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1. General specifications

ltems Contents
dimensional out line 129.0 X 104.5 [mm]
active area 95.96 x 76.76 _[mm]
viewing area 101.0 X 82.0 [mm]
display conients [pixels] 160 (W) x 128 (H)
dote size 0.56 X 0.56 mm |
dole pitch 0.60 x 0.60 mm ]
display mode Viewing direction 6 o'clock, STN Grav mode positive type
circuit X-driver,Y -driver,Pover supply circuit.
LCD controller { T6963C) .RAM (8k bvtes)
interface CE. WR, RD, C/D. RESET. Data (DO ~ D7)

2. Absolute maximum ratings

ltem symbo! Absolute maximum ratings unit note
min max
supply voltage VoD 0 7.0 A -
Vop-VE! 0 24.0 -
input voltage VIN -0.3 Vbp-0.3 \' -
storaue temperature Top -20 60 T -
operating temperature Tste 0 50 -
humidity - 10 90 %R H X

3 wet bulb temperature should be 29 T max..and no condensation of water .



3. Electrical specications

{ Conditions:Ta=235 C )

ltem svmbol conditions specifications unit
min vp max
Vo 4.75 3.0 5.25 %
supplay voitage VzE ped -8.5 7.5 -6.5
VEL fEL=500 Hz 80 110 130 Vrms
ELDriving fEL 300 500 1000 Hz
Frequency
input voltage "H" ViH 2.8 - - \Y%
input voltaze "L" ViL - - 0.8
output voliage "H" VoH 4.7 - - V
output voltage "L" VoL - - 0.3
IpD Vop=35.0V - - 13.0 mA
-leg Vee=-8.3 - - 2.0
current consumption ler VeL=1 10V - - 18.0 mArms
fEL=500Hz

¥ Power supply for contrast control

Contrast control power supply VEE shall be variable for contrast and viewing angle control,and for
temperature copensation. recommended Ve { typical value) is as follows at each temperature.

4. Optical specications”

temperature ( C ) Vpp-Vez (V) {tvp )
0 13.8
25 12.5
50 10.8

( Ta=25 ‘C Vpp=3.0.Vzz :_at the voltage for K berween -6.5~-8.5)
liem symboli condition specifications unit | note
min tvp max
viewing angle g u p=0" K=13 40 - - deg. 1.2
g u ¢=180" K= 13 135 - -
conirast ratio K 2.3 4.0 - 3
response time Tr d=0" .8=0" - 200 350 ms 34
7_d - 200 330
¢6=0° .6=0"
Luminance VeL=110V 4.0 6.0 - lcdfem *| 3.6
fer=3500Hz




Note™ :befinition of ¢, 0y and 0y
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5 . Dimensional Outline
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6.

Interface
£.1 Interface Connection

Pin No. Signal Function
1 FGND Frame ground
2 GND Ground (signal ground) |
3 Vop Power supply for logic
4 VEE Power supply for LCD drive (should be variable)
5 WR Data write (write data to the module at "L")
6 RD Data read (read data from the module at "L")
7 CE Chip enable for the module
8 C/B §E="L":C/§="H”; command write, C/B="L"; data write
RD="L":C/D="KH";status read,C/D="L";data read
9 NC No connection
10 RESET | Module reset (controller reset)
11 DO Data input/output (LSB)
12 D1 Data input/output |
13 D2 Data input/output |
14 D3 Data input/output 1
15 D4 Data input/output
16 D5 pData input/output
17 D6 Data input/output
18 D7 Data input/output (MSB)
19 NC No connection
20 NC No connection
21 VeL Power supply for EL drive (only for the LCD module
with EL backlight)
22 VELG Powér supply for EL drive (only for the LCD module
with EL backlight)




6.2 Block Diagram of NTM 164321 (TLX-1013-E0) and NTM164M01 (TLX-1013-30)
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(EL: Only for TLX-1013-E0)



6.3 Signal Timings

Specifications
Item ' Symbol Unit
Min. Max.

c/D set Up Time teps 100 - ns
C/D Hold Time tCoH 10 - ns
CE, RD, WR tCE, tRD 80 - ns
Pulse Width twr

Data Set Up Time tpg 80 - ns
Data Hold Time tpH 40 - ns
Access Time tace - 150 ns
Output Hold Time toH 10 50 ns

Conditions: Vpp = 5+0.25 V, GND = 0 V, Ta = 0 to 50°C

Fig. 4.6 Bus Timing

c/b X ' j?(
teps £CDH

Lunat 1
C-E -
X 1/
tce, tRD, twr
RD,WR \ /f
.‘ 1_
1 tps
DO to [)7 i
WRITE
( ) .,tW
Do to D7
(READ)
taCC ton

~]



Lines

6.4 In case of 2 screen drive modules
TLX-1013 and TLX-1013-E0O is driven as 2 screen, so the
relationship between display memory address and display
position on LCD modules is shown in Figs. | and 2
Fig. Text Display
{ ¢
TH TH+1H TH+TA-2H TH+TA-1H
TH+TA TH+TA+1H TH+2TA-2H TH+2TA-1H
-4 T-’
TH+6TA TH+6TA+1H TH+7TA-2H TH+7TA-1H
TH+7TA TH+7TA+1H TH+8TA-2H TH+8TA-1H 16
TH+8000H TH+8000H+1H TH+8000H+TA-2H TH+8000H+TA-1H
TH+8000H+TA TH+8000H+TA+1H TH+8000+2TA-2H TH+80001+2TA-1H
~ Zr ‘
TH+8000H+6TA [TH+8000H+6TA+1H TH+8000H+7TA-2H | TH+8000+7TA-1H -
TH+8000H+7TA |TH+B0OOH+7TA+1H 1TH+8000H+8TA—2H TH+8000+8TA-1H
20 Characters
Fig. 2 Graphic Display
GH GH+1H GH+GA-2H GH+GA+1H
GH+GA GH+GA+1H GH+2GA-2H GH+2GA-1H
= 5
GH+62GA GH+62GA+1H GH+63GA-211 GH+63GA-1H
GH+63GA GH+63GA+1H GH+64GA-2H GH+64GA-1H 128P!
GH+8000H GH+800011+1H GH+8000H+GA-2H GH+8000H+GA-1H

GH+800011+GA

GH+8000H+GA+1H

GH+8000H+2GA-2H

GH+8000H+2GA-1H

GH+8000H+62GA

GH+B8000H+62GA+111

GH+8000H+63GA~2H

GH+B000OH+63GA-1H

{GH+8000H+63GA

GH+8000H+63GA+1H]

)GH+8000H+64GA—2H

GH+B000H+64GA-1H

 xels

L

AL
160 Pixels




-

Text Display Graphic Displa&

pixels/ |Number of |Number of Text Area|Number of jNumber of Graphic
Character|Characters Lines TA Horizontal|Vertical [Area GA

(Hex.) Pixels Pixels , (Hex.)
%LX-IOIS 8x8 20 16 14H 160 128 I 14H

Note 1. In case of graphic display.
(8x8 pixels/character)

57 106 | D5 | pa | D3 | D2 | D1 | DO |¢— Graphic Data |
(MSB) | valid pData ———— (LSB) '




|

|

6.5

0000H

0800H
0AOOH
OCOOH

OFFFH

8000H

8800H
8AOO0I
BCOOH
8FFFH

Notes

|
In case of TLX-1013 and TLX-1013-EO0 (2 screen drive)’

Display RAM is built-in the module, and display data ié

written to this display RAM. Built-in controller LSI T6963C
is automatically read from display RAM, and send data to LCD
drivers. "Control Word Set" command (Text Home Set, Text
Area Set, etc.) define the RAM area which is read by cén—
troller LSI, so RAM map can be changed by user's preference.
Tf more than 1 screen can be stored in the RAM, vertical
scrolling and paging is easily performed by resetting %ext
home and/or graphic home address. These modules have 8K
byte RAM located at address O0OOH to OFFFH and B800O0OH tg
8FFFH, and the following is an example of RAM mapping.|

*+* Example of RAM MAP ***

(Upper half screen)

Graphic RAM Area Graphic home address '0000H
(0000H to O7FFH: 2048 byte) graphic RAM for 16384 pixels
.Text home address OA0OH (text
Attribute RAM Area RAM for 512 characters)
- -Offset register set D1 = "O1lH"

Text RAM Area (CG RAM for 128 charﬁcters)

CG RAM Area
(0OCOOH to OFFFH: 1024 byte)

{(Lower half screéen)

Graphic RAM Area
(8000H to 87FFH: 2048 byte)

Attribute RAM Area

Text RAM Area

|
Not used

1: If graphic/text home address is specified only for upper
half screen, RAM map of lower half is automatically
fixed. .

2: Above example of RAM map is for "CG ROM Mode", in cgse
of "CG RAM Mode" is selected, 2048 byte CG RAM area]is
necessary. So above RAM map should be relocated.

-10 -



66 Pin Setting of LCD Controller LSI (T6963C)
The pin setting of controller LSI (T6963C) is as followé:
Character Operating Fre-
Module No. |Display Size|Columns of|Font Number of [quency of Con-
(Number of [Display (pixels/ Screen troller T6963C
Row) character) (MHz)
8 lines 32 columns 8x8 1 screen
(64 pixels)
TLX-1021 }---—mmmm——- B ettt kbt ints slbaiabe bttt 2.3140.5 ]
TLX-1021-EO MDS="L" MD2="H" Fso="L" DUAL="H"
MD1="L" MD3="H" FS1="L"
MDO="L"
16 lines 32 columns 8x8 2 screens
(128 pixels)
(2 screens)
TLX-1013  f=-===m—~omm oo mmm s oo oo oo o s 4.5540.5 |
TLX-1013-EO MDS="L" MD2="H" Fso="L" DUAL="L"
MD1="L" MD3="H" FS1="L"
MDO="L"
8 lines 64 columns 6x8 1 screen
(64 pixels) 8x8 .
TLX-711A  p---==--——— oo o s 4,5540.5
TLX-711A-EO MDS="L" MD2="H" FSO="L" DUAL="H"
MD1="L" MD3="L"
MDO="L" (Note 1) |
16 lines 32 columns 6x8 1 sereen
(128 pixels) 8x8
TLX-1391  f-----om—ommmpmmmoom oo s e LS 4.55+0.5
TLX-1391-E0 MDS="H" MD2="H" FSO="L" DUAL="H"
MD1="L" MD3="H"
MDO="L" (Note 1)
16 lines 40 columns 6x8 1 screen ’
(128 pixels) 8x8
TLX-1301V  pm—mmmmmmmm oo - 5.7540.5
MDS="H" MD2="L" FSO="L" DUAL="H"
MD1="L" MD3="1"
MDO="L" (Note 1)
Note 1. In case of 6x8 pixels/character, FS1 is "H". .In case of 8x8 ‘

pixels/character, FS1 is

nLIl .

-11-




7.
7.1
7111

(1)

Communication Between CPU and Module

Control Sequence

Data Transmission Method

Built-in LCD controller T6963C is operating asynchronously

to CPU clock,

transmission between module and CPU.

Command with 2 byte data

> Status Read
No

[YES

Data Write D1 (lower 8 bit)

> Status Read

No

|YES

Data Write D2 (upper 8 bit)

l

> Status Read

No

|YES
Command Write

(2)

(3)

and following procedure is required for data

Command with 1 bytﬁ data

—> Status Read

No
|YES
Data Write Pl
> Status Read
No 1

| YES |
Command Write

Command with no daté

——> Status Read

No

|YES
Command Write



(4)

Data Auto Write/Data Auto Read
STAZ2 or
(Refer 5.2.2.6

STA3 should be checked between all data and command.
"Data Auto Write/Data Auto Read") !

(5) Screen Peeking, Screen Copy
STA6 should be checked just after "Screen Peeking“/“Scﬂeen
Copy". (Refer 5.2.2.8/9 "Screen Peeking", "Screen Copy")
|
7.1.2 Status Read |
Status of controller LSI should be checked between all
command and data in order to complete communication with
CPU. Status can be read from 8 bit data lines (DO to d7) by
setting C/D="H", RD="L". :
STAO Check capability of instruction STA0=0 Disable
(Busyl) |execution = Enable
STAl Check capability of data read or |STAl=0 Disable
(Busy2) [data write = Enable |
STAZ2 Check capability of data read STA2=0 Disable‘
{DAV) (only effective in auto mode) = Enable |
STA3 Check capability of data write STA3=0 Disable‘
(RDY) (only effective in auto mode) = Enable
|
STA4 -
u
STAS Check possibility of controller STA5=0 Disable:
(CLR) operation = Enable
STASB Address pointer is out of graphic|STA6=1 out of
(Error) |area on screen peeking and screen graphic!
copy command area
STA7 Check the condition of blink STAT=0 Displayloff
(Blink) = Normal
display(on)

(Status Register)

STA7

STA6|STAS5 | STA4 |STA3|STA2|STAL1|STAO

MSB

LSB




7.2

7.2.1

Command

Command List

Command

Command code

D7

D6 [D5 [D4 |D3 D2

D1

DO

Description

E¥acu éon )
me .
(Note I?X

Pointer Set

o} 1] o] 0|N2

N1

NO

z

-0 0oN
x
z

OO0

Cursor Polinter Set
Oftset Resister Set
Address Polnter Set

Status check

Control Word
Set

N1

NO

=z
e DO

Text Home Address Set
Text Area Bet

Graphlc Home Address Set
Graphic Area Set

z
OO O O

Status check

Mode Set

CG N2

N1

HO

CG=0:CG ROM Mode

CG=1:CG RAM Mode

N2 Nl NO (Graphic and Text)

o 0 lloR"

1 "EXOR"

1 IIAND"
0 Text only

{attribute capability)

—~QOOo
o000

32x1/£0S8C

Display Mode

N3 |N2

N1

NO

N3=0:Graphic display of?f
1:Graphlc display on
N2=0:Text display off
1:Text display on
N1=0:Cursor display off
l:Cursor display on
NO=0:Cursor blink oft
1:Cursor blink on

32x1/10SC

Cursor
Pattern
Select

N2

N1

NO

N2,N1,NO specity the number of
cursor lines
{Exeample)
N2 N1 NO
0 0 O 1 line cursor
bottom line)
line cursor
(8x8 pixel cursor)

11 1

32x1/t208C

Data Auto
Read/Write

Nl

NO

N1 KO

0 0 Data Auto Write Set

0 1 Data Auto Read Set

1 0 Auto Reset
After this command, continuous
data can be written or read.
(address pointer automatically
increment)

32x1/20SC

Data Read/
Write

N2

H1

NO

Data Read/Write command for 1

byte.

N2=0:Address Pointer
=1:Address Pointer

N1=0:Address Polnter
=1:Address Pointer

NO=0:Data Write
=1:Data Read

up/down
unchanged
up

down

32x1/10SC

Screen
Peeking

Transfer display data to data
stack for resd from CPU.

Status check

Screen Copy

1 line displayed data which
address is indicated by
address pointer is copled to
graphic RAM area.

Status check

Bit Set/
Reset

N3 |N2

N1

NO

Set/Reset command for a bit in
the address pointed by address
inter.

3=0:Bit Reset

=1:Blt Set
N2,H1,NO indicated the bit in
the pointed address

(000 is LSB, and 111 is MSB.)

Status check

Notes 1. Status check between all commands and data is recommended, though execu-
tion time for several commands are speclfied in above command llst.

For the commands with "Status Check” in execution time,

execution time

does not specified because it is influenced by internal sltuation of
controller LSI.

1 4 —




1.2.2

Description of Command

1 Pointer Set Command

D1, D2, 0 0 1 0 0 N2 N1 NO

Command is selected by setting "1" at selected bit.

N2 {N1}|NO Command D1 D2

0 0| 1{ Cursor Pointer Set Column position |Row posit%on

0 1| 0 Offset Register Set Address OOH

1 o! 0! Address Pointer Set| Address (lower) |Address(upper)
(a) Cursor Pointer Set ]

(b)

The cursor is displayed at the position specified by the D1,
D2. The cursor position is shift only by this command,l and
does not shift by other command like a "Data Write" command.
D1, D2 are specified as follows.

D1 : Horizontal cursor position counted by "eharacter" (5 to
8 pixels width/character specified by hard setting
refer 4.6 "Pin Setting of LCD controller LSI"). MSB of
D1 is neglected, and 127 is the maximum. ’

D2 : Vertical cursor position counted by "character" (8
pixels high character).
Upper 3 bit are neglected and 32 is the Maximum. In
case of TLX-1013 and TLX-1013-EO0, first row of lower
screen is "10H".
Note: Please note that the cursor position should be within
actual display area. 1

Offset Register Set |
O0ffset Register Set command is used to determine character
generator RAM area. The upper 5 bits in start address’of CG
area is set as the lower 5 bits of D1, and upper 3 bits of
D1 is neglected. D2 should be OOH. : |
Refer 5.4 "Character Generator"” for detail of CG RAM.



(c)

Address Pointer Set

Address Pointer Set command 1is used to indicate the start
address for writing data to built-in RAM, or for readfng
data from built-in RAM. The address should be located in
the actual RAM area specified by individual specifications.

(refer to 4.5 "RAM MAP")

7222 Control Word Set Command |

|
|

Home address of display RAM (Text, Graphic), and areas are
defined by this command.

b1, D2, o 1 0 0 0 0 N1 NO

N1 NO Command D1 D2
|
o] o f?g? Home Address Set | address (lower) |Address(upper)
!
0] 1| Text Area Set (TA) No. of column OOH |
1 | o| Graphic Home Address Address (lower) |Address(upper)
Set (GH)
1 1| Graphic Area Set (GA) No. of column O0OH
(a) Text Home Address Set (TH)
This command defines the starting address of display RAM for
text display. The data in the Text home address (TH) lis
displayed at the home position of display (left end chﬁrac—
ter on 1st row).
|
(b) Text Area Set (TA)

This command defines the number of column by D1. Text! area
can be defined independent from character No. fixed by hard
setting of controller LSI. Text area is usually defined the
same number as the actual character number of LCD display,

so address can be continuous in text area in this case.



{c)

(d)

Graphic Home Address Set (GH)

This command defines the starting address of display RAM for
graphic display. The data in the Graphic Home Address |(GH)
is displayed at the home position of display (left end 8
bits in 1st line).

When using attribute function, Graphic Home Address indi-
cates the starting address of attribute RAM area. |
Graphic Area Set (GA) |

This command defines the number of column by Dl1. Graphic
area can be defined independent from character No. fixed by
hard setting of controller LSI. So address in graphic area
can be continuous and RAM area can be used without uneffec-
tive area, if graphic area is defined the same number as the
actual column number of LCD display. Note that graphi% area
will be different by character font setting even if horizon-
tal pixel number is the same.

Mode Set Command

l
\

(Nodata) | 1 | ol ol ol ca | N2 | N1} NO

Mode Set command selects character generator (CG ROM Mode/CG
RAM Mode), and combination of text/graphic display.

CG Command '

0 CG ROM Mode: Built-in 128 character CG ROM (code:00H to 7FH)
and built-in CG RAM for 128 characters
(Code:80H to FFH) can be used ’

1 CG RAM Mode: Built-in CG RAM for 256 characters (dode
O0OH to FFH) can be used

|
When CG ROM Mode is selected, character code O0OH to 7FH is

selected from built-in CG ROM and BOH to FFH is automat&cal—
ly selected from CG RAM.




N1 |NO Command

0| o| Logically "OR" of graphic and text display ‘

2
0
0 0| 1| Logically "EXOR" of graphic and text display
0

1{ 1| Logically "AND" of graphic and text display

1 0| 0| Text display only (text can be attributed by the
data in graphic area)

Logically "OR", "EXOR" and "AND" of graphic and text display
can be displayed by this command. Only text display is
attributed because ‘Attribute RAM is located in Graphic RAM

area. '
(
7224 Display Mode Set Command ’
(No data) 1 0 0 1 N3 N2 N1 NO
Display mode is selected from combination of following 4
bits by setting "1" at the selected bit.
Command
NO Cursor blink ON{(NC=1) / Cursor blink OFF(NO=0)
N1 cursor display ON(N1=1) / Cursor display OFF(N1=0)
‘ [
| .
N2 Text display ON(N2=1) / Text display OFF (N2=0)
N3 Graphic display ON(N3=1) / Graphic display OFF(N3=0)
After hard reset, all displays are inhibited.
(NO=N1=N2=N3=0).
C



7225 Cursor Pattern Select Command

(No data) 1 0 1 0 ] N2 N1 NO

When cursor display is "ON", this command selects the cursor
pattern from 1 line width cursor to 8 line width cursog
(block). | i
N2 N1 NO .Cursor pattern
0 0 0] 1 line width cursor ‘
0 0 1 2 line width cursor ’
0 1 o] 3 line width cursor !
0 1 1 4 line width cursor |
1 o) 0 5 line width cursor
1 0 1 6 line width cursor |
1 1 0] 7 line width cursor
1 1 1 8 line width cursor

(1 line width cursor)

A NN AN LA

7 T 74 Caran evd p -
RS RN W G WA Ve L Vs
(& line width cursor) |. /'-'7-'7/' NN TAN S, / |
s botor wors Lor ot e Core o
/ ST, s iy v L/ // .
. A7 7N 7 e "7‘—7 17
S B 0] P DR VA L |
ayd /_7/ s /'/7///7L s !
N AN NS //:/
i;C’////;:,/Zf N/ /fli// |
N NN AN N




7226 Data Auto Write/Data Auto Read j

{No data) 1 0 1 1 0 0 N1 NO

1
This command is convenient to send full screen data, or

receive full screen data from built-in RAM. After setting
auto mode, "Data Write (or Read)" command is not necessary
between each data.

"Data Auto Write (or Read)" command should follow the
"Address Pointer Set" and address pointer is automaticblly
increment by +1 after each data. After sending (or receiv-
ing) all data, Auto mode reset is necessary to return normal
operation because all data is regarded "display data" and no

command can be accepted in the auto mode. |

N1 NO Command
0 0 Data Auto Write Set
0 1 Data Auto Read Set
1 0 Auto Mode Reset

Note 1. Status check for auto mode (STA2 or STA3) should| be
checked between each data. Auto Reset should be

performed after checking STA3=1 (Data Auto Write
only).



(Start)

p-d
<

! NO J
Status Check(STAO0=1,STAl=1)

YES

z

D1 (Address Data)

A o |

Status Check(STAO0=1,8TA1=1)

YES

D2 (Address Data)

NOJ
Status Check(STAO=1,S5TAl=1)
YES

Address Pointer Set (24H)

No|
Status Check(STA0=1,STAl=1)

YES

Data Auto Write Command (BOH)

|

<
<

o]
Status Check (STA3=1)
l YES
Data
l o |
Status Check (STA3=1)
|
l YES
Data
l ' Nb
Status Check (STA3=1)
YES
N
: NO _]
Status Check (STA3=1)

l YES

Auto Reset (B2H)

1



7227 Data Write/Data Read

D1, Ll[llOOONZINlINOJ |

Note 1. D1 is necessary only for Data Write.

|
This command is used for Data Write from CPU to built-in

RAM, and Data Read from built-in RAM to CPU. Data
Write/Data Read should be executed after setting address by
Address Pointer Set command.

Address pointer can be automatically increment or decrement
by setting this command. |

2|N1{NO Command |

ol ol olpata Write (after execution, address pointer incrgment)
ol ol 1|pata Read (after execution, address pointer incr%ment)
o| 1| o|pata Write (after execution, address pointer decrement)
o] 1| 1|pata Read (after execution, address pointer decrement)
1| o| o|pata Write (after execution, address pointer unchhnged)
1| ol 1|pata Read (after execution, address pointer unchanged)

7228 Screen Peeking (Only for TLX-1301V with 6x8 Pixels/Chara.)

This command is necessary for each 1 byte data.

4

1

This command is used to transfer displayed 1 byte data to

|
data stack, and this 1 byte data can be read from CPU by

(No data) 1 1 1 0 0 0 0 0

Data Read command. So, logical combination data of text and
graphic display on LCD screen can be read by this command.
Status (STA6) should be checked just after "Screen Peeking"
command. If the address determined by "Address Pointef Set"
command is not in graphic RAM area, this command is ignored
and status flag (STA6) is set. |

|




|
The procedure to read displayed data by this command is as
follows.

<
<

NOJ
Status Check(STA0=1,STAl=1)
l YES

D1 (Address Data) ———1
l w0 |

Status Check(STAO0=1,STAl=1)

NO
Status Check(STA6=0)———T

YES YES
D2 (Address Data)

-

’ NO
Status Check(STAO0=1,STAl=1)
vo | .

Status Check(STAO0=1,STA1=1)
l YES

YES

|

Data Read Command ‘
Address Pointer Set

<
<

NO J
Status ChecT(STAO=1,STA1=1) End |
YES

Screen Peeking Command (EOH)

Screen Peeking command can be used for getting hardcopy of
LCD display. Another application of this command is that
modified CG is set in the CG RAM area by reading combination
data of text and graphic data and writing to CG RAM area.
For example, CG for reverse character is made by this meth-
od. |

Note: TFor using this command, Text Area Set (TA) and Graph-
ic Area Set (GA) should be defined as same number as

"columns of display"” in pin setting.



73 Initialization

Initialization of controller LSI T6963C is required for
Word Set”

Following is the example of initializing procedure of Fhese

"Mpode Set" and

“Control

after power on.

|

modules.
|
Command C/B|n7 Ins lns ]DA ]na IDz [Dl Ino [ﬁex. I Note
Power On Power On
Hlard Reset (Use Reset Terminal) Reset="L" (1 moec minimum sfter VDD 2 4.75 V) I
Mode Set 1 1 o 0 0 0 0 1] 0 [ "OR" mode
Control Word Set olo|lolofololo]|o|o|oon
Graphlc lome Position Set ololojolo]lo|o]o]|o|oon |GCraphic Home Address
(Graphic Home Address 0000R)
1 0 1 0 0 0 4] 1 0 420 Command i
]
Number of Graphic Area Set g : * |Notel| Number of Graphic Area
1 0 1 0 0 4] 0 1 1 434 Command |
Text Home Position Bet 0 . . . » . . L .
(Text Home Address seseH) 0 . o . . . o M . Note2 | Text Home Atddress
1 0 1 0 1] 0 0 0 1} 4011 Command
Number of Text Area Set g . . . . - . . . IMote1| Number of Text Area
1 0 1 0 0 4] 0 0 1 411 Command
(Initialize End) !
(Data Write)
Address Pointer Set 0 0 0 0 0 0 0 0 0 00H 4
(Address Pointer 000OH) plololtololo|o]ol}o}oon Graphic Home Address
1 0 0 1 0 0 1 4] 0 24H Command
Duta Write (Graphic) o lolrjotr]o]r o] ]|ssn | pate |
1 1 1 0 0 0 0 0 0 coH Command
0 1 o 1 0 1 0 1 0 AAl Data .
111 l1lololojo|o}o|coi|comand |
S IR I IR I AT IR R T |
Address Pointer Set 0 . . . » . . . .
(Address Polnter eseel) 0 . . . . . . . N Note2| Text Home A}ddress
1 0 0 1 0 o] 1 0 (4} 244 Command
Dats Write (Text) (T) 0 o] 4} 1 1 0 1 0 0 34H Data
1 1 1 0 0 0 0 0 0 coil Command
(oy fofolotarjol |1 {1}t |2FN | Data
1 {1]1t1lolojojo]o| o jcoii]| Command ’
Ll
H : ; 1 i H H . : H
Display Hode Bet '
(Text/Graphic on) 1 1 1] 0 1 1 1 0 0 8CH




Note 1. Number of graphic and text area

Module No. Pixels/Character|D7 |D6 |D5 |D4 |D3 |D2 |D1 |DO ng.
TLX-1021 8x8 0 0 0 0 1 1 1 1 OFH
TLX-1021-E0 0 0 0 0 0 0] 0 0] OO0H
TLX-1013 8x8 0 0 0 1 0 1 0 0 14H
TLX-1013-E0 0 0 0] 0 0 0 8] 0] ooH
6x8 0 o] 0 1 0] 1 1 0 16H
0] 0 0 0 0 0 0 0 OO0H

TI.X-13%1 = |-=-=-==--—-=-———=-= el e e e e e e e el B
TLX-1391-E0 8x8 0 0 0 1 0 0 0 4] 10H
0 0 0] 0 0 0.1 0 [:0 O0H
6x8 olol1]loj1]o]o] o] 28H
0 0 0 0 0 0 0 0 010}

TLX-711A © = [-=mmmmmmmmmmem e “——f-—=)= |-
TLX-T11A-ED 8x8 _ 01010 1 1 1 1 0 ‘1EH
: . o ' o|lolo|]o}]o0oj|jo0o| 0] 0} OOH
6x8 0 0 1 8] 1 'o' 0 0-{ 28H
0 0 0 o] 0 0 0 0 00H

TLX-1301V = |J-=—m—mmmmmmmm o el R R Bl B Rl Rt Rl Eetebe bt
’ 8x8 0 010 1171 1 1'| 0°| 1EH
0 D 0] 0 0 0 0 0 O0H

. . . . I

Note 2: Text Home Address (**x*ll) and start address for text data by Address
Pointer Set command (**#**}) should be determined for each modules.
The following is an example of Text Home Address. (Refer 4.5 "RAM

Map")
|
D7 |D6 {D5 |D4 |D3 {D2 |D1 |DO: Héx.
1 Screen Drive 0 0 0 0 0 0 0 4] 00H
0 0 0 1 0 1 1 1 17H
2 Screen Drive 0 0 0 0 0 0 0 0 OO0H
olololofl1]o] 1] o0/} oaH

Notes 3: "Status Check" should be inserted hetween all command and dataj
4: Display Mode Set register is cleared (no display mode) by Hard Reset,
and no display is appeared on LCD panel. And just after “Display
Mode Set 9CH". Written data is displayed on the LCD. J
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7.4.2

User Character Generator RAM
Character generator RAM is the built-in RAM which can 'be
used as character generator after writing character pattern
by program. The part of built-in RAM can be used as "User
CG RAM" for 256 characters by selecting "CG RAM Mode": or
for 128 characters by selecting "CG ROM Mode".

(1) Position of User CG RAM
The upper 5 bits in start address of User CG RAM
(NNNNN) is defined by "Pointer Set"” command (Offset
Register Set), and following 2048 byte are defined as
"User CG RAM" area when CG RAM Mode is selected.\ 1024
byte (address: NNNNN10OOOOOOOOO to NNNNNllllllllfll) is

defined as "User CG RAM" area when CG ROM Mode 1is
selected.

(2) Writing to User CG RAM !
Character pattern of specified CG code can be wrimten
in the pointed address by "Pointer Set" command (Ad-
dress Pointer Set). 8 byte data should be sent tb
following 8 byte address for 1 character. \

|

(MSB) (LSB)

NININ[N[N|[M{*|*{*]x|®{x[s]%]%]%

|
R )

Upper 5 bit CG code Automatically l

defined by (8 bit) scan for

“Pointer Set" M=1(for CG display

command ROM Mode)

(Offset M=0(for CG

Register Set) RAM Mode)
|
|
|
l
\



(3)

(4)

Display Pattern in User CG RAM

|

Character pattern can be displayed by sending CG icode
with "Data Write" command. But "Display Mode Seé" for
text display should be selected before using CG.

In case that "CG ROM Mode" is selected, character
pattern is selected from built-in CG ROM when MSB=0
(00H to 7FH), and from User CG RAM when MSB=1(80H to
FFH). |

In case that "CG RAM Mode" 1s selected, all character
patterns are selected from User CG RAM (0O0OH to FFH).

Relation between User CG RAM Address and CG code -and
Character Pattern

When character pattern is written to User CG RAM,
relation between CG code and "User CG RAM" address is

shown in the chart on next page. !
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"NNNNN" is the upper 5 bhits in start address of User CG RAM
__29_._

defined by "Pointer Set" command (Offset Register Set).
It must be careful so that User CG RAM area should not be re

written by display data etc.

2:

Notes 1:



7.5
7.5.1

Attribute |

Attribute Function ‘
These modules have attribute function for "Reverse Diqplay“,
"Blink" and "Inhibit"” in text display mode. Attribute data
is written in the "Graphic Area" defined by "Control Word
Set" command (Graphic Home Address Set and Graphic Areﬁ
Set). So "Text Display Only" Mode should be selected by
"Mode Set" command, and graphic display cannot be displlayed.
But please note that it is necessary to make "Graphic Pis—
play On" by "Display Mode" command after writing attribute
data as shown 5.5.2. 1

| (
The attribute data of the 1st character in "Text Area" is
written at the 1st 1 byte in "Graphic Area", and attribute
data of n-th character is written at the n-th 1 byte ip
"Graphic Area’.
Attribute function.-is defined as follows.
. |
Attribute RAM
1 byte
« | % | % | x | N3 [ N2 | N1 | NO
¥*: .Don't care
!
N3 N2 N1 NO Function
0 0 0 0 | Normal display (
0 1 0 1 Reverse display
|
0 0 1 1 Inhibit display
1 o 0 0 Blink of normal display
1 1 0 1 Blink of reverse display
1 0 1 1 | Inhibit display |
|
|
{




Note 1.

f =

BL

f

0SC

Frequency of Blink

64

fosc:

Refer

2. The ON/OFF duty cycle ratio is 50:50

7.5.2

m:

n:

x m xn x 2

(fgr)

Oscillation Clock Frequency of Controller
T6963C
Number of llorizontal pixels defined by pin
setting of controller.
(=(columns of display) x (Horizontal‘pixels

of character font)
Number of rows pixels

to 4.6
(T6963C)"

"Pin Setting of LCD Controller LSI

Procedure of setting attribute

The example of the setting procedure for attribute 1is as

follows. |
|
Command c/D|Dp7{D5|D5|D4|{D3|D2|D1{DO} Hex. Note
Graphic Display Off 1 | 1] o] o] 1| Of *| *] *{ - Note 1 !
Graphic Home Address Set 0 . - Note 2
0 .| P [ TR TR R S - Home Address #*#*x]|
1 ol 11 0] O] Of O 1] O] 42H command|
Attribute Data Write 0 L - Note 2
0 S [ (RO RO IR R S R - Address *¥#¥¥}
1] o] ol 1{ ol ol 1] o] of 24 | Address 'Pointer Set
0| ool ofojof o] O0f 0f OOH | Attribute Data
1 11 1| o] o} o o| o{ O] COH Data Write command
0 ot ol ol o] 1] 1] 0} 1| ODH Attribute Data
1 1 1| o] o) 0| 0} 0} o] COH Data Wr;te command
1 1 ] t 1 1 i t ] 1 ,
1 i | ] 1 1 i [} 1 1
] ] 1 ) 1 1 i I 1 1
] I I ] i 1 1 t i 1 ;
Mode Set 1 11 o) 0] Ol O} 1] 0} O| 84H |
Graphic Display On 1| 1] o] of 1f 1| *| *| *| - Note 1 |

Notes 1. *:

Don’'t care

i

2. Graphic Home Address (*+*#H) and Attribute Data Write Address |(¥*¥¥H)
should be determined for each modules.

1
i




| .
8. MARKING |

Follovings shonld be marked on the each modules. '
Type Numher |

Wanufacturer' s name (Nanox)
Counlry of origin

Wanufacturing loL number

9. QUALITITY
9.1 Inspection AQL

Total of Wajor Defects T AL LS N |
Total of Winor Defecls o AL 4.0 X
Sampling Wethod : ANSVASQC Z1.4 (Level T )

9.2 Test Conditions |

l

Asbienl Temperature o 25x5 °C

lumidity o 65420 KRU
I1luminntion :
Visual inspeclion shall be performed under the single fln&rescent lamp
(20%) with aboul 50 em distance from LCD module by naked éyes vith 30
cem distance from Lhe LCM module. !
Vieving angle for inspeclion shonld be vithin viewing angfc specified in

this specification, Defects which is visible only in the surface glare
shall be disregarded.

Operatling conditions : ‘

inless otherwise specified, LCD module shall be operated by the rating
valueClypical value). !

9.3 Dimensions ‘

Ilem Descriplion Class

Imporlant Dimensional onlline, Dimension belween the monnt- | Hajor
Dimensions | ing holes ' |

Others Dimensions specified in Lhis specification Winor




9.4 Appenfance

!

!

ltem

Newton ring

ring.

hescription | Class
PCH Appearance #Pullern peeling, snapping, electrically short. ' Major
|
$Conductlive pallern missing or pinhole larger | Minor
than 40% of oripginal widlh :
#lepnir porlion on PCH does not covered hy
eponxy resin. |
Soldering ¥Cold solder joint, lead move when pulled. Najor
' i
wiisallignment of pad and lead of flat pac- Winor
kape LST(Varger than 1/2 width of LST lead).’
Kezel, conneclors FDistiocl stain, rust or scrateh. Winor
Blnck and ¥Yhite Mast, foreipgn materials atlached an the dis- ‘| WMinor
spols/iine play surface is defined as "Black and Yhite
Contrast spols/ spol/Yines” or "Conlrast spots/lines” in 0.5,
line 1f these malerial is easily wiped off, they
should be disregarded.
Display color/ Mistincl display color uneveness nnd‘newtnn Hinor




9.5 Opermtional

(W

Item

Pescriptlion

Fanclion

Display Qualily

Iniformity

Blnck, ¥hite and
right spots/line

Hnle(ll)

Contrast spotis/
lines
{(lov conlrast
spols/lines,
defects of
reflector)
Note 't 1!

Current
Consumption

Contrast ratio/
vieving angle

Response time

Racklight

Class
No display, Ualfunclion Major
Wissing Line, wissing pixel Major
Pinhole/patlern deformation larger Vinor
than 0.3 mm -
Abnormal flickering/Yaving ohserveld llinor
niformity of background/display Winor
xAvernge diameler(mm) Acceptable No. Minor
Nl 2 neglect
0.2<DED. ] N<H
0.3<h N=10
lhine vidth(mm) Length(mm)
¥<0.03 neglect good
0.03<Y¥Z0.08 . NES
0.05<Y¥ 0.0 L£ NZh
¥Average diameler Accepinble No. Vinor
DE0.5 (mm)  good
0.5<hs1.0 NES
1.O<h N=10
*¥Contrast line width lenglh Acceptable
Y<0.05Cnm) neplect rootl
0.0 <¥=0.07 L<£2.0(mm) N<H
Mul of specificalions Minor
Out of specificalions Hinor
Oul of specificalions Minor
No backlighting Hajor
Uniformity of backlight brightness Winor

Nole (14 1 Average diasmeter D is defined as follows;

a kb h
N oz - ——— [
2




1

0.

RELI'ADILLITY ‘ ) |
The LCD module shall have no failure in the folloving relinhﬂlity teslts.
Tesl llem Test Condilions ~ Note
ligh Tempernlure Storape 60°C, 200Lrs 2
Loy Temperanlure Storage -20°C, 200hrs 2
Humidily Storage 60°C, T0XRIL, 200hrs 12
Wigh Temperature Operalion 50°C, Vopu=5.0V ,200hrs -2
Lov Temperalure Operalion 0°C, Vupp=5.0V ,200hrs 1,2
Temperature Cyclying -20°C = 60°C N
2hr.  30min. 2hr. 5 cycles |
Hechanical Shock 506G, 20ms , —
X.Y.Z cach directions(llime) l
Hechanical Yiliralion 1010 250 101011z sveep, 0. 56, 30minutes |, —
X.Y. 72 each directions
Note 1. The module should nol have condensaltion of water on the module.
Hote 2. The module should be inspected after | hour slorage in normal
conditlions(15t035°C, 451o65%RID
Ye hope lo correcl Lhese discriplion as follows: ]
l.Current consumplion is more than specified value, i
2. Function of the module is not maintlained. L
1. There is visible degradation of apperance and display qualipy.
4.Contrasl ralio is less Lhan 50% of specified minimum value.
5. 0rightness is less than 50% of specified minimum value.
Il
WTTE: LED Wodule 50000hr (Lyp) |

- 35~



! |
11. WARRANTY
11.1 Incoming Inspection ‘
Customer has the right to perform incoming inspection for the 1ot accep-

tance/rejection. Lol rejection should be informed to NSG- within a month

from the shipping dale. |

Customer also has lhe right to reject any individual display that does
not function properly, or does not mechanically fit or does not meet cos-
)

metic specificalion described in this specification.

1

11.2 Yarranty Period |

NSG varrants for a period of 15 months from the shipping date
vhen stored or used under normal conditions.

1

12. INSTALLATION

For installation of Lhe module, use four mounting holes located gt the corner
of Lthe bezel. The Rezel is not intended to be used as a cosmctik purpose,

The proper protective cover(lens) over the LCD surface and Lhe p“oper enclosu-
re are recommended lo be attached in order to prevent polarizer surface from
scratching or staining. The lransparenl opening dimensions of protective co-

ver are recommended Lo be smaller than the viewing area specified in Section 4.

13. Caution and Iland!ling Precaution
(1) llandling
(a) Refrain from strong mechanical shock and from applying any force to LCD module.
Il may cause misoperation or damage of LCD and T'L hacklight.
(b) Note that polarizers are so sofl as bheing easily damaged. ‘
Do not press or scratch these surface with any hard object, and do not put Lhe
heavy material on the polarizer. 1
(c) 1f LCD is broken and liquid crystal material flow out, ingestion, inhalation,
or contact with skin should be avoided. If liquid crystal material contact
vilh skin. wash immedialely wilh alcolhol and rinse th0r0uéhly wi}h vater.
(d) The polarizer laminated to the LCD and adhesives be attacked by organic

solvenl. ¥hen LCD surface become dirly, wipe soflly with absorbent colton vel
villh pelrolenm henzine. |
(e) Refrain from discharge of high electro-static voltage.
It will damage CMOS LS! in Lhe module. So, be sure that person handling
modules, Ltools like solering iron, screw driver and working bench| are grounded.
(f) Be careful not Lo be slruck by electric shock of FL backlight.

|
(g) Do not handle with power applied, because high voltage is applieg to module.

(especially to CCFL lamp)



(2) Storagg
(a) Do not leave the modulc in high temperature, especially in high’humidity for
a long time. It is recommended to store the module vhere the tdmperature is
in the range of 0°C to 35°C and the humidity is lover than 70%y

i
(b) Store Lhe module without exposure to direct sunlight or fluorescent lamp.
i

(3) Operation
(a) Do not insert or renove LCD podule from main system with power ?pplicd.
(b) Power supplies shonld always be turned on before the input signals are appliet
and the input signals should be turned of  before power supplies turned off.

(c) Following power supply sequence is requested in order to keep better display
quality and reliabilily.

L Is min L Is min .
oY
Voo
oy
R 4,5 min
Reset
A . Os min .y L. Os min
5Y
Input signal
OV 1
. 0s min . . 0s min
; - - |
ov
VEE 1
Hinus
|
|
i
\



|
4) Othersl
(a)

Ultra-violet ray cut filler is necessary for ontdoor npcratxon

(b) Avoid condensation of water, it may cause misoperation or dnsconnectlon of

clectrode.

(¢) Do not excecd the maximum raling values under the worsl probahle conditions

laking into account Lhe supply voltage varialion, input voltage wvariation, va-

riation in part constants, and environmental

temparature, elc. otherwise LCD
module may be damaged.

(¢) The input current to this LCD module from the system is repurred to limit

its value as listed ‘in the folloving lable. It is because the LCD explained in

this data sheet does nol incorporal a current limitter.or a circuit with such

function, and there may be some possibility of overheat and/or burnxng of LCD

module and its peripheral devices in the system vhen the module 1s malfunc-

tioning. :

Yhen a fuse is used as a limmiter,it is required to confirm xts Rated

Current and Pre-arcing Time Characleristics in order to match with a system

pover supply and the LCH module.

The Table below also shows Llhe recommended Rating of a ~

Quick-arching Fuse”
|
for this purpase.

Pover | Required input current to LCD

Recommended ratings of .
Supply| module from the system

quick-arching Fuse
)

Voo Below 4.0A

0.5A to 1.0A (F1)

Vee Relow 4.0A

0.5A to 1.0A (ﬁ?)

T
|
I




