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TOSHIBA T6B20

TOSHIBA CMOS DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

T6B20

DOT MATRIX LCD CONTROLLER AND DRIVER LSI

The T6B20 is a dot matrix LCD controller and driver. The
T6B20 realizes low power consumption for an LCD system
using CMOS Si-gate technology.

The T6B20 can display alphanumerics, kana and symbols
corresponding to serial data received from an MPU.

The T6B20 has all the functions to drive a dot matrix
LCD. Therefore, the T6B20 can constitute a minimal LCD
drive and control system.

The T6B20 can drive the display of up to 80 characters
by using an expansion driver (e.g. T6B23). The T6B20 has

an 8x8 key matrix driver and 16 LED drivers (a 2x8 : QFP100-P-1420-0.65)
matrix). Weight: 1.6g (typ.)
FEATURES

® Built-in controller for character-type LCD (character fonts: 5x7, 5x 10)
® Direct interface with MPU (serial interface)

® Data transfer clock : fosc=250kHz typ

® Display data RAM : 80x 8 bits

® Character generator ROM : 12000 bits

® Character generator RAM : 512 bits

® Built-in key matrix scan controller

® Built-in 2x8 LED controller (buffer not built-in)

® Built-in LCD drivers

50-output column driver
16-output row driver

961001EBA2

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor devices in general can
malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when utilizing
TOSHIBA products, to observe standards of safety, and to avoid situations in which a malfunction or failure of a TOSHIBA product could cause loss
of human life, bodily injury or damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions and conditions set forth in the
TOSHIBA Semiconductor Reliability Handbook.

@ The products described in this document are subject to foreign exchange and foreign trade control laws.

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

@ The information contained herein is subject to change without notice.
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TOSHIBA

T6B20

® Duty factor selection (programmable)

1/8 duty cycle
1/11 duty cycle
1/16 duty cycle

® Applications

Display clear, Cursor home, Display ON/OFF, Cursor ON/OFF

: (Font : 5x7 dots +cursor)x 1 line
: (Font : 5x 10 dots + cursor) x 1 line
: (Font : 5x7 dots +cursor) x2 lines

Character blink, Character shift, Display shift, Cursor shift

® Power supply

: 5V 10%

® Low power consumption

® 100-pin Flat Plastic Package

BLOCK DIAGRAM
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TOSHIBA T6B20

PIN ASSIGNMENT
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SWCS | 1 Vss
SWC7 | 2 EO
SWC6 | 3 D
SwWCs i 4 FR
SWC4A 5 SCP
SWC3 |l 6 LP
SWC2 7 SEG1
SWC1 8 SEG2
com1 B9 SEG3
ComM2 10 SEG4
ComM3 g 11 SEG5
com4 12 SEG6
coms 13 T6B20 SEG7
COMé6 i 14 SEG8
com7 § 15 (TOP VIEW) SEGY
coms 16 SEG10
COM9 W 17 SEG11
COM10 | 18 SEG12
cCoOM11 19 SEG13
COM12 g 20 SEG14
comM13 g 21 SEG15
COM14 | 22 SEG16
COM15 | 23 SEG17
COM16 | 24 SEG18
SEGS50 | 25 SEG19
SEG49 | 26 SEG20
SEGA48 | 27 SEG21
SEG47 | 28 SEG22
SEG46 | 29 SEG23
SEGA45 | 30 SEG24

SEG44
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SEG39
SEG35
SEG34
SEG33
SEG32
SEG31
SEG30
SEG29
SEG28
SEG27
SEG26
SEG25
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PIN FUNCTIONS

SYMBOL PIN No. TYPE NAME AND FUNCTION
SCK 89 Input |[System Clock
SID 91 Input |Serial data input
SOD 92 Output |Serial data output
SWC1 to SWC8 110 8 Input | Key matrix inputs
SWS1 to SWS8 |93 to 100 | Output | Key matrix outputs
Latch Pulse : Latch pulse for the extension driver
LP 75 Output (e.g. T6B23)
Shift Clock Pulse : Shift Clock Pulse for the extension driver
SCP 76 Output (e.g. T6B23)
Frame signal : FR signal for the extension driver
FR 77 Output (e.g. T6B23)
Data : Display data for the extension driver
D 78 Output (e.g. T6B23)
Enable Output : Enable signal for the extension driver
EO 79 Output (e.g. T6B23)
Common : Row outputs
When 1/8 duty cycle is selected, COM9 to COM16 are
COM1 to COM16| 9 to 24 | Output disabled.
When 1/11 duty cycle is selected, COM12 to COM16 are
disabled.
SEG1 to SEG50 | 25 to 74 [ Output |Segment : Column outputs.
Vics 85 Input |Power supply for LCD drive
Vict to Vica 81 to 84 | Input |Power supply for LCD drive
Power supply and ground pins
VDD Vss 90,80 | Input |y, 5.0V £10%, Vsg =0V
RST 88 Input |Reset : RST = L—>Reset state
LE1, LE2 86, 87 Output |LED Enable outputs
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TOSHIBA T6B20

FUNCTIONAL DESCRIPTION OF EACH BLOCK
® Registers

The T6B20 has four 8-bit registers. The registers are the Instruction Register (IR), the Data Register
(DR), and two LED control data registers (LER1, LER2).

The IR holds an instruction code, a DD RAM address data, or a CG RAM address data.

The DR temporarily holds the data that is to be written into the DD RAM or the CG RAM.

The data in DR are automatically written into the DD RAM or the CG RAM.

The LE1and LE2 hold the data for controlling the LED.

The relation between the Register Select (RS1, RS2) signals and the selected operation is shown in
Fig. 1.

RS1 | RS2 OPERATION

Write into IR
Write into DR
Write into LER1
Write into LER2
Fig. 1

==lolo
=lol=lo

® Address Counter (AC)

The T6B20 has a 7-bit Address Counter. The Address Counter points to an address in DD RAM or
CG RAM, or to the cursor position. The Set DD RAM Address or Set CG RAM Address instruction
specifies which type of Address Counter contains. The Address Counter is automatically incremented
(or decremented) after the data has been written into RAM.

® Display data RAM (DD RAM)

The display data RAM stores display data as 8-bit character codes.

Its capacity is 80 charactersx 8 bits. The relation between the DD RAM address and the display
position is as shown below.

The DD RAM address corresponds to a HEX code as shown in Fig. 2.

MSB LSB
AC |DB6|DB5|DB4|DB3[DB2|DB1|DBO|

Example : When DD RAM address =4CH

MSB LSB
[1]JoJoJ1]1]ofol]
4 C
Fig. 2
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TOSHIBA T6B20

(1)  The relation between the DD RAM address and the display position in 1-Line Display mode

(N=0)
1 2 3 4 5 79 80 =— Display position
foojo1]02]03[04] --------------- |4E|4F |~ DD RAM address

a) Using one T6B20, the first ten characters are displayed as shown below.

1.2 3 45 6 7 8 910
[oofo01]02]03[04[05[06]|07]08[09]

b) When a Display Shift operation is executed, the relation between the DD RAM address
and the display position is as shown below.

1 2 3 45 6 7 8 910
Left shift display [01[{02[03|04]|05[06{07|08[09]0A]

1 2 3 45 6 7 8 910
Right shift display |4F{00{01/02]|03[04[05|06]/07]08]

(2) The relation between the DD RAM address and the display position in 2-Line Display mode

(N=1)

1 2 3 4 39 40 -— Display position
1st line ]00|01(02|03| ----------- 26|27
2nd line [20[41(4243] ————-———— 66167] PP RAM address

(Note) The DD RAM address of the 2nd line is not the next address after the last
address on the 1st line.

a) Using one T6B20, the first 20 characters (10 charactersx 2 lines) are displayed as shown
below.

1 2 3 45 6 7 8 9 10
1st line |00({01|02|03({04|05|06(07|08|09
2nd line |40(41(42|43|44|45|46(47|48|49
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TOSHIBA T6B20

b) When a Display Shift operation is executed, the relation between the DD RAM address
and the display position is as shown below.

1 2 3 45 6 7 8 9 10
01|{02(03|04|05(06|07|08(09|0A
41|42|43|44|45(46|47 (48 (49 |4A

Left shift display

1 2 3 45 6 7 8 9 10
27(00|01|02(03|04|05(06|07|08
67(40)141|42(43|44|45(46|47|48

Right shift display

® Character generator ROM (CG ROM)

The character generator ROM is used to generate the 5x 10-dot character patterns (for 240
characters) from the 8-bit character codes. The relation between the character codes and character
patterns is as shown overleaf.
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TOSHIBA T6B20

THE RELATION BETWEEN CHARACTER CODES AND CHARACTER PATTERN
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TOSHIBA T6B20

® Character generator RAM (CG RAM)

The character generator RAM is used to display the user’s original character patterns.

(5x7 dotsx 8 types or 5x 10 dots x4 types)

The relation between the character codes and the CG RAM address and character patterns is as
shown in Fig. 3 and Fig. 4.

(1) For 5x7-dot character patterns

CHARACTER CODES CG RAM CHARACTER PATTERNS
(DD RAM DATA) ADDRESS (CG RAM DATA)

7 6 543210 543 2 107 65 43210
'0 0 0
10 0 1
EO 10

* 01 1 Character Pattern

0 0 0O 0 0O 0005100 Example (1)
i1 0 1
111 0
i1 11 < Cursor Position
10 0 0
10 0 1
10 10
1011 Character Pattern

000OT™*O0O0 1 001i100 Example (2)
11 0 1
i1 1 0
111 « Cursor Position
0 0 0
i0 0 1

. 10 11 Fig. 3

0 00O 1T 11 1 1 151 00
i1 0 1
111 0
P11 1 * : Invalid

(Note 1) Character code bit 0 to bit 2 correspond to CG RAM address bit 3 to bit 5.

(Note 2) Bit 0 to bit 2 of the CG RAM address indicate the row within the character bit
map. The 8th row (the bottom row) corresponds to the cursor position on the
LCD display. Normally the 8th row should be blank (all 0s), otherwise the lowest
line of the character will be obscured when used with the cursor.

(Note 3) Character pattern line positions correspond to CG RAM data bit 0 to bit 4. CG
RAM data bit 5 to bit 7 is not used for display; the data can be used for
general RAM data.

(Note 4) If bit 4 to bit 7 are all 0, a CG RAM character is indicated. The value of bit 3
does not matter. Character codes 00H and 08H select the same character.

(Note 5) 1 : ON, 0 : OFF
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TOSHIBA T6B20

(2) For 5x 10-dot character patterns

CHARACTER CODES CG RAM CHARACTER PATTERNS
(DD RAM DATA) ADDRESS (CG RAM DATA)

7 6 543 210 5 4 3 2 7 6 54 3 21

*

Character Pattern Example

_ 0 O = =2 00 = =~ 0O O]—-
QO -~ O -~ O 0 -0 - 0Ol

1
1
!
1
1
000OT™*O0TUO * OOE
1
1
i
1
1
!
1
1

_ = 2,2 00 00000 O0o
O OO = = = =2 000 O0o

« Cursor Position

0 0Ol = o oo

-0 o]l oo =

O =m0l 0 =~ 0 -
*

o O o
- O o
o = O

Fig. 4

_em O
_ = OO -
_ 0 = O =

* % % % *|*: Invalid

(Note 1) Character code bit 1 and bit 2 correspond to CG RAM address bit 4 and bit 5.

(Note 2) Bit 0 to bit 3 of the CG RAM address indicate the row within the character bit
map. The 11th row corresponds to the cursor position on the LCD display.
Normally the 11th row should be blank (all 0s), otherwise the lowest line of the
character will be obscured when used with the cursor. Lines 12 to 16 are not
used for display data and can be used for general RAM data.

(Note 3) If bit 4 to bit 7 are all 0, a CG RAM character is indicated. The values of bits 0
and 3 do not matter. Character codes 00H, 01H, 08H and 09H all select the
same character.

(Note 4) 1 : ON, 0 : OFF
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TOSHIBA T6B20

® Timing generation circuit

The timing generation circuit generates timing signals for operating internal circuits such as the DD
RAM, CG ROM and CG RAM.

The circuit is designed so that access by the MPU does not disturb the display. When data is
written to the DD RAM, only the portion of RAM being written to is affected.

This circuit also generates timing signals which operate the extension driver (e.g. T6B23).

The relation between the timing signals in 1-Line Display mode is as shown below.

</ /SN
o X NewmoY o X X Xowoom X o X

(Notet, 2)
LP / \
EO / \
FR X

Fig. 5

(Note1) SEG1 to SEG50 Data for the T6B20
SEG51 to SEG400 Data for the extension driver
(Note2) In 2-Line Display mode, “SEG400 Data” changes to “SEG200 Data”.

® LCD driver circuit

The LCD drive circuit consists of 16 row drivers and 50 column drivers.

When the character font type and the number of lines have been selected by the appropriate
command, the valid row drivers automatically output drive waveforms, and the other row drivers
output OFF waveforms.
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TOSHIBA T6B20

® Cursor/blink display control circuit

This circuit generates the cursor or blink display. The cursor or blink is displayed in the digit which
corresponds to the DD RAM address set in the Address Counter.
When the Address Counter is set to 05H, the cursor is displayed as shown below.

MSB LSB
Aclofojofo]1[o]1]

0 5

1 2 3 45 6 7 8 -— Display position
N=0[00]{01]02/03]04][05]06]07| (<—DD RAM address

1 2 3 45 6 7 8 -— Display position

00[01]02]03]04]05]06]07] )
N=1Ta0(a1[4a2[a3[aa]as|a6[a7] [ PP RAM address

(Note) The cursor or blink is also displayed when a CG RAM address is set in the Address
Counter. In this case the cursor or blink is displayed regardless of the DD RAM
address.

® Reset

When RST =L, the T6B20 is reset and commands (1) to (4) are automatically executed. If a Hand
Reset is not used, the MPU should execute commands (1) to (4).

(1) Display Clear

(2) Set Function ............... BL=1 : The blink is displayed by switching between all dots
ON and the displayed characters.
N=0 : 1-line display
F=0 : 5x7-dot character font

(3) Set Entry mode ............ I/D=1: +1
S=0 : No Shift
(4) Display ON/OFF Control ... D=0 : Display OFF
C=0 : Cursor OFF
B=0 : Blink OFF
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TOSHIBA T6B20

® Key matrix, LED control circuit

This control circuit generates key scan signals and LED control signals. The key data input to SWC1
to SWC8 are converted to serial data and output from SOD. SWS1 to SWS8 output the key scan
signals and the LED data signals. LE1 to LE2 output the LED Enable signals.

The T6B20 controls a 2x8 LED matrix using a LED data signal and an Enable signal.

The key scan signals and the LED control signals are shown in Fig. 6.

swsi | 1 pofpad P | ] TT TLLEIE AL I L ILTEAE AL T AL T TL
sws | bl bl prlbed L TLTLTLIL AL TL LT T IT IR TEIL TLTLIL
SV\fS3 I_”E”DZZUDLZ”E”_”_”_”_“_”—LI—IO I—”—”—”—”—”—”—IEI—”—IL

- L IedbA A AL TLTL L IE AL IL L TR TE TP TETEIE
e oo U U U U o oL
2 I I I I I I I
SRR N U B

i If a key is pushed to swap SWS2 and
SoD | I I | | | SWCS.

Fig. 6

(Note) D : LED control signals
* D10 to D17 : The data on each bit of the LER1
** D20 to D27 : The data on each bit of the LER2
o : Key scan signal
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The structure of the 8x8-key scan matrix and the 2x8 LED matrix is shown in Fig. 7.
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DD D DD D
ANZERNAAN VAN VAN VAN VAN VAN V4
DD D DD DN D
ANZERNAAN VAN VAN VAN VAN VAN V4
DD D DD DN D
ANZERNAAN VAN VAN VAN VAN VAN V4
DD D DD DN D
ANZERNAAN VAN VAN VAN VAN VAN V4
DD DDA DN D
ANZERNAAN VAN AN VAN VAN VAN V4
DD DDA DN D
ANZERNAAN VAN AN VAN VAN VAN V4
DD DDA DN D
ANZERNAAN VAN AN VAN VAN VAN V4
DD DDA DN D
ANZERNAAN VAN AN VAN VAN VAN 74

v
AV
AV
AV
v
v
v
v

| SWC1

[>o
[>o

LE1
LE2

AAA
VWA

®

.

Inverting
Buffer

e o

VAN

Fig. 7
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TOSHIBA T6B20

® |nterface to MPU

(1) Input data format

SID 1|0 0 0IRS1IRSZIDOID1ID2|D3ID4ID5ID6ID7I1// 1o o o [rs
|
|

When the Clear Display and Return Home instruction is executed : this timing exceeds 1.64ms
When another instruction is executed : this timing exceeds 80us

(2) Output data format

SOD 1 | o o o [usofuer ]2 [swerfswealswesswealswesfswesfswerfswes| 1

LBO | LB1 | LB2
SWS1 0 0 0
SWS2 1 0 0
SWS3 | 0 1 0
SWs4 1 1 0
SWS5 | 0 0 1
SWS6 1 0 1
SWS7 | 0 1 1
SWS8 1 1 1

If a key is pushed to swap SWS2 and SWC6.

SOD _I I_I I I_I

INSTRUCTION

The MPU can directly control four registers. While the T6B20 is executing an instruction, it cannot
execute any other command.

If a command is being executed repeatedly, a wait time must be allowed between successive
commands.
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TOSHIBA T6B20
DESCRIPTION OF INSTRUCTIONS
WORKING
INSTRUC- CODE TIME
TION DESCRIPTION fosc =
RS1|RS2| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO 250 kHz
(max)
: Clears all display data and sets
Clear Display| 0 (O | O | O | O (O | O[O0 ]O[1 the DD RAM address to 00H. 1.64ms
Sets the DD RAM address 00H
and returns the display to
R -
Hitr:re" ololo|lo|olo|o]o]|1]* |home position. 1.64ms
The contents of the DD RAM
do not change.
Sets cursor shift direction and
Set Entry display shift. These operations
Mode 0j0j0j0j04040,1T1/DS are executed, when data is 404
written.
Display Sets ON/OFF for entire display
ON /OFF oOjof0]|JO0Of|0]O 1 D | C [ B [(D), cursor ON/OFF (C), cursor 40 s
Control position blink (B).
Cursor / Shifts cursor and display
) .lo]lo|lo|o]|o]|1]|s/clrR/L| * | * |without changing DD RAM 4045
Display shift
contents.
Sets blink mode (BL), sets
; » |number of display lines (N),
Set Function| 0 | 0 | 0 | O 1T|BLIN]|F|T character font (F), and test 40 us
mode (T).
Set the CG
RAM 0|0]|0{|1 CG RAM Address Sets the CG RAM Address. 40us
Address
Set the DD
RAM 00 |1 DD RAM Address Setsthe DD RAM Address. 4048
Address
Write Data
to the CG . Writes data into the CG RAM
rRaM or oD | O | Write Data or DD RAM. 46
RAM
Write LED . Writes data into the LED data
1 w D .
Data (1) 0 fite Data register (LER1) Osss
Write LED . Writes data into the LED data
Data (2) T Write Data register (LER2) Opss
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TOSHIBA T6B20

WORKING
INSTRUC- CODE TIME
TION DESCRIPTION fosc =
RS1|RS2| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO 250 kHz
(max)
I/D=1 : Increment
I/D=0 : Decrement
S= : Display Shift ON
S/C=1 : Display Shift
S/C=0 : Cursor Shift
R/L=1 : Shift to the Right
R/L=0 : Shift to the Left
— BL= : Display Blink ON (all dots ON)
BL=0 : Display Blink ON (character-character reverse image)
N=1 : 2-Line display
N=0 : 1-Line display
F=1 : 5% 10 dots
F=0 : 5x7 dots
T=1 : Enable Test Mode
T=0 : Cancel Test Mode
* : invalid

® Clear Display

RS1 RS2 D7  --=--=-=mmmmmmmmmmmmmomooooo—o DO
Instruction Code] 0 | 0 o o o o |[o|o ]| of1]

When the T6B20 executes this instruction, code 20H (code 20H must be the “Space code”) is written
to every address in the DD RAM. This command resets the DD RAM address in the Address Counter.
The display is inhibited and the cursor or blink is moved to the left of the display. (In 2-Line
Display mode, the cursor moves to the left of 1st line of the display.) The |/D of Entry mode is set
to 0. The S of Entry mode does not change.

® Return Home

RS1 RS2 D7  -==--=-=-mmmmmmmmmmooooooooo—- DO
Instruction Code| 0 [ 0 [0 [ 0o [0 [0 ] o[ o0 [ 1] * |*:invalid

The DD RAM address in the Address Counter is reset by this instruction, and the display shift is
cancelled (this is known as returning to the home position). The contents of the DD RAM do not
change. The cursor or blink moves to the extreme left of the display. (In 2-Line Display mode, the
cursor moves to the extreme left of the 1st line of the display.)
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® Set Entry mode

RS1 RS2 D7  ----------m-oemoommommooooaoee DO
Instruction Code] 0 | 0 [ o o | o | o[ o ]| 1 [1/D] S |

1/D : The Address Counter is incremented (I/D=1) or decremented (I/D =0) after the data has
been written to or read from DD RAM.
The same is true when date is written to or read from CG RAM.

S : If S=1, the entire display is shifted left (I/D=1) or right (I/D=0) when data is written to
the DD RAM. (The cursor position does not move)
If S=0, the display is not shifted.

® Display ON/OFF control

RS1 RS2 D7  —-=--=-=mmmmmmmmmmmomooooooo—o DO
Instruction Code] 0 | 0 o o o | o |1 |[D]|c|B]

D : D=1, display is ON; D=0, display is OFF.
When D is reset, the contents of the DD RAM do not change. Therefore, the contents can be
displayed as before by setting D.

C : C=1, cursor display is ON; C=0, cursor display is OFF.
5x 7-dot character font : cursor display uses 5 dots on the 8th line
5x 10-dot character font : cursor display uses 5 dots on the 11th line

B : B=1, character blink is ON (same position of cursor position); B =0, character blink is OFF.
Selectable blink : All dots on

Character-character reverse image

Cursor and blink can operate at same time.

Blink period : Font 5x7-dot, fogc =250kHz
(1/250k) x5x 80 x8x32=409.6 (ms)
Font 5x 10-dot, fosc = 250kHz
(1/250k) x5x80x11x32=563.2 (ms)

<=

Alternating
display
(1) Cursor display example (5x7 dots) (2) Blink display example (BL=1)
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® Cursor Display Shift

Instruction Code| 0 | 0 | 0 [ 0 [ 0 [ 1 [S/C[R/L| * | * |*

RS1

RS2 D7  =---==---=mo-mmmemooomoooe DO

: invalid

When this instruction is executed, the cursor or display is shifted to the right or left without display
data being written or read.
In 2-Line Display mode, the cursor is shifted from the 40th digit of the 1st line to the 1st digit of

the 2nd line.
s/c|Rr/L FUNCTIONS ADDRES(SAE)OUNTER
0 0 |Shift the cursor to the left. AC=AC-1
0 1 | Shift the cursorto the right. AC=AC+1
1 0 |Shift the whole display to the left. The cursor follows the display AC=AC
shift direction.
1 1 | Shift the whole display to the right. The cursor follows the display AC=AC
shift direction.

When S/C=1, the contents of the Address Counter do not change.

® Set Function

Instruction Code] 0 | 0 | 0 | 0 | 1 [BL|[ N[ F [ T [ * |*:

RS1

RS2 D7

—————————————————————————————— DO

BL : BL=1, Blink ON (All dots ON)
BL=0, Blink ON (character reverse image-character)
N : N=0, 1-line display mode
N=1, 2-line display mode
F :F=0, 5x 7-dot character font
F=1, 5x 10-dot character font
N | F | DISPLAY LINES |CHARACTER FONT| DUTY
0o 1 5x7 dots 1/8
0f1 1 5x 10 dots 1711
1(* 2 5x7 dots 1/16
T :T=1, Test mode

Executing this instruction, sets T=0.

(Note)

Execute this instruction first in a program before

executing any other instructions.

After this instruction has been used once, it cannot
be used again, except to change the Blink mode

setting.

[TTTT]

invalid

<

Alternating
display

Alternating
display

(2) BL=0
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® Set CG RAM Address

R$1 RS2 D7  --=--=-=mmmmmmmmmmmooooooooo—- DO
Instruction Code] 0 [ 0 [0 | 1 |A | A|A|A]|A]A]

This instruction writes the CG RAM address data {(e.g. AAAAAA (bin)) into the Address Counter.
® Set DD RAM Address

RS1 RS2 D7  --====------ommmmmoommomo—o DO
Instruction Code| 0 | 0 | 1 [A [ A A[A]A|A]A]

This instruction writes the DD RAM address data (e.g. AAAAAAA (bin)) into the Address Counter.
® Write Data to DD RAM or CG RAM

RS1 RS2 D7  ======-=======moomoooooooooo—o DO
Instruction Code| 0 | 1 | D [ D [ D | D[ D |[D | D] D|

This instruction writes 8-bit data (e.g. DDDDDDDD (bin)) to DD RAM or CG RAM.

The previous instruction (Set DD RAM or CG RAM Address) determines whether the data will be
written to DD RAM or CG RAM.

Before this instruction is executed, the Set DD RAM or CG RAM Address instruction must be
executed.

After the data has been written, the address is automatically incremented or decremented by 1.

® Write LED data (1)

RS1 RS2 D7  ======-=======ommmmooooooooo—o DO
Instruction Code| 1 | 0 | D [ D [ D | D[ D | D | D] D|
MSB LSB

This instruction writes 8-bit data (e.g. DDDDDDDD (bin)) to LER1 (LED Data register 1).
This data controls eight LEDs using outputs SWS1 to SWS8 and LE1.

® Write LED data (2)

RS1 RS2 D7 ======-=======ooomoooooooooo—o DO
Instruction Code| 1 | 1 | D [ D [ D | D[ D |[D | D] D|
MSB LSB

This instruction writes 8-bit data (e.g. DDDDDDDD (bin)) to LER2 (LED Data register 2).
This data controls eight LEDs using outputs SWS1 to SWS8 and LE2.
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POWER SUPPLY FOR LCD DRIVE

Various voltage levels must be applied to the T6B20’s pins V| ¢1 to V| ¢5 to obtain the LCD drive

waveforms.

The voltage levels vary according to the duty factor. The following table shows the relation

between the two.

DUTY FACTOR 1/8, 1/11 1/16
POWER BIAS 1 1
SUPPLY i 5
VLt Vpp-1/4VicD Vpp - 1/5VicD
Vic2 Vpp-1/2VicD Vpp-2/5VicD
Vics Vpp-1/2VicD Vbp -3/5VIcD
Vica Vpp-3/4VicD Vpp -4/5VicD
Vics Vpp - VicDh Vpbp - VicDh VLcp=VDD - VLCs
VbD 2z VbD 3R
Vict ) Vict 3.
Ve g R vie 3
vics :l_ R vics o
Vica b3 Vica ;, R
Vics Vics
AT 2 VR
Vicp Vicp
(1) 1/4 Bias (2) 1/5 Bias

THE RELATION BETWEEN OSCILLATION FREQUENCY AND LCD FRAME FREQUENCY

LCD frame frequency example (fosc =250kHz)

(1) 1/8 duty cycle

400 clock cycles

e - T Yy — Lol 1]
VpD
V1
COM1 V3 (V3)
Vg
Vs

- + ]
1 frame 1 frame

1 frame =445x 400 x 8 = 128005 = 12.8ms

=78.1Hz

1
frame frequency = T28ms
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(2) 1/11 duty cycle

400 clock cycles
12|3|4| -------- 1112|3|4| -------- |11|1|2|3|
VbD
Vi
COM1 V3 (V3)
Vg
B ! !
a 1 frame B 1 frame h
1 frame =445 x400x 11=176004s=17.6ms
frame frequency=17_1m =56.8Hz
(3) 1/16 duty cycle
200 clock cycles
12|3|4| -------- 1512|3|4| -------- |16|1|2|3|
VbD
Vi
COM1 V3 (V3)
Vg
Vs
|
a 1 frame B 1 frame ik
1 frame=445x200x 16 =1280045=12.8ms
frame frequency=12_1m =78.1Hz
ABSOLUTE MAXIMUM RATINGS (Ta =25°C)
ITEM SYMBOL RATING UNIT
Power Supply Voltage (1) VDD -03to 7.0 Vv
Power Supply Voltage (2) Vict to Vies | Vpp-13.5 to Vpp +0.3 Vv
Input Voltage VIN -0.3 to Vpp +0.3 \
Operating Temperature Topr -20 to 75 °C
Storage Temperature Tstg -55 to 125 °C
(Note 1) All voltage values are referenced to Vgg=0V.

(Note 2) Ensure that the following condition is always maintained.

Vpp=Vic1=Vic2=Vie3=Vica=Vics
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ELECTRICAL CHARACTERISTICS
DC CHARACTERISTICS
TEST CONDITIONS (Unless otherwise noted, Vpp =5.0V +10%, Vsg=0V, Ta= - 20 to 75°C)
TEST
ITEM SYMBOL| CIR-| TEST CONDITIONS | MIN | TYP. | MAX |UNIT| PIN NAME
cuIT
Operating Voltage (1) VDD — — 4.5 — 55 [ V —
Operating Voltage (2) Viecb | — |VieD=VDD - Vics 3.0 — [ 110 |V —
v
Input HLevel | Vg1 | — — _2% — | vpp | Vv |sck, siD
Voltage () e Tvin | = _ o | — | 10| v T
. SCK, SID
Hysterisis Voltage VH — — — 0.7 — \" RST
v
Input H Level | V2 | — — B — | Vvop | V |swcito
Voltage ) e Tvip | = — 0o — [ 190 v |2V
- VbD
Output H Level | Von1 | — |lon=-0.625mA o3| — | — |V [psce
Voltage (1) el TVorr | — |loL=0625mA — [ = [ o3 |v|PEOFR
— llon=-1.6mA 24 | — | —
Output H Level | VoH2 VpD Y,
Voltage (2) — |lon = -2504A sl — | — SOD
L Level | VoL2 | — |loL=2.0mA — | =1 o4
Y SWS1 to
Output H Level | VoHz | — |loH = -2504A _'(3)% — | = |V |ewss
Voltage (3) e TVors | — lioL=2.0mA — [ = [ 04 | Vv |LEY, LE2
Row Output Resistance | RCOM | — |Ig= £50.A — — 20 [ k() |COM1 to 16
|
Column Output RSEG | — |lg= +50.A — | — | 30 |kQ [SEGT to 50
Resistance
Input Leakage Current L — |VIN=0 to VDD — — 1 | A |SCK, SID
Power Supply Current IDD — | All Outputs Open — — 800 | «A |VDD
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AC CHARACTERISTICS
® Serial interface

SCK \_
ViL1

tDS
VIH1
SID
ViL1

tpD1

VOH2
VoL2

SOD

TEST CONDITIONS (Vpp =5.0V +10%, Vss =0V, Ta= - 20 to 75°C)

ITEM SYMBOL MIN TYP. | MAX | UNIT
SCK Cycle Time teye 2000 4000 | 8000 [ ns
SCK High Width PWH t‘TV‘ -100 | — — ns
SCK Low Width PWL tc% -100 | — — ns
Data Set-up Time to SCK tDs 50 — — ns
Data Hold Time form SCK tDH 120 — — ns
Data Delay Time form SCK tDD1 — — 300 | ns

(Note) AC Testing load circuit for SOD

VbD
R=10kQ)
SOD
C=50pF
Vss
® Power-on sequence

tcp

VbD

TEST CONDITIONS (Vsg =0V, Ta= -20 to 75°C)

ITEM SYMBOL | MIN | TYP. | MAX | UNIT

Command Disable Time tcD — — 15 ms
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® Expansion driver interface
(e.g. T6B23)
VOH1 VOH1 VOH1 VOH1
scp 7
Vou1 VoL1 Vou1
tsr tsf
tswH__' tswl tscy '
\ J \ 7 \ 7
VOH1
D
VoL x x
tDD_Z, th‘_ L H ] |{
VOH1 VOH1
LP
—l tep — tEH{
VOH1 VOH1
EO
tF;I-
VOH1
FR
VoL
TEST CONDITIONS (Vpp =5.0V+10%, Vg =0V, Ta= —20 to 75°C)
ITEM SYMBOL MIN MAX UNIT
SCP Cycle Time tscy 2000 — ns
SCP Pulse Width tSWH, L 800 — ns
SCP Rise and Fall Time tor, tsf — 100 ns
Data Delay from SCP tDD2 — 100 ns
LP Set-up Time SCP tLs -120 0 ns
LP Hold Time from SCP tLH -100 0 ns
EO Delay Time from SCP tED — 100 ns
EO Hold Time from SCP tEH -100 0 ns
FR Delay Time from SCP tED1 -100 100 ns
(Note) AC testing load circuit for interface timing
Test Point Oﬁ
CL CL=50pF
/I CL includes jig capacitance.
1997-04-07 25/29



TOSHIBA

T6B20

APPLICATION CIRCUIT

8-bit MPU
SYSTEM

DATA BUS
ADDRESS BUS {

CONTROLS {
CLOCK

20 charactersx 1 line

[

%
SERIAL-TO- LCD : LCD <_—
PARALLEL [+ :> (50x8 dots) ; (50x8 dots)
CONVERTER
8|, 8 commoN 0
1
8|, DATA BUS 1 50 SEGMENT
M
COM1 to COM8  SEG1 to SEG50 8 COMMON
<::—J|> PARALLEL- CcoM9 =
AQ TO-SERIAL — SOD to COM16 -
Al
CONVERTER
/IOR SID T6B20 8x8
/RESET _ KEY MATRIX
RST SWS1 2%8 LED
e— to 5W58¢>SEGMENTS 8 BUFFER E» MATRIX
COMMONS
CLOCK 2
DIVIDER SCK SWC1
CLOCK /N to swes K 8 7 BUFFER
LE1, LE2
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APPLICATION-A

TMPZ84C00P TC5565 TMM27128
Wﬁ-—-ﬁ% RIW t—;;—-va
A&Aa——za-lcn Wnn—z— PGM
MREQ-——ZTEH AMTETE
J,——_E MREQ ~——{ TE
30 10 10
A0 = 3140 5140
132 _8 _8
33 7 7
34 6 3 5, 10
3 S S TLR-312
36 4 4 a b ¢ d e f
24 3 _3] MEEEEEEE
38 25 25 & 4
39 24 24 2
T 7] R o15f1a[ 13 12f 11]10] 9
1 23 23 2 b ¢ d e f g
% 2l Z: 5068
A3 A13 ~—— A13 DO 1 2 3 ST Bl
A;; [TREREY 0 LA —3I "l SI 6 1 7
15 12 2]
12 13 13
8 15 15 D0~D3
7 16 16
9 17 17
10 18 18 4T
1 19
o7 113 o7 910, D7 2 PR
T 16§ — R
Sa| N VIREQ ——23 VIREQ 3 2 LB A W gt
i — Y ¢
> ‘é\:JAs: |o%g—z—1-— TORQ 3'7co2 - L
Q (22 — T HC74
100k % 3 WR [==—44— WR =
(1]
e D7 /‘\/ 00 &
iorRg  HC139 HE2 A0 A1
[ s 2 |
7176 vo 123 1] 12| 13 m{ 3\ AI sl sl 111 12 13T1AT 3| 4l s sT
A2 ~—=11A 13!
3 LY S %> 10 9 10 g
s w1z U sl HC165 QH st HC165 QH {51
IORQ ~— 26 Lo > - -
Y2
o 1: A PR aetl i/L 150 Zcx ST 150 ZCK
7
AS=—=128 y3p 3 l [
”r
D0 < TS~ D7 DO < T~ D7
HC7A 19] 18| 17| 16| ’IKi 14| 13| 12 19 181 17| ’Iﬁl 15| 14{ ‘13| 12
€13 “’T 0 ————————————— D7 0 D7
27 HC573 HC573
HCoa OF Le DO o7 OF LE DO D7
3NG4 1I11234557s9 1| 11| 2f 3| af s| 6 7{ 8| 9
1%
% HCO4
)
HCI33 1>2°
12 37 af 5[ 6} 7| 10{ 11 12| 13| 14} 15
8 39
6 5
10 1
13{12{ 11 10| 6| s| 4] 3 13)12] 11{ 10} 8| s| 4| 3 13) 12{ 11{ 10| 6| 5| 4| 3
QH QA QH QA QH QA
HC164 HC164 HC164
CK R B A CK_CIR_B A K CR_B A
sl 9o 2| 8 9 2 gl o 2 1
T | L] ‘—l—mson
0 ¢k

TEB20 - 27
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APPLICATION-B

L 151588 o8 b h
v > Do
4 o » NN
4 > P W R ),/
Va N, N o 5 S m_m = f
N \\% b o1 L
VanSilVa NN AN N . 3N A
\SZERN v U » Lot
. . B 10002
M il
—{>° T b
5 ¢ MM - @‘/‘
O
3 oM
[ g i
33kf1x8 ! 2 - mh
o
A A
13 11
20kQ
—( vics
l—ﬂ—‘a
- 0.14F x5
RET kx5
SCK
SID
—
50D | fwy T O voo
10099 98 97 96 95 94 93 92 91 90 89 83 87 86 85 84 83 82 81
L 80 O vss
L2 79
L—3 78
4 77
5 76
6 75
7 74
8 73 | SEG1
: n N 1]
comi —110 0 SEG51 (7 10099 98 97 96 95 94 93 92 91 90 BY 83 87 86 85 84 83 82 81
—n 70 F— 1 80 f—
—112 69 |— 2 O 79 [—
~—113 68 [— 3 78 f—
-4 67 |— 4 77—
—| 15 T6820 66 [— —5 76—
—{ 16 65 — —6 75
17 64 f— —7 74 |—
-1 18 63 f— —{8 73—
~— 19 62 I— —9 72—
—120 61 p— —{ 10 M ee120
—t 21 60 — — 1 7
—f 22 59 b— —-112 69 —
comie — 23 58 |— —13 68 |—
24 57 p— — 14 67 |—
25 56 |— - 15 T6B23 66 F—
£G5
SECS0 126 55 f— —{ 16 65 }—
—{27 54 b— {7 64—
—28 53— -4 18 63 f—
—1 29 52 }— — 19 62 }—
£G4 SEG24
SEGas | o 51 15 61 |—
\\_3] 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 J 60 |—
NERRRRARRRRERERE -2 9 |—
—n 58—
SEGAS “ SEG25 | 57—
—] s 56 f—
— 55—
—f27 54 }—
—1 28 53 p—
sEGa0 | §§ 512 ™ seG01
\_31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
com1
to SEGB1 /_\_/ SEG100
comie SEG1 to SEG120

LCD (24 charactersx 2 lines)

T6B20 - 28
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OUTLINE DRAWING
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Weight : 1.6g (Typ.)

Unit : mm
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