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LCD MODULE: XRDG-G12864B2FDTGWSNN-10

Version :A0Q 23-Oct-19

B MODULE CLASSIFICATION INFORMATION

XRDG-G12864B2FDTGWSNN-10

PRODUCT USAGE

10:NO.10

SPECIAL NEEDS

N:NO SPECIAL NEEDS
CHARACTERS OR FONT MODE
N:WITHOUT

TEMP.GRADE
S:-20°-+70°

BACKLIGHT MODE & COLOR
W:WHITE

POLARIZER COLOR
G:GREY

POLARIZER MODE
T:-TRANSMISSIVE

VIEWING ANGLE
D:6 0'CLOCK

LCD TYPE

F:FSTN

MODEL SERIES

B2

DISPLAY FORMAT
12864:128COLUMNS*64ROW S
IC PACKING

G:COG

LCM TYPE
G:GRAPHIC
STANDARD MODULE
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LCD MODULE: XRDG-G12864B2FDTGWSNN-10 Version :A0  23-Oct-19
B PHYSICAL DATA
ITEM STANDARD VALUE UNIT
NUMBER OF GRAPHIC 128x64 mm
MODULE DIMENSION 93.0x70.0x18.0(MAX) mm
EFFECTIVE DISPLAY AREA 66.52%33.24 mm
DOT SIZE 0.49x0.49 mm
DOT PITCH 0.52x0.52 mm
LCD TYPE FSTN/TRANSMISSIVE/GREY
DUTY/BIAS 1/65 DUTY / 1/9 BIAS
VIEWING DIRECTION 6 | 0’clock
BACK LIGHT TYPE SIDE LIT LED
BACK LIGHT COLOR WHITE
INTERFACE SPI
APPROX. WEIGHT TBD | ¢
B MECHANICAL DIMENSIONS
93.00+0.3CPCBY
-~ S83.00CHOLED -
27.00(FRAMED
71.70C¢V,AD 1060
1060
66.52CA,A) %%Eﬁ
o P2.0¥8=16.00 ©.99 el 1800 MAX b=
EC:; i 200 ol - Lep
' ﬂ [* ‘ /[\,,,05* N = 845 =
L R L =
- s 0 051
— T =049
AR S==|
] ]
10/
DUTE 128*64 ]
~ BT R
= ]
/
f )
B = /.00 =~
| Q,,/(Léu; -1 1 P2.54%8=20.32

NOTES:
ALL UNMARKED TOLERANCES: +0.2mm;
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LCD MODULE: XRDG-G12864B2FDTGWSNN-10 Version :A0 23-Oct-19

B BLOCK DIAGRAM
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B INTERFACE PIN CONNECTIONS

Interface:J1ANDJ2

NO SYMBOL LEVEL FUNCTION
1 VSS ov Ground
2 VDD 3.3V Power supply for logic circuit
Register select input pin.
3 RS H/L LCD_RS="H": DBO to DB7 are display data.
LCD RS="L": DB0 to DB7 are control data.
4 CLK I Serial clock input
5 SDA I Serial data input
Reset signal
6 /REST L When LCD_RST is set to “L”, the register settings are initialized.

The reset operation is performed by the LCD RS signal level.
This is the chip select signal. When /CS ="L”, then the chip select

7 /CS L becomes active and data/command 1/O is enabled
8 LEDK Back light cathode
9 LEDA Back light anode
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LCD MODULE: XRDG-G12864B2FDTGWSNN-10 Version :A0 23-Oct-19

B ELECTRICAL CHARACTERISTICS

¥ AC Characteristics
® System Bus Read/Write Characteristics 1 (For the 8080 Series MPU)

Al
+—faws—» e——1taHs
CS1
=+ tcves »
e fcor tecow———»
WR,RD
«—————1{cCcHR tccHw———>
| tose > ot
DO to D7
(Write)
< tacce »| <+«—1{oHs
DO to D7
(Read)
(VDD =3.3V, Ta=-20to 70°C)
Parameter Signal Symbol Condition Min Max Unit
Address hold time tAHS 0 --
Address setup time A0 tAWS 0 --
System cycle time tCYCS8 240 --
Enable L pulse width (WRITE) WR tCCLW 80 --
Enable H pulse width (WRITE) tCCHW 80 --
Enable L pulse width (READ) RD tCCLR 140 -- ns
Enable H pulse width (READ) tCCHR 80 --
WRITE Data setup time tDS8 40 --
WRITE Address hold time DO-D7 tDHS 0 --
READ access time tACC8 CL=100pF -- 70
READ Output disable time tOHS8 CL=100pF 5 50

*1 The input signal rise time and fall time (tr, tf) is specified at 15 ns or less. When the system cycle time is extremely
fast,
(tr +tf) < (tCYCS - tCCLW - tCCHW) for (tr + tf) <(tCYC8 - tCCLR - tCCHR) are specified.
*2 All timing is specified using 20% and 80% of VDD as the reference.
*3 tCCLW and tCCLR are specified as the overlap between /CS1 being "L" and /WR and /RD being at the "L" level.
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LCD MODULE: XRDG-G12864B2FDTGWSNN-10 Version :A0 23-Oct-19

® System Bus Read/Write Characteristics 1 (For the 6800 Series MPU)

AD
RW
«—faws—> e——taHs
CS1
« foves »
[e———————TeWLR, tewWLW ———— >
E
le—tewHr tewrw——»
| toss > fti
DO to D7 >4 } <
(Write)
< taccs v +——{oHs
DO to D7 4‘
(Read)
(VDD =3.3V, Ta=-20 to 70°C)
Parameter Signal Symbol Condition Min Max Unit
Address hold time tAH6 0 --
Address setup time A0 tAW6 0 --
System cycle time tCYC6 240 --
Enable L pulse width (WRITE) B tEWLW 80 --
Enable H pulse width (WRITE) tEWHW 80 --
Enable L pulse width (READ) RD tEWLR 80 -- ns
Enable H pulse width (READ) tEWHR 140 --
WRITE Data setup time tDS6 40 --
WRITE Address hold time DO-D7 tDH6 0 --
READ access time tACC6 CL=100pF -- 70
READ Output disable time tOH6 CL=100pF 5 50
(VDD =2.7V, Ta=-20 to 70°C)
Parameter Signal Symbol Condition Min Max Unit
Address hold time tAH6 0 --
Address setup time A0 tAW6 0 --
System cycle time tCYC6 400 --
Enable L pulse width (WRITE) B tEWLW 220 --
Enable H pulse width (WRITE) tEWHW 180 --
Enable L pulse width (READ) RD tEWLR 220 -- ns
Enable H pulse width (READ)" tEWHR 180 --
WRITE Data setup time tDS6 40 --
WRITE Address hold time DO-D7 tDH6 0 --
READ access time tACC6 CL=100pF -- 140
READ Output disable time tOH6 CL=100pF 10 100

*1 The input signal rise time and fall time (tr, tf) is specified at 15 ns or less. When the system cycle time is extremely fast,
(tr +tf) <(ACYC6 - tEWLW - tEWHW) for (tr + tf) <<(tCYC6 - tEWLR - tEWHR) are specified.

*2 All timing is specified using 20% and 80% of VDD as the reference.

*3 tEWLW and tEWLR are specified as the overlap between /CS1 being "L" and E.
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LCD MODULE: XRDG-G12864B2FDTGWSNN-10

Version :A0Q

23-Oct-19

® SERIAL INTERFACE (4-Line Interface)

* fcess B fosH >
‘CS1
< tsas » [——1tseH
AD
2t tscve
< tsLw >
SCL
< fsHw
e 1 L § lenl "
< tsps » fe—tsoH
Sl
(VDD =3.3V, Ta=-20 to 70°C)
Parameter Signal Symbol Condition Min Max Unit
Serial Clock Period tSCYC 50
SCL "H" pulse width SCL tSHW 25
SCL "L" pulse width tSLW 25
Address setup time A0 tSAS 20
Address hold time tSAH 10 ns
Data setup time SI tSDS 20
Data hold time tSDH 10
CS-SCL time ICS1 tCSS 20
CS-SCL time tCSH 40
(VDD =2.7V, Ta = -20 to 70°C)
Parameter Signal Symbol Condition Min Max Unit
Serial Clock Period tSCYC 100
SCL "H" pulse width SCL tSHW 50
SCL "L" pulse width tSLW 50
Address setup time A0 tSAS 30
Address hold time tSAH 20 ns
Data setup time ST tSDS 30
Data hold time tSDH 20
CS-SCL time ICS] tCSS 30
CS-SCL time tCSH 60
*1 The input signal rise and fall time (tr, tf) are specified at 15 ns or less.
*2 All timing is specified using 20% and 80% of VDD as the standard.
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® RESET TIMING

o tRw >
RES
tr >|
Internal .
status During reset ><‘ Reset complete
(VDD =3.3V, Ta=-20 to 70°C)
Parameter Signal Symbol Condition Min Max Unit
Reset time tR -—- --- 1.0 us
Reset "L" pulse width /RES tRW -—- 1.0 -—-
(VDD =2.7V, Ta = -20 to 70°C)
Parameter Signal Symbol Condition Min Max Unit
Reset time tR -—- -—- 2.0 us
Reset "L" pulse width /RES tRW --- 2.0 ---

*1 All timing is specified with 20% and 80% of VDD as the standard.
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LCD MODULE: XRDG-G12864B2FDTGWSNN-10 Version :A0 23-Oct-19

B BACKLIGHT
¥ Backlight Type
Backlight Type: LED (WHITE)

¥ Power Supply For Backlight
(LED Chip 1*3=3dies)

% % % B o
SHNDS D

¥ Absolute Maximum Rating

Note: For operation above 25°C, Then Ifm Ifp must be decreased, the Current decreased is —1.08mA/°C for DC
drive and —2.58mA/°C Pulse drive, the power dissipation is —4.5mW/°C. The product working current must
not more than the 70% of the Ifm or Ifp according to the working temperature.

¥ Electrical-Optical Characteristics

Note: The Master Screen’s luminance is
the average value of 5 points, and The Q Q

Lvmin./Lvmax. is not less than 70%.
The measurement instrument is BM-7 XD/ 6 o5 00\@\

luminance Colorimeter. The aperture is
OS5 mm.

YVAY /G
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LCD MODULE: XRDG-G12864B2FDTGWSNN-10 Version :A0 23-Oct-19
B OPTICAL CHARACTERISTICS
Test instrument is LCD-5000,made in Japan
Item Symbol | Condition | Min | Typ Max Unit Remarks Note
Operating voltage Vop 25C 9.8 10.0 10.2 A% --- ---
s 25C --- 66 250 ms 6=0° 1
R " 0C 950 1150 ms ®=0° 1
n 11m
esponse time N 25°C — | 150 | 250 ms 6=0° 1
0C 950 1150 ms ®=0° 1
Contrast ratio Cr 257C 2.0 6.5 --- --- 2)::(())0 2
Viewing angle range s Cr>2 :: :3 :: g:i ggzjg()o ;
¥ Definition Of Viewing Angle
Notel: Definition of response time
I R S — # ** o e P ****** [ —
L EEEE0 E oo # — i el

non-selected ———r=s———— sp|ected ———

1007 g0y,

Te

.

Note2: Definition of contrast ratio ‘Cr’

Brightness of non-selected segment(B2)
Cr=

Brightness of selected segnent(Bl)

Tr:Rise tinme

n IBZ Brightness curve for non-selected segment
& Brightness curve for selected segment
£
2
® (8!
|
lVop Driving Voltoge

Tl

S

TF:1Fal |

\
A

L

—~—— non-selected

e

Note3: Definition of viewing angle range ‘6’

Normal (8=0°) /Viewing Angle Range 8

(@=180°)
(12:00)

(@=270°)
(9:00)

(@=_090%)
(3:00)

®
(@=0")
(6:00)
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Note4:Measuring Instruments For Electro-optical Characteristics

NORMAL
LIGHT SOURCE

B0 —6=30°

(*2)

*1.Light source position for measuring the reflective type of LCD panel

*2.Light source position for measuring the transflective / transmissive types of LCD panel

SHENZHEN X.R.D LCD TECHNOLOGY CO., LTD.
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LCD MODULE: XRDG-G12864B2FDTGWSNN-10 Version :A0 23-Oct-19

B OPERATING PRINCIPLES & METHODS
¥ MICROPROCESSOR INTERFACE

® Selecting Parallel / Serial Interface

This product has five types of interface with an MPU, which are two parallel and one serial interfaces.

/RD | /WR

Interface type /CS1| A0 E) |®RW) DO0-D5 |D6(SCL)|D7(SI)
80 serial 8-bit parallel |/CS1| A0 | /RD | /WR | D0-D5 D6 D7
68 serial 8-bit parallel |[/CS1| A0 E | R/W | DO-D5 D6 D7

4 line SPI mode /CS1| A0 -- -- -- SCL SI

Note: “--” means “disabled” in pins A0, E_ RD, and RW_WR, and “high impedance” in pins DB0 to DBS

® Parallel Interface

The product identifies the type of the data bus signals according to the combination of AO, /RD (E) and /WR (W/R) as shown

in table:
Common | 6800-series 8080-series L
Description

A0 R/W E /RD /WR

H H H L H Display data read out

H L H H L Display data write

L H H L H Register status read

L L H H L Writes to internal register (instruction)

@® The 4-line SPI Interface

When the 4-line SPI interface has been selected then when the chip is in active state (/CS1 = “L”) the 4-line SPI data input
(SI) and the 4-line SPI clock input (SCL) can be received. The 4-line SPI data is read from the 4-line SPI data input pin in the
rising edge of the 4-line SPI clocks D7, D6 through DO, in this order. This data is converted to 8 bits parallel data in the rising
edge of the eighth 4-line SPI clock for the processing. The A0 input is used to determine whether or the 4-line SPI data input is
display data or command data; when A0 = “H”, the data is display data, and when AO = “L” then the data is command data.
The A0 input is read and used for detection every 8th rising edge of the 4-line SPI clock after the chip becomes active.

CSt
Si \<D?><D6>/D5." D4XD3YD2><D1>/D{J;<D7\<D6\<D5><D4>/D3><D2'x’f—
/ “\ K ."’: PN L\ /’ g -‘\
1 2 3 4 5 6 7 8 9 10 11 12 13 14

AD

* When the chip is not active, the shift registers and the counter are reset to their initial states.

* Reading is not possible while in 4-line SPI interface mode.

* Caution is required on the SCL signal when it comes to line-end reflections and external noise. We recommend that
operation be rechecked on the actual equipment.

® The Chip Select

The product has one chip select terminals: /CS1. The MPU interface or the 4-line SPI interface is enabled only when /CS1 =
“L”, When the chip select is inactive, DO to D7 enter a high impedance state, and the A0, /RD, and /W R inputs are inactive.
When the 4-line SPI interface is selected, the shift register and the counter are reset

® The Accessing the Display Data RAM and the Internal Registers

Data transfer at a higher speed is ensured since the MPU is required to satisfy the cycle time (tCYC) requirement alone in
accessing the Product. Wait time may not be considered. And, in the Product, each time data is sent from the MPU, a type of
pipeline process between LSIs is performed through the bus holder attached to the internal data bus. Internal data bus, For
example, when the MPU writes data to the display data RAM, once the data is stored in the bus holder, then it is written to the
display data RAM before the next data write cycle. Moreover, when the MPU reads the display data RAM, the first data read
cycle (dummy) stores the read data in the bus holder, and then the data is read from the bus holder to the system bus at the next
data read cycle. There is a certain restriction in the read sequence of the display data RAM. Please be advised that data of the
specified address is not generated by the read instruction issued immediately after the address setup. This data is generated in
data read of the second time. Thus, a dummy read is required whenever the address setup or write cycle operation is conducted.
This relationship is shown in Figure

SHENZHEN X.R.D LCD TECHNOLOGY CO., LTD. Page 12 of 38
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Writing
S WR
=
g BUS i *
£ >< N >< N+1 >< N+2 >< N+3
i— | Holder
g Write A A
g Signal
Reading
WR
o
o | RD I
= I
I
I
\4
Address
Preset
o
£ ,
I= Read :
| Signal :
(]
é gg:;‘rg"sns X Preset N >< Increment N+1 >< N+2 ><

Bus Holder >< N >< n >< n+1 >< n+2

Address Dummy Data Read Data Read
Set #n Read #n #n+1

©® The Busy Flag

When the busy flag is “1” it indicates that the product is running internal processes, and at this time no command aside from
a status read will be received. The busy flag is outputted to D7 pin with the read instruction. If the cycle time, (tCYC) is
maintained, it is not necessary to check for this flag before each command. This makes vast improvements in MPU processing
capabilities possible.

® Display Data RAM

The display data RAM stores the dot data for the LCD. It has a 65 (8 page x 8 bit +1) x 132 bit structure. As is shown in
Figure 3, the D7 to DO display data from the MPU corresponds to the LCD display common direction; there are few
constraints at the time of display data transfer when multiple product are used, thus and display structures can be created easily
and with a high degree of freedom, Moreover, reading from and writing to the display RAM from the MPU side is performed
through the I/O buffer, which is an independent operation from signal reading for the liquid crystal driver. Consequently, even
if the display data RAM is accessed asynchronously during liquid crystal display, it will not cause adverse effects on the
display (such as flickering).
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D0 0| 1 1 1 o 0 COMD =
D1 1 oy0|0 o 0 COM1 -
D2 0O|l0|]0]| O o 0 COM2 —
D3 0| 1 1 1 o 0 COM3 -
D4 1 o000 o 0 COon4 —
Display data RAM Liguid crystal display

® The Page Address Circuit

Page address of the display data RAM is specified through the Page Address Set Command. The page address must be
specified again when changing pages to perform access, Page address 8 (D3, D2, D1, DO =1, 0, 0, 0) is a special RAM for
icons, and only display data DO is used.

® The Column Addresses

The display data RAM column address is specified by the Column Address Set command. The specified column address
is incremented (+1) with each display data read/write command. This allows the MPU display data to be accessed
continuously. Moreover, the incrementing of column addresses stops with 83H. Because the column address is independent of
the page address, when moving, for example, from page 0 column 83H to page 1 column 00H, it is necessary to respective
both the page address and the column address. Furthermore, as is shown in Table 4, the ADC command (segment driver
direction select command) can be used to reverse the relationship between the display data RAM column address and the
segment output. Because of this, the constraints on the IC layout when the LCD module is assembled can be minimized. As is
shown in Figure

SEG Output
ADC SEG0 SEG127
(DO) “0” 0 —Column Address— 127
(DO) “1” 131 —Column Address«— 4

® The Line Address Circuit

The line address circuit, as shown in Table 4, specifies the line address relating to the COM output when the contents of the
display data RAM are displayed. Using the display start line address set command, what is normally the top line of the
display can be specified (this is the COMO output when the common output mode is normal, and the COM63 output, for
PRODUCT, the detail is shown page.11) The display area is a 65 line area for the product.

If the line addresses are changed dynamically using the display start line address set command, screen scrolling, page
swapping, etc. can be performed.
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P .
Page Address Dat Line :When the common | COM
D3 | D2 | D1 | DO ata Address | | output is normal | Output
00H COMO
01H - S COMI
02H COM2
03H COM3
0 0 0 0 Page 0 04H i COMA4
05H e COM5
06H prresd COM6
07H = COM7
08H COMS
09H COM9
0AH v COM10
0BH il COM11
0 0 0 1 Page 1 0CH _E COMI2
ODH o COMI13
0EH o COM14
OFH - COMI15
10H @« COM16
11H = COM17
12H - = COMI8
13H COM19
0 0 1 0 Page 2 40 h COM20
15H P COM21
16H = COM22
17H = COM23
18H COM24
19H COM25
1AH - COM26
1BH - COM27
0 0 1 1 Page 3 ICH - § y COM23
1DH | COM29
1EH Start | | COM30
IFH COM31
20H COM32
21H COM33
22H COM34
23H 5 COM35
0 1 0 0 Page 4 241 COM36
25H COM37
26H COM38
27H COM39
28H COM40
29H COM41
2AH COM42
2BH B4 COM43
0 ! 0 ! Page 5 2CH COM44
2DH COM45
2EH i |_ COM46
2FH = COM47
30H N COM48
31H COM49
32H E 3 || COM50
0 1 1 0 Page 6 33H COMS1
34H i L COMS52
35H : COMS53
36H HE COM54
37H P COMS55
38H i COM356
39H COMS57
3AH ¥ i COMS58
3BH - = COM59
0 1 1 1 Page 7 3CH COMG60
3DH COM61
3EH ¥ COM62
3FH s I— COM63
1 0 0 0 Page 8 - \ COMS(AAEF)
— — @©| 1
83|8|8|128|18|8|18 EEEE&%w%@ o 8 @) §§ E Regardless of the display start E
P EECEER =lslggzlzlglzlg - [g | <[FF| | line address |
= B OS] 1 1/65duty =>64th line ;
%%{%&%& A 1/49duty =>48th line
o —| afen| <t |1n]| 0| =| 00 Qgcﬂggww}\g}\g Q S E 1/33duty =>32th 1¥ne E
AN NN NN A NN A A P S E S | 1/55duty =>54th line :
SRzl 7 ¢ 1/53duty =>52th line ;
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® The Display Data Latch Circuit

The display data latch circuit is a latch that temporarily stores the display data that is output to the liquid crystal driver circuit
from the display data RAM.

Because the display normal/reverse status, display ON/OFF

status, and display all points ON/OFF commands control only the data within the latch , they do not change the data within
the display data RAM itself.

® The Common Output Status Select Circuit

In the PRODUCT chips, the COM output scan direction can be selected by the common output status select command. (See
Table) Consequently, the constraints in IC layout at the time of LCD module assembly can be minimized.

Status COM Scan Direction
1/65 DUTY 1/49 DUTY 1/33 DUTY 1/55 DUTY 1/53 DUTY
Normal COM0 — COM63| COM0 — COM47| COM0 — COM31] COM0 — COM53| COM0 — COMS51
ReversdCOM63 — COMO |COM47— COMO|COM31 __ COMO |COM53 — COMO |COMS51 — COMO
Dut COM Common output pins
Y1 air  |com|o:15]|coM[16:23]] cOM[24:26] | COM[27:36] COM[37:39]] COM[40:47] | cOM[48:63] [cOMS
es |0 COM][0:63] COMS
1 COM([63:0] COMS
4o 0 COM[0:23] Reserved COM[24:47] COMS
| COM[47:24] Reserved COM[23:0] COMS
a3 L0 [como:s] Reserved COM[16:31] | COMS
1 |coMmpi:i6] Reserved COM[15:0] |COMS
s L0 COM[0:26] Reserved COM[27:53] COMS
! COM[53:27] Reserved COM[26:0] COMS
s3 L0 COM[0:25] Reserved COM[26:51] COMS
! COM[51:26] Reserved COMJ[25:0] COMS

® The Power Supply Circuits

The power supply circuits are low-power consumption power supply circuits that generate the voltage levels required for the
LCD drivers. They are Booster circuits, voltage regulator circuits, and voltage follower circuits. The power supply circuits can
turn the Booster circuits, the voltage regulator circuits, and the voltage follower circuits ON or OFF independently through the

use of the Power Control Set command. Consequently, it is possible to* make an external power supply and the internal power
supply function somewhat in parallel.

. . Status
bit function «q» wg?
D2 Booster circuit control bit ON OFF
D1 Voltage regulator circuit control bit (V/R circuit) ON OFF
DO Voltage follower circuit control bit (V/F circuit) ON OFF
The Control Details of Each Bit of the Power Control Set Command
Use Settings p2 | D1 | DO Voltage | Voltage | Voltage| Step-up
booster | regulator |follower| voltage
Only the internal power supply is used(Default)] 1 1 1 ON ON ON Used
Only the voltage regula}tor circuit and the 0 1 | OFF ON ON Open
voltage follower circuit are used
Only the V/F circuit is used 0 0 1 OFF OFF ON Open
Only the external power supply is used 0 0 0 OFF OFF OFF Open

Reference Combinations

* While other combinations, not shown above, are also possible, these combinations are not recommended because they have
no practical use.

® The Voltage Regulator Circuit

The step-up voltage generated at VOUT outputs the LCD driver voltage VO through the voltage regulator circuit. Because the
product chips have an internal high-accuracy fixed voltage power supply with a 64-level electronic volume function and
internal resistors for the VO voltage regulator, systems can be constructed without having to include hi g h- accuracy voltage
regulator circuit components . (VREG: thermal gradients approximate -0.05%/°C)

(A) When the VO Voltage Regulator Internal Resistors Are Used

Through the use of the VO voltage regulator internal resistors and the electronic volume function the liquid crystal power
supply voltage VO can be controlled by commands alone (without adding any external resistors), making it possible to adjust
the liquid crystal display brightness. The VO voltage can be calculated using equation A-1 over the range where | VO | <|

SHENZHEN X.R.D LCD TECHNOLOGY CO., LTD. Page 16 of 38



LCD MODULE: XRDG-G12864B2FDTGWSNN-10

Version :A0Q

23-Oct-19

VOUT|.

Vo =(I+%) s [Ep
=(H%) * (l ) 1?3)° Vera
[ Ver = (1 - 16_’) . VF_EC]

Internal Ra §

Internal Rb §

+

i} VEev(constant voltage supply+electronic volume)

Vss

VREG is the IC-internal fixed voltage supply, and its voltage at Ta = 25°C is as shown in the following table
Condition: Ta =25°C

Part no.

Equipment Type

Thermal Gradient

VREG

PRODUCT

Internal Power Supply

—0.05 %/C

2.1V

a is set to 1 level of 64 possible levels by the electronic volume function depending on the data set in the 6-bit electronic
volume registers. Table 10 shows the value for a depending on the electronic volume register settings.

Rb/Ra is the VO voltage regulator internal resistor ratio, and can be set to 8 different levels through the VO voltage regulator
internal resistor ratio set command. The (1 + Rb/Ra) ratio assumes the values shown in Table 11 depending on the 3-bit data
settings in the VO voltage regulator internal resistor ratio register.

DS D4 D3 D2 D1 DO o
0 0 0 0 0 0 63
0 0 0 0 0 1 62
0 0 0 0 1 0 61
1 1 1 1 0 1 2
1 1 1 1 1 0 1
1 1 1 1 1 1 0

Register PRODUCT
D2 D1 DO (1) 0.05 %/<C
0 0 0 3.0
0 0 1 35
0 1 0 4.0
0 1 1 4.5
1 0 0 5.0
1 0 1 5.5
1 1 0 6.0
1 1 1 6.5

V0 voltage regulator internal resistance ratio register value and (1 + Rb/Ra) ratio (Reference value)

The following figures show V0 voltage measured by values of the internal resistance ratio resistor for VO voltage adjustment
and electric volume resister for each temperature grade model.
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Wi

UNIT:V Ta=25"C and booster off regulator follower on
VvDD=3V

15
14
s i e —» 111
ey ____,_,~—-“"';F__.__--—'—“-+HD
- e e _L__.___.-—-—-—r“IDD
3 i L T et O e R s w011
e AT S RO T i » 010
P Dt S T e T T e T e i — O]
= s T =TT ——— (100
E ':"___"“_,_.——:-_';-__' ERRL IS -—_'_"_'_.:___———_____ ""I.D voltage TE‘QU'ET.JT
= — internal resistor ratio
: e set 02,01,00
e Electronic volume
1 registered
0 i

ST = <t D5 ~ D0

The VO voltage as a function of the VO voltage regulator internal resistor ratio register and the electronic volume register.

(B) When an External Resistance is Used (The VO Voltage Regulator Internal Resistors Are Not Used) (1)

The liquid crystal power supply voltage VO can also be set without using the VO voltage regulator internal resistors (IRS
terminal = “L”) by adding resistors Ra’ and Rb’ between VDD and VR, and between VR and VO, respectively. When this is
done, the use of the electronic volume function makes it possible to adjust the brightness of the liquid crystal display by
controlling the liquid crystal power supply voltage VO through commands.

In the range where | VO | <| VOUT |, the VO voltage can be calculated using equation B-1 based on the external resistances
Ra’ and Rb’.

, _ g, Rb' -
Pu_(i-ﬁ, e [Ep

=(1+82) o (1-55) @ rzo

[,‘. ey = (1 - 1‘03) . I"'RECi]

2 » Vss
External i\_‘r Vev(fixed voltage power supply+electronic volume)
resistor Ra'
+
L d Vo
® _
External ~
resistor Rb'~

&

(C) When External Resistors are Used (The VO Voltage Regulator Internal Resistors Are Not Used) (2)

When the external resistor described above are used, adding a variable resistor as well makes it possible to perform fine
adjustments on Ra’ and Rb’, to set the liquid crystal drive voltage V0. In this case, the use of the electronic volume function
makes it possible to control the liquid crystal power supply voltage VO by commands to adjust the liquid crystal display
brightness.

In the range where | VO | <| VOUT | the VO voltage can be calculated by equation C-1 below based on the R1 and R2
( variable resistor ) and R3 settings, where R2 can be subjected to fine adjustments (A R2).
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EV

Vo= (1 +R3+R2—_'|R2) .

RI+AR2

. RItRZ-AR2, . @\
= 8y RJ—:J}': ) & (g VG

[ Ver = ('1‘ - 1‘;’:) . I‘yREG]

T Wsas
W) on 5
G External L - \ev(fixed voltage power supply+electronic volume)
resistor R1 /\‘ 5
_ External > _ ° i B e
resistor R2 = v
R
External .~
Rb'

resistor R3 T

* When the VO voltage regulator internal resistors or the electronic volume function is used, it is necessary to at least set the
voltage regulator circuit and the voltage follower circuit to an operating mode using the power control set commands.
Moreover, it is necessary to provide a voltage from VOUT when the Booster circuit is OFF.

* The VR terminal is enabled only when the VO voltage regulator internal resistors are not used (i.e. the IRS terminal = “L”).
When the VO voltage regulator internal resistors are used (i.e. when the IRS terminal = “H”), then the VR terminal is left open.

* Because the input impedance of the VR terminal is high, it is necessary to take into consideration short leads, shield cables,
etc. to handle noise.

® The Internal Power Supply Shutdown Command Sequence

The sequence shown in the following figures is recommended for shutting down the internal power supply, first placing the
internal power supply in power saver mode and then turning the internal power supply OFF. The power consumption can be
reduced by this sequence. Please refer to the “Sleep Mode Set” section for the detailed power saving information.

Sequence Details Command address
(Command, status) D7 D6 D5 D4 D3 D2 D1 DO
Stepl Displaly OFF 1 0 1 0 1 1 1 0 Power saver
Step2 Display all points ON 1 o0 1 0 o 1 0 1 commands
End Internal power supply OFF (compound)

® The Reset Circuit
W hen the /RES input comes to the “L” level, these LSIs return to the default state. Their default states are as follows:
. Display OFF
. Normal display
. ADC select: Normal (ADC command D0 = “L”)
. Power control register: (D2, D1, D0) = (0, 0, 0)
. 4-line SPI interface internal register data clear
. LCD power supply bias rate:

1/65 DUTY = 1/9 bias

1/49,1/55,1/53 DUTY = 1/8 bias

1/33 DUTY = 1/6 bias
7. Power saving clear
8. V0 voltage regulator internal resistors Ra and Rb separation
9 .Output conditions of SEG and COM terminals

SEG=VSS, COM=VSS

10. Read modify write OFF
11. Display start line set to first line
12. Column address set to Address 0

AN DN AW~
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13. Page address set to Page 0

14. Common output status normal

15. VO voltage regulator internal resistor ratio set mode clear

16. Electronic volume register set mode clear Electronic volume register:

(D5, D4, D3, D2, D1, D0) = (1, 0. 0, 0, 0, 0)

17. Test mode clear

On the other hand, when the reset command is used, the above default settings from 11 to 17 are only executed. When the
power is turned on, the IC internal state becomes unstable, and it is necessary to initialize it using the /RES terminal. After the
initialization, each input terminal should be controlled normally.

Moreover, when the control signal from the MPU is in the high impedance, an over current may flow to the IC. After
applying a current, it is necessary to take proper measures to prevent the input terminal from getting into the high impedance
state.

If the internal liquid crystal power supply circuit is not used on the product, it is necessary that /RES is “H” when the external
liquid crystal power supply is turned on. This IC has the function to discharge VO when /RES is “L,” and the external power
supply short-circuits to VSS when /RES is “L.” This means that an internal resistor is connected between VSS and V0.

While /RES is “L,” the oscillator works but the display timing generator stops, and the CL, FR and /DOF terminals are fixed
to “H.” The terminals DO to D7 are not affected. The VSS level is output to the SEG and COM output terminals after a
successful hardware reset.
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¥ Command

The ST7565R identify the data bus signals by a combination of A0, /RD (E), /WR(R/W) signals.
Command interpretation and execution does not depend on the external clock, but rather is performed
through internal timing only, and thus the processing is fast enough that normally a busy check is not
required.

In the 8080 MPU interface, commands are launched by inputting a low pulse to the RD terminal for
reading, and inputting a low pulse to the /WR terminal for writing. In the 6800 Series MPU interface, the
interface is placed in a read mode when an “H” signal is input to the R/W terminal and placed in a write
mode when a “L” signal is input to the R/W terminal and then the command is launched by inputting a
high pulse to the E terminal. Consequently, the 6800 Series MPU interface is different than the 80x86
Series MPU interface in that in the explanation of commands and the display commands the status read
and display data read /RD (E) becomes “I1(H)”. In the explanations below  the commands are
explained using the 8080 Series MPU interface as the example.

When the 4-line SPI interface is selected, the data is input in sequence starting with D7.

<Explanation of Commands>
® Display ON/OFF

This command turns the display ON and OFF.

A0 /lfD }{VC)IZ D7 D6 D5 D4 D3 D2 D1 DO Setting
0 1 0 1 0 1 0 1 1 1 1 Display ON
0 Display OFF
When the display OFF command is executed when in the display all points ON mode, Sleep mode is entered. See the
section on the Sleep Mode Set for details.
® Display Start Line Set
This command is used to specify the display start line address of the display data RAM shown in Figure 4. For further

details see the explanation of this function in “The Line Address Circuit”.

A0 /lfD m D7 D6 D5 D4 D3 D2 DI DO| Line address
o 1 0 ]0 I 0 0 0 0 0 0 0
0 0 0 0 0 1 1
0 0 1 0 0 0 2 »
! !
1 1 1 1 1 0 62
1 1 1 1 1 1 63

©® Page Address Set

This command specifies the page address corresponding to the low address when the MPU accesses the display data RAM
(see Figure 4). Specifying the page address and column address enables to access a desired bit of the display data RAM.
Changing the page address does not accompany a change in the status display.

A0 /llfD m D7 D6 DS D4 D3 D2 D1 DO | Page address
0 1 0 1 0 1 1 0 0 0 O 0
0 0 0 1 1
o 0 1 O 2 »
| |
o 1 1 1 7
1 0 0 O 8

® Column Address Set

This command specifies the column address of the display data RAM shown in Figure 4. The column address is split into
two sections (the higher 4 bits and the lower 4 bits) when it is set (fundamentally, set continuously). Each time the display
data RAM is accessed, the column address automatically increments (+1), making it possible for the MPU to continuously
read from/write to the display data. The column address increment is topped at 83H. This does not change the page address
continuously. See the function explanation in “The Column Address Circuit,” for details.
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E RW
A0 o» ;wr |[P7 D6 D5 D4 D3 D2 DI DO A7 A6 A5 A4 A3 A2 Al A0 Page address
High bits— | 0 1 0 0 0 0 1 A7 A6 A5 A4
Low bits— 0 A3 A2 Al A0 o 0 0 0 0 0 0
0 0 0 0 0 0 0 1 1
0 0 0 0 0 O 0 2
!
o 1 1 1 1 1 1 1 127
1 0 0 0 0 0 0 0| I28CRfEAH)
1 0 0 0 0 0 0 1 | I129GRfEEH)
1 0 0 0 0 0 1 0| 130CR{ERA)
1 0 0 0 0 0 1 1| I31CRMA)
@ Status Read
E R/W
A0 b wr | D7 D6 D5 D4 D3 D2 D1 DO
0 0 1 | BUSY ADC ON/OFF RESET 0 0 0 0

BUSY = 1: it indicates that either processing is occurring internally or a reset condition is in process.
BUSY | BUSY = 0: A new command can be accepted, if the cycle time can be satisfied, there is no need to check for
BUSY conditions.
This shows the relationship between the column address and the segment driver.
ADC 0: Reverse (column address 131-n SEG n)
1: Normal (column address n SEG n)
(The ADC command switches the
ON/OFF: indicates the display ON/OFF state.
1: Display ON
0: Display OFF
(This display ON/OFF command switches the polarity.)

ON/OFF

This indicates that the chip is in the process of initialization either because of a /RES signal or because of a reset

RESET command.
0: Operating state

1: Reset in progress

® Display Data Write
This command writes 8-bit data to the specified display data RAM address. Since the column address is automatically
incremented by “1” after the write, the MPU can write the display data.

E R/W
A0 /RD /WR D7 D6 D5 D4 D3 D2 D1 DO
1 1 0 Write data

® Display Data Read

This command reads 8-bit data from the specified display data RAM address. Since the column address is automatically
incremented by “1” after the read, the CPU can continuously read multiple-word data. One dummy read is required
immediately after the column address has been set. See the function explanation in “Display Data RAM” for the explanation
of accessing the internal registers. When the 4-line SPI interface is used, reading of the display data becomes unavailable.

E R/W
A0 /RD /WR D7 D6 D5 D4 D3 D2 D1 DO
1 0 1 Read data

® ADC Select (Segment Driver Direction Select)

This command can reverse the correspondence between the display RAM data column address and the segment driver
output. Thus, sequence of the segment driver output pins may be reversed by the command. See the column address circuit
for the detail. Increment of the column address (by “1””) accompanying the reading or writing the display data is done
according to the column address indicated in Figure 4.

E R/W .
A0 /RD /WR D7 D6 D5 D4 D3 D2 D1 DO Setting
0 1 0 1 0 1 0 0 0 O 0 Normal

1 Reverse
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® Display Normal/Reverse
This command can reverse the lit and unlit display without overwriting the contents of the display data RAM. When this is
done the display data RAM contents are maintained.

E R/W

A0 /RD /WR D7 D6 D5 D4 D3 D2 DI DO Setting
RAM Data “H”
0 1 0 1 o0 1 0 0 1 1 0
LCD ON voltage (normal)
RAM Data “L”

LCD ON voltage (reverse)

® Display All Points ON/OFF

This command makes it possible to force all display points ON regardless of the content of the display data RAM. The
contents of the display data RAM are maintained when this is done. This command takes priority over the display
normal/reverse command.

E R/W .
A0 /RD /WR D7 D6 D5 D4 D3 D2 DI DO Setting
0 1 0 1 0 1 0 O 1 O 0 Normal display mode
1 Display all points ON

When the display is in an OFF mode, executing the display all points ON command will place the display in sleep mode.
For details, see the Sleep Mode Set section.

® LCD Bias Set
This command selects the voltage bias ratio required for the liquid crystal display.

a0 F RW i D6 D5 D4 D3 D2 DI DO Select Status

/RD /WR 1/65duty | 1/49duty | 1/33duty | 1/55duty | 1/53duty
0 1 0 1 0 1 0 0 O 1 0 1/9 bias | 1/8 bias | 1/6 bias | 1/8 bias | 1/8 bias
1/7 bias | 1/6 bias 1/5 bias 1/6 bias | 1/6 bias

® Read-Modify-Write

This command is used paired with the “END” command. Once this command has been input, the display data read
command does not change the column address, but only the display data write command increments (+1) the column address.
This mode is maintained until the END command is input. When the END command is input, the column address returns to
the address it was at when the Read-Modify-Write command was entered. This function makes it possible to reduce the load
on the MPU when there are repeating data changes in a specified display region, such as when there is a blanking cursor.

E R/W
A0 /RD /WR D7 D6 D5 D4 D3 D2 D1 DO
0 1 0 1 1 1 0 0 0 0 0

* Even in read/modify/write mode, other commands aside from display data read/write commands can also be used.

—

| Read-Modify-\Write ™

o .
+

l Page Address Set |
+

I Column Address Set |

|£ F{ead-l‘v‘lodifi'-..'u'rite Cycle :;b-(——
| Dummy Read |

¥

| Data Read |

¥ No

| Modity Data |

| Data Wnte (at came Address) |

— " Finished? -__:_A_'“::-—

s

Command Sequence For read modify write
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Return

>< ><N+1><N+2><N+3>< X N X

L End
® End

This command releases the read/modify/write mode, and returns the column address to the address it was at when the
mode was entered.

Column address

Read-modify-write mode set

E R/W
A0 /RD /WR D7 D6 DS D4 D3 D2 D1 DO
0 1 0 1 1 1 0 1 1 1 0
® Reset

This command initializes the display start line, the column address, the page address, the common output mode, the VO
voltage regulator internal resistor ratio, the electronic volume, and the read/modify/write mode and test mode are released.
There is no impact on the display data RAM. See the function explanation in “Reset” for details.

The reset operation is performed after the reset command is entered.

E R/W
A0 /RD /WR D7 Dé D5 D4 D3 D2 D1 DO
0 1 0 1 1 1 0 0 0 1 0

The initialization when the power supply is applied must be done through applying a reset signal to the /RES terminal. The
reset command must not be used instead.
® Common Output Mode Select

This command can select the scan direction of the COM output terminal. For details, see the function explanation in
“Common Output Mode Select Circuit.”

a0 F RWi D6 D5 D4 D3 D2 DI DO Select Mode

/RD /WR 1/65duty | 1/49duty | 1/33duty | 1/55duty | 1/53duty
COMO— | COM0— | COMO— | COMO— | COMO—

1 11 x Normal
0 0 00 OrMatl com63 | coOM47 | COM31 | COM53 | COMS5I1
COM63— | COM47— | COM31— | COM53— | COM51—

1 * * Reverse
COMO | COMO | COMO | COMO | COMO

* Disabled bit

® Power Controller Set

This command sets the power supply circuit functions. See the function explanation in “The Power Supply Circuit,”

details

E R/W
A0 /RD /WR

D7 D6 D5 D4 D3

D2 D1

DO

Selected Mode

0 1 0

0

0

1

0

1

0

Booster circuit: OFF
Booster circuit: ON

Voltage regulator circuit: OFF
Voltage regulator circuit: ON

Voltage follower circuit: OFF
Voltage follower circuit: ON

® V0 Voltage Regulator Internal Resistor Ratio Set
This command sets the VO voltage regulator internal resistor ratio. For details, see the function explanation is “The
Voltage Regulator circuit and table 11 .

A0 /llfD m D7 D6 DS D4 D3 D2 D1 DO Rb/Ra Ratio
0 1 0 o o 1 o0 0 o0 O 0 Small
0
1 0 | 2
! !
1 1 0
1 1 Large

for
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® The Electronic Volume (Double Byte Command)

This command makes it possible to adjust the brightness of the liquid crystal display by controlling the LCD drive voltage
VO through the output from the voltage regulator circuits of the internal liquid crystal power supply. This command is a two
byte command used as pair with the electronic volume mode set command and the electronic volume register set command,
and both commands must be issued one after the other.

® The Electronic Volume Mode Set

When this command is input, the electronic volume register set command becomes enabled. Once the electronic volume
mode has been set, no other command except for the electronic volume register command can be used. Once the electronic
volume register set command has been used to set data into the register, then the electronic volume mode is released.

E R/W
A0 /RD /WR D7 D6 D5 D4 D3 D2 D1 DO
0 1 0 1 0 0 0 0 0 0 1

® Electronic Volume Register Set
By using this command to set six bits of data to the electronic volume register, the liquid crystal drive voltage VO assumes
one of the 64 voltage levels.

When this command is input, the electronic volume mode is released after the electronic volume register has been set.

E R/W
A0 /RD /WR D7 D6 DS D4 D3 D2 D1 DO | VO |
0 1 0 * * 0 0 0 0 o0 1 Small
* * 0 1 1 »
! l
*ox ] 1 1 1 1 0
R | 1 1 1 1 1 Large

* Inactive bit (set “0)
When the electronic volume function is not used, set this to (1, 0, 0, 0, 0, 0)

® The Electronic Volume Register Set Sequence

{ Electronic Volume Set :n

v

| Electronic Volume Mode Set

| Elactronic Volume Reglster Sot | No

-":Z::_.S-ét Complel;}_’?-:::::"—J

-
.

©® Sleep Mode Set (Double Byte Command)
This command is a two byte command used as a pair with preceding command and following command, and both
commans must issued one after the other.

This command stops all operations in the LCD display system, and as long as there are no accesses from the MPU, the
consumption current is reduced to a value near the static current. The internal modes during sleep mode are as follows:
1. The oscillator circuit and the LCD power supply circuit are halted.

2. All liquid crystal drive circuits are halted, and the segment in common drive outputs output a VSS level.

E R/W

A0 /RD /WR D7 D6 D5 D4 D3 D2 DI DO Setting
0 1 0 1 0 1 0 1 1 0 0 Sleep Mode
Preceding Command Normal Mode
Following Command 0 0
* Disabled bit (set “0”)
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'
b

Sleep Mode Set

|
-

v
| Preceding Command Set
v

| Following Command Set | No

p.

_ :__Set Complele‘?--:"____

A

|
A

In the sleep mode, the MPU is still able to access the display data RAM Refer to figure 28 for sleep mode sequence.

C Mormal Mode :I
E | Sleep Mode Setting (Sleep Mode) |
[ae}
@ v
g Display OFF |
5 v
i | Dizplay all pointz ON |
| C Slesp Mode :I
m . 'L .
== | Dizplay all pointz OFF |
o | Sleep Mode Setting (Normal Mode) |
I./ Normal Mede \'
N (Exit Sleep Mode) J

® The Booster Ratio (Double Byte Command)
This command makes it possible to select step-up ratio. It is used when the power control set have turn on the internal

booster circuit. This command is a two byte command used as a pair with the booster ratio select mode set command and the

booster ratio register set command, and both commands must be issued one after the other.

® Booster Ratio Select Mode Set

When this command is input, the Booster ratio register set command becomes enabled. Once the booster ratio select mode
has been set, no other command except for the booster ratio register command can be used. Once the booster ratio register set
command has been used to set data into the register, then the booster ratio select mode is released.

E R/W
A0 /RD /WR D7 D6 D5 D4 D3 D2 D1 DO
0 1 0 1 1 1 1 1 0 0 0

® Booset Ratio Register Set

By using this command to set two bits of data to the booster ratio register, it can be select what kind of the booster ratio

can be used.
When this command is input, the booster ratio select mode is released after the booster ratio register has been set.
E R/W
A D7 D6 DS D4 D3 D2 D1 D Boost ti lect
0 /RD /WR 7 D6 DS 3 0 ooster ratio selec
0 1 0 * 0k * k0 0 2X,3x,4x
* * % * 0 1 5X
* * % * 1 1 6X
* Inactive bit  (set “0”)

When the booster ratio select function is not used, set this to (0, 0) 2x,,3x,4x step-up mode
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The booster ratio Register Set Sequence

|i Booster Ratio Set

-
]

A

Set

Booster Ratio Select Mode

-

v

Booster Ratio Regizter Set

¥

o T Mo
- Set Complete?_ o
IYE:
I:: Done 3
® NOP
Non-Operation Command
E R/W
Al D D D D4 D. D2 D1 D
0 /RD /WR 7 6 S 3 0
0 1 0 1 1 1 0 0 0 1 1
® Test

This is a command for IC chip testing. Please do not use it. If the test command is used by accident, it can be cleared by
applying a “L” signal to the /RES input by the reset command or by using an NOP.

E R/W
/RD /WR

A0 D7 D6 D5 D4 D3

D2

D1 DO

0 1 0 1 1 1 1 1

1 * *

* Tnactive bit

Note: The ST7565R maintain their operating modes until something happens to change them. Consequently, excessive
external noise, etc., can change the internal modes of the ST7565R . Thus in the packaging and system design it is necessary
to suppress the noise or take measure to prevent the noise from influencing the chip. Moreover, it is recommended that the
operating modes be refreshed periodically to prevent the effects of unanticipated noise.
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¥ Table of Commands

(Note) *: ignored data

Command Code

Command A0 /RD/WR D0 _D1_D2 D3 D4 D5 D6 D7 Function
. 1 0 1 o0 1 1 1 0 |LCDdisplay ON/OFF
(1) Display ON/OFF 0O 1 0 | | 0: OFF, 1: ON
(2) Display start line set 0 1 0]0 1 Display start address Sets the display RAM display start line address
(3) Page address set 0O 1 0|1 o0 1 1 Page address Sets the display RAM page address
o 0 o 1 Most significant | Sets the most significant 4 bits of the display
(4) Column address set upper bit 0o 1 o column address | RAM column address.
Column address set lower bit 0o 0 o0 o Least significant | Sets the least significant 4 bits of the display
column address RAM column address.
(5) Status read 0 0 1 Status 0 0 0 0 | Readsthe status data
(6) Display data write I 1 0 Write data Writes to the display RAM
(7) Display data read 1 0 1 Read data Reads from the display RAM
1 0 1 0 0 0 0 0| Setsthedisplay RAM address SEG output
(8) ADC select 0 1 0 1 | correspondence 0: normal, 1: reverse
. 1 0 1 0 0 1 1 0 | Setsthe LCD display normal/ reverse
(9) Display normal/reverse 0o 1 0 | | 0: normal, 1: reverse
. . 1 0 1 0 0 1 0 0 | Display all points
(10) Display all points ON/OFF o 1 0 1 | O: normal display  1: all points ON
. 1 0 1 0 0 0 1 0 | Setsthe LCD drive voltage bias ratio
(11) LCD bias set o 1 0 1| 0:1/9 bias, 1: 1/7 bias
Column address increment
(12) Read-modify-write 0 1 o1 1 1 0 0 0 0 0| Atwrite+]
Atread: 0
(13) End 0 1 0 1 1 1 0 1 1 1 0 | Clear read/modify/write
(14) Reset 0 1 01 1 1 0 0 0 1 0| Internalreset
1 1 0 0 0 * * * | Select COM output scan direction
(15) Common output mode select | 0 1 0 1 0: normal direction 1: reverse direction
(16) Power control set o 1 0|0 O 1 o0 Op erzzltmg Select internal power supply operating mode
mode
(17) VOlvoltage. regulator internal 0 1 0]0 0O 1 0 0 Resistorratio| Selectinternal resistor ratio(Rb/Ra) mode
resistor ratio set
(18) Electronic volume mode set 0 1 0 1 0 0 0 0 0 0 1| Setthe VO outputvoltage electronic volume
Electronic volume register set 0 0 Electronic volume value register
1 o 1 o 1 1 0 O
(19) Sleep mode set 0O 1 0 1 | 0:Sleep mode, 1: Normal mode
1 1 1 1 1 select booster ratio
. 0 0 0 00: 2x,3x,4x
(20) Booster ratio set o 1 0 .
0 0 0 0 0 step-up | 01:5x
value 11: 6x
(21) NOP 0 1 0|1 1 1 0 0 0 1 1 |Commandfornon-operation
(22) Test o 1 o1 1 1 1 * == =% x| Command forIC test. Do not use this command
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¥ Command Description
@ Instruction Setup: Reference
(A) Initialization
I. When the built-in power is being used immediately after turning on the power:

\

L Power ON Flow: Star |

Tum OM the power
and keep /RES pin at "L”

l

Wait for the power stabilized

|

Felease reset stale (/RES = "H") N
Wait for reset circuit finished (<1ms) N
(f Inivialized state (Defaul) .1 )l
Function setup by command
user setting) Arrange to execute all
1) LCD bies sening ...*2 these procedures from
8) ADC selection qg releasing the l:&set state
to setting the power
Lé?é}c?gwmqﬁ output mode control within Sms.
In case of other models,
l execute the procedures
from turning on the power
Function setup by command to setting the power
(user setting) control in Sms.
51?} Set internal VO regulator resistor ratio
or W0 voltage ...*5
(18) Elactrenic voluma control ...*&
Function setup by command yd
(ueer setting)
(16) Power control setting ...*7 Ve

|

| Initialize DDRAM (Page 0™ 8) |

l

( Initializatinn Finishad |

* The target time of Sms will result to vary depending on the panel characteristics and the capacitance of the smoothing capacitor. Therefore,
we suggest you to conduct an operation check using the actual equipment.

Notes: Refer to respective sections or paragraphs listed below.
*1: Description of functions; resetting circuit
*2: Command description; LCD bias setting
*3: Command description; ADC selection
*4: Command description; Common output state selection
*5: Description of functions; Power circuit & Command description; Setting the built-in resistance radio for regulation of the V0 voltage
*6: Description of functions; Power circuit & Command description; Electronic volume control
*7: Description of functions; Power circuit & Command description; Power control setting
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II. When the built-in power is not being used immediately after turning on the power:

( Power ON Flow: Start :'Z-
Turm ON the power
and keep /RES pin at "

|

"Wait for the power stabilized

|

Release reset state (/RES = *H") ™

Wait for reset circuit finished (<1ms) Arrange to star the power
savaer within Ems after

l Ireleas.ing }he 'r_ieset sggttle

'S P - ™ n case of other models,
L Initialized state (Default) ..."1 J execute the procedures
l from tumning an the power
to setting the power

Power Saver ON control in 5ms.
(compounded command) .,.*8

|

Function setup by command
(user setting)

11) LCD bias setting .."2
&) ADC selection ..*3

153) Common output mode
selection ..."4

Function setup by command

user setting)

17} Set internal V0 regulator resistor ratio
or V0 voltage ...*°5
(18) Electronic volume control ...*6

|

Power Saver OFF

lcompounded iommand} '8 Arrange to start power

control setting within
Sms after turning OFF
the power saver.

Function setup by command
[user setting)
(16) Power control setting ..."7

|

| Initialize DDRAM (Page 0~ &) |

|

( Initialization Finished Y

* The target time of Sms will result to vary depending on the panel characteristics and the capacitance of the smoothing capacitor. Therefore,
we suggest you to conduct an operation check using the actual equipment.

Notes: Refer to respective sections or paragraphs listed below.
*1: Description of functions; resetting circuit
*2: Command description; LCD bias setting
*3: Command description; ADC selection
*4: Command description; Common output state selection
*5: Description of functions; Power circuit & Command description; Setting the built-in resistance radio for regulation of the VO voltage
*6: Description of functions; Power circuit & Command description; Electronic volume control
*7: Description of functions; Power circuit & Command description; Power control setting
*8: Command description; Sleep mode (multiple commands)
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(2) Data Display
C Write Display Data (After Initialized)

v

Function setup by command
(user setting)

(2) Display Start Line Set ...*3
(3) Page Address Set ...*10
(4) Column Address Set ..."11

v

Data setup by Data Write
(6) Display Data Write ... *12

v

Function setup by command
(user setting)
(1) Display ON/OFF ...*13

v

( End of Write Display Data )

Ny

Notes: Reference items
*9: Command Description; Display start line set
*10: Command Description; Page address set
*11: Command Description; Column address set
*12: Command Description; Display data write
*13: Command Description; Display ON/OFF
Avoid displaying all the data at the data display start (when the display is ON) in white.

(3) Power OFF *14

( Power OFF (Optional Status) )
* Set the time (1) from
Function setup by command Sﬁ_sset ag'rlir(,in"gslﬁﬁ the
g?e’—[’ s\zttlrn )V ‘15 VDD-V power longer
)Powe €. than the time (t.) when

the potential of VO™ V4

hecomes bhelow the

| Reset active (RESB pin = “L*) | threshold voltage
{approximately 1V) of

the LCD panel. For t,,
refer to the <Reference

| Power OFF (Vpp- Vss) | Data> of this event. When

t, is too long, insert a

resistor between VO

and Vs to reduce it.

( End of Write Display Data

Notes: Reference items

*14: The logic circuit of this IC’s power supply VDD - VSS controls the driver of the LCD power supply VSS —VO0. So, if the power
supply VDD - VSS is cut off when the LCD power supply VSS —V0 has still any residual voltage, the driver (COM. SEG) may
output any uncontrolled voltage. When turning off the power, observe the following basic procedures:
* After turning off the internal power supply, make sure that the potential VO ~ V4 has become below the threshold voltage of the
LCD panel, and then turn off this IC’s power supply (VDD - VSS). 6. Description of Function, 6.7
Power Circuit

*15: After inputting the power save command, be sure to reset the function using the /RES terminal until the power supply VDD - VSS
is turned off. 7. Command Description (19) Sleep Mode Set

*16: After inputting the power save command, do not reset the function using the /RES terminal until the power supply
VDD - VSS is turned off. 7. Command Description (19) Sleep Mode Set

N

@ Refresh
It is recommended to turn on the refresh sequence regularly at a specified interval.
e
(L Refresh Flow )1

v

| Use Reset command or NOP command ‘

v

| Set all commands to the ready state ‘

v

( Refresh DRAM

N
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B DISPLAY DATA RAM ADDRESS MAP
Common output mode select SEG
CoH 8t slzlslsls|slgls SISHSIRSIRSIRSAREES] | SOV
Line Page Dat Line Page Dat 8 8 8 8 8 8 8 8 (CARGRRGARGERGERGERGERG)
Address| Address | 2| Address | Address | 2| Q| 2| 2|2 || @ |7 A EE
63 D7 0 poy}@@ ... COM63
62 D6 1 D1 7 b A AR HR(0,0) Hi b A L AEBR(128,0) COM62
61 D5 2 D2 COM61
60 07 D4 3 00 D3 COM60
59 D3 4 D4 COM59
58 D2 5 D5 COM58
57 DI 6 D6 COM57
56 DO 7 D7 COMS56
55 D7 8 DO COMS55
54 D6 9 D1 COM54
53 D5 10 D2 COMS53
52 06 D4 11 01 D3 COMS2
51 D3 12 D4 COMS51
50 D2 13 D5 COM50
49 Dl 14 D6 COM49
48 DO 15 D7 COM438
47 D7 16 DO COM47
46 D6 17 Dl COM46
45 D5 18 D2 COM45
44 05 D4 19 02 D3 COM44
43 D3 20 D4 COM43
42 D2 21 D5 COM42
41 Dl 22 D6 COM41
40 DO 23 D7 COM40
LCD Panel
128*64 DOTS

23 D7 40 DO COM23
22 D6 41 D1 COM22
21 D5 42 D2 COM21
20 0 D4 43 05 D3 COM20
19 D3 44 D4 COM19
18 D2 45 D5 COM18
17 Dl 46 D6 COM17
16 DO 47 D7 COM16
15 D7 48 DO COM15
14 D6 49 Dl COM14
13 D5 50 D2 COM13
12 01 D4 51 06 D3 COM12
11 D3 52 D4 CoMl11
10 D2 53 D5 COM10
9 Dl 54 D6 COM9
8 DO 55 D7 COMS
7 D7 56 DO COM7
6 D6 57 Dl COM6
5 D5 58 D2 COMS5
4 D4 59 D3 COM4
3 00 D3 60 07 D4 COM3
2 D2 61 D5 COM2
1 Dl 62 D6 JE T AR L ARAR(0,64) T A L AR (128,64) COM1
0 DO 63 D7 COMO
ol=|la|lon|t|vlo| =] =T %
S|~ | N |[en| < | n| O o~ AN AN AN AN [g\l [\l I e\| (=} *a I
i At Aol Il Hnll Il B SO 1
2 S
0%
—|ola|w|~|v| v |« -l e = | 8¢
sla|a|d|a|s|d)a =2l emle| || T <
@)
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B RELIABILITY
¥ Content of Reliability Test

Environmental Test
No. Test Item Content of Test Test Condition Applicable
Standard
1 High temperature | Endurance test applying the high storage g*c |
storage temperature for a long time. 96hrs
) Low temperature | Endurance test applying the low storage 30
storage temperature for a long time. 96hrs
. Endurance test applying the electric stress o
3 High temperature (Voltage & Current) and the thermal stress #75°C
operation ) 9%hs = | @00 —
to the element for a long time.
4 Low temperature | Endurance test applying the electric stress 2°c
operation under low temperature for a long time. 96hrs
. Endurance test applying the high tempera- 50°C,
5 High tferppelamre/ ture and high humidity storage for a long 90%RH MIL-202E-1038
Humidity storage | .. JIS-C5023
time. 48 hrs
Endurance test applying the electric stress 40°C
6 High temperature/ | (Voltage & Current) and temperature / 90 %RH MIL-202E-103B
Humidity operation | humidity stress to the element for a long 4811rs JIS-C5023
time.
Endurance test applying the low and high
temperature cycle.
o o o -25°C/75°C
7 Temperature cvcle -25°C_ _ 25°C _ _ +75°C
perdtie ey 30min. S~ Smin. S 30min. 10cycles |
1 cycle
Mechanical Test

Endurance test applying the vibration during

10~22Hz—> 1.5mmp-p | MIL-202E-201A

8 Vibration test s 4 22~500Hz — 1.5G JIS-C5025
transportation and using. Total 0.5hrs T1S-CT020-A-10
. ) 50G half sign
9 Shock test Constructional and mechanical endurance| Loy coq MIL-202E-213B
test applying the shock during transportation. 3 fimes of each direction
Atmospheric Endurance test applying the atmospheric 115 mbar
10 pressure test pressure during transportation by air. 40 hrs MIL-202E-105C

Others

Endurance test applying the electric stress to

11 | Static electricity test the ol

VS=800V ,RS=1.5kQ
CS=100 pF MIL-883B-3015.1
1 time

¥ Failure Judgment Criterion

*** Supply voltage for logic system = 3.3V. Supply voltage for LCD system = Operating voltage at 25°C.

Criterion Item Test Item No.

Failure Judgment Criterion

112]1314(5]16[7[8]9]10

11

Basic specification

Out of the Basic Specification

Electrical characteristic

Out of the DC and AC Characteristic

Mechanical characteristic

Out of the Mechanical Specification
Color change : Out of Limit
Apperance Specification

Optical characteristic

Out of the Apperance Standard
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B INSPECTION CRITERIA
see :Q/XRD0002-05

B PRECAUTIONS FOR USING LCD MODULES

Y Handing Precautions

(1) The display panel is made of glass. Do not subject it to a mechanical shock by dropping it or
impact.

(2) If the display panel is damaged and the liquid crystal substance leaks out, be sure not to get
any in your mouth. If the substance contacts your skin or clothes, wash it off using soap and
water.

(3) Do not apply excessive force to the display surface or the adjoining areas since this may
cause the color tone to vary.

(4) The polarizer covering the display surface of the LCD module is soft and easily scratched.
Handle this polarizer carefully.

(5) If the display surface becomes contaminated, breathe on the surface and gently wipe it with a
soft dry cloth. If it is heavily contaminated, moisten cloth with one of the following solvents :

- Isopropyl alcohol
- Ethyl alcohol
(6) Solvents other than those above-mentioned may damage the polarizer. Especially, do not use
the following.
- Water
- Ketoses
- Aromatic solvents

(7) Exercise care to minimize corrosion of the electrode. Corrosion of the electrodes is
accelerated by water droplets, moisture condensation or a current flow in a high-humidity
environment.
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B USING LCD MODULES
¥ Liquid Crystal Display Modules

LCD is composed of glass and polarizer. Pay attention to the following items when handling.

(1) Please keep the temperature within specified range for use and storage. Polarization degradation,
bubble generation or polarizer peel-off may occur with high temperature and high humidity.

(2) Do not touch, push or rub the exposed polarize with anything harder than an HB pencil lead
(glass, tweezers, etc.).

(3) N-hexane is recommended for cleaning the adhesives used to attach front/rear polarizers and
reflectors made of organic substances which will be damaged by chemicals such as acetone,
toluene, ethanol and isopropylalcohol.

(4) When the display surface becomes dusty, wipe gently with absorbent cotton or other soft
material like chamois soaked in petroleum benzin. Do not scrub hard to avoid damaging the
display surface.

(5) Wipe off saliva or water drops immediately, contact with water over a long period of time may
cause deformation or color fading.

(6) Avoid contacting oil and fats.

(7) Condensation on the surface and contact with terminals due to cold will damage, stain or dirty
the polarizers. After products are tested at low temperature they must be warmed up in a
container before coming is contacting with room temperature air.

(8) Do not put or attach anything on the display area to avoid leaving marks on.

(9) Do not touch the display with bare hands. This will stain the display area and degradate
insulation between terminals (some cosmetics are determinated to the polarizers).

(10) As glass is fragile. It tends to become or chipped during handling especially on the edges.
Please avoid dropping or jarring.

¥ Installing LCD Modules

The hole in the printed circuit board is used to fix LCM as shown in the picture below. Attend to the
following items when installing the LCM.
(1) Cover the surface with a transparent protective plate to protect the polarizer and LC cell.

[

Protective plate

Fitting plote

L — il

v U \ ) =)V

\ Lo

(2) When assembling the LCM into other equipment, the spacer to the bit between the LCM and the
fitting plate should have enough height to avoid causing stress to the module surface, refer to the
individual specifications for measurements. The measurement tolerance should be £0.1mm.

¥ Precaution for Handing LCD Modules
Since LCM has been assembled and adjusted with a high degree of precision, avoid applying excessive
shocks to the module or making any alterations or modifications to it.
(1) Do not alter, modify or change the shape of the tab on the metal frame.
(2) Do not make extra holes on the printed circuit board, modify its shape or change the positions of
components to be attached.
(3) Do not damage or modify the pattern writing on the printed circuit board.
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(4) Absolutely do not modify the zebra rubber strip (conductive rubber) or heat seal connector.

(5) Except for soldering the interface, do not make any alterations or modifications with a soldering
iron.

(6) Do not drop, bend or twist LCM.

¥ Electro-Static Discharge Control
Since this module uses a CMOS LSI, the same careful attention should be paid to electrostatic discharge as
for an ordinary CMOS IC.

(1) Make certain that you are grounded when handing LCM.

(2) Before remove LCM from its packing case or incorporating it into a set, be sure the module and
your body have the same electric potential.

(3) When soldering the terminal of LCM, make certain the AC power source for the soldering iron
does not leak.

(4) When using an electric screwdriver to attach LCM, the screwdriver should be of ground
potentiality to minimize as much as possible any transmission of electromagnetic waves produced
sparks coming from the commutator of the motor.

(5) As far as possible make the electric potential of your work clothes and that of the work bench the
ground potential.

(6) To reduce the generation of static electricity be careful that the air in the work is not too dried. A
relative humidity of 50%-60% is recommended.

¥ Precaution for soldering to the LCM

(1) Observe the following when soldering lead wire, connector cable and etc. to the LCM.

- Soldering iron temperature : 280°C + 10°C.
- Soldering time : 3-4 sec.
- Solder : eutectic solder.

If soldering flux is used, be sure to remove any remaining flux after finishing to soldering
operation. (This does not apply in the case of a non-halogen type of flux.) It is recommended that
you protect the LCD surface with a cover during soldering to prevent any damage dur to flux
Spatters.

(2) When soldering the electroluminescent panel and PC board, the panel and board should not be
detached more than three times. This maximum number is determined by the temperature and
time conditions mentioned above, though there may be some variance depending on the
temperature of the soldering iron.

(3) When remove the electroluminescent panel from the PC board, be sure the solder has completely
melted, the soldered pad on the PC board could be damaged.

¥ Precautions for Operation

(1) Viewing angle varies with the change of liquid crystal driving voltage (VO). Adjust VO to show
the best contrast.

(2) Driving the LCD in the voltage above the limit shortens its life.

(3) Response time is greatly delayed at temperature below the operating temperature range. However,
this does not mean the LCD will be out of the order. It will recover when it returns to the
specified temperature range.

(4) If the display area is pushed hard during operation, the display will become abnormal. However, it
will return to normal if it is turned off and then back on.

(5) Condensation on terminals can cause an electrochemical reaction disrupting the terminal circuit.
Therefore, it must be used under the relative condition of 40°C , 50% RH.

(6) When turning the power on, input each signal after the positive/negative voltage becomes stable.
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-

Positive voltage |
GND !

GND '
(Negative voltage)

— F—O nin.50 ns max.(forgraphic)

GND

—+ 0 nin.30 ns naox.(forgraphic)
|
|

¥ Storage

When storing LCD’s as spares for some years, the following precaution are necessary.

(1) Store them in a sealed polyethylene bag. If properly sealed, there is no need for dessicant.

(2) Store them in a dark place. Do not expose to sunlight or fluorescent light, keep the temperature

between 0°C and 35°C.

(3) The polarizer surface should not come in contact with any other objects. (We advise you to store

them in the container in which they were shipped.)

(4) Environmental conditions :

- Do not leave them for more than 168hrs. at 80°C.
- Should not be left for more than 48hrs. at -30°C.

¥ Safety

(1) It is recommended to crush damaged or unnecessary LCD’s into pieces and wash them off with

solvents such as acetone and ethanol, which should later be burned.

(2) If any liquid out of a damaged glass cell and comes in contact with the hands, wash off thoroughly

with soap and water.

¥ Limited Warranty

Unless agreed between X.R.D and customer, X.R.D will replace or repair any of its LCD modules
which are found to be functionally defective when inspected in accordance with X.R.D LCD acceptance
standards (copies available upon request) for a period of one year from date of shipments.
Cosmetic/visual defects must be returned to X.R.D within 90 days of shipment. Confirmation of such date

shall be based on freight documents. The warranty liability of X.R.D limited to repair and/or replacement on the terms
set forth above. X.R.D will not be responsible for any subsequent or consequential events.

¥ Return LCM under warranty

No warranty can be granted if the precautions stated above have been disregarded. The typical

examples of violations are :
- Broken LCD glass.
- PCB eyelet’s damaged or modified.
- PCB conductors damaged.

- Circuit modified in any way, including addition of components.
- PCB tampered with by grinding, engraving or painting varnish.

- soldering to or modifying the bezel in any manner.

Module repairs will be invoiced to the customer upon mutual agreement. Modules must be returned
with sufficient description of the failures or defects. Any connectors or cable installed by the customer

must be removed completely without damaging the PCB eyelet’s, conductors and terminals.
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