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1. SPECIFICATIONS
1.1 Features

° Full dot-matrix structure with 192 dots * 128 dots

« 1/128 Duty, 1/12 bias

* STN LCD, positive, gray display

* Transflective LCD
* 6 0'dock viewing angle

* Controller IC LC7981, 8 bits pardle datainput
* Built-in negative voltage generator circuit

* With LED backlight

1.2 Mechanical Specifications

* Outline dimension
* Viewing area

* Active area

* Dot 5ze

* Dot pitch

1.3 Absolute Maximum Ratings
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: 98.0mm(L)*86.0mm(W)*13.4mm (H) max
o 77.5mm*54.0mm
» 71.0mm*47.32mm
: 0.33mm*0.33mm
: 0.37mm*0.37mm

Item Symbol | Conditions | Min. Max. Unit
Power supply Voltage VDD - 0 7.0 V
LCD drive Supply voltage | VDD-VEE - - 28 V
Input voltage VIN - -0.3 VDD+0.3 \%
Operating temperature TOPR - 0 50 °C
Storage temperature TSTG - -10 60 °C
Humidity HD - - 90 %RH
1.4 DC Electrical Characteristics
VDD=+5V+10%,Vss=0V,TA=25°C
Item Symbol Condition Min. Typ. Max. Unit
Logic Supply voltage VDD - 4.5 5 55 \%
“H” input voltage VIH - 0.8VDD - VDD \
“L” input voltage VIL - 0 - 0.2VDD V
“H” output voltage VVOH - \VVDD-0.4 - - \%
“L” output voltage VoLl - - - 04 V
Supply current IDD VDD=5V - 36.0 42.0 mA
LCD driving voltage \elz VDD-VO - 18.36 | 19.64 V
DIE POWERTIP TECHNOLOGY CORPORATION

[
[JMC] DISPLAY DEVICES FOR BETTER ELECTRONIC DESIGN




1.5 Optical Characteristics
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1/128 duty, 1/12 bias, Vopr=19.1V, Ta=25°C

Item Symbol | Conditions Min. Typ. Max Reference
Viewing angle q C>2.0,/A=0°| 30° - - Notes1 & 2
Contrast C g=5°, A=0° - 3 - Note 3
Response time(rise) T, g=5°, A=0° - 200ms 300ms Note 4
Response time(fall) T g=5°, A=0° - 250ms 400ms Note 4

Note 1: Definition of anglesg and A

Note 2: Definition of viewing anglesql and g2
4

Light (when reflected) z (q=0°)
q Sensor '
Y (AEE180) Y Contrast
\ LCD panel C
X' ~ X (AE=90°) 20 —
& \@E
o ql q2
Light (when transmitted ) Y(AE_SOZ viewing angle g (4 fixed)
(@=90%) Note: Optimum viewing angle with the

Note 3: Definition of contrast C
Brightness (reflection) of unselected dot (B2)

C=%%%YYaYaYaYaY2¥1¥a¥a¥aYaYaYs
Brightness (reflection) of selected dot (B1)

Brightness (reflection) of

selected dot
(%) |
I Brightness
| (reflection) of
unsel ected dot
Brightness
(reflection) B1
|
|
0

operating voltage (v)

naked eye and viewing angle g at
Cmax. Above are not always the same

Note 4. Definition of responsetime

1

rﬂ 1L

—VOP
Non—selected stale | Selected slate| Nen—selected state
Contrast 80%
X 10%
~—
‘#—r' -t_f- Time

Note: Measured with atransmissive LCD
panel which is displayed 1 cn?

Vopr : Operating voltage
t ; : Response time (rise)

ferw : Frame frequency
t; : Response time (fall)
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1.6 Backlight Characteristic

The LCD Moduleis backlight usng aLED pane

- Maximum Ratings
Item Symbol | Conditions | Min. Max. Unit
Forward current IF TA=25°C - 350 mA
Reverse voltage VR TA=25°C - 8 \%
Power disspation PO TA=25°C - 1.54 W
Operating Temperature TOPR - -20 70 °C
Storage temperature TSTG - -40 80 °C
- Electricd Retings
Item Symbol Condition | Min. | Typ. Max. Unit
Forward voltage VF |F=140mA - 4.0 4.4 \%
Reverse current IR VR=8V - - 0.2 mA
Luminous intensity Iv IF=140mA | 14.4 18 - cd/n?
(without LCD)
Luminous intensity Iv IF=140mA | - 2.94 - cd/n?
(with LCD)
Wavdength HUE IF=140mA | 571 - 576 nm
Color Ydlow Green
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2. MODULE STRUCTURE

2.1 Counter Drawing

*See Appendix 1

NO.PG192128LRS-BYA-B  Rev:0

2.2 Interface Pin Description

Pin No. Symbol Signd Description
1 Vss Power Supply (Vss=0)
2 VDD Power Supply (Vpp>Vss)
3 Vo Operating voltage for LCD
4 RS Register Sdlect-High =Ingruction, Low =Data
5 RIW Read/Write |
Low =MPU to LCM, High =LCM to MPU
Eneble
6 E R/' W =Low: Daais written on the faling edge of E
R/'W =High: Data can be read a E=1
7~14 DBOto DB7 |Databus
15 CS Chip sdlect
16 RES Reset signal
17 VEE Negetive voltage output
18 NC NC
19 A Power supply LED backlight (+)
20 K Power supply LED backlight (-)
Contrast Adjust
VDD
2
Vo
VR=10-20K 3 LCD MODULE
VEE
17
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2.3 Timing Characteristics

- Bus read/write timing
Read cycle
E S
1] >l
RW. CS RS N N
[3] e —
DBO~7 N N
Write cycle
E ¥
[1]
RW. CS RS N N
<— [5] [6]
DBO~7 N N
TA=-20to +75°C,VDD= 5V+5%, GND= OV
No Item Symbol | Min. typ Max. Unit Conditions
1 |Address set-uptime tAS 90 - - ns -
2 |Address hold time tAH 10 - - ns -
3 |Datadday time(read) tDDR - - 140 ns CL=50pF
4 |Datahold time (read) tDHR 10 - - ns -
5 |Dataset-uptime (write) | tbsw | 220 - - ns -
6 |Daahold time (write) tDHW 20 - - ns -
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2.4 Display command

- Digplay contral ingruction
Display is controlled by writing data into the instruction register and 13 dataregisters. The indruction
register and the dataregister are distinguished by the RS sgnd. Fird, write 4-bit data
in the indruction register when RS=1, then specify the code of the data register. Next with RS=0, write
8-hit datain the data register, which executes the specify ingtruction.
A new ingruction cannot be accepted while an old ingtruction is being executed. As the Busy
flag is set under this condition, write an indruction only after reading the Busy flag and making
aure that it is 0.
However, the next ingruction can be executed without checking the Busy flag when the
maximum read cycle time or the write cycle time has been exceeded after execution of the
previous data read indruction or the data write ingtruction. The Busy flag does not change when
data is written into the ingtruction register (RS=1) .Therefore, the Busy flag need not be checked
immediately after writing data into the ingruction register.

(1)Mode control
Write code “00H” (in hexadecima notation) in the ingtruction register and specify the mode control
register.

Regiser RW | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Ingtruction Reg 0 1 0 0 0 0 0 0 0 0
Mode control Reg 0 0 0 0 MODE Data

DB5 | DB4 |DB3|DB2|DB1| DBO Cursor / blink CG | Graphic/character display
O O Cursor OFF 8
0|1 0 Cursor ON c
110 Cursor OFF %
1 1] 1 0 Cursor blink o Character diso
aracter
/ / 0| O Cursor OFF 8 Y
0 O o1 . |Cursor ON T
1|0 Cursor OFF character blink | &
1] 1 Cursor blink 0
0| 0] 1 0 Graphic mode
%
LL -m ~
LL =
go| & AEIE
Bz B |2 3|8|820
56| = |8|3|=|830
1. master mode
| 0 davemode
1. display ON
0: display OFF
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(2) Setting the character pitch

Regiser RW | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Ingtruction Reg 0 1 0 0 0 0 0 0 0 1
Character pitch Reg 0 0 (Vp-1) Binary 0 (Hp-1) Binary

Vp isthe number of vertica dots per character. Determine Vp with the pitch between two
verticdly placed characters taken into condderation. This vaue is meaningful only in the

character disolay mode: It is invdid in the graphic mode.
In character mode, Hp indicates the number of horizontal dots per character, from the leftmost part

of one character to the leftmost part of the next. In the graphic mode, Hp indicates how many bits

(or dots) from RAM appear in a 1-byte display.
Hp mugt take one of the following three vaues.

Hp | DB2 | DB1 | DBO

Horizontal character pitch 6
Horizontal character pitch 7
Horizonta character pitch 8

oo

R

RO
=1

(3)Setting the number of characters

Register RW | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO

Ingtruction Reg 0 1 0 0 0 0 0 0 1 0

Character number Reg 0 0 (HN-1) Binay (239)

In the character display mode, HN indicates the number of charactersin the horizontd direction. In  the
graphic mode, it indicates the number of bytesin the horizonta direction. The tota number of dots
positioned horizontaly on the screen nis given by the formula

n=Hp *HN.

Even numbersin the range 2 to 256 (decimal) can be set as HN.

(4) Setting the time division number (display duty)

Register RW | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Ingtruction Reg 0 1 0 0 0 0 0 0 1 1
Time divison Reg 0 (Nx-1) Binay (127)

Consequently, 1/Nx is the display duty.
Decima numbers within the range 1 to 256 can be set as Nx.

(5)Setting the cursor pogition

Register RW | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Ingtruction Reg 0 1 0 0 0 0 0 1 0 0
Cursor position Reg 0 0 0 0 0 0 (Cp- 1) Binary
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In the character display mode, Cp indicates the line a which the cursor is displayed. For example, when
Cp=8 (decimd) is specified, the cursor is displayed beneath the character of the 5* 7 dot-font. The horizontd
length of the cursor equals Hp (the horizontal character pitch). Decimd vauesin the range 1 to 16 can be
assigned to Cp. When the value is less than the vertica character pitch Vp (Cp<Vp), display priority isgiven
to the cursor (provided the cursor display is ON). The cursor is not displayed when CP) Vp. The horizonta
length of the cursor equals Hp.

(6)Setting the display start lower address

Regiser RW | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Ingtruction Reg 0 1 0 0 0 0 1 0 0 0
Mode control Reg 0 0 (start address lower byte) binary

(7)Setting the display start upper address

Register RW | RS| DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Ingtruction Reg 0 1 0 0 0 0 1 0 0 1
Display start address Reg 0 _

dtart addressu byte) bin
(lower byte) ( pper byte) binary

Thisingruction writes the display start address vaue in the display start addressregister. The display sart
address at which datato be displayed at the leftmost pogition of the top line of the screen is Stored.
The start address congists of 16 bit (upper and lower).

(8)Setting the cursor (lower) address (RAM read/write lower address)

Register RW | RS| DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Ingtruction Reg 0 1 0 0 0 0 1 0 1 0
Cursor address counter 0 _

(cursor address lower byte) binary
(lower byte)

(9)Setting the cursor (upper) address (RAM read/write lower address)

Register RW | RS| DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Ingtruction Reg 0 1 0 0 0 0 1 0 1 1
Cursor address counter 0 (cursor address upper byte) binary

(upper byte)

This ingtruction writes the cursor address vaue in the cursor address counter. The cursor address

indicates the address for exchanging display data and character codes with RAM. In other words,
data at the address specified by the cursor address is read from or written into RAM. In character
display, the cursor is displayed at the position specified by the cursor address.

The cursor addressis divided into alower address (8 bits) and an upper address (8 hits). It should
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be st in accordance with the following rules.

To rewrite (set) both lower and upper ,
1 dr : First set the lower address, then the upper.
2 | To rewrite the lower address. Always reset the upper address after setting the lower address.
3 | To rewrite the upper address only: Set the upper address. It is necessary to reset the lower address.

The cursor address counter is a 16-bit up-counter with set/reset functions: when the Nth bit goesfrom 1 to O,
the count of the (N + 1)th bit increments by one. Accordingly, when the lower addressis set S0 that the lower
MSB (8th hit) changesfrom 1 to O, the LSB (1<t bit) of the upper counter must increment by one. When
Setting the cursor address, set the lower and upper addresses as a 2-byte continuous ingtruction.

(10)Writing display data
Regiser RW | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Ingtruction Reg 0 1 0 0 0 0 1 1 0 0
RAM 0 0 MSB (pattern data, character code) LSB

Write code “ODH” in the ingruction regigter. Then, Write 8-bit data with RS=0, and the datais written into
RAM as display data or character codes at the address specified by the cursor address counter. After writing,
the count of the cursor address counter increments by 1.

(11)Reading display data
Regiser RW | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Ingtruction Reg 0 1 0 0 0 0 1 1 0 1
RAM 1 0 MSB (pattern data, character code) LSB

Write “OCH” in the ingtruction register. Then, establish the read status with RS=0, and datain the RAM can
be read. The procedure for reading datais as follows:

This ingtruction outputs the contents of the data output register to DBO to 7, then transfers the RAM data
indicated by the cursor address to the data output register. It then increments the cursor address by 1, which
means that correct data cannot be read in the first read operation. The specified vaueis output in the second
read operation. Accordingly, adummy read operation must be performed once when reading data after
setting the cursor address.

(12)Bit clear

Register RW | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Ingtruction Reg 0 1 0 0 0 0 1 1 1 0
Bit clear 0 0 0 0 0 0 0 (NB-1) Binary
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(13)Bit =t

Register RW | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Ingtruction Reg 0 1 0 0 0 0 1 1 1 1
Bit sat 0 0 0 0 0 0 0 (NB-1) Binary

Asthe bit-clear or bit-set ingtruction, 1 bit of a 1 byte of datain display RAM isset to O or 1. The bit
specified by NBis set to O for the bit-clear ingruction and 1 for the bit-set indruction. The RAM address is
specified by the cursor address, which is automatically incremented by 1 at the completion of the ingtruction.
NB isavduein therangefrom 1to 8. The LSB isindicated by NB=1, and the MSB by NB=8.

(14)Reading the BUSY flag
Register R/W RS | DB7 | DB6 | DB5 | DB4 | DB3 |DB2| DB1 | DBO
busy flag 1 1 1/0 *

The Busy flag is output to DB7 when read mode is established with RS=1. The Busy flag is st to 1 while any
of theingructions (1) through (13) is being executed. It is set to O at the completion of the execution, dlowing
the next ingtruction to be accepted. No other ingtruction can be accepted when the Busy flag is 1.
Accordingly, before writing an ingtruction and data, it is hecessary to ensure that the Busy flag is 0. However,
the next ingruction can be executed without checking the Busy flag when the maximum read cycle time or the
write cycle time has been exceeded after execution of the previous data read ingtruction or the data write
indruction.

The Busy flag does not change when data is written into the ingtruction register (RS=1). Therefore, the Busy
Specification of the ingtruction register is unnecessary to read the Busy flag.
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The relation between the LCD pand display and Hp, HN, Vp, Cp, Nx

Hp
RDO RD7
EEROOO0NEEROO0 —x EEEEROO0
OoOoRO00R000m0O0 0000R000
[uujn] [sjuje] [s|eu] [=|=] Ooomoooo
o [unjm] [wimjm] | | | |=jsia] OOomont
> EEEEIEEEIEEEIE 2 = fafafatalare
ooomooommmmog O EEEEECOO0
OO00000000000a Ooogoooo
~, BOOOOQOCNEENE === - - - 00000000
e
STA CURA
X
z
O00000L
EREOOOC0
u|m]m] [w|mw
mimim| [wjm|m
OoOmRO00
EEIDEIIEIE []
mimim| [wism|s
OEEEO000
gooooogo
- gogogooogog
HN(digits)
Symbol |Description Contents Vdue
Hp ;:g\zontd character Character pitch in the horizonta direction 6 to 8 dots
.N umber (.Jf characters Number of characters (digits) per horizontd lineor the  |Even digitsin the
AN Inthe horizontd number of words per line (graphic) range 2 to 256
direction i gep g
Vp |\o/|te:rl1ca character Character pitch in the vertica direction 1to 16 dots
Cp Cursor position The line number a which the cursor isto be display 1to16line
Number of linesin , :
NX the vertical direction Display duty 1to 256 lines
(Note)

When the number of vertica dots on the screen is m and that of horizontal dotsisn,

1/m=1/Nx=display duty

n=Hp*HN

MV p=number of digplay lines

Cp<Vp
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Display mode
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2.5

Character Pattern
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