-0
— _ CCP1X | CCP1Y | CCPIM3 |CCP1M2|CCP1M1|CCP1MO
bit 7 bit 0

bit 7-6 Unimplemented: Read as ‘0’

bit 5-4 CCP1X:CCP1Y: PWM Least Significant bits

Capture Mode
Unused

Compare Mode
Unused
PWM Mode

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.
bit 3-0 CCP1M<3:0>: CCPx Mode Select bits

0000 = Capture/Compare/PWM off (resets CCP1 module)
0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCPL1IF bit is set)

1001 = Compare mode, clear output on match (CCP1IF bit is set)

1010 = Compare mode, generate software interrupt on match (CCP1IF bit is set, CCP1 pin is
unaffected)

1011 = Compare mode, trigger special event (CCP1IF bit is set; CCP1 resets TMR1

11lxx = PWM mode

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bitis unknown

© 2007 Microchip Technology Inc. DS40044F-page 55



PIC16F627A/628A/648A

9.1 Capture Mode

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMR1 register when an event occurs
on pin RB3/CCPL1. An event is defined as:

e Every falling edge

e Every rising edge

e Every 4th rising edge

« Every 16th rising edge

An event is selected by control bits CCP1M<3:0>
(CCP1CON<3:0>). When a capture is made, the
interrupt request flag bit CCP1IF (PIR1<2>) is set. It
must be cleared in software. If another capture occurs
before the value in register CCPR1 is read, the old
captured value will be lost.

9.11 CCP PIN CONFIGURATION

In Capture mode, the RB3/CCP1 pin should be config-
ured as an input by setting the TRISB<3> bhit.

Note: If the RB3/CCP1 is configured as an
output, a write to the port can cause a
capture condition.

FIGURE 9-1: CAPTURE MODE
OPERATION BLOCK

DIAGRAM

Set flag bit CCP1IF

Prescaler (PIR1<2>)
E i 31,4,16
RB3/CCP1 [ ccPrin [ ccpriL |
pin
and Capture
edge detect Enable

| TMRIH | TMRIL |

CCP1CON<3:0>
Q's

9.1.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode for the CCP module to use the
capture feature. In Asynchronous Counter mode, the
capture operation may not work.

9.1.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCPL1IE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit CCP1IF following any such
change in Operating mode.

9.14 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M<3:0>. Whenever the CCP module is turned
off, or the CCP module is not in Capture mode, the
prescaler counter is cleared. This means that any
Reset will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will not
be cleared, therefore the first capture may be from a
non-zero  prescaler. Example 9-1 shows the
recommended method for switching between capture
prescalers. This example also clears the prescaler
counter and will not generate the “false” interrupt.
EXAMPLE 9-1: CHANGING BETWEEN
CAPTURE PRESCALERS
CLRF CCP1CON ;Turn CCP module off
MOVLW NEW_CAPT PS;Load the W reg with

; the new prescaler

; mode value and CCP ON
;Load CCP1CON with this
; value

MOVWF CCP1CON

9.2 Compare Mode

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the RB3/CCP1 pin is:
 Driven high

* Driven low

* Remains unchanged

The action on the pin is based on the value of control

bits CCP1M<3:0> (CCP1CON<3:0>). At the same
time, interrupt flag bit CCP1IF is set.

FIGURE 9-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM
Set flag bit CCP1IF
(PIR1<2>)
CCPR1H| CCPRI1L
Q sH \
Qup
RB3/CCP1 R %9 match R
pin
TRISB<3>
Output Enable  ccp1CON<3:0> TVRIA| TMRIL
Mode Select
Note: Special event trigger will reset Timerl, but not
set interrupt flag bit TMR1IF (PIR1<0>).
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9.21 CCP PIN CONFIGURATION

The user must configure the RB3/CCP1 pin as an
output by clearing the TRISB<3> bhit.

Note:  Clearing the CCP1CON register will force
the RB3/CCP1 compare output latch to
the default low level. This is not the data
latch.

9.2.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode if the CCP module is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

9.2.3 SOFTWARE INTERRUPT MODE

When generate software interrupt is chosen the CCP1
pin is not affected. Only a CCP interrupt is generated (if
enabled).

9.24 SPECIAL EVENT TRIGGER

In this mode (CCP1M<3:0>=1011), an internal hard-
ware trigger is generated, which may be used to initiate
an action. See Register 9-1.

The special event trigger output of the CCP occurs
immediately upon a match between the TMRI1H,
TMRI1L register pair and CCPR1H, CCPRLL register
pair. The TMR1H, TMRL1L register pair is not reset until
the next rising edge of the TMR1 clock. This allows the
CCPRL1 register pair to effectively be a 16-bit program-
mable period register for Timerl. The special event
trigger output also starts an A/D conversion provided
that the A/D module is enabled.

Note: Removing the match condition by chang-
ing the contents of the CCPR1H, CCPR1L
register pair between the clock edge that
generates the special event trigger and

the clock edge that generates the TMR1

Reset will preclude the Reset from
occuring.
TABLE 9-2: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1
value on Value on
Address Name Bit 7 | Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR
Resets
0Bh, 8Bh, |[INTCON GIE | PEIE TOIE INTE RBIE TOIF INTF RBIF (0000 000x|0000 000u
10Bh, 18Bh
0Ch PIR1 EEIF |CMIF| RCIF TXIF — CCP1IF | TMR2IF | TMR1IF |0000 -000{0000 -000
8Ch PIE1 EEIE [CMIE| RCIE TXIE — CCP1IE | TMR2IE | TMRLIE |0000 -000|0000 -000
86h, 186h |TRISB PORTB Data Direction Register 1111 1111{1111 1111
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX|[uuuu uuuu
10h T1CON — ‘ — ‘TlCKPSl‘TlCKPSO‘TlOSCEN‘TlSYNC‘TMRlCS‘TMRlON --00 0000|--uu uuuu
15h CCPR1L |Capture/Compare/PWM Registerl (LSB) XXXX XXXX[uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Registerl (MSB) XXXX XXXX[uuuu uuuu
17h CCP1CON| ‘ — ‘ CCP1X ‘ CCP1Y ‘ CCP1M3 ‘CCPlMZ‘CCPlMl‘CCPlMO --00 0000|--00 0000
Legend: x = unknown, u = unchanged, - = unimplemented read as ‘0’. Shaded cells are not used by Capture and Timer1l.
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9.3 PWM Mode

In Pulse Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTB data latch,
the TRISB<3> bit must be cleared to make the CCP1
pin an output.

Note:  Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTB I/O data

latch.

Figure 9-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step by step procedure on how to set up the CCP
module for PWM operation, see Section 9.3.3 “Set-
Up for PWM Operation”.

FIGURE 9-3: SIMPLIFIED PWM BLOCK
DIAGRAM

Duty cycle registers K CCP1CON<5:4>

‘ CCPRIL ‘

it,'_

‘ CCPRIH (Slave) ‘
‘ Comparator i R Q
1T RB3/CCP]
‘ TMR2 ‘ @ ‘
o— S
Comparator TRISB<3>
Clear Timer,
+ CCP1 pin and
PR2 latch D.C.

Note 1: 8-bit timer is concatenated with 2-bit internal Q
clock or 2 bits of the prescaler to create 10-bit
time base.

A PWM output (Figure 9-4) has a time base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(frequency = 1/period).

FIGURE 9-4: PWM OUTPUT

Period

— ]
-~
Duty Cycle

. TMR2=PR2

Tl\/iRZ = Duty Cycle

TMR2 = PR2

9.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:

PWM period = [(PR2) + 1] -4 Tosc- TMR2 prescale
value

PWM frequency is defined as 1/[PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
e The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
e The PWM duty cycle is latched from CCPR1L into
CCPRI1H

Note:  The Timer2 postscaler (see Section 8.0
“Timer2 Module”) is not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than

the PWM output.

DS40044F-page 58

© 2007 Microchip Technology Inc.



PIC16F627A/628A/648A

9.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRLL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available: the CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CONK<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle =

(CCPRI1L:CCP1CON<5:4>) - Tosc - TMR2 prescale
value

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.

Maximum PWM resolution (bits) for a given PWM
frequency:

PWM
Resolution =

Fosc

lOQ(FPWM xTMR2 Prescaler>

bits

log(2)

Note:

cleared.

If the PWM duty cycle value is longer than
the PWM period the CCP1 pin will not be

For

9.3.3

an example PWM period and duty cycle
calculation, see the PIC® Mid-Range Reference Man-
ual (DS33023).

SET-UP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:

The CCPR1H register and a 2-bit internal latch are 1. Set the PWM period by writing to the PR2
used to double buffer the PWM duty cycle. This double register. N
buffering is essential for glitchless PWM operation. 2. Set the PWM duty cycle by writing to the
) <E-4> bi
When the CCPR1H and 2-bit latch match TMR2 CCPRIL register a.nd CCPLCON<5:4 b_lts'
concatenated with an internal 2-bit Q clock or 2 bits of 3. Make the CCP1 pin an output by clearing the
the TMR2 prescaler, the CCP1 pin is cleared. TRISB<3> bit.
4. Setthe TMR2 prescale value and enable Timer2
by writing to T2CON.
TABLE 9-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz
PWM Frequency 1.22 kHz | 4.88 kHz | 19.53 kHz | 78.12 kHz | 156.3 kHz | 208.3 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF Ox3F Ox1F Ox17
Maximum Resolution (bits) 10 10 10 8 7 6.5
TABLE 9-4: REGISTERS ASSOCIATED WITH PWM AND TIMER2
value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR all other
Resets
0Bh, 8Bh, |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
10Bh, 18Bh
0Ch PIR1 EEIF CMIF RCIF TXIF = CCP1IF | TMR2IF | TMRIIF | 0000 -000 | 0000 -000
8Ch PIE1 EEIE CMIE RCIE TXIE = CCPI1IE | TMR2IE | TMRIIE | 0000 -000 | 0000 -000
86h, 186h | TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 1111 | 1111 1111
11h TMR2 Timer2 Module’s Register 0000 0000 | 0000 0000
92h PR2 Timer2 Module’s Period Register 1111 1111 | 1111 1111
12h T2CON — |routess] Toutpsz | TouTesi | ToutPso | TMR20N [ T2cKPS1|T2CKPSO| -000 0000 | wuuu wuuu
15h CCPR1L |Capture/Compare/PWM Register 1 (LSB) XXXX XXXX | uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Register 1 (MSB) XXXX XXXX | uuuu uuuu
17h ccpicon| — | — | ccpax | cepiy | copams | cepimz | cepimi | cepamo | --00 0000 | --00 0000
Legend: x = unknown, u = unchanged, - = unimplemented read as ‘0’. Shaded cells are not used by PWM and Timer2.
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100 COMPARATOR MODULE The CMCON register, shown in Register 10-1, controls
) the comparator input and output multiplexers. A block
The comparator module contains two analog diagram of the comparator is shown in Figure 10-1.

comparators. The inputs to the comparators are
multiplexed with the RAO through RA3 pins. The on-chip
Voltage Reference (Section 11.0 “Voltage Reference
Module”) can also be an input to the comparators.

REGISTER 10-1: CMCON - COMPARATOR CONFIGURATION REGISTER (ADDRESS: 01Fh)

R-0 RO RMW-0  RW-0 RIW-0 RW-0  RMW-0  RW-0
C20UT | C1OUT | C2INV | CLINV cs | cm2 | cmi | cmo |
bit 7 bit 0
bit 7 C20UT: Comparator 2 Output bit

When C2INV = 0:
1 =C2 VIN+ > C2 VIN-
0 =C2 VIN+ < C2 VIN-

When C2INV = 1:
1=C2 VIN+ < C2 VIN-
0 = C2 VIN+ > C2 VIN-
bit 6 C1OUT: Comparator 1 Output bit
When C1INV = 0:
1 =C1VIN+ > C1 VIN-
0 =C1 VIN+ < C1 VIN-

When C1INV = 1:
1 =C1VIN+ < C1lVIN-
0 = C1 VIN+ > C1 VIN-
bit 5 C2INV: Comparator 2 Output Inversion bit

1 = C2 Output inverted
0 = C2 Output not inverted

bit 4 C1INV: Comparator 1 Output Inversion bit

1 = C1 Output inverted
0 = C1 Output not inverted

bit 3 CIS: Comparator Input Switch bit
When CM<2:0>: = 001
Then:

1 = C1 VIN- connects to RA3
0 = C1 VIN- connects to RAO

When CM<2:0> =010

Then:

1 = C1 VIN- connects to RA3
C2 VIN- connects to RA2

0 = C1 VIN- connects to RAO
C2 VIN- connects to RA1

bit 2-0 CM<2:0>: Comparator Mode bits
Figure 10-1 shows the comparator modes and CM<2:0> bit settings

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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10.1 Comparator Configuration If the Comparator mode is changed, the comparator

output level may not be valid for the specified mode

There are eight modes of operation for the
comparators. The CMCON register is used to select

change de

lay shown in Table 17-2.

the mode. Figure 10-1 shows the eight possible Note 1: Comparator interrupts should be disabled
modes. The TRISA register controls the data direction during a Comparator mode change,
of the comparator pins for each mode. otherwise a false interrupt may occur.
2: Comparators can have an inverted
output. See Figure 10-1.
FIGURE 10-1: COMPARATOR 1I/0O OPERATING MODES
Comparators Reset (POR Default Value) Comparators off
CM<2:0> = 000 CM<2.0> =111 5
VIN-
RAO/ANO — —
RAO/ANO A VIN- s
- C1 >——Off (Read as ‘0’)
‘o) |RA3/AN3/ICMPL D JVIN*
RA3/AN3/CMP1 A VIN+ > Off (Read as ‘0’)
D VIN-
RAL/ANL ViN- | RAL/ANL N > Off (Read as 0")
RA2AN2VRer _A_ Vint| C2 Off (Readas'0) |raz/ANzIvRer B gVINTI4
Vss
Four Inputs Multiplexed to Two Comparators
Two Independent Comparators CM<2:0> = 010
CM<2:0> =100
A VN- RAO/ANO —° _CIS=0 V-
RAGIANO - RA3/AN3/CMP1 A~ ~ CIS=1 B c1v
C1Vour —© - c1 ouT
RAZ/AN3/CMPL A Vin+] Cl Vine |
A
RA1/AN1 = _cis=o | v |>
RAL/AN1 VIN- | RA2/AN2/VRer A, CIS=1 Vive|  C2>>— Cavour
C2VouTt +
RA2/AN2VREF A Vin+|, C2
From VREF
Module
Two Common Reference Comparators Two Common Reference Comparators with Outputs
CM<2:0> =011 CM<2:0> =110
A VIN-
RAO/ANO VIN- [ RAO/ANO | c1v
D Vin+|, C1 out
D viN+| C1 C1vout RA3/AN3/CMP1 +
RA3/AN3/CMP1 — +
VIN-
RAL/ANI ViN- RA1/AN1 — covour
c2 C2vout RA2/AN2/VREF A__ Vit C2
RA2/AN2/VREF  _A VIN+]
RA4/TOCKI/CMp2 Open Drain
One Independent Comparator Three Inputs Multiplexed to Two Comparators
CM<2:0> =101 CM<2:0> =001
RAO/ANO D VN> RAO/ANO A _
D | vint|, C1 Off (Read as '0") R g'g =0 VN-|®
RA3/AN3/CMP1 —— + RA3/AN3ICMP1 2o  CIS=1 0 1 oy C1Vout
VY +
Vss
RA1/AN1 A VIN- D RA1/AN1 VIN- |
C2VouTt C2Vout
RAZ/ANZNVRer A VNt €2 RA2/AN2/VREF A Vine) | €2
A = Analog Input, port reads zeros always. D = Digital Input. CIS (CMCON<3>) is the Comparator Input Switch.
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The code example in Example 10-1 depicts the steps
required to configure the Comparator module. RA3 and
RA4 are configured as digital output. RAO and RA1 are
configured as the V- inputs and RA2 as the V+ input to
both comparators.

EXAMPLE 10-1: INITIALIZING
COMPARATOR MODULE
FLAG_REG EQU 0X20
CLRF FLAG_REG ;Init flag register
CLRF PORTA ;Init PORTA
MOVF CMCON, W ;Load comparator bits
ANDLW 0xCO0 ;Mask comparator bits

IORWF FLAG_REG,F ;Store bits in flag register

MOVLW 0x03 ;Init comparator mode

MOVWF CMCON ;CM<2:0> = 011

BSF STATUS,RPO ;Select Bankl

MOVLW 0x07 ;Initialize data direction

MOVWF TRISA ;Set RA<2:0> as inputs
;RA<4:3> as outputs
;TRISA<7:5> always read ‘0’

BCF STATUS,RPO ;Select Bank 0

CALL DELAY10 ;10Us delay

MOVF CMCON, F ;Read CMCONto end change
;condition

BCF PIR1,CMIF ;Clear pending interrupts

BSF STATUS,RPO ;Select Bank 1

BSF PIE1l,CMIE ;Enable comparator interrupts

BCF STATUS,RPO ;Select Bank 0

BSF INTCON, PEIE ;Enable peripheral interrupts

BSF INTCON,GIE ;Global interrupt enable

10.2 Comparator Operation

A single comparator is shown in Figure 10-2 along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 10-2 represent
the uncertainty due to input offsets and response time.
See Table 17-2 for Common Mode voltage.

10.3 Comparator Reference

An external or internal reference signal may be used
depending on the comparator Operating mode. The
analog signal that is present at VIN- is compared to the
signal at VIN+, and the digital output of the comparator
is adjusted accordingly (Figure 10-2).

FIGURE 10-2: SINGLE COMPARATOR
VIN+
Result
VIN-

Result . . . .

10.3.1 EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
Comparator module can be configured to have the
comparators operate from the same or different
reference sources. However, threshold detector
applications may require the same reference. The
reference signal must be between Vss and VbbD, and
can be applied to either pin of the comparator(s).

10.3.2 INTERNAL REFERENCE SIGNAL

The Comparator module also allows the selection of an
internally generated voltage reference for the
comparators. Section 11.0 “Voltage Reference
Module”, contains a detailed description of the Voltage
Reference module that provides this signal. The
internal reference signal is used when the comparators
are in mode CM<2:0>=010 (Figure 10-1). In this
mode, the internal voltage reference is applied to the
VIN+ pin of both comparators.

10.4 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output is to have a valid level. If the internal
reference is changed, the maximum delay of the internal
voltage reference must be considered when using the
comparator outputs. Otherwise, the maximum delay of
the comparators should be used (Table 17-2, page 140).
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10.5 Comparator Outputs

The comparator outputs are read through the CMCON
register. These bits are read-only. The comparator
outputs may also be directly output to the RA3 and RA4
I/O pins. When the CM<2:0> =110 or 001, multiplexors
in the output path of the RA3 and RA4/TOCK1/CMP2
pins will switch and the output of each pin will be the
unsynchronized output of the comparator. The
uncertainty of each of the comparators is related to the
input offset voltage and the response time given in the
specifications. Figure 10-3 shows the comparator output
block diagram.

The TRISA bits will still function as an output enable/
disable for the RA3/AN3/CMP1 and RA4/TOCK1/
CMP2 pins while in this mode.

Note 1: When reading the PORT register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert an analog input, according to the
Schmitt Trigger input specification.

2: Analog levels on any pin that is defined as
a digital input may cause the input buffer
to consume more current than is
specified.

FIGURE 10-3: MODIFIED COMPARATOR OUTPUT BLOCK DIAGRAM

CnlINv

To RA3/AN3/CMP1 or

RA4/TOCK1/CMP2 pin

: i<: CnVout

From other Comparator

Q1

To Data Bus Q D
CMCONK<7:6>
Q3
EN

RD CMCON . _‘
Set CMIF bit ( Q D

EN

CL

Reset
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10.6 Comparator Interrupts

The comparator interrupt flag is set whenever there is
a change in the output value of either comparator.
Software will need to maintain information about the
status of the output bits, as read from CMCON<7:6>, to
determine the actual change that has occurred. The
CMIF bit, PIR1<6>, is the comparator interrupt flag.
The CMIF bit must be reset by clearing ‘0’. Since it is
also possible to write a ‘1’ to this register, a simulated
interrupt may be initiated.

The CMIE bit (PIE1<6>) and the PEIE bit
(INTCON<6>) must be set to enable the interrupt. In
addition, the GIE bit must also be set. If any of these
bits are clear, the interrupt is not enabled, though the
CMIF bit will still be set if an interrupt condition occurs.

Note: If a change in the CMCON register
(C10UT or C20UT) should occur when a
read operation is being executed (start of
the Q2 cycle), then the CMIF (PIR1<6>)
interrupt flag may not get set.

The user, in the interrupt service routine, can clear the
interrupt in the following manner:

a) Any write or read of CMCON. This will end the
mismatch condition.

b) Clear flag bit CMIF.

A mismatch condition will continue to set flag bit CMIF.

Reading CMCON will end the mismatch condition and
allow flag bit CMIF to be cleared.

10.7 Comparator Operation During
Sleep

When a comparator is active and the device is placed
in Sleep mode, the comparator remains active and the
interrupt is functional if enabled. This interrupt will
wake-up the device from Sleep mode when enabled.
While the comparator is powered-up, higher Sleep
currents than shown in the power-down current
specification will occur. Each comparator that is
operational will consume additional current as shown in
the comparator specifications. To minimize power
consumption while in Sleep mode, turn off the
comparators, CM<2:0> = 111, before entering Sleep. If
the device wakes up from Sleep, the contents of the
CMCON register are not affected.

10.8 Effects of a Reset

A device Reset forces the CMCON register to its Reset
state. This forces the Comparator module to be in the
comparator Reset mode, CM<2:0> = 000. This ensures
that all potential inputs are analog inputs. Device current
is minimized when analog inputs are present at Reset
time. The comparators will be powered-down during the
Reset interval.

10.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 10-4. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD
and Vss. The analog input therefore, must be between
Vss and VDD. If the input voltage deviates from this
range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up may occur. A
maximum  source impedance of 10kQ s
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.
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FIGURE 10-4:

ANALOG INPUT MODE

Rs <10K

VDD
: VT =0.6V RIC
S A
. AN I
! CP|N ILEAKAGE
' 5 pF -" VT =0.6V +500 nA
Vss

Legend: CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE = Leakage Current at the Pin
RiC = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage
TABLE 10-1: REGISTERS ASSOCIATED WITH COMPARATOR MODULE
value on Value on
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR All Other
Resets
1Fh CMCON | C20UT | C10UT | C2INV | CINV CIs CM2 CM1 CMO 0000 0000 | 0000 0000
0Bh, 8Bh,
10Bh, 18Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
0Ch PIR1 EEIF CMIF RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
8Ch PIE1 EEIE CMIE RCIE TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000 [ 0000 -000
85h TRISA TRISA7 | TRISAG6 | TRISAS | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO | 1111 1111 (1111 1111
Legend: x = Unknown, u=Unchanged, - = Unimplemented, read as ‘0’
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11.0 VOLTAGE REFERENCE
MODULE

The Voltage Reference module consists of a 16-tap
resistor ladder network that provides a selectable volt-
age reference. The resistor ladder is segmented to pro-
vide two ranges of VREF values and has a power-down
function to conserve power when the reference is not
being used. The VRCON register controls the opera-
tion of the reference as shown in Figure 11-1. The
block diagram is given in Figure 11-1.

11.1 Voltage Reference Configuration

The Voltage Reference module can output 16 distinct

Voltage Reference module are as follows:

if VRR = 1:

The equations used to calculate the output of the

VREF =

VR<3:0>

>4 x' VDD

if VRR = 0:

VREF = (VDD xi) + VR<T3:O>- x\VOD

2

voltage levels for each range. with VbD = 5.0V.

REGISTER 11-1:

bit 7

bit 6

bit 5

bit 4
bit 3-0

VRCON — VOLTAGE REFERENCE CONTROL REGISTER (ADDRESS: 9Fh)

R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0

The setting time of the Voltage Reference module must
be considered when changing the VREF output

(Table 17-3). Example 11-1 demonstrates how voltage
reference is configured for an output voltage of 1.25V

VREN VROE VRR — VR3

| VR2 | VRL | VRO

bit 7

VREN: VREF Enable bit

1 = VREF circuit powered on
0 = VREF circuit powered down, no IbD drain

VROE: VREF Output Enable bit

1 = VREF is output on RA2 pin
0 = VREF is disconnected from RA2 pin

VRR: VREF Range Selection bit

1 = Low range

0 = High range

Unimplemented: Read as ‘0’

VR<3:0>: VREF Value Selection bits 0 < VR <3:0>< 15

When VRR = 1: VREF = (VR<3:0>/ 24) * VDD
When VRR = 0: VREF = 1/4 * VDD + (VR<3:0>/ 32) * VDD

bit 0

Legend:

R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
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FIGURE 11-1:

VOLTAGE REFERENCE BLOCK DIAGRAM

VDD

16 Stages

VREN—I>Q—Q(

8R

8R —VRR

Vss Vss

VREF <&

16-1 Analog Mux

——VR3
— (From VRCON<3:0>)
VRO

Note: R is defined in Table 17-3.

EXAMPLE 11-1: VOLTAGE REFERENCE

CONFIGURATION

MOVLW 0x02 ;4 Inputs Muxed

MOVWF CMCON ;jto 2 comps.

BSF STATUS,RPO ;go to Bank 1

MOVLW 0x07 ;RA3-RA0 are

MOVWF TRISA ;joutputs

MOVLW 0xA6 ;enable VREF

MOVWF VRCON ;low range set VR<3:0>=6
BCF STATUS,RPO ;go to Bank 0

CALL DELAY10 ;10us delay

11.2 Voltage Reference Accuracy/Error

The full range of Vss to VDD cannot be realized due to
the construction of the module. The transistors on the
top and bottom of the resistor ladder network
(Figure 11-1) keep VREF from approaching Vss or VDD.
The Voltage Reference module is Vbp derived and
therefore, the VREF output changes with fluctuations in
VbD. The tested absolute accuracy of the Voltage Ref-
erence module can be found in Table 17-3.

11.3

When the device wakes up from Sleep through an
interrupt or a Watchdog Timer time out, the contents of
the VRCON register are not affected. To minimize
current consumption in Sleep mode, the Voltage
Reference module should be disabled.

Operation During Sleep

11.4 Effects of a Reset

A device Reset disables the Voltage Reference module
by clearing bit VREN (VRCON<7>). This Reset also
disconnects the reference from the RA2 pin by clearing
bit VROE (VRCON<6>) and selects the high voltage
range by clearing bit VRR (VRCON<5>). The VREF
value select bits, VRCON<3:0>, are also cleared.

11.5 Connection Considerations

The Voltage Reference module operates independently
of the Comparator module. The output of the reference
generator may be connected to the RA2 pin if the
TRISA<2> bit is set and the VROE bit, VRCON<6>, is
set. Enabling the Voltage Reference module output onto
the RA2 pin with an input signal present will increase
current consumption. Connecting RA2 as a digital output
with VREF enabled will also increase current consump-
tion.

The RA2 pin can be used as a simple D/A output with
limited drive capability. Due to the limited drive
capability, a buffer must be used in conjunction with the
Voltage Reference module output for external connec-
tions to VREF. Figure 11-2 shows an example buffering
technique.
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FIGURE 11-2: VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE
Rr® RA2 Op Amp

VREF AAA Eﬂ

Module * VREF Output
Voltage
Reference
Output
Impedance 1

Note 1:

R is dependent upon the voltage reference configuration VRCON<3:0> and VRCON<5>.

TABLE 11-1: REGISTERS ASSOCIATED WITH VOLTAGE REFERENCE

value On Value On
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR All Other
Resets
9Fh VRCON | VREN | VROE VRR — VR3 VR2 VR1 VRO 000- 0000 | 000- 0000
1Fh CMCON | C20UT | C10UT | C2INV | C1INV CIS CM2 CM1 CMO | 0000 0000|0000 0000
85h TRISA TRISA7 | TRISA6 | TRISAS | TRISA4 | TRISA3 | TRISA2 | TRISAL1 | TRISAO | 1111 1111|1111 1111
Legend: - = Unimplemented, read as ‘0’.
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NOTES:
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12.0 UNIVERSAL SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)
MODULE

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) is also known as a Serial
Communications Interface (SCI). The USART can be
configured as a full-duplex asynchronous system that
can communicate with peripheral devices such as CRT
terminals and personal computers, or it can be
configured as a half-duplex synchronous system that
can communicate with peripheral devices such as A/D
or D/A integrated circuits, Serial EEPROMS, etc.

The USART can be configured in the following modes:

e Asynchronous (full-duplex)

e Synchronous — Master (half-duplex)

« Synchronous — Slave (half-duplex)

Bit SPEN (RCSTA<7>) and hits TRISB<2:1> have to be
set in order to configure pins RB2/TX/CK and RB1/RX/DT

as the Universal Synchronous Asynchronous Receiver
Transmitter.

Register 12-1 shows the Transmit Status and Control
Register (TXSTA) and Register 12-2 shows the
Receive Status and Control Register (RCSTA).

REGISTER 12-1: TXSTA —TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS: 98h)

R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R-1 R/W-0
CSRC | Tx9 TXEN | SYNC — | BRGH | TRMT | Tx9D |
bit 7 bit 0
bit 7 CSRC: Clock Source Select bit
Asynchronous mode
Don't care

Synchronous mode

1 = Master mode (Clock generated internally from BRG)
0 = Slave mode (Clock from external source)

bit 6 TX9: 9-bit Transmit Enable bit

1 = Selects 9-bit transmission
0 = Selects 8-bit transmission

bit 5 TXEN: Transmit Enable bit(®)
1 = Transmit enabled
0 = Transmit disabled
bit 4 SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode

bit 3 Unimplemented: Read as ‘0’

bit 2 BRGH: High Baud Rate Select bit

Asynchronous mode
1 = High speed
0 = Low speed
Synchronous mode
Unused in this mode

bit 1 TRMT: Transmit Shift Register Status bit
1 =TSR empty
0 =TSR full
bit 0 TX9D: 9th bit of transmit data. Can be parity bit.

Note 1: SREN/CREN overrides TXEN in SYNC mode.

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

© 2007 Microchip Technology Inc.

DS40044F-page 71



PIC16F627A/628A/648A

REGISTER 12-2: RCSTA — RECEIVE STATUS AND CONTROL REGISTER (ADDRESS: 18h)

RW-0  RW-0 RMW-0  RMW-0 RW-0 R-0 R-0 R-X

SPEN RX9 | SREN | CREN ADEN | FERR | OERR | Rx9D |

bit 7 bit 0
bit 7 SPEN: Serial Port Enable bit

(Configures RB1/RX/DT and RB2/TX/CK pins as serial port pins when bits TRISB<2:1> are set)
1 = Serial port enabled
0 = Serial port disabled

bit 6 RX9: 9-bit Receive Enable bit

1 = Selects 9-bit reception
0 = Selects 8-bit reception
bit 5 SREN: Single Receive Enable bit
Asynchronous mode:
Don't care
Synchronous mode - master:
1 = Enables single receive
0 = Disables single receive
This bit is cleared after reception is complete.
Synchronous mode - slave:
Unused in this mode

bit 4 CREN: Continuous Receive Enable bit

Asynchronous mode:
1 = Enables continuous receive
0 = Disables continuous receive
Synchronous mode:
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive
bit 3 ADEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):
1 = Enables address detection, enable interrupt and load of the receive buffer when RSR<8>
is set
0 = Disables address detection, all bytes are received, and ninth bit can be used as parity bit
Asynchronous mode 8-bit (RX9 = 0):
Unused in this mode
Synchronous mode
Unused in this mode

bit 2 FERR: Framing Error bit

1 = Framing error (Can be updated by reading RCREG register and receive next valid byte)
0 = No framing error

bit 1 OERR: Overrun Error bit

1 = Overrun error (Can be cleared by clearing bit CREN)
0 = No overrun error

bit 0 RX9D: 9th hit of received data (Can be parity bit)
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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12.1 USART Baud Rate Generator
(BRG)

The BRG supports both the Asynchronous and
Synchronous modes of the USART. It is a dedicated
8-bit baud rate generator. The SPBRG register
controls the period of a free running 8-bit timer. In
Asynchronous mode, bit BRGH (TXSTA<2>) also
controls the baud rate. In Synchronous mode, bit
BRGH is ignored. Table 12-1 shows the formula for
computation of the baud rate for different USART
modes, which only apply in Master mode (internal
clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRG register can be calculated
using the formula in Table 12-1. From this, the error in
baud rate can be determined.

Example 12-1 shows the calculation of the baud rate
error for the following conditions:

Fosc =16 MHz

Desired Baud Rate = 9600
BRGH =0

SYNC =0

TABLE 12-1: BAUD RATE FORMULA

EQUATION 12-1: CALCULATING BAUD
RATE ERROR

Fosc

Desired Baud Rate = m

16000000

%00 = 4k 1)

X = 25.042

_ 16000000 _
Calculated Baud Rate = 5425+ 1) 25+ 1) 9615

Error = (Calculated Baud Rate - Desired Baud Rate)
Desired Baud Rate

_9615-9600 _ 1
= TR = 016%

It may be advantageous to use the high baud rate
(BRGH = 1) even for slower baud clocks. This is
because the Fosc/(16(X + 1)) equation can reduce the
baud rate error in some cases.

Writing a new value to the SPBRG register causes the
BRG timer to be reset (or cleared) and ensures the
BRG does not wait for a timer overflow before
outputting the new baud rate.

The data on the RB1/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin.

SYNC BRGH = 0 (Low Speed) BRGH = 1 (High Speed)
0 (Asynchronous) Baud Rate = Fosc/(64(X+1)) Baud Rate = Fosc/(16(X+1))
1 (Synchronous) Baud Rate = FOsc/(4(X+1)) NA

Legend: X =valuein SPBRG (0 to 255)

TABLE 12-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

. . . . . . . . Value on Value on all

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR other Resets

98h TXSTA | CSRC TX9 TXEN | SYNC — BRGH | TRMT | TX9D | 0000 -010 | 0000 -010

18h RCSTA | SPEN RX9 | SREN | CREN | ADEN FERR | OERR | RX9D | 0000 000x | 0000 000x

99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - =unimplemented read as ‘0’. Shaded cells are not used for the BRG.
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TABLE 12-3: BAUD RATES FOR SYNCHRONOUS MODE

Fosc = 20 MHz SPBRG |16 MHz SPBRG |10 MHz SPBRG

RE\'?I;JDK value value value
(K) KBAUD ERROR (decimal) KBAUD ERROR (decimal) KBAUD ERROR (decimal)

0.3 NA — — NA — — NA — —
1.2 NA — — NA — — NA — —
2.4 NA — — NA — — NA — —
9.6 NA — — NA — — 9.766 +1.73% 255
19.2 19.53 +1.73% 255 19.23 +0.16% 207 19.23 +0.16% 129
76.8 76.92 +0.16% 64 76.92 +0.16% 51 75.76 -1.36% 32
96 96.15 +0.16% 51 95.24 -0.79% 41 96.15 +0.16% 25
300 294.1 -1.96 16 307.69 +2.56% 12 3125 +4.17% 7
500 500 0 9 500 0 7 500 0

HIGH 5000 — 0 4000 — 0 2500 — 0
LOW 19.53 — 255 15.625 — 255 9.766 — 255

BAUD Fosc = 7.15909 MHz SPBRG |5.0688 MHz SPBRG |4 MHz SPBRG

RATE (K value value value
(K) KBAUD ERROR (decimal) KBAUD ERROR (decimal) KBAUD ERROR (decimal)

0.3 NA — — NA — — NA — —
1.2 NA — — NA — — NA — —
2.4 NA — — NA — — NA — —
9.6 9.622 +0.23% 185 9.6 0 131 9.615 +0.16% 103
19.2 19.24 +0.23% 92 19.2 0 65 19.231 +0.16% 51
76.8 77.82 +1.32 22 79.2 +3.13% 15 75.923 +0.16% 12
96 94.20 -1.88 18 97.48 +1.54% 12 1000 +4.17% 9
300 298.3 -0.57 5 316.8 5.60% 3 NA _ —
500 NA — — NA _ — NA — —

HIGH 1789.8 — 0 1267 — 0 100 — 0

LOwW 6.991 — 255 4.950 — 255 3.906 — 255

BAUD |FOSC=3579545MHz  SPBRG | 1MHz SPBRG |32.768 kHz SPBRG

RATE (K value value value
(K) KBAUD ERROR (decimal) KBAUD ERROR (decimal) KBAUD ERROR (decimal)

0.3 NA — — NA — — 0.303 +1.14% 26
1.2 NA — — 1.202 +0.16% 207 1.170 -2.48% 6
2.4 NA — — 2.404 +0.16% 103 NA — —
9.6 9.622 +0.23% 92 9.615 +0.16% 25 NA — —
19.2 19.04 -0.83% 46 19.24 +0.16% 12 NA — —
76.8 74.57 -2.90% 11 83.34 +8.51% 2 NA — —
96 99.43 +3.57% 8 NA _ _ NA _ —
300 298.3 0.57% 2 NA — — NA — —
500 NA _ — NA — — NA — —
HIGH 894.9 — 0 250 — 0 8.192 — 0
LOW 3.496 — 255 0.9766 — 255 0.032 — 255
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TABLE 12-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)
BAUD | FOSC =20 MHz SPBRG |16 MHz SPBRG |10 MHz SPBRG
RATE(K) | kBAUD  ERROR value KBAUD  ERROR value KBAUD  ERROR value
(decimal) (decimal) (decimal)
0.3 NA — — NA — — NA — —
1.2 1.221 +1.73% 255 1.202 +0.16% 207 1.202 +0.16% 129
2.4 2.404 +0.16% 129 2.404 +0.16% 103 2.404 +0.16% 64
9.6 9.469 -1.36% 32 9.615 +0.16% 25 9.766 +1.73% 15
19.2 19.53 +1.73% 15 19.23 +0.16% 12 19.53 +1.73V
76.8 78.13 +1.73% 3 83.33 +8.51% 2 78.13 +1.73%
96 104.2 +8.51% 2 NA — — NA — —
300 3125 +4.17% 0 NA — — NA — —
500 NA — — NA — — NA — —
HIGH 3125 — 0 250 — 0 156.3 — 0
LOW 1.221 — 255 0.977 — 255 0.6104 — 255
BAUD | FOSC = 715909 MHz SPBRG |5.0688 MHz SPBRG |4 MHz SPBRG
RATE (K) | kBAUD  ERROR value KBAUD  ERROR value KBAUD  ERROR value
(decimal) (decimal) (decimal)
0.3 NA — — 0.31 +3.13% 255 0.3005 -0.17% 207
12 1.203 +0.23% 92 12 0 65 1.202 +1.67% 51
2.4 2.380 -0.83% 46 2.4 0 32 2.404 +1.67% 25
9.6 9.322 -2.90% 1 9.9 +3.13% 7 NA — —
19.2 18.64 -2.90% 5 19.8 +3.13% 3 NA — —
76.8 NA — — 79.2 +3.13% 0 NA — —
96 NA — — NA — — NA — —
300 NA — — NA — — NA — —
500 NA — — NA — — NA — —
HIGH 111.9 — 0 79.2 — 0 62.500 — 0
LOW 0.437 — 255 0.3094 — 255 3.906 — 255
BAUD |FOSC=3579545MHz  SPBRG |1MHz SPBRG | 32.768 kHz SPBRG
RATE (K) | kBAUD  ERROR value KBAUD  ERROR value KBAUD  ERROR value
(decimal) (decimal) (decimal)
0.3 0.301 +0.23% 185 0.300 +0.16% 51 0.256 -14.67% 1
12 1.190 -0.83% 46 1.202 +0.16% 12 NA — —
2.4 2.432 +1.32% 22 2.232 -6.99% 6 NA — —
9.6 9.322 -2.90% NA — — NA — —
19.2 18.64 -2.90% 2 NA — — NA — —
76.8 NA — — NA — — NA — —
96 NA — — NA — — NA — —
300 NA — — NA — — NA — —
500 NA — — NA — — NA — —
HIGH 55.93 — 0 15.63 — 0 0.512 — 0
LOW 0.2185 — 255 0.0610 — 255 0.0020 — 255
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TABLE 12-5: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)

Fosc = 20 MHz SPBRG |16 MHz SPBRG |10 MHz SPBRG

RE\'?I;JDK value value value
(K) KBAUD ERROR (decimal) KBAUD ERROR (decimal) KBAUD ERROR (decimal)

9600 9.615 +0.16% 129 9.615 +0.16% 103 9.615 +0.16% 64
19200 19.230 +0.16% 64 19.230 +0.16% 51 18.939 -1.36% 32
38400 37.878 -1.36% 32 38.461 +0.16% 25 39.062 +1.7% 15
57600 56.818 -1.36% 21 58.823 +2.12% 16 56.818 -1.36% 10
115200 113.636 -1.36% 10 111.111 -3.55% 8 125 +8.51% 4
250000 250 0 4 250 0 3 NA — —
625000 625 0 1 NA — — 625 0 0
1250000 1250 0 0 NA — — NA — —
BAUD Fosc =7.16 MHz SPBRG |5.068 MHz SPBRG |4 MHz SPBRG

RATE (K value value value
(K) KBAUD ERROR (decimal) KBAUD ERROR (decimal) KBAUD ERROR (decimal)

9600 9.520 -0.83% 46 9598.485 0.016% 32 9615.385 0.160% 25
19200 19.454 +1.32% 22 18632.35 -2.956% 16 19230.77 0.160% 12
38400 37.286 -2.90% 11 39593.75 3.109% 7 35714.29 -6.994% 6
57600 55.930 -2.90% 7 52791.67 -8.348% 5 62500 8.507% 3
115200 111.860 -2.90% 3 105583.3 -8.348% 2 125000 8.507% 1
250000 NA — — 316750 26.700% 0 250000 0.000% 0
625000 NA — — NA — — NA — —
1250000 NA — — NA — — NA — —
BAUD Fosc = 3.579 MHz SPBRG |1 MHz SPBRG |32.768 kHz SPBRG

RATE (K value value value
(K) KBAUD ERROR (decimal) KBAUD ERROR (decimal) KBAUD ERROR (decimal)

9600 9725.543 1.308% 22 8.928 -6.994% 6 NA NA NA
19200 18640.63 -2.913% 11 20833.3 8.507% 2 NA NA NA
38400 37281.25 -2.913% 5 31250 -18.620% 1 NA NA NA
57600 55921.88 -2.913% 3 62500 +8.507 0 NA NA NA
115200 111243.8 -2.913% 1 NA — — NA NA NA
250000 223687.5 -10.525% 0 NA — — NA NA NA
625000 NA — — NA — — NA NA NA
1250000 NA — — NA — — NA NA NA
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12.2 USART Asynchronous Mode

In this mode, the USART uses standard non-return-to-
zero (NRZ) format (one Start bit, eight or nine data bits
and one Stop bit). The most common data format is
8-bit. A dedicated 8-bit baud rate generator is used to
derive baud rate frequencies from the oscillator. The
USART transmits and receives the LSb first. The
USART’s transmitter and receiver are functionally
independent, but use the same data format and baud
rate. The baud rate generator produces a clock either
x16 or x64 of the bit shift rate, depending on bit BRGH
(TXSTA<2>). Parity is not supported by the hardware,
but can be implemented in software (and stored as the
ninth data bit). Asynchronous mode is stopped during
Sleep.

Asynchronous mode is selected by clearing bit SYNC
(TXSTA<4>).

The USART Asynchronous module consists of the
following important elements:

* Baud Rate Generator

e Sampling Circuit

e Asynchronous Transmitter
¢ Asynchronous Receiver

12.21 USART ASYNCHRONOUS
TRANSMITTER

The USART transmitter block diagram is shown in
Figure 12-1. The heart of the transmitter is the Transmit
(serial) Shift Register (TSR). The shift register obtains
its data from the read/write transmit buffer, TXREG. The
TXREG register is loaded with data in software. The
TSR register is not loaded until the Stop bit has been
transmitted from the previous load. As soon as the Stop
bit is transmitted, the TSR is loaded with new data from
the TXREG register (if available). Once the TXREG
register transfers the data to the TSR register (occurs
in one Tcy), the TXREG register is empty and flag bit
TXIF (PIR1<4>) is set. This interrupt can be enabled/
disabled by setting/clearing enable bit TXIE
( PIE1<4>). Flag bit TXIF will be set regardless of the
state of enable bit TXIE and cannot be cleared in
software. It will reset only when new data is loaded into
the TXREG register. While flag bit TXIF indicated the
status of the TXREG register, another bit TRMT
(TXSTA<1>) shows the status of the TSR register.
Status bit TRMT is a read-only bit which is set when the
TSR register is empty. No interrupt logic is tied to this
bit, so the user has to poll this bit in order to determine
if the TSR register is empty.

Note 1: The TSR register is not mapped in data
memory so it is not available to the user.

2: Flag bit TXIF is set when enable bit TXEN
is set.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data
and the Baud Rate Generator (BRG) has produced a
shift clock (Figure 12-1). The transmission can also be
started by first loading the TXREG register and then
setting enable bit TXEN. Normally when transmission
is first started, the TSR register is empty, so a transfer
to the TXREG register will result in an immediate
transfer to TSR resulting in an empty TXREG. A back-
to-back transfer is thus possible (Figure 12-3). Clearing
enable bit TXEN during a transmission will cause the
transmission to be aborted and will reset the
transmitter. As a result the RB2/TX/CK pin will revert to
high-impedance.

In order to select 9-bit transmission, transmit bit TX9
(TXSTA<6>) should be set and the ninth bit should be
written to TX9D (TXSTA<0>). The ninth bit must be
written before writing the 8-bit data to the TXREG
register. This is because a data write to the TXREG
register can result in an immediate transfer of the data
to the TSR register (if the TSR is empty). In such a
case, an incorrect ninth data bit may be loaded in the
TSR register.

© 2007 Microchip Technology Inc.
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FIGURE 12-1: USART TRANSMIT BLOCK DIAGRAM
F Data Bus
<—{ TXREG register ‘
TXIE { 5
' ______________________ LSbh . 4
! Pin Buff
‘ ° ‘ T and Control
______ TSRregister . . _____. RB2/TX/CK pin
Interrupt

Baud Rate Generator

‘ TRMT‘

| SPEN|

Follow these steps when setting up an Asynchronous
Transmission:

1. TRISB<1>and TRISB<2> should both be set to
‘1’ to configure the RB1/RX/DT and RB2/TX/CK
pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.
2. Initialize the SPBRG register for the appropriate
baud rate. If a high-speed baud rate is desired,
set bit BRGH. (Section 12.1 “USART Baud
Rate Generator (BRG)").
3. Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.
4. If interrupts are desired, then set enable bit
TXIE.
5. If 9-bit transmission is desired, then set transmit
bit TX9.
6. Enable the transmission by setting bit TXEN,
which will also set bit TXIF.
7. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.
8. Load data to the TXREG register (starts
transmission).
FIGURE 12-2: ASYNCHRONOUS TRANSMISSION
Write to TXREG Il (¢
BRG output Worg !
(shift clock) — L T ' . '_
RB2TXICK (pin) N Startbit < bit0 X bitL_X__§¢ W bt7B . /Sopbit
TXIF bit L Word 1 : :
(Transmit buffer ' cc '
reg. empty flag) |_| ) ;
i :
}ﬁﬁéﬁﬁsmn #gg%néﬁﬁkeg :
reg. empty flag) —| cc
D)

DS40044F-page 78

© 2007 Microchip Technology Inc.




PIC16F627A/628A/648A

FIGURE 12-3: ASYNCHRONOUS TRANSMISSION (BACK TO BACK)
Write to TXREG 1 1 cc
BRG output Word 1 Word 2 J)
utpu
(shift clock) I 1 I 1 I I 5 5_1 | 1
RB2/TX/CK (pi ! ) )
TXIF bit o N Startbit < bito X bitl bit7/8 _“stop bit \Startbit < pit0
(interrupt reg. flag) -l Word 1 l Word 2
i | cc
Bp)
TRMT bit it Wordl —» Word2 ——
T it shi i i
Eega.lr;smmgtys f|lag) Transmit Shift Reg. Transmit Shift Reg.
1 (C
JJ
Note: This timing diagram shows two consecutive transmissions.
TABLE 12-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
value on Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR all other
Resets
0Ch PIR1 EEIF CMIF | RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
18h RCSTA SPEN RX9 | SREN | CREN | ADEN | FERR OERR RX9D | 0000 000x | 0000 000x
19h TXREG| USART Transmit Data Register 0000 0000 | 0000 0000
8Ch PIE1 EEIE CMIE | RCIE TXIE — CCP1IE| TMR2IE | TMR1IE | 0000 -000| 0000 -000
98h TXSTA CSRC TX9 | TXEN | SYNC — BRGH TRMT TX9D | 0000 -010 | 0000 -010
99h SPBRG| Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as ‘0’.

Shaded cells are not used for Asynchronous Transmission.

© 2007 Microchip Technology Inc.
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12.2.2 USART ASYNCHRONOUS
RECEIVER

The receiver block diagram is shown in Figure 12-4.
The data is received on the RB1/RX/DT pin and drives
the data recovery block. The data recovery block is
actually a high-speed shifter operating at x16 times the
baud rate, whereas the main receive serial shifter
operates at the bit rate or at Fosc.

When Asynchronous mode is selected, reception is
enabled by setting bit CREN (RCSTA<4>).

The heart of the receiver is the Receive (serial) Shift
Register (RSR). After sampling the Stop bit, the
received data in the RSR is transferred to the RCREG
register (if it is empty). If the transfer is complete, flag
bit RCIF (PIR1<5>) is set. The actual interrupt can be
enabled/disabled by setting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read-only bit, which is
cleared by the hardware. Itis cleared when the RCREG
register has been read and is empty. The RCREG is a

FIGURE 12-4:

double buffered register (i.e., it is a two-deep FIFO). It
is possible for two bytes of data to be received and
transferred to the RCREG FIFO and a third byte begin
shifting to the RSR register. On the detection of the
Stop bit of the third byte, if the RCREG register is still
full, then overrun error bit OERR (RCSTA<1>) will be
set. The word in the RSR will be lost. The RCREG
register can be read twice to retrieve the two bytes in
the FIFO. Overrun bit OERR has to be cleared in soft-
ware. This is done by resetting the receive logic (CREN
is cleared and then set). If bit OERR is set, transfers
from the RSR register to the RCREG register are inhib-
ited, so it is essential to clear error bit OERR if it is set.
Framing error bit FERR (RCSTA<2>) is set if a Stop bit
is detected as clear. Bit FERR and the 9th receive bit
are buffered the same way as the receive data. Read-
ing the RCREG, will load bits RX9D and FERR with
new values, therefore it is essential for the user to read
the RCSTA register before reading RCREG register in
order not to lose the old FERR and RX9D information.

USART RECEIVE BLOCK DIAGRAM

x64 Baud Rate CLK

Baud Rate Generator

RB1/RX/DT

Pin Buffer Data
and Control Recovery

SPEN

RX9

FERR

OO 1 0 |Start :

Enable

ADEN Load of S 7 ’&_
Receive
RX9
ADEN Buffer
RSR<8> 8

RX9D RCREG register
FIFO

RX9D RCREG register

8

—_——————
Data Bus

Interrupt
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FIGURE 12-5: ASYNCHRONOUS RECEPTION WITH ADDRESS DETECT
RBL/RX/DT (Pin) Start _ : . Start — :
RV eSSy e oD 65y e
RCV Shift Reg C T C T M C
RCV Buffer Reg )0 D) ' i T p))
bit 8 = 0, Data Byte bit 8 = 1, Address Byte .« | Word 1
Read RCV C (¢ | RORES (¢ M
Buffer Reg D) ) . D)
RCREG : )
RCIF CC & .' S
(interrupt flag) J) D) .
ADEN = 1 ‘T C C ' C ‘1’

(Address Match ) J) J)

Enable)

Note: This timing diagram shows a data byte followed by an address byte. The data byte is not read into the RCREG
(Receive Buffer) because ADEN =1 and bit 8 = 0.

FIGURE 12-6: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST
i Start
RBLRXIDT (pin) bit_(bit0 Y bit1 X5 Ybits Stop \ i (oito NS Ybis Stop
it I
RCV Shift RE’, C)C) I n ()() | ()()
RCV Buffer Reg bit 8 = 1, Address Byte 1 \Iév((:)lr?dElG bit 8 = 0, Data Byte
Read RCV '
Bufler Reg S Tl qd 44
RCREG ! ')
RCIF cC — S <
(Interrupt Flag) J)
L (C (C Q¢ o
ADEN =1
(Address Match B )) )
Enable)

Note: This timing diagram shows an address byte followed by an data byte. The data byte is not read into the RCREG
(receive buffer) because ADEN was not updated (still = 1) and bit 8 = 0.

FIGURE 12-7: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST FOLLOWED BY
VALID DATA BYTE

RB1/RX/DT (pin) Start _ Start
bit_bit 0 Y bit 1 X9 Ybits /stop \ bit_{bit0 Y S Ybits / Stop
bit

bit
RCV shift (C M e T M (¢
E?:g\/ Buffer_R;g ) | \ J) [ f D))
bit 8 = 1, Address Byte T \év((:)SjEle bit 8 = 0, Data Byte T \FlevgngZG

Read RCV ' )
Buffer Reg C)() : n ) C)() : C)C) r’l)—
RCREG ' .

; X C
RCIF C 1 C
(Interrupt Flag) J)J ) )J —
ADEN 55 | C C
(Address Match J) J)
Enable)

Note: This timing diagram shows an address byte followed by an data byte. The data byte is read into the RCREG
(Receive Buffer) because ADEN was updated after an address match, and was cleared to a ‘0’, so the contents
of the Receive Shift Register (RSR) are read into the Receive Buffer regardless of the value of bit 8.
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Follow these steps when setting up an Asynchronous
Reception:

1. TRISB<1>and TRISB<2> should both be set to
‘1’ to configure the RB1/RX/DT and RB2/TX/CK
pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.

2. Initialize the SPBRG register for the appropriate
baud rate. If a high-speed baud rate is desired,
set bit BRGH. (Section 12.1 “USART Baud
Rate Generator (BRG)").

3. Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.

4. If interrupts are desired, then set enable bit
RCIE.

5. If 9-bit reception is desired, then set bit RX9.

6. Enable the reception by setting bit CREN.

7. Flag bit RCIF will be set when reception is
complete and an interrupt will be generated if
enable bit RCIE was set.

8. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

9. Read the 8-bit received data by reading the
RCREG register.

10. If an OERR error occurred, clear the error by
clearing enable bit CREN.

TABLE 12-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

. . . . . . . . Value on Value on

Address| Name Bit 7 Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR all other

Resets
0Ch PIR1 EEIF CMIF | RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000| 0000 -000
18h RCSTA | SPEN RX9 | SREN | CREN | ADEN | FERR | OERR | RX9D | 0000 000x | 0000 000x
1Ah RCREG | USART Receive Data Register 0000 0000|0000 0000
8Ch PIE1 EEIE CMIE | RCIE | TXIE — CCP1IE| TMR2IE | TMR1IE| 0000 -000| 0000 -000
98h TXSTA CSRC TX9 | TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000|0000 0000
Legend: x = unknown, - = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous reception.
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12.3 USART Address Detect Function
12.3.1 USART 9-BIT RECEIVER WITH
ADDRESS DETECT

When the RX9 bit is set in the RCSTA register, 9 bits
are received and the ninth bit is placed in the RX9D bit
of the RCSTA register. The USART module has a
special provision for multiprocessor communication.
Multiprocessor communication is enabled by setting
the ADEN bit (RCSTA<3>) along with the RX9 bit. The
port is now programmed such that when the last bit is
received, the contents of the Receive Shift Register
(RSR) are transferred to the receive buffer, the ninth bit
of the RSR (RSR<8>) is transferred to RX9D, and the
receive interrupt is set if and only if RSR<8> = 1. This
feature can be used in a multiprocessor system as
follows:

A master processor intends to transmit a block of data
to one of many slaves. It must first send out an address
byte that identifies the target slave. An address byte is
identified by setting the ninth bit (RSR<8>) to a ‘1’
(instead of a ‘0’ for a data byte). If the ADEN and RX9
bits are set in the slave’s RCSTA register, enabling
multiprocessor communication, all data bytes will be
ignored. However, if the ninth received bit is equal to a
‘1’, indicating that the received byte is an address, the
slave will be interrupted and the contents of the RSR
register will be transferred into the receive buffer. This
allows the slave to be interrupted only by addresses, so
that the slave can examine the received byte to see if it
is being addressed. The addressed slave will then clear
its ADEN bit and prepare to receive data bytes from the
master.

When ADEN is enabled (= 1), all data bytes are
ignored. Following the Stop bit, the data will not be
loaded into the receive buffer, and no interrupt will
occur. If another byte is shifted into the RSR register,
the previous data byte will be lost.

The ADEN bit will only take effect when the receiver is
configured in 9-bit mode (RX9 = 1). When ADEN is
disabled (= 0), all data bytes are received and the 9th
bit can be used as the parity bit.

The receive block diagram is shown in Figure 12-4.

Reception is enabled by setting bit CREN
(RCSTA<4>).
12.3.1.1 Setting up 9-bit mode with Address

Detect

Follow these steps when setting up Asynchronous
Reception with Address Detect Enabled:

1. TRISB<1>and TRISB<2> should both be set to
‘1’ to configure the RB1/RX/DT and RB2/TX/CK
pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.

2. Initialize the SPBRG register for the appropriate
baud rate. If a high-speed baud rate is desired,
set bit BRGH.

3. Enable asynchronous communication by setting
or clearing bit SYNC and setting bit SPEN.

4. If interrupts are desired, then set enable bit
RCIE.

5. Set bit RX9 to enable 9-bit reception.
6. Set ADEN to enable address detect.

7. Enable the reception by setting enable bit CREN
or SREN.

8. Flag bit RCIF will be set when reception is
complete and an interrupt will be generated if
enable bit RCIE was set.

9. Read the 8-bit received data by reading the
RCREG register to determine if the device is
being addressed.

If an OERR error occurred, clear the error by
clearing enable bit CREN if it was already set.

If the device has been addressed (RSR<8> =1
with address match enabled), clear the ADEN
and RCIF bits to allow data bytes and address
bytes to be read into the receive buffer and
interrupt the CPU.

10.

11.

TABLE 12-8: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION
. . . . . . . . Value on Value on
Address| Name | Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR all other
Resets
0Ch PIR1 EEIF | CMIF | RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
18h RCSTA | SPEN | RX9 | SREN | CREN | ADEN | FERR | OERR | RX9D | 0000 000x| 0000 000x
1Ah RCREG | USART Receive Data Register 0000 0000 | 0000 0000
8Ch PIE1 EEIE | CMIE | RCIE TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000| 0000 -000
98h TXSTA | CSRC | TX9 | TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous
reception.
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12.4 USART Synchronous Master
Mode

In Synchronous Master mode, the data is transmitted in
a half-duplex manner (i.e., transmission and reception
do not occur at the same time). When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA<4>). In
addition enable bit SPEN (RCSTA<7>) is setin order to
configure the RB2/TX/CK and RB1/RX/DT I/O pins to
CK (clock) and DT (data) lines, respectively. The
Master mode indicates that the processor transmits the
master clock on the CK line. The Master mode is
entered by setting bit CSRC (TXSTA<7>).

1241 USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 12-1. The heart of the transmitter is the Transmit
(serial) Shift Register (TSR). The shift register obtains
its data from the read/write transmit buffer register,
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcycle), the TXREG is empty and
interrupt bit, TXIF (PIR1<4>) is set. The interrupt can
be enabled/disabled by setting/clearing enable bit TXIE
(PIE1<4>). Flag bit TXIF will be set regardless of the
state of enable bit TXIE and cannot be cleared in
software. It will reset only when new data is loaded into
the TXREG register. While flag bit TXIF indicates the
status of the TXREG register, another bit TRMT
(TXSTA<1>) shows the status of the TSR register.
TRMT is a read-only bit which is set when the TSR is
empty. No interrupt logic is tied to this bit, so the user
has to poll this bit in order to determine if the TSR
register is empty. The TSR is not mapped in data
memory so it is not available to the user.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data.
The first data bit will be shifted out on the next available
rising edge of the clock on the CK line. Data out is
stable around the falling edge of the synchronous clock
(Figure 12-8). The transmission can also be started by
first loading the TXREG register and then setting bit
TXEN (Figure 12-9). This is advantageous when slow
baud rates are selected, since the BRG is kept in Reset
when bits TXEN, CREN and SREN are clear. Setting
enable bit TXEN will start the BRG, creating a shift
clock immediately. Normally, when transmission is first
started, the TSR register is empty, so a transfer to the
TXREG register will result in an immediate transfer to
TSR resulting in an empty TXREG. Back-to-back
transfers are possible.

Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. The DT and CK pins will revert to high-
impedance. If either bit CREN or bit SREN is set during
a transmission, the transmission is aborted and the DT
pin reverts to a high-impedance state (for a reception).
The CK pin will remain an output if bit CSRC is set
(internal clock). The transmitter logic however is not
reset although it is disconnected from the pins. In order
to reset the transmitter, the user has to clear bit TXEN.
If bit SREN is set (to interrupt an on-going transmission
and receive a single word), then after the single word is
received, bit SREN will be cleared and the serial port
will revert back to transmitting since bit TXEN is still set.
The DT line will immediately switch from high-imped-
ance Receive mode to transmit and start driving. To
avoid this, bit TXEN should be cleared.

In order to select 9-bit transmission, the TX9
(TXSTA<6>) bit should be set and the ninth bit should
be written to bit TX9D (TXSTA<0>). The ninth bit must
be written before writing the 8-bit data to the TXREG
register. This is because a data write to the TXREG can
result in an immediate transfer of the data to the TSR
register (if the TSR is empty). If the TSR was empty and
the TXREG was written before writing the “new” TX9D,
the “present” value of bit TX9D is loaded.

Follow these steps when setting up a Synchronous
Master Transmission:

1. TRISB<1> and TRISB<2> should both be set to
‘1’ to configure the RB1/RX/DT and RB2/TX/CK
pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.

2. Initialize the SPBRG register for the appropriate
baud rate (Section 12.1 “USART Baud Rate
Generator (BRG)").

3. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

4. If interrupts are desired, then set enable bit
TXIE.

5. If 9-bit transmission is desired, then set bit TX9.

6. Enable the transmission by setting bit TXEN.

7. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

8. Start each transmission by loading data to the
TXREG register.
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TABLE 12-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

. . . . . . . . Value on Value on all
Address | Name Bit 7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR other Resets
0Ch PIR1 EEIF CMIF | RCIF | TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
18h RCSTA | SPEN RX9 | SREN | CREN | ADEN FERR OERR RX9D | 0000 000x | 0000 000x
19h TXREG | USART Transmit Data Register 0000 0000 | 0000 0000
8Ch PIE1 EEIE | CMIE | RCIE | TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000| 0000 -000
98h TXSTA | CSRC TX9 | TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.
FIGURE 12-8: SYNCHRONOUS TRANSMISSION
| | : | :
elozededoforiedeiodeeioiodedodatodeded  edeseiedededatoraedatozodenedododotosededolodedes
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TXEN bit ) X . D) "
Note: Sync Master Mode; SPBRG = 0. Continuous transmission of two 8-bit words.
FIGURE 12-9: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RBL/RX/DT pin X bito X bita Xbitzgg >< bite X bit7
RB2/TX/CK pin /—\§ g—/_\—L

TXRI\EA(IBrit!get(g) J >/§

i ' (C :

TXIF bit (§
TRMT bit 4‘ g)(
(C
TXEN bit ))
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12.4.2 USART SYNCHRONOUS MASTER
RECEPTION

Once Synchronous mode is selected, reception is
enabled by setting either enable bit SREN
(RCSTA<5>) or enable bit CREN (RCSTA<4>). Data is
sampled on the RB1/RX/DT pin on the falling edge of
the clock. If enable bit SREN is set, then only a single
word is received. If enable bit CREN is set, the recep-
tion is continuous until CREN is cleared. If both bits are
set, then CREN takes precedence. After clocking the
last bit, the received data in the Receive Shift Register
(RSR) is transferred to the RCREG register (if it is
empty). When the transfer is complete, interrupt flag bit
RCIF (PIR1<5>) is set. The actual interrupt can be
enabled/disabled by setting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read-only bit which is
reset by the hardware. In this case, it is reset when the
RCREG register has been read and is empty. The
RCREG is a double buffered register (i.e., it is a two-
deep FIFO). It is possible for two bytes of data to be
received and transferred to the RCREG FIFO and a
third byte to begin shifting into the RSR register. On the
clocking of the last bit of the third byte, if the RCREG
register is still full, then overrun error bit OERR
(RCSTA<1>) is set. The word in the RSR will be lost.
The RCREG register can be read twice to retrieve the
two bytes in the FIFO. Bit OERR has to be cleared in
software (by clearing bit CREN). If bit OERR is set,
transfers from the RSR to the RCREG are inhibited, so
it is essential to clear bit OERR if it is set. The 9th
receive bit is buffered the same way as the receive
data. Reading the RCREG register, will load bit RX9D
with a new value, therefore it is essential for the user to
read the RCSTA register before reading RCREG in
order not to lose the old RX9D information.

Follow these steps when setting up a Synchronous
Master Reception:

1. TRISB<1> and TRISB<2> should both be set to
‘1’ to configure the RB1/RX/DT and RB2/TX/CK
pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.

2. Initialize the SPBRG register for the appropriate
baud rate. (Section 12.1 “USART Baud Rate
Generator (BRG)").

3. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

4. Ensure bits CREN and SREN are clear.

5. If interrupts are desired, then set enable bit
RCIE.

6. If 9-bit reception is desired, then set bit RX9.

7. If a single reception is required, set bit SREN.
For continuous reception, set bit CREN.

8. Interrupt flag bit RCIF will be set when reception
is complete and an interrupt will be generated if
enable bit RCIE was set.

9. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

10. Read the 8-bit received data by reading the
RCREG register.

11. If an OERR error occurred, clear the error by
clearing bit CREN.

TABLE 12-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Address | Name Bit 7 Bit6 | Bit5 | Bit4

Value on: | Value on all

Bit2 | Bitl Bit 0 POR other Resets

0Ch PIR1 EEIF | CMIF | RCIF | TXIF

CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000

18h RCSTA | SPEN | RX9 | SREN |CREN| ADEN

FERR OERR RX9D | 0000 000x | 0000 000x

1Ah RCREG | USART Receive Data Register

0000 0000 | 0000 0000

8Ch PIE1 EPIE | CMIE | RCIE | TXIE

CCP1IE | TMR2IE | TMR1IE | -000 0000 | -000 -000

98h TXSTA | CSRC | TX9 | TXEN | SYNC

BRGH TRMT TX9D 0000 -010| 0000 -010

99h SPBRG | Baud Rate Generator Register

0000 0000 | 0000 0000

Legend:

x = unknown, - = unimplemented read as ‘0’. Shaded cells are not used for synchronous master reception.
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FIGURE 12-10:

SYNCHRONOUS RECEPTION (MASTER MODE, SREN)
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RB1/RX/DT pin ' ' bit 0

wite btz bita X bt

bits X bit6 bit 7

RB2/TX/CK pin | 1 [ ] [

WRITE to

Bit SREN ]

SREN bit 4 ! ! ! !
0

CREN bit

RCIF bit

(Interrupt) : : : :
Read

RXREG :

Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRG = 0.

12.5 USART Synchronous Slave Mode

Synchronous Slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the RB2/TX/CK pin (instead of being supplied internally
in Master mode). This allows the device to transfer or
receive data while in Sleep mode. Slave mode is
entered by clearing bit CSRC (TXSTA<7>).

1251 USART SYNCHRONOUS SLAVE
TRANSMIT

The operation of the Synchronous Master and Slave
modes are identical except in the case of the Sleep
mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

¢) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will now be
set.

e) If enable bit TXIE is set, the interrupt will wake
the chip from Sleep and if the global interrupt is
enabled, the program will branch to the interrupt
vector (0004h).

Follow these steps when setting up a Synchronous
Slave Transmission:

1. TRISB<1>and TRISB<2> should both be set to
‘1’ to configure the RB1/RX/DT and RB2/TX/CK

pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.

2. Enable the synchronous slave serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

3. Clear bits CREN and SREN.

4. If interrupts are desired, then set enable bit
TXIE.

5. If 9-bit transmission is desired, then set hit TX9.

6. Enable the transmission by setting enable bit
TXEN.

7. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

8. Starttransmission by loading data to the TXREG
register.

© 2007 Microchip Technology Inc.
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12.5.2 USART SYNCHRONOUS SLAVE Follow these steps when setting up a Synchronous
RECEPTION Slave Reception:

The operation of the Synchronous Master and Slave 1. TRlSB<1>_ and TRISB<2> should both be set to

modes is identical except in the case of the Sleep "' to configure the RB1/RX/DT and RB2/TX/CK

mode. Also, bit SREN is a “don’t care” in Slave mode. pins as inputs. Output drive, when required, is

controlled by the peripheral circuitry.

2. Enable the synchronous master serial port by
setting bits SYNC and SPEN and clearing bit

If receive is enabled by setting bit CREN prior to the
SLEEP instruction, then a word may be received during
Sleep. On completely receiving the word, the RSR

register will transfer the data to the RCREG register CSRC.

and if enable bit RCIE bit is set, the interrupt generated 3. If interrupts are desired, then set enable bit
will wake the chip from Sleep. If the global interrupt is RCIE.

enabled, the program will branch to the interrupt vector 4. If 9-bit reception is desired, then set bit RX9.
(0004h). 5. To enable reception, set enable bit CREN.

6. Flag bit RCIF will be set when reception is
complete and an interrupt will be generated, if
enable bit RCIE was set.

7. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

8. Read the 8-bit received data by reading the
RCREG register.

9. If an OERR error occurred, clear the error by
clearing bit CREN.

TABLE 12-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

. . . . . . . . Value on Value on all
Address | Name Bit 7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR other Resets
0Ch PIR1 EEIF | CMIF | RCIF | TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000| 0000 -000
18h RCSTA | SPEN | RX9 |[SREN |CREN| ADEN | FERR | OERR RX9D | 0000 000x | 0000 000x
19h TXREG | USART Transmit Data Register 0000 0000 | 0000 0000
8Ch PIE1 EEIE | CMIE | RCIE | TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000 | 0000 -000
98h TXSTA | CSRC | TX9 | TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x = unknown, - = unimplemented read as ‘0’. Shaded cells are not used for synchronous slave transmission.

TABLE 12-12: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

. . . . . . . . Value on Value on all
Address | Name Bit 7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR other Resets
0Ch PIR1 EEIF CMIF | RCIF | TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000| 0000 -000
18h RCSTA | SPEN | RX9 |SREN |CREN | ADEN | FERR | OERR | RX9D | 0000 000x| 0000 000x
1Ah RCREG | USART Receive Data Register 0000 0000 | 0000 0000
8Ch PIE1 EEIE | CMIE | RCIE | TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000| 0000 -000
98h TXSTA | CSRC | TX9 | TXEN [ SYNC — BRGH | TRMT TX9D | 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - =unimplemented read as ‘0’. Shaded cells are not used for synchronous slave reception.
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13.0 DATA EEPROM MEMORY

The EEPROM data memory is readable and writable
during normal operation (full VDD range). This memory
is not directly mapped in the register file space. Instead
it is indirectly addressed through the Special Function
Registers (SFRs). There are four SFRs used to read
and write this memory. These registers are:

e EECON1

« EECON2 (Not a physically implemented register)

* EEDATA

* EEADR

EEDATA holds the 8-bit data for read/write and EEADR
holds the address of the EEPROM location being
accessed. PIC16F627A/628A devices have 128 bytes
of data EEPROM with an address range from Oh to

7Fh. The PIC16F648A device has 256 bytes of data
EEPROM with an address range from Oh to FFh.

The EEPROM data memory allows byte read and write.
A byte write automatically erases the location and
writes the new data (erase before write). The EEPROM
data memory is rated for high erase/write cycles. The
write time is controlled by an on-chip timer. The write
time will vary with voltage and temperature, as well as
from chip-to-chip. Please refer to AC specifications for
exact limits.

When the device is code-protected, the CPU can
continue to read and write the data EEPROM memory. A
device programmer can no longer access this memory.

Additional information on the data EEPROM is
available in the PIC® Mid-Range Reference Manual
(DS33023).

REGISTER 13-1: EEDATA — EEPROM DATA REGISTER (ADDRESS: 9Ah)

R/W-x R/W-x R/W-x

R/W-x R/W-x R/W-x R/W-x R/W-x

EEDAT7 | EEDAT6 | EEDAT5 | EEDAT4 | EEDAT3 | EEDAT2 | EEDATL | EEDATO

bit 7

bit 0

bit 7-0 EEDATN: Byte value to Write to or Read from data EEPROM memory location.

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

REGISTER 13-2: EEADR - EEPROM ADDRESS REGISTER (ADDRESS: 9Bh)

R/W-x R/W-x R/W-x

R/W-x R/W-x R/W-x R/W-x R/W-x

EADR7 EADRG EADRS

EADR4 | EADR3 | EADR2 | EADRL | EADRO

bit 7

bit 7 PIC16F627A/628A

bit 0

Unimplemented Address: Must be set to ‘0’

PIC16F648A

EEADR: Set to ‘1’ specifies top 128 locations (128-255) of EEPROM Read/Write Operation
bit 6-0 EEADR: Specifies one of 128 locations of EEPROM Read/Write Operation

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

© 2007 Microchip Technology Inc.
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13.1 EEADR

The PIC16F648A EEADR register addresses 256
bytes of data EEPROM. All eight bits in the register
(EEADR<7:0>) are required.

The PIC16F627A/628A EEADR register addresses
only the first 128 bytes of data EEPROM so only seven
of the eight bits in the register (EEADR<6:0>) are
required. The upper bit is address decoded. This
means that this bit should always be ‘0’ to ensure that

13.2 EECON1 and EECON2 Registers

EECONL1 is the control register with four low order bits
physically implemented. The upper-four bits are non-
existent and read as ‘0’s.

Control bits RD and WR initiate read and write,
respectively. These bits cannot be cleared, only set, in
software. They are cleared in hardware at completion
of the read or write operation. The inability to clear the
WR bit in software prevents the accidental, premature

the address is in the 128 byte memory space. termination of a write operation.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. The WRERR bit is
set when a write operation is interrupted by a MCLR
Reset or a WDT Time-out Reset during normal
operation. In these situations, following Reset, the user
can check the WRERR bit and rewrite the location. The
data and address will be unchanged in the EEDATA
and EEADR registers.

Interrupt flag bit EEIF in the PIR1 register is set when
write is complete. This bit must be cleared in software.

EECON?2 is not a physical register. Reading EECON2
will read all ‘0’'s. The EECON2 register is used
exclusively in the data EEPROM write sequence.

REGISTER 13-3: EECON1 - EEPROM CONTROL REGISTER 1 (ADDRESS: 9Ch)

u-0 u-0 u-0 U-0 R/W-x R/W-0 R/S-0 R/S-0
— — — — | WRERR | WREN | WR RD
bit 7 bit 0
bit 7-4 Unimplemented: Read as ‘0’
bit 3 WRERR: EEPROM Error Flag bit

1 = A write operation is prematurely terminated (any MCLR Reset, any WDT Reset during
normal operation or BOR Reset)
0 = The write operation completed
bit 2 WREN: EEPROM Write Enable bit
1 = Allows write cycles
0 = Inhibits write to the data EEPROM
bit 1 WR: Write Control bit
1 = initiates a write cycle. (The bit is cleared by hardware once write is complete. The WR bit
can only be set (not cleared) in software.
0 = Write cycle to the data EEPROM is complete
bit 0 RD: Read Control bit
1 = Initiates an EEPROM read (read takes one cycle. RD is cleared in hardware. The RD bit
can only be set (not cleared) in software).
0 = Does not initiate an EEPROM read

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown
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13.3 Reading the EEPROM Data
Memory

To read a data memory location, the user must write the
address to the EEADR register and then set control bit
RD (EECON1<0>). The data is available, in the very
next cycle, in the EEDATA register; therefore it can be
read in the next instruction. EEDATA will hold this value
until another read or until it is written to by the user
(during a write operation).

EXAMPLE 13-1: DATA EEPROM READ
BSF STATUS, RPO ;Bank 1

MOVLW CONFIG_ADDR ;

MOVWF EEADR ;Address to read

BSF EECON1, RD ;EE Read
MOVF EEDATA, W ;W = EEDATA
BCF STATUS, RPO ;Bank 0

13.4 Writing to the EEPROM Data
Memory

To write an EEPROM data location, the user must first
write the address to the EEADR register and the data
to the EEDATA register. Then the user must follow a
specific sequence to initiate the write for each byte.

EXAMPLE 13-2: DATA EEPROM WRITE

BSF STATUS, RPO ;Bank 1
BSF EECON1, WREN ;Enable write
BCF INTCON, GIE ;Disable INTs.
BTFSC INTCON, GIE ;See AN576
GOTO $-2
MOVLW 55h ;

3 3 MOVWF EECON2 ;Write 55h

= § MOVLW  AAh ;

gg MOVWF EECON2 ;Write AAh

o BSF EECON1, WR ;Set WR bit

;begin write

BSF INTCON, GIE ;Enable INTs.

The write will not initiate if the above sequence is not
followed exactly (write 55h to EECON2, write AAh to
EECON2, then set WR bit) for each byte. We strongly
recommend that interrupts be disabled during this
code segment. A cycle count is executed during the
required sequence. Any number that is not equal to the
required cycles to execute the required sequence will
cause the data not to be written into the EEPROM.

Additionally, the WREN bit in EECON1 must be set to
enable write. This mechanism prevents accidental
writes to data EEPROM due to errant (unexpected)
code execution (i.e., lost programs). The user should
keep the WREN bit clear at all times, except when
updating EEPROM. The WREN bit is not cleared
by hardware.

After a write sequence has been initiated, clearing the
WREN bit will not affect this write cycle. The WR bit will
be inhibited from being set unless the WREN bhit is set.

At the completion of the write cycle, the WR bit is
cleared in hardware and the EE Write Complete
Interrupt Flag bit (EEIF) is set. The user can either
enable this interrupt or poll this bit. The EEIF bit in the
PIR1 registers must be cleared by software.

13.5 Write Verify

Depending on the application, good programming
practice may dictate that the value written to the Data
EEPROM should be verified (Example 13-3) to the
desired value to be written. This should be used in
applications where an EEPROM bit will be stressed
near the specification limit.

EXAMPLE 13-3: WRITE VERIFY

BSF STATUS, RPO;Bank 1
MOVF EEDATA, W
BSF EECON1, RD ;Read the

;value written
i
;Is the value written (in W reg) and
;read (in EEDATA) the same?
i
SUBWF EEDATA, W ;
BTFSS STATUS, Z ;Is difference 0?
GOTO WRITE_ERR ;NO, Write error
: ;YES, Good write
;Continue program

13.6 Protection Against Spurious Write

There are conditions when the device may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been built-in. On power-up, WREN is cleared. Also
when enabled, the Power-up Timer (72 ms duration)
prevents EEPROM write.

The write initiate sequence and the WREN bit together
help prevent an accidental write during brown-out,
power glitch or software malfunction.

© 2007 Microchip Technology Inc.
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13.7 Using the Data EEPROM

The data EEPROM is a high endurance, byte
addressable array that has been optimized for the storage
of frequently changing information (e.g., program
variables or other data that are updated often). When
variables in one section change frequently, while
variables in another section do not change, it is possible
to exceed the total number of write cycles to the EEPROM
(specification D124) without exceeding the total number
of write cycles to a single byte (specifications D120 and
D120A). If this is the case, then an array refresh must be
performed. For this reason, variables that change
infrequently (such as constants, IDs, calibration, etc.)
should be stored in Flash program memory.

EXAMPLE 13-4:

A simple data EEPROM refresh routine is shown in

Example 13-4.

Note: If data EEPROM is only used to store
constants and/or data that changes rarely,
an array refresh is likely not required. See
specification D124.

DATA EEPROM REFRESH ROUTINE

BANKSEL 0X80 ;select Bankl
CLRF EEADR ;start at address 0
BCF INTCON, GIE ;disable interrupts
BTFSC INTCON, GIE ;see AN576
GOTO $ - 2
BSF EECON1, WREN ;enable EE writes
Loop
BSF EECON1, RD ;retrieve data into EEDATA
MOVLW 0x55 ;first step of
MOVWF EECON2 ;... required sequence
MOVLW O0xAA ;second step of
MOVWF EECON2 ;... required sequence
BSF EECON1, WR ;start write sequence
BTFSC EECON1, WR ;wait for write complete
GOTO $ -1
#IFDEF _ 16F648A ;256 bytes in 16F648A
INCFSZ EEADR, f jtest for end of memory
#ELSE ;128 bytes in 16F627A/628A
INCF EEADR, f ;next address
BTFSS EEADR, 7 ;jtest for end of memory
#ENDIF ;end of conditional assembly
GOTO Loop ;repeat for all locations
BCF EECON1, WREN ;disable EE writes
BSF INTCON, GIE ;enable interrupts (optional)
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13.8 Data EEPROM Operation During
Code-Protect

When the device is code-protected, the CPU is able to
read and write data to the data EEPROM.

TABLE 13-1: REGISTERS/BITS ASSOCIATED WITH DATA EEPROM

Value on Value on all

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on other

Reset Resets
9Ah EEDATA EEPROM Data Register XXXX XXXX | uuuu uuuu
9Bh EEADR EEPROM Address Register XXXX XXXX | uuuu uuuu
9Ch EECON1 — — — — WRERR | WREN WR RD ---- x000 | ---- g000
9Dh EECON2() | EEPROM Control Register2 | e e e o
Legend: x = unknown, u = unchanged, - = unimplemented read as ‘0’, g = value depends upon condition.

Shaded cells are not used by data EEPROM.
Note 1: EECON?2 is not a physical register.

© 2007 Microchip Technology Inc. DS40044F-page 93



PIC16F627A/628A/648A

NOTES:
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14.0 SPECIAL FEATURES OF THE
CPU

Special circuits to deal with the needs of real-time
applications are what sets a microcontroller apart from
other processors. The PIC16F627A/628A/648A family
has a host of such features intended to maximize
system reliability, minimize cost through elimination of
external components, provide power-saving operating
modes and offer code protection.

These are:

OSC selection

Reset

Power-on Reset (POR)

Power-up Timer (PWRT)

Oscillator Start-Up Timer (OST)

Brown-out Reset (BOR)

Interrupts

Watchdog Timer (WDT)

. Sleep

10. Code protection

11. ID Locations

12. In-Circuit Serial Programming™ (ICSP™)

The PIC16F627A/628A/648A has a Watchdog Timer
which is controlled by configuration bits. It runs off its
own RC oscillator for added reliability. There are two
timers that offer necessary delays on power-up. One is
the Oscillator Start-up Timer (OST), intended to keep
the chip in Reset until the crystal oscillator is stable.
The other is the Power-up Timer (PWRT), which
provides a fixed delay of 72 ms (nominal) on power-up
only, designed to keep the part in Reset while the
power supply stabilizes. There is also circuitry to reset
the device if a brown-out occurs. With these three
functions on-chip, most applications need no external
Reset circuitry.

© 0N Ok WDNPRE

The Sleep mode is designed to offer a very low current
Power-down mode. The user can wake-up from Sleep
through external Reset, Watchdog Timer wake-up or
through an interrupt. Several oscillator options are also
made available to allow the part to fit the application.
The RC oscillator option saves system cost while the
LP crystal option saves power. A set of configuration
bits are used to select various options.

14.1 Configuration Bits

The configuration bits can be programmed (read as ‘0’)
or left unprogrammed (read as ‘1’) to select various
device configurations. These bits are mapped in
program memory location 2007h.

The user will note that address 2007h is beyond the
user program memory space. In fact, it belongs to the
special configuration memory space (2000h-3FFFh),
which can be accessed only during programming. See
“PIC16F627A/628A/648A EEPROM Memory
Programming Specification” (DS41196) for additional
information.

© 2007 Microchip Technology Inc.
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REGISTER 14-1: CONFIG — CONFIGURATION WORD REGISTER

| op

— | — | — | CPD | LVP |BOREN | MCLRE| FOSC2 |W| WDTE | FOSC1 | FOSCO |

bit 13

bit 13:

bit 12-9:

bit 8:

bit 7:

bit 6:

bit 5:

bit 3:

bit 2:

bit 4, 1-0:

bit 0

CP: Flash Program Memory Code Protection bit®®
(PIC16F648A)

1 = Code protection off
0 = 0000h to OFFFh code-protected

(PIC16F628A)

1 = Code protection off
0 =0000h to 07FFh code-protected

(PIC16F627A)

1 = Code protection off
0 = 0000h to 03FFh code-protected

Unimplemented: Read as ‘0’

CPD: Data Code Protection bit(®

1 = Data memory code protection off
0 = Data memory code-protected

LVP: Low-Voltage Programming Enable bit
1 = RB4/PGM pin has PGM function, low-voltage programming enabled
0 = RB4/PGM is digital I/0O, HV on MCLR must be used for programming

BOREN: Brown-out Reset Enable bit )
1 = BOR Reset enabled
0 = BOR Reset disabled

MCLRE: RA5/MCLR/VPP Pin Function Select bit
1 = RA5/MCLR/VPP pin function is MCLR
0 = RA5/MCLR/VPP pin function is digital Input, MCLR internally tied to VDD

PWRTE: Power-up Timer Enable bit @
1 = PWRT disabled
0 = PWRT enabled

WDTE: Watchdog Timer Enable bit
1 =WDT enabled
0 = WDT disabled

FOSC<2:0>: Oscillator Selection bits)

111 = RC oscillator: CLKOUT function on RA6/0OSC2/CLKOUT pin, Resistor and Capacitor on RA7/0OSC1/CLKIN

110 = RC oscillator: I/O function on RA6/OSC2/CLKOUT pin, Resistor and Capacitor on RA7/OSC1/CLKIN

101 = INTOSC oscillator: CLKOUT function on RA6/0OSC2/CLKOUT pin, I/O function on RA7/OSC1/CLKIN

100 = INTOSC oscillator: 1/0 function on RA6/0SC2/CLKOUT pin, I/O function on RA7/OSC1/CLKIN

011 = EC: I/O function on RA6/0SC2/CLKOUT pin, CLKIN on RA7/OSC1/CLKIN

010 = HS oscillator: High-speed crystal/resonator on RA6/0OSC2/CLKOUT and RA7/OSC1/CLKIN

001 = XT oscillator: Crystal/resonator on RA6/0OSC2/CLKOUT and RA7/OSC1/CLKIN

000 = LP oscillator: Low-power crystal on RA6/0SC2/CLKOUT and RA7/OSC1/CLKIN

Note 1: Enabling Brown-out Reset does not automatically enable the Power-up Timer (PWRT) the way it does on the
PIC16F627/628 devices.

2:  The code protection scheme has changed from the code protection scheme used on the PIC16F627/628 devices. The
entire Flash program memory needs to be bulk erased to set the CP bit, turning the code protection off. See
“PIC16F627A/628A/648A EEPROM Memory Programming Specification” (DS41196) for details.

3:  The entire data EEPROM needs to be bulk erased to set the CPD bit, turning the code protection off. See “PIC16F627A/
628A/648A EEPROM Memory Programming Specification” (DS41196) for details.

4: When MCLR is asserted in INTOSC mode, the internal clock oscillator is disabled.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = bit is set ‘0’ = bit is cleared X = bit is unknown
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14.2 Oscillator Configurations

14.2.1 OSCILLATOR TYPES

The PIC16F627A/628A/648A can be operated in eight
different oscillator options. The user can program three
configuration bits (FOSC2 through FOSCO) to select
one of these eight modes:

e LP Low Power Crystal

e XT Crystal/Resonator

e HS High Speed Crystal/Resonator

* RC External Resistor/Capacitor (2 modes)

¢ INTOSC Internal Precision Oscillator (2 modes)

- EC External Clock In

14.2.2 CRYSTAL OSCILLATOR / CERAMIC

RESONATORS

In XT, LP or HS modes a crystal or ceramic resonator
is connected to the OSC1 and OSC2 pins to establish
oscillation (Figure 14-1). The PIC16F627A/628A/648A
oscillator design requires the use of a parallel cut
crystal. Use of a series cut crystal may give a frequency
out of the crystal manufacturers specifications. When in
XT, LP or HS modes, the device can have an external
clock source to drive the OSC1 pin (Figure 14-4).
FIGURE 14-1: CRYSTAL OPERATION

(OR CERAMIC RESONATOR)
(HS, XT OR LP OSC
CONFIGURATION)

0SC1

cll(z)l

| XTAL

oscz2| *
(s}

c2@

Fosc

PIC16F627A/628A/648A

Note 1: A series resistor may be required for AT strip cut
crystals.
2: See Table 14-1 and Table 14-2 for recommended
values of C1 and C2.

TABLE 14-1: CAPACITOR SELECTION FOR
CERAMIC RESONATORS

Mode Freq 0SC1(C1) | 0SC2(C2)
XT 455kHz | 22-100 pF | 22-100 pF
2.0 MHz 15-68 pF 15-68 pF

4.0 MHz 15-68 pF 15-68 pF

HS | 8.0 MHz 10-68 pF 10-68 pF
16.0MHz | 10-22 pF 10-22 pF

Note: Higher capacitance increases the stability
of the oscillator, but also increases the
start-up time. These values are for design
guidance only. Since each resonator has
its own characteristics, the user should
consult the resonator manufacturer for
appropriate values of external compo-

nents.
TABLE 14-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR

Mode Freq OSC1(C1) 0OSC2(C2)
LP 32 kHz 15-30 pF 15-30 pF
200 kHz 0-15 pF 0-15 pF

XT 100 kHz 68-150 pF 150-200 pF
2 MHz 15-30 pF 15-30 pF
4 MHz 15-30 pF 15-30 pF
HS 8 MHz 15-30 pF 15-30 pF
10 MHz 15-30 pF 15-30 pF
20 MHz 15-30 pF 15-30 pF

Note: Higher capacitance increases the stability
of the oscillator, but also increases the
start-up time. These values are for design
guidance only. A series resistor (RS) may
be required in HS mode, as well as XT
mode, to avoid overdriving crystals with
low drive level specification. Since each
crystal has its own characteristics, the
user should consult the crystal manufac-
turer for appropriate values of external
components.
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14.2.3 EXTERNAL CRYSTAL OSCILLATOR
CIRCUIT

Either a prepackaged oscillator can be used or a simple
oscillator circuit with TTL gates can be built.
Prepackaged oscillators provide a wide operating
range and better stability. A well-designed crystal
oscillator will provide good performance with TTL
gates. Two types of crystal oscillator circuits can be
used; one with series resonance, or one with parallel
resonance.

Figure 14-2 shows implementation of a parallel
resonant oscillator circuit. The circuit is designed to
use the fundamental frequency of the crystal. The
74AS04 inverter performs the 180° phase shift that a
parallel oscillator requires. The 4.7 kQ resistor
provides the negative feedback for stability. The
10 kQ potentiometers bias the 74AS04 in the linear
region. This could be used for external oscillator
designs.

FIGURE 14-2: EXTERNAL PARALLEL
RESONANT CRYSTAL
OSCILLATOR CIRCUIT
+5V
To other
é Devices
10K

w\lf 74AS04 PIC16F627A/628A/648A
74AS04 CLKIN
->—[>O—4'

/gOK

XTAL

1
i

= ci1 L c2

10K

Figure 14-3 shows a series resonant oscillator circuit.
This circuit is also designed to use the fundamental
frequency of the crystal. The inverter performs a 180°
phase shift in a series resonant oscillator circuit. The
330 kQ resistors provide the negative feedback to bias
the inverters in their linear region.

FIGURE 14-3: EXTERNAL SERIES
RESONANT CRYSTAL
OSCILLATOR CIRCUIT
To other
330 KQ 330 KQ Devices

74AS04 74AS04 74AS04
CLKIN
0.1 pF

PIC16F627A/
628A/648A

14.2.4 PRECISION INTERNAL 4 MHz
OSCILLATOR

The internal precision oscillator provides a fixed 4 MHz
(nominal) system clock at Vbb = 5V and 25°C. See
Section 17.0 “Electrical Specifications”, for informa-
tion on variation over voltage and temperature.

14.2.5 EXTERNAL CLOCK IN

For applications where a clock is already available
elsewhere, users may directly drive the PIC16F627A/
628A/648A provided that this external clock source meets
the AC/DC timing requirements listed in Section 17.6
“Timing Diagrams and Specifications”. Figure 14-4
below shows how an external clock circuit should be
configured.
FIGURE 14-4: EXTERNAL CLOCK INPUT
OPERATION (EC, HS, XT
OR LP OSC
CONFIGURATION)

Clock from —[>o—> RA7/OSC1/CLKIN
ext. system

PIC16F627A/628A/648A

RA6 -e«——— | RA6/OSC2/CLKOUT
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14.2.6 RC OSCILLATOR

For applications where precise timing is not a
requirement, the RC oscillator option is available. The
operation and functionality of the RC oscillator is
dependent upon a number of variables. The RC oscillator
frequency is a function of:

« Supply voltage
¢ Resistor (RexT) and capacitor (CEXT) values
+ Operating temperature

The oscillator frequency will vary from unit-to-unit due
to normal process parameter variation. The difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CexT values. The user also needs to account for the
tolerance of the external R and C components.
Figure 14-5 shows how the R/C combination is
connected.

FIGURE 14-5: RC OSCILLATOR MODE
VDD
PIC16F627A/628A/648A
REXT RA7/0SC1/ Internal

T CLKIN }%—» Clock
CEXT JIEI

€

Vss —

Fosc/a
-4—| RA6/0SC2/CLKOUT

Recommended Values: 3 kQ <ReXT <100 kQ (VDD > 3.0V)
10 kQ<REXT<100 kQ(VDD<3.0V)
CEXT > 20 pF

The RC Oscillator mode has two options that control
the unused OSC2 pin. The first allows it to be used as
a general purpose 1/0O port. The other configures the
pin as an output providing the Fosc signal (internal
clock divided by 4) for test or external synchronization
purposes.

14.2.7 CLKOUT

The PIC16F627A/628A/648A can be configured to
provide a clock out signal by programming the
Configuration Word. The oscillator frequency, divided
by 4 can be used for test purposes or to synchronize
other logic.

14.2.8 SPECIAL FEATURE: DUAL-SPEED
OSCILLATOR MODES

A software programmable dual-speed oscillator mode
is provided when the PIC16F627A/628A/648A is
configured in the INTOSC oscillator mode. This feature
allows users to dynamically toggle the oscillator speed
between 4 MHz and 48 kHz nominal in the INTOSC
mode. Applications that require low-current power
savings, but cannot tolerate putting the part into Sleep,
may use this mode.

There is a time delay associated with the transition
between fast and slow oscillator speeds. This oscillator
speed transition delay consists of two existing clock
pulses and eight new speed clock pulses. During this
clock speed transition delay, the System Clock is halted
causing the processor to be frozen in time. During this
delay, the program counter and the CLKOUT stop.

The OSCF bit in the PCON register is used to control
Dual Speed mode. See Section 4.2.2.6 “PCON
Register”, Register 4-6.

14.3 Reset

The PIC16F627A/628A/648A differentiates between
various kinds of Reset:

a) Power-on Reset (POR)

b) MCLR Reset during normal operation
c) MCLR Reset during Sleep

d) WDT Reset (hormal operation)

e) WDT wake-up (Sleep)

f)  Brown-out Reset (BOR)

Some registers are not affected in any Reset condition;
their status is unknown on POR and unchanged in any
other Reset. Most other registers are reset to a “Reset
state” on Power-on Reset, Brown-out Reset, MCLR
Reset, WDT Reset and MCLR Reset during Sleep.
They are not affected by a WDT wake-up, since this is
viewed as the resumption of normal operation. TO and
PD bits are set or cleared differently in different Reset
situations as indicated in Table 14-4. These bits are
used in software to determine the nature of the Reset.
See Table 14-7 for a full description of Reset states of
all registers.

A simplified block diagram of the on-chip Reset circuit
is shown in Figure 14-6.

The MCLR Reset path has a noise filter to detect and
ignore small pulses. See Table 17-7 for pulse width
specification.

© 2007 Microchip Technology Inc.
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FIGURE 14-6:

SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

External

MCLR/
VPP Pin

Reset
7
Schmitt Trigger Input

Sleep

WDT wWDT
Module | Time-out

Reset

VDD

VDD Rise

Power-on Reset

! Detect
Brown-out
Reset

BOREN

OST/PWRT

Oosc1/
CLKIN
Pin

Note 1:

OST

10-bit Ripple-counter @

Chip_Reset

’_‘_/ R Q—»

on-chip®
OSC

Enable PWRT

Enable OST

This is a separate oscillator from the INTOSC/RC oscillator.

See Table 14-3 for time out situations.
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14.4 Power-on Reset (POR), Power-up
Timer (PWRT), Oscillator Start-up
Timer (OST) and Brown-out Reset
(BOR)

14.41 POWER-ON RESET (POR)

The on-chip POR holds the part in Reset until a VDD
rise is detected (in the range of 1.2-1.7V). A maxi-
mum rise time for VDD is required. See Section 17.0
“Electrical Specifications” for details.

The POR circuit does not produce an internal Reset
when VDD declines.

When the device starts normal operation (exits the
Reset condition), device operating parameters
(voltage, frequency, temperature, etc.) must be met to
ensure proper operation. If these conditions are not
met, the device must be held in Reset via MCLR, BOR
or PWRT until the operating conditions are met.

For additional information, refer to Application Note
ANG607 “Power-up Trouble Shooting” (DS00607).

14.4.2 POWER-UP TIMER (PWRT)

The PWRT provides a fixed 72 ms (nominal) time out
on power-up (POR) or if enabled from a Brown-out
Reset. The PWRT operates on an internal RC oscilla-
tor. The chip is keptin Reset as long as PWRT is active.
The PWRT delay allows the VDD to rise to an accept-
able level. A configuration bit, PWRTE can disable (if
set) or enable (if cleared or programmed) the PWRT. It
is recommended that the PWRT be enabled when
Brown-out Reset is enabled.

The power-up time delay will vary from chip-to-chip and
due to VDD, temperature and process variation. See
DC parameters Table 17-7 for details.

1443 OSCILLATOR START-UP TIMER

(OST)

The OST provides a 1024 oscillator cycle (from OSC1
input) delay after the PWRT delay is over. Program
execution will not start until the OST time out is
complete. This ensures that the crystal oscillator or
resonator has started and stabilized.

The OST time out is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
Sleep. See Table 17-7.

14.4.4 BROWN-OUT RESET (BOR)

The PIC16F627A/628A/648A have on-chip BOR
circuitry. A configuration bit, BOREN, can disable (if
clear/programmed) or enable (if set) the BOR circuitry.
If VDD falls below VBOR for longer than TBOR, the
brown-out situation will reset the chip. A Reset is not
assured if VDD falls below VBOR for shorter than TBOR.
VBOR and TBOR are defined in Table 17-2 and
Table 17-7, respectively.

On any Reset (Power-on, Brown-out, Watchdog, etc.),
the chip will remain in Reset until VDD rises above
VBOR (see Figure 14-7). The Power-up Timer will now
be invoked, if enabled, and will keep the chip in Reset
an additional 72 ms.

If VDD drops below VBOR while the Power-up Timer is
running, the chip will go back into a Brown-out Reset
and the Power-up Timer will be re-initialized. Once VDD
rises above VBOR, the Power-Up Timer will execute a
72 ms Reset. Figure 14-7 shows typical brown-out
situations.

FIGURE 14-7: BROWN-OUT SITUATIONS WITH PWRT ENABLED
VDD
________________________________ VBOR
> TBOR —»: :4—
Internal R ———
Reset 72ms
VDD
-————————————W ————————————— VBOR
g
Internal <72 ms -
Reset 72 ms
VDD
_____ \_____________f____________- VBOR
|
! I
Internal :
Reset 72ms
Note: 72 ms delay only if PWRTE bit is programmed to ‘0’.

© 2007 Microchip Technology Inc.

DS40044F-page 101



PIC16F627A/628A/648A

14.4.5 TIME OUT SEQUENCE

On power-up, the time out sequence is as follows: First
PWRT time-out is invoked after POR has expired. Then
OST is activated. The total time out will vary based on
oscillator configuration and PWRTE bit Status. For
example, in RC mode with PWRTE bit set (PWRT
disabled), there will be no time out at all. Figure 14-8,
Figure 14-11 and Figure 14-12 depict time out
sequences.

Since the time outs occur from the POR pulse, if MCLR
is kept low long enough, the time outs will expire. Then
bringing MCLR high will begin execution immediately
(see Figure 14-11). This is useful for testing purposes
or to synchronize more than one PIC16F627A/628A/
648A device operating in parallel.

Table 14-6 shows the Reset conditions for some
special registers, while Table 14-7 shows the Reset
conditions for all the registers.

14.4.6 POWER CONTROL (PCON) STATUS
REGISTER

The PCON/Status register, PCON (address 8Eh), has
two bits.

Bit 0 is BOR (Brown-out Reset). BOR is unknown on
Power-on Reset. It must then be set by the user and
checked on subsequent Resets to see if BOR = 0
indicating that a brown-out has occurred. The BOR
Status bit is a “don’'t care” and is not necessarily
predictable if the brown-out circuit is disabled (by
setting BOREN bit = 0 in the Configuration Word).

Bit 1 is POR (Power-on Reset). It is a ‘0’ on Power-on
Reset and unaffected otherwise. The user must write a
‘1’ to this bit following a Power-on Reset. On a
subsequent Reset if POR is ‘0’, it will indicate that a
Power-on Reset must have occurred (VDD may have
gone too low).

TABLE 14-3: TIME OUT IN VARIOUS SITUATIONS
Oscillator Configuration Power-up Timer Brown-out Reset Wake-up from
PWRTE = 0 PWRTE = 1 PWRTE = 0 PWRTE = 1 Sleep
XT, HS, LP 72 ms + 1024<Tosc 72 ms + 1024-Tosc 1024<Tosc
1024-Tosc 1024-Tosc
RC, EC 72 ms — 72 ms — —
INTOSC 72 ms — 72 ms — 6 us
TABLE 14-4: STATUS/PCON BITS AND THEIR SIGNIFICANCE
POR BOR TO PD Condition
0 X 1 1 Power-on Reset
0 X 0 X lllegal, TO is set on POR
0 X X 0 lllegal, PD is set on POR
1 0 X X Brown-out Reset
1 1 0 u WDT Reset
1 1 0 0 WDT Wake-up
1 1 u u MCLR Reset during normal operation
1 1 1 0 MCLR Reset during Sleep
Legend: u =unchanged, x = unknown
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TABLE 14-5: SUMMARY OF REGISTERS ASSOCIATED WITH BROWN-OUT RESET
value on Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 other
POR Reset @
Resets
03h, 83h, | STATUS | IRP RP1 RPO T0 PD z DC c 0001 1xxx | 000q quuu
103h, 183h
8Eh PCON — — — — OSCF — POR BOR ---- 1-0x | ---- u-uq
Legend: x = unknown, u = unchanged, - = unimplemented read as ‘'0’, g = value depends upon condition.

Shaded cells are not used by Brown-out Reset.

Note 1: Other (non Power-up) Resets include MCLR Reset, Brown-out Reset and Watchdog Timer Reset during normal operation.
TABLE 14-6: INITIALIZATION CONDITION FOR SPECIAL REGISTERS
Condition Counter Register Regiater
Power-on Reset 000h 0001 1xxx ---- 1-0x
MCLR Reset during normal operation 000h 000u uuuu ---- l-uu
MCLR Reset during Sleep 000h 0001 Ouuu ce-- 1-uu
WDT Reset 000h 0000 uuuu ---- 1l-uu
WDT Wake-up PC+1 uuul0 Ouuu ---- u-uu
Brown-out Reset 000h 000x xuuu ---- 1-u0
Interrupt Wake-up from Sleep pC +1W uuul Ouuu ---- u-uu
Legend: wu=unchanged, x =unknown, - =unimplemented bit, reads as ‘0’.

Note 1. When the wake-up is due to an interrupt and global enable bit, GIE is set, the PC is loaded with the interrupt vector

(0004h) after execution of PC + 1.
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TABLE 14-7: INITIALIZATION CONDITION FOR REGISTERS
+ MCLR Reset during normal Wake-up from Sleepm through
operation interrupt
Register Address Power-on Reset |« MCLR Reset during Sleep Wake-up from Sleep(”) through
« WDT Reset WDT time out
« Brown-out Reset @
W — XXXX XXXX uuuu uuuu uyuu uuuu
INDF 00h, 80h, — — —
100h, 180h
TMRO 01h, 101h KXXX XXXX uuuu uuuu uuuu uuuu
PCL 02h, 82h, 0000 0000 0000 0000 pc + 10
102h, 182h
STATUS 03h, 83h, 0001 1xxx 000q quuu® uuug ouuu
103h, 183h
FSR 04h, 84h, XXX XXXX uuuu uuuu uuuu uuuu
104h, 184h
PORTA 05h xxxX 0000 xxxX 0000 uuuu uuuu
PORTB 06h, 106h XXXX XXXX uuuu uuuu uuuu uuuu
PCLATH 0Ah, 8Ah, ---0 0000 ---0 0000 ---u uuuu
10Ah, 18Ah
INTCON 0Bh, 8Bh, 0000 000x 0000 000u uuuu uggg®
10Bh,18Bh
PIR1 0Ch 0000 -000 0000 -000 qaqa -agq‘?
TMRI1L OEh XKXXX XXXX uuuu uuuu uuuu uuuu
TMR1H OFh XXXX XXXX uuuu uuuu uuuu uuuu
T1CON 10h --00 0000 --uu uuuu® --uu uuuu
TMR2 11h 0000 0000 0000 0000 uuuu uuuu
T2CON 12h -000 0000 -000 0000 -uuu uuuu
CCPR1L 15h XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1H 16h XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON 17h --00 0000 --00 0000 --uu uuuu
RCSTA 18h 0000 000x 0000 000x uuuu uuuu
TXREG 19h 0000 0000 0000 0000 uuuu uuuu
RCREG 1Ah 0000 0000 0000 0000 uuuu uuuu
CMCON 1Fh 0000 0000 0000 0000 uu-- uuuu
OPTION 81h,181h 1111 1111 1111 1111 uuuu uuuu
TRISA 85h 1111 1111 1111 1111 uuuu uuuu
TRISB 86h, 186h 1111 1111 1111 1111 uuuu uuuu
PIE1 8Ch 0000 -000 0000 -000 uuuu -uuu
PCON 8Eh —--- 1-0x -——- 1-ug®d ---- u-uu
PR2 92h 1111 1111 1111 1111 uuuu uuuu
TXSTA 98h 0000 -010 0000 -010 uuuu -uuu
SPBRG 99h 0000 0000 0000 0000 uuuu uuuu
EEDATA 9Ah KXXX XXXX uuuu uuuu uuuu uuuu
EEADR 9Bh KXXX XXXX uuuu uuuu uuuu uuuu
EECON1 9Ch ---- x000 ---- g000 ---- uuuu
EECON2 9Dh — — —
VRCON 9Fh 000- 0000 000- 0000 uuu- uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, reads as ‘0’, g = value depends on condition.
Note 1: If VDD goes too low, Power-on Reset will be activated and registers will be affected differently.
2: One or more bits in INTCON and PIR1 will be affected (to cause wake-up).
3:  When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h).
4: See Table 14-6 for Reset value for specific condition.
5: If Reset was due to brown-out, then bit 0 = 0. All other Resets will cause bit 0 = u.
6: Resetto‘--00 0000’ on a Brown-out Reset (BOR).
7. Peripherals generating interrupts for wake-up from Sleep will change the resulting bits in the associated registers.
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FIGURE 14-8: TIME OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE
VDD —/
MCLR —
Internal POR H

PWRT Time Out

OST Time Out

Internal Reset

TPWRT !

1< TOST—>

PWRT Time Out

OST Time Out

Internal Reset

FIGURE 14-9: TIME OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2
VDD —/ :
MCLR — /
Internal POR H :

TPWRT

PWRT Time Out

OST Time Out

Internal Reset

FIGURE 14-10: TIME OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)
VDD —/
MCLR o
Internal POR ﬂ

, TPWRF
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FIGURE 14-13:

EXTERNAL BROWN-OUT
PROTECTION CIRCUIT 2

FIGURE 14-11: EXTERNAL POWER-ON

RESET CIRCUIT (FOR
SLOW Vbb POWER-UP)

VDD VDD
D R PIC16F627A/628A/648A
R1
MCLR
c

Note 1:

1

External Power-on Reset circuit is required
only if VDD power-up slope is too slow. The
diode D helps discharge the capacitor
quickly when VDD powers down.

R < 40 kQ is recommended to make sure
that voltage drop across R does not violate
the device’s electrical specification.

R1 =100Q to 1 kQ will limit any current
flowing into MCLR from external capacitor
C in the event of MCLR/VPP pin break-
down due to Electrostatic Discharge (ESD)
or Electrical Overstress (EOS).

VDD

FIGURE 14-12:

EXTERNAL BROWN-OUT
PROTECTION CIRCUIT 1

VDD

33k

Note 1:

J VDD

10k MCLR

40k | PIC16F627A/628A/648A

This circuit will activate Reset when VDD
goes below (Vz + 0.7V) where Vz = Zener
voltage.

Internal Brown-out Reset circuitry should
be disabled when using this circuit.

R1

R2

Note 1:

J‘ VDD
Q1

MCLR

40k | pICc16F627A/628A/648A

This brown-out circuit is less expensive,
albeit less accurate. Transistor Q1 turns off
when VDD is below a certain level such that:

VDD X =07V

R
R1+R2
Internal Brown-out Reset should be

disabled when using this circuit.
Resistors should be adjusted for the
characteristics of the transistor.
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145 Interrupts

The PIC16F627A/628A/648A has 10 sources of
interrupt:

< External Interrupt RBO/INT

« TMRO Overflow Interrupt

* PORTB Change Interrupts (pins RB<7:4>)

e Comparator Interrupt

¢ USART Interrupt TX

¢ USART Interrupt RX

¢ CCP Interrupt

« TMR1 Overflow Interrupt

* TMR2 Match Interrupt

» Data EEPROM Interrupt

The Interrupt Control register (INTCON) records

individual interrupt requests in flag bits. It also has
individual and global interrupt enable bits.

A Global Interrupt Enable bit, GIE (INTCON<7>)
enables (if set) all un-masked interrupts or disables (if
cleared) all interrupts. Individual interrupts can be
disabled through their corresponding enable bits in
INTCON register. GIE is cleared on Reset.

The “return-from-interrupt” instruction, RETFIE, exits
interrupt routine as well as sets the GIE bit, which re-
enables RBO/INT interrupts.

The INT pin interrupt, the RB port change interrupt and
the TMRO overflow interrupt flags are contained in the
INTCON register.

The peripheral interrupt flag is contained in the special
register PIR1. The corresponding interrupt enable bit is
contained in special registers PIEL.

FIGURE 14-14: INTERRUPT LOGIC

When an interrupt is responded to, the GIE is cleared
to disable any further interrupt, the return address is
pushed into the stack and the PC is loaded with 0004h.
Once in the interrupt service routine, the source(s) of
the interrupt can be determined by polling the interrupt
flag bits. The interrupt flag bit(s) must be cleared in
software before re-enabling interrupts to avoid RBO/
INT recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs (Figure 14-15).
The latency is the same for one or two-cycle instructions.
Once in the interrupt service routine, the source(s) of the
interrupt can be determined by polling the interrupt flag
bits. The interrupt flag bit(s) must be cleared in software
before re-enabling interrupts to avoid multiple interrupt
requests.

Note 1: Individual interrupt flag bits are set
regardless of the status of their
corresponding mask bit or the GIE bit.

2: When an instruction that clears the GIE
bit is executed, any interrupts that were
pending for execution in the next cycle
are ignored. The CPU will execute a NOP
in the cycle immediately following the
instruction which clears the GIE bit. The
interrupts which were ignored are still
pending to be serviced when the GIE bit
is set again.

TMRL1IF
TMRLIE

TMRZIF:I ‘/\
TMR2IE
CCP1IF
CCP1IE 1
CMIF
CMIE
TXIF
TXIE
RCIF :1 )
RCIE
EEIF:I )
EEIE

TOIF :]:)7
TOIE

Wake-up (if in Sleep mode)®

Interrupt to CPU

Note 1: Some peripherals depend upon the system clock for operation. Since the system clock is
suspended during Sleep, only those peripherals which do not depend upon the system
clock will wake the part from Sleep. See Section 14.8.1 “Wake-up from Sleep”.
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1451 RBO/INT INTERRUPT

External interrupt on the RBO/INT pin is edge triggered;
either rising if INTEDG bit (OPTION<6>) is set, or
falling, if INTEDG bit is clear. When a valid edge
appears on the RBO/INT pin, the INTF bit
(INTCON<1>) is set. This interrupt can be disabled by
clearing the INTE control bit INTCON<4>). The INTF
bit must be cleared in software in the interrupt service
routine before re-enabling this interrupt. The RBO/INT
interrupt can wake-up the processor from Sleep, if the
INTE bit was set prior to going into Sleep. The status of
the GIE bit decides whether or not the processor
branches to the interrupt vector following wake-up. See
Section 14.8 “Power-Down Mode (Sleep)” for details
on Sleep, and Figure 14-17 for timing of wake-up from
Sleep through RBO/INT interrupt.

145.2 TMRO INTERRUPT

An overflow (FFh — 00h) in the TMRO register will set the
TOIF (INTCON<2>) bit. The interrupt can be enabled/
disabled by setting/clearing TOIE (INTCON<5>) bit. For
operation of the Timer0 module, see Section 6.0
“Timer0 Module”.

FIGURE 14-15:

INT PIN INTERRUPT TIMING

1453 PORTB INTERRUPT

An input change on PORTB <7:4> sets the RBIF
(INTCON<0>) hit. The interrupt can be enabled/disabled
by setting/clearing the RBIE (INTCON<3>) bit. For
operation of PORTB (Section 5.2 “PORTB and TRISB
Registers”).

Note: If a change on the I/O pin should occur
when the read operation is being executed
(starts during the Q2 cycle and ends before
the start of the Q3 cycle), then the RBIF

interrupt flag may not get set.

1454 COMPARATOR INTERRUPT

See Section 10.6 “Comparator Interrupts” for
complete description of comparator interrupts.

0OSC1

INT pin

Q1] Q2| @3] Q4. Q1] Q2| Q3] Q4. Q1] Q2| Q3] Q4: Q1] Q2| Q3] Q4. Q1] Q2| Q3| Q4.
CLKOUT(3) A A W A A W

L “

Y@

INTFflag YD /@)

Interrupt Latency (2)

(INTCON<1>)
GIE bit

(INTCON<7>)

Instruction Flow

PC+1

0005h

Instruction {

Fetched Inst (PC)

Inst (PC + 1)

Inst (PC - 1) Inst (PC)

PC ¢ PC X
Executed ' '

Instruction {

Note 1. INTF flag is sampled here (every Q1).

»

X

2:  Asynchronous interrupt latency = 3-4 Tcy. Synchronous latency = 3 Tcy, where Tcy = instruction cycle time.
Latency is the same whether Inst (PC) is a single cycle or a two-cycle instruction.

3: CLKOUT is available in RC and INTOSC oscillator mode.

For minimum width of INT pulse, refer to AC specs.

5: INTF is enabled to be set anytime during the Q4-Q1 cycles.

Dummy Cycle

Inst (0004h)

0004h X
: Inst (0005h)

Inst (0004h)

PC+1 X
' Dummy Cycle
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TABLE 14-8: SUMMARY OF INTERRUPT REGISTERS
value on Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 other
POR Reset @
Resets
0Bh, 8Bh, [INTCON| GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
10Bh, 18Bh
0Ch PIR1 EEIF | CMIF RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
8Ch PIE1 EEIE | CMIE RCIE TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000 | 0000 -000

Note 1: Other (non Power-up) Resets include MCLR Reset, Brown-out Reset and Watchdog

operation.

14.6 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key
registers during an interrupt (e.g., W register and
Status register). This must be implemented in software.

Example 14-1 stores and restores the Status and W
registers. The user register, W_TEMP, must be defined
in a common memory location (i.e., W_TEMP is
defined at 0x70 in Bank O and is therefore, accessible
at OxF0, 0x170 and Ox1F0). The Example 14-1:

« Stores the W register

« Stores the Status register

» Executes the ISR code

« Restores the Status (and bank select bit register)

« Restores the W register

SAVING THE STATUS
AND W REGISTERS IN
RAM

EXAMPLE 14-1:

MOVWF W_TEMP ;copy W to temp register,
;could be in any bank

SWAPF STATUS, W ;swap status to be saved
;jinto W

BCF STATUS,RPO ;change to bank 0
;regardless of current
;bank

MOVWF STATUS_TEMP ;save status to bank 0
;register

: (ISR)

SWAPF STATUS_TEMP,W; swap STATUS_ TEMP

register
;into W, sets bank to

original
;state

MOVWF STATUS ;move W into STATUS
;register

SWAPF W_TEMP, F ;swap W_TEMP

SWAPF W_TEMP, W ;swap W_TEMP into W

Timer Reset during normal

14.7 Watchdog Timer (WDT)

The Watchdog Timer is a free running on-chip RC
oscillator which does not require any external
components. This RC oscillator is separate from the
RC oscillator of the CLKIN pin. That means that the
WDT will run, even if the clock on the OSC1 and OSC2
pins of the device has been stopped, for example, by
execution of a SLEEP instruction. During normal
operation, a WDT time out generates a device Reset. If
the device is in Sleep mode, a WDT time out causes
the device to wake-up and continue with normal
operation. The WDT can be permanently disabled by
programming the configuration bit WDTE as clear
(Section 14.1 “Configuration Bits”).

14.7.1 WDT PERIOD

The WDT has a nominal time-out period of 18 ms (with
no prescaler). The time-out periods vary with
temperature, VDD and process variations from part to
part (see DC Specifications, Table 17-7). If longer time-
out periods are desired, a postscaler with a division ratio
of up to 1:128 can be assigned to the WDT under
software control by writing to the OPTION register. Thus,
time-out periods up to 2.3 seconds can be realized.

The CLRWDT and SLEEP instructions clear the WDT
and the postscaler, if assigned to the WDT, and prevent
it from timing out and generating a device Reset.

The TO bit in the Status register will be cleared upon a
Watchdog Timer time out.

14.7.2 WDT PROGRAMMING

CONSIDERATIONS

It should also be taken in account that under worst case
conditions (VDD = Min., Temperature = Max., max.
WNDT prescaler) it may take several seconds before a
WDT time out occurs.

© 2007 Microchip Technology Inc.
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FIGURE 14-16: WATCHDOG TIMER BLOCK DIAGRAM
From TMRO Clock Source
(Figure 6-1)
L :
ﬁ WDT Postscaler/
Watchdog X TMRO Prescaler
Timer * 1 3
Y
8to 1 MUX .
T bea \ <~ PS<2:0>
wDT
Enable Bit
&———» To TMRO
(Figure 6-1)
0 MUX 1 PSA
WDT
Time-out
Note: TOSE, TOCS, PSA, PS0-PS2 are bits in the OPTION register.
TABLE 14-9: SUMMARY OF WATCHDOG TIMER REGISTERS
Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 2 Bit 1 Bit 0 all other
POR Reset
Resets
2007h CONFIG LVP | BOREN | MCLRE | FOSC2 | PWRTE | WDTE | FOSC1 | FOSCO |uuuu uuuu |uuuu uuuu
81h, 181h | OPTION | RBPU | INTEDG | TOCS TOSE PS2 PS1 PS0O 1111 1111(1111 1111
Legend: x =unknown, u=unchanged, - = unimplemented read as ‘0’, g = value depends upon condition.

Note: Shaded cells are not used by the Watchdog Timer.

14.8 Power-Down Mode (Sleep)

The Power-down mode is entered by executing a
SLEEP instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit in the Status register is
cleared, the TO bit is set, and the oscillator driver is
turned off. The 1/O ports maintain the status they had,
before SLEEP was executed (driving high, low or high-
impedance).

For lowest current consumption in this mode, all /0
pins should be either at VDD or Vss with no external
circuitry drawing current from the 1/O pin and the
comparators, and VREF should be disabled. /O pins
that are high-impedance inputs should be pulled high
or low externally to avoid switching currents caused by
floating inputs. The TOCKI input should also be at VDD
or Vss for lowest current consumption. The
contribution from on chip pull-ups on PORTB should be
considered.

The MCLR pin must be at a logic high level (ViHMC).

Note: It should be noted that a Reset generated
by a WDT time-out does not drive MCLR
pin low.
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14.8.1 WAKE-UP FROM SLEEP

The device can wake-up from Sleep through one of the
following events:

1. External Reset input on MCLR pin
2. Watchdog Timer wake-up (if WDT was enabled)

3. Interrupt from RBO/INT pin, RB port change, or
any peripheral interrupt, which is active in Sleep.

The first event will cause a device Reset. The two latter
events are considered a continuation of program
execution. The TO and PD bits in the Status register
can be used to determine the cause of device Reset.
PD bit, which is set on power-up, is cleared when Sleep
is invoked. TO bit is cleared if WDT wake-up occurred.

FIGURE 14-17:

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the
interrupt address (0004h). In cases where the
execution of the instruction following SLEEP is not
desirable, the user should have an NOP after the SLEEP
instruction.

Note: If the global interrupts are disabled (GIE is
cleared), but any interrupt source has both
its interrupt enable bit and the corresponding
interrupt flag bits set, the device will not enter
Sleep. The SLEEP instruction is executed as

a NOP instruction.

The WDT is cleared when the device wakes up from
Sleep, regardless of the source of wake-up.

WAKE-UP FROM SLEEP THROUGH INTERRUPT

. Q11 Q2| @3l @4, Q11Q2] @3l @4, Qi

. Q1 Q21 Q3| Q4, Q1l Q2] Q31 Q4, Q1 Q2 Q3| Q4, Q1lQ2| Q3| Q4

in-line.

0osc1 NN\ =\ O\ '
CLKOUT® . |  Tost?) / \ / A\ / A Va—
INT pin ' ' ' : ' ' ] | !
INTFflag . : : ' ' : ' ' '
(INTCON<1>) /i . Interrupt Latengy ) o ,
GIE bit : : : ! ' (Note 2) ! : : !
i -
(INTCON<75)’ : 1 Processor in : : \ : : :
' , . Sleep " ! ! ! , '
Instruction Fllow : : ! : : : : :
PC X PC X _PC+1 X PC +2 X PC+2 X PC+ 2 X 0004h®7__ )Y 0005h .
P:ttéﬁgtci'on { : Inst(PC) = Sleep: Inst(PC + 1) : : Inst(PC + 2) : : Inst(0004h) : Inst(0005h) :
E)?é%%ggn { ¢« Inst(PC-1) + Sleep ! +Inst(PC+1) .« Dummycycle .  Dummycycle:  |nst(0004h)
Note 1: XT, HS or LP Oscillator mode assumed.

2: TosT = 1024 Tosc (drawing not to scale). Approximately 1 us delay will be there for RC Oscillator mode.
3: GIE = 1 assumed. In this case, after wake-up the processor jumps to the interrupt routine. If GIE = 0, execution will continue

4: CLKOUT is not available in these Oscillator modes, but shown here for timing reference.

14.9 Code Protection

With the Code-Protect bit is cleared (Code-Protect
enabled), the contents of the program memory
locations are read out as ‘0’. See “PIC16F627A/628A/
648A EEPROM Memory Programming Specification”
(DS41196) for details.

Note:

Only a Bulk Erase function can set the CP
and CPD bits by turning off the code
protection. The entire data EEPROM and
Flash program memory will be erased to
turn the code protection off.

14.10 User ID Locations

Four memory locations (2000h-2003h) are designated
as user ID locations where the user can store
checksum or other code-identification numbers. These
locations are not accessible during normal execution
but are readable and writable during Program/Verify.
Only the Least Significant 4 bits of the user ID locations
are used for checksum calculations although each
location has 14 bits.
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14.11 In-Circuit Serial Programming™
(Icsp™)

The PIC16F627A/628A/648A microcontrollers can be
serially programmed while in the end application circuit.
This is simply done with two lines for clock and data,
and three other lines for power, ground and the
programming voltage. This allows customers to
manufacture boards with unprogrammed devices and
then program the microcontroller just before shipping
the product. This also allows the most recent firmware
or custom firmware to be programmed.

The device is placed into a Program/Verify mode by
holding the RB6 and RB7 pins low while raising the
MCLR (VpPpP) pin from VIL to VIHH. See “PIC16F627A/
628A/648A EEPROM Memory Programming
Specification” (DS41196) for details. RB6 becomes the
programming clock and RB7 becomes the programming
data. Both RB6 and RB7 are Schmitt Trigger inputs in
this mode.

After Reset, to place the device into Programming/Verify
mode, the Program Counter (PC) is at location 00h. A
6-bit command is then supplied to the device. Depending
on the command, 14 bits of program data are then
supplied to or from the device, depending if the command
was a load or a read. For complete details of serial
programming, please refer to “PIC16F627A/628A/648A
EEPROM Memory Programming  Specification”
(DS41196).

A typical In-Circuit Serial Programming connection is
shown in Figure 14-18.

FIGURE 14-18: TYPICAL IN-CIRCUIT
SERIAL PROGRAMMING
CONNECTION
: To Normal
External : Connections
Connector : J PIC16F627A/628A/648A
Signals ,
+5V L VoD
OV — Vss
VPP | — ® RA5/MCLR/Vpp
CLK [ RB6/PGC
Data I/O : RB7/PGD
E VDD
E To Normal
. Connections

14.12 Low-Voltage Programming

The LVP bit of the Configuration Word, enables the low-
voltage programming. This mode allows the
microcontroller to be programmed via ICSP using only
a 5V source. This mode removes the requirement of
VIHH to be placed on the MCLR pin. The LVP bit is
normally erased to ‘1’ which enables the low-voltage
programming. In this mode, the RB4/PGM pin is
dedicated to the programming function and ceases to
be a general purpose I/O pin. The device will enter
Programming mode when a ‘1’ is placed on the RB4/
PGM pin. The High-Voltage Programming mode is still
available by placing VIHH on the MCLR pin.

Note 1: While in this mode, the RB4 pin can no
longer be used as a general purpose I/O
pin.

2: VDD must be 5.0V +10% during erase
operations.

If Low-Voltage Programming mode is not used, the
LVP bit should be programmed to a ‘0’ so that RB4/
PGM becomes a digital I/0 pin. To program the device,
VIHH must be placed onto MCLR during programming.
The LVP bit may only be programmed when program-
ming is entered with ViIHH on MCLR. The LVP bit
cannot be programmed when programming is entered
with RB4/PGM.

It should be noted, that once the LVP bit is programmed
to ‘0’, only High-Voltage Programming mode can be
used to program the device.
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14.13 In-Circuit Debugger

Since in-circuit debugging requires the loss of clock,
data and MCLR pins, MPLAB®ICD 2 development with
an 18-pin device is not practical. A special 28-pin
PIC16F648A-ICD device is used with MPLAB ICD 2 to
provide separate clock, data and MCLR pins and frees
all normally available pins to the user. Debugging of all
three versions of the PIC16F627A/628A/648A is
supported by the PIC16F648A-ICD.

This special ICD device is mounted on the top of a
header and its signals are routed to the MPLAB ICD 2
connector. On the bottom of the header is an 18-pin
socket that plugs into the user’s target via an 18-pin
stand-off connector.

When the ICD pin on the PIC16F648A-ICD device is
held low, the In-Circuit Debugger functionality is
enabled. This function allows simple debugging
functions when used with MPLAB ICD 2. When the
microcontroller has this feature enabled, some of the
resources are not available for general use. Table 14-19
shows which features are consumed by the background
debugger.

TABLE 14-19: DEBUGGER RESOURCES

I/O pins ICDCLK, ICDDATA
Stack 1 level
Program Memory Address Oh must be NOP
300h-3FEh

The PIC16F648A-ICD device with header is supplied
as an assembly. See Microchip Part Number
AC162053.

© 2007 Microchip Technology Inc.
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NOTES:
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15.0 INSTRUCTION SET SUMMARY

Each PIC16F627A/628A/648A instruction is a 14-bit
word divided into an OPCODE which specifies the
instruction type and one or more operands which
further specify the operation of the instruction. The
PIC16F627A/628A/648A instruction set summary in
Table 15-2 lists byte-oriented, bit-oriented, and
literal and control operations. Table 15-1 shows the
opcode field descriptions.

For byte-oriented instructions, ‘f' represents a file
register designator and ‘d’ represents a destination
designator. The file register designator specifies which
file register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If ‘d’ is zero, the result is
placed in the W register. If ‘d’ is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, ‘b’ represents a bit field
designator which selects the number of the bit affected
by the operation, while ‘f’ represents the number of the
file in which the bit is located.

For literal and control operations, ‘k’ represents an
eight or eleven bit constant or literal value.

15.1 Read-Modify-Write Operations

Any instruction that specifies a file register as part of
the instruction performs a Read-Modify-Write (R-M-W)
operation. The register is read, the data is modified,
and the result is stored according to either the instruc-
tion, or the destination designator ‘d’. A read operation
is performed on a register even if the instruction writes
to that register.

For example, a “clrf PORTB” instruction will read
PORTB, clear all the data bits, then write the result
back to PORTB. This example would have the unin-
tended result that the condition that sets the RBIF flag
would be cleared for pins configured as inputs and
using the PORTB interrupt-on-change feature.

TABLE 15-1: OPCODE FIELD
DESCRIPTIONS

Field Description

Register file address (0x00 to Ox7F)

Working register (accumulator)

Bit address within an 8-bit file register

Literal field, constant data or label

XWD‘E""

Don't care location (= 0 or 1)

The assembler will generate code with x = 0. It is the
recommended form of use for compatibility with all
Microchip software tools.

d Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd = 1

TO Time-out bit

PD Power-down bit

The instruction set is highly orthogonal and is grouped
into three basic categories:

« Byte-oriented operations
e Bit-oriented operations
« Literal and control operations

All instructions are executed within one single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of an
instruction. In this case, the execution takes two
instruction cycles with the second cycle executed as a
NOP. One instruction cycle consists of four oscillator
periods. Thus, for an oscillator frequency of 4 MHz, the
normal instruction execution time is 1us. If a
conditional test is true or the program counter is
changed as a result of an instruction, the instruction
execution time is 2 us.

Table 15-2 lists the instructions recognized by the
MPASM™ assembler.

Figure 15-1 shows the three general formats that the
instructions can have.

Note 1: Any unused opcode is reserved. Use of
any reserved opcode may cause unex-
pected operation.

2: To maintain upward compatibility with
future PIC MCU products, do not use the
OPTION and TRIS instructions.

All examples use the following format to represent a
hexadecimal number:

0xhh

where ‘h’ signifies a hexadecimal digit.

FIGURE 15-1: GENERAL FORMAT FOR

INSTRUCTIONS

Byte-oriented file register operations
13 8 7 6 0

OPCODE | d | f (FILE #)

d = o for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 76 0

OPCODE | b (BIT #) | f (FILE #)

b = 3-bit bit address
f = 7-bit file register address

Literal and control operations
General
13 87 0
| OPCODE | K (literal) |

k = 8-bit immediate value

CALL and GOTO instructions only
13 11 10 0

| OPCODE | k (literal) |
k = 11-bit immediate value
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TABLE 15-2: PIC16F627A/628A/648A INSTRUCTION SET

Mnemonic, _— 14-Bit Opcode Status
Operands Description Cycles Affected Notes
MSb LSb
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d Add W and f 1 00 0111 dfff £fff |C,DC,Z 1,2
ANDWF f,d AND W with f 1 00 0101 dfff f£fff |Z 1,2
CLRF f Clear f 1 00 0001 1fff ffff |Z 2
CLRW — Clear W 1 00 0001 Oxxx xxxXx |Z
COMF f, d Complement f 1 00 1001 dfff ffff |Z 1,2
DECF f,d Decrement f 1 00 0011 dfff f£fff |Z 1,2
DECFSZ f,d | Decrementf, Skip if 0 1@ 00 1011 dfff ffff 1,2,3
INCF f, d Increment f 1 00 1010 dfff ffff |Z 1,2
INCFSZ f.d | Increment f, Skip if O 1@ 00 1111 dfff ffff 1,2,3
IORWF f, d Inclusive OR W with f 1 00 0100 dfff ffff |Z 1,2
MOVF f, d Move f 1 00 1000 dfff £ffff |Z 1,2
MOVWF f Move W to f 1 00 0000 1fff ffff
NOP — No Operation 1 00 0000 O0xx0 0000
RLF f, d Rotate Left f through Carry 1 00 1101 dfff ffff |C 1,2
RRF f, d Rotate Right f through Carry 1 00 1100 dfff ffff |(C 1,2
SUBWF f,d Subtract W from f 1 00 0010 dfff £ffff |C,DC,Z 1,2
SWAPF f, d Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f,d Exclusive OR W with f 1 00 0110 dfff f£fff |Z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f, b Bit Clear f 1 01 00bb bfff ffff 1,2
BSF f,b |BitSetf 1 01 0lbb bfff £ffff 1,2
BTFSC f,b | Bit Testf, Skip if Clear 1@ 01 10bb bfff ffff 3
BTFSS f.b | Bit Test f, Skip if Set 1@ 01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS

ADDLW k Add literal and W 1 11 111x kkkk kkkk |C,DC,Z
ANDLW k AND literal with W 1 11 1001 kkkk kkkk |Z
CALL k Call subroutine 2 10 Okkk kkkk Xkkkk |
CLRWDT — Clear Watchdog Timer 1 00 0000 0110 0100 [TO,PD
GOTO k Go to address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk |Z
MOVLW k Move literal to W 1 11 00xx kkkk kkkk
RETFIE — Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11 01lxx kkkk kkkk
RETURN — Return from Subroutine 2 00 0000 0000 1000 |
SLEEP — Go into Standby mode 1 00 0000 0110 0011 [TO,PD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkk |C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk |Z

Note 1: When an I/O register is modified as a function of itself (e.g., MOVF PORTB,

1), the value used will be that value present on the

pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an external device, the data
will be written back with a ‘0.
2: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if assigned to the
Timer0 Module.
3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is executed

as a NOP.
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15.2 Instruction Descriptions
ADDLW Add Literal and W ANDLW AND Literal with W
Syntax: [label] ADDLW  k Syntax: [label] ANDLW Kk
Operands: 0<k<255 Operands: 0 <k <255
Operation: (W) + k= (W) Operation: (W) .AND. (K) = (W)
Status_Affected: C,DC,z Status Affected: 7
Encoding: ‘ - ‘ i ‘ e ‘ i ‘ Encoding: ‘ 11 ‘ 1001 ‘ kkkk ‘ kkkk ‘
Description: The contents of the W register D Lo - W reai
are added to the eight bit literal escription: ANeD?ogte_n:]s E _rigls_t elr arel
‘k’ and the result is placed in the o T:‘ wit lt_e ellg td it |thera:N
W register. - The result is placed in the
register.
Words: 1
Words: 1
Cycles: 1
Cycles: 1
Example ADDLW  0x15
Before Instruction Example ANDLW  Ox5F
W = 0x10 Before Instruction
After Instruction W = OxA3
W = 0x25 After Instruction
W = 0x03
ADDWF Add W and f ANDWF AND W with f
Syntax: [label ] ADDWF fd Syntax: [label] ANDWF fd
Operands: 0<f<127 Operands: 0<f<127
de [0,1] de [0,1]
Operation: (W) + (f) - (dest) Operation: (W) .AND. (f) — (dest)
Status Affected: C,DC, Z Status Affected: Z
Encoding: ‘ 00 ‘ 0111 ‘ afff ‘ EEFE Encoding: ‘ 00 ‘ 0101 ‘ Afff ‘ FEEE ‘
Description: Add the contents of the W Description: AND the W register with register
register with register ‘f". If ‘d’ is ‘. If ‘'d’ is ‘0’, the result is stored
‘0’, the result is stored in the W in the W register. If ‘d’ is ‘1’, the
register. If ‘d’ is ‘1’, the result is result is stored back in register
stored back in register ‘f'. ‘.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Example ADDWF REG1l, 0 Example ANDWF REG1, 1

Before Instruction

w = 0x17

REG1 = 0xC2
After Instruction

wW = 0xD9

REG1 = 0xC2

Z =0

C =0

DC =0

Before Instruction

w = 0x17

REG1 = 0xC2
After Instruction

w = 0x17

REG1 = 0x02
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BCF Bit Clear f
Syntax: [label ] BCF fb
Operands: 0<f<127

0<b<7
Operation: 0 — (f<b>)
Status Affected:  None
Encoding: ‘ 01 ‘ 00bb ‘ bEEF ‘ FEEE ‘
Description: Bit ‘b’ in register ‘f’ is cleared.
Words: 1
Cycles: 1
Example BCF REG1, 7

Before Instruction

REG1 = O0xC7
After Instruction
REG1 = 0x47

BSF Bit Set f
Syntax: [label ]BSF fb
Operands: 0<f<127

0<b<7
Operation: 1 — (f<b>)
Status Affected:  None
Encoding: ‘ 01 ‘ 01bb ‘ bfff ‘ ffEff ‘
Description: Bit ‘b’ in register ‘f’ is set.
Words: 1
Cycles: 1
Example BSF REG1, 7

Before Instruction

REG1
After Instruction
REG1

Ox0A

Ox8A

BTFSC Bit Test f, Skip if Clear

Syntax: [label ] BTFSC f,b

Operands: 0<f<127
0<b<7

Operation: skip if (f<b>) = 0

Status Affected:  None

Encoding: 01 ‘ 10bb ‘ bEff ‘ ffEfE

Description: If bit ‘b” in register ‘' is ‘0’, then the
next instruction is skipped.
If bit ‘b’ is ‘0, then the next
instruction fetched during the
current instruction execution is
discarded, and a NOP is executed
instead, making this a two-cycle
instruction.

Words: 1

Cycles: 1(2)

Example HERE BTFSC  REG1

FALSE GOTO
TRUE .
.

PROCESS_CODE

Before Instruction
PC = address HERE
After Instruction
if REG<1> = 0,
PC = address TRUE
if REG<1> =1,
PC = address FALSE
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BTFSS Bit Test f, Skip if Set CALL Call Subroutine
Syntax: [label ] BTFSS f,b Syntax: [label] CALL k
Operands: 0<f<127 Operands: 0<k<2047
0<b<7 Operation: (PC)+ 1— TOS,
Operation: skip if (f<b>) = 1 k — PC<10:0>,
Status Affected:  None (PCLATH<4:3>) - PC<12:11>
Encoding: o1 [1wb |peee | eeee | Status Affected:  None
Description: If bit ‘b" in register ‘f’ is ‘1’, then Encoding: ‘ 1o ‘ Otk ‘ ek ‘ Klkk ‘
the next instruction is skipped. Description: Call Subroutine. First, return
If bit ‘b is ‘1’, then the next address (PC + 1) is pushed onto
instruction fetched during the the stack. The eleven bit imme-
current instruction execution, is diate address is loaded into PC
discarded and a NOP is executed bits <10:0>. The upper bits of
instead, making this a two-cycle the PC are loaded from
instruction. PCLATH. CALL is a two-cycle
Words: 1 instruction.
Cycles: 1(2) Words: 1
Example HERE  BTFSS  REG1 Cycles: 2
FALSE GOTO PROCESS_CODE Example HERE CALL  THERE
TRUE .
. Before Instruction
. PC = Address HERE
Before Instruct After Instruction
etore n;’éuf Iondd HERE PC = Address THERE
= address TOS = Address HERE+1
After Instruction
if FLAG<1> = 0,
PC = address FALSE
if FLAG<1> = 1, CLRF Clear f
PC= address TRUE Syntax: [label] CLRF f
Operands: 0<f<127
Operation: 00h — (f)
1527
Status Affected: Z
Encoding: ‘ 00 ‘ 0001 ‘ 1£££ ‘ FEEE ‘
Description: The contents of register ‘" are
cleared and the Z bit is set.
Words: 1
Cycles: 1
Example CLRF REG1

Before Instruction

REG1 = Ox5A
After Instruction

REG1 = 0x00

Z = 1
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CLRW Clear W COMF Complement f
Syntax: [label] CLRW Syntax: [label] COMF f,d
Operands: None Operands: 0<f<127
Operation: 00h — (W) d_e [0.1]
1-2Z7 Operation: (f) — (dest)
Status Affected: Z Status Affected: Z
Encoding: ‘ 00 ‘ 0001 ‘ 0000 ‘ 0011 ‘ Encoding: ‘ 00 ‘ 1001 ‘ Afff ‘ fEEfE ‘
Description: W register is cleared. Zero bit Description: The contents of register ‘" are
(2) is set. complemented. If ‘d" is ‘0’, the
Words: 1 result is st_ored in W. If d is ‘17,
the result is stored back in
Cycles: 1 register ‘f’.
Example CLRW Words: 1
Before Instruction Cycles: 1
W = Ox5A
After Instruction Example COME REGL, 0
W = 0x00 Before Instruction
Z =1 REG1 = 0x13
After Instruction
REG1 = 0x13
w = OxEC
CLRWDT Clear Watchdog Timer DECE Decrement f
Syntax: [label] CLRWDT Syntax: [label] DECF f,d
Operands: None Operands: 0<f<127
Operation: 00h - WDT de [0,1]
0 — WDT prescaler, Operation: (f) -1 — (dest)
1-T0 :
1 PD Status Affected: Z
Status Affected:  TO, PD Encoding: ‘ 00 ‘ 0011 ‘ dfff ‘ fEEF ‘
Encoding: ‘ 00 ‘ 0000 ‘ 0110 ‘ 0100 ‘ Description: Decrement reglster ‘. _If ‘d’is
o - . ‘0’. the result is stored in the W
Description: CLRWDT instruction resets the register. If ‘d’ is ‘1", the result is
Watchdog Timer. It also resets stored back in register ‘f’.
the prescaler of the WDT. Status .
bits TO and PD are set. Words: 1
Words: 1 Cycles: 1
Cycles: 1 Example DECF CNT, 1
Example CLRWDT Before Irg"t\lr_llj_Ct'O% o1
= Ox
Before Instruction z =0
WDT counter = ? After Instruction
After Instruction CNT = 0x00
WDT counter = 0x00 Z =1
WDT prescaler = 0
70 =1
PD =1
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DECFSz Decrement f, Skip if 0

Syntax: [label] DECFSz fd

Operands: 0<f<127
de [0,1]

Operation: (f) -1 — (dest); skipifresult=
0

Status Affected:  None

Encoding: 00 ‘ 1011 ‘ Afff ‘ FEEE

Description: The contents of register ‘" are
decremented. If ‘d’ is ‘0’, the
result is placed in the W register.
If ‘d" is ‘1’, the result is placed
back in register ‘f'.
If the result is ‘0’, the next
instruction, which is already
fetched, is discarded. A NOP is
executed instead making it a
two-cycle instruction.

Words: 1

Cycles: 1(2)

Example HERE DECFSZ REG1, 1

GOTO LOOP
CONTINUE e
.

Before Instruction
PC = address HERE
After Instruction
REG1 = REG1-1
if REG1 = o,
PC = address CONTINUE
if REG1 # 0,

PC = address HERE+1

GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: 0<k<2047

Operation: k - PC<10:0>
PCLATH<4:3> —» PC<12:11>

Status Affected:  None

Encoding: 10 ‘ 1kkk ‘ Kkkk ‘ Kkkk ‘

Description: GOTO is an unconditional
branch. The eleven-bit immedi-
ate value is loaded into PC bits
<10:0>. The upper bits of PC
are loaded from PCLATH<4:3>.
GOTO is a two-cycle instruction.

Words: 1

Cycles: 2

Example GOTO THERE

After Instruction
PC = Address THERE
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INCF Increment f

Syntax: [label] INCF fd

Operands: 0<f<127
de [0,1]

Operation: (f) + 1 — (dest)

Status Affected: Z

Encoding: ‘ 00 ‘ 1010 ‘ Afff ‘ FEEE ‘

Description: The contents of register ‘" are
incremented. If ‘d’ is ‘0’, the
resultis placed in the W register.
If ‘d" is ‘1’, the result is placed
back in register ‘f'.

Words: 1

Cycles: 1

Example INCF REG1, 1

Before Instruction

REG1 = OxFF
Z =0

After Instruction
REG1 = 0x00
4 = 1

INCFSZ Increment f, Skip if O

Syntax: [label] INCFSz f,d

Operands: 0<f<127
de [0,1]

Operation: (f) + 1 — (dest), skip if result = 0

Status Affected:  None

Encoding: ‘ 00 ‘ 1111 ‘ Afff ‘ FEEE ‘

Description: The contents of register ‘" are
incremented. If ‘d’" is ‘0’, the
resultis placed in the W register.
If ‘d" is ‘1’, the result is placed
back in register ‘f'.
If the result is ‘0’, the next
instruction, which is already
fetched, is discarded. A NOP is
executed instead making it a
two-cycle instruction.

Words: 1

Cycles: 1(2)

Example HERE INCFSZ REG1, 1

GOTO LOOP

CONTINUE e
.

Before Instruction

PC = address HERE
After Instruction

REG1 = REG1+1

if CNT = o,

PC = address CONTINUE

if REG1# 0,

PC = address HERE +1
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IORLW Inclusive OR Literal with W MOVLW Move Literal to W
Syntax: [label] 1ORLW k Syntax: [label] MOVLW k
Operands: 0<k<255 Operands: 0<k<255
Operation: (W) .OR. k = (W) Operation: k — (W)
Status Affected: Z Status Affected:  None
Encoding: ‘ 11 ‘ 1000 ‘ kkkk ‘ kkkk ‘ Encoding: ‘ 11 ‘ 00xx ‘ kkkk ‘ kkkk ‘
Description: The contents of the W register is Description: The eight bit literal 'k’ is loaded
OR’ed with the eight-bit literal into W register. The “don’t
‘k’. The result is placed in the W cares” will assemble as ‘0’s.
register. Words: 1
Words: 1 Cycles: 1
Cycles: 1 Example MOVLW  OxS5A
Example IORLW  0x35 After Instruction
Before Instruction W = Ox5A
W = 0x9A
After Instruction
W = OxBF
Z =0
IORWF Inclusive OR W with f MOVF Move f
Syntax: [label] IORWF fd Syntax: [label] MOVF fd
Operands: 0<f<127 Operands: 0=<f<127
de [0,1] de [0,1]
Operation: (W) .OR. (f) — (dest) Operation: () — (dest)
Status Affected: Z Status Affected: Z
Encoding: ‘ 00 ‘ 0100 ‘ dfff ‘ fEff ‘ Encoding: ‘ 00 ‘ 1000 ‘ dfff ‘ fEEE ‘
Description: Inclusive OR the W register with Description: The contents of register ‘f' is
register ‘', If ‘'d’ is ‘0’, the result moved to a destination
is placed in the W register. If ‘d’ dependent upon the status of
is ‘1’, the result is placed back in ‘d’. If d = 0, destination is W
register ‘f'. register. If d = 1, the destination
Words: 1 is file reqgister fitself. d = 1 is

useful to test a file register since

Cycles: 1 status flag Z is affected.
Example IORWF REG1l, 0 Words: 1
Before Instruction Cycles: 1
REG1 = 0x13
W = 0x91 Example MOVF REG1, O
After Instruction After Instruction
REG1 = 0x13 W= value in REGL1 register
W = 0x93 Z=1
z =1
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MOVWF Move W to f
Syntax: [label] MOVWF f
Operands: 0<f<127
Operation: (W) - ()
Status Affected:  None
Encoding: ‘ 00 ‘ 0000 ‘ 1£££ ‘ FEEE ‘
Description: Move data from W register to
register ‘f'.
Words: 1
Cycles: 1
Example MOVWF  REG1
Before Instruction
REG1 = OxFF
w = Ox4F
After Instruction
REG1 = Ox4F
w = Ox4F
NOP No Operation
Syntax: [label] NOP
Operands: None
Operation: No operation
Status Affected:  None
Encoding: ‘ 00 ‘ 0000 ‘ 0xx0 ‘ 0000 ‘
Description: No operation.
Words: 1
Cycles: 1
Example NOP

OPTION Load Option Register
Syntax: [label] OPTION
Operands: None
Operation: (W) — OPTION
Status Affected:  None
Encoding: ‘00 ‘oooo ‘0110 ‘0010
Description: The contents of the W register are
loaded in the OPTION register.
This instruction is supported for
code compatibility with PIC16C5X
products. Since OPTION is a
readable/writable register, the
user can directly address it. Using
only register instruction such as
MOVWE .
Words: 1
Cycles: 1
Example
To maintain upward compatibil-
ity with future PIC® MCU
products, do not use this
instruction.
RETFIE Return from Interrupt
Syntax: [label] RETFIE
Operands: None
Operation: TOS — PC,
1 - GIE
Status Affected:  None
Encoding: ‘ 00 ‘ 0000 ‘ 0000 ‘ 1001 ‘
Description: Return from Interrupt. Stack is
POPed and Top-of-Stack (TOS)
is loaded in the PC. Interrupts
are enabled by setting Global
Interrupt Enable bit, GIE
(INTCON<7>). This is a two-
cycle instruction.
Words: 1
Cycles: 2
Example RETFIE

After Interrupt
PC = TOS
GIE= 1
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RETLW Return with Literal in W RLF Rotate Left f through Carry
Syntax: [label] RETLW k Syntax: [label] RLF f.d
Operands: 0<k<255 Operands: 0<f<127
Operation: k — (W); de[0.1]
TOS —» PC Operation: See description below
Status Affected:  None Status Affected: C
Encoding: ‘ 11 ‘ 01xx ‘ kkkk ‘ kkkk ‘ Encoding: 00 ‘ 1101 ‘ dfff ‘ EfEf ‘
Description: The W register is loaded with Description: The contents of register ‘" are
the eight-bit literal ‘k’. The rotated one bit to the left through
program counter is loaded from the Carry Flag. If ‘d’ is ‘0’, the
the top of the stack (the return result is placed in the W register.
address). This is a two-cycle If ‘d"is ‘17, the result is stored
instruction. back in register ‘f'.
Words: 1
Cycles: 2
Words: 1
Example CALL TABLE;W contains table
;offset value Cycles: 1
. ;W now has table value Examgle RLF REGL, O
TABLE . Before Instruction
ADDWF PC;W = offset REG1=1110 0110
RETLW k1;Begin table C =0
RETLW k2; After Instruction
. REG1=1110 0110
. W =1100 1100
. C =1
RETLW kn; End of table
Before Instruction
W = 0x07
After Instruction
W = value of k8
RETURN Return from Subroutine
Syntax: [label] RETURN
Operands: None
Operation: TOS —» PC
Status Affected:  None
Encoding: ‘ 00 ‘ 0000 ‘ 0000 ‘ 1000 ‘
Description: Return from subroutine. The
stack is POPed and the top of
the stack (TOS) is loaded into
the program counter. This is a
two-cycle instruction.
Words: 1
Cycles: 2
Example RETURN

After Interrupt
PC = TOS
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RRF Rotate Right f through Carry
Syntax: [label] RRF fd
Operands: 0<f<127
de [0,1]
Operation: See description below
Status Affected: C
Encoding: 00 ‘ 1100 ‘ Afff ‘ FEEE ‘
Description: The contents of register ‘" are
rotated one bit to the right
through the Carry Flag. If ‘d’ is
‘0, the result is placed in the W
register. If ‘d’ is ‘1, the result is
placed back in register ‘f'.
Words: 1
Cycles: 1
Example RRF REG1, O
Before Instruction
REG1 = 1110 0110
C =0
After Instruction
REG1 = 1110 0110
w = 0111 0011
C =0
SLEEP
Syntax: [label] SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT prescaler,
1-T0,
0—PD
Status Affected: ~ TO, PD
Encoding: 00 ‘ 0000 ‘ 0110 ‘ 0011 ‘
Description: The power-down Status bit, PD
is cleared. Time out Status bit,
TO is set. Watchdog Timer and
its prescaler are cleared.
The processor is put into Sleep
mode with the oscillator
stopped. See Section 14.8
“Power-Down Mode (Sleep)”
for more details.
Words: 1
Cycles: 1
Example: SLEEP

SUBLW Subtract W from Literal
Syntax: [label]  SUBLW k
Operands: 0<k<255
Operation: k- (W)— (W)
Status C,DC,z
Affected:
Encoding: 11 ‘ 110x ‘ Kkkk ‘ Kkkk ‘
Description: The W register is subtracted (2's
complement method) from the eight-
bit literal ‘k’. The result is placed in
the W register.
Words: 1
Cycles: 1
Example 1: SUBLW 0x02
Before Instruction
W =1
c =2
After Instruction
W =1
C = 1;resultis positive
Example 2: Before Instruction
W= 2
cC =
After Instruction
W= 0
C = 1;resultis zero
Example 3: Before Instruction

W= 3
cC =72
After Instruction
W = OxFF
C = 0;resultis negative
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SUBWF Subtract W from f SWAPF Swap Nibbles in f
Syntax: [label] SUBWEF fd Syntax: [label] SWAPF f.d
Operands: 0<f<127 Operands: 0<f<127
de [0,1] de [0,1]
Operation: (f) - (W) — (dest) Operation: (f<3:0>) — (dest<7:4>),
Status C,DC,Z (f<7:4>) — (dest<3:0>)
Affected: Status Affected:  None
Encoding: 00 ‘ 0010 ‘ afft ‘ EEFE ‘ Encoding: ‘ 00 ‘ 1110 ‘ affe ‘ FEFE ‘
Description: Subtract (2's complement method) Description: The upper and lower nibbles of
W register from register ‘f'. If ‘d’ is register ‘" are exchanged. If ‘d’ is
‘0’, the result is stored in the W ‘0, the result is placed in W
register. If ‘d’ is ‘1", the result is register. If ‘d’ is ‘1, the result is
stored back in register ‘f'. placed in register ‘f".
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Example 1: SUBWF REG1, 1 Example SWAPF REG1, 0
Before Instruction Before Instruction
REG1 = 3 REG1 = OxA5
W =2 After Instruction
C =?
) REG1 = OxA5
After Instruction W = OxBA
REG1 = 1
w =2
C = 1; result is positive TRIS Load TRIS Register
gc - ; Syntax: [label] TRIS f
£ o2 Before | - ) Operands: 5<f<7
£xampe £ efore Instruction Operation: (W) — TRIS register f;
SVEGl B ; Status Affected:  None
c =2 Encoding: ‘00 ‘oooo ‘0110 ‘Offf
After Instruction Description: The instructic.)n. i.s supported for
code compatibility with the
REG1 = 0 PIC16C5X products. Since TRIS
W =2 ) registers are readable and
c = 1;resultis zero writable, the user can directly
z = DC=1 address them.
Example 3: Before Instruction Words: 1
REG1 = 1 Cycles: 1
w =2
c _ 5 Example
_. ' To maintain upward compatibil-
After Instruction ity with future PIC® MCU
REG1 = OxFF products, do not use this
w =2 instruction.
C = 0; result is negative

4

DC=0
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XORLW Exclusive OR Literal with W

Syntax: [label] XORLW k

Operands: 0<k<255

Operation: (W) .XOR. k = (W)

Status Affected: z

Encoding: 11 ‘ 1010 ‘ Kkkk ‘ Kkkk ‘

Description: The contents of the W register
are XOR’ed with the eight-bit
literal ‘k’. The result is placed in
the W register.

Words: 1

Cycles: 1

Example: XORLW  OXAF

Before Instruction

W = 0xB5
After Instruction
W = 0x1A

XORWF Exclusive OR W with f

Syntax: [label] XORWF fd

Operands: 0<f<127
de [0,1]

Operation: (W) .XOR. (f) — (dest)

Status Affected: Z

Encoding: 00 ‘ 0110 ‘ Afff ‘ FEEE ‘

Description: Exclusive OR the contents of the
W register with register ‘f’. If ‘'d’ is
‘0’, the result is stored in the W
register. If ‘d’ is ‘1, the result is
stored back in register ‘f'.

Words: 1

Cycles: 1

Example XORWF REG1, 1

Before Instruction

REG1 = OxAF
W = 0xB5
After Instruction
REG1= O0Ox1A
W = 0xB5
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16.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers are supported with a full
range of hardware and software development tools:
 Integrated Development Environment

- MPLAB® IDE Software
« Assemblers/Compilers/Linkers

- MPASM™ Assembler

- MPLAB C18 and MPLAB C30 C Compilers

- MPLINK™ Object Linker/
MPLIB™ Obiject Librarian

- MPLAB ASM30 Assembler/Linker/Library
¢ Simulators

- MPLAB SIM Software Simulator
« Emulators

- MPLAB ICE 2000 In-Circuit Emulator

- MPLAB REAL ICE™ In-Circuit Emulator
« In-Circuit Debugger

- MPLABICD 2
« Device Programmers

- PICSTART® Plus Development Programmer

- MPLAB PM3 Device Programmer

- PICkit™ 2 Development Programmer

¢ Low-Cost Demonstration and Development
Boards and Evaluation Kits

16.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16-bit micro-
controller market. The MPLAB IDE is a Windows®
operating system-based application that contains:
¢ A single graphical interface to all debugging tools

- Simulator

- Programmer (sold separately)

- Emulator (sold separately)

- In-Circuit Debugger (sold separately)
« A full-featured editor with color-coded context
< A multiple project manager

¢ Customizable data windows with direct edit of
contents

< High-level source code debugging

« Visual device initializer for easy register
initialization

« Mouse over variable inspection

« Drag and drop variables from source to watch
windows

« Extensive on-line help

« Integration of select third party tools, such as
HI-TECH Software C Compilers and IAR
C Compilers

The MPLAB IDE allows you to:

« Edit your source files (either assembly or C)

¢ One touch assemble (or compile) and download
to PIC MCU emulator and simulator tools
(automatically updates all project information)

e Debug using:
- Source files (assembly or C)
- Mixed assembly and C
- Machine code

MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost-effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increased flexibility
and power.
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16.2 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for all PIC MCUs.

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code and COFF files for
debugging.

The MPASM Assembler features include:

« Integration into MPLAB IDE projects

» User-defined macros to streamline
assembly code

« Conditional assembly for multi-purpose
source files

 Directives that allow complete control over the
assembly process

16.3 MPLAB C18 and MPLAB C30
C Compilers

The MPLAB C18 and MPLAB C30 Code Development
Systems are complete ANSI C compilers for
Microchip’s PIC18 and PIC24 families of microcontrol-
lers and the dsPIC30 and dsPIC33 family of digital sig-
nal controllers. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use not found with other compilers.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

16.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler and the
MPLAB C18 C Compiler. It can link relocatable objects
from precompiled libraries, using directives from a
linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
aroutine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:

« Efficient linking of single libraries instead of many
smaller files

« Enhanced code maintainability by grouping
related modules together

» Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

16.5 MPLAB ASM30 Assembler, Linker
and Librarian

MPLAB ASM30 Assembler produces relocatable
machine code from symbolic assembly language for
dsPIC30F devices. MPLAB C30 C Compiler uses the
assembler to produce its object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

e Support for the entire dsPIC30F instruction set
« Support for fixed-point and floating-point data
« Command line interface

* Rich directive set

« Flexible macro language

« MPLAB IDE compatibility

16.6 MPLAB SIM Software Simulator

The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on 1/0, most peripherals and internal registers.

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C18 and
MPLAB C30 C Compilers, and the MPASM and
MPLAB ASM30 Assemblers. The software simulator
offers the flexibility to develop and debug code outside
of the hardware laboratory environment, making it an
excellent, economical software development tool.
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16.7 MPLAB ICE 2000
High-Performance
In-Circuit Emulator

The MPLAB ICE 2000 In-Circuit Emulator is intended
to provide the product development engineer with a
complete microcontroller design tool set for PIC
microcontrollers. Software control of the MPLAB ICE
2000 In-Circuit Emulator is advanced by the MPLAB
Integrated Development Environment, which allows
editing, building, downloading and source debugging
from a single environment.

The MPLAB ICE 2000 is a full-featured emulator
system with enhanced trace, trigger and data monitor-
ing features. Interchangeable processor modules allow
the system to be easily reconfigured for emulation of
different processors. The architecture of the MPLAB
ICE 2000 In-Circuit Emulator allows expansion to
support new PIC microcontrollers.

The MPLAB ICE 2000 In-Circuit Emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft® Windows® 32-bit operating system were
chosen to best make these features available in a
simple, unified application.

16.8 MPLAB REAL ICE In-Circuit
Emulator System

MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC® and MCU devices. It debugs and
programs PIC® and dsPIC® Flash microcontrollers with
the easy-to-use, powerful graphical user interface of the
MPLAB Integrated Development Environment (IDE),
included with each kit.

The MPLAB REAL ICE probe is connected to the design
engineer’s PC using a high-speed USB 2.0 interface and
is connected to the target with either a connector
compatible with the popular MPLAB ICD 2 system
(RJ11) or with the new high speed, noise tolerant, low-
voltage differential signal (LVDS) interconnection
(CATS).

MPLAB REAL ICE is field upgradeable through future
firmware downloads in MPLAB IDE. In upcoming
releases of MPLAB IDE, new devices will be supported,
and new features will be added, such as software break-
points and assembly code trace. MPLAB REAL ICE
offers significant advantages over competitive emulators
including low-cost, full-speed emulation, real-time
variable watches, trace analysis, complex breakpoints, a
ruggedized probe interface and long (up to three meters)
interconnection cables.

16.9 MPLAB ICD 2 In-Circuit Debugger

Microchip’s In-Circuit Debugger, MPLAB ICD 2, is a
powerful, low-cost, run-time development tool,
connecting to the host PC via an RS-232 or high-speed
USB interface. This tool is based on the Flash PIC
MCUs and can be used to develop for these and other
PIC MCUs and dsPIC DSCs. The MPLAB ICD 2 utilizes
the in-circuit debugging capability built into the Flash
devices. This feature, along with Microchip’s In-Circuit
Serial Programming™ (ICSP™) protocol, offers cost-
effective, in-circuit Flash debugging from the graphical
user interface of the MPLAB Integrated Development
Environment. This enables a designer to develop and
debug source code by setting breakpoints, single step-
ping and watching variables, and CPU status and
peripheral registers. Running at full speed enables
testing hardware and applications in real time. MPLAB
ICD 2 also serves as a development programmer for
selected PIC devices.

16.10 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages and a modu-
lar, detachable socket assembly to support various
package types. The ICSP™ cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices and incorporates an SD/MMC card for
file storage and secure data applications.
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16.11 PICSTART Plus Development
Programmer

The PICSTART Plus Development Programmer is an
easy-to-use, low-cost, prototype programmer. It
connects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient. The
PICSTART Plus Development Programmer supports
most PIC devices in DIP packages up to 40 pins.
Larger pin count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus Development Programmer is CE
compliant.

16.12 PICkit 2 Development Programmer

The PICkit™ 2 Development Programmer is a low-cost
programmer and selected Flash device debugger with
an easy-to-use interface for programming many of
Microchip’s baseline, mid-range and PIC18F families of
Flash memory microcontrollers. The PICkit 2 Starter Kit
includes a prototyping development board, twelve
sequential lessons, software and HI-TECH's PICC™
Lite C compiler, and is designed to help get up to speed
quickly using PIC® microcontrollers. The kit provides
everything needed to program, evaluate and develop
applications using Microchip’s powerful, mid-range
Flash memory family of microcontrollers.

16.13 Demonstration, Development and
Evaluation Boards

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully func-
tional systems. Most boards include prototyping areas for
adding custom circuitry and provide application firmware
and source code for examination and modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In addition to the PICDEM™ and dsPICDEM™ demon-
stration/development board series of circuits, Microchip
has a line of evaluation kits and demonstration software
for analog filter design, KEELOQ® security ICs, CAN,
IrDA®, PowerSmart® battery management, SEEVAL®
evaluation system, Sigma-Delta ADC, flow rate
sensing, plus many more.

Check the Microchip web page (www.microchip.com)
and the latest “Product Selector Guide” (DS00148) for
the complete list of demonstration, development and
evaluation kits.
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17.0 ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings(t)

Ambient temperature UNAET DIAS. ... ....coi it e et e e e e s bt ee e e e aseeeee e e anneeeaaaaan -40 to +125°C
SEOFAQE LEMPEIALUIE .. ..uuiiiiiiiiiiiiii ettt et e e e e e e sttt e e e e e teaeaeasaesaa s abstbb et et eeeeeeeeaeaaeeaeeesnssannnnnnenes -65°C to +150°C
Voltage 0N VDD With FESPECT 10 VSS ...ttt e e e ettt e e e e e snete e e e e anebee e e e e ennneneaaeas -0.3to +6.5V
Voltage on MCLR and RAZ With IESPECE T0 VSS ......eveeeeveeeeeeeeeeeeeeeeeeeeeseeeesees e eeesee s s s eeee s eee s e ee s, -0.3 to +14V
Voltage on all other pins With reSPECE 10 VSS ..o -0.3V to VbD + 0.3V
Total POWET AISSIPAOND ...ttt e et ee et s e e e n e e s er e eneees 800 mW
Maximum CUITENE OUL OF WSS PN ..ttt e e e ettt e e e e ettt e e e e tbe e e e e e e nnteeeaeannsbeeaeeannsneneas 300 mA
Maximum CUITENE INEO VDD PN ..uuuieeeeiitiieee e e itiiie e e e s ettt ee e e e stbee e e e e s e sstaeeeeassaseeeeeessteetaeesastbetaaeaassteeaeeensntbaeeeeansaaeeas 250 mA
Input clamp current, K (VI <O OF VIS VDD) ..o.oiiuiieiiieieieiieresieie ettt ese ettt sseseese s sasseseesessesessesassessasessessssessans +20 mA
Output clamp current, 10K (VO < 0 OF VO SVDD) .....ocuciouieietiieieeteeetitt ettt ettt et ettt et ae st ereesessetess e ssessesessesessennas +20 mA

Maximum output current sunk by any 1/O pin

Maximum output current sourced by any 1/O pin
Maximum current sunk by PORTA and PORTB (Combined)............
Maximum current sourced by PORTA and PORTB (Combined)
Note 1: Power dissipation is calculated as follows: PDIs = VDD x {IDD — X IoH} + ¥ {(VDD — VOH) x I0H} + X (VoI x loL)

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

Note: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up.
Thus, a series resistor of 50-100 Q should be used when applying a “low” level to the MCLR pin rather than
pulling this pin directly to Vss.
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FIGURE 17-1: PIC16F627A/628A/648A VOLTAGE-FREQUENCY GRAPH, -40°C < TA £ +125°C
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Note:  The shaded region indicates the permissible combinations of voltage and frequency.

FIGURE 17-2: PIC16LF627A/628A/648A VOLTAGE-FREQUENCY GRAPH, -40°C < TA < +85°C
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Note:  The shaded region indicates the permissible combinations of voltage and frequency.
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17.1

DC Characteristics: PIC16F627A/628A/648A (Industrial, Extended)
PIC16LF627A/628A/648A (Industrial)

PIC16LF627A/628A/648A
(Industrial)

Standard Operating Conditions (unless otherwise stated)
-40°C < Ta < +85°C for industrial

Operating temperature

PIC16F627A/628A/648A
(Industrial, Extended)

Standard Operating Conditions (unless otherwise stated)
-40°C < Ta < +85°C for industrial and
-40°C < Ta < +125°C for extended

Operating temperature

P;a\lr:m Sym Characteristic/Device Min Typt Max Units Conditions
VDD | Supply Voltage
D001 PIC16LF627A/628A/648A 2.0 — 5.5 \Y,
PIC16F627A/628A/648A 3.0 — 5.5 Y,
D002 VDR |RAM Data Retention — 1.5* — \% Device in Sleep mode
Voltage®
D003 | VPOR | VDD Start Voltage — Vss — \% See Section 14.4 “Power-
to ensure Power-on Reset on Reset (POR), Power-up
Timer (PWRT), Oscillator
Start-up Timer (OST) and
Brown-out Reset
(BOR)” on Power-on Reset
for details
D004 | SvbDp | VDD Rise Rate 0.05* — — V/ms | See Section 14.4 “Power-
to ensure Power-on Reset on Reset (POR), Power-up
Timer (PWRT), Oscillator
Start-up Timer (OST) and
Brown-out Reset (BOR)”
on Power-on Reset for
details
D005 | VBOR |Brown-out Reset Voltage 3.65 4.0 4.35 \% BOREN configuration bit is
set
3.65 4.0 4.4 \% BOREN configuration bit is
set, Extended
Legend: Rows with standard voltage device data only are shaded for improved readability.
*  These parameters are characterized but not tested.
t Datain“Typ” column is at 5.0V, 25°C, unless otherwise stated. These parameters are for design guidance
only and are not tested.
Note 1: This is the limit to which VDD can be lowered in Sleep mode without losing RAM data.
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17.2 DC Characteristics: PIC16F627A/628A/648A (Industrial)
PIC16LF627A/628A/648A (Industrial)

Standard Operating Conditions (unless otherwise stated)

DC CHARACTERISTICS Operating temperature  -40°C < Ta < +85°C for industrial

; Conditions
Param LFand F Qeylce Mint | Typ | Max | Units
No. Characteristics /DD Note
Supply Voltage (VDD)
LF 2.0 — 55 \% —
D001
LF/F 3.0 — 55 \% —
Power-down Base Current (IPD)
LF — 0.01 | 0.80 UA 2.0 WDT, BOR, Comparators, VREF and
D020 LF/F — |oo01|o08 | pA 3.0 |T1OSC: disabled

— 0.02 | 2.7 UA 5.0

Peripheral Module Current (AIMOD)(l)

LF — 1 2.0 LA 2.0 |WDT Current
D021 LF/F — 2 34 UA 3.0
— 9 17.0 LA 5.0
LF/F — 29 52 A 4.5 |BOR Current
D022
— 30 55 HA 5.0
LF — 15 22 UA 2.0 |Comparator Current
D023 LF/F _ 22 37 LA 3.0 |(Both comparators enabled)
— 44 68 HA 5.0
LF — 34 55 UA 2.0 | VREF Current
D024 LF/F — 50 75 UA 3.0
— 80 110 HA 5.0
LF — 1.2 2.0 HA 2.0 |T10sc Current
D025 LF/F — 1.3 2.2 UA 3.0

— 1.8 29 UA 5.0

Supply Current (IDD)

LF — | 10 [ 15 | pA 2.0 |Fosc=32kHz
D010 LF/F _ 15 25 HA 3.0 LP Oscillator Mode
— | 28 | 48 | pa 5.0
LF — | 125 [ 190 | pA 2.0 |Fosc=1MHz
D011 LF/F — | 175 | 340 | pA 3.0 |XT Oscillator Mode
— | 320 [ 520 | pA 5.0
LF — | 250 | 350 | pA 2.0 |Fosc=4MHz
D012 LF/F — | 450 | 600 | pA 3.0 |XT Oscillator Mode
— | 710 | 995 | pA 5.0
LF — | 395 | 465 | pA 2.0 |Fosc=4MHz
DO12A LF/F — | 565 | 785 | puA 3.0 |[INTOSC
— |o0895] 1.3 | mA 5.0
LF/F — 2.5 2.9 mA 45 |Fosc =20 MHz

D013

— 275 | 3.3 mA 50 |HS Oscillator Mode

Note 1: The “A” current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IbD or IPD measurement. Max values should be used when calculating total current
consumption.
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17.3  DC Characteristics: PIC16F627A/628A/648A (Extended)

Standard Operating Conditions (unless otherwise stated)

DC CHARACTERISTICS Operating temperature  -40°C < Ta < +125°C for extended

Conditions
P;a\lram Device Characteristics | Mint | Typ | Max | Units
0. VDD ‘ Note
Supply Voltage (VDD)
D001 | — | 30| — |85 v | — |
Power-down Base Current (IPD)
DO20E — — 0.01 4 UA 3.0 WDT, BOR, Comparators, VREF and
_ 0.02 8 UA 5.0 T10SC: disabled
Peripheral Module Current (Almop)®
— — 2 9 UA 3.0 |WDT Current
D021E
— 9 20 JIAN 5.0
— — 29 52 LA 4.5 |BOR Current
D022E
— 30 55 A 5.0
— — 22 37 LA 3.0 |Comparator Current
DO23E _ 44 68 HA 5.0 |(Both comparators enabled)
— — 50 75 UA 3.0 | VREF Current
D024E
— 83 110 JIAN 5.0
— — 1.3 4 LA 3.0 |T10OSC Current
D025E

— | 18| & A 5.0

Supply Current (IDD)

— — 15 28 JIAN 3.0 |Fosc=32kHz

DO10E — 28 54 UA 50 |LP Oscillator Mode

— — 175 | 340 HA 3.0 |Fosc=1MHz

DO11E — 320 | 520 UA 50 |XT Oscillator Mode
_ — 450 650 UA 3.0 Fosc =4 MHz
DO012E XT Oscillator Mode

— 0710 11 mA 5.0

DO12AE - — | 565 | 785 | pA 3.0 |Fosc =4 MHz
— loses| 1.3 | mA | 50 |INTOSC

— — 2.5 2.9 mA 4.5 Fosc =20 MHz
DO13E 2.75 3.5 mA 5.0 HS Oscillator Mode

Note 1: The “A” current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IbD or IPD measurement. Max values should be used when calculating total current
consumption.
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17.4 DC Characteristics: PIC16F627A/628A/648A (Industrial, Extended)
PIC16LF627A/628A/648A (Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial and
DC CHARACTERISTICS -40°C < TA < +125°C for extended
Operating voltage VDD range as described in DC specification Table 17-2 and
Table 17-3
Pe:\:sm. Sym Characteristic/Device Min Typt Max Unit Conditions
ViL Input Low Voltage
1/0 ports
D030 with TTL buffer Vss — 0.8 V | VDD =4.5Vt05.5V
Vss — | 0.15 VbD V | otherwise
D031 with Schmitt Trigger input® Vss — | 02vop | V
D032 MCLR, RA4/TOCKI,0SC1 Vss — 0.2 VDD V | (Notel)
(in RC mode)
D033 OSC1 (in HS) Vss — 0.3 VDD \%
OSC1 (in LP and XT) Vss — 0.6 Y,
VIH Input High Voltage
1/0 ports
D040 with TTL buffer 2.0V — VDD V | VDD =4.5Vto5.5V
.25VbD +0.8V | — VDD V | otherwise
D041 with Schmitt Trigger input(4) 0.8 VDD — VDD Y,
D042 MCLR RA4/TOCKI 0.8 VDD — VDD \%
D043 OSC1 (XT and LP) 1.3 — VDD \Y,
DO043A OSC1 (in RC mode) 0.9 VbD — VDD V | (Notel)
D043B OSC1 (in HS mode) 0.7 VbD VDD \%
D070 IPURB | PORTB weak pull-up 50 200 400 WA | VDD = 5.0V, VPIN = Vss
current
L |Input Leakage Current(@: (3
1/0 ports (Except PORTA) — — +1.0 A [ Vss < VPIN VDD, pin at high-impedance
D060 PORTA® — — +0.5 UA | Vss <VPIN < VDD, pin at high-impedance
D061 RA4/TOCKI — — +1.0 A | VsSs <VPIN VDD
D063 0OSC1, MCLR — — +5.0 WA [ VSsS <VPIN <VDD, XT, HS and LP
oscillator configuration
VoL | Output Low Voltage
D080 — — 0.6 V |loL=8.5mA, VDD = 4.5V, -40° to +85°C
110 ports® — — 0.6 V |loL=7.0mA, VDD = 4.5V, +85° to
+125°C
VoH | Output High Voltage®
D090 /O ports (Except RA4(4)) VDD - 0.7 — — V | loH =-3.0 mA, VDD = 4.5 V, -40° to +85°C
VDD - 0.7 — — V |loH=-2.5mA, VDD =45V, +85° to
+125°C
D150 Vob | Open-Drain High Voltage — — 8.5*% V | RA4 pin PIC16F627A/628A/648A,
PIC16LF627A/628A/648A
Capacitive Loading Specs on Output Pins
D100* COSC2 | 0OSC2 pin — — 15 pF | In XT, HS and LP modes when external
clock used to drive OSC1.
D101* Cio All 1/O pins/OSC2 (in RC mode) — — 50 pF

Note

These parameters are characterized but not tested.
Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not tested.
In RC oscillator configuration, the OSC1 pin is a Schmitt Trigger input. It is not recommended that the PIC16F627A/628A/648A

be driven with external clock in RC mode.

The leakage current on the MCLR pin is strongly dependent on applied voltage level. The specified levels represent normal
operating conditions. Higher leakage current may be measured at different input voltages.

Negative current is defined as coming out of the pin.
Includes OSC1 and OSC2 when configured as /O pins, CLKIN or CLKOUT.
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TABLE 17-1:

DC Characteristics:

PIC16LF627A/628A/648A (Industrial)

PIC16F627A/628A/648A (Industrial, Extended)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

Operating temperature -40°C < TA < +85°C for industrial and
-40°C < TA < +125°C for extended

Operating voltage VDD range as described in DC specification

Table 17-2 and Table 17-3

Par’a\llrgeter Sym Characteristic Min Typt Max | Units Conditions
Data EEPROM Memory
D120 ED Endurance 100K M — E/W | -40°C < TA<85°C
D120A ED Endurance 10K 100K E/W | 85°C < TA<125°C
D121 VDRW | VDD for read/write VMIN — 5.5 V | VMIN = Minimum operating
voltage
D122 TDEW | Erase/Write cycle time — 4 8* ms
D123 TRETD | Characteristic Retention 40 — — Year | Provided no other
specifications are violated
D124 TREF | Number of Total Erase/Write M 10M — E/W | -40°C to +85°C
Cycles before Refresh()
Program Flash Memory
D130 EP Endurance 10K 100K — E/W | -40°C < TA<85°C
D130A EP Endurance 1000 10K — E/W | 85°C < TA<125°C
D131 VPR | VDD for read VMIN — 5.5 V | VMIN = Minimum operating
voltage
D132 VIE VD for Block erase 4.5 — 5.5 \%
D132A VPEW | VDD for write VMIN — 5.5 V | VMIN = Minimum operating
voltage
D133 TIE Block Erase cycle time — 4 8* ms | VDD > 4.5V
D133A TPEW | Write cycle time — 2 4* ms
D134 TRETP | Characteristic Retention 40 — — year | Provided no other
specifications are violated

Note 1:

These parameters are characterized but not tested.

Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

Refer to Section 13.7 “Using the Data EEPROM” for a more detailed discussion on data EEPROM
endurance.
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TABLE 17-2: COMPARATOR SPECIFICATIONS

Operating Conditions: 2.0V < VbD <5.5V, -40°C < TAa < +125°C, unless otherwise stated.
Pilrc?m Characteristics Sym Min Typ Max Units Comments
D300 Input Offset Voltage VIOFF — 5.0 +10 mV
D301 Input Common Mode Voltage Vicm 0 — VbD — 1.5* \%
D302 Common Mode Rejection Ratio | CMRR 55* — — db
D303 Response Time) TRESP — 300 400* ns |Vop=3.0Vto5.5V
-40° to +85°C
— 400 600* ns VoD = 3.0V to 5.5V
-85° to +125°C
— 400 600* ns VDD = 2.0V to 3.0V
-40° to +85°C
D304 Comparator Mode Change to Tmc2ov — 300 10* us
Output Valid

* These parameters are characterized but not tested.

Note 1: Response time measured with one comparator input at (VbD - 1.5)/2, while the other input transitions from
Vss to VDD.

TABLE 17-3: VOLTAGE REFERENCE SPECIFICATIONS
Operating Conditions: 2.0V < VDD < 5.5V, -40°C < TA < +125°C, unless otherwise stated.

Sl\?:C Characteristics Sym Min Typ Max Units Comments
D310 Resolution VRES — — VDD/24 LSb |Low Range (VRR =1)
VDD/32 LSb |High Range (VRR = 0)
D311 Absolute Accuracy VRAA — — 1/4@= LSb |Low Range (VRR =1)
— — | 12@* | Lsb |High Range (VRR = 0)
D312 Unit Resistor Value (R) VRUR — 2k* — Q
D313 Settling Time® TSET — — 10* us

* These parameters are characterized but not tested.

Note 1: Settling time measured while VRR = 1 and VR<3:0> transitions from ‘0000’ to ‘1111".
2: When VDD is between 2.0V and 3.0V, the VREF output voltage levels on RA2 described by the
equation:[VDD/2 + (3 — VDD)/2] may cause the Absolute Accuracy (VRAA) of the VREF output signal on RA2
to be greater than the stated max.
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17.5 Timing Parameter Symbology

The timing parameter symbols have been created with one of the following formats:

1. TppS2ppS
2. TppS
T
F Frequency T Time
Lowercase subscripts (pp) and their meanings:
pp
ck CLKOUT osc OscC1
io 1/0O port t0 TOCKI
mc MCLR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
I Invalid (High-impedance) \% Valid
L Low Z High-Impedance
FIGURE 17-3: LOAD CONDITIONS

Load Condition 1

\VVDbD/2

RL

- —— CL

Pin T
Vss

RL = 464Q

15 pF for OSC2 output

CL = 50 pF for all pins except OSC2

Load Condition 2

Pin

CL

Vss

© 2007 Microchip Technology Inc.

DS40044F-page 141



PIC16F627A/628A/648A

17.6 Timing Diagrams and Specifications

FIGURE 17-4: EXTERNAL CLOCK TIMING
I B
: qu— 1—>I: ::1-3-—; :4-3»' —>:4:<——>4E<— :

< 5 .
CLKOUT
TABLE 17-4: EXTERNAL CLOCK TIMING REQUIREMENTS
Parilrgeter Sym Characteristic Min Typt Max | Units Conditions
Fosc |External CLKIN Frequency(l) DC — 4 MHz | XT and RC Osc mode,
VDD =5.0V
DC — 20 MHz | HS, EC Osc mode
DC — 200 kHz | LP Osc mode
Oscillator Frequency(l) — — 4 MHz | RC Osc mode, VDD = 5.0V
0.1 — 4 MHz | XT Osc mode
1 — 20 | MHz [ HS Osc mode
— — 200 kHz | LP Osc mode
— 4 — MHz | INTOSC mode (fast)
— 48 — kHz | INTOSC mode (slow)
1 Tosc |External CLKIN Period(®) 250 — — ns |XT and RC Osc mode
50 — — ns |HS, EC Osc mode
5 — — us | LP Osc mode
Oscillator Period™® 250 — — ns |RC Osc mode
250 — 10,000| ns |XT Osc mode
50 — 1,000 ns |HS Osc mode
5 — — us | LP Osc mode
— 250 — ns |INTOSC mode (fast)
— 21 — us | INTOSC mode (slow)
2 Tcy | Instruction Cycle Time 200 Tcy DC ns |Tcy =4/Fosc
3 TosL, |External CLKIN (OSC1) High 100* — — ns | XT oscillator, Tosc L/H duty
TosH | External CLKIN Low cycle
4 RC | External Biased RC 10 kHz*| — 4MHz| — |VDD=5.0V
Frequency

*  These parameters are characterized but not tested.

T Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time-based period. All specified values
are based on characterization data for that particular oscillator type under standard operating conditions
with the device executing code. Exceeding these specified limits may result in an unstable oscillator oper-
ation and/or higher than expected current consumption. All devices are tested to operate at “Min” values
with an external clock applied to the OSCL1 pin. When an external clock input is used, the “Max” cycle time
limit is “DC” (no clock) for all devices.
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TABLE 17-5: PRECISION INTERNAL OSCILLATOR PARAMETERS
Parilrgeter Sym Characteristic Min Typ Max | Units Conditions
F10 Fiosc |Oscillator Center frequency — — MHz
F13 Alosc | Oscillator Accuracy 3.96 4 4.04 | MHz | VDD = 3.5V, 25°C
3.92 4 4.08 MHz | 2.0V £VDD < 5.5V
0°C £ TA L +85°C
3.80 4 4.20 MHz | 2.0V £VDD < 5.5V
-40°C < TA < +85°C (IND)
-40°C < TA < +125°C (EXT)
F14" TioscsT | Oscillator Wake-up from Sleep| — 6 8 us | VoD =2.0V, -40°C to +85°C
start-up time — 4 6 us | VbD = 3.0V, -40°C to +85°C
— 3 5 us | VDD =5.0V, -40°C to +85°C

Legend: TBD = To Be Determined.
* Characterized but not tested.

FIGURE 17-5:

CLKOUT AND I/O TIMING
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TABLE 17-6: CLKOUT AND 1I/O TIMING REQUIREMENTS

Par’e:lnc:eter Sym Characteristic Min Typt | Max | Units
10 TosH2ckL | OSC1T to CLKOUTL PIC16F62XA — 75 | 200*| ns
10A PIC16LF62XA — — 400* ns
11 TosH2ckH | 0SC1T to CLKOUTT PIC16F62XA — 75 200~ ns
11A PIC16LF62XA — — 400* ns
12 TckR CLKOUT rise time PIC16F62XA — 35 100* ns
12A PIC16LF62XA — — 200~ ns
13 TckF CLKOUT fall time PIC16F62XA — 35 100* ns
13A PIC16LF62XA — — 200~ ns
14 TckL2i0V | CLKOUT | to Port out valid — — 20* ns
15 TioV2ckH | Port in valid before CLKOUT T PIC16F62XA | Tosc+200 ns* — — ns
PIC16LF62XA | Tosc+400 ns* — — ns
16 TckH2i0l | Port in hold after CLKOUT T 0 — — ns
17 TosH2i0V | OSC1T (Q1 cycle) to PIC16F62XA — 50 150* ns
Port out valid PIC16LF62XA — — 300* ns
18 TosH2iol | OSC1T (Q2 cycle) to Port input invalid 100* — — ns
(I/O in hold time) 200*

* These parameters are characterized but not tested.

t Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

FIGURE 17-6: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING
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FIGURE 17-7: BROWN-OUT RESET TIMING

S S

TABLE 17-7: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER REQUIREMENTS
Parzrg.eter Sym Characteristic Min Typt Max | Units Conditions
30 TmcL | MCLR Pulse Width (low) 2000 — — ns | VDD = 5V, -40°C to +85°C
31 TwbDT | Watchdog Timer Time out Period * 18 33* ms | VDD =5V, -40°C to +85°C
(No Prescaler)
32 Tost | Oscillation Start-up Timer Period — 1024 Tosc — — | Tosc = OSC1 period
33 TPwWRT | Power-up Timer Period 28* 72 132* ms | VDD =5V, -40°C to +85°C
34 Tioz 1/0 High-impedance from MCLR — — 2.0* us
Low or Watchdog Timer Reset
35 TBOR | Brown-out Reset pulse width 100* — — us | VDD < VBOR (D005)
Legend: TBD = To Be Determined.

* These parameters are characterized but not tested.

T Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.

FIGURE 17-8: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

| I
RA4/TOCKI/CMP2 / | | 3
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| 40 - 41 - |
| | |
|
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| 42
|
| | i |
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| | | | | |
| 45 > 46 | |
| N ' |
| | |
- 47 - 48 -
|

TMRO OR
TMR1
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TABLE 17-8: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
Pzr:m Sym Characteristic Min Typt | Max |Units|Conditions
40 TTOH  |TOCKI High Pulse Width ~ |No Prescaler 0.5Tcy + 20* — | — | ns
With Prescaler 10* — — ns
41 TTOL TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20* — — ns
With Prescaler 10* — — ns
42 TTOP TOCKI Period Greater of: | — — ns [N =prescale
20 or Tcy +40* value (2, 4,
N .oy 256)
45 TT1H T1CKI High |Synchronous, No Prescaler 0.5Tcy + 20* — — ns
Time Synchronous, [PIC16F62XA 15* — | — | ns
with Prescaler |pjc16LF62XA 25+ — | — | ns
Asynchronous|PIC16F62XA 30* — — ns
PIC16LF62XA 50* — — ns
46 TTiL T1CKI Low |Synchronous, No Prescaler 0.5Tcy + 20* — — ns
Time Synchronous, [PIC16F62XA 15* — | — | ns
with Prescaler pic16LF62XA 25+ — | = | ns
Asynchronous|PIC16F62XA 30* — — ns
PIC16LF62XA 50* — — ns
47 TT1P T1CKIl input |Synchronous |PIC16F62XA Greater of: | — — ns [N =prescale
period 20 or _Tcy +40* value (1, 2,
N 4,8)
PIC16LF62XA Greater of: — — —
20 or Tcy +40*
N
Asynchronous|PIC16F62XA 60* — — ns
PIC16LF62XA 100* — — ns
FTl Timerl oscillator input frequency range — 32.7W] — | kHz
(oscillator enabled by setting bit
T1OSCEN)
48 |TCKEZTMR1|Delay from external clock edge to timer 2Tosc — |7Tosc| —
increment

only and are not tested.

Note 1:

These parameters are characterized but not tested.

Higher value crystal frequencies may not be compatible with this crystal driver.

Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance

This oscillator is intended to work only with 32.768 kHz watch crystals and their manufactured tolerances.
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FIGURE 17-9: CAPTURE/COMPARE/PWM TIMINGS
RB3/CCP1
(CAPTURE MODE) :
5 50 - 51—
52
RB3/CCP1 ! !
(COMPARE OR PWM MODE) : :
53 —=. -— L~ 54
TABLE 17-9: CAPTURE/COMPARE/PWM REQUIREMENTS
Pilr:m Sym Characteristic Min Typt| Max [Units| Conditions
50 |TccL |CCP No Prescaler 0.5Tcy + — | — ns
input low time 20*
PIC16F62XA 10* — | — | ns
With Prescaler |p|c16LF62XA 20* — | — | ns
51 |TccH|CCP No Prescaler 0.5Tcy + — | — ns
input high time 20*
PIC16F62XA 10* — | — | ns
With Prescaler |p|c16LF62XA 20* — | — | ns
52 |TccP |CCP input period 3Tcy +40* | — | — ns N = prescale
N value (1,4 or 16)
53 |TccR|CCP output rise time PIC16F62XA 10 | 25* | ns
PIC16LF62XA 25 | 45* | ns
54 | TccF |CCP output fall time PIC16F62XA 10 | 25* | ns
PIC16LF62XA 25 | 45* | ns

*  These parameters are characterized but not tested.

t Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.

© 2007 Microchip Technology Inc.
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18.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES

The graphs and tables provided in this section are for design guidance and are not tested.

In some graphs or tables, the data presented are outside specified operating range (i.e., outside specified VbbD
range). This is for information only and devices are ensured to operate properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different lots over a period
of time and matrix samples. ‘Typical' represents the mean of the distribution at 25°C. ‘Max’ or ‘Min’ represents
(mean + 3c) or (mean - 3c0) respectively, where ¢ is standard deviation, over the whole temperature range.

FIGURE 18-1: TYPICAL BASELINE IpD vs. VDD (-40°C TO 25°C)
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FIGURE 18-2:

TYPICAL BASELINE Ipp vs. VDD (85°C)
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FIGURE 18-3:

TYPICAL BASELINE CURRENT IpD vs. VDD (125°C)
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FIGURE 18-4: TYPICAL BOR IPD vs. VDD
40
38
‘/'/_/%
36 I —
(—/__/_/ //_/
34 [ E—
32 | — — —¢125°C
2 P | | —9|—=—85C
= 30 = - ——25°C
)] o
o 28 :04(();‘@
///_//EI
| |
26 —
—
24
22
20
45 46 47 48 49 5.0 5.1 5.2 5.3 5.4 5.5
VDD (Volts)
FIGURE 18-5: TYPICAL SINGLE COMPARATOR IpPD vs. VDD
30
25 /(/
20 ]

/ — —+125°C
<§L 4 —A—85°C
= 15 ——25°C
E / ——0°C
- / —5--40°C

10 7
o
5
0
2 25 3 35 4 45 5 5.5
VDD (Volts)

© 2007 Microchip Technology Inc.

DS40044F-page 151



PIC16F627A/628A/648A

FIGURE 18-6: TYPICAL VREF IPD vS. VDD
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FIGURE 18-7: TYPICAL WDT IpD vs. VDD
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FIGURE 18-8: AVERAGE IpD_TIMER1
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FIGURE 18-9: TYPICAL INTERNAL OSCILLATOR FREQUENCY vs. TEMPERATURE
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FIGURE 18-10: TYPICAL INTERNAL OSCILLATOR FREQUENCY vs. TEMPERATURE
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FIGURE 18-11: TYPICAL INTERNAL OSCILLATOR FREQUENCY vs. TEMPERATURE
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FIGURE 18-12: TYPICAL INTERNAL OSCILLATOR DEVIATION vs. VDD AT 25°C — 4 MHz MODE
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FIGURE 18-13: TYPICAL INTERNAL OSCILLATOR FREQUENCY vs. Vbb TEMPERATURE =
-40°C TO 85°C
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FIGURE 18-14: INTERNAL OSCILLATOR IpbD vs. VDD — 4 MHz MODE
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FIGURE 18-15: TYPICAL INTERNAL OSCILLATOR FREQUENCY vs. VDD AT 25°C — SLOW
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FIGURE 18-16: INTERNAL OSCILLATOR IpD vs. Vbb — SLOW MODE
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FIGURE 18-17: SUPPLY CURRENT (Ibb vs. VDD, Fosc = 1 MHz (XT OSCILLATOR MODE)
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FIGURE 18-18: SUPPLY CURRENT (Ipp vs. VDD, Fosc = 4 MHz (XT OSCILLATOR MODE)
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FIGURE 18-19: SUPPLY CURRENT (Ibb) vs. VDD, Fosc = 20 MHz (HS OSCILLATOR MODE)
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FIGURE 18-20: TYPICAL WDT PERIOD vs. VDD (-40°C TO +125°C)
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19.0 PACKAGING INFORMATION

19.1 Package Marking Information

18-Lead PDIP

XXXXXXXXXXXXXXXXX
D XXXXXXXXXXXXXXXXX
o A YYWWNNN

18-Lead SOIC (.300”)

XXXXXXXXXXXX
XXX XXXXXXXXX
XXX XXXXXXXXX

Oﬁ\ YYWWNNN

20-Lead SSOP

XXXXXXKXXXXX
XXXXXXKXXXXX

R\ YYWWNNN

O

28-Lead QFN

\

XXXXXXXX

XXXXXXXX
YYWWNN No

Example

PIC16F627A

D -IIP (€3)
o B 0410017

Example

PIC16F628A
-E/SO @
» 0410017

o

Example

PIC16F648A

-I/SS

@ 0410017

O

Example

e\

16F628A

-IIML 3
0410017 _

Legend: XX...X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01")
NNN Alphanumeric traceability code
Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.

© 2007 Microchip Technology Inc.
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18-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging

NOTE 1
N

Ny P Y Y

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

A2
JWH[W SRS
b eB—=
Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 18
Pitch e .100 BSC
Top to Seating Plane A - - .210
Molded Package Thickness A2 115 .130 .195
Base to Seating Plane Al .015 - -
Shoulder to Shoulder Width E .300 .310 .325
Molded Package Width E1 .240 .250 .280
Overall Length .880 .900 .920
Tip to Seating Plane L 115 .130 .150
Lead Thickness c .008 .010 .014
Upper Lead Width bl .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-007B
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18-Lead Plastic Small Outline (SO) — Wide, 7.50 mm Body [SOIC]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
D
N
INIR I
L[]
7/////7 | E1
A |
NOTE 1 — 142424 1 J
INRINIRIRIRIN ]
1.2 3
e
.
/Y"\ ——{|=—h
'
. L P :
AL B i
A1] L—— ﬁ\/ ?
—=IL1
Units MILLIMETERS
Dimension Limits MIN NOM MAX
Number of Pins N 18
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § Al 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width El 7.50 BSC
Overall Length D 11.55 BSC
Chamfer (optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Foot Angle [0} 0° - 8°
Lead Thickness c 0.20 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom B 5° - 15°
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-051B
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20-Lead Plastic Shrink Small Outline (SS) — 5.30 mm Body [SSOP]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

D

I

L1 |

Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 20
Pitch e 0.65 BSC
Overall Height A — - 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff Al 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width El 5.00 5.30 5.60
Overall Length D 6.90 7.20 7.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness c 0.09 - 0.25
Foot Angle [0} 0° 4° 8°
Lead Width b 0.22 - 0.38

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.20 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-072B
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

EXPOSED
PAD

E
B A £2
700
VAR
S 2

////// 1

v /X{v

\ N

NOTE 1 |
TOP VIEW BOTTOM VIEW

-

A3 A1
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff Al 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 6.00 BSC
Exposed Pad Width E2 3.65 3.70 4.20
Overall Length D 6.00 BSC
Exposed Pad Length D2 3.65 3.70 4.20
Contact Width b 0.23 0.30 0.35
Contact Length L 0.50 0.55 0.70
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
Microchip Technology Drawing C04-105B
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APPENDIX A: DATA SHEET
REVISION HISTORY

Revision A

This is a new data sheet.

Revision B

Revised 28-Pin QFN Pin Diagram

Revised Figure 5-4 Block Diagram

Revised Register 7-1 TMR1ON

Revised Example 13-4 Data EEPROM Refresh Routine
Revised Instruction Set SUBWF, Example 1

Revised DC Characteristics 17-2 and 17-3

Revised Tables 17-4 and 17-6

Corrected Table and Figure numbering in Section 17.0

Revision C

General revisions throughout. Revisions to Section
14.0 — Special Features of the CPU. Section 18,
modified graphs.

Revision D

Revise Example 13-2, Data EEPROM Write

Revise Sections 17.2, Param No. D020 and 17.3,
Param No. DO20E

Revise Section 18.0 graphs

Revision E

Section 19.0 Packaging Information: Replaced
package drawings and added note.

Revision F (03/2007)

Replaced Package Drawings (Rev. AM); Replaced
Development Support Section; Revised Product ID
System.

APPENDIX B: DEVICE
DIFFERENCES

The differences between the PIC16F627A/628A/648A
devices listed in this data sheet are shown in Table B-1.

TABLE B-1: DEVICE DIFFERENCES

Memory
Device Flash RAM | EEPROM
Program Data Data

PIC16F627A | 1024 x14 | 224x8 128x 8
PIC16F628A | 2048 x14 | 224x8 128 x 8
PIC16F648A | 4096 x 14 | 256 x 8 256 x 8

© 2007 Microchip Technology Inc.
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APPENDIX C: DEVICE MIGRATIONS

This section describes the functional and electrical
specification differences when migrating between
functionally similar devices. (such as from a
PIC16F627 to a PIC16F627A).

C.1 PIC16F627/628 to a PIC16F627A/
628A

1. ER mode is now RC mode.

2. Code protection for the program memory has
changed from code-protect sections of memory
to code-protect of the whole memory. The
configuration bits CPO and CP1 in the
PIC16F627/628 do not exist in the PIC16F627A/
628A. They have been replaced with one
configuration bit<13> CP.

3. “Brown-out Detect (BOD)” terminology has
changed to “Brown-out Reset (BOR)” to better
represent the function of the Brown-out circuitry.

4. Enabling Brown-out Reset (BOR) does not
automatically enable the Power-up Timer
(PWRT) the way it did in the PIC16F627/628.

5. INTRC is now called INTOSC.

6. Timerl Oscillator is now designed for
32.768 kHz operation. In the PIC16F627/628,
the Timerl oscillator was designed to run up to
200 kHz.

7. The Dual-Speed Oscillator mode only works in
the INTOSC oscillator mode. In the PIC16F627/
628, the Dual-Speed Oscillator mode worked in
both the INTRC and ER oscillator modes.

APPENDIX D: MIGRATING FROM
OTHER PIC®
DEVICES

This discusses some of the issues in migrating from

other PIC MCU devices to the PIC16F627A/628A/
648A family of devices.

D.1 PIC16C62X/CE62X to PIC16F627A/
628A/648A Migration

See  Microchip web site for availability
(www.microchip.com).

D.2 PIC16C622A to PIC16F627A/628A/
648A Migration

See  Microchip web site for availability
(www.microchip.com).

Note:  This device has been designed to perform
to the parameters of its data sheet. It has
been tested to an electrical specification
designed to determine its conformance
with these parameters. Due to process
differences in the manufacture of this
device, this device may have different
performance characteristics than its earlier
version. These differences may cause this
device to perform differently in your
application than the earlier version of this

device.
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

e Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

e General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com, click on Customer Change
Notification and follow the registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

¢ Local Sales Office

« Field Application Engineer (FAE)

e Technical Support

< Development Systems Information Line

Customers  should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the web site
at: http://support.microchip.com
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like a reply? Y N

Device: PIC16F627A/628A/648A Literature Number: DS40044F
Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4. What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?
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D
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E

EECONL1 Register
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F
Fuses. See Configuration Bits

G

General Purpose Register File ...........cooveveviiiiieeieeiiiiee. 15
GOTO INSIUCTION. ... eieee et 121
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. _I)g /_XIL XXX
Device Temperature  Package Pattern

Range

Device: PIC16F627A/628A/648A:Standard VDD range 3.0V to
5.5V
PIC16F627A/628A/648AT:VVDD range 3.0V to 5.5V
(Tape and Reel)
PIC16LF627A/628A/648A:VDD range 2.0V to 5.5V
PIC16LF627A/628A/648AT:VVDD range 2.0V to 5.5V
(Tape and Reel)

Temperature | = -40°Cto +85°C

Range: E = -40°Cto+125°C

Package: P = PDIP
SO = SOIC (Gull Wing, 7.50 mm body)
SS = SSOP (5.30 mm
ML = QFN (28 Lead)

Examples:
a) PIC16F627A - E/P 301 = Extended
Temp.,

PDIP package, 20 MHz, normal VDD lim-
its, QTP pattern #301.

b) PIC16LF627A - 1/SO = Industrial Temp.,
SOIC package, 20 MHz, extended VDD
limits.
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