Electron Tube, Device & Equipment

TECHNICAL DATA LCD MODULE

TOSHIBA DOT MATRIX

TLX-1391
TLX-1391-E0

TLX-1391 and TLX-1391-E0 are 128x128 dots graphic LCD modules including
an LCD controller, a display RAM, an EL backlight (TLX-1391-E0) and driver

circuit. These module are suitable for copiers, facsimiles, PBXs, marine

instruments, and a message display for various instruments.

FEATURES
(1) Excellent readability and high contrast ratio.
(2) 8-bit parallel bus for read/write data from CPU interface.
(3) Built-in LCD controller T6963C and display RAM (8k byte).
(4) Large graphic display for 128x128 dots.
(5) Various attribute functions.
(6) Built-in 128 words character generator ROM and 128 words character
generator RAM, or 256 words character generator RAM.
(7) Built-in EL backlight (TLX-1391-E0). system elektronik GmbH
(8) Wide operating temperature range (0 to 50°C). Pillmannstrafie 29
(9) Compact and easily mountable on any equipment. D-38112 Braunschweig

Telefon 0531/2 31 55-0
Telefax 0531/2 31 55-99

% The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by
TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of TOSHIBA or others.

% The information contained herein may be changed without prior notice. It is therefore advisable to contact TOSHIBA before proceeding
with the design of equipment incorporating this product.
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TLX-1391-E0

1. Outline of LCD Module

1.1 TLX-1391
TLX-1391 consists of a 128x128 dots LCD panel, LCD drivers, an LCD
controller, a display RAM (8k byte) and a print circuit board.

Fig. 1.1 Dimensional Outline
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1.2 TLX-1391-E0
TLX-1391-E0 consists of 128x128 dots LCD panel, LCD drivers, an LCD
controller, a display RAM (8k byte), an EL backlight and a print

circuit board.

Fig. 1.3 Dimensional Outline
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2. Specifications

2.1  Absolute Maximum Ratings

Make sure not to exceed following maximum rating values under the

worst probable conditions.

Item Symbol Rating Unit
TLX-1391 TLX-1391~-E0
VDD 7
Supply Voltage VDD~ VEE 29 v .
VEL —— 130 (AC)
Input Voltage VIN -0.3 to Vpp+0.3 A%
EL Driving Freq. fr, i 1 kHz
Operating Temp. Top 0 to 50 °C
Storage Temp. Tstg -20 to 60 °C
Humidity _— 10 to 90 (Note) 3

Note: Wet bulb temperature should be 29°C Max., and no
condensation of water.

2.2 Mechanical Characteristics

Specifications
Item Unit
TLX-1391 and TLX-1391-E0
Dimensional Outline 84.4(W) x 100.0(H) x 14.0(D) mm
Number of Dots 128 x 128 dots ‘ -

21 x 16(336) in case of 6 x 8 fonts

Number of Characters 16 x 16(256) in case of 8 x 8 fonts

Viewing Area 62.0 (W) x 62.0 (H) mm
Bezel Opening 62.0 (W) x 62.0 (H) mm
Active Area 55.01(W) x 55.01(H) mm
Dot Pitch 0.43 (W), 0.43 (H) mm
Dot Size 0.40 (W) x 0.40 (H) mm
Weight (Approx.) 100 (TLX-1391) g

105 (TLX-1391-E0)
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2.3 Electrical Characteristics (Ta_=25°C)

Item Symbol Condition Specifications | Unit | Note
Supply VDD 5.0%0.25 v
Voltage VEE E— -14.5+3.0
EL Drive P
Voltage VEL EL=500Hz 110+10 \% 2
High Level ~ j
Input Voltage | 'IH Vpp=5:0.25V | Vpp-2.2 MIN. | V
Low Level ~
Input Voltage | YIL Vpp=540.25V | 0.8 MAX. v
High Level ~ j
Output Voltage | VOH | VDD=5:0.25V | Vpp-0.3 MIN. | Vv
Low Level _

Output Voltage | YOL | VDDZ5:0.25V | 0.3 MAX. \%
Current DD Vpp=5V 9.0 MAX. mA 1
Consumption | 'EE | VEg=14.5V | 3.0 MAX. mA
Vg, =110V
IeL fp1 =500Hz 16.0 (AC)MAX.| mA | 2

Note 1 : In case of all dots on.
2 : Only for TLX-1391-EQ

Table 2.1 Recommended power supply voltage

As LCD panel is driven by the voltage of VDD-VgE, adjustable Vgg

for LCD drive (VDD-Vgg)

is required for contrast control and temperature compensation.

Temperature (°C) TLX_lzgf_V’I‘EIfZ)éylg‘?l—EO
0 21.0 20.5
25 19.5 19.0
50 18.0 17.5

Example of Variable Negative Voltage Supply Circuit

VDD

GND —¢

Minus
Power
Supply

R1
R2

Tr

VDD

GND R1= 10k
LCD MODULE Tr

VEE

R2 = 10k (Variable resister)
2SA1162 etc.
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2.4 Optical Characteristics
Item Symbol | Condition | MIN. | TYP.| MAX.| Unit [Note
Ta=25°C
Viewing Angle ¢ 6=0° -15 0 40 Degree | 1,2
K>1.3
Ta=25°C
Contrast K $=0° 2.5 4 — — 11,3
8=0°
R Ti Ta=25°C _
oSponse Ame | T | p=00 — | 200 | 350 ms |1,4
(Rise Time) 6=00
R T Ta=25°C
esponse LIMe | 1q | ¢=0° —— | 250 | 350 ms |1,4
(Decay Time) 8=00
. Ta=25°C
EL Brightness
ety Brr, | $=0°,6=0°| 4 6 | — nt 5
(TLX-1391-E0) VEL=110V
fE1,=500Hz
Note 1 : Definition of ¢ and 6 Note 3 : Definition of Contrast

e

R2

Reflectance

Non selected
segment area

Selected
segment
area

Ry

Ri: R

VDD - VEE
Drive Voltage

eflectance of selected segment area

R3: Reflectance of non-selected segment area
(Group dots measurement)

Note 4 : Definition of Rise time and
Decay time
Note 2 : Definition of Viewing Angle g
: (=]
Contrast higher than 1.3 > — — ] c
can be obtained by adjusting 2|0 1
the VEg Value. <
Note 5 : Brightness of the LCD panel
surface when the power .
supply for LCD module are 8 -
off in the dark room. 5 y 8 B
m e
Tr :_:i_l
off (on) (off)
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3.

Interface

3.1 Interface Connection

Pin No.| Signal Function
1 FGND Frame Ground (Connected to Metal Bezel)
2 GND Ground (Signal Ground)
3 Vpp 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 RL Data Read (Read Data from the Module at "L")
7 CE Chip Enable for the Module
8 /D V__!_R=“L";C/_I§="H" :Command Write, C/E=”L” :Data Write
RD="L";C/D="H":Status Read , C/D="L":Data Read
9 NC No Connection
10 RESET | Module Reset (Controller Reset)
11 DO Dafa Input/Output (LSB)
12 D1 Data Input/Output
13 D2 Data Input/Qutput
14 D3 Data Input/Output
15 D4 Data Input/Output
16 D5 Data Input/Output
17 D6 Data Input/Output
18 D7 Data Input/Output (MSB)
19 FS Font Select; Connect to VDD: 6 x 8 dots fonts
Connect to GND: 8 x 8 dots fonts
20 NC No Connection
21 VEL Power Supply for EL Drive (only for TLX-1391-E0)
22 VeLo Power Supply for EL Drive (only for TLX-1391-E0)




3.2 Block Diagram
The block diagram of internal circuit is shown in Fig. 3.1.

TLX-1391 and TLX-1391-E0 need two power sources Vpp for logic

circuit and Vgg for LCD drive.

power supply for EL Panel (Vgg,).

Fig. 3.1 Block Diagram

LCD CONTROLLER

TLX-~1391-E0 also needs additional

TLX-1391-E0

KDRIVER——""

-DRIVER

-

128 x 128 DOTS
LCD PANEL

EL (TLX-1391-EQ only)

Note :

T6963C
Dg Dg dg I/0g
to 8 to to to
D7 D7 dq /07
WR ——=| ¥R adg : Ag
L to 12 to RAM
RD ——— = RD adyp A1l
E ——— = oW R/W
_ e CE1
C/b ——=1¢/D
- . ED
RESET —————= RESET HOD
HSCE | CoNTROL LINE >
FS — = FS1 LP
CDATA
g Y-DRIVER [63)
SND POWER : Y-DRIVER |64
bDb SUPPLY —
VEE [ — ————
VEL -
VELG

It is necessary to guard all signals from external noise as

signal lines are directly connected to C-MOS and are not

pull-up or pull-down internally excluding RESET which is

pull-up to Vpp.

@
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3.

3 Signal Timings

Item Symbol Min. Max. Unit
C/D Set Up Time tcps 100 - ns
C/D Hold Time tCDH 10 - ns
CE, RD, WR tcp, tRP | oo _ s
Pulse Width twp
Data Set Up Time tps 80 - ns
Data Hold Time tpH 40 - ns
Access Time tacc - 150 ns
Output Hold Time toH 10 50 ns
Conditions : Vpp=5%0.25V, GND=0V, Ta=25°C
Fig. 3.2 Bus Timing
’ tcps t{CDH
/4
. \
i /
tcps tRp twp "
RD, WR \ /
- /
| tps
Do to D7 {
(WRITE)
tpH
DO tOD7
(READ)
1
tacc toH

_10_
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3.4 Memory Address and Display Position (In case of 6x8 dots/fonts)

Relationship between display memory address and display position on LCD

module is defined in the following maps.

Text home address TH, Number

of text area TA=16H(HEX.), Graphic home address GH and Number of
graphic area GA=16H(HEX.) are defined by "Internal RAM Write" command.
TH and GH can be defined in the memory area, but all memory address
should be located within 0000H to 1FFFH (8k byte memory area).

3.4.1 Text Display

(«

Invalid Data

_11_

TH TH+1H TH+13H TH+14H
TH+TA TH+TA+1H TH+TA+13H TH+TA+14H
= ¢ 16 lines
TH+14TA TH+14TA+1H TH+14TA+13H| TH+14TA+13H
TH+15TA TH+15TA+1H TH+15TA+13H| TH+15TA+13H
{f
L 21 character l
3.4.2 Graphic Display
)
GH GH+1H GH+13H GH+14H
GH+GA GH+GA+1H GH+GA+13H GH+GA+14H
== == 128 dots
GH+126GA GH+126GA+1H GH+126GA+13H|GH+126GA+14H
GH+127GA | GH+127GA+1H- GH+127GA+13H|GH+127GA+14H
(
7
21 x 6 dots
Note : In case of graphic display,
D71 D¢ | D | Dg| D3| D2 | Dy | Dy |[=—Graphic Data
(MSB) (LSB)
Valid Data
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3.5 Memory Address and Display Position (In case of 8x8 dots/fonts)

Relationship between display memory address and display position on LCD
module is defined in the following maps. Text home address TH, Number
of text area TA=10H(HEX.), Graphic home address GH and Number of
graphic area GA=10H(HEX.) are defined by "Internal RAM Write" command.
TH and GH can be defined in the memory area, but all memory address
should be located within 0000H to 1FFFH (8k byte memory area).

3.5.1 Text Display

TH TH+1H TH+0EH TH+0OFH
TH+TA TH+TA+1H TH+TA+0EH TH+TA+0FH
== == 16 lines
TH+14TA TH+14TA+1H TH+14TA+0EH | TH+14TA+0FH
TH+15TA TH+15TA+1H TH+15TA+0EH | TH+15TA+0FH
| " ]
16 character
3.5.2 Graphic Display
(¢
17
GH GH+1H GH+0EH GH+0FH
GH+GA GH+GA+1H GH+GA+0EH - GH+GA+0FH
T =128 dots
GH+126GA | GH+126GA+1H GH+126GA+0EH | GH+126GA+0FH
GH+127GA | GH+127GA+1H GH+127GA+0EH | GA+127GA+QFH
. |
16 x 8 dots

Note : In case of graphic display,

D7 | D¢ | Ds| Dg| D3 | D | D3 | Dg |=— Graphic Data

(MSB) ' (LSB)
Valid Data ———

...12_
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3.6 RAM Map
Display RAM is built-in the module, and display data is 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.) defines the RAM area which is read by
controller LSI, so RAM map can be changed by user's preference.
If more than 1 screen can be stored in the RAM, vertical scrolling and
paging is easily performed by resetting text home and/or graphic home
address.
These modules have 8k byte built-in RAM located at address 0000H to
1FFFH, and the following is an example of RAM mapping.

*** Example of RAM MAP **%
(In case of 8x8 dots/fonts)

0000H
Graphic RAM Area Graphic home address 0000H
(0000H to ODFFH:3584 byte) (graphic RAM for 28664 dots)
OE00H
Attribute RAM Area
1000H
Text RAM Area Text home address 1000H
1C00H (text RAM for 3072 character)
CG RAM Area Offset register set S1="03H"
(1CO0H to 1FFFH:1024 byte) (CG RAM for 128 character)
1FFFH

Note 1 : Above example of RAM map is for "CG ROM Mode", in case
of "CG RAM Mode" is selected, 2048 byte CG RAM area is
necessary. So above RAM map should be relocated.

_13_
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3.7 Pin Setting of LCD Controller LSI (T6963C)
The pin setting of controller LSI (T6963C) is as follows :

. . MDS="H"
Display Size 16 lines (128 dots) | MD1="L"
(Number of rows) MD 0="1,"

—upgn
Columns of display 32 columns &Aggzngn
Character font 6x8 dots or 8x8 dots | FSQ ="L"
1/2 screen 1 screen DUAL="H"

Operating Frequency of controller T6963C (fogc) is

4.55+0.5 MHz.

Note : Character font can be selected 6x8 dots or 8x8 dots.

Please refer page 8 (Pin No. 19; Font Select).

_14_




TLX-1391-E0

4. Communication between CPU and Module

4.1 Control Sequence

4.1.1 Data Transmission Method

(1)

Built-in LCD controller T6963C is operating asynchronously to
CPU clock, and following procedure is required for data

transmission between module and CPU.

Command with 2 byte data (2) Command with 1 byte data
- Status Read Status Read
No No
STAO=1

STA1=1

YES I YES
Data Write D1 (lower 8 bit) Data Write D1

Status Read —=— Status Read

Data Write D2 (upper 8 bit) Command Write

—=— Status Read

(3) Command with no data

Status Read

YES
Command Write

Command Write

_15_



TLX-1391-E0

(4)

(5)

Data Auto Write/Data Auto Read
STA2, STA3 should be checked between all data and command.
(Refer 4.2.2.6 "Data Auto Write/Data Auto Read")

Screen Peeking, Screen Copy

STA6 should be checked just after "Screen Peeking"/"Screen Copy".

(Refer 4.2.2.8/9 "Screen Peeking", "Screen Copy™")

4.1.2 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 (D0 to D7) by setting C/D="H", RD="L".
STAO Check capability of instruction STAO0=0 : Disable
(Busyl) | execution =1 : Enable
STAl Check capability of data read or STA1=0 : Disable
(Busy?2)| data write =1 : Enable
STAZ Check capability of data read STA2=0 : Disable
(DAV) (only effective in auto mode) =1=: Enable
STA3 Check capability of data write STA3=0 : Disable
(RDY) (only effective in auto mode) =1 : Enable
STA4 _
STAS Check posibility of controller STA5=0 : Disable
(CLR) operation =1 : Enable
STAb Address pointer is out of graphic STA6=1 : Out of
(Error) | area on screen peeking and screen graphic
copy command area
STAT7 Check the condition of blink STAT7=0 : Display off
(Blink) =1 : Normal
display(on)
(Status Register)
STAT7 |STA6| STA5|STA4| STA3|STAZ2|STA1| STAOQ
MSB LSB

_16_




4.2 Command

4.2.1 Command List

TLX-1391-E0

Command

Command Code

D7

Dé

D5

D4

D3

D2

D1

DO

Discription

Execution
time (MAX)
(Note 1)

Pointer Set

1

0

0

N2

N1

NO

N2 N1 NO

¢ 0 1
0o 1 0
1 0 o0

Cursor pointer set
Offset resister set
Address pointer set

Status
check

Control word
Set

N1

NO

N1 NO

0 0 Text home address set
Text area set
Graphic home address set

0 1
1 0
1 1 Graphic area set

Status
check

Mode Set

CG

N2

N1

NO

CG=0:CG ROM Mode

CG=1:CG RAM Mode

N2 N1 NO (Graphic and Text)
0 0 “OR"

"EXOR"

||AND|I

Text only

(attribute capability)

0
0o 0 1
0 1 1
1 0 0

32x1/f0SC

Display Mode

N3

N2

N1

NO

N3=0:Graphic display off
1:Graphic display on
N2=0:Text display off
1:Text display on
N1=0:Cursor display off
1l:Cursor display on
N0=0;Cursor blink off
1:Cursor blink on

32x1/foscC

Cursor
Pattern
Select

N2

N1

NO

N2,N1,N0 specify the number of

cursor lines

(EX) N2 N1 NO
0 0 0 1 line cursor

(bottom line)

8 line cursor

(8x8 dot cursor)

1 1 1

32x1/fosc

Data Auto
Read/Write

N1

NO

N1 NO
0 0 Data auto write set

0 1 Data auto read set

1 *  Auto reset
After this command, continuous
data can be write or read.
(address pointer automatically
increment)

32x1/f0SC

Data Read/
Write

N2

N1

NO

Data read/write command for 1 byte.
N2=0:Address pointer up/down
=1:Address pointer unchanged
N1=0:Address pointer up
=1l:Address pointer down
N0=0:Data write
=1:Data read

32x1/fosc

Screen
Peeking

Transfer display data to data
stack for read from CPU.

Status
check

Screen Copy

1 line displayed data which address
is indicated by address pointer is
copied 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 pointer.
N3=0:Bit reset

=1:Bit set
N2,N1,NO indicates the bit in the
pointed address
(000 is LSB, and 111 is MSB.)

Status
check

Note 1 :

Status check between all commands and data is recommended, though execution
time for several commands are specified in above command list.
For the commands with "status check" in execution time, execution time does not
specified because it is influenced by internal situation of controller LSI.

In case of 2 screen mode, Screen copy command cannot be used.

_17_
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4.2.

2 Description of Command

4,2.2.1 Pointer Set Command

pl, D2, [ 0{0]1{0}0|N2}|NILI|NO

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

NZ2 | N1 | NO Command D1 D2

0] 0 1 | Cursor pointer set | column position | row position

0 1 | 0 | Offset register set |address 00H

1| 0 | 0 | Address pointer set | address(Lower) | address(upper)
(a) Cursor Pointer Set

The cursor is displayed at the position specified by the D1, D2.

The cursor position is shift only by this command, and does not

shift by other command like a "data write" command.

D1, D2 are specified as follows.

D1 : Horizontal cursor position counted by "character" (5v8 dot width/
character specified by hard setting .. refer 3.5 "Pin Setting of LCD
controller LSI"). MSB of D1 is neglected, and 127 is the maximum.

D2 : Vertical cursor position counted by "character" (8 dot high
character) (1st row of lower half screen is "11H")

Upper 3 bit are neglected and 32 is the Maximum.
Note : Please note that the cursor position should be within actual
display area.
(b) Offset Register Set

Offset 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 00H. .

Refer 4.4 "Character Generator" for detail of CG RAM.

_18_



(c)

TLX-1391-E0

Address Pointer Set

Address pointer set command is used to indicate the start address
for writing data to built-in RAM, or for reading data from built-in
RAM. The address should be located in the actual RAM area
specified by individual specifications. (refer to 3.4.2 "RAM MAP")

4.2.2.2 Control Word Set Command

DI, D2, |0]1470l 00| 0|NI|NO

Home address of display RAM (Text, Graphic), and areas are defined

by this command.

N1 | NO Command D1 D2

0 0 | Text Home Address Set| Address(lower) | Address(upper)
(TH) '

0 Text Area Set (TA) No. of column 00H

1 0 | Graphic Home Address | Address(lower) | Address(upper)
Set (GH)

1 1 | Graphic Area Set (GA) | No. of column 00H

(a) Text Home Address Set (TH)

T This command defines the starting address of display‘ RAM for text

(b)

display. The data in the Text home address(TH) is displayed at the

home position of display (left end character on 1lst row).

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.

_19_.
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(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 lst line).

When using attribute function, Graphic home address indicates the

starting address of attribute RAM area.

Graphic Area Set (GA)

This command defines the number of column by D1. 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 uneffective area, if graphic area is
defined the same number as the actual column -number of LCD display.

Note that graphic area will be different by character font setting

even if horizontal dot number i~ *»~ ~~me.

4.2.2.3 Mode Set Command

(No data) [1]o]o]olca| N2 N1]NO |

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

CG Command
CG ROM Mode: built-in 128 character CG ROM (code:00H~
0 7FH) and built-in CG RAM (code: 80H~-FFH)

for 128 characters can be used

CG RAM Mode: Built-in CG RAM for 256 characters (code :
00H~ FFH) can be used

When CG ROM Mode is selected, character code 00H~ 7FH is selected
from built-in CG ROM and 80H-~ FFH is automatically selected from
CG RAM.
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N2 | N1 | NO Command

0 0 0 | Logically "OR" of Graphic and Text display

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
datd 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.

(refer 4.5 "Attribute™)

4.2.2.4 Display Mode Set Command

(No data) 110 o |1 |~n3|n2|nN1]|nNo |

Display mode is selected from combination of following 4 bits by

setting "1" at the selected bit.

Command

NO | Cursel blink ON(NO0=1) /Cursol blink OFF(N0=0)
N1 | Cursol display ON(N1=1)/Cursol 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. (N0=N1=N2=N3=0)

4.2.2.5 Cursor Pattern Select Command

(No data) [1Jol1]o]o[N2]nN1]NoO]

When cursor display is "ON", this command selects the cursor

pattern from 1 line width cursor to 8 line width cursor (block).
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NZ N1 NO Cursor pattern

(1 line width
1 line width cursor cursor)

2 line width cursor

3 line width cursor

4 line width cursor

5 line width cursor /]

6 line width cursor

7 line width cursor (8 line width

8 line width cursor cursor) Y )

ok [k | e | | OO O] O
e | bt | O] O b O O
— O~ | O]~ OO

4.2.2.6 Data Auto Write/Data Auto Read

(No data) 101110 ]|0}N1|NO

This command is convenient to send full screen data, or recieve
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 automatically increment by

+1 after each data. After sending (or recievihg) 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 % Auto Mode Reset * : Don't care

_22_.



TLX-1391-E0

Note : Status check for auto mode (STAZ2, STA3) should be checked

between each data. Auto reset should be performed after

checking STA3=1 (Data Auto write only). Refer following

chart.

( Start ) 1

v o
Status check(STA0=1,STA1=1
J Yes
D1 (address data)
[
y no
Status check(STA0=1,STAl=1
Yes

D2 (address data)

no
Status check(STA0=1,STA 1=1)-l
Yes

Address pointer set (24H)

Status check(STA0=1,STAl=1)

Data Auto write (BOH)

_23_

[ no

Status check(STA3=1)—
Yes
Da]ta
Y no
Status check(STA3=1) ————I
Yes’
Da;ca
no
Status check(STA3=1)
i
1 Yes
\
I
L
! no

Status check(STA3=1)
Yes

Auto reset (B2H)

End
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4.2.2.7 Data Write/Data Read

pl, |[1}{1]|0|0]0]|N2|NIl| NO

Note : 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.

NZ N1 |NO

0 010 Data Write (after execution address pointer increment)

0 01 Data Read (after execution address pointer increment)

0 1 0 Data Write (after execution address pointer decrement)
0 1|1 Data Read (after execution address pointer decrement)

1 | *10 Data Write (after execution address pointer unchanged)
1 [ * 1 Data Read (after execution address pointer unchanged)

*¥ . Don't care

This command is necessary for each 1 byte data.

4.2.2.8 Screen Peeking

(Nodata) | 1|1]1]ofojo]o]o

This command is used to transfer displayed 1 byte data to data stack,
and this 1 byte data can be read from CPU by.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 pointer set" command is not in

" graphic RAM area, this command is ignored and status flag (STA6)

is set.
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The procedure to read displayed data using this command is as follows.

( Start )

no
Status check(STAO0=]. STA1=1)—|
: ' yes

D1 (address da‘;a)

no
Status check(STA0=1,STA 1=1)—J
yes

D2 (address data)

no
Status check(STA0=1,STA 1:1)J
yes

Address pointer set

. ' n)(Zl
Status chekc(STA0=1,STA1=1
yes

Screen peeking command(EOH)

no

Status check(STA6=1)}—
Yes

Yes

\

Data read command

End

no
Status check(STA0=1,STA 1:1)J

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.

reverse character is made by this method.

For example, CG for

Note: For using this command, Text area set (TA) and Graphic area set
(GA) should be defined as same number as "columns of display"

in pin setting. (32 columns)
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4.2.2.9 Screen Copy

(No data) 1i1]l1{0{1{0}j01}0O0

1 low data displayed in LCD screen can be copied to the graphic RAM
area specified by "address pointer set" command. Start point of 1 low
data in the screen is determined by the "address pointer set" command.
If attribute for text display is set by "Mode Set" command, "screen

copy" command can not be used.

Status (STA6) should be checked just after this command. If the
address determined by "address pointer set" command is not located
in graphic RAM area, This command is ignored and status flag (STA6)
is set. The procedure to copy the displayed data using this command

is as follows.

( Start )

\ no
Status check(STAO=1,STA1=1}—| Screenllcopy
yes
no
D1 (address data) Status check(STA6=1
yes
n(;_l _
Status check(STAO0=1,STAl=1 no )_1
yes Status check(STA0=1,STA1l=1
yes
D2 (address data)
no)_l End
Status check(STAO0=1,STA1=1
+ yes

Address pointer set (24H)

|

Note: For using this command, Text area set (TA) and Graphic area set
(GA) should be defined as same number as "columns of display"
in pin setting. (32 columns)
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4,2.2.10 Bit Set, Bit Reset

(Nodata) [1]1]1]1{nN3|[N2]|N1]NO]

One bit in the 1 byte data specified by "address pointer set"

command can be set or reset. Plural bits in the 1 byte data cannot

bBe set/reset at a time.

Discription
N3 N3=1:bit set, N3=0:bit reset
N2 N1 NO N2, N1, NO specify the N2,N1,NO

bit for set/reset. 0 0 O bit 0 (LSB)
' 0 0 1 bit 1
0 1 ¢ bit 2
] [} [l
1 1 1 bit7 (MSB)

_27_



TLX-1391-E0

4.3 Initialization
Initialization by hardware and software is necessary for reset of hardware
and to determine home position and number of characters to be displayed.
Display data (graphic/text data) should be written to the RAM area
defined by initialization ("Text home address set", "Graphic home
address set" command etc.).
The address of written data is determined by "Address pointer set"
command just before sending display data.
Following is the one of example of initialization and data write procedure

for TLX-1391/TLX-1391-E0 (In case of 8 x 8 dots/font).

Command } C/D | D7 |D6|D5{D4| D3| D2|D1{ DO Note
Power on Power on
Hard reset (use reset terminal) RESET="L" (Imsec minimum after Vpp2 4.75¢V)
Mode set 1 1 |0 |0 jo (0o JO |JO |O "OR" mode
Control word set
Graphic home position set 0 0 [0 |0 jo jo [0 jOo (O ] graphic home
(Graphic home position 0000H) | 0 0 |0 |0 (0 j0 {0 |O |O address
1 ¢ [1 |0 JO [0 JO [1 ]O command
Number of graphic area set 0 ¢ |0 0 |1 0 {010 } number of area
(Graphic 16x8 dots)’ 0 0 (o [0 jo |0 |oOo {O0.{0
1 0 (1 |0 |0 0 |1 |1 command
Text home position set 0 0 o o Jo jo jo |O [0 }
(Text home position 10008) | 0 [0 |0 [0 [1 o |o |o [0 [} text home address
. 1 0 (1 ]0 |0 JoOo |0 {0 |O command
Number of text area set 0 0 jo |o |1 o]0 |0 |O }
(Text 16 column) 0 o lo lolololololo number of area
1 ¢ (140 |0 |0 (0 [0 1 command
(Initialize end)
(Data Write)
Address pointer set 0 0 |0 [0 |O [0 |O [0 |0 } graphic home
(address pointer 0000H) 0 0 [0 {0 |JO jO JO |O }|O address
1 0 (0 {1 [0 {0 |1 |O O command
Data write (graphic) 0 0 i1 110101 Data
1 1 10 {0 (0 ]O O[O command
0 1 0 1 |0 110 110 Data
1 1 1|0 t0 [0 Jo o loO command
NIRRT
Address pointer set 0 0 [0 j0 [0 [0 0 {0 |O Text h dd
(address position 1000H) o Jo [ofo 21 ]|0o]o oo ext home address
1 0 0 1 0 0 1 0 0 Command
Data write (T) 0 0 |0 {1 1 11010 Data
(Text) 1 1 (110 jo |0 O |O Command
(0) 0 0 (0 |1 fo |1 [1 |1 }1 Data
1 1 /1]0 J0 0 |0 |O|O Command
i ' e Vol R
A R B B R
Display Mode Set 1 1 {0 {0 |21 |1 |0 |0
(text/graphic on)

Note 1: "Status check" should be inserted between all command and data.
2: Written data is displayed on the LCD just after "Display Mode Set"
command (9CH), because display mode set resister is cleared to
. no display mode by hard reset.
3: Display RAM area is not automatically cleared by initialization,
so it is recommended to set "text/graphic on" by "Display Mode

Set" command after data of all screen is written to the display RAM.
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4.4 Character Generator

4.4.1 Character Generator ROM
Character generator ROM for 128 characters is built-in this module.
"Mode Set" for "CG ROM Mode" should be selected before using
built-in C/G ROM.

Character pattern and character code is shown in following chart.

CG ROM PATTERN

(LSB)

T
MS B 'm WEgeE (T - 1 I T o TIIT
(MSB) e o e e ; e
nw = H A ;- HH BH FH 1 1 1
0 : . ianm e I H HH H - O H
e ¥ e . 8 H HR
- 1 o I H H
11t I 11 T o ] It
H - s 4 OB - 1T
1 & = k- Y seam” sam o Bl B & FEHH
s 1 " - s nllosnn
" +4 H sus sjens =
1 1T I " y | e - T 1
1 T I 1T - 1 Tt 1T » s
0 1T - —
== Tas a " T H T  m=. saa = =
; {4 e B I i HHH H T §
2 3 T 15 . I 1 ]
H as ss = nee fun
" " 1 1T 1T ' Wi T
11 Tt ya
- T T
- ! i T 1T — -
| == | | et meam®
| s . |
3 o . 1 1T ¥ } X H t
: S S EY atas]iit ot i g HHM B :
at ) R P FEEEERE H Pt G HT |
nssguase T T T T T
e mae an ass 1 3 Tt 1T ramns
HH HH Eeaie sea 4 . esm ==
4 - § ¥y B
HH T ars
1 . T
I 1T 1 1 ot 1
TT T o T I I TTT
. 1 T H ++ 1 1 BH + ", HHH
- H 1 : " 181 It os sanw
. sas = ...:ﬁ I
5 1K ; ! 4 ] i 5 I
By I 1 R B H 2, m ] N :
smean s I sulssnennns 1 as 1 1
e A = == mgeees - T ' _w T TT T T s T
T
- 111 X e .--.M.
[ T - 11 T 'y T e’
C ) L1 ~- .. his .
i i I
it us) 1 Y HH 1 11 1 os T 104 - oo
T 8w TTIT = sagees T
o : : = R G CTH Ry
LT ' my - B
7 | ¥ B 1 H o
ama . | . | X
[ - i f- S } . - H A
T 1 H X T
‘s suus 10T wwa T 1 ' 1 1 I
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4.

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)

(2)

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 afe defined as "User CG RAM" area
when CG RAM Mode is selected. 1024 byte (address :
NNNNN10000000000v"NNNNN11111111111) is defined as "User
CG RAM" area when CG ROM Mode is selected.
Writing to User CG RAM
Character pattern of specified CG code can be written in the
pointed address by "Pointer Set" command (Address pointer
set). 8 byte data should be sent to following 8 byte address
for 1 character.

(MSB) (LSB)

NI NI NI NI NI M| X *| %] *] k]| %] %] *]|*|x

~

AN N v

v ~ A4

upper 5 bit CG code automatically
defined by (8 bit) scan for
"Pointer Set" M=1/for CG display
command . ROM Mode

(Offset M=0/for CG

register set) M=1\RAM Mode
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(3)

(4)
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Display Pattern in User CG RAM

Character pattern can be displayed by sendined CG code with
"Data Write" command. But "Display Mode Set" 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-7FH),
and from User CG RAM when MSB=1(80H-FFH).

In case that "CG RAM Mode" is selected, all character
patterns are selected from User CG RAM (00H-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

following chart.

‘76543210 FEDCBA9876543210 76543210

Character Code RAM Address for User CG Character Pattern

MO0O0O00DO0OO NNNNNMOOOOOOOOOO 00000000
001 00001000
010 00000100
011 01111110
100 00000100
101 00001000
110 00000000
111 000600000
M000OO0OO1 NNNNNMOOOOGOO1O0GO0O 01000010
001 01100110
010 01011010
011 01011010
100 | 01000010
101 01000010
110 01000010
111 000006000
MOOOOOL1O NNNNNMOOOODO10000O 01000010
001 01100010
010 01010010

—
-
-
(=]
<
<
o
[
<
[}
(=}

11111111 NNNNNI11111111000 01110000
001 01000000
010 01111010
011 00011010
100 01111010
101 00001110
110 00001010
111 00001010
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Note 1 :

Character code in "User CG RAM" is located from 80H
to FFH in case of "CG ROM Mode", and from 00H to FFH
in case of "CG RAM Mode". So, M in above chart is as
follows.

M=1 : "CG ROM Mode"
M=0 : "CG RAM Mode"

"NNNNN" is the upper 5 bits in start address of User
CG RAM defined by "Pointer Set" command (Offset
Register Set).

It must be careful so that User CG RAM area should not
be rewitten by display data etc.
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4.5 Attribute

4.5.1

Attribute function

This module has attribute function for "Reverse display", "Blink"
in text display mode. Attribute data is written in the "Graphic
area" defined by "Control word set" command (Graphic home
address set and Graphic area set). So "Text display only" Mode
should be selected by "Mode Set" command, and graphic display
cannot be displayed.

The attribute data of the 1st character in "Text area" is written
at the 1st 1 byte in "graphic area", and attribute data of nth
character is written at the nth 1 byte in "Graphic area”.

Attribute function is defined as follows.

Attribute RAM
1 byte # L || * N3 | N2 | N1 NO

§N3 N2 | N1 | NO function

0 0 0 0 Normal display

0 1 0 1 Reverse display (Text only)

0 0 1 1 Inhibit display

1 0 0 0 Blink of normal display

1. 1 0 1 Blink of reverse display

1 o] 1] 1 Inhibit display

* : Don't care
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4.5.2 Procedure of setting attribute

The example of the setting procedure for attribute is as follows.

Command C/DID7|D6|D5{ D4 |D3|{D2|D1|DO Note

Graphic display 1 1 01 0 110 ¥ | ¥ *

off

Graphic home 0o j0OjJO0j] 0] 07O 0410 0 }home address

address set 0 0 0 0 0 1 1 1 0 0E00H
1 0 1 0 0 0 0 1 0 command

Attribute data 0 0 0 0 0|0 010 0 address

write 0 0 0 0 0 1 1 110 0EOOH
110 0} 11 01(0 110 0 | address pointer
0 0 0 0 010 0|0 0 | attribute data
1 1 1 0 0 0 0 01} 0 write command
0 0 0 0 0 1 1 0 0 attribute data
1 1 1 0 010 0|0 0 write command

Mode set 1 1 0 0 0|0 110 0

Graphic display 1 (10 0] 11 | * | * | *

on

*¥ . Don't care
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5. Application Circuit

Following diagrams are the examples of interface circuit with CPU

TLX-1391-E0

TMPZ84C00P(Z80®, CMOS 4MHz). For the interface to 16 bit CPU, please
refer the diagram using PPI LSI (TMP82C55).

5.1 Module Located in the Memory Area of CPU

The module can be directly conhected to CPU data bus as following

diagram. Control signals of the module are made from MREQ, WR, RD

signals of CPU, and chip select signal from address decorder. LSB

of address bus (A0) can be used as C/D (command/data selection)

signal.

A
33

Al

A
15!
Ag
Aq
to
Ag

TMPZ84C00P

(4MHz, C-MOS) D,

MREQ
WK

Ps

RD

Address TC74HC32

TTTT

ITTTTH]

Decoder D__

LTC74HC245 ” TC74HC244 l I TC74HC244 ]

“—L

O™

TC74HC32x 4

a8

LCD Module

c/D

5.2 Module located in the I/0O Area of CPU

The module can be controlled as the device located in the I/0 area.

Control signals are made from IORQ, WR, RD of CPU, and the chip

select signal from address decorder.

be used as C/D (command/data selection) signal.

Note: Z80® is registered trademark of Zilog Inc.
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5.3

The module can be interfaced with PPI LSI as shown in following
diagram.
and control signals (c/D, CE, WR, RD) are sent from upper 4 bit
of C port.

area, but interface between CPU and PPI can be left for user's design.

TMPZ84C00P
(4MHz, C-MOS)
D,

to

Dy

2

TC74HC3§

P

Address

Decoder

a

LCD Module

C/D

Dq

to

Dy

FI'C74HC245 l EI’C74HC244 | TC74HC244

Address

TC74HC32 x 4

Interface circuit with PPI LSI (TMP82C55)

L™

Lo

Decoder

TMPZ84CO0P
(4MHz, C-MOS)

TORQ

g tj ITC74HC245 l l TC74HC244 I TC74HC244
il

PA,
cs to
Ay PAy
AQ

TMP82CS5
D,
to

PCy
Do pcs

PCs
WK PC4
RD

TC74HC32x 2
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8 bit data bus of the module is connected to A port of PPI,

In following diagram PPI is located in the I/O address

to

Dy

'LCD Module

8l

a
=l

g3




6. Installation

TLX-1391-E0

For installation of the module, use four U-shape mounting holes located at

the corners of PCB.

The bezel is not intended to be used as a cosmetic purpose. A proper

protective cover (Lens) over the LCD surface are recommended to be

attached in order to prevent polarizer surface from scratching or staining.

The transparent opening dimensions of protective cover is recommended

to be smaller than the viewing area specified in Section 2.2 (Page 5).

7. Cautions and Handling Precautions

7.1 Handling

(a)

(b)

(c)

(d)

(e)

Refrain from strong mechanical shock or applying force to the

display plane. It may cause malfunction or damage of LCD.

In the case of leakage of liquid crystal material, avoid ingestion,
contact of skin. If liquid crystal material sticks to skin, wash

with alcohol and rinse thoroughly with water.

Note that LCD surface (polarizer) is very soft as is easily

damaged. Do not press the polarizer surface with hard object.

The polarizer and adhesive used for lamination may be attacked
by some organic solvent. When LCD surface becomes dirty wipe

softly with absorvent cotton soaked in benzine.

Protect the LCD module from the electro-static discharge.
It will damage C-MOS LSI in the module.
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7.2 Storage
(a) Do not leave the LCD module in high temperature, especially in
high humidity for a long time. It is recommended to store it in
the place where the temperature is between 0°C and 35°C, and

where the humidity is lower than 70%.

(b) Store the module without exposure to the direct sunlight.

7.3 Operation

(a) Do not connect or remove LCD module to main system with power

applied.

(b) Power supplies should always turned on before the independent
input signal sources are turned on, and input signals should be

turned off before power supplies are turned off.

7.4 Others
(a) Avoid condensation of water, it may cause misoperation or

corrosion of electrode.
(b) Ultraviolet ray cut filter is necessary for outdoor operation.

(c) Do not exceed the absolute maximum ratings under the worst
probable conditions with respect to supply voltage variation,
input voltage variation, environmental temperature etc., other-

wise LCD module may be damaged.

(d) The brightness of EL backlighting may be a half of initial value
after 2500 hours operating by the typical operating conditions.

TOsSHIBA CORPORATION ELECTRON DEVICE DIV.
THIRD SOLID STATE DEVICE ENGINEERING DEPT.
72, HORIKAWA-CHO, SAIWAI-KU, KAWASAKI, 210, JAPAN
PHONE: 044 (549} 3477



