TOSHIBA JT6C30-AS

TOSHIBA CMOS DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

JT6C30-AS

DOT MATRIX LCD CONTROLLER AND DRIVER LSI

The JT6C30-AS is a dot matrix LCD controller and driver. The JT6C30-AS realizes low power
consumption for an LCD using CMOS Si-gate technology.

The JT6C30-AS can be controlled by serial data from an MPU, and can display alphanumerics, kana
and symbols.

The JT6C30-AS has all the functions necessary to drive a dot matrix LCD. Therefore, the JT6C30-AS
can constitute a minimal drive and control system for an LCD.

The JT6C30-AS can display up to 80 digits using an expansion driver (e.g. T6B23). The JT6C30-AS has
an 8 x 10-key matrix drivers and 40 LED drivers (an 8 x5 matrix).

FEATURES

® Built-in controller for character-type LCD

® Direct Interface with MPU (serial interface)

® Data transfer clock 1 fosc =3.0MHz max

® Display data RAM : 80x 8 bits

® Character generator ROM : 12000 bits (5x 10 x 240)
® Character generator RAM : 512 bits (64 x 8)

Character font ... .. @ 5x%x8 dots : 8 characters
@ 5% 11 dots : 4 characters

® Built-in 8x 10 key matrix scan controller
® Built-in 8 x5 LED controller (buffer not built-in)
® Built-in LCD drivers

50-out Column driver
32-out Row driver

® Input port 1 4 bits

® Output port : 4 bits
970917EBM2

@ 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.

[ ) Ligll-lft striking a semiconductor device generates electromotive force due to photoelectric effects. In some cases this can cause the device to
malfunction.

This is especially true for devices in which the surface (back), or side of the chip is exposed. When designing circuits, make sure that devices are
protected against incident light from external sources. Exposure to light both during regular cperation and during inspection must be taken into
account.

@ 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 JT6C30-AS

& Duty factor selection (programmable)

1/8 duty cycle : (Font : 5x7 dots +cursor)x 1 line
1/11 duty cycle : (Font : 5x10 dots +cursor)x 1 line
1/16 duty cycle : (Font : 5x7 dots + cursor) x 2 lines
1/22 duty cycle : (Font : 5x 10 dots + cursor) x 2 lines
1/32 duty cycle : (Font : 5x7 dots + cursor) x4 lines

e Applications

Display clear, Cursor home, Display ON/OFF, Cursor ON/OFF
Character blink, Character shift, Display shift, Cursor shift.

® Power supply : 5V*10%

® Low power consumption

® CMOS and Si-gate processes, Bare chip
BLOCK DIAGRAM
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PAD ASSIGNMENT
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TOSHIBA JT6C30-AS
PAD COORDINATES
Chip Size .... 5.260x6.880 (mm) 6.016 (mm[l])
Number of pads ................. 138
Chip Tip Coordinates 1 ..... —-2630.0, -3440.0
Chip Tip Coordinates 2 ..... -2630.0, 3440.0
Chip Tip Coordinates 3 ....... 2630.0, 3440.0
Chip Tip Coordinates 4 ....... 2630.0, -3440.0
No. NAME X POINT Y POINT No. NAME X POINT Y POINT
1 NC -2230 -3171 34 SWS5 2390 -2363
2 RST -2049 -3171 35 SWSe 2390 -2176
3 SOD - 1864 -3171 36 SWS7 2390 -2026
4 SID -1713 -3171 37 SWS8 2390 -1840
5 SCK - 1563 -3171 38 COM1 2390 - 1689
6 SwWcC1 -1413 -3171 39 comz 2390 - 1539
7 SWC2 -1263 -3171 40 COM3 2390 - 1389
8 SWC3 -1113 -3171 41 comM4 2390 -1239
9 swca -962 -3171 42 cOMS 2390 - 1089
10 SWC5 -812 -3171 43 COM®6 2390 -938
11 SWC6 - 662 -3171 44 com7 2390 - 788
12 SwWcC7 -512 -3171 45 coMs8 2390 - 638
13 SWC8 - 361 -3171 46 CcCOM9 2390 - 488
14 SWC9 -211 -3171 47 CcCOM10 2390 - 337
15 SWC10 -61 -3171 48 COM11 2390 - 187
16 VDD 89 -3171 49 COM12 2390 -37
17 PO 239 -3171 50 com13 2390 113
18 P1 390 -3171 51 CcCOM14 2390 263
19 P2 540 -3171 52 COM15 2390 414
20 P3 690 -3171 53 COM16 2390 564
21 P4 840 -3171 54 CcCOM17 2390 714
22 P5 990 -3171 55 COM18 2390 864
23 P6 1141 -3171 56 CcOM19 2390 1015
24 P7 1291 -3171 57 CcOM20 2390 1165
25 LE1 1474 -3171 58 COM21 2390 1315
26 LE2 1625 -3171 59 COM22 2390 1465
27 LE3 1811 -3171 60 COM23 2390 1615
28 LE4 1961 -3171 61 CcOM24 2390 1766
29 LES 2148 -3171 62 comzs 2390 1916
30 SWS1 2390 —-3036 63 COM26 2390 2066
31 SWS2 2390 - 2850 64 Ccomz27 2390 2216
32 SWS3 2390 -2700 65 CcCOM28 2390 2367
33 SWs4 2390 -2513 66 cOM29 2390 2517
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TOSHIBA JT6C30-AS
No. NAME X POINT Y POINT No. NAME X POINT Y POINT
67 COM30 2390 2667 107 SEG13 ~2390 1766
68 COM31 2390 2817 108 SEG12 —2390 1615
69 COM32 2390 2967 109 SEG11 -2390 1465
70 SEG50 2103 3175 110 SEG10 -2390 1315
71 SEGA49 1952 3175 111 SEG9 ~2390 1165
72 SEGA48 1802 3175 112 SEGS ~2390 1015
73 SEGA7 1652 3175 113 SEG7 -2390 864
74 SEG46 1502 3175 114 SEG6 ~2390 714
75 SEGA45 1352 3175 115 SEG5 ~2390 564
76 SEG44 1201 3175 116 SEG4 —2390 414
77 SEG43 1051 3175 117 SEG3 ~2390 263
78 SEGA2 901 3175 118 SEG2 ~2390 113
79 SEGAT 751 3175 119 SEG1 ~2390 -37
80 SEG40 601 3175 120 LP ~2390 -187
81 SEG39 450 3175 121 SCP ~2390 -374
82 SEG38 300 3175 122 D —2390 -524
83 SEG37 150 3175 123 FR —2390 710
84 SEG36 0 3175 124 EO ~2390 ~ 861
85 SEG35 — 151 3175 125 VicT -2390 - 1053
86 SEG34 - 301 3175 126 Vic2 ~2390 ~1203
87 SEG33 —451 3175 127 Vics ~2390 ~1353
88 SEG32 ~ 601 3175 128 Vica —2390 ~1504
89 SEG31 ~751 3175 129 VLCs ~2390 ~1654
90 SEG30 - 902 3175 130 Vss ~2390 ~1804
91 SEG29 ~1052 3175 131 VouT2 ~2390 ~1954
92 SEG28 1202 3175 132 Ca —2390 ~2105
93 SEG27 - 1352 3175 133 C3 ~2390 —2255
94 SEG26 ~1503 3175 134 VOUT1 ~2390 ~2405
95 SEG25 - 1653 3175 135 C ~2390 ~2555
96 SEG24 ~1803 3175 136 C1 ~2390 —2715
97 SEG23 - 1953 3175 137 0sC2 —2390 - 2856
98 SEG22 -2103 3175 138 0sCi1 - 2390 - 3006
99 SEG21 ~2390 2967
100 SEG20 —2390 2817
101 SEG19 ~2390 2667
102 SEG18 —2390 2517
103 SEG17 ~2390 2367
104 SEG16 —2390 2216
105 SEG15 ~2390 2066
106 SEG14 —2390 1916
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TOSHIBA JT6C30-AS
PIN FUNCTIONS
SYMBOL TYPE NAME AND FUNCTION
SCK Input | System Clock
SID Input |Serial Data Input
SOD Output|Serial Data Output
PO to P3 Input [Input port
P4 to P7 Output| Output port
SWC1 to SWC10 Input [ Key matrix inputs
SWS1 to SWS8 OQutput| Key matrix outputs, LED control data outputs
LP Output| Latch Pulse : Latch pulse for the extension driver (e.g. T6B23)
Shift Clock Pulse : Shift clock pulse for the extension driver
scp Output oo, T6B23;)
FR Output|Frame Signal : FR signal for the extension driver (e.g. T6B23)
D Output| Data : Display data for the extension driver (e.g. T6B23)
EO Output| Enable Output : Enable signal to the extension driver (e.g. T6B23)
Common : Row outputs
COM1 to COM32 |Output When 1/8 duty cycle is selected, COM9 to COM32 are disabled.
When 1/16 duty cycle is selected, COM17 to COM32 are disabled.
SEG1 to SEG50 Output| Segment : Column outputs.
Vics Input | Power supply for LCD drive
Vict to Vica Input | Power supply for LCD drive
Power supply and ground pins
VDD: Vss nput | Vop =|?5|.Do)\,/:r 10;:, v55=gv
RST Input | Reset : RST = L—Reset state
LE1 to LE5 Output|LED Enable outputs
When using the internal clock oscillator, connect a resistor between OSC1
and OSC2.
0sc1, osc2 "~ |When using an external clock, connect the clock to OSC1 and leave OSC2
open.
VouT1. VouT?2 Output| DC-DC outputs using

Cq1 to Cy

Connect capacitors for DC-DC converter.
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TOSHIBA JT6C30-AS

FUNCTIONAL DESCRIPTION OF EACH BLOCK
® Register

The JT6C30-AS has seven 8-bit registers. The registers are the Instruction Register (IR), the Data
Register (DR), and five LED control data registers (LER1 to LERS5).

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 LER1 to LERS5 registers hold the data for controlling the LED.

The relation between the Register Select signal (RS) and operation is shown in Fig. 1.

RW RS OPERATION

0 0 Write into IR

0 1 Write into DR

1 0 Read Busy flag and Address Counter
1 1 Read from DR

Fig. 1
& Address Counter (AQ)

The JT6C30-AS has a 7-bit Address Counter. The Address Counter points to an address in DD RAM
or CG RAM, register code or to the cursor position. The Set DD RAM, CG RAM Address or Register
Code instruction specifies which type of address Address Counter contains. The Address Counter is
automatically incremented (or decremented) after the data has been written or read.

® Display data RAM (DD RAM)

This display data RAM (DD RAM) stores the display data as 8-bit character codes.

Its capacity is 80 characters x8 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[oJoJ1f1]o0fo]
4 c
Fig. 2
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TOSHIBA JT6C30-AS

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

{(N=0, H=0)
1T 2 3 4 5 79 80 -— Display position
|oofo1|02]03]04] --------------- |AE|4F|=— DD RAM address

a) Using one JT6C30-AS, the first 10 characters are displayed as shown below.

1 2 3 45 6 7 8 910
|oojo1]o02]|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 4 5 6 7 8 9 10
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, H=0)

1 2 3 4 39 40 -—Display position
1st Line [00[01]02[03] —————————— 26[27] e add
2nd Line[20[41[42[43] ———----——— 66|67 acdress

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

a) Using one JT6C30-AS, the first 20 characters (10 charactersx 2 lines) are displayed as shown
below.

1 2 3 4 5 6 7 8 9 10
1st Line |O0|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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(3

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

Left shift display

Right shift display

1

2 3 4 5 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

3

4

5

6

7

8

9

10

27

00

01

02

03

04

05

06

07

08

67

40

41

42

43

44

45

46

47

48

The relation between the DD RAM address and the display position in 4-line Display mode

(N=0, H=1)

1st Line
2nd Line
3rd Line
4th Line

19 20 -— Display position

1 2 3 4

0001|0203 -------—-—-—- 12113
20(21]22|23|---—----—--- 32(33
40(41142 (43| ---——------- 52(53
60|61|62|63|------------ 72|73

-— DD RAM address

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

a) Using one JT6C30-AS, the first 40 characters (10 charactersx 4 lines) are displayed as shown

below.

1st Line
2nd Line
3rd Line
4th Line

1

2 3 45 6 7 8 9

10

00

01

02

03

04

05

06

07

08

09

20

21

22

23

24

25

26

27

28

29

40

41

42

43

44

45

46

47

48

49

60

61

62

63

64

65

66

67

68

69
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TOSHIBA JT6C30-AS

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 4 5 6 7 8 9 10
01|02|03(04(05|06|07|08|09|0A
21|22|23|24|25(26|27|28|29|2A
Left shift display [|41|42|43|44|45|46(47|48|49|4A
61(62(63(64|65|66|67|63|69|6A

1 2 3 4 5 6 7 8 9 10
13100101|02|03|104|05(06|07(08
33|20(21|22|23(24|25|26(27|28
Right shift display |53|40(41(42(43|44|45|46(|47(48
73|60|61(/62(63]|64|65|66|67 (68

® Character generator ROM (CG ROM)

The character generator ROM is used to generate the character patterns (5 x 10 dots x 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 JT6C30-AS

RELATION BETWEEN CHARACTER CODES AND CHARACTER PATTERN (CG ROM type 0000)

HIGHER
L0W4E.RBITS 000G |0001|0C10|0D11(C100(0101|{0110(0111|1000(1007|1010{1Q11|1100 (1101 |1110(1111
4 BITs
CGRAM | 1mn o] I PR e - S N = N P
XXXX0000 | (0) | wawnn : ge=="| § |57 | e [EE|E B
= = -= ----- ----. ----= l..-
E|OR | OB IELE(E L F| ooy |mapd | meess Iu" | anum
XXXXOOO ‘; (1) NN | ] '=l = = .---. -'--= = -' ..
e 10 ||
-‘ == -' :-'I- 1t =.--l :---. = = : -: = = =
XXXXDO.IU (2) :-- -=:-l E-.-= E --. E.l-= E AEmam ‘E = E -.-
TR T | T [
XXXX001 1 (3) Il: .EIE. .III= =I-I- l'-l= =lll. l:::- IIE l.. I=
XXXX01OO (4) .l- - = :-.- : N -l- hiaiaaiel .- -- -- ‘-:.- : : E.": -= b 1}
]
A bt o Py O 2 oo AP o sl BB Pl | I
xxxxo.lo‘i (5) E " == .--.- mMEAE -l..- HEE -.-.= mEmE— - a -- --l= ’-l-- ----=
E = .--I .--- i.--- E E =-.. - - ..=—. ---.= -E-l= axm ii‘"E B '-_1:"’_
: = :-: " =...- ='l- = = -=. = = - = = --I'= = = ----= 1- n .-
XXXX011O (6) - . .--'- ----. = " = --- - - I- .- l- HERER --l-= i-Il- =--l-
SN E NI EE SR
XXXXG1.L1 (7) d ..- = -.I-= .--.. EEl] -.-.- - Lt L] ’- = I. - l.
"l ™Y H wam | M mumm | mmEEm |®m B
BEE | B[ e | Swmm St BIFEEEE L
XXXX1000 | (0) . ||EE Bl o iaf I
em= | " |2 E| B |E | me |2 =D ILT"TN - I
XXXX1001 | (1) | =& [ & ] "7IE T |TemeE| R E, Pl SjEEz
L3 [ F] | 1] n nam HAEX - n - EE
-=-=- ] n -l i - | ] I=ll. .Ill: L} =
Bl o] e P - el B PP CC B S Y -
Xxxxie10 | () | SE T ERER e R gl le B mlia| % | " Bud | amBam mneed |2 E] 2"
sexxion1| @ | B a B P E R | e i BEETTNE ORI | TEe
I: -- -l :I. : -I -l I- -‘ .- -l‘-‘ =---= l- =
-:' .- = ~ -= = :l:- = -m . WMEEIR -
" | w | i | E | E Tl TiE [ eBee|w E| O OB\F OB &7ET[ECEC
RS S SR el I CONN L - B O | S b I S e R I T T e o
wmmmm | 55| B lamom | B | w"E® | xEum waz | w2 .
mEEEN - 3 - mem -m LL L] - e M |} n
XXXX1 101 (5) o ..E E " E .= ‘-.E- * : " ---:- I- -I - II-- :--- =
L 1 ] -I l- l-- 3 ---; LB ] -E'-= IIEI. -l-- .-::
b S S U™ EEC-CY I RO i B B - oy
XXxx1110 | (6) = |- E EOR| <7 LT[ |anE | R |RER iz
XXXX1 1 11 (7) -. '. -' : =I.-= EREEM "-.= - E.IIE IIE-I " :l= ---. .-:

JTEC30-AS ~ 11
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® Character generator RAM (CG RAM)

the character generator RAM is used to display the user's own 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 Pattern

Example (1)

« Cursor Position

Character Pattern

Example (2)

<« Cursor Position

Fig. 3

* ¢ Invalid

CHARACTER CODES CG RAM CHARACTER PATTERNS
(DD RAM DATA) ADDRESS {CG RAM DATA)
7 6 5 4 3 2 10 5 4 3 2 1 0|7 6 5 4 3 2 1 0
io 0 of* * =
10 0 1
i 01 0
« o011
0 0 0O O 0 0 O 0 0 O i 10 0
11 0 1
11 0
111
0 0 O
‘0 0 1
10 1 0
“ 1011
0 0 0 O 0 0 1 0 0 1 i1 0 0
i1 0 1
i 1 1 0
111 0 0 0 0 O
'0 0 O
0 0 1 i
—//—\
MQ_//T;\ 0 0 0 o
* i 11 '
0 0 0O 1 1 1 111i100 EOO 0 o
1 0 1 0 0 0 0
i1 1 0 10 0 0 0
i1 1 1]|* * *io0 00 OO

(Note 1) Character code bit 0 to bit 2 correspond to CG RAM address bhit 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 JT6C30-AS

(2) For 5x 10-dot character patterns

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

7 6 543 2 10 5 43 2 10|7 65432 10
'0 0 0 O[* * *10 0 O 0
0001 100000
'0 0 1 0 10 0 0
io 0 1 1 'o o 0 | Character Pattern Example
0 1 00 o 0 0

0000 * 0O * 0 0i0 1 0 1 ‘0 0 0
100110 10 0 0
‘01 1 1 10 0 0
‘10 0 0 0
1.0 0 1 ! 0
1.0 1 0 * *45 0 0 « Cursor Position
:1 0 1 1% =* *:* * ok k%
51 100 i
P11 0 1 E
11 1 0 i
i1 1 1 1% = *E* x x *x %
10 0 0 Of* * *i
10 0 0 1 |
0 0 10 !
‘1.0 0 0O i

0000 * 1 1 * 1 111 0 0 1 i

____________________________________ 1.0 1 of* * *t ]
1:'1 0 1 11* * 1% * %
11 00 : Fig. 4
111 0 1 i
111 10 i
P11 1 1 ***i******:lnvalid

(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 JT6C30-AS

¢ 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 drive {e.g. the T6B23).

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

7 \ 7 \ 7 1 7/ \ 7 \ 7 1 7 \ 7 \
D X XSEG4OO DataX SEG1 Data X X X SEG50 Data XSEGS‘I Data X

(Note1, 2)
LP / \
EO / \

. X

7 \

Fig. 5

(Note1) SEG1 to SEG50 Data for the JT6C30-AS
SEG51 to SEG400 Data for the extension driver

(Note2) In 2-Line Display mode, “SEG400 Data” changes to “SEG200 Data”.
In 4-Line Display mode, “SEG400 Data” changes to “SEG100 Data”.

® LCD driver circuit

The LCD drive circuit consists of 16 row drivers and 40 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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& 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 O5H, the cursor is displayed as shown below.

MSB LSB
Address Counter [ 0 [ o [0 [ o ]| 1] 0| 1]
0 5
1 2 3 4 5 6 7 8 -— Display position

N=0 [00]01|02|03|04|05[06[07| ¢-— DD RAM address

1 2 3 4 5 6 7 8 -— Display position
oo[o1]oz]o3]v4]o5]06[07] )
N=1Ta0la1[az[a3]aa]a5]a6a7] (PP RAM address

(Note) The cursor or blink display is also displayed when the 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 JT6C30-AS is reset and commands (1) to (4) are automatically executed. If a hard

reset is not used, the MPU should execute commands (1) to (4).

&) Display Clear

(2) Function Set ............... BL= : The blink is displayed by switching between all
dots ON and the displayed characters.

........................... N=0, H=1 : 4-line display

F=0 : 5x7-dot character font
(3) Entry Mode Set ............ 1/D= Do+

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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® Key matrix, LED control circuit

This control circuit generates key scan signals and LED control signals. The key data that are input
to the SWC1 to SWC10 are written in the Scan Data Register at the timing of the key scan signal.
The SWS1 to SWS8 output the key scan signals and the LED data signals. LE1 to LE5 output the
LED Enable signals.

The JT6C30-AS controls an 8 x5 LED matrix using LED data signals and Enable signals.

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

swsi | LPd b pd b psd b b [ 1L TT TL I I AL I AL L L TE I TL
swsz | 1'pul o] o] el bsd prd A [ TL 1L T AT AL AL IE TETE AL IT IT AL
SV\fsg I_”MIDZZUMZIMMMMI—”—” IOI ||_||_||_||_||_||_||_|5|_||_||_

- L edpAbApAbAbARALl TLILITL LTI L TR TETE T

Ler L L L L L
> L L L L L
(e L] L] L] L]
Lea L] L] L] L]
Les L] L] L] L]

Fig. 6

(Note) D: LED control signals
1) D10 to D17 : The data on each bit of the LER1
2) D20 to D27 : The data on each bit of the LER2
3) D30 to D37 : The data on each bit of the LER3
4) D40 to D47 : The data on each bit of the LER4
5) D50 to D57 : The data on each bit of the LERS
° : Key scan signal
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The structure of the 8 x 10-key scan matrix and the 8 x5 LED matrix is shown in Fig. 7
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® [nterface to MPU
(1) Input data format

ELd
SID 1|0 o o |rw]rs]oo]p1|b2]oa]oa]os]os]o7] 1]lo o o |rw
| |
I i
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
When the RW bit is 1, SOD outputs the Busy flag (BF), DD RAM data, CG RAM data, LED data,
key scan data and port data.

a) Busy flag (BF)

SID o | RW | Rs

soD 1|0 o o |a]ar]a]azfas]as]as]se] 1

b) DD RAM data or LED data (8-bit)

sID o | rw | rs
SOD 1|0 o o |oo]or]oa|oa|palos]oe]or]

¢) Scan Data Register data (8-bit)

SID 0 |Rw | Rs

SOD 1 I 0 0 0 ISWS1ISWSZISWS3ISWS4ISWSSISWSGISWS7ISWSBI 1
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d) Port data (input : 4-bit, output : 4-bit)

sSID o | rRw | Rs

SOD Io o o fro]eri]ra]rs]ralers]re]rr]

{Note) PO to 3 : Input port data
P4 to 7 : Qutput port data set beforehand

INSTRUCTION

The MPU can directly control seven registers. The registers are the Instruction register (IR), Data
register (DR) and five LED control data registers (LER1 to LERS5).

While the JT6C30-AS is executing an instruction, it cannot execute any other instructions (except for
the Read Busy flag and Address instruction). The Busy flag is maintained at 1 (Busy state) until the
instruction completes. Thus the MPU must check that the Busy flag is 0 (Not Busy state) before
sending the next instruction.

If the MPU sends an instruction to the JT6C30-AS without performing a Busy check, the MPU must
wait the execution time of the instruction before sending the next instruction.
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DESCRIPTION OF INSTRUCTIONS
INPUT (SID)
EXECUTION
INSTRUC- CODE TIME
TION DESCRIPTION fosc =
RW| RS |D7 |D6 |D5| D4 |D3|D2|D1|DO 250kHz
{(MAX.)
. Clears all display data and sets
Clear Display 0 0 0 0 0 0 0 0 1 the DD RAM address to OOH. 1.64ms
Sets the DD RAM address 00H
and returns the display to
ﬁitr:ren 0 0 0 0 0 0 0 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 0 0 0 0 0 0 1 |/by s are executed when data is A0ps
written.
Display Sets ON/OFF for entire display
ON/OFF O|O0]|]O0O|O]O|1]|D]|C| B [(D) cursor ON/OFF (C), cursor 40 s
Control position blink (B)
Cursor / Shifts cursor and display
. . o|0f|0] O 1 |S/C|R/L|CRS| * [without changing DD RAM 40 s
Display shift
contents
Sets blink mode (BL), sets
. number of display lines (N, H),
Set Function 0 0 0 1 BL| N F H T character font (F), and test 408
mode (T)
Set the CG
RAM CG RAM Address sets the CG RAM CRS=0| 40us
Address.
Address 0 0 1
Set Register « | = Register Code Sets the register CRS = 1 205
Code code. H
Set the DD
RAM 0|1 DD RAM Address Sets the DD RAM Address 40 s
Address
Write Data
to the CG . Writes data into the CG RAM
RAM or DD ! Write Data or DD RAM Abus
RAM
. Writes data into the LED data
Write LED ; Write LED Data registers (LER1 to LER5) or o
Data . writes data into the output e
Write Port Data * port
* ¢ Invalid
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EXECUTION
INSTRUC- CODE TIME
TION DESCRIPTION fosi=
RS1|RS2| D7 | D6 |D5 | D4 | D3 | D2 | D1 | DO 250 kHz
{max)
IF:KIeaagdaIiL;sy 1 0 " Reads Busy Flag (BF) and DD O
Address RAM Address
Reads DD RAM data, CG RAM
Read Data 1 1 * data, key scan data or port 0us
data
* 1 Invalid
OUTPUT (SOD)
INSTRUC- OUTPUT DATA EXE—ﬁkjﬂ-I;EION
TON DESCRIPTION f?SC =
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO 250kHz
(MAX.)
Read Busy Reads Busy Flag (BF)
Flag and 0 0 0| BF A6 A5 Ad A3 A2 A1 A0 and DD RXM A?ddress 1)733
Address
Read DD Reads DD RAM data or
RAM Data 0 00| D7 D6 D5 D4 D3 D2 D1 DO LED data Ous
Read Key
Scan Data 0 0 O|SWS8|SWS7|SWS6|SWS5|SWS4|SWS3|SWS2|SWS1| Reads key scan data Ous
g:: Port l1ooo| P7 | P6 | P5s | Pa | P3| P2 | P1 | PO |Reads Port data 0us
1/D= : Increment
1/D=0 : Decrement
S= : Display Shift On
S/C=1 . Display Shift
S/C=0 1 Cursor Shift
R/L= : Shift to the Right
R/L=0 : Shift to the Left
CRS=0 : CG RAM Address is Valid
CRS =1 : Register Code is Valid
- BL= : Display Blink on (all dots on)
BL=0 : Display Blink on (character-character reverse image)
N=0, H=0 : 1-line Display
N=1, H=0 : 2-line Display
N=0, H=1 : 4-line Display
F=1 : 5x10 dots
F=0 : 5x7 dots
T=1 : Enable Test Mode
T=0 : Cancel Test Mode
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REGISTER CODES

CODE

REGISTER NAME D3 D2 D1 DO (HEX)
LED Data Register (LER1) 0 0 0 0 OH
LED Data Register (LER2) 0 0 0 1 1H
LED Data Register (LER3) 0 0 1 0 2H
LED Data Register (LER4) 0 0 1 1 3H
LED Data Register (LER5) 0 1 0 0 4H
Scan Data Register (SWCR1) 0 1 0 1 5H
Scan Data Register (SWCR2) 0 1 1 0 6H
Scan Data Register (SWCR3) 0 1 1 1 7H
Scan Data Register (SWCR4) 1 0 0 0 8H
Scan Data Register (SWCR5) 1 0 0 1 9H
Scan Data Register (SWCR6) 1 0 1 0 AH
Scan Data Register (SWCR7) 1 0 1 1 BH
Scan Data Register (SWCRS8) 1 1 0 0 CH
Scan Data Register (SWCR9) 1 1 0 1 DH
Scan Data Register (SWCR10) 1 1 1 0 EH
Port 1 1 1 1 FH

Fig. 8
® Clear display
RW RS D7  ---—-mmmmmmmmmmmmm oo DO

Instruction Code| 0 | 0o [ o [ o [ o o] oo | of1]

When the JT6C30-AS 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 1/D of Entry mode is set
to 0. The S of Entry mode does not change.

® Return home

RW RS D7  --—=——=——mom—mm—mmmmmmo - DO
Instruction Code| 0 | 0 [ o [ o | o | o] o | o[ 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

RW RS D7  ---—-—mm—mmmmmmmmm oo DO
Instruction Code| 0 | 0o [ o [ o [ o | o ]| o] 1 [I/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 $=0, the display is not shifted.

® Display ON/OFF control

RW RS D7 ==========——=—m=—mmmo——om - DO
Instruction Code| 0 | 0 [ 0o [ 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, it can be displayed as
before by setting D.

C . C=1, cursor display is ON; C=0, cursor display is OFF.
5x7-dot character font : cursor display uses 5 dots in the 8th line
5 x 10-dot character font : cursor display uses 5 dots in 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, fosc =250kHz
(1/250k) x5x80x8x32=409.6 (ms)

Font 5x 10-dot, fosc =250kHz
(1/250k) x5x80x11x32=563.2 (ms)

Alternating
display

Cursor

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

RW RS D7 -----==—————-m—mm—m—mmm - DO
Instruction Code| 0 | 0 [ 0 | 0 | 0 | 1 [S/C|[R/L[CRS| * |* : invalid

When this instruction is executed, the cursor or display is shifted to the right or left without display
data being written.

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|R/L|CRs FUNCTION ADDRES(iEPUNTER
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 shift direction. AC < AC
1 1 » | Shift the whole display to the right. The cursor follows the -
display shift direction.
0 . CG RAM address is valid. R/L=0: AC=AC-1
1 |Register Code is valid. R/L=1: AC=AC+1
* 1 invalid

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

RW RS D7 -—------—----momomomommmmo oo DO
Instruction Code| 0 [ 0 [ 0 | 0 [ 1 [BL| N]|] F [ H [ T]

BL : BL=1, Blink ON (All dots ON)
BL=0, Blink ON (character reverse image-character)

N | F | H |DISPLAY LINES |CHARACTER FONT| DUTY Aternating
000 1 5x7 dots 1/8 display
0|10 1 5x 10 dots /11

1]0(0 2 5x7 dots 1/16

11110 2 5% 10 dots 1/22

0|01 4 5x 7 dots 1/32 (1) BL=1

T :T=1, Test mode
Excuting 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.

Alternating
display

1997-09-25 24/35



TOSHIBA JT6C30-AS

® Set CG RAM Address or Register Code

RW RS D7  —-=--==——mmmmmmomomomomoo DO
. A A A A A A |CG RAM address
Instruction Codel 0o 0 0 1 .
* * A" | A" | A" | A’ |Register Code

This instruction writes CG RAM address or register code data (e.g. AAAAAA (bin)) into the Address
Counter.

The previous instruction (Cursor Display Shift) determines whether the data is a CG RAM address or
register code.

Before this instruction is executed, Cursor Display Shift instruction must be executed.

e Set DD RAM Address

RW RS D7 =mmm-mmmmmmmmmmmmeooooeeeee DO
Instruction Code| 0 [ 0 [ 1 | A [ A [ A]JA]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

RW RS D7  =-==-==m—mmmmmmmommommo oo 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 must be executed.
After the data has been written, the address is automatically incremented or decremented by 1.

® Write LED Data or Port Data

RW RS D7 --—--—-—————ommoomoomoo oo DO
. D D D D D D D D |LED Data
Instruction Code| 0O 1 T o 1o 1O < < = | Port Data

This instruction writes 8-bit data (e.g. DDDDDDDD (bin)) to a LED Data register or Port.

When the data is written to port, the lower 4 bits (PO to P3) is invalid.

The previous instruction (Set Register Code) determines whether the data will be written to a LED
Data register (LER1 to LERS5) or port.

The LER1 data controls eight LEDs using outputs SWS1 to SWS8 and LE1. Hence, the JT6C30-AS can
control an 8 x5 LED matrix using LER1 to LER5 data and LE1 to LE5.
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® Read Busy Flag and DD RAM Address

RW
Instruction Code| 1

RS D7
o [ * [~ ]*

: invalid

This instruction makes SOD output the Busy flag and the DD RAM address.
The Busy flag indicates whether the JT6C30-AS can receive an instruction or not. The MPU must
check the Busy flag before sending the next instruction to the JT6C30-AS.

® Read data from DD RAM, CG RAM or Register

RW RS
Instruction Code| 1 | 1

: invalid

This instruction makes SOD output DD RAM data (8-bit), key scan data (8-bit) or port data (input:
4-bit, output: 4-bit).

The previous instruction (Set DD RAM, CG RAM Address or Register Code) determines whether the
data will be read from DD RAM, CG RAM or a register (except for LER1 to LER5). Before this
instruction is executed, the Set DD RAM, CG RAM Address or Register Code instruction must be
executed.

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

POWER SUPPLY FOR LCD DRIVE
Various voltage levels must be applied to the JT6C30-AS’s pins V| c1 to V| c5 to obtain the LCD
drive waveforms.
The voltage levels vary according to the duty factor. The following table shows the relation.

DUTY FACTOR 1/8 1/16 1/32
POWER BIAS 1 1 1
SUPPLY 1 5 7
Vici Vpp-1/4Vicp| VDD - 1/5VicDp| VDD -1/7VLCD
Vic2 Vpp-1/2Vicp| VDD -2/5VIcD| VDD -2/7VLCD
Vic3 Vpp-1/2Vicp| VDD -3/5V1cD| VDD -5/7VLCD
Vica Vpp-3/4Vicp| VDD -4/5V1cD| VDD -6/7VLCD
Vics VDD - VLeD VDD - VLCD VDD - VLCD Viecp=Vee - ViIes
VbD $r VDD 2k VbD $r
Vit [ vVict 2R vier 2R
Vi gR Vicz Vi
vVics :l_i R Vi3 z Vics zR
Vica 2z Vica 5: R Vica 5: R
Vics /:?VR Vics ,E?'VR Vics /E: ve
VLeD Ve vVLeD
(1) 1/4 Bias (2) 1/5 Bias (3) 1/7 Bias
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DC-DC CONVERTER (Doubler and tripler)

The JT6C30-AS has an on-chip DC-DC doubler and tripler.
A 2.2uF capacitor is recommended for this DC-DC converter.

Connect to Vpp

by +
2.24F ~ %,
g OPEN ~ Connect to V| ¢5
— OPEN through Vg
< < o} Ca Vout1 VouT2

DC-DC converter

(1) Doubler mode

2.24F 2.24F

Connect to Vpp

+
1

Connect to V| ¢5
through Vg

2.2u4F

+a = +a =
OPEN
] <2 C3 Ca

VouTt1 Vourt2

BC-BC converter

(2) Tripler mode

THE RELATION BETWEEN OSCILLATION FREQUENCY AND LCD FRAME FREQUENCY

LCD frame frequency example (fosc =250kHz)

(1) 1/8 duty cycle

400 clock cycles
A —

1 L = 1 =1 = 1 8 | | 1 1 | | 1 |
VDD
Vi
COM1 V3 (V3)
Va
Vs
- 4
1 frame 1 frame
1 frame=4 #sx400%x8=12800 #5=12.8 ms
1
frame frequency:m =78.1 Hz
(2) 1/16 duty cycle
200 clock cycles
e R el o215 ]
VbD
Vi
COM1 V3 (V3)
Va
Vs
k .
1 frame 1 frame

1 frame=4 psx200x16=12800 p#s=12.8 ms

=78.1 Hz

1
frame frequency = T
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(3) 1/32 duty cycle

100 clock cycles

e — RN el ]2 15 |
VDD
Vi
COM1 V3
V3
Vg
Vs

! Lind |
1 frame 1 frame

1 frame=4 #sx100x32=12800 z5=12.8 ms

frame frequency=m =78.1 Hz
ABSOLUTE RATINGS (Ta = 25°C)
ITEM SYMBOL RATING UNIT

Power Supply Voltage (1) VDD -0.3 to 7.0 \Y
Power Supply Voltage (2) Vict to Vics | Vbp-13.5 to Vpp +0.3 \4
Input Voltage VIN -0.3 to Vpp +0.3 A"
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=ViIe3=Vica=Vies
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ELECTRICAL CHARACTERISTICS
DC CHARACTERISTICS
TEST CONDITIONS (Unless otherwise noted, Vpp =5.0V£10%, Vg5 =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) VicD — |VeD=VDD - VLCs 45 — 110 | V —
\"
Input H Level | Vigq | — — _2% — | vpbp | Vv |sck, siD
Voltage (1) ooy Vil — — 5 — o v |RST, PO to P3
. SCK, SID
Hyseterisis Voltage VH — — — 0.7 — \Y RST
VDD
H Level \"J — — — \"J \%
I\?;)I:e: e (2) ’ 2 -1.2 pD SWC1 to SWC10
9 L Level | VL2 | — — 0 | — 19| Vv
o] = - VDD
utput H Level VOH1 — |loH = —-0.625mA ~03 — — V |D, SCP
Vol 1 - LP, E FR
oftage (1) M oial Vo1 | — |loL=0.625mA — | = 03 [ v | EO
Output H Level | Vo2 | — |loH = -2504A \_/'(3)% — | = |v i\é‘islot‘l“_;swss'
Voltage (2) Vel [Vorz | — |loL=2.0mA — | = 0.4 | V |sSOD, P4 to P7
Row Output Resistance RCOM | — |Ig= *x50.A — — 20 | k) [COM1 to 32
|
Column Output RSEG | — |Ig= £50uA — | = 30 | k) |SEG1 to 50
Resistance
Input Leakage Current L — |VIN=0 to VDD — — 1 | #A |SCK, SID
Power Supply Current IDD — (Note 1)| — 500 700 | xA |VDpD
Clock Oscillation fosc | — (Note 2)| 250 | 310| 370 |kHz|Osc1, osc2
Frequency
External Clock Frequency| f|N — (Note 3)| 125 250 370 |kHz | OSC1
External Clock Duty fouty — (Note 4) 45 50 55 | % |OSC1
External Clock Rise Time | t; — (Note 5)| — — 200 | ns |OSC1
External Clock Fall Time | tf — (Note 5)| — — 200 [ ns |OSC1
Output Voltage
VUP2 — N — -4, -4.1 VvV |V
(Doubler Mode) v (Note 6) 3 ouT1
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(Note

(Note

(Note

(Note

(Note

(Note

)

2)

3)

4)

5)

6)

Current Consumption : Vpp =5.0V, internal clock (Rf=91k{}), fcg=4MHz, DC-DC
converter in Doubler Mode
External Rf oscillation

osc1 Ri=91kQ *2%

Rt Oscillation frequency depends on OSC1 and OSC2 pin capacitance,
osc2 therefore wiring must be as short as possible.

External clock operation

osC1 —( External clock

OSC2 —— Open

Applied to OSC1 pin

fDuty =tHw/ (tHw +tLw) X 100 (%)

Applied to OSC1 pin

0.7VpD

0.3Vpp

tr tf

DC-DC converter in Doubler mode:

Vpp =5.0V, internal clock (Rf=91k(}),

C1-Cy=2.2uF, Vpp -VOUT1 = 2-24F, lload =700A, Ta=90°C
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AC CHARACTERISTICS
® Serial interface

SCK \

SID

VL1

tDD1

SOD

VOH2
VoL2

TEST CONDITION (Vpp =5.0V £ 10%, Vgs =0V, Ta= - 20 to 75°C)

ITEM SYMBOL MIN TYP. | MAX [ UNIT
SCK Cycle Time teye 333 4000 | 8000 ns
. H Level PWH teye

SCK Pulse Width  Level PWL 5——30 — — ns
Data Set-up Time to SCK tps 50 — — ns
Data Hold Time so SCK tDH 120 — — ns
Data Delay Time so SCK tDD1 — — 120 ns
(Note) AC testing load circuit for SOD

vVbp

R=10k(2

SOD
C=50pF
/I Vss

® Power-on sequence

tep

4.5V,
VpD
TEST CONDITION (Vgg =0V, Ta= —20 to 75°C)
PARAMETER SYMBOL MIN TYP. | MAX | UNIT

Command Disable Time tch — — 15 ms
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& Expansion driver interface

(e.g. T6B23)
scp VOH1 VOH1 VOH1 VOH1
Vor Vori Vor
sy tof
tswH tow tscy '
4 A 4 A 4
b VOH1
VoL
— e— —
tDD2 tLs tLH
VOH1 VOH1
LP
— tep — tEH
VOH1 VOH1
EO
—
D1
VOH1
FR
Vor1

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

PARAMETER SYMBOL MIN MAX | UNIT
SCP Cycle Time tscy 2000 — ns
SCP Pulse Width tSWH, L 800 — ns
SCP Rise and Fall Time tsr, tsf — 100 ns
Data Delay from SCP tpD2 — 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 tep — 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 O—J
C €| =50pF

L
I CL includes jig capacitance
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APPLICATION CIRCUIT

% 20 characters x 2 lines
SERIAL-TO- LCD i LCD  —
PARALLEL [ ::> (50x16 dots) ; (50x16 dots) |V
| CONVERTER PN PN
50
abit MPU 6l b 16 COMMON

SYSTEM 8| DATA BUS 1 50 SEGMENT

A

COM1 to COM16 SEG1 to SEG50 16 COMMON
DATA B [
us <:: PARALLEL- CcoM17 74
{ AD TO-SERIAL — sop to COM32 7
ADDRESS BUIS L Al
/10K CONVERTER SID 8% 10
KEY MATRIX
CONTROLS{ /RESET RET Sws1 QI—_:> SEGMENTS N surrer |57 5x8 LED
CLOCK le— to SWs8 MATRIX
COMMONS
| CLOCK JT6C30-AS 5
DIVIDER [ SCK swal
CLOCK /N to SWC10
5
LE1 to LES / 1
0sC1 0sc2

]

Re
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APPLICATION-A

TMPZ84C0O0P TC5565 TMM27128
27 1
8 WR e RIwW %Vpp
AMHz A18 < CE2 WE - PGM
% iz
5 HCOd 4o REG =1 TE A14 ~— " BF
CLK rCE MREG ——— T
HC393
1
e ki ¢ 130 10 1wl
1 1ak 190 AT raked 514
2] 2K 32 8 8
2CLR 33 7 7
34 6 a 5. 10
s~ 5 5 — TLR-312
o’ ik 36 a 2 a b ¢ d e i
|24 _3] ] ~ 1] o| 8] a] 2] 2] &
151500 [ECTIFEY 23] 4
S ELE—] 24 € 5] 1413 2] ] o]
2 40 21 2 =
o S = 23] 4 b oc de 1 g
i S-SR 2ot 2. 2 2 5068
_|'5 = ST —:——ma a1z =~ anz Do 1 2 3 ST onl
] AN T A i 3] o] 5] & ] 7
re:d o 15 \k4 Lo 17 oo
12 13 13 i
8 15 15 DO to D3 I
7 16 16 !
9 a7 17
10 18 18 aT
oy 112 wl o, 9] 0 oy 2[ [ eR
Ib__._
20 | s
VW)
]
160k x 3
org ~ HC139 e T~ D0 | Ao <
Rl |
1G -
¥ 13 '\ﬂ| Ji ﬂl 5| 61 |'l| 12 1!1 'IAT 3 a 5 bT
A? -—%- 1A
AR ] 18 Y1 9 10 3
15 HC165 QH s1 HC165 QH — sio
15
'0:3 14 ii Y2 siT 0 s a
13 5 i 15 1‘ 1 15 2
A5 —— 2B v3 ‘
i
~
DO T TN~ - D7 00~ T T~ - D7
HC76 19] 181 17| 16| |SI 14] 13| 12 '\9‘ Iﬂl 17| |6[ 15] ?ﬂl 13l 2
LK 10 oy ——— 07 L Rl P
12f PR HC573 HC573
hcoa OF Lt p—————————— 07 OF LE Df ——moo o 7
2| 3] a] s] 6] 7] 8] o 1] 2] 3] o] s| 6] 7] 8] @
13 12f 11{10| 8| s} 4| 3 3]sz 1] 10| 8| 5] al 3
QH —— QA Qn QA
HC164 HC164
=S CLR B A CK  CLR B A
a q 2 Kl 2 a 2 1
|——l———( SGD
1 A {1 50K

JTEC30-AS - 34
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Lcn
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