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The information of the product number change

Starting April 1, 2001 the product number will be changed as listed below. To order from April 1,
2001 please use the new product number. For further information, please contact Epson sales
representative.

Configuration of product number
e DEVICES (Example : S1D15605D00B100)

S1 D 15605 D 00B1 00
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Comparison table between new and previous number

—— Packing specification

Specifications

Shape (D:Chip, T:TCP, F:QFP)

Model number

Model name (D:LCD Driver)

Product classification (S1:Semiconductors)

Previous number New number Previous number New number

SED1510Doc S1D15100D00C* SED1560DAB S1D15600D10B*
SED1510Foc S1D15100F00C* SED1561DoB S1D15601D00B*
SED1520DAA S1D15200D10A* SED1561DAB S1D15601D10B*
SED1520DAB S1D15200D10B* SED1562DoB S1D15602D00B*
SED1520Fo0A S1D15200F00A* SED1565DoB S1D15605D00B*
SED1520FAA S1D15200F10A* SED1565D1B S1D15605D01B*
SED1521FoA S1D15201F00A* SED1565D2B S1D15605D02B*
SED1521FaAA S1D15201F10A* SED1565D8BB S1D15605D11B*
SED1522Fo0A S1D15202F00A* SED1565DBE S1D15605D11E*
SED1522FaAA S1D15202F10A%* SED1565To* S1D15605T00**
SED1526Fo0A S1D15206F00A* SED1565ToB S1D15605T00B*
SED1526FAA S1D15206F10A* SED1566DoB S1D15606D00B*
SED1526FBA S1D15206F11A* SED1566D1B S1D15606D01B*
SED1526FEA S1D15206F14A* SED1566D2B S1D15606D02B*
SED1526FEY S1D15206F14Y* SED1566DBB S1D15606D11B*
SED1526ToA S1D15206TO0A* SED1566To* S1D15606TO0**
SED1528DBB S1D15208D11B* SED1567DoB S1D15607D00B*
SED1528FoA S1D15208F00A* SED1567D1B S1D15607D01B*
SED1530DoA S1D15300D00A* SED1567D28B S1D15607D02B*
SED1530DoB S1D15300D00B* SED1567DBB S1D15607D11B*
SED1540DoA S1D15400D00A* SED1567To* S1D15607T00**
SED1540DoB S1D15400D00B* SED1568DoB S1D15608D00B*
SED1540Fo0A S1D15400F00A* SED1568DBB S1D15608D11B*
SED1560DoB S1D15600D00B* SED1569DoB S1D15609D00B*




Previous number New number
SED1569DBB S1D15609D11B*
SED1570DoA S1D15700D00A*
SED1570DoB S1D15700D00B*
SED1575DoB S1D15705D00B*
SED1575D3B S1D15705D03B*
SED1575DAB S1D15705D10B*
SED1575To* S1D15705T00**
SED1575ToA S1D15705TO0A*
SED1575T3* S1D15705T03**
SED1577DoB S1D15707D00B*
SED1577D3B S1D15707D03B*
SED1577To* S1D15707T0O0**
SED1577T3* S1D15707T03**
SED1578DoB S1D15708D00B*
SED157ADoB S1D15710D00B*
SED157ADAB S1D15710D10B*
SED157ADBB S1D15710D11B*
SED157AToA S1D15710TO0A*
SED15A6DoB S1D15A06D00B*
SED15A6D1B S1D15A06D01B*
SED15A6D28B S1D15A06D02B*
SED15A6To* S1D15A06TO0**
SED15B1DoB S1D15B01D00B*
SED15B1D1B S1D15B01D01B*
SED15B1D2B S1D15B01D02B*
SED15B1To* S1D15B01TO0**
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S1D15000 Series
Selection Guide



m L CD drivers with RAM for small-
and medium-sized displays

S1D15000 (SED1500) series

Ultra-low power consumption and on-chip RAM make this series ideal for compact LCD-
based equipment.

Supply voltage | LCD voltage Display | Microprocessor | Frequency Application/additional
Part number range (V) range (V) Duty Segment|Common o (bits) | interface (KHz) Package features
S1D15100D00C .
(SED1510Doc)* Al pad chip | Small segment-type
S1DI5100F00Ck | 0910 6.0 | 1.8t0 6.0 1/4 32 4 128 bit Serial  |18(internal) LCD display. Common
(SED1510Foc) QFP12-48pin| and data interface.
18(internal,
SIDLS200kkkik | 5 41670 | 351013 | 1/8101/32 | 61 | 16 |2,560bit| 8bit |external) or| Chip, TCP | After service parts
SED1520:
( o) 2(external)
18(internal,
SID1520Lxkkkk | 5 4 157.0 | 3.5t0 13 | 1/8 to 1/32 80 - 2,560 bit 8 bit  |external) or| Chip, TCP | After service parts
(SED152L ) 2(external)
18(internal,
SID15202kkkkx | 5 416 7.0 | 351013 | 1/8to 1/32 69 8 [2,560 bit 8 bit  |external) or| Chip, TCP |After service parts
SED1521
( *i) 2(external)
S1D15206D#xAx .
(SED1526DA) Al pad chip
S1D15206D B 3.5t 8-bit Au bump chip | DC/DCx3
SED1526D+B Suppl 1/8,1/9, . )
(SlD15206F *’;K 2.4106.0 Vol&%g vieuir | 80 | 17 |s0x33bit| paralel 20 —{ (S1D15206400x#+VREG)
(SED1526F44) x3 or Serial QFP5-128pin| (S1D15206%14x%*no VREG)
S1D15206Tx¥A%
(SED1526T,4) TCP
S1D15208D*xAx .
(SED1528DA) Al pad chip
S1D15208D*xBx 3.5t0 . .
(SED1528D56) Supply 8-bit Au bump chip | DC/DCx3
2.41t06.0 1/32,1/33 64 33 |80x33 hit| parallel 20 S1D15208%00+x*VREG
S1D15208F %A% voltage
(SED1528F4A) x3 or Serial QFP5-128pin| (S1D15208%14%%°no VREG)
S1D15208Tx¥A%
(SED1528Ta) TCP
S1D15300D00A% .
(SED1530D08) Al pad chip
S1D15300D10A% | pad chi Built-in power circuit for LCD
SED1530DAA , Al'pad chip | (pe/pexa)
8-bit
S1D15300D00B* ) ) | S1D15300D00%*(SED153040%)
(SED1530D0g) 241t06.0 | 45t016 | 1/32,1/33 100 33 |132x65 bit parall_el - Au bump chip | common : Right side
S1D15300D108% or Serial | S1D1530010#%(SED1530%A+)
SED1530DAB Au bump chip | common : Both side
( )
S1D15300T10A%
(SED1530TaA) TCP
S1D15301D00A% Al pad chi
(SED1531D0%) _ pad chip
S1D15301D00B% 8-bit Built-in power circuit for LCD (DCIDC4)
241t06.0 | 45t016 | 1/64,1/65 132 — |132x65 bit| parallel - Au bump chip | S1D15301x00x(SED15310%)
(SED1531Dog) or Serial Common : Right side
S1D15301T00A* TCP
(SED1531Toa)
S1D15302D00A% .
(SED1532D0%) Al pad chip
S1D15302D11A% .
(SED1532DBA) Al pad chip | yilt-in power circuit for LCD
S1D15302D00B* . — | (DC/DCx4)
(SED1532D0B) | 8t Au bump chip | 51D15302400#%(SED153240%)
S1D15302D11B% 241t06.0 | 451016 1/64,1/65 100 33 |132x65 bit parall_el - | Common : Right side
SED1532DE8 or Serial Au bump chip | 51D15302411#%(SED153248+)
( )
S1D15302T00A% Common : Left side
(SED1532T0n) TCP
S1D15302T11A%
(SED1532TeA) TCP

TCP : Tape Carrier Package



Supply voltage | LCD voltage Display | Microprocessor | Frequency Application/additional

Part number range (V) range (V) Duty Segment|Common RAM (bits) |  interface (KHz) Package features

8-bit Built-in power circuit for LCD
S1D15303D15B 2.4t06.0 | 451016 1/17 116 17 |132x65 bit| parallel - Au bump chip | (DC/DCx4)
(SED1533DFB) or Serial Common ; Left side no VREF
S1D15400D00A% .
(SED1540D0A) Al pad chip
S1D15400D00B* ) 8-bit | 18(internal), .

0B : : : ' ' ' paralle external

SED1540D 24t07.0 | 3.5t011 1/3, 1/4 73 3,4 |2,560 bit el |4 | Au bump chip
S1D15400F00A% .
(SED1540F0n) QFP5-100pin
S1D15600D00A% .
(SED1560D04) Al pad chip
S1D15600D10A% | pad chi Built-in power circuit
(SED1560DA%) Alpad chip | ) cp (Dc/DCx3)
S1D15600D00B* . .| S1D15600%x00B*
(SED1560D08) 1/48,1/49, | st Aubump chip | (gEp1560408)
S1D15600D10B% 24t06.0 | 6.0t0 16 1/64.1/65 102 65 |166x65 bit parall_el 18 - 1/9 bias
(SED1560DAE) or Serial Au bump chip S1D15600%10B%
S1DI5600T00B* (SED1560%AB)
(SED1560To8) TCP 1:1/7 bias
S1D15600T26A%
(SED1560TA) QrCp
S1D15601D00A% .
(SED1561D0%) Al pad chip
S1D15601D00B* | Built-in power circuit
(SED1561Dog) Aubump chip |t | cp (DC/DCX3)
S1D15601D10B* 8-bit Au bump chip S1D15601%00B*
(SED1561DAB) 1/24,1/25, _ i (SED1561%08)
SIDI5601T00B% 24t06.0 | 6.0to 16 1/32.1/33 134 33 |166%65 bit parall_el 18 - 1/7 bias
(SED1561T0B) or Serial TCP | 51D15601%10B+
S1D15601T10B% TCP (SED1561%AB)
(SED1561TAB) : 1/5 bias
S1D15601T26A%
(SED1561TQn) QTCP
S1D15602D00A% .
(SED1562D04) Al pad chip
S1D15602D00B*

8-bit Au bump chip I -
(SED1562DoB) 1/16,1/17 . Built-in power circuit for
S1D15602T00B% | 2410 6.0 | 6.0t0 16 (/5 bias) 150 17 |166%65 bit pagallfalI 18 op LCD (DC/DCx3)
(SED1562T0B) or>era
S1D15602T26A%
(SED1562TqA) QTCP
S1D15605D11B% Aub hi
(SED1565D8E) U bump chip
S1D15605D00B* Aub hi
(SED1565D08) u bump chip
S1D15605D01B% Aub hi
(SED1565D18) ebit u bump chip
S1D15605D02B* 1/65 . ) .| Built-in power circuit
(SED1565D28) 1.8t05.5 | 4.5t0 16 (1/7,1/9 bias) 132 65 |132x65 bit paéadl_elI 33 Au bump chip for LCD (DC/DCx4)
S1D15605T00A% or sena Top
(SED1565T0A)
S1D15605T00B*
(SED1565T08) TCP
S1D15605T00C« TcP

(SED1565Tac)




Supply voltage | LCD voltage Display | Microprocessor| Frequency Application/additional
Part number range (V) range (V) Duty Segment|Common| g\ (bits) | interface (KHz) Package features
S1D15606D11B* Aub hi
(SED1566DgE) U bump chip
S1D15606D00B* Aub hi
(SED1566D0B) abit U bump chip
S1D15606D01Bx* 1/49 . - .| Built-in power circuit
(SED1566D15) 1.8t05.5 | 45t016 (1/6,1/8 bias) 132 49 |132x65 bit pa;all_elI 33 Au bump chip for LCD (DC/DCx4)
S1D15606D02B+ or sena A4 bumn ch
(SED1566D28) u bump chip
S1D15606TO0A*
(SED1566Ton) TCP
S1D15607D11B% .
(SED1567Dee) Au bump chip
S1D15607D00B* .
(SED1567Dog) Au bump chip
S1D15607D01B* ) .
(SED1567D18) 1/33 | &b Aubump chip | git-in power circuit
S1D15607D02B% | 1-8 10 5.5 | 4510 16 (1/5,1/6 bias) 132 33 |132x65 bit parallgl 33 | for LCD (DC/DCx4)
(SED1567D28) or Serial Au bump chip
S1D15607T00B*
(SED1567To8) TCP
S1D15607T00C
(SED1567Toc) TCcP
S1D15608D11B*
8-bit Au bump chip .y P
(SED1568DBB) 1/55 . Built-in power circuit
SID156080008% | 1-8105:5 | 451016 |15 /g pias)| 132 | 55 |13265bit) parallel 33 | for LCD (DC/DCx4)
(SED1568D08) or Serial Au bump chip
S1D15609D11B% Aub hi
(SED1569Dgs) 8bit U bump chip
S1D15609D00B* 1/53 . - . | Built-in power circuit
(SED1569D0¢) 18to55 | 45t016 (1/6,1/8 bias) 132 53 |132x65 bit pa;allgll 33 Au bump chip for LCD (DC/DCx4)
SIDI5609T stk or sera c
(SED1569Tixs) TCP
S1D15A06D00B*
8-bit Au bump chip
(SED15A6D0B) . Reduced ext. parts
SIDISAOGTO0AK 18to55 | 45t016 1/55 102 55 |102x65 bit pag;lll_elI 33 op Built-in power circuit.
(SED15A6T0Ay) oreria
S1D15B01D00B*
8-bit Au bump chip . :
(SED15B1DoB) . Built-in self-refreshing
SIDISBOITO0AR 1.8to55 | 45t016 1/65 132 65 |132x65 bit paéallfelI 33 op function.
(SED15B1T04) or sena
S1D15E00D00B* )
(SED15E0D0B) ‘ _ Au bump chip ‘ N
SIDISEQ0TO0A | 1810 3.6 | 3.2t0 10 1/100 132 100 |132x100bit| Serial |Can be select 4-line MLS driving
(SEDI5E0ToA) TCP
S1D15705D00B* .
(SED1575D0g) | 3-610 5.5 | st _ | Built-in power circuit
S1D15705D03B% 451016 1/65 168 65 [200x65 bit parallgl 22 Aubump chip | ¢00 | cp (DC/IDCx4)
(SED1575D38) 2.41t03.6 or Serial
S1D15705T00A*
3.6t05.5 8-bit - P
(SED1575ToA) ) Built-in power circuit
SIDISTO05T03A% b ama6 4.51t0 16 1/65 168 65 |200x65 bit pa;all_elI 22 TCP for LCD (DC/DCx4)
(SED1575Tan) | 24103 or Serial
S1D15707D00B*
3.6t05.5 8-bit - P
(SED1577D0B) . . | Built-in power circuit
SIDI5707D03B% i 451016 1/33 200 33 [200x65 bit paéallfelI 22 Au bump chip | (- ~p (DC/DCx4)
(SED1577D3g) | <10 3 or sena
S1D15707T00A*
3.6t05.5 8-bit o -
(SED1577ToA) . Built-in power circuit
SIDI5707T03A% pi10 30 4510 16 1/33 200 33  |200%65 bit paéall_elI 22 TCP for LCD (DC/DCx4)
(SED1577Tza) | 24103 or Serial
S1D15710D00B* R )
(SED157ADoB) ) 8-bit Au bump chip Built-in power circuit
SID15710T00A% | 1-8t0 5.5 | 451018 1/65 224 65 |224x65 bit parallgl 22 for LCD
(SED157AToAy) or Serial TCP

TCP : Tape Carrier Package
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S1D15100 Series

1. DESCRIPTION

The S1D15100Series is a segment driver IC for
1/4-duty LCD panels. It features 1pV maximum
power dissipation and a wide operating supply voltage
range, making it ideal for use in battery-powered devices.
The S1D15100 series incorporates an LCD driving power
circuit and allows simple configuration of the interface
with a microcomputer, achieving a handy type unit at low
cost.

3. BLOCK DIAGRAM

2. FEATURES

1/4-duty LCD segment driver

150 W maximum power dissipation

Serial data interface

128 bits of display data RAM

On-chip oscillator

LCD drive voltage generator

Four common driver outputs

32 segment driver outputs

0.9 to 6.0 V supply for logic circuitry operation
1.8 t0 6.0 V supply for LCD driver operation
Series specification

S1D15100D00€: chip (Al pad)
S1D15100F00€ : QFP12-48pin

COMO COM1 COM2 COM3

Voo ik I »
Vi LCD drive >
| voltage Segment drivers Common drivers
V2 T. generator ¢
V3 T 1
Vss Ik >
—#l OSC1
Address Address ; Common Timing
counter > decoder > Display data memory counter generator
circuit
——# OSC2
> Command decoder
Sl l—|
| >
cK T | Command/data register
ciD | .
I

Al
n

L

Rev. 1.0
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S1D15100 Series

4. PAD LAYOUT AND COORDINATES

(S1D15100D00C*)
2500 Sectional dimensions
pm
35 30 25 Pad
O0000O00O0O00Oo0O0Oooaa
- - [ ] !_4
O O MAX30 —*—\ 300 * 30um
O - F
40( O O
0O D1510Dos O (20 MAXS0Um
O |
g a 25821 Size of pad opening
O |
45| 0O O
O O |15
O O 100pm
O |
O0000O00O0O00Oo0O0Oooaa
1 5 10 100um
Chip size: 2500m x 250Qum
Chip pitch: 52%m
Pad center coordinates
Unit: pm
No. Pin name X coordinate Y| coordinate No. Pin name X goordinate Y coordinate
1 OSsC1 -898 -1091 25 SEG 8 898 1091
2 0SsC2 -738 -1091 26 SEG 9 738 1091
3 V1 -578 -1091 27 SEG 10 578 1091
4 V2 -418 -1091 28 SEG 11 418 1091
5 V3 -258 -1091 29 SEG 12 258 1091
6 Vss -98 -1091 30 SEG 13 98 1091
7 VDD 63 -1091 31 SEG 14 -63 1091
8 CK 223 -1091 32 SEG 15 -223 1091
9 SI 383 -1091 33 SEG 16 -383 1091
10 Cs 543 -1091 34 SEG 17 -543 1091
11 C/D 703 -1091 35 SEG 18 -703 1091
12 COMO 863 -1091 36 SEG 19 -863 1091
13 CcomM1 1091 -898 37 SEG 20 -1091 898
14 COM2 1091 -738 38 SEG 21 -1091 738
15 COM3 1091 -578 39 SEG 22 -1091 578
16 VREG 1091 -418 40 SEG 23 -1091 418
17 SEGO 1091 -258 41 SEG 24 -1091 258
18 SEG 1 1091 -98 42 SEG 25 -1091 98
19 SEG 2 1091 63 43 SEG 26 -1091 -63
20 SEG 3 1091 224 44 SEG 27 -1091 -223
21 SEG 4 1091 383 45 SEG 28 -1091 -383
22 SEG 5 1091 543 46 SEG 29 -1091 -543
23 SEG 6 1091 703 47 SEG 30 -1091 -703
24 SEG 7 1091 863 48 SEG 31 -1091 -863
Origin: Center of the chip
Chip size: 2,500 x 2,500
1-2 EPSON Rev. 1.0



S1D15100 Series

5. PINOUT (S1D15100F00C*)

No Name No. Name No. Name
26 25 1 0OsC1 17 SEGO 33 | SEG16
H H H H H H H H H H H H 2 0sc2 18 SEG1 34 | SEG17
3 Vi 19 SEG2 35 | SEG18
37— 24 4 V2 20 SEG3 36 SEG19
— — 5 V3 21 SEG4 37 | SEG20
—] —
— [ 6 Vss 22 SEG5 38 | SEG21
— — 7 VbD 23 SEG6 39 | SEG22
— — 8 CK 24 SEG7 40 | SEG23
— | —]
Index 9 SI 25 SEGS8 41 | SEG24
— — 10 CS 26 SEG9 42 | SEG25
— — 11 C/D 27 SEG10 43 | SEG26
— — 12 | COMO | 28 | SEG11 | 44 | SEG27
48 —] —o13
13 CcoM1 29 SEG12 45 | SEG28
H H H H H H H H H H H H 14 COM2 30 SEG13 46 | SEG29
1 o 15 COM3 31 SEG14 47 | SEG30
16 VREG 32 SEG15 48 | SEG31
6. PIN DESCRIPTION
Pin Name 1/0 Description Q'ty
\Yol} Power supply Plus power terminal. 1
Common to the microcomputer power terminal Vcc.
Vss Power supply Minus power supply. 1
A 0V terminal to be connected to the system GND.
V1 (@] Power level monitor terminal for liquid crystal drive. 2
V2 The levels V1 =1/3 x V3 and V2 = 2/3 x V3 are generated from
the inside of S1D15100F00C.
V3 Power supply Power terminal for liquid crystal drive. 1

Potential relations: Vbpbp > Va.

Sl I Serial data input. 1
Input of display data and of commands to control operation of
S1D15100F00C*. When display data is input, the relations
between display data input and segment ON/OFF are as follows:
Slinput “0” - OFF, Slinput“1l” - ON

CK Shift clock input of serial data (Sl input). 1
Sl input data is read bit by bit in the serial register at the CK
input leading edge.

c/D Identification of Sl input as data or command (in case of 1
S1D15100F00C* only). The LOW level indicates data, and the
HIGH level does commands.

CSs Chip select signal input (in case of S1D15100F00C* only). 1
When CS input is changed from the HIGH level to the LOW
level, S1ID15100F00C* can accept Sl inputs.

The CK counter is set to the initial state when the CS input is
changed from the HIGH level to the LOW level.

0OSC1 I Oscillation resistance connection terminal 2
0sc2 O
SEGO to SEG31 O Segment signal for liquid crystal drive 32
COMO to COM3 (@] Common signal for liquid crystal drive 4
VREG O Test terminal. Keep it open. 1
Total 48

Rev. 1.0 EPSON 1-3



S1D15100 Series

7. FUNCTIONAL DESCRIPTION

Command/Data Register

¢ The command/data register consists of an 8-bit serial ¢ When the CK counter counts 8 of shift clock input (CK
register and a 3-bit CK counter. input) (reads the input 8-bit serial data), the serial data

¢ When CS input changes from the HIGH level to the taken in the command/data register is output to the
LOW level, S1D15100 Serise comes to accept Sl display data memory (RAM) if the input serial data is

inputs. Also, the CK counter is initialized when CS a display data, or is output to the command decoder if
input changes from the HIGH level to the LOW level. it is a command data.

S1D15100 Serise always accepts Sl inputs. Whenthe ¢ S1D15100 Serise identifies input serial data (Sl input)
built-in timing generator (CR oscillator) starts as display data or command data judging from C/D
oscillating, the CK counter is initialized. input. It displays display data when C/D input is LOW

¢ The serial register takes in serial data D7, D6, ... DO in level or command data when the input is HIGH level.
this order from the Sl terminal on the rising edge of the ¢ S1D15100 Serise reads and identifies C/D input at the
CK. Atthe same time, the CK counter starts counting timing on the rising edge of 8xn of shift clock input
the serial clock. The CK counter, when counting 8 on (CK input) from the CS = LOW level. (n=1, 2, 3, ...)
the serial clock, returns to the initial state.

¢ So, serial data is taken in to the serial register in 8 bits
and is processed.

=\
S| X o7 X pe X ps X pa X 03 X D2 X b1 X Do X

o I_TI_TI_TI_‘I‘I_EISI_TI_EI_E
cib <:>7

Command Decoder

¢ When the command/data register data specifies any
command (when C/D input is HIGH level when serial
data is input), the command decoder takes in and
decode the data of the command/data register to control
S1D15100F00€.

Display Data Memory

The format of the 3% 4-bit memory is shown in the
following figure.
Address

Each 8-bit display data byte loaded from the command/

data register is stored in two consecutive addresses as Bit 3 Bit0  Bit3 Bit 0
shown in the following figure. The upper four bits are | D7 | D6 | D5 | D4 | | D3 | D2 | D1 | Do |
stored at the location specified by the address counter,

and the lower four bits, at the next location. The address Current address Current address + 1

counter is automatically incremented by two.

1-4 EPSON Rev. 1.0



S1D15100 Series

A single 4-bit word can be written to memory using the  Note
Data Memory Write command as shown in the following  [J= don’t care
figure. The lower four bits are stored at the location ¢ The display data memory address is automaticall
specified by the address counter. The address counteris incremented by 2 when a 8-bit display data (C/D
automatically incremented by one. LOW level) is stored, or incremented by 1 when a 4
bit data is stored by the display data re-write command®
¢ After the display data is written in the RAM, the RAM
address is held as shown below unless the address is
reset:
After writing a 8-bit display data ...
Bit 3 Bit 0 the final write address is incremented by 2.
After rewriting a 4-bit display data ...
the final rewrite address is incremented by 1.
Address = n ¢ Data in the display data memory synchronizes with the
COMO to COMS signals and is output in 32 bits to the
segment driver.
The relations of the display data memory, the segment
terminal and common signal selection timing are as

|1|0|0|D|D3|D2|D1|D0|

|D3|D2|D1|DO|

follows:
SEG SEG SEG SEG SEG SEG SEG SEG SEG SEG SEG
0 1 2 3 4 5 6 7 29 30 31
COM0 — 0
COM1 — 1
--- - Bit
COM2 — 2
COM3 — 3
0o 1 2 3 4 5 6 7 o 29 30 31
Addlress
Address Counter Timing Generator
¢ The address counter is a presettable type to give 5-bit A low-power oscillator can be constructed using an
addresses to the display data memory. external feedback resistor as shown in the following

¢ In case of S1D15100 Serise, any address can be set figure.
when the address set command is used.

¢ In case of S1D15100 Serise, set addresses are
automatically incremented by 2 when an 8-bit display
data is stored (C/D = LOW level), or incremented by 0OSCl| 680kQ |0SC2
1 when a 4-bit data is stored by the display data R
memory rewrite command. _ Alternatively, an 18 kHz external clock can be input on
¢ The address decoder, after counting Address 31, counts 0SC1, and OSC2 left open, as shown in the following
0 at the next counting and repeats as follows: figure.

I

OSsC1 0osc2

L—» Address 0 ———» Address 31 J

External clock Open

Address Decoder

The address decoder sets addresses 0 to 31 of the displayCommon Counter

data memory where the display data of address counter The timing generator clock signal is frequency-divided

is written. by the common counter to generate both the common
drive timing and the alternating frame timing.

Rev. 1.0 EPSON 1-5



S1D15100 Series

Segment and Common Drivers

The 32 segment drivers and the four common drivers are
4-level outputs that switch betweepivand the V1, V2

and V3 LCD driver voltage levels.

The output states are determined by the display data
values and the common counter as shown in the follow-
ing figure. The outputs are used to drive a 1/3-bias, 1/4-
duty LCD panel.

Frame period

Vbob —
Vi —
COMO Vo —
V3 —
CcoM1 B
com2 B
coMm3 B J
_ COMO COM1 COM2 COM3
r Veo - 0 0 0 0
Vi —
Vo — All segments are OFF.
Vi —
Vbobp —
Vi = 1 0 0 0
v _
Vz _ Segments connected to COMO are ON.
Vbob —
Seg 0 Vi — T T 0 1 0 0
< V2 —
to V o Segments connected to COM1 are ON.
Seg 31 3
Vo —
Vi —
Vo — 0 1 0 1
Vs - Segments connected to COM1 or COM3 are ON.
Vbob —
Vi —
Vo  — 1 1 1 1
L Vs — All segments are ON.
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S1D15100 Series

8. COMMANDS

The S1D15100F00€ samples C/D on every eighth
rising edge of CK. If C/D is HIGH, the command/data
register contents are latched into the command decoder.
The command decoder executes the following six com-
mands.

Address Set

Set the address counter to the value specified by DO to
DA4.

o] o] o|Dp4| D3| D2| D1| DO|

Addresses are incremented by 2 each time a display data
(8-bit) is input. The relations between D4 to DO and
addresses are as follows:

D4 | D3| D2 | D1| DO Address
0 0 0 0 0 0

0 0 0 0 1 1

0 0 0 1 0 2

0 0 0 1 1 3

1 1 1 0 0 28

1 1 1 0 1 29

1 1 1 1 0 30

1 1 1 1 1 31

Display ON

Turn all LCD segments ON. The display memory data
is not affected.

(ofola|O]OIO[O]T]

Note: [J=don't care

Display OFF

Turn all LCD segments OFF. The display memory data
is not affected.

lof1fojO]OIO[O]T]

Note: [J=don't care

Display Start

Return to normal display mode. The display memory
data is output to the display.

(o 22O O[O]O]

Note: [J=don’t care

Memory Write

Store the data DO to D3 at the location specified by the
address counter. The address counter is automatically
incremented by one. The other display memory loca-
tions are not affected.

1o | o] 0[b3|p2|D1]| Do|

Data are allocated to each bit of the display data memory
as follows:

Bit 3 Bit 0
[0z [ o2 [ o1 [ o0 |

Address =n

Note: [J=don’t care

Reset

Reset the S1D15100F08C The S1D15100F00€
then enters normal operating mode, and the display turns
OFF.

(12 ]ofOJOJO[O]O]

Note: [J=don't care

Rev. 1.0
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S1D15100 Series

9. SUPPLY VOLTAGES

In addition to \bD, there are three LCD supply voltages:
V1, V2and\s. V3is supplied externally, whereas &d
V2 are generated internally. 1\W2 and \3 are given by
the following equations.

V1=VDD - 1/3\L.cD

V2 =VDD — 2/3\LcD

V3= VDD - VLCD

When there is a lot of distortion in the LCD drive
waveforms, connect bleeder resistors as shown in the
following figure.

where \L.cD is the LCD drive voltage. The voltages must Voo
be such that $R1
Vbb=Viz V2= V3 L L v

LCD supply voltage connections when the LCD drive
supply is connected tosgare shown in figure 1, and the

connections when the drive supply is independent of Va2
Vss in Figure 2. $R3

s
3R2

Figure 1. LCD drive supply connected to Vss

Vi

V2

V3

Vss

Figure 2. LCD drive supply not connected to Vss

1-8 EPSON Rev. 1.0



S1D15100 Series

10. ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Unit
Supply voltage range Vss -7.01t00.3 V
LCD supply voltage range V3 -7.0t00.3 V
Input voltage range Y Vss-0.3t00.3 v
Output voltage range Vo | Vss-0.3t00.3 V
Power dissipation Pp 250 mw
Operating temperature Topg 201075 oC
range
Storage temperature range | Tstg —65t0 150 °C
Soldering temperature o
(10 sec at leads) Teal 260 ¢
Heat resistance 400 10 °CeMin

Note: All voltages shown are specified on a

VDD = 0 V basis.

11. DC ELECTRICAL CHARACTERISTICS

VDD =0V, Vss=-5.0+0.5V, Ta =-20 to 78C unless otherwise noted

. Rating .
Parameter Symbol Condition Vi, Typ. Max. Unit
Supply voltage Vss -6.0 — -0.9 \
Vi1 —  |13xV3| —
LCD supply voltages V2 —  [23xV3| — v
V3 -6.0 — -1.8
Quiescent supply current IbbQ | Vss=-6.0V, VIN=VDD — 0.05 1.0 LA
oL Display mode, Rf = 680 KQ, . 20.0 300
Supply current Vss =50V PA
052 Input mode, Vss =-5.0V, . 100 250
fok = 200 kHz
LOW-level input voltage VIL Vss — 0.8 Vss V
HIGH-level input voltage VIH 0.2 Vss — VDD V
Input leakage current Ll Vss < VIN < VDD — 0.05 2.0 PA
SEGO to SEG31 and COMO to
COM3 LOW-level output voltage VoL | loL=01mA B —  |Vest04] Y
SEGO to SEG31 and COMO to
COM3 HIGH-level output voltage VoH | lon=-0.1mA ~04 B B v
Output leakage current ILo V/ss < Vourt <Vbb — 0.05 5.0 PA
Oscillator frequency fosc  |SS=-5.0V, Rr =680 £2% kQ — 18 — kHz
Vss =-3.0 V, Rf =680 £2% kQ — 16 —
Input terminal capacity Ci Ta=25°C,f=1MHz — 5.0 8.0 pF
V3=-50V,IAVoN[=0.1V, . 50 75
SEGO to SEG31 and COMO to RoN Ta=25°C ' ' KO
COM3 ON resistance V3=-0.3V,IAVonI=0.1V, o 100 50
*1 Ta=25°C ' '
*1 The internal power impedance is not included in the LCD driver on resistance (RON).
Rev. 1.0 EPSON 1-9




S1D15100 Series

12. AC ELECTRICAL CHARACTERISTICS
VDD =0V, Vss=-5.0+0.5V, Ta=-20to 758C

. Rating .
Parameter Symbol Condition v vn. Mok nit
CK period tcyc 900 — — ns
CK LOW-level pulsewidth tPwL1 400 — — ns
CK HIGH-level pulsewidth tPWH1 400 — — ns
Sl to CK setup time tow1 100 — — ns
CK to Sl hold time tDH1 200 — — ns
CS LOW-level puisewidth tPwL2 | tPwL2 > 8tcyc 7200% — — ns
CS HIGH-level pulsewidth tPWH2 400 — — ns
CS to CK setup time (DW2 Referenced to the rising edge of the 100 . o s
first CK cycle.
CK 1o TS hold time DH2 Referenced to the rising edge of the 200 _ B o
eighth CK cycle.
= . Referenced to the rising edge of the
CID to CK setup time tow3 eighth CK cycle. 9 — — s
— . Referenced to the rising edge of the
CK to C/D hold time tDH3 eighth CK cycle. 1 — — s
Rise time tr — — 50 ns
Fall ime if — — 50 ns
* o fcyex 8
Vbbb =0V, Vss=—-6.0to-1.5V, Ta=-20t0 7&
- Rating .
Parameter Symbol Condition Vi, v, Mo nit
CK period tcyc 10 — — s
CK LOW-level puisewidth tPwL1 45 — — s
CK HIGH-level pulsewidth tPWH1 45 — — s
Slto CK setup time tow1 1.2 — — s
CK to Sl hold time tDH1 2.3 — — s
CS LOW-level pulsewidth tPwL2 | tPwL2 > 8tcyc 80*! — — s
CS HIGH-level pulsewidth tPWH2 45 — — s
— . Referenced to the rising edge of the
CS to CK setup time tow2 frst CK cycle. 1.2 — — s
— _ Referenced to the rising edge of the
CK'to CS hold t tDH2 . 2.3 — —
0 oltime or eighth CK cycle. ke
— . Referenced to the rising edge of the
CID to CK setup time tows eighth CK cycle. 100 — — s
= . Referenced to the rising edge of the
CKto C/D hold time tDH3 eighth CK cycle. 11 — — s
Rise time tr — — 50 ns
Fall time tf — — 50 ns
¥ tevex 8
1-10 EPSON Rev. 1.0



S1D15100 Series

Timing Chart

_,tPwH2

tPwL2

| tDH2
-—

- {DH3

- tow3 >

A

Timing measurement

0.2Vss 0.2Vss
0.8Vss 0.8Vss

Rev. 1.0 EPSON
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S1D15200 Series

1. DESCRIPTION

The S1D15200 series of dot matrix LCD drivers are

designed for the display of characters and graphics. The

drivers generate LCD drive signals derived from bit

mapped data stored in an internal RAM.

The drivers are available in two configurations

The S1D15200 series drivers incorporate innovative

circuit design strategies to achieve very low power

dissipation at a wide range of operating voltages.

These features give the designer a flexible means of

implementing small to medium size LCD displays for

compact, low power systems.

e The S1D15200 which is able to drive two lines of
twelve characters each.

e The S1D15201 which is able to drive 80 segments for
extention.

e The S1D15202 which is able to drive one line of
thirteen characters each.

2. FEATURES

Fast 8-bit MPU interface compatible with 80- and 68-
family microcomputers

Many command set

Total 80 (segment + common) drive sets

Low power — 3QuW at 2 kHz external clock

Wide range of supply voltages

VDD —-Vss —2.4t0-7.0V

Vbb-V5: -35t0-13.0V

Low-power CMOS

Line-up
Product Clock Frequency _ _ Number | Number
Name _ Applicable Driver of SEG of CMOS Duty
On-Chip |External Drivers | Drivers
S1D15200%00** | 18 kHz 18 kHz [S1D15200*00+* , S1D15201* 00** 61 16 1/16, 1/32
S1D15201*00%* — 18 kHz [S1D15200*00#%* , S1D15202% 00** 80 0 1/8101/32
S1D15202*%00*x | 18 kHz 18 kHz |S1D15202*00** , S1D15201* 00** 69 8 1/8, 1/16
S1D15200* 10** — 2kHz |S1D15200*10%* , S1D15201* 10%* 61 16 1/16, 1/32
S1D15201*10%* — 2kHz |S1D15200*10%* K S1D15200% 10%* 80 0 1/8to 1/32
S1D15202* 10%* — 2kHz [|S1D15200*%10%* , S1D15201% 10%* 69 8 1/8, 1/16
» Package code (For example S1D15200)
S1D15200T : TCP
S1D15200F*x* : PKG T S1D15200F* A* (QFP5-100pin)
S1D15200F* C* (QFP15-100pin)
S1D15200B3** : Chip S1D15200B% A* (Al-pad)
E S1D15200B+ Bx (Au-bump)
S1D15200B* E* (Au-bump)
Rev. 1.1 EPSON 2-1



S1D15200 Series

3. BLOCK DIAGRAM

An example of S1D15200 *10Ax*:

V1,V2,V3,V4,Vs5

COMo to COM1s
SEGo to SEGe0

VoD

Vss

LCD drive circuit

I

Common counter

I

Display data latch circuit

1T
g 5
(2]
= e o)
2 5 © . o
=Na ™ g Display data RAM £
= _l/ © _l/ [0 . o
IS} o = (2560-hit)
s c o o)
7] 5 ) =
g o
o =
K] |
a
‘ Column address decoder
CL Display ir
timing Column address counter § _
= O
FR g.ene.rator < S 2
circuit ® g
Column address register % =
—
Command Status 0w &
decoder >S5 3
m o
e
MPU interface
N~ U) )
818 EZu m
s £ ol=2Z ¢
v oW
2-2 EPSON Rev. 1.1



S1D15200 Series

4. PIN LAYOUT

QFP5

QFP15

SEG 41 []
SEG 40 []
SEG 39 []
SEG 38 []
SEG 37
SEG 36 [|
SEG 35 []
SEG 34 []
SEG 33 []
SEG 32
SEG 31 []
SEG 30 []
SEG 29 []
SEG 28 [|
SEG 27
SEG 26 []
SEG 25 []
SEG 24 []
SEG 23 []
SEG 22

[25] SEG 47

[] SEG 43
[] SEG 44
[] SEG 45
[] SEG 46

[30] SEG 42

[] SEG 48
[] SEG 49
[] SEG 50

[] seG 53
[] SEG 54
[] seG 55
[] SEG 56
[15] SEG 57
[] SEG 58
[] SEG 59
[] SEG 60
[] com1s
[10] com14
[] com13
] com12
] com11

[20] SEG 52

[] seGs1

[] coms

[5] comg

] com1o

[T] coms

] com7
[] coms

>

CL(0SC2)
E (RD)

Vss
DBO
DB1

[iod COM 4
[]coms
[]com2
[]com1
[] como
[95] V1
[]va
[] mis
[ v2
[]v3
[90] V5
[1FR
[] RES
[] Voo
[]DbB7
[s5] DB 6
[]DBS
[1DB4
[]DB3
[]DB2

Note: This is an example of S1D15200F pin assignment. The modified pin names are given below.

Product Pin/Pad Number
Name 74 75 96 to 100, 1to 11 93 94 95
S1D15200F00Ax | OSC1 0osc2 COMO to COM15* M/S \Z! V1
S1D15201F00A* | CS CL SEG76 to SEG61 SEG79 SEG78 SEG77
S1D15202F00A% | OSC1 0OSC2 |COMOto 7, SEG68 to 61 M/S \Z! V1
S1D15200F10Ax| CS CL COMO to COM15* M/S V4 V1
S1D15201F10Ax| CS CL SEG76 to SEG61 SEG79 SEG78 SEG77
S1D15202F10A%x| CS CL COMO to 7, SEG68 to 61 M/S \Z! V1
S1D15200: Common outputs COMO to COM15 of the master LSI correspond to COM31 to COM16 of the
slave LSI.
S1D15202: Common outputs COMO to COM15 of the master LSI correspond to COM15 to COMS of the
slave LSI.

Rev. 1.1 EPSON 2-3



S1D15200 Series

5. PAD

Pad Layout

Chip specifications of AL pad package Chip specifications of gold bump package
Chip size: 4.887.04x0.400 mm Chip size: 4.887.04x0.525 mm

Pad pitch: 108100 pm Bump pitch:  199m (Min.)

Bump height: 22.%m (Typ.)

Bump size: 132111 pm (20 pm) for mushroom
model
116x92 um (4 pm) for vertical model

000000000000 00000000 A
100 95 90 85
01 80 O
O O
O O
O O
05 O
O 75 O
O O
O O
O O
0 10 O
O Y 70 O
O O I
O Ol E
O o3
0 15 X ol ~
O ©.0) 65 [
O O
O O
O O
0 20 O
O 60 O
O O
O O
O O
025, O
O E: 55 [J
)]
S -
o = 0
030 ° O
35 40 45 50
000000000000 00000000 Y
4.80 mm

A
Y

Note: An example of S1D15200D10A* die numbers is given. These numbers are the same as the bump
package.
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S1D15200 Series

Pad Center Coordinates

An example of S1D15200D%¥® pin names is given.
The asteriskX) can be A for AL pad package or B for
gold bump package.

S1D15200D10B+* Pad Center Coordinates

Pad Pin Pad Pin Pad Pin
No. Name X Y No. Name X Y No. Name X Y
1 COM5 | 159 | 6507 35 SEG37 | 1302 | 159 69 SEG3 | 4641 | 4148
2 COM6 | 159 | 6308 36 SEG36 | 1502 | 159 70 SEG2 | 4641 | 4347
3 COM7 | 159 | 6108 37 SEG35 | 1701 | 159 71 SEG1 | 4641 | 4547
4 COM8 | 159 | 5909 38 SEG34 | 1901 | 159 72 SEGO | 4641 | 4789
5 COM9 | 159 | 5709 39 SEG33 | 2100 | 159 73 AO 4641 | 5048
6 COM10 | 159 | 5510 40 SEG32 | 2300 | 159 74 CS 4641 | 5247
7 COM11 | 159 | 5310 41 SEG31 | 2499 | 159 75 CL | 4641 | 5447
8 COM12 | 159 |5111 42 SEG30 | 2699 | 159 76 E (RD) | 4641 | 5646
9 COM13 | 159 |4911 43 SEG29 | 2898 | 159 77 |RIW (WR)| 4641 | 5846
10 COM14 | 159 |4712 44 SEG28 | 3098 | 159 78 Vss | 4641 | 6107
11 COM15 | 159 | 4512 45 SEG27 | 3297 | 159 79 DBO | 4641 | 6307
12 SEG60 | 159 | 4169 46 SEG26 | 3497 | 159 80 DB1 | 4641 | 6506
13 SEG59 | 159 | 3969 47 SEG25 | 3696 | 159 81 DB2 | 4295 | 6884
14 SEG58 | 159 | 3770 48 SEG24 | 3896 | 159 82 DB3 | 4095 | 6884
15 SEG57 | 159 | 3570 49 SEG23 | 4095 | 159 83 DB4 | 3896 | 6884
16 SEG56 | 159 | 3371 50 SEG22 | 4295 | 159 84 DB5 | 3696 | 6884
17 SEG55 | 159 | 3075 51 SEG21 | 4641 | 482 85 DB6 | 3497 | 6884
18 SEG54 | 159 | 2876 52 SEG20 | 4641 | 681 86 DB7 | 3297 | 6884
19 SEG53 | 159 | 2676 53 SEG19 | 4641 | 881 87 Vbb | 3098 | 6884
20 SEG52 | 159 | 2477 54 SEG18 | 4641 | 1080 88 RES | 2898 | 6884
21 SEG51 | 159 | 2277 55 SEG17 | 4641 | 1280 89 FR 2699 | 6884
22 SEG50 | 159 | 2078 56 SEG16 | 4641 | 1479 90 Vs 2499 | 6884
23 SEG49 | 159 | 1878 57 SEG15 | 4641 | 1679 91 V3 2300 | 6884
24 SEG48 | 159 | 1679 58 SEG14 | 4641 | 1878 92 V2 2100 | 6884
25 SEGA47 | 159 | 1479 59 SEG13 | 4641 | 2078 93 M/S | 1901 | 6884
26 SEG46 | 159 | 1280 60 SEG12 | 4641 | 2277 94 V4 1701 | 6884
27 SEG45 | 159 | 1080 61 SEG11 | 4641 | 2477 95 V1 1502 | 6884
28 SEG44 | 159 | 881 62 SEG10 | 4641 | 2676 96 COMO | 1302 | 6884
29 SEG43 | 159 | 681 63 SEGY9 | 4641 | 2876 97 COM1 | 1103 | 6884
30 SEG42 | 159 | 482 64 SEG8 | 4641 | 3075 98 COM2 | 903 | 6884
31 SEG41 | 504 | 159 65 SEG7 | 4641 | 3275 99 COM3 | 704 | 6884
32 SEG40 | 704 | 159 66 SEG6 | 4641 | 3474 100 COM4 | 504 | 6884
33 SEG39 | 903 | 159 67 SEG5 | 4641 | 3674
34 SEG38 | 1103 | 159 68 SEG4 | 4641 | 3948
The other S1D15200 series packages have the different pin names as shown.
Package/Pad No. 74 75 96 to 100, 1 to 11 93 94 95
S1D15200D00x* 0scC1 0oSsc2 COMO to COM15 * M/S Va Vi
S1D15202D00x* 0OSsC1 0oSsc2 COMO to 7, SEG68 to 61 M/S Va Vi
S1D15202D10x* 0OSscC1 0osc2 COMO to 7, SEG68 to 61 M/S Va Vi
S1D15201D00*x Cs CL SEG76 to SEG61 SEG79 SEG78 SEG77
S1D15201D10%* Cs CL SEG76 to SEG61 SEG79 SEG78 SEG77
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S1D15200 Series

6. PIN DESCRIPTION
(1) Power Supply Pins

Name Description
VDD Connected to the +5Vdc power. Common to the Vcc MPU power pin.
Vss 0 Vdc pin connected to the system ground.

V1, V2, V3, V4, Vs

Multi-level power supplies for LCD driving. The voltage determined for each liquid
crystal cell is divided by resistance or it is converted in impedance by the op amp,
and supplied. These voltages must satisfy the following:

Voo 2V1i=2V2=2Vi=Va= Vs

(2) System Bus Connection Pins

D7 to DO

Three-state 1/0.
The 8-bit bidirectional data buses to be connected to the 8- or 16-bit standard MPU
data buses.

A0

Input.
Usually connected to the low-order bit of the MPU address bus and used to identify
the data or a command.

A0=0: DO to D7 are display control data.

AO0=1: DO to D7 are display data.

RES

Input.
When the RES signal goes “LI— the 68-series MPU is initialized, and when it
goes 'L, the 80-series MPU is initialized. The system is reset during edge
sense of the RES signal. The interface type to the 68-series or 80-series MPU is
selected by the level input as follows:

High level: 68-series MPU interface

Low level: 80-series MPU interface

Input. Active low. Effective for an external clock operation model only.

An address bus signal is usually decoded by use of chip select signal, and it is
entered. If the system has a built-in oscillator, this is used as an input pin to the
oscillator amp and an Rf oscillator resistor is connected to it. In such case, the RD,
WR and E signals must be ORed with the CS signals and entered.

E (RD)

« If the 68-series MPU is connected:
Input. Active HIGH.
Used as an enable clock input of the 68-series MPU.
« If the 80-series MPU is connected:
Input. Active LOW.
The RD signal of the 80-series MPU is entered in this pin. When this signal is
kept low, the SED1520 data bus is in the output status.

RIW (WR)

« If the 68-series MPU is connected:
Input.
Used as an input pin of read control signals (if R/W is HIGH) or write control
signals (if LOW).

* |f the 80-series MPU is connected:
Input. Active LOW.
The WR signal of the 80-series MPU is entered in this pin. A signal on the data
bus is fetched at the rising edge of WR signal.

2-6
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S1D15200 Series

(3) LCD Dirive Circuit Signals

Name

Description

CL

Input. Effective for an external clock operation model only.

This is a display data latch signal to count up the line counter and common counter
at each signal falling and rising edges. If the system has a built-in oscillator, this is
used as an output pin of the oscillator amp and an Rf oscillator resistor is con-
nected to it.

FR

Input/output.

This is an I/P pin of LCD AC signals, and connected to the M terminal of common
driver.

I/O selection

e Common oscillator built-in model:  Output if M/S is 1;
Input if M/S is 0.

« Dedicate segment model: Input

SEGn

Output.
The output pin for LCD column (segment) driving. A single level of Vbb, V2, V3 and
Vs is selected by the combination of display RAM contents and RF signal.

FR signal

Data

Voo | V2 V5 V3
Output level - >

COMnN

Output.

The output pin for LCD common (low) driving. A single level of VDD, V1, V4 and V5
is selected by the combination of common counter output and RF signal. The
slave LSI has the reverse common output scan sequence than the master LSI.

1 0
1 o] s [o

V5 Vi VbD V4

FR signal

Counter output

Output level

M/S

Input.

The master or slave LSI operation select pin for the S1D15200 or S1D15202.
Connected to VDD (to select the master LS| operation mode) or Vss (to select the
slave LSI operation mode).

When this M/S pin is set, the functions of FR, COM0 to COM15, OSC1 (CS), and
OSC2 (CL) pins are changed.

M/S

FR

COM output

0OSC1

0SscC2

S1D15200F00A%

VDD

Output

COMO to COM15

Input

Output

Vss

Input

COM31 to COM16

NC

Input

S1D15202F00A*

VDD

Output

COMO to COM7

Input

Output

Vss

Input

COM15 to COM8

NC

Input

* The slave driver has the reverse common output scan sequence than the master

driver.

Rev. 1.1
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S1D15200 Series

7. FUNCTION DESCRIPTION
System Bus
MPU interface

1. Selecting an interface type

The S1D15200 series transfers data via 8-bit bidirec-
tional data buses (DO to D7). As its Reset pin has the
MPU interface select function, the 80-series MPU or

the 68-series MPU can directly be connected to the
MPU bus by the selection of HIGH or LOW RES

signal level after reset (see Table 1).

When the CS signal is high, the S1D15200 series is
disconnected from the MPU bus and set to stand by.
However, the reset signal is entered regardless of the
internal setup status.

Table 1
RES signal input level MPU type A0 E R/W CS DO to D7
LI Active 68-series 1 1 ) 1 1
I Active 80-series i RD WR 1 1

(1) Data transfer

The S1D15200 and S1D15201 drivers use the A0, E (or
RD) and R/W (or WR) signals to transfer data between
the system MPU and internal registers. The combina-
tions used Access to Display Date RAM and Internal

Registers are given in the table blow.

This means that a dummy read cycle has to be executed
at the start of every series of reads. See Figure 1.

No dummy cycle is required at the start of a series of
writes as data is transferred automatically from the input
latch to its destination.

Table 2
Common 68 MEU _ 80 MPU _ Function
A0 R/W RD WR
1 1 0 1 Read display data
1 0 1 0 Write display data
0 1 0 1 Read status
0 0 1 0 Write to internal register (command)

In order to match the timing requirements of the MPU
with those of the display data RAM and control registers
all data is latched into and out of the driver. This

introduces a one cycle delay between a read request for

data and the data arriving. For example when the MPU

executes a read cycle to access display RAM the current
contents of the latch are placed on the system data bus

while the desired contents of the display RAM are
moved into the latch.

2-8
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S1D15200 Series

WRITE
WR
|f || || ||
DATA <N > 2y, N2 > s >
Internal Bus \ \
o . X N X N+1 X N+2 X N+s
WR
L L L LI
READ L
WR
L]
RD
MPU u u I_I
DATA <N > N> > (vt
Address set Dummy read Data read Data read
- atN . atN a;N +1
WR /
RD
Int_er_nal I—T / I—T_
timing Column
arecs X N X // N+1 ><// ne2 X
D¢ N e : e o1 > ez

Figure 1 Bus Buffer Delay

(2) Busy flag

When the Busy flag is logical 1, the S1D15200 series is

executing its internal operations. Any command other

than Status Read is rejected during this time. The Busy
flag is output at pin D7 by the Status Read command. If

an appropriate cycle time (tcyc) is given, this flag needs

not be checked at the beginning of each command and,
therefore, the MPU processing capacity can greatly be
enhanced.

(3) Display Start Line and Line Count
Registers

The contents of this register form a pointer to a line of

data in display data RAM corresponding to the first line

of the display (COMO), and are set by the Display Start
Line command. See section 3.

The contents of the display start line register are copied
into the line count register at the start of every frame, that
is on each edge of FR. The line count register is
incremented by the CL clock once for every display line,

thus generating a pointer to the current line of data, in
display data RAM, being transferred to the segment
driver circuits.

(4) Column Address Counter

The column address counter is a 7-bit presettable counter
that supplies the column address for MPU access to the
display data RAM. See Figure 2. The counter is
incremented by one every time the driver receives a Read
or Write Display Data command. Addresses above 50H
are invalid, and the counter will not increment past this
value. The contents of the column address counter are set
with the Set Column Address command.

(5) Page Register
The page resiter is a 2-bit register that supplies the page
address for MPU access to the display data RAM. See

Figure 2. The contents of the page register are set by the
Set Page Register command.

(6) Display Data RAM
The display data RAM stores the LCD display data, on a
1-bit per pixel basis. The relation-ship between display

data, display address and the display is shown in Figure
2.

Rev. 1.1 EPSO
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S1D15200 Series

(7) Common Timing Generator Circuit

Generates common timing signals and FR frame signals
from the CL basic clock. The 1/16 or 1/32 duty (for
S1D15200) or 1/8 or 1/16 duty (for S1D15202) can be
selected by the Duty Select command. If the 1/32 duty is
selected for the S1D15200 and 1/16 duty is selected for
the S1D15202, the 1/32 and 1/16 duties are provided by
two chips consisting of the master and slave chips in the
common multi-chip mode.

S1D15200

FR signal
(Master output)

Master Common --- - X

Slave Common Aexa7X= - —XGoxaD aXa=-- OG>
S1D15220

FR signal R

(Master output)

Master Common - - X7

Slave Common @@G - X141 (XX~ - - }@

(8) Display Data Latch Circuit

This latch stores one line of display data for use by the
LCD driver interface circuitry. The output of this latch
is controlled by the Display ON/OFF and Static Drive
ON/OFF commands.

(9) LCD Diriver Circuit

The LCD driver circuitry generates the 80 4-level signals
used to drive the LCD panel, using output from the
display data latch and the common timing generator
circuitry.

(10) Display Timing Generator

This circuit generates the internal display timing signal
using the basic clock, CL, and the frame signals, FR.
FR is used to generate the dual frame AC-drive wave-
form (type B drive) and to lock the line counter and
common timing generator to the system frame rate.

CL is used to lock the line counter to the system line scan
rate. If a system uses both S1D15200 or S1D15202 and
S1D15201 they must have the same CL frequency rating.

2-10
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S1D15200 Series

(11) Oscillator Circuit (S1D15200 *0A Only)

A low power-consumption CR oscillator for adjusting
the oscillation frequency using Rf oscillation resistor
only. This circuit generates a display timing signal.
Some of S1D15200 and S1D15202 series models have a
built-in oscillator and others use an external clock. This
difference must be checked before use.

Connect the Rf oscillation resistor as follows. To sup-
press the built-in oscillator circuit and drive the MPU
using an external clock, enter the clock having the same
phase as the OSC2 of mater chip into OSC2 of the slave
chip.

* MPU having a built-in oscillator

Voo Master chip Slave chip
1 M/S M/S

(Cs) (CL) i (Cs) (CL)

OSC1 0OSC2 vV OSC1 OSC2

SS
[
Rf
W * Open
*1 D

~

*1 If the parasitic capacitance of this section increases, the oscillation frequency may shift to the lower
frequency. Therefore, the Rf oscillation frequency must be reduced below the specified level.
*2 A CMOS buffer is required if the oscillation circuit is connected to two or more slave MPU chips.

« MPU driven with an external clock

Y driver S1D15201F10A*
CL2 CL
(12) Reset Circuit
Detects a rising or falling edge of an RES input and The input signal level at RES pin is sensed, and an
initializes the MPU during power-on. MPU interface mode is selected as shown on Table 1.
* Initialization status For the 80-series MPU, the RES input is passed
1. Display is off. through the inverter and the active high reset signal
2. Display start line register is set to line 1. must be entered. For the 68-series MPU, the active
3. Static drive is turned off. low reset signal must be entered.
4. Column address counter is set to address 0. As shown for the MPU interface (reference example),
5. Page address register is set to page 3. the RES pin must be connected to the Reset pin and
6. 1/32 duty (S1D15200) or 1/16 duty (S1D15202) reset at the same time as the MPU initialization.
is selected. If the MPU is not initialized by the use of RES pin
7. Forward ADC is selected (ADC command DO is during power-on, an unrecoverable MPU failure may
1 and ADC status flag is 1). occur.
8. Read-modify-write is turned off. When the Reset command is issued, initialization

Rev. 1.1 EPSON
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Start line
_ (Example)
Page address | DATA e s
Do rr T 00H
D1 L 01
D2 — == T+ +-—--—"-""-""-""-"-—-"-" - - - - - - — — — — — — — — 02
Ds St 03
= “+ 4+ - = =
D1,D2=0,0 Da o D Page 0 04
Ds T 05
Ds - 06
5 SR o
Do t 08 Start
D1 | 09
D2 0A
D3 0B
0,1
Da , Page 1 oC
Ds , 0D ©
De OE m
D7 ” OF >
Do 10 w
D1 | 11 a
D2 12
D3 13
1,0
Da I Page 2 14
Ds | 15
De 16
D~ , 17 j=---1-4-
Do , 18
D1 19
D2 | 1A
D3 1B
1,1
Da | Page 3 c
Ds | 1D
De 1E
D7 1F N
ol x
@ lolalal o <l woel~ - - - o o o W
gl 1L183883|8|8|s SIS
gl0|8
ila)
&EPE
3 lelwl ool <|lo|e - - - - o o o NIE=l[=}
o NEINISININIRISANS o|o|o
[a]
c|o|a|a|m]| <|w|o|~ ~|co|o
5| ~N= =
Slwlt vt vt tCYVYYTTT - - - - - - - - - - - - - "
n|ln

Response

Common
output

COM

COM

COM

COM

COM

COM

COM

COM

COM

O|O(N|[O|O[_|W|N| O

COM

(@)
o
<
=
o

COM 11

COM 12

COM 13

COM 14

COM 15

COM 16

COM 17

COM 18

COM 19

COM 20

COM 21

COM 22

COM 23

COM 24

COM 25

COM 26

COM 27

COM 28

COM 29

COM 30

COM 31

Figure 2 Display Data RAM Addressing

Rev. 1.1
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S1D15200 Series

1/5 bias, 1/16 duty
1/6 bias, 1/32 duty

3l |15/011]2|3|------- |15
olif2f3f------- I3fo1l2]38-------- 31

\
!
\
FR__| | [ Vss

COMO

COMO
COoM1
COM2
COM3
COomM4
COM5
COM6
COomM7

COM1

COM2

COM8

COM9
COM10
Ccom11
Ccom12
COM13
COoM14
COM15

SEGO 4% V3

SEG1 /L V2

COMO—SEGO 1/

COMO0—SEG1 4/

Figure 4 LCD drive waveforms example
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8. COMMANDS
Table 3
Code )
Command — = Function
A0 |RD [WR || D7 Ds Ds D4 | D3 | D2 | D1 Do
Turns display on or off.
(1) Display ON/OFF ol1lof 1o 1 | ofl1]1] 1 |on Py
1: ON, 0: OFF
(2) Display start line 0110 1 1 ODisplay start address (0 to 31) Spe(?lfles R_AM fine corresponding to
top line of display.
(3) Set page address 0110 1 0 1 1 1 | 0 |Page(0to3) Sets dlspla¥ RAM page in page
address register.
4) Set col i i
(4) Set column ol1loll o Column address (010 79) Sets display RAM cglumn address in
(segment) address column address register.
Reads the following status:
BUSY 1. Busy
0: Ready
ADC 1. CW output
(5) Read status 0 | 0 | 1 ||Busy|ADC |[ON/OFF| Reset| 0 | 0 0 0 0. CCW output
ON/OFF 1. Display off
0: Display on
RESET 1: Being reset
0: Normal
Writes data from data bus into displa
(6) Write display data 1 (110 Write data I vt ISPy
RAM.
) Reads data from display RAM onto
(7) Read display data 11011 Read data
data bus.
(8) Select ADC 0110 1 0 1 0 010 0 0/1 | 0: CW output, 1: CCW output
(9) Static drive ol1lo n 0 1 0 o |1 0 ol Se ect§ stat.lc driving operatl(.Jn.
ON/OFF 1: Static drive, 0: Normal driving
Selets LCD duty cycle
(10) Select duty ol1]ol 1| o] 1 ol1lo] o |on Hty ¢y
1: 1/32,0: 1/16
(11) Read-Modify-Write | 0 0 0 0]0 0 0 Read-modify-write ON
(12) End 0 0 0 111 1 0 Read-modify-write OFF
(13) Reset 010 1 Software reset
2-14 EPSON Rev. 1.1
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Command Description

Table 3 is the command table. The S1D15200 series identifies a data bus using a combination of AO and R/W (RD or WR)
signals. As the MPU translates a command in the internal timing only (independent from the external clock), its speed
is very high. The busy check is usually not required.

(1) Display ON/OFF

__ |RW

Ao RD | WR D7 De Ds Da D3 D2 D1 Do
0 1 0 1 0 1 0 1 1 1 D AEH, AFH

This command turns the display on and off.
e D=1: Display ON
e D=0: Display OFF

(2) Display Start Line

This command specifies the line address shown in Figure 3 and indicates the display line that corresponds to COMO. The
display area begins at the specified line address and continues in the line address increment direction. This area havin
the number of lines of the specified display duty is displayed. If the line address is changed dynamically by this command,
the vertical smooth scrolling and paging can be used.

 |rw
Ao RD WR D7 De Ds D4 D3 D2 D1 Do
0 1 0 1 1 0 A4 A3 A2 Al Ao COH to DFH

This command loads the display start line register.

A4 A3 A2 A1 Ao |Line Address
0O 0 0 0O O 0
0O 0 0 0 1 1
1 1 1 1 1 31

See Figure 2.

(3) Set Page Address

This command specifies the page address that corresponds to the low address of the display data RAM when it is accesse
by the MPU. Any bit of the display data RAM can be accessed when its page address and column address are specified
The display status is not changed even when the page address is changed.

—_[rw
Ao RD WR D7 De Ds D4 D3 D2 D1 Do

0 1 0 1 0 1 1 1 0 Al Ao | B8H to BBH

This command loads the page address register.

A1 Ao | Page

WN PO

PP OO

0
1
0
1

See Figure 2.
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(4) Set Column Address

This command specifies a column address of the display data RAM. When the display data RAM is accessed by the MPU
continuously, the column address is incremented by 1 each time it is accessed from the set address. Therefore, the MPL
can access to data continuously. The column address stops to be incremented at address 80, and the page address is
changed continuously.

__|RW
Ao RD WR D7 De6 Ds D4 D3 D2 D1 Do
0 1 0 0 A6 As A4 A3 A2 Al Ao OOH to 4FH

This command loads the column address register.

As As A4 A3 A2 A1 Ao |Column Address
O 0 0O 0 0 0O O 0
O 0 0O 0 0 0 1 1
100 1 1 1 1 79

(5) Read Status

__|Rw

Ao R WR | D7 Deé Ds D4 D3 D2 D1 Do
0 0 1 |BUSY| ADC |ON/OFF|RESET| O 0 0 0

Reading the command 1/O register (A0=0) yields system status information.
» The busy bit indicates whether the driver will accept a command or not.
Busy=1: The driver is currently executing a command or is resetting. No new command will be accepted.
Busy=0: The driver will accept a new command.
e The ADC bit indicates the way column addresses are assigned to segment drivers.
ADC=1: Normal. Column address-n segment driver n.
ADC=0: Inverted. Column address 79-usegment driver u.
e The ON/OFF bit indicates the current status of the display.
It is the inverse of the polarity of the display ON/OFF command.
ON/OFF=1: Display OFF
ON/OFF=0: Display ON
e The RESET bit indicates whether the driver is executing a hardware or software reset or if it is in normal operating mode.
RESET=1: Currently executing reset command.
RESET=0: Normal operation

(6) Write Display Data

__ | RW
Ao RD WR D7 De Ds D4 D3 D2 D1 Do
1 1 0 Write data

Writes 8-bits of data into the display data RAM, at a location specified by the contents of the column address and page
address registers and then increments the column address register by one.
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(7) Read Display Data

— [rw
Ao RD | WR D7 Ds Ds D4 D3 D2 D1 Do
1 0 1 Read data

Reads 8-bits of data from the data I/O latch, updates the contents of the I/O latch with display data from the displ
RAM location specified by the contents of the column address and page address registers and then increments th
address register.

After loading a new address into the column address register one dummy read is required before valid data is o

(8) Select ADC

RV

Ao | RD | WR | D7 D6 Ds D4 D3 D2 D1 Do
0 1 0 1 0 1 0 0 0 0 D AOH, A1H

This command selects the relationship between display data RAM column addresses and segment drivers.

D=1: SEGO~ column address 4FH, ... (inverted)

D=0: SEGO~ column address OOH, ... (normal)

This command is provided to reduce restrictions on the placement of driver ICs and routing of traces during printed circuit
board design. See Figure 2 for a table of segments and column addresses for the two values of D.

(9) Static Drive ON/OFF

__ |RW
A0 RD WR D7 De Ds D4 D3 D2 D1 Do
0 1 0 1 0 1 0 0 1 0 D A4H, A5H

Forces display on and all common outputs to be selected.
D=1: Static drive on
D=0: Static drive off

(10) Select Duty

__ | RW

Ao RD | WR D7 D6 Ds D4 D3 D2 D1 Do
0 1 0 1 0 1 0 1 0 0 D A8H, A9H

This command sets the duty cycle of the LCD drive and is only valid for the S1D15200F and S1D15202F. It is invalid
for the S1D15201F which performs passive operation. The duty cycle of the S1D15201F is determined by the externally
generated FR signal.
S1D15200 S1D15202
D=1: 1/32dutycycle  1/16 duty cycle
D=0: 1/16 duty cycle  1/8 duty cycle
When using the S1D15200F08AS1D15202F00A (having a built-in oscillator) and the S1D15201F8&0éontinu-
ously, set the duty as follows:

S1D15201F00A%
S1D15200F00A* 1/32 1/32
1/16 1/16
S1D15202F00A* 1/16 1/32
1/8 1/16

Rev. 1.1 EPSON 2-17
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(11) Read-Modify-Write

__ |Rw
Ao RD | WR | D7 D6 Ds D4 D3 D2 D1 Do
0 1 0 1 1 1 0 0 0 0 0 EOH

This command defeats column address register auto-increment after data reads. The current conetents of the columi
address register are saved. This mode remains active until an End command is received.
e Operation sequence during cursor display

When the End command is entered, the column address is returned to the one used during input of Read-Modify-Write
command. This function can reduce the load of MPU when data change is repeated at a specific display area (such as cursc
blinking).

* Any command other than Data Read or Write can be used in the Read-Modify-Write mode. However, the Column
Address Set command cannot be used.

Set Page Address

v

Set Column Address

.
P

A4

Read-Modify-Write

—

Dummy Read

v

Read Data
v

Write Data

(12) End

__ |Rw

Ao RD WR D7 De Ds D4 D3 D2 D1 Do
0 1 0 1 1 1 0 1 1 1 0 EEH

This command cancels read-modify-write mode and restores the contents of the column address register to their value priol
to the receipt of the Read-Modify-Write command.

- -

| v Return
Column address >< N >< N+1 >< N+2 >< N+3 ><:~~ N+m >< N ><
L Read-Modify-Write mode is selected. L End
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(13) Reset

| RW
Ao | RD |WR | D7 | Deé | Ds | D4 | D3 | D2 | D1 | Do
0 1 0 1 1 1 0 0 0 1 0 | E2H

This command clears
« the display start line register.
» and set page address register to 3 page.

It does not affect the contents of the display data RAM.
When the power supply is turned on, a Reset signal is entered’in the RES pin. The Reset command cannot be used instee
of this Reset signal.

(14) Power Save (Combination command)

The Power Save mode is selected if the static drive is turned ON when the display is OFF. The current consumption can
be reduced to almost the static current level. In the Power Save mode:

(a) The LCD drive is stopped, and the segment and common driver outputs are seiDi liwaeV

(b) The external oscillation clock input is inhibited, and the OSC2 is set to the floating mode.

(c) The display and operation modes are kept.

The Power Save mode is released when the display is turned ON or when the static drive is turned OFF. If the LCD drive
voltage is supplied from an external resistance divider circuit, the current passing through this resistor must be cut by the
Power Save signal.

Vob O VoD

Vi
V2

S1D15200
V3

Va4

Vs

Power Save signal

VssH

If the LCD drive power is generated by resistance division, the resistance and capacitance are determined by the LCD pane
size. After the panel size has been determined, reduce the resistance to the level where the display quality is not affecte
and reduce the power consumption using the divider resistor.
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9. ABSOLUTE MAXIMUS RATINGS

Parameter Symbol Rating Unit
Supply voltage (1) Vss -8.0to +0.3 \
Supply voltage (2) Vs -16.5to +0.3 \%
Supply voltage (3) V1, V4, V2, V3 V5 to +0.3 \%
Input voltage VIN Vss-0.3 to +0.3 \
Output voltage Vo Vss—0.3 to +0.3 \%
Power dissipation PD 250 mw
Operating temperature Topr —40 to +85 °C
Storage temperature Tstg —65 to +150 °C
Soldering temperature time at lead Tsol 260, 10 °C, sec

Notes: 1. All voltages are specified relative to® = 0 V.
2. The following relation must be always hold
VDD2=2V1i2V22V3=2VazVs
3. Exceeding the absolute maximum ratings may cause permanent damage to the device. Functional
operation under these conditions is not implied.
4. Moisture resistance of flat packages can be reduced by the soldering process, so care should be taken to
avoid thermally stressing the package during board assembly.

10. ELECTRICAL CHARCTERISTICS

DC Characteristics
Ta=-20to 75C, VbD = 0 V unless stated otherwise

. Rating . . .
Parameter Symbol Condition Vi v, Max nit  Applicable Pin
Operating | Recommended -55 -5.0 -4.5
voltage (1) V/ss V. |Vss
See note 1. | Allowable -7.0 — -2.4
Recommended Vs -13.0 — -35 N Vs
Operating | Allowable -13.0 — — See note 10.
voltage (2) | Allowable V1, V2 0.6xVs — \VbD V|V, V2
Allowable V3, V4 V5 — 0.4xVs Vo |V3, V4
VIHT Vss+2.0 — VDD See note 2 & 3.
High-level input voltage Vine 02xVss| — Voo
VIHT |Vss=-3V 0.2xVss — VDD See note 2 & 3.
VIHC |Vss=-3V 0.2xVss — VDD N
VLT Vss Vss+0.8
Seenote 2 & 3.
Low-level input voltage vie vss 0.8xVss
ViLT  |Vss=-3V Vss 0.85%Vss See note 2 & 3.
Vilc |Vss=-3V Vss 0.8xVss
VoHT [loH=-3.0 mA Vss+2.4 — — 0SC2
VoHC1 [IoH =-2.0 mA Vss+2.4 — — Vv
See note 4 & 5.
High-level output voltage Vonca _lon = ~120 A 02xVss} — —
VoHT |Vss=-3V loH =-2 mA|0.2XVss See note 4 & 5.
VoHc1 |Vss=-3V loH =2 mA|0.2xVss V 0SC2
VoHc2 |Vss=-3V loH = 50 pA[ 0.2xVss
(continued)
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. Rating . . .
Parameter Symbol Condition Vin. Tvo. Max. nit  Applicable Pin
=3. — — +0.
VoLt |loL =3.0 mA Vss+0.4 0SC2
VoLct |loL=2.0mA — — Vss+04 |V See note 4. &5
Low-level output voltage voicz loL = 120 A — — | 08xVss |
P g VoLt |Vss=-3V loL=2mA 0.8xVss Seenote 4 &5
VoLct |Vss=-3V loL=2mA 0.8xVss| V OeSeC 20 ¢ '
VoLcz |Vss=-3V loL =50 pA 0.8xVss
Input leakage current ILi -1.0 — 1.0 PA | See note 6.
Output leakage current ILo -3.0 — 3.0 PA | Seenote 7.
Vs=-50V — 5.0 7.5 SEGO to 79,
LCD driver ON resistance Ron |Ta=25°C kQ |COMO to 15,
V5=-35V — 10.0 50.0 See note 11
Static current dissipation Ibbg [CS=CL=VbD — 0.05 1.0 PA | VDD
During disola fcL=2kHz — 2.0 5.0 VoD
Vor ?5 of/ YIrR=imQ | — | 95 | 150 | 1A |Seenote12,
e fcL=18kHz| — 5.0 10.0 13 & 14.
o0 (1) During display |fcL =2 kHz 15 45 VoD
Dynamic current dissipation Vs=-5V PA
Vss=-3V  |Rf=1MQ 60 | 120 Seenote 12813,
During access teyc = 200 kHz| — 300 500
IDD (2) |Vss=-3V, MA | See note 8.
: 150 300
During access teyc = 200 kHz
Input pin capacitance CN |Ta=25°C,f=1MHz — 5.0 8.0 pF | Allinput pins
= +20
Rf=1.0 MQ +2%, 15 18 21
Oscillation frequenc fosc Vss=-50V kHz |See note 9
qaency Rr= 1.0 MQ £2%, " " ” '
Vss=-3.0V
. RES
Reset time R 1.0 — LS See note 15,
Notes 1. Operation over the specified voltage range is guaranteed, except where the supply voltage changes

11.

12.

13.

14.
15.

ONoGO~WN

suddenly during CPU access. o

A0, DO to D7, E (or RD), R/W (or WR) and CS

CL, FR, M/S and RES

DO to D7

FR S o

A0, E (or RD), R/W (or WR), CS, CL, M/S and RES

When DO to D7 and FR are high impedance.

During continual write acess at a frequencyaf tCurrent consumption during access is effectively
proportional to the access frequency.

See figure below for details

See figure below for details

For a voltage differential of 0.1 V between input,(V., V4) and output (COM, SEG) pins. All voltages
within specified operating voltage range.

S1D1520010x* and S1D1520410x* and S1D1520210+* only. Does not include transient
currents due to stray and panel capacitances.

S1D1520800+* and S1D1520900%* only. Does not include transient currents due to stray and
panel capacitances.

S1D1520%00+* only. Does not include transient currents due to stray and panel capacitances.
tR (Reset time) represents the time from the RES signal edge to the completion of reset of the internal
circuit. Therefore, the S1D15200 series enters the normal operation status after this t

Rev. 1.1
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S1D15200 Series

Relationship between f osc, fFrR and Rf, and operating bounds onV ss and V5

*Q9 < Relationship between oscillation frequency, frames and Rf

(S1D15200F004), (S1D15202F00A)

Ta=25°C Vss=-5V

OSC1
Rf é
0SC2

Same for 1/16 and 1/32 duties
Ta=25°C Vss=-5V

40 \ 200 \ \
% 30 L
= \/ss =-5V SED1522
g 20 o 100 |
L €
o Vss|=-3V \ 8 SHD1520 —
\\ \\
0 0.5 10 15 20 25 0 0.5 1.0 1.5 20 25
Rf MQ] Rf MQ]
Figure 5 (a) Figure 5 (b)
» Relationship between external clocksLjfand frames
(S1D15200F10A) , (S1D15202F10A)
_— duty1/32
——————— duty1/16
20—/ 7 1 71  ----- dutyl1/8
7/ g //
—_ ! P
z . -
100 . -
/ A /
% ’ - / /
i a
A |
//
0 1 2 3
fCL [kHz]
Figure 5 (c)
*10 ¢ Operating voltage range ofsgand V5 systems
—15 T T T T
S 10} |
i Operating voltage ]
L range i
2 5
0 -2 -4 -6 -8
Vss )
Figure 6
2-22 EPSON Rev. 1.1



S1D15200 Series

AC Characteristics

e MPU Bus Read/Write | (80-family MPU)

A0,CS
t AW8 tcc t AH8 |
WRRD  ———————— tr \
tcycs
tf /]
| tDH8 _ |
t DS8
DO to D7
(WRITE)
t OH8
t Accs |
DO to D7
(READ)
Ta=-20t0 75 °C, ¥=-5.0 V+10% unless stated otherwise
- Rating . .
Parameter Symbol Condition i, Max. Unit Signal
A hold ti 1 — —
ddress hold tlme tAHS 0 ns A0, CS
Address setup time taws 20 — ns
System cycle time tcycs 1000 — ns WR. RD
Control pulsewidth tcc 200 — ns '
Data setup time tDss 80 — ns
%ca hold tlme tDH8 10 — ns DO to D7
RD access time taccs CL = 100 pF — 90 ns
Output disable time tCHs B P 10 60 ns
Rise and fall time tr, tf — — 15 ns —
(Vss=-2.7t0-4.5V, Ta =-20 to +75)
Parameter Symbol Condition Rating Unit Signal
y Min. Max g
Address hold terle tAHS L 20 — ns AO, TS
Address setup time taws 40 — ns
System cycle time tcycs 2000 — ns — =
Control pulse width tcc o 400 — ns WR, RD
Data setup time tDss o 160 — ns
%ca hold tm_1e tDH8 20 — ns DO to D7
RD access time taccs CL = 100 pF — 180 ns
Output disable time tCHS B P 20 120 ns
Rise and fall time tr, tf — — 15 ns —
Rev. 1.1 EPSON 2-23




S1D15200 Series

* MPU Bus Read/Write Il (68-family MPU)

tCyce

|
E \
tEW
tr tf
t AW6 t DS6
- X X
t AH6
—=
A0,CS :>§
t DH6
DO to D7 7‘
(WRITE) S(
t ACC6 t OH6
DO to D7
(READ)
Ta=-201t0 75 °C, ¥5= -5 V+10 unless stated otherwise
. Rating . .
Parameter Symbol Condition - Unit Signal
y Min. Max. 9
System cycle time tcyce 1000 — ns
Address setup time tAwe 20 —_ ns A0, CS, RIW
Address hold time tAH6 10 — ns
Data setup time tDs6 80 — ns
Data holq time . tDH6 10 — ns DO to D7
Output disable time toH6 10 60 ns
. CL =100 pF
Access time tACC6 — 90 ns
Enable Read Ew 100 — ns E
pulsewidth Write 80 — ns
Rise and fall time tr, tf — — 15 ns —
(Vss=-2.7t0 - 4.5V, Ta=-20 to +15)
Parameter Symbol Condition Rating Unit Signal
y Min. Max. g
System cycle time™ tcyce — 2000 — ns
Address setup time tAW6 40 — ns |AO, CS, RIW
Address hold time tAH6 20 — ns
Data setup time tDS6 o 160 — ns
Data holq time . {DH6 20 — ns DO to D7
Output disable time toH6 CL = 100 oF 20 120 ns
Access time tacce - P — 180 ns
Enable Read 200 — ns
. - tEw — E
pulse width | Write 160 — ns
Rise and fall time tr, tr — — 15 ns —

Notes: 1. ftcvceis the cycle time of CS. E = H, not the cycle time of E.

2-24
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S1D15200 Series

» Display Control Signal Timing

CL
| twLcL %

tDFR

tf

twHCL

tr

FR

X

Input
Ta=-20to 75C, Vss=-5.0 V£10% unless stated otherwise
. Rating . .
Parameter Symbol Condition Min. | Typ. | Max. Unit Signal
Low-level pulsewidth twLcL 35 — — ps
High-level pulsewidth twHCL 35 — — Hs CL
Rise time tr — 30 150 ns
Fall time tf — 30 150 ns
FR delay time tDFR -2.0 0.2 2.0 VS FR
Vss=-2.7t0-4.5V, Ta=-20to +7%5
Parameter Symbol Condition - Rating Unit Signal
Min. Typ. Max.
Low-level pulse width twLcL — 70 — — [VES
High-level pulse width twHCL — 70 — — Hs cL
Rise time tr — — 60 300 ns
Fall time tf — — 60 300 ns
FR delay time tDFR — -4.0 0.4 4.0 VS FR

Note: The listed inputdrr applies to the S1D15200 and S1D15201 and S1D15202 in slave mode.

Output
Ta=-20to 75C, Vss=-5.0 V+10% unless stated otherwise
Parameter Symbol Condition Rating Unit Signal
y Min. | Typ. | Max. g
FR delay time tDFR CL =100 pF — 0.2 0.4 VS FR
Vss=-2.7t0 -4.5V, Ta=-20to +716
Parameter Symbol Condition Rating Unit Signal
y Min. | Typ. | Max. 9
FR delay time tDFR CL =100 pF — 0.4 0.8 [VES FR

Notes: 1. The listed outpubFRr applies to the S1D15200 and S1D15202 in master mode.

Rev. 1.1
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S1D15200 Series

11. MPU INTERFACE CONFIGURATION

80 Family MPU o
Vcc A0 > A0 VDD
Al to A7 _
_IOQR ::% Decoder » CS
MPU " S1D15200F10A% | —
DO to D7 <& > DO to D7 —
RD » RD |
WR » WR T
RES ° O[>—> RES
GND l Vss Vs
RESET
YA
68 Family MPU (Reference)
A
\
Vcc Vbbp
A0 A0
Al to A15 cs
Decoder
VMA
T
MPU DOto D7 DOto D7 |
S1D15200F10A% | —
E E
RIW RIW
RES l RES
GND RESET Vss Vs

* Refer to the figure above as to S1D15201.

* S1D15206 00%* (internal osillating) does not have CS terminal. Input OR output with CS signal to AD

WR(R/W)terminals as the figure belew.

a

o
(0]

Decoder [

Ssll

AO

S1D15200F00A

DO to D7

RD

WR
RES

When in use of 80 Family MPU

.RD(E)

2-26
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S1D15200 Series

12. LCD DRIVE INTERGFACE CONFIGURATION

S1D15200FO00A*-S1D15200F00A
S1D15202F00A*—-S1D15202F00A %

? To LCD SEG ?

RN
To LCD COM I S1D15200F00A%
4_
Voo L Master
M/S
O%Cl 0sC2 FIR

T To LCD SEG ?

S1D15200F00A%
Slave
M/S
0OSC1 0osc2 FR

I ’
To LCD COM

R

Vss

-

»

S1D15200F10A*-S1D15200F10A*
S1D15202F10A*-S1D15202F10A %

? To LCD SEG ?

Rl
To LCD COM S1D15200F10A%
<_
Voo L Master
Mm/S
CL FR

T To LCD SEG ?

S1D15200F10A%
Slave
M/S
CL FR

|
To LCD COM

-

Vss

External clock

S1D15200F00A %
)-S1D15201F00A* (See note 1)
S1D15202F00A %
T To LCD SEG T
H
ToLCDCOM
— S1D15200F00A%
Vob L S Master
0sc1 0sC2  FR

S1D15201F00A%

Slave

0OSC1 0SC2 FR

1

LMRF

)

*2

Rev. 1.1 EPSON
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S1D15200 Series

S1D15200F10A*—S1D15201F10A*

? To LCD SEG T

ol
ToLCDCOM
«

Vob T

M/S

S1D15200F10A%

CL

FR

T To LCD SEG ?

S1D15201F10A%

External clock

Notes: 1. The duty cycle of the slave must be the same as that for the master.
2. If a system has two or more slave drivers a CMOS buffer will be required.

2-28
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S1D15200 Series

13. LCD PANEL WIRING EXAMPLE
(THE FULL-DOT LCD PANEL DISPLAYS A CHARACTER IN 6 x8 DOTS.)

1/16 duty:
e 10 characters 2 lines

1
i LCD 16x61
I 61
45%
o] S1D15200F

1/16 duty:
e 23 characters 2 lines

1
| LCD 16x141
R 61 62- -~ 141
SEG SEG
S1D15200F S1D15201F
CcoM

1/32 duty:
e 33 characters 4 lines

1
::> 16 LCD 32x202 17 :::
Lo 61 62 - 141 142~ 202 32
S1D15200F S1D15201F S1D15200F
COoM * CcoMm

* The S1D15201F can be omitted (the 32x122-dot display mode is selected).

Note: A combination of 10B or 10A* type chip (that uses internal clocks) and 80 00A* type chip (that uses
external clocks) is NOT allowed.

Rev. 1.1 EPSON 2-29



S1D15200 Series

Package Dimensions

e Plastic QFP5-100 pin
Dimensions: inches (mm)

1.008 +0.016
(25.6 + 0.4)

0.787 +0.004 (20 + 0.1)

O

81 == ——s0
— —]
[ e——! —]
—— —]
———  E— é_-\
— —] +
[ e——! — « ©
—— /o 8 ~| o
—— — o g e
—— D + 5 ©
— /) d«g| 8
——— Index [E— e ST
—— — v 9
— | — ~
[ e——! —] ~
[ e——! —] ©
—— —]

§ = 1 0.026 *0.004 1 30

88 84 (0.65 %01

E)CTL 1:,?'\ 0.012 £0.004

8 — S @ (0.30 + 0.1)

se| o

\

e Plastic QFP15-100 pin

0.630 £0.016 (16.0 + 0.4)

0.551£0:004(14 0£0.1)

51

Thonnnaannnnnannnnnnaannn]

ﬁLAAAAAAAAAA,

o
o

0 55110004(14 00 l)
0.630 +0.016 (16.0 + 0,4)

Index

finnnnnonan0nnnnnnnnnag
UUUIuuouuuuuuuuuunut

=
o

26

QUHUUUUWWUUUUUUUUMHUUUUUQQS

0_020‘ i 0.004 . 0p7 +0.004
(O_SiO.l) (0.18 iO.l)

055 * 0.004

0.005 *0.002
(0.127 +0 05)
0.

o

(1.4%01

{

t 0~12°
0.020 *0.004 0.5 + 0.2)
0.039(1.0)
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S1D15200 Series

TCP Dimensions
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S1D15210 Series

1. DESCRIPTION 2. FEATURES

The S1D15210 Series of dot matrix LCD drivers are e
designed for the display of characters and graphics. The
drivers generate LCD drive signals derived from bit
mapped data stored in an internal RAM.

The S1D15210 Series drivers incorporate innovative
circuit design strategies to achieve very low power
dissipation at a wide range of operating voltages.

Fast 8-bit MPU interface compatible with 80- and 68-
family microcomputers

32 x 80 bit RAM

Many command set

Total 80 (segment + common) drive sets
Low power — 3QuW at 2 kHz external clock
Wide range of supply voltages

VDD -Vss 2.4Vto6.0V

Vcs—Vss 3.5Vti06.0V

Low-power CMOS

Al-pad chip:S1D152108% A%

Au-bump chip:S1D152108x B*

Rev. 1.1 EPSON
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S1D15210 Series

3. BLOCK DIAGRAM

Vobp
Vss

Vcs
Vcs3
Vc2

CL

SEGo to SEG79

LCD drive circuit

I

Display data latch circuit

7T

Display start line register

Il
Line counter

4Lt
Line address decoder

Display data RAM
(2560-bit)

1/0 buffer

FR

Display
timing
generator
circuit

i

Column address decoder

7T

Column address counter

7

Column address register

Low-address

register

Command

decoder

Status

Bus
holder

MPU interface

Do~D7

M/S
RES

Ao,CS
WR
(E.RW)

EPSON
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S1D15210 Series

4. PAD LAYOUT (2)Au-bump chip
(1) Al-pad chip Bump siz_e : 9292 um
Chipsize  :4.887.04<0.400 mm Bump height: 22.5im

Pad pitch (Typ.) : 100100 um

00000000000 000000000 \
100 95 90 85
01 80 O
O O
O O
O O
05 O
0 75 O
O O
O O
O O
0 10 O
0O Y 70 O
O O c
O Ol E
O o3
0 15 X ol ~
0 0.0 65 O
O O
O O
O O
0 20 O
O 60 O
O O
O O
O O
025 O
O < 55 [
[a)
0§ s
0 o= O
030 ° O
35 40 45 50
0000000000000 0000000 Y

\ 4.80 mm
I

A
Y
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S1D15210 Series

5. PAD CENTER COORDINATES

Pad Pin Pad Pin Pad Pin
No. | Name | X | Y No. | Name | X | Y No. |Name | X | Y
1 SEG71 | 159 | 6507 35 SEG37 | 1302 | 159 69 SEG3 | 4641 | 4148
2 SEG70 | 159 | 6308 36 SEG36 | 1502 | 159 70 SEG?2 | 4641 | 4347
3 SEG69 | 159 | 6108 37 SEG35 | 1701 | 159 71 SEG1 | 4641 | 4547
4 SEG68 | 159 | 5909 38 SEG34 | 1901 | 159 72 SEGO |4641 | 4789
5 SEG67 | 159 | 5709 39 SEG33 | 2100 | 159 73 A0 4641 | 5048
6 SEG66 | 159 | 5510 40 SEG32 | 2300 | 159 74 CS 4641 | 5247
7 SEG65 | 159 | 5310 41 SEG31 | 2499 | 159 75 CL 4641 | 5447
8 SEG64 | 159 | 5111 42 SEG30 | 2699 | 159 76 E (RQ) 4641 | 5646
9 SEG63 | 159 | 4911 43 SEG29 | 2898 | 159 77 |RIW (WR)| 4641 | 5846
10 SEG62 | 159 | 4712 44 SEG?28 | 3098 | 159 78 VDD 4641 | 6107
11 SEG61 | 159 | 4512 45 SEG27 | 3297 | 159 79 DBO 4641 | 6307
12 SEG60 | 159 | 4169 46 SEG26 | 3497 | 159 80 DB1 4641 | 6506
13 SEG59 | 159 | 3969 47 SEG25 | 3696 | 159 81 DB2 4295 | 6884
14 SEG58 | 159 | 3770 48 SEG24 | 3896 | 159 82 DB3 4095 | 6884
15 SEG57 | 159 | 3570 49 SEG23 | 4095 | 159 83 DB4 3896 | 6884
16 SEG56 | 159 | 3371 50 SEG22 | 4295 | 159 84 DB5 3696 | 6884
17 SEG55 | 159 | 3075 51 SEG21 | 4641 | 482 85 DB6 3497 | 6884
18 SEG54 | 159 | 2876 52 SEG20 | 4641 | 681 86 DB7 3297 | 6884
19 SEG53 | 159 | 2676 53 SEG19 | 4641 | 881 87 Vss 3098 | 6884
20 SEG52 | 159 | 2477 54 SEG18 | 4641 | 1080 88 RES 2898 | 6884
21 SEG51 | 159 | 2277 55 SEG17 | 4641 | 1280 89 FR 2699 | 6884
22 SEG50 | 159 | 2078 56 SEG16 | 4641 | 1479 90 VC2 2499 | 6884
23 SEG49 | 159 | 1878 57 SEG15 | 4641 | 1679 91 VC3 2300 | 6884
24 SEG48 | 159 | 1679 58 SEG14 | 4641 | 1878 92 VC5 2100 | 6884
25 SEG47 | 159 | 1479 59 SEG13 | 4641 | 2078 93 SEG79 | 1901 | 6884
26 SEG46 | 159 | 1280 60 SEG12 | 4641 | 2277 94 SEG78 | 1701 | 6884
27 SEG45 | 159 | 1080 61 SEG11 | 4641 | 2477 95 SEG77 | 1502 | 6884
28 SEG44 | 159 | 881 62 SEGI10 | 4641 | 2676 96 SEG76 | 1302 | 6884
29 SEG43 | 159 | 681 63 SEGY9 | 4641 | 2876 97 SEG75 | 1103 | 6884
30 SEG42 | 159 | 482 64 SEG8 | 4641 | 3075 98 SEG74 | 903 | 6884
31 SEG41 | 504 159 65 SEG7 | 4641 | 3275 99 SEG73 | 704 | 6884
32 SEG40 | 704 | 159 66 SEG6 | 4641 | 3474 100 SEG72 | 504 | 6884
33 SEG39 | 903 | 159 67 SEG5 | 4641 | 3674
34 SEG38 | 1103 | 159 68 SEG4 | 4641 | 3948
3-4 EPSON Rev. 1.1



S1D15210 Series

6. PIN DESCRIPTION
(1) Power Supply Pins

Name Description
VDD Connected to the +5Vdc power. Common to the Vcc MPU power pin.
Vss 0 Vdc pin connected to the system ground.

Vcs, Vs, Vez Multi-level power supplies for LCD driving. The voltage determined for each liquid
crystal cell is divided by resistance or it is converted in impedance by the op amp,
and supplied. These voltages must satisfy the following:

Vcs = Ves = Ve2 =2 Vss

(2) System Bus Connection Pins

D7 to DO Three-state 1/0O.
*1 The 8-bit bidirectional data buses to be connected to the 8- or 16-bit standard MPU
data buses.
A0 Input.

Usually connected to the low-order bit of the MPU address bus and used to identify
the data or a command.

Low level (0): DO to D7 are display control data.

High level (1): DO to D7 are display data.

RES Input. -
When the RES signal goes L1 the 68-series MPU is initialized, and when it
goes — L, the 80-series MPU is initialized. The system is reset during edge
sense of the RES signal. The interface type to the 68-series or 80-series MPU is
selected by the level input as follows:

High level: 68-series MPU interface

Low level: 80-series MPU interface

Cs Input. Active low.
An address bus signal is usually decoded by use of chip select signal.

E (RD) « If the 68-series MPU is connected:
Input. Active high.
Used as an enable clock input of the 68-series MPU.
« If the 80-series MPU is connected:
Input. Active low.
The RD signal of the 80-series MPU is entered in this pin. When this signal is
kept low, the S1D15210 data bus is in the output status.

R/W (WR) » |f the 68-series MPU is connected:

WR (R/W) Input.
Used as an input pin of read control signals (if R/W is high) or write control
signals (if low).

« If the 80-series MPU is connected:
Input. Active low.
The WR signal of the 80-series MPU is entered in this pin. A signal on the data
bus is fetched at the rising edge of WR signal.

Rev. 1.1 EPSON 3-5



S1D15210 Series

(3) LCD Dirive Circuit Signals

Name Description
CL Input. Effective for an external clock operation model only.
This is a display data latch signal to count up the line counter and common counter
at each signal falling and rising edges.
FR Input.
This is an input pin of LCD AC signals, and connected to the FR pin of common
driver.
SEGn Output.

The output pin for LCD column (segment) driving. A single level of Vcs, Vcs, V2,
Vss is selected by the combination of display RAM contents and FR signal.

FR signal

2 o | 1] o
Data

| Vcs | Vcs | Vss | Vc2 |
Output level | [ ~ [ [

EPSON
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S1D15210 Series

7. FUNCTION DESCRIPTION

System Bus

(1) MPU interface

Selecting an interface type
The S1D15210 series transfers data via 8-bit bidirec-
tional data buses (DO to D7). As its Reset pin has the
MPU interface select function, the 80-series MPU or
the 68-series MPU can directly be connected to the
MPU bus by the selection of high or low RES signal

level after reset (see Table 1).

When the CS signal is high, the S1D15210 series is
disconnected from the MPU bus and set to stand by.
(However, the reset signal is entered regardless of the

internal setup status.)

Table 1
RES signal input level  [MPU type A0 RD WR CS DO to D7
Active _1_ 80-series A0 RD WR Cs DO to D7
Active LI 68-series A0 E CS DO to D7
Data transfer
The S1D15210 drivers use the A0, E (or RD) and R/W (or
WR) signals to transfer data between the system MPU
and internal registers. The combinations used are given
in the table blow.
Table 2
Common 80 MPU 68 MPU Functi
A0 RD WR RIW vnetion
1 0 1 1 Read display data
1 1 0 0 Write display data
0 0 1 1 Read status
0 1 0 0 Write to internal register (command)

Access to Display Date Ram and Internal

Registers

In order to match the timing requirements of the MPU
with those of the display data RAM and control registers
all data is latched into and out of the driver.

This introduces a one cycle delay between a read request No dummy cycle is required at the start of a series of
for data and the data arriving. For example when the writes as data is transferred automatically from the input

current contents of the latch are placed on the system data
bus while the desired contents of the display RAM are

moved into the latch.
This means that a dummy read cycle has to be executed

at the start of every series of reads. See Figure 1.

MPU executes a read cycle to access display RAM the latch to its destination.

Rev. 1.1
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S1D15210 Series

WRITE
WR
| f L | |
MPU
paTA ——CINT D D n+2 ) EED
Intermal Bus : }\‘ \
timing hold >< N >< N+1 >< N+2 >< N+3
WR
L L L L[
READ L
WR L‘
RD |
MPU : Lt [} L
DATA N> > Cnrt >
‘ Address set Dummy read Data read Data read
' atN atN atN+1
WR v 4 4
RD ! / /
T
Int_er_nal : I—T / / I—T_
X <] X >
address N / N+1 N+2
D¢ N X D ¢ 1 X nez

Figure 1 Bus Buffer Delay

(2) Busy flag

When the Busy flag is logical 1, the S1D15200 series is

executing its internal operations. Any command other

than Status Read is rejected during this time. The Busy
flag is output at pin D7 by the Status Read command. If

an appropriate cycle time (tcyc) is given, this flag needs

not be checked at the beginning of each command and,
therefore, the MPU processing capacity can greatly be
enhanced.

(3) Display Start Line and Line Count
Registers

The contents of this register form a pointer to a line of

data in display data RAM corresponding to the first line

of the display (COMO), and are set by the Display Start
Line command. See section 3.

The contents of the display start line register are copied
into the line count register at the start of every frame, that
is on each edge of FR. The line count register is
incremented by the CL clock once for every display line,

thus generating a pointer to the current line of data, in
display data RAM, being transferred to the segment
driver circuits.

(4) Column Address Counter

The column address counter is a 7-bit presettable counter
that supplies the column address for MPU access to the
display data RAM. See Figure 2. The counter is
incremented by one every time the driver receives a Read
or Write Display Data command. Addresses above 50H
are invalid, and the counter will not increment past this
value. The contents of the column address counter are set
with the Set Column Address command.

(5) Page Register

The page resiter is a 2-bit register that supplies the page
address for MPU access to the display data RAM. See
Figure 3. The contents of the page register are set by the
Set Page Register command.

(6) Display Data RAM

The display data RAM stores the LCD display data, on a

1-bit per pixel basis. The relation-ship between display

data, display address and the display is shown in Figure
3.

EPSON
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Start line
(Example)
Page address DATA w%%mmm
Do I ———
Br T e MWI
5 - T - — — — — — — — —— — ——— - - - 2
D3 e 03
D1,D2=0,0 =+ + + - - -
Wk_ NN B Page 0 04
5 05
De I 06
D7 S 07
Do — T 08 Start
D1 09
D2 [ T A oA
D3 0B
0,1 D2 [ N Page 1 e
Ds 0D
[ T B o
De OE m
D7 o OF 2
DO T T T T T Ho ml
K]
D | 15
D2 12
D3 13
1,0
Da [ Page 2 14
Ds 15
Ds [ T B 16
17 =t
A SN =
Do 18
D1 19
D2 [ T A 1A
D3 1B
1,1
D2 [ T A Page 3 c
Ds Pl 1D
De 1E
D7 1F N\
P Wv T oW LW
P E E R B 1 il Qlul¢
2 [a]
c1Q
EEPF
3 nlejwlollo|<|lofeol - - - - - - . _ _ _ _ _ _ _ _ _ _ _ _ _ _ NI [=)
o REISEEIRRIRE o|o|e
[a]
c|o|H|N|m| <|w|o |~ ~|oo|o
=) ~(==
owady Vv ¢V VLTVY " —~— — — ~— — — — — - - — - - - - - - — = =
Bln
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Figure 2 Display Data RAM Addressing
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S1D15210 Series

(7) Display Timing Generation Circuit counter. Therefore, the master clock CL and the frame

The master clock CL and the frame signal FR generate Signal FR input signals of the same phases as those of the
internal timing. The master clock CL causes the line CR and FR signals of the common driver, respectively.

counter to operate, which synchronizes with the line

Common driver S1D15210
CL FR CL FR
(8) Display Data Latch Circuit When connecting to MPU, the output port of MPU is

The display data latch circuit is a latch that temporarily US€d and the reset signal is input through software.
memorizes the display data to be output to the liquid Otherwise, the circuit is connected to the reset terminal

crystal drive circuit from the display data RAM for each ~ ©f MPU and the /"L reset signal via the inverter is
common period. Display ON/OFF and Display All input for 80-system MPU, and thé_I—  reset signal for
Lamps ON/OFF commands control the data in this latch. the 68-system MPU.

Therefore, data in the display data RAM are never to be RES input causes initialization of S1D15210, and
modified. initialization of the MPU is performed at the same time.

Failure of initialization by the RES terminal upon applying
(9) Liquid Crystal Drive Circuit power may lead to a status that cannot be released.
If the reset command is used, items 2 and 5 of the

This circuit comprises 80 sets of multiplexers to generate following initial settings are to be executed:

four-value level for the liquid crystal drive. Various
combinations of display data in the display data latch and N :
the FR signals output the liquid crystal waveforms as (11) Status in Initial Setting

shown in Fig. 3. Display OFF

To set the display start line register on the first line.
Display All Lamps OFF

o — . . To set the column address counter to address O.
This circuit detects the RES input rise or fall edge and To set the page address counter to the third page.

performs initialization. AD lect: normal rotation (AD mmand = "0"
RES input is level-sensed, then, as shown in Table 1, the ADggfatelfst-ﬂ;g ..f.) otation (ADC command =0,

MPU interface mode is selected. Read/Modify/Write OFF

(10) Reset Circuit

oconkwpnpE

~
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3l |15/011]2|3|------- |15
olif2f3f------- I3fo1l2]38-------- 31

\
!
\
FR__| | [ Vss

COMO

COMO
COoM1
COM2
COM3
COomM4
COM5
COM6
COomM7

COM1

COM2

COM8

COM9
COM10
Ccom11
Ccom12
COM13
COoM14
COM15

SEGO 4% V3

SEG1 /L V2

* The S1D15210 doesn't V3
have \t4, Vci pins. V2

COMO—SEGO 1/

COMO0—SEG1 4/

Figure 4 LCD drive waveforms example
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8. COMMANDS
Table 3
Code )
Command —— Function
A0 |[RD [WR | D7 Ds Ds D4 | D3 | D2 | D1 Do
Turns display on or off.
(Displayon/oFF |0 |1 [0 | 1 | o 1o l1l1] 1| on Py
1: ON, 0: OFF
. ifi AM i i
(2)Display start line 0 |1 |0 1 1 0 Display start address (0 to 31) Spe0|f|e§R ine corresponding o top
line of display.
(3)Setpageaddress |0 (1 | O 1 0 1 1 1 | 0 | Page(0to3) SEt,S display RAM page in page address
register.
4 I i i
(4) Set column o 11 1o 0 Column address (0 to 79) Sets display RAM cglumn address in
(segment) address column address register.
Reads the following status:
BUSY 1. Busy
0: Ready
ADC 1: CW output
(5) Read status 0 [0 | 1 |Busy|ADC |ON/OFF| Reset| 0 | O 0 0 0: CCW output
ON/OFF 1. Display off
0: Display on
RESET 1: Being reset
0: Normal
(6) Write displaydata | 1 |1 | O Write data Writes data from data bus into display RAM.
i RAM onto dat
(7)Read displaydata |1 |0 | 1 Read data :eads data from display onto data
us.
(8) Select ADC 0|1 |0 1 0 1 0 010 0 0/1 | 0: CW output, 1: CCW output
(9) All-display o 11 1o 1 0 1 0 0|1 0 o1 Selects static driving operation.
ON/OFF 1: Static drive, 0: Normal driving
(10) Read-Modify-Write| 0 | 1 1 1 1 0|0 0 | Read-modify-write ON
(11) End 1 1 1 1 1 Read-modify-write OFF
(12) Reset 1 1 1 1 0|0 1 0 | Software reset
3-12 EPSON Rev. 1.1




S1D15210 Series

Table 3 is the command table. The S1D15210 identifies a data bus using a combination of AO and R/W (RD or WR)
signals. As the MPU translates a command in the internal timing only (independent from the-exterral clock), its speed
is very high. The busy check is usually not required.

(1) Display ON/OFF

(RIW)
Ao WR D7 De Ds Da D3 D2 D1 Do

0 1 0 1 0 1 0 1 1 1 D AEH, AFH

(E)
RD

This command turns the display on and off.
e D=1: Display ON
e D=0: Display OFF

(2) Display Start Line

This command specifies the line address shown in Figure 2 and indicates the display line that corresponds to COMO. The
display area begins at the specified line address and continues in the line address increment direction. This area havin
the number of lines of the specified display duty is displayed. If the line address is changed dynamically by this command,
the vertical smooth scrolling and paging can be used.

(R/W)
A0 WR D7 De6 Ds D4 D3 D2 D1 Do

0 1 0 1 1 0 A4 A3 A2 Al Ao COH to DFH

(E)
RD

This command loads the display start line register.

A4 A3 A2 A1 Ao |Line Address
0O 0 0 0 O 0
0O 0 0 0 1 1
1 1 1 1 1 31

See Figure 2.

(3) Set Page Address

This command specifies the page address that corresponds to the low address of the display data RAM when it is accesse
by the MPU. Any bit of the display data RAM can be accessed when its page address and column address are specified
The display status is not changed even when the page address is changed.

E) |RW)
A | RD |WR || D7 | Dé | Ds | Da | Ds | D2 | D1 | Do

0 1 0 1 0 1 1 1 0 Al Ao | B8H to BBH

This command loads the page address register.

A1 Ao | Page Address

PP OO

0 0
1 1
0 2
1 3

See Figure 2.
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(4) Set Column Address

This command specifies a column address of the display data RAM. When the display data RAM is accessed by the MPU
continuously, the column address is incremented by 1 each time it is accessed from the set address. Therefore, the MPL
can access to data continuously. The column address stops to be incremented at address 80, and the page address is
changed continuously.

(E) | RW
Ao RD WR D7 De6 Ds D4 D3 D2 D1 Do
0 1 0 0 A6 As A4 A3 A2 Al Ao OOH to 4FH

This command loads the column address register.

As As A4 A3 A2 A1 Ao |Column Address
O 0 0O 0 0 0O O 0
O 0 0O 0 0 0 1 1
100 1 1 1 1 79

(5) Read Status

RIW)
Ao WR D7 De Ds Da D3 D2 D1 Do

0 0 1 ||BUSY| ADC |ON/OFF|RESET| O 0 0 0

)
Tl
N—

X
O

Reading the command 1/O register (A0=0) yields system status information.
» The busy bit indicates whether the driver will accept a command or not.
Busy=1: The driver is currently executing a command or is resetting. No new command will be accepted.
Busy=0: The driver will accept a new command.
e The ADC bit indicates the way column addresses are assigned to segment drivers.
ADC=1: Normal. Column address-n segment driver n.
ADC=0: Inverted. Column address 79-nsegment driver u.
e The ON/OFF bit indicates the current status of the display.
It is the inverse of the polarity of the display ON/OFF command.
ON/OFF=1: Display OFF
ON/OFF=0: Display ON
e The RESET bit indicates whether the driver is executing a hardware or software reset or if it is in normal operating mode.
RESET=1: Currently executing reset command.
RESET=0: Normal operation

(6) Write Display Data

(E) |(RW)
Ao RD | WR D7 Ds Ds D4 D3 D2 D1 Do
1 1 0 Write data

Writes 8-bits of data into the display data RAM, at a location specified by the contents of the column address and page
address registers and then increments the column address register by one.

3-14 EPSON Rev. 1.1
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(7) Read Display Data

(E) |[(RW)
Ao RD | WR D7 Ds Ds D4 D3 D2 D1 Do
1 0 1 Read data

Reads 8-bits of data from the data I/O latch, updates the contents of the I/O latch with display data from the display data
RAM location specified by the contents of the column address and page address registers and then increments the columi
address register.

After loading a new address into the column address register one dummy read is required before valid data is obtained.

(8) Select ADC

E) |(RW)
Ao RD | WR D7 Deé Ds Da D3 D2 D1 Do
0 1 0 1 0 1 0 0 0 0 D AOH, A1H

This command selects the relationship between display data RAM column addresses and segment drivers.

D=1: SEGO~ column address 4FH, ... (inverted)

D=0: SEGO~ column address OOH, ... (normal)

This command is provided to reduce restrictions on the placement of driver ICs and routing of traces during printed circuit
board design. See Figure 2 for a table of segments and column addresses for the two values of D.

(9) All Display ON/OFF

(E) |(RW)
A0 RD WR D7 De Ds D4 D3 D2 D1 Do
0 1 0 1 0 1 0 0 1 0 D A4H, A5H

Forces display on and all common outputs to be selected.
D=1: All display on
D=0: All display off

Rev. 1.1 EPSON 3-15
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(10) Read-Modify-Write

RW)
Ao WR D7 De Ds D4 D3 D2 D1 Do

0 1 0 1 1 1 0 0 0 0 0 EOH

(E)
RD

This command defeats column address register auto-increment after data reads. The current conetents of the colum
address register are saved. This mode remains active until an End command is received.
» Operation sequence during cursor display

When the End command is entered, the column address is returned to the one used during input of Read-Modify-Write
command. This function can reduce the load of MPU when data change is repeated at a specific display area (such as cursc
blinking).

* Any command other than Data Read or Write can be used in the Read-Modify-Write mode. However, the Column
Address Set command cannot be used.

Set Page Address

v

Set Column Address

[
P

Y

Read-Modify-Write

—

Dummy Read

v

Read Data
v

Write Data

(11) End
(E) |[(RW)
Ao RD WR D7 De Ds D4 D3 D2 D1 Do
0 1 0 1 1 1 0 1 1 1 0 EEH

This command cancels read-modify-write mode and restores the contents of the column address register to their value priol
to the receipt of the Read-Modify-Write command.

|l
~ 1
| v Return
Column address >< N >< N+1 >< N+2 >< N+3 ><:~~ X N+m >< N ><
Read-Modify-Write mode is selected. End
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(12) Reset

(E) |(RW)

Ao D | WR D7 D6 Ds Da D3 D2 D1 Do
0 1 0 1 1 1 0 0 0 1 0 E2H

X

This command clears
 the display start line register.
e and set page address register to 3 page.
It does not affect the contents of the display data RAM.
When the power supply is turned on, a Reset signal is entered in the RES pin. The Reset command cannot be us
of this Reset signal.

(13) Power Save (Combination command)

The Power Save mode is selected if the static drive is turned ON when the display is OFF. The current consumption can
be reduced to almost the static current level. In the Power Save mode:
(&) The LCD drive is stopped, and the segment and common driver outputs are seiD lgwaeV
(b) The external oscillation clock input is inhibited, and the OSC2 is set to the floating mode.
(c) The display and operation modes are kept.
The Power Save mode is released when the display is turned ON or when the static drive is turned OFF. If the LCD drive
voltage is supplied from an external resistance divider circuit, the current passing through this resistor must be cut by the
Power Save signal.

Vcs

Power save —— >

signal
|| > Ves
| Ves
- Vs S1D15210
Vss . Vss
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9. ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Unit
Supply voltage (1) VDD -0.3t0 +7.0 \
Supply voltage (2) Vcs -0.3t0 +7.0 \
Supply voltage (3) Vs, Ve2 —-0.3 to Vcs5+3 \
Input voltage VIN -0.3to Vpbp +0.3 \%
Output voltage Vo -0.3to Vpbp +0.3 \%
Operating temperature Topr —40 to +85 °C
Storage temperature Tstg —55to +125 °C

Notes: 1. All voltages are specified relative t@8= 0 V.
2. The following relation must be always hold
Vcs2Ves3zVe22Vss
3. Exceeding the absolute maximum ratings may cause permanent damage to the device. Functional
operation under these conditions is not implied.
Moisture resistance of flat packages can be reduced by the soldering process, so care should be taken to
avoid thermally stressing the package during board assembly.

10. ELECTRICAL CHARCTERISTICS

DC Characteristics
Ta=-20to 75C, VbD = 0 V unless stated otherwise

Parameter Symbol Condition i, RTa; Eg Viax Unit | Applicable Pin
Operating | Recommended 45 5.0 55 VoD
voltage (1) VoD Vo, 1
See note 1. | Allowable 2.4 — 6.0
i Allowable Vcs 35 — 6.0 V  |Vcs *2
\?Oﬁg:;"g) Allowable Ves 05xVes| — | Vos |V |Ves
Allowable Ve Vss — 05xVes | Vo |Ve2
VIH 0.8xVpD — VDD vV  |*3
High-level input voltage ViL vss — [02xVeo) V|3
VoH1 [loH=-1mA 0.8xVpD — VDD vV |*4
VoH2 |Vop=-2.7V loH=-0.5mA |0.8xVDD — VDD vV "4
) VoLt |loL=1mA Vss 02xVoo| V |*4
Low-level input voltage Vo2 |Vop=27V loL=0.5mA Vss 02xVob| V |*4
Input leakage current IL1 -1.0 — 1.0 PA [*5
Output leakage current L2 -3.0 — 3.0 PA |*6
V5=6.0V — 1.3 3.0 SEGOt0 79
LCD driver ON resistance Ron [Ta=25C kQ o7 ’
V5=35V — 25 6.0

(continued)
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Parameter Symbol Condition Vi, R_F;t ;;g Vax Unit | Applicable Pin
Static current dissipation IssQ |CS=CL=FR=VbD — 0.01 1.0 PA | Vss
VD=5V
Ves=5V  Ta=25C | — 2.0 50 | A :;SS
During 1ss (1) fcL =2 KHz
Dynamic current | display Vob=3.0V Ves
dissipation Ves=5V Ta=25°C — 15 45 PA g
fcL =2 KHz
During 155 2) VD=5V  teye = 200 KHz — 300 500 " Vss
access Vbp=3.0V teyec =200 KHz — 150 300 *Q
Input pin capacitance CN |Ta=25°C,f=1MHz — 5.0 8.0 pF | Allinput pins

Notes 1. Although this equipment is capable of withstanding a wide range of operating voltage, it is not designed
for withstanding a sudden voltage change while accessing the MPU.
2. Ranges of Operating Voltage fob® and \t5 Systems

8
6
Range of
Operation
V 4
elV] 35
2
2.4
0 2 4 6 8
Vop[V]

DO to D7, A0, RES, CS, RD, (E), WR, (R/W),,@nd FR terminals.

DO to D7 terminals.

A0, RES, CS, RD (E), WR (R/W), and @&rminals.

FR, DO to D7 (in high impedance status) terminals.

These are resistance values obtained when voltage of 0.1 V is applied between the output terminals

(SEG) and the respective power terminals3Wc2). These are defined within the range of the

operating voltage.

8. This is current consumed by a single IC, not including current required by the LCD panel capacity or by
the wiring capacity.

9. This indicates current consumption at the time the pattern of vertical stripes is always wrapped in by the

tcyc. Current consumption while accessing roughly proportionate to the tcyc for access. If not accessed,

only Issiis relevant.

Nogsw
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Timing Characteristics
» System Bus Read/Write Characteristic 1 (80-system MPU)

tAHg >
A0 CS <E
- taws tcves
WR RD - tcc L\\___

{bHs

toss

DO to D7
(Write) >< ><
taccs toHs
DO to D7
(Read)

(Vpb =5.0 V £ 10%, Ta =—40 to 85°C)

Parameter Signal Symbol Condition Min. Max. Unit
Address hold time A0 tAHS — 10 — ns
Address set-up time CS taws 20 — ns
System cycle time W tcycs — 1000 — ns
Control pulse Write _ 100 — ns

) R tcc —

width Read 200 — ns
Data set-up time tDss — 80 — ns
Data hold time tDH8 10 — ns
— DO to D7

RD access time taccs — 180 ns
Output disable time toHs CL =100 pF 10 90 ns

(Vbbb =2.7V 10 4.5V, Ta=-40to 85°C)

Parameter Signal Symbol Condition Min. Max. Unit
Address hold time A0 tAHS — 20 — ns
Address set-up time CS taws 40 — ns
System cycle time Wi tcycs — 2000 — ns
Control pulse Write . 200 — ns

) RD tcc —
width Read 400 — ns
Data set-up time tDss — 160 — ns
Data hold time tDH8 20 — ns
— - DO to D7
RD access time taccs — 360 ns
Output disable time toHs CL =100 pF 20 180 ns

Note: * The rise time (tr) and fall time (tf) of the input signal are defined within 15 ns. Tr and tf are to define the
AC timing of the input waveform, and operates without any problem even when a signal beyond the
specification (15 ns) is input. However, it should be noted that the bigger tr and and tf are, the lower the
margin for noise becomes.

* All timings are defined based on the standards of 20% and 80%mf V
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e System Bus Read/Write Characteristic 2 (68-system MPU)

~

tcyes

E
taws tew taHe
RIW P X
A0 CS X X
tpse tbHe
DO to D7
(Write)
e—— tacce—> toHs
DO to D7
(Read)
(Vbb =5.0 V + 10%, Ta = —40 to 85°C)
Parameter Signal Symbol Condition Min. Max. Unit
System cycle time *1 AO tcyce — 1000 — ns
Address set-up time Ccs tAawe — 20 — ns
Address hold time RIW tAH6 10 — ns
Data set-up time tDse — 80 — ns
Data hold time tDH6 10 — ns
: - DO to D7
Output disable time toH6 CL =100 pF 10 90 ns
Access time tacce 180 ns
Enable pulse Write 100 — ns
] E tEW —
width Read 200 — ns
(Vbp =2.7Vto 4.5V, Ta=-40 to 85°C)
Parameter Signal Symbol Condition Min. Max. Unit
System cycle time *1 AO tcyce — 2000 — ns
Address set-up time CS tAWS — 40 — ns
Address hold time RIW tAH6 20 — ns
Data set-up time tDs6 — 160 — ns
Data hold time tDH6 20 — ns
. . DO to D7
Output disable time toHe CL =100 pF 20 180 ns
Access time tacce 360 ns
Enable pulse Write 200 — ns
] E tEw —

width Read 400 — ns

Notes 1 "tcvce' represents the cycle of signal E when CS = LOW. If CS = HIGHOW, it is necessary to

securedycs after CS = LOW is attained.
* The rise time (tr) and fall time (tf) of the input signal are defined within 15 ns. Tr and tf are to define the

Note:

AC timing of the input waveform, and operates without any problem even when a signal beyond the

specification (15 ns) is input. However, it should be noted that the bigger tr and and tf are, the lower the

margin for noise becomes.
* All timings are defined based on the standards of 20% and 80%mf V

Rev. 1.1

EPSON

3-21



S1D15210 Series

» Display Control Input Timing

)

twreL

m

FR

‘ l‘%tDFR

(Vbbb =5.0 V = 10%, Ta = —40 to 85°C)

Parameter Signal  [Symbol Condition Min. Typ. Max. Jnit
Low-level pulse width twLcL — 35 — — ps
High-level pulse width twHCL — 35 — — Hs
Rise time ct tr — — 30 150 ns
Fall time tf — — 30 150 ns
FR delay time FR tDFR — -2.0 0.2 2.0 VS

(VbD =2.7V 10 4.5V, Ta=-401to 85°C)

Parameter Signal  |Symbol Condition Min. Typ. Max. Unit
Low-level pulse width twLcL — 70 — — us
Highlevel pulse width twHCL — 70 — — us
Rise time ct tr — — 60 300 ns
Fall time tf — — 60 300 ns
FR delay time FR tDFR — -4.0 0.4 4.0 us

Note: All timings are defined based on the standards of 20% and 80%mof V
3-22 EPSON Rev. 1.1
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* Reset Input Timing (80-system MPU)

RES

trwg————>|

tRg—>|

Internal Under resetting Reset completed
status

(VDD =5.0V + 10%, Ta = —40 to 85°C)

Parameter Signal |Symbol Condition Min. Typ. Max. Jnit
Reset time tR8 2.0 — — ps
Reset HIGH pulse width RES tRw8 1.0 — — ps

(VbbD=2.7Vto 4.5V, Ta=-40to 85°C)

Parameter Signal |Symbol Condition Min. Typ. Max. Jnit
Reset time tR8 4.0 — — ks
Reset HIGH pulse width RES tRw8 2.0 — — ks

Note: * The rise time (tr) and fall time (tf) of the input signal are defined within 15 ns. Tr and tf are to define the AC
timing of the input waveform, and operates without any problem even when a signal beyond the specification
(15 ns) is input. However, it should be noted that the bigger tr and and tf are, the lower the margin for noise
becomes.
* All timings are defined based on the standards of 10% and 90%mf V

» Reset Input Timing (68-system MPU)

tRwe——>
RES
tRe——>
Internal >< Under resetting Reset completed
status
(Vbb =5.0 V + 10%, Ta = —40 to 85°C)
Parameter Signal  |Symbol Condition Min. Typ. Max. Jnit
Reset time tR6 2.0 — — Us
Reset LOW pulse width| RES tRW6 1.0 — — Hs
(VoD =2.7V 10 4.5V, Ta=-40to 85°C)
Parameter Signal  |Symbol Condition Min. Typ. Max. Jnit
Reset time tR6 4.0 — — Us
Reset LOW pulse width| RES tRW6 2.0 — — Hs

Note: * The rise time (tr) and fall time (tf) of the input signal are defined within 15 ns. Tr and tf are to define the
AC timing of the input waveform, and operates without any problem even when a signal beyond the
specification (15 ns) is input. However, it should be noted that the bigger tr and and tf are, the lower the
margin for noise becomes.

* All timings are defined based on the standards of 10% and 90%umof V
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11. EXAMPLE OF CONNECTION
MPU Interface (MPU example: S1C88316)

AO(RO0) A0
CEO to CE3(R30 to R33) (1 CS
CL(R25) CL
RD(R23) RD
S1C88316 WR(R24) WR S1D15210
DO to D7(PO0 to P07) DO to D7
03 RES 02
FR(R26) FR
Vc2 VCZ
Vcs Vcs
Vc5 VCS

Notes 1 See S1C88316 technical Manual for the signals of S1C88316.
2 The reset input for 80-system MPU interface of S1D15210 is the opposite phase of that for the reset
input of S1C88316.
3 For the reset input of S1D15210, we recommend that you use the output port of S1C88316 and send the
reset signals through software.

EXAMPLE OF CONNECTIONS TO LIQUID CRYSTAL PANEL

Liquid crystal panel (32x131)

= T

S1C88316 S1D15210
COoM (master) (slave)

3-24 EPSON Rev. 1.1
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S1D15206 Series

1. DESCRIPTION

The S1D15206 series is a single-chip LCD driver for dot-matrix
liquid crystal displays (LCD’s). It accepts serial or 8-bit parallel
display data directly from a microprocessor and stores data in an on-
chip display RAM. It can generate an LCD drive signal independent
from microprocessor clock.

As the S1D15206 series features the very low power dissipation and
wide operating voltage range, it can easily realize a powerful but
compact display unit having a small battery.

A single chip of S1D15206 series can drive a807pixel or 3%64-

pixel LCD panel.

(Note: The S1D15206 series are not designed to have EMI resist-
ance.)

2. FEATURES

« Direct data display using the display RAM. When RAM
data bit is 0, it is not displayed; when 1, it is displayed.

» Large 8(«33-bit RAM capacity

e On-chip LCD driver circuit (97 segment and common
drivers)

Series Specifications (for 128-pin flat package)

High-speed, 8-bit microprocessor interface allowing direct
connection to both the 8080 and 6800

Supported serial interface

Rich command functions (upward compatible to S1D15200
Series); they are Read/Write Display Data, Display On/Off
Switching, Set Page Address, Set Initial Display Line, Set
Column Address, Read Status, Static Drive On/Off Switch-
ing, Select Duty, Duty+1, Read-Modify-Write, Select
Segment Driver Direction, Power Save, Reset, Set Power
Control, Set Electronic Controls, Clock Stop.

On-chip CR oscillator circuit

On-chip LCD power circuit (The on-chip and external LCD
power supplies are software selectable.)

Very low power consumption

Flexible power voltages; 2.4 to 6.0 V§¥-Vss) and -13.0

to -4.0 V (\bD-V5)

-40 to +85C wide operating temperature range

CMOS process

128-pin QFP5 package with aluminum pad or Au bump

Operating clock | f cL Segment | Common V REG COM
Model (Internal OSC) | (Typ.) Duty driver driver type  pin positions QFP

S1D15206F00A 2.9

Type A
S1D15206F11A 5.8 Type 1 .
S1D15206F10A 2.9 | 1/8, 1/9, 1/16, 1/1)7 80 17 Type B
S1D15206F14A 20 kHz 2.9

Type 2

S1D15206F14¥ 2.9 26

Type A
S1D15208F00A 2.9 5

1/32, 1/33 64 33 Type 1

S1D15208D11B 5.8 —
VREG type Type 1 \ReG (Built-in power supply regulating voltage)

Temperature gradient: -0.179€/

Type 2 \REG (Built-in power supply regulating voltage)

Temperature gradient: 0.0096/
COMS pin positions

Refer to No. P3 (Package pin layout), No. P4 (PAD layout) and No. P5 (PAD coordinates).

An S1D15206 series package has one of following subcodes according to its package type (an example of S1D15206):

S1D15206F*x* :  128-pin QFP5 flat package
S1D15206F* Y*:  128-pin QFP26 flat package
S1D15206B*** :  Bear chip

S1D15206B* A* :Al-pad chip
S1D15206B3* B* :Au-bump chip
S1D15206F#*** :  TCP

Rev.3.5
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S1D15206 Series

3. BLOCK DIAGRAM (S1D15206 *00%*x)

CAP1+
CAP1-
CAP2+
CAP2-
VR
Vout

0]
A A [

CMOS

---SEG79 COMO ----COM15

\

CL

A

f | Voltage g )

- »| select Segment driver Common driver |

- > circuit o

Shift register |-
Display data latch
Power circuit _ 5
3] @
= B k=)
=) o . [}
< @ Q -
G 2
o 80x33-dot display data RAM g <] % <
> —_
S 3 \ﬁ = g
e o = S
£ [}
= =
=
Column address decoder
Page address
register [
| 7-bit column address counter | -t
Display timing
generator circuit
| 7-bit column address register | B
J Y
Bus holder Command decoder Sta_ltus Oscillator
register

[

!

Microprocessor interface

1/0 buffer

SR2 SR1 WR RD CS2 CS1 A0

D3 D4 D5 D6 D7

LIM/S

4-2
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S1D15206 Series

4. PIN LAYOUT
Package Pin Assignment

MAN—TO0OONOLTONTdODONOUITITMNANTODON~NONTON OO WM
LWL TSI TITIITITOOONOMMMMOMMMANNNNNNNNNNAAAA
LIVEURLIVRURUIVRURURVRURURVRGRORORURUEURURURUVRURUECRURURCRURURURURGRORORORO)
L L L L L W) W L L L L L L L L L) L L L L L L L L L L L L W) W WL
NNVLNOLNNOLNVNVNDNNNNNNDVODNNNODNONNLNONONN
SEGS54 — (8 3 8 g 2 F——>sEG15
SEG55 ——— 103 64| =—>sEG14
SEG56 ———/] ————> SEG13
SEG57 —— ——> SEG12
SEG58 —— ———> SEG11
SEG59 — ———> SEG10
SEG60 — ——> SEG9
SEG61 —— |10 ——— sEG8
SEG62 — ———> SEG7
SEG63 —— ——— SEG6
SEG64 (COM15) ——] —— SEG5
SEG65 (COM14) ———] ———>SEG4
SEG66 (COM13) ———] ——> SEG3
SEG67 (COM12) —— ——>SEG2
SEG68 (COM11) ——— 50| —— SEG1
SEG69 (COM10) ——— Index ——> SEGO
SEG70 (COM 9) ——— ———>cowms [COM15]
SEG71 (COM 8) —— |*?° ———> COM15 (COM31)[COM14]
SEG72 (COM 7) ——— ———> CoM14 (COM30)[COM13]
SEG73 (COM 6) ———] ———> COM13 (COM29) [COM12]
SEG74 (COM 5) ——— ———> COM12 (COM28)[COM11]
SEG75 (COM 4) ——] ——> COM11 (COM27)[COM10]
SEG76 (COM 3) ———] ———> COM10 (COM26)[COM 9]
SEG77 (COM 2) —— ——>COM9 (COM25)[COM 8]
SEG78 (COM 1) ——— |8 39| F——>COM8 (COM24)[COM 7]
SEG79 (COM 0) ——— & 3 Q 8 8 )/ F——com7 (COoM23)[COM 6]

COMO (COM16)
COM1 (COM17)
COM2 (COM18)
COM3 (COM19)
COM4 (COM20)
COM5 (COM21)
COM6 (COM22)

Vi

V2

Vs

Va

Vs

VR
Vob
VOouT
CAP2-
CAP2+
CAP1-
CAP1+
VSS
M/S
SR2
SR1
WR
RD
cs2
CSs1
A0

FR

CL

Do

D1

D2

D3

Da

Ds

Ds

D7

[COMS
[COM 0
[COM 1
[COM 2
[COM 3
[COM 4
[COM 5

* Pin name in () apply to S1D15208.
* Pin name in [ ] apply to S1D15206D%0(CMOS Pin=Type B).

Rev.3.5 EPSON 4-3



S1D15206 Series

Pad Layout

SEG53
SEG48
SEG43
SEG38

SEG33
SEG28
SEG25
SEG20

O | secs1
] | SEG50
] | SEG49
OJ
] | SEG47
] | SEG46
O | sEG4s
] | SEG44
O
O | SEG42
S | sEG41
O | seG40
] | SEG39
O
O | SEG37
] | SEG36

N[ | sEGs2
> < [ |SEG35

s

SEG54
SEGS55
SEG56
SEG57
SEG58
SEG59
SEG60
SEG61
SEG62
SEG63
SEG64 (COM15)
SEG65 (COM14)
SEG66 (COM13)
SEG67 (COM12)
SEG68 (COM11)

=y
o
w

[
=
o

[ | SEG34

O

] | sEG32
8] | sEG31
] | SEG30
] | sEG29
OJ
] | SEG27
1 | sEG26
OJ
[] | SEG24
1 | sEG23
] | SEG22
S0 | sEG21
] | seG19
] | sec18
1 | seG17
2] |SEG16

O

(=2
B

a1
o

SEG69 (COM10)
SEG70 (COM9)
SEG71 (COMS)
SEG72 (COM?)
SEG73 (COMS6)
SEG74 (COMS5)
SEG75 (COM4)
SEG76 (COM3)
SEG77 (COM2)
SEG78 (COM1)
SEG79 (COMO)

[
N
o

o o

Y
N
<]

1 10
Uboobooooooo

Y
x

I o

w

J
w
@

20 30

Uooobbubobooboooooooooooog

Vi

V2

V3

V4

V5

VR
Vob
Vout
CAP2-
CAP2+
CAP1-
CAP1+
Vss
M/S
SR2
SR1
WR
CS2

* Pin names in (
* Pin names in [

) apply to S1D15208.

Al- pad chip
« Chip size 5.92 mm 4.68 mm
* Chip thickness0.4 mm
* Pad opening 90.2m x 90.2um
« Pad pitch 13@m (Min)

Au- bump chip (reference)

« Chip size 5.92 mm 4.68 mm
* Chip thickness0.4 mm
e Bumpsize  81.imx 81.7um

e Bump height 22.%m

Cs1
A0
FR
CL
DO
D1
D2
D3
D4
D5
D6
D7
COMO
Ccom1
COM2
COM3
COom4
COM5

] apply to S1D15206D%0 (CMOS pin = Type B).

SEG15
SEG14
SEG13
SEG12
SEG11
SEG10
SEGY
SEGS8
SEG7
SEG6
SEG5
SEG4
SEG3
SEG2
SEG1
SEGO
coms [COM15]
COM15 (COM31) [COM14]
COM14 (COM30) [COM13]
COM13 (COM29) [COM12]
COM12 (COM28) [COM11]
COM11 (COM27) [COM10]
COM10 (COM26) [COM 9]
COM9 (COM25) [COM 8]
COMS (COM24) [COM 7]
COM7 (COM23) [COM 6]
COM6 (COM22) [COM 5]

EPSON
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S1D15206 Series

Pad Center Coordinates

PAD No. PIN Name X Y PAD No. PIN Name X Y

1 Vi 2767 -2106 65 SEG16 2516 2185
2 V2 —-2637 66 SEG17 2367

3 V3 -2507 67 SEG18 2218

4 Va 2377 68 SEG19 2088

5 Vs —-2246 v 69 SEG20 1957

6 VR -2116 -2149 70 SEG21 1827

7 VDD -1985 -2176 71 SEG22 1697

8 Vout -1857 72 SEG23 1567

9 CAP2- -1727 73 SEG24 1437

10 CAP2+ -1522 74 SEG25 1307

11 CAP1- -1318 75 SEG26 1177

12 CAP1+ -1113 v 76 SEG27 1046

13 Vss -553 —-2166 77 SEG28 916

14 M/S -356 -2185 78 SEG29 786

15 SR2 —-226 79 SEG30 656

16 SR1 -95 80 SEG31 526

17 WR 35 81 SEG32 396

18 RD 165 82 SEG33 266

19 CS2 295 83 SEG34 135

20 Cs1 425 84 SEG35 5

21 AO 555 85 SEG36 -125

22 FR 719 86 SEG37 -255

23 CL 849 87 SEG38 -385

24 DO 979 88 SEG39 -515

25 D1 1109 89 SEG40 —646

26 D2 1239 90 SEG41 -776

27 D3 1369 91 SEG42 -906

28 D4 1500 92 SEG43 -1036

29 D5 1630 93 SEG44 -1166

30 D6 1760 94 SEG45 -1296

31 D7 1890 95 SEG46 -1426

32 COMO (COM16) [CMOS ] 2069 96 SEG47 -1557

33 COM1 (COM17) [COMO ] 2199 97 SEG48 -1687

34 COM2 (COM18) [COM1 ] 2329 98 SEG49 -1817

35 COM3 (COM19) [COM2 ] 2459 99 SEG50 -1947

36 COM4 (COM20) [COM3 ] 2589 100 SEG51 2077

37 COM5 (COM21) [COM4 ] 2719 v 101 SEG52 —2226

38 COM6 (COM22) [COMS5 ] 2802 -1654| 102 SEG53 —-2375 \

39 COM7 (COM23) [COM6 ] -1524| 103 SEG54 —-2802 1932
40 COM8 (COM24) [COMT7 ] —-1393| 104 SEG55 1802
41 COM9 (COM25) [COMS ] —-1263| 105 SEG56 1672
42 COM10 (COM26) [COM9 ] -1133| 106 SEG57 1541
43 COM11 (COM27) [COM10] -1003| 107 SEG58 1411
44 COM12 (COM28) [COM11] -873| 108 SEG59 1281
45 COM13 (COM29) [COM12] —743| 109 SEG60 1151
46 COM14 (COM30) [COM13] —-612| 110 SEG61 1021
47 COM15 (COM31) [COM14] —-482| 111 SEG62 891
48 COMS [COM15] -352 112 SEG63 760
49 SEGO -193 113 SEG64 (COM15) 599
50 SEG1 —-63 114 SEG65 (COM14) 469
51 SEG2 67 115 SEG66 (COM13) 339
52 SEG3 197 116 SEG67 (COM12) 209
53 SEG4 327 117 SEG68 (COM11) 78
54 SEG5 457 118 SEG69 (COM10) -52
55 SEG6 588 119 SEG70 (COM9) -182
56 SEG7 718 120 SEG71 (COMB8) -312
57 SEGS8 848 121 SEG72 (COM7) —442
58 SEG9 978 122 SEG73 (COM®b) -572
59 SEG10 1108 | 123 SEG74 (COMb5) -703
60 SEG11 1238 | 124 SEG75 (COM4) -833
61 SEG12 1368 | 125 SEG76 (COM3) —-963
62 SEG13 1499 | 126 SEG77 (COM2) -1093
63 SEG14 1629 | 127 SEG78 (COM1) -1223
64 SEG15 v 1759 | 128 SEG79 (COMO0) v -1353

* Pinnamesin () apply to S1D15208.
* Pinnamesin[ ]apply to S1D1520631(CMOS pin = Type B).
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S1D15206 Series

5. PIN DESCRIPTION

Power Supply
Name I/0 Description Number of pins
VbD Supply +5VDC power supply. Common to microprocessor power supply pin Vcc. 1
Vss Supply Ground 1
V1, V2 Supply LCD driver supply voltages. The Set Power Control command can switch 5
V3, V4 the on-chip and external power supply modes of these pins.
Vs When external mode selects, the voltage determined by LCD cell is

impedance-converted by a resistive divider or an operational amplifier for
application. Voltages should be the following relationship:
Vbb2V1=2V22V32V42V5

When master mode selects, these voltages are generated on the chip:

S1D15206 | S1D15208

Vi 1/5 Vs 1/7 Vs

V2 2/5 Vs 2[7 Vs

V3 3/5 Vs 5/7 Vs

V4 4/5 Vs 6/7 Vs

LCD Driver Supplies
Name 1/0 Description Number of pins
CAP1+ (0] DC/DC voltage converter capacitor 1 positive connection 1
CAP1- (0] DC/DC voltage converter capacitor 1 negative connection 1
CAP2+ (0] DC/DC voltage converter capacitor 2 positive connection 1
CAP2- (0] DC/DC voltage converter capacitor 2 negative connection 1
Vout O DC/DC voltage converter output 1
VR | Voltage adjustment pin. Applies voltage between Vpp and Vs using 1
a resistive divider.

Microprocessor Interface

Name 1/0 Description INumber of pins
DO to D7 1/0 Data input/outputs. The 8-bit bidirectional data buses to be connected 8
(sh) to the standard 8-bit microprocessor data buses. When the serial
(SCL) interface selects, D7 is serial data input (SI) and D6 is serial clock input
(SCL).
AO | Control/display data flag input. It is connected to the LSB of micro- 1
processor address bus. When LOW, the data on DO to D7 is control data.
When HIGH, the data on DO to D7 is display data.
Cs1 | Chip select input. Data input/output is enabled when -CS1 is LOW and 2
Cs2 CS2 is HIGH.
RD * Read enable input. When interfacing to an 8080-series microprocessor 1
(E) and when its RD is LOW, the S1D15206 series data bus output is enabled.
* When interfacing to an 6800-series microprocessor and when its R/W
Enable (E) is HIGH, the S1D15206 series R/W input is enabled.
WR » Write enable input. When interfacing to an 8080-series microprocessor, 1
(R/IW) WR is active LOW.
» When interfacing to an 6800-series microprocessor,
it will be read mode when R/W is HIGH and it will be write mode when
R/W is LOW.
R/W ="1" . Read
R/W =*“0" : Write
4-6 EPSON Rev.3.5



S1D15206 Series

Name I/0 Description Number of pins
SR1, I Microprocessor interface select, and parallel/serial data input select. 2
SR2 SR1 SR2 Type
0 1 8080 microprocessor bus (parallel
input)
1 1 6800 microprocessor bus (parallel
input)
1 0 Serial input
0 0 Reset
* In serial mode, no data can be read from RAM and DO to
D5 are HZ. RD and WR must be HIGH or LOW.
When set for the 68 family MPU, the SR1 and SR2 timing must match or
SR1 must rise first.
LCD Driver Outputs
Name 110 Description Number of pins
M/S I Normally “1”. 1
CL 1/0 Normally “1”. 1
FR 1/0 Normally “1”. 1
SEGn (@) LCD segment driver output. Vpp, V2, V3, or V5 can select according 80 (S1D15206)
to the display RAM and FR signal. or 64 (S1D15208)
RAM data |FR signal| Output voltage
of SEGn
1 1 VbD
0 Vs
0 1 V2
0 V3
Power save - VDD
COMn (@) LCD common driver output. VDD, V1, V4, or V5 can select according 16 (S1D15206)
to IC internal scan signal and FR signal. The common scan sequence or 32 (S1D15208)
is reversed in slave mode.
Internal scan FR Output voltage
signal signal of COMn
1 1 Vs
0 VDD
0 1 Vi
0 V4
Power save — VDD
COMS (@) Indicator COM output. COMS pin is equivalent to following COM output 1
pin when Duty+1 command is running:
S1D15206 S1D15208
1/9 duty | 1/17 duty | 1/33 duty
Indicator
COMS COM8 | COM16 | COM32
output
Rev.3.5 EPSON 4-7




S1D15206 Series

6. FUNCTION DESCRIPTION
MPU Interface
Parallel/Serial Interface

The S1D15206 series can transfer data via 8-bit bidirectional data buses DO to D7 or via serial data input D7 (Sl) pariafied-thétta input
or serial data input, 8080/6800-series microprocessor, and reset status can select according to SR1 and SR2.
No data can be read from RAM and no status can be read during serial data input. Also, RD and WR are high or low, arat®0gerD5

Table 1

SR1 SR2 Type

0

S1 | CS2 A0 WR Data (DO to D7)

p—
0 1 8080 microprocessor CS1 | cs2 A0 RD WR | DOto D7
bus (parallel)

1 1 6800 microprocessor CS1 CS2 AO E R/W | DO to D7
bus (parallel)
1 0 Serial input Cs1 CSs2 A0 0/1 0/1 D6 (SCL) and D7 (SI)
0 0 | Reset CS1 | CS2 | A0 RD | WR | ———————

* When set for the 68 family interface, the SR1 and SR2 timing must match or SR1 must rise first.

SR1 /
/111

RESET

.

The 68 family interface

A

Data Bus Signals
The S1D15206 series identifies the data bus signal according to A0, RD, and WR (E, R/W) signals.

Table 2
Common 6800 processor 8080 processor )
—— — — Function
AO WR (R/W) R WR

1 1 0 1 Reads display data.

1 0 1 0 Writes display data.

0 1 0 1 Reads status.

0 0 1 0 Writes control data in internal register. (commands)

Serial Interface (SR1 is high and SR2 is low) edge of every eighth serial clock signal.

The serial interface consists of an 8-bit shift register and a 3-bit .Thhe. sherialétha input isl geteranedAtg pelthe d/i\sop!ay daé[a when AQ
counter. The serial data input and serial clock input are enabled 'S N1gh, and itis control data when AQ is low. AQ is read on rising

when CS1 is low and CS2 is high (in chip select status). When chip €d9€ of every eighth clock signal. . )
is not selected, the shift register and counter are reset. Figure 1 shows a timing chart of serial interface signals. The serial

When serial data input is enabled by SR1 and SR2, D7 (SI) receives clock signal must be terminated correctly against termination reflec-
serial data and D6 (SCL) receives serial clock. Serial data of D7, D6, 0N and amb:;an(; noise. Operation checkout on the actual machine
..., DO is read at D7 in this sequence when serial clock goes high. 'S Ffecommended.

They are converted into 8-bit parallel data and processed on rising

4-8 EPSON Rev.3.5



S1D15206 Series

Cs1 \
cs2 /

D7(S1) ><D7><D6><D5><D4><D3><D2><D1><DO><D7><D6><D5>C
D6(SCL) 11 |21 |31 |4 |s] |s] |7] |e&] |o| |wof |12] [2
AO / \

7/
Figure 1

from display RAM in the first read (dummy) cycle, stores it in bus

Chip Select Inputs
holder, and outputs it onto system bus in the next data read c

The S1D15206 series can interface to microprocessor when CS1 is

LOW and CS2 is HIGH.

impedance. A0, RD, and WR inp
signal is entered regardless of CS1 and CS2 setup. The internal |
status including LCD driver circuit is held until a reset signal is

entered.

t starts.

Also, the microprocessor temporarily stores display data in

When these pins are set to any other combination, DO to D7 are high N0lder, and stores it in display RAM until the next data write cy

t disabled. H th . . .
W' are disab’e owever, ereseCWhen viewed from the microprocessor, the S1D15206 series ac

speed greatly depends on the cycle time rather than access time
display RAM {acc andtps). It shows the data transfer speed to/

from the microprocessor can increase. If the cycle time is inappro-

: : priate, the microprocessor can insert the NOP instruction that is
Access to Dlsplay- Data RAM and Inte.rnal Re.gls?[ers ~equivalent to the wait cycle setup. However, there is a restriction in
The S1D15206 series can perform a series of pipeline processingthe display RAM read sequence. When an address is set, the
between LSI’s using bus holder of internal data bus in order to match specified address data is NOT output at the immediately following
the operating frequency of display RAM and internal registers with - read instruction. The address data is output during second data read.
the microprocessor. For example, the microprocessor reads dataa single dummy read must be inserted after address setup and after
write cycle (refer to Figure 2).

*Write
WR
L L |

MPU

DATA —([n
Latched

Bus hol

Internal us holder n X n+1 X n+2 X n+3

timing | \write signal
*Read

WR

MPU RD
DATA —(  N__) N n {n+1)
Address

preset ‘

Read signal

Internal J |_|

timing Preset Incremented
Column M N X N+1 X N+2 X
address
Bus holder X N n n+l X n+2
[Set address n| [Dummy read] [Read address n]  [Read address n+1]

n: Current data
N: Dummy data

Figure 2
EPSON
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S1D15206 Series

Busy Flag unlocked when a column address is set again. The Column Address
counter is independent of Page Address register.

When ADC Select command is issued to display inverse display, the
column address decoder inverts the relationship between RAM

column address and display segment output.

The Busy flag is set when the S1D15206 series starts to operate.
During operating, it accepts Read Status instruction only. The busy
flag signal is output at pin D7 when Read Status is issued. If the cycle
time (cyc) is correct, the microprocessor needs not to check the flag
before issuing a command. This can greatly improve the microproc- .
essor performance. Page Address Register
This is a 4-bit page address register that provides page address to the
Initial Display Line Register display RAM (refer to Figure 4). The microprocessor issues Set

: : : : : Page Address command to change the page and access to another
When the display RAM data is read, the display line according to e ;
COMO (usually, the top line of screen) is determined using register page. Pa_lge address_4 (.D2 is high, b.Ut DO and D1 are low) is RAM
data. The register is also used for screen scrolling and page area dedicate to the indicator, and display data DO is only valid.
switching. .

Display Data RAM

The Set Display Start Line command sets the 5-bit display start The display data RAM stores pixel data for LCD. Itis a 33-column
address in this register. The register data is preset on the line counteby 80-row (4-page by 8+1 bit) addressable array. Each pixel can be
each time FR signal status changes. The line counter is incrementedselected when page and column addresses are specified.
by oscillator circuit output (in master mode) or CL input (in slave The time required to transfer data is very short because the micro-
mode), and it generates a line address to allow 80-bit sequential dataprocessor enters DO to D7 corresponding to LCD common lines as

output from display RAM to LCD driver circuit. shown in Figure 3. Therefore, multiple S1D15206’s can easily
configure a large display having the high flexibility with very few
Column Address Counter data transmission restriction.

The microprocessor writes and reads data to/from the RAM through
I/O buffer. As LCD controller operates independently, data can be
written into RAM at the same time as data is being displayed,
without causing the LCD to flicker.

This is a 7-bit presettable counter that provides column address to the
display RAM (refer to Figure 4). Itis incremented by 1 when a Read/
Write command is entered. However, the counter is not incremented
but locked if a non-existing address above 50H is specified. Itis

DO |1 COMO
D1 [0 COM1
D2 [1 |:> comz
D3 |0 COM3
D4 |0 COM4
Display data RAM Display on LCD

Figure 3

4-10 EPSON Rev.3.5



S1D15206 Series

Relationship between display data RAM and addresses (if initial display line is 08):

Page Line COM
address bata address output
DO L 00 COM 0
oo Moo F COM 1
N 02 COM 2
D2,01,00 o Page 0 03 COM 3
=0,0,0 T T Tt 04 COM 4
Tt 05 COM 5
R 06 COM 6
D7 IR 07 COM 7
DO 0s__|-Start COM 8
D1 09 COM 9
D2 0A COM10
0.0.1 D3 Page 1 0B 1/8 COM11
" D4 0oC CcOM12
D5 0D COM13
D6 OE COM14
D7 OF COM15
DO 10 COM16
D1 11 COoM17
D2 12 COM18
0.10 D3 Page 2 13 1/16 COM19
o D4 14 COM20
D5 15 COM21
D6 16 COM22
D7 17 COM23
DO 18 COM24
D1 19 COM25
D2 1A COM26
011 D3 Page 3 1B COM27
1, D4 1C CcOoM28
D5 1D COM29
D6 1E COM30
D7 1F —/ COM3L
1,0,0 DO Page 4 COM S
Column é D0=0/00|01/02/03|04|05/06/07| - = === - === ———~- AD|AE|4F
address | C [D0=1|4F|4E|4D[4C|4B|4A49}48| - ———————————- 0201J00
SEGOUT|O0|1|2]|3|4|5|6|7|--——————=———- 777879
Figure 4
Display Timing Generator Circuit The timing of LCD panel driver outputs is independent of the timing
This section explains how the display timing generator circuit °f RAM data input from microprocessor.
operates. .
LCD AC Signal (FR)
Signal generation to line counter and display data latch The LCD AC signal, FR, is generated from the display clock. The
circuit FR controller generates dual-frame AC driver waveforms for LCD

The line address counter, RAM, and latch circuit of the S1D15206 panel driver circuit.

series operate synchronous to the display clock (the oscillator circuit
outp).mm The LCD drive signal is sent to LCD panel driver output
pin SEGn.
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¢ Dual-frame AC driver waveforms
(If S1D15206 is used in 1/16 duty)

15 16 1 2 3 4 5 6 11 12 13 14 15 16 1 2

Display clock
FR ——

COMO

com1i xi —[777777 777777777777777777777777777777777777 l_I
RAMdata:><XXX><XX XXXXXXX:

SEGn V2

Common timing Signals

The common timing generator circuit uses the display clock to
generate common timing signal and FR frame signal. The Duty
Select command can select 1/8 or 1/16 duty (S1D15206). A
combination of Select Duty and Duty+1 commands can select 1/9 or
1/17 duty (S1D15206).

Display Data Latch Circuit Power Supply Circuit

This circuit temporarily stores (or latches) display data (during a The power supply circuit produces voltage to drive LCD panel at low
single common signal period) when it is output from display RAM  power consumption. The power circuit consists of three subcircuits:
to LCD panel driver circuit. This latch is controlled by Display ON/  voltage tripler, voltage regulator, and voltage follower. The voltage
OFF and Static Drive ON/OFF commands. These commands do not tripler outputs \hp -(Vssx2) or -(Vssx3) voltage at Vbut. The

alter the data. regulator circuit generatessWoltage using external resistor. The
voltage follower circuit changes the impedance ofd/V, that are
LCD Driver generated from ¥through division with internal resistors. (Details

are explained later.)

S1D15206 series can drive LCD panel using on-chip power circuit.
However, the on-chip power circuit is intended to use for a small
M LCD panel and it is inappropriate to a large panel requiring multiple
driver chips. As the large LCD panel has the dropped display quality
due to large load capacity, it must use an external power source.
The power circuit is controlled by Set Power Control command.
This command sets a three-bit data in Power Control register to
P P select one of eight power circuit functions. The external power
Oscillation Circuit supply and part of on-chip power circuit functions can be used

This is a low power consumption CR oscillator having an oscillator - simultaneously. The following explains how the Set Power Control
resistor, and its output is used as the display timing signal source or command works.

as the clock for voltage boost circuit of LCD power supply.
The display clock output can be stopped by Clock Stop command to
minimize the current consumption of LCD panel.

This is a multiplexer circuit consisting of 96 segment outputs to
generate four-level LCD panel drive signals. The circuit also has a
pair of COM outputs for indicator display.

The COMn output has a shift register to sequentially output CO
scan signals. The LCD panel drive voltage is generated by a specific
combination of display data, COM scan signal, and FR signal.
Figure 6 gives an example of SEG and COM output waveforms.
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[Control by Set Power Control command]

D2 turns on when triple booster control bit goes HIGH, and D2 turns off when this bit goes LOW.

D1 turns on when voltage regulator control bit goes HIGH, and D1 turns off when this bit goes LOW.

DO turns on when voltage follower control bit goes HIGH, and DO turns off when this bit goes LOW.

[Practical combination examples]

D2 D1 DO Voltage Voltage Voltage Exter_nal voltage Voltage t_Jooster Voltage rggulator
booster regulator follower input terminal terminal

1 11 ON ON ON — Used Used

1 00 ON OFF OFF — Used OPEN

0 1 1 OFF ON ON To Vourt OPEN Used

0 0O OFF OFF OFF To Vi to Vs OPEN OPEN

To use the on-chip (internal) power supply only, set
(D2,D1,D0)=(1,1,1).

Voltage tripler

If capacitors C1 are inserted between CAP1+ and CAP1-, be
CAP2+ and CAP2—, and betweerd/and \buT, the potential
between Wp and \&s is boosted to triple toward negative side and
it is output at \buT. For double boosting, remove only capacitor C1
between CAP2+ and CAP2-, open CAP2+, and jumper between
CAP2- and \buT. The double boosted voltage appears @tV
(CAP2-).

To use the voltage booster circuit only, set (D2,D1,D0)=(1,0,0).

To use the voltage regulator and voltage follower, set
(b2,b1,D0)=(0,1,1).

To use an external power supply only, set (D2,D1,D0)=(0,0,0).
The booster receives signals from oscillator circuit and, therefore,
the oscillator must be active. The following shows the boosted
potential.

Notes: 1The voltage booster terminals are CAP1+, CAP1-, CAP2+,
and CAP2-.

2. The above listed examples are the most practical use to
control each circuit using control bits. Any other setup is
unpractical and omitted in this manual.

3. The V/F circuit alone cannot be used. When this circuit
is used, the V adjustment circuit must be set simultaneously.

(Vcc=+5V) Vpp=0V Vpp=0V

(GND) Vgg=-5v ——X Vss=-5V —— X

Vout=2Vss=-10V — ¥

VouT=3Vss=-15V

Potential during double boosting Potential during triple boosting
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Voltage regulator

The boosting voltage occurring abMt is sent to the voltage regulator and thdiyuid crystal display (LCD) drive voltage is output. This
Vs voltage can be determined by the following equation when resistors Ra and Rb (R1, R2 and R3) are adjusted within {ke|xfigehf

R1
Ra
Vs=(1+ 2—2 - VREG+IREF - Rb
_ R3+R2-AR2
=(1+ 2 TRReTAREy |
A+ R14arg ) VREC
+IREF - (R3+R2-AR2)
Rb

where, \keg is the constant voltage source of the IC, and it is
constant (ec=—3.1 V). (\kec=Typel) Vrec=VsdVpp basis)
(VReG=Type2)

IRer is the voltage regulation current of the Electronic Volume
Control Function, ancker= 2.4A if the electronic volume control
register (32-state) has (D4,D3,D2,D1,D0)=(1,1,1,1,1).

To adjust the ¥ output voltage, insert a variable resistor between
VR, Vpp and \§ as shown. A combination of R1 and R3 constant

resistors and R2 variable resistor is recommended for fine-adjustment

of V5 voltage.

Setup example of resistors R1, R2 and R3:
When the Electronic Volume Control Function is OFF (electronic
volume control register values are (D4,D03,D2,D1,D0)
=(0,0,0,0,0)):

_ R3 + R2 -AR2
V5—(1+w)'\h|§@ ................ @
(As Irer = 0A)

* RL+R2+R3 =60 ...ccooevvriiiirnnnn @

(Determined by the current passing betweep ¥nd V5)
» Variable voltage range by R2: —-6.2t0 -9.3 V

(Determined by the LCD characteristics)

AR2 =@, VReg=-3.1V

To obtain \§ = -9.3 V, from equation (1):

R2+R3=2 -Rl....cccocevinrnrns @.
AR2 = R2, \keg=-3.1V
To obtain \§ = —6.2 V, from equation (1):

R1+R2=1-Rl.......cccccoeunnnn. @.

From equation®, ® and®: R1=2.0 M2
R2=1.0M

R3=3.0 M

The voltage regulator circuit has a temperature gradient of
approximately —0.17%C as the ggvoltage. To obtain another
temperature gradient, use the Electronic Volume Control Function
for software processing using the MPU.

As the VR pin has a high input impedance, the shielded and short /g =—3.1\%+0.4V (Typel)

lines must be protected from a noise interference.
When the ke = Type 2, similarly preset R1, R2 and R3 on the basis
of Vreg = Vss

Voltage regulator circuit using the Electronic Volume
Control Function

The Electronic Volume Control Function can adjust the intensity
(brightness level) of liquid crystal display (LCD) screen by command
control of V5 LCD driver voltage.

This function sets five-bit data in the electronic volume control
register, and the ¥LCD driver voltage can be one of 32-state
voltages.

° VDD

«\ARz 3

R2 § <
<_

R3 §

VREG

IREF
Voltage regulation
current

UR

To use the Electronic Volume Control Function, issue the Set Power
Control command to simultaneously operate both the voltage
regulator circuit and voltage follower circuit.

Also, when the voltage tripler off, the voltage must be supplied from

VouT terminal.

When the Electronic Volume Control Function is used, tge V
voltage can be expressed as follows:

Rb
Vs=(1+p,) \Rec+* Irer- RD
(Variable voltage range)

The increased y/voltage is controlled by use gfdrcurrent source
of the IC. (For 32 voltage level&lrer=Ired31)

The minimum setup voltage of the ¥bsolute value is determined

by the ratio of external Ra and Rb, and the increased voltage by the

Electronic Volume Control Function is determined by resistor Rb.

Therefore, the resistors must be set as follows:

(1) Determine Rb resistor depending on thevelriable voltage
range by use of the Electronic Volume Control.

V5 variable voltage range

Rb =
IREF

(2) To obtain the minimum voltage of the; \dbsolute value,
determine Ra using the Rb of Step (1) above.

Rb

Vs _

Ra = 1 [Vs= (1 + Rb/Ra) - ¥ed
VREG

The S1D15206 series have the built-ige¥é reference voltage and
IrRerF current source which are constant during voltage variation.
However, they may change due to the variation occurring in IC
manufacturing and due to the temperature change as shown below.
Consider such variation and temperature change, and set the Ra and
Rb appropriate to the LCD used.

\hEG =—0.17%/°C

Vreg =Vss(Vpp basis) (Type2) YEG =-0.00%/°C

Irep = —1.2pA + 40% (For 16 levels) Rgg=0.011pA/°C

IRerp = —2.4pA + 40% (For 32 levels) Rggp= 0.022pA/°C

Ra is a variable resistor that is used to correct thel\age change

due to \REG and REeF variation. Also, the contrast adjustment is
recommended for each IC chip.

Before adjusting the LCD screen contrast, set the electronic volume
control register values to (D4,D3,D2,D01,D0)=(1,0,0,0,0) or
(0,1,1,1,12) first.

When not using the Electronic Volume Control Function, set the
register values to (D4,D03,D2,D1,D0)=(0,0,0,0,0) by sending the
RES signal or by issuing the Set Electronic Volume Control Register
command

4-14
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S1D15206 Series

Setup example of constants when Electronic Volume Control
Function is used:
V5 maximum voltage: ¥=—6.2 V (Electronic volume control
register values (D4,D03,D2,D1,D0)=(0,0,0,0,0))
V5 minimum voltages: ¥=—-8.6 V (Electronic volume control
register values (D4,03,02,D01,D00)=(1,1,1,1,1))
V5 variable voltage range: 2.4 V
Variable voltage levels: 32 levels
(1) Determining the Rb:

Rb = Vs variable voltage range 2.4V
llred 24pA  Rb=1.0M
(2) Determining the Ra:
- Rb __1.o0m
Ra=Vemax_, ~=62V_
VREG -31V Ra=1.0ND

According to the ¥ voltage and temperature change, equéican
be as follows (if \bp = 0 V reference):
If Ta=25C:
Vsmax = (1 + Rb/Ra) - Neg
=(1+1MY1MQ)x(-3.1V)
=-6.2V
Vs min = Vs max + Rb -ggr
= -6.2V+ 1M x(-2.4pA)
=-86V
If Ta=-1CC:
Vs max = (1 + Rb/Ra) - Neg
= (1+1M/IMQ) x (-3.1 V)x {1 + (-0.17%7C)
x (-10C - 25C)}
=-6.57V
Vs min = Vs max + Rb - ger
= —6.57 V + 1M) x {-2.4 pA + (0.022pA/°C) x
(-1oCc -25C)}
=-8.20V

Command sequence for built-in power circuit startup

If Ta = 5CC:
Vs max = (1 + Rb/Ra) - Neg
1 +1MYLMQ) x(=3.1V)x {1 + (-0.17%7C)
x (50°C — 25C)}
=-594V
= Vsmax + Rb -pger
= -5.94V + 1M x {-2.4 pA + (0.022pA/°C) x
(-50°C - 25C)}
=-8.89V

Vs min

The margin must also be determined in the same procedure given
above by considering ther¢g and kgr variation. This margin
calculation results show that thg ¥enter value is affected by the
Vrecand kegvariation. The voltage setup width of the Electronic
Volume Control depends on thggk variation. When the typical
value of 0.2 V/step is set, for example, the maximum variation range
of 0.12 to 0.28 V must be considered.

When the \keg = Type 2, it so becomes thagds = Vssand there

is no temperature gradient. Howeveggt carries the same
temperature characteristics as withgé = Type 1.

Voltage generator for LCD (Voltage fullower)

The \k potential is divided using resistance within IC andWs, V3

and Vj; potentials are generated for LCD panel drive. These
potentials are then converted in impedance by voltage follower, and
sent to LCD driver circuit.

Because the LCD drive voltage has been fixed to each model, the
display quality may drop in specific duty selected by Select Duty
command. If it occurs, use an external power supply.

Model LCD drive voltage
S1D15206 1/5 of bias voltage
S1D15208 1/7 of bias voltage

Subsection gives wiring examples and reference parts list when on-
chip power supply is used and when not used.

The built-in power circuit must follow the command sequence given below.

* To start the built-in power
circuit when logic units are
being powered:

Hardware reset
(SR1=SR2="0")

A4

Setup of power
control

*After approx. 200 msec

A4

Display turns ON.

* To start the built-in power
circuit after release of Power
Save mode:

Release the Power Save
mode. (Static drive is
OFF or display is ON.)

A4

Setup of power
control

*After approx. 200 msec

A4

Display turns ON.

*When the Set Power Control command is issued, thg Mvel signal is output at both COM and SEG terminals for approximately 200 msec.

Any other command can be entered during this period.

Rev.3.5
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When turning off the built-in power circuit, observe the following command sequence to mainyain power save status.

When turning off the built-in
power supply:

Display “OFF”

Static drive “ON”

Built-in power supply “OFF”

* Precautions when installing the COG

Command AEh

Command A5h

~

command

P4

When installing the COG, it is necessary to duly consider the fact that
there exists a resistance of the ITO wiring occurring between the
driver chip and the externally connected parts (such as capacitors and
resistors). By the influence of this resistance, non-conformity may 2.
occur with the indications on the liquid crystal display.
Therefore, when installing the COG design the module paying
sufficient considerations to the following three points.
1. Suppress the resistance occurring between the driver chip pin to

the externally connected parts as much as possible.

2. Suppress the resistance connecting to the power supply pin of

the driver chip.

3. Make various COG module samples with different ITO sheet
resistance to select the module with the sheet resistance with

sufficient operation margin.

Also, as for this driver IC, pay sufficient attention to the following
points when connecting to external parts for the characteristics of the

circuit.

L Power save

the resistance of ITO wiring is being inserted in series with the
switching transistor, thus dominating the boosting ability.
Consequently, the boosting ability will be hindered as a result
and pay sufficient attention to the wiring to respective boosting
capacitors.

Connection of the smoothing capacitors for the liquid crystal
drive

The smoothing capacitors for the liquid crystal driving potentials
(V1. V2, V3 and \4) are indispensable for liquid crystal drives
not only for the purpose of mere stabilization of the voltage
levels. If the ITO wiring resistance which occurs pursuant to
installation of the COG is supplemented to these smoothing
capacitors, the liquid crystal driving potentials become unstable
to cause non-conformity with the indications of the liquid
crystal display. Therefore, when using the COG module, we
definitely recommend to connect reinforcing resistors externally.
Reference value of the resistance is @& 1MQ.

Meanwhile, because of the existence of these reinforcing
resistors, current consumption will increase.

1. Connection to the boosting capacitors The boosting capacitors Indicated below is an exemplary connection diagram of external
(the capacitors connecting to respective CAP pins and capacitor resistors.

being inserted betweenoyT and \ss) of this IC are being
switched over by use of the transistor with very low ON-

resistance of about @ However, when installing the COG,

Exemplary connection diagram 1.

T VbD

VbD
Ra3 R4
| Vi
call
[%]
0
| =
ol V2 8
[{e}
o
N
. 5
V
ca s b
>—|' Va
call
R43 R4z
|
call Vs

Please make sufficient evaluation work for the display statuses with
any connection tests.

Exemplary connection diagram 2.

T VbD

VbD
| Vi
ca'l
R4z
[%]
Q
| =
el V2 $
(o]
o
N
Y
| la)
call Vs o
R43
>—|' Va
cal
C |7 Vs
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Reset Circuit

The S1D15206 series chip parameters are initialized when both

SR1 and SR2 are set to low.
o Initial parameter setup
Display

Duty cycle
ADC select

wh e

Read-modify-write
Power Control register
Initial Display Line register

Page Address register

: Off
: 1/16 (S1D15206)
: Normal (DO ADC com

mand is high and
ADC status flag is set)

. Off

-0
: Linel

: Address 0
. Page O

Register data of serial interface : Cleared

4
5
6.
7. Column Address counter
8
9
1

0. Electronic control register

COMO
COM 1
COM 2
COM 3
COM 4
COM 5
COM 6
COM7

COM 8

COM9

COM 10
COM 11
COM 12
COM 13
COM 14
COM 15

-0

11. Static drive
12. Clock

. Off
: Output

As explained in Section 4-32, the microprocessor should also be
reset when SR1 and SR2 are reset. The SR1 and SR2 go low only
when logical low pulses are entered at least 10 microseconds (refer
to Section for AC characteristics). The normal reset signal appears
1 microsecond after the rising edge of this signal.

If the on-board LCD power circuit of the S1D15206 series is not
used, both SR1 and SR2 must be low when an external LCD power
is supplied. If not low, the IC chip may be destroyed by surge
current. When reset, each register is cleared but the present setup of
oscillator circuit and output terminals (FR, CL, DO to D7) is not
cleared.

As the S1D15206 series does not have a Power-On Clear circuit,
both SR1 and SR2 must go low when logic power applies. If not, any
recovery may fail.

The Reset command can reset parameters 6 to 10 listed above.

FR ]

COMO

COM1

COM 2

-
ss

SEGO

il
<5

SEG1

COM-SEG O

-

COM -SEG 1 1

Figure 6
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7. COMMANDS R/W
Page 4-21 lists available commands. The S1D15206 series uses @ A0 | RD (WR | D7 | D6 | D5 | F4 | D3 | D2 | D1 | DO
cpmblnatlon of AO, RD and WR (or R/W) signals to identify data bus 0 1o 0 | A6 | A5 | A4 | A3 | A2 | AL | AO
signals. As the chip analyzes and executes each command usin
internal timing clock only (any external clock is required), its
processing speed is very HIGH and its busy check is usually not | A6 A5 A4 A3 A2 Al A0 | Column address
required. 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1
(1) Display ON/OFF .
Alternatively turns the display on and off. 1 0 0 1 1 1 1 79
—_rRW
AO | RD |WR| D7 | D6 |D5| F4 | D3 | D2 | D1 | DO (5) Read Status
o|j1(0f2|02|0|21|21|1]|D R/W
The display turns off when D goes low, and it turns on when D A0 |RD |WR|D7 | D6 D5 F4)D3|D2 D1 DO
goes HIGH. 0 | O | 1 |BUSY|ADC [ONOFF|RESET| PS | O | O | O

(2) Initial Display Line
Specifies line address (refer to Figure 4) to determine the initial
display line, or COMO. The RAM display data becomes the top
line of LCD screen. ltis followed by the higher number of lines
in ascending order, corresponding to the duty cycle. When this
command changes the line address, the smooth scrolling or

page change takes place.
— rw
AO |RD |WR|D7 |D6 |D5|F4 |D3 |D2 |D1 |DO
0 1 0 1 1 0 | A4 [A3 |A2 [Al |AO
- HIGH-order bit

A4 A3 A2 Al AOQ Line address

0 0 0 0 0 0

0 0 0 0 1 1

0 0 0 1 0 2

1 1 1 1 o 30

1 1 1 1 1 31

(3) Set Page Address
Specifies page address to load display RAM data to page
address register. Any RAM data bit can be accessed when its
page address and column address are specified. The display
remains unchanged even when the page address is changed.

BUSY: When high, the S1D15206 series is busy due to internal
operation or reset. Any command is rejected until BUSY
goes LOW. The busy check is not required if enough time
is provided for each cycle.

ADC: Indicates the relationship between RAM column address

and segment drivers. When LOW, the display is normal

and column address “79-n”" corresponds to segment driver

n. When HIGH, the display is reversed and column

address n corresponds to segment driver n.

ON/OFF: Indicates whether the display is on or off. When goes low,
the display turns on. When goes HIGH, the display turns
off. This is the opposite of Display ON/OFF command.

RESET: Indicates the initialization is in progress by SR1 and
SR2 to go LOW or by Reset command. When LOW,
the display is on. When HIGH, the chip is being reset.

PS: When LOW, LCD panel is in Power Save mode.

(6) Write Display Data
Writes 8-bit data in display RAM. As the column address is
incremented by 1 automatically after each write, the microproc-
essor can continue to write data of multiple words.

Page address 4 is the display RAM area dedicate to the indica- _ |RW
tor, and only DO is valid for data change. A0 | RD (WR| D7 | D6 | D5 | F4 | D3 | D2 | D1 | DO
RIWI 1 1|0 Write data
AO | RD (WR| D7 | D6 |D5| F4 |D3 | D2 | D1 | DO (7) Read Display Data
0 1 0 1 0 1 1 1 | A2 | A1 | AO Reads 8-bit data from display RAM area specified by column
address and page address. As the column address is incremented
by 1 automatically after each write, the microprocessor can
A2 Al AO Page Address continue to read data of multiple words. A single dummy read
0 0 0 0 is required immediately after column address setup. Refer to
0 0 1 1 the display RAM section of FUNCTIONAL DESCRIPTION
0 1 0 2 for details.
0 1 1 3 _
1 0 0 4 __|RW
AO |RD|WR| D7 | D6 |D5| F4 | D3 | D2 | D1 | DO
(4) Set Column Address
Specifies column address of display RAM. When the micro- L 0 L Read data

processor repeats to access to the display RAM, the column

address counter is incremented by 1 during each access until
address 80 is accessed. The page address is not changed durin
this time.

(8) ADC Select

Changes the relationship between RAM column address and
9 segmentdriver. The order of segment driver output pins can be
reversed by software. This allows flexible IC layout during
LCD module assembly. For details, refer to the column address
section of Figure 4. When display data is written or read, the
column address is incremented by 1 as shown in Figure 4.
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__|RW  [riw
AO| RD|WR| D7 | D6 |D5| F4 | D3| D2 | D1 | DO A0 | RD |WR|D7 | D6 |D5| F4 |D3 | D2 |D1 | DO
oj1|{0}j1j0|2|]0|0|O0]|O0]|D of1/0f1|j0|2|0(|2]|0]|1]|D
When D is low, the right rotation (normal direction). When Model D Duty
D is HIGH, the left rotation (reverse direction).
0 1/8 or 1/16
S1D15206
(9) Static Drive ON/OFF 1 1/9 or 1/17
Forcibly turns the entire display ON and makes all common S1D15208 0 1/32
outputs selectable regardless of RAM data contents. The RAM 1 1/33
data is held.
R/WI (12) Read-Modify-Write
50 | Wwp A pair of Read-Modify-Write and End commands must always
A0 | RD|WR|D7| D6 DS5| F4|D3)|D2)D1 | DO be used. Once Read-Modify-Write is issued, column address is
0 1|10 1|0 1|0 0] O 0| D not incremented by Read Display Data command but

incremented by Write Display Data command only. It contin-

ues until End command is issued. When the End is issued,
column address returns to the address when Read-Modj
Write was issued. This can reduce the microprocessor |
when data of a specific display area is repeatedly chan
during cursor blinking or others.

When D goes LOW, the static drive turns off. When D goes
HIGH, the static drive turns on.

The LCD panel enters Power Save mode if Static Drive ON
command is issued when the display is off. Refer to the Power
Save section for details.

R/W
(10) Select Duty AO | RD|WR|D7| D6 |D5| F4 | D3| D2 |D1 | DO
Selects t_he_LCD driver duty. _ However, _the _bl_as of LCD driver 0 1 0 1 1 1 0 0 0 0 0
voltage is fixed when on-chip power circuit is used (refer to
Subsection). Note: Any command except Read/Write Display Data and Set
RIW Column Address can be issued during Read-Modify-Write
A0 | RD|WR| D7 | D6 | D5| F4 | D3 | D2 | D1 | DO mode.

oj1{0}j1j0(212|0|212]0]|O0]|D

» Cursor display sequence

Model D Duty Set Page Address
S1D15206 (1) 11/’186 v
; Set Column Address
0 1/32
S1D15208 1 1/32 >

Y

Read-Modify-Write

(11) Duty+1
Increments the duty by 1. If 1/8 duty is set for the S1D15206,

for example, it is incremented to 1/9 duty. If 1/16 duty is set, it ’#
is incremented to 1/17 duty. The COMS terminal functions as Dummy Read
COMB8 or COM16. The display line of RAM area correspond- y
ing to page address 4, or DO, is always accessed. v
Read Data
v
Write Data
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(13) End
Cancels Read-Modify-Write mode and returns column address to the original address (when Read-Modify-Write was issued).
__|RwW
AO |RD (WR| D7 |D6 |D5| F4 |D3 | D2 |D1 | DO
0 1 0 1 1 1 0 1 1 1 0

Return
v

Column address

X r\‘| N1 ) N2 X N3 X:,,,, N+m X

N

Read-Modify-Write mode is selected.

(14) Reset
Resets the Initial Display Line register, Column Address coun-
ter, Page Address register, register data of serial interface, and
Electronic Control register to their initial status. The Reset
command does not affect on the contents of display RAM.
Refer to the Reset circuit section of FUNCTIONAL DESCRIP-
TION.

— R
AO | RD|WR| D7 | D6 |D5| F4 |D3 | D2 | D1 | DO
0 1 0 1 1 1 0 0 0 1 0

The Reset command cannot initialize LCD power supply. Only

L End

D4 D3 D2 D1 DO | Vs |
0 0 0 0 0 Low
0 0 0 0 1
0 0 0 1 0

! !
1 1 1 0 1
1 1 1 1 0
1 1 1 1 1 High

Setregister to (D4,D3,D2,D1,D0)=(0,0,0,0,0) to suppress elec-
tronic control function.

RES (that sets SR1 and SR2 to low) can initialize the supplies. (17) Clock Stop

(15) Set Power Control

Selects one of eight power circuit functions using 3-bit register.
An external power supply and part of on-chip power supply
functions can be used simultaneously. Refer to Power Circuit
section of FUNCTIONAL DESCRIPTION for details.

TR
AO | RD |WR| D7 | D6 |D5| F4 |D3 | D2 | D1 | DO
0 1 0 1 0 1 1 0 | D2 | D1 | DO

When DO goes LOW, voltage follower turns off. When DO goes
HIGH, it turns on.
When D1 goes LOW, voltage regulator turns off. When D1 goes
HIGH, it turns on.
When D2 goes LOW, voltage booster turns off. When D2 goes
HIGH, it turns on.

(16) Set Electronic Control

Adjusts the contrast of LCD panel display by changigt®D
drive voltage that is output by voltage regulator of on-chip
power supply.

This command selects one of 32 MCD drive voltages by
storing data in 5-bit register. The; Voltage adjusting range
should be determined depending on the external resistance.
Refer to the Voltage Regulator Circuit section of FUNC-
TIONAL DESCRIPTION for details.

This command is valid only when voltage regulator circuit is
turned on by Set Power Control command.

RV
WR

A0 | RD D7 | D6 |D5 | F4 |D3 | D2 | D1 | DO

110 110 0O |D4 |D3 | D2 |D1 |DO

Stops clock output at CL to reduce current consumption.

__[Rw
AO |RD (WR|D7 | D6 |D5 | F4 |D3 | D2 |D1 | DO
0 110 1 1 1|0 0 1 1 |D

Clock outputs when D is low, but clock stops when D is high.

(18) Power Save (a combination with Static Drive command)

Sets LCD panel in power save mode if Static Drive ON is issued
when the display is off. Power consumption drops power
consumption level.

When LCD panel enters Power Save mode:

(a) Both oscillator and power supply stop.

(b) LCD driver stops, and segment and common driver have

Vpp level output.

(c) External clock input is disabled, and clock output is set

to low (at CL).

(d) Both display data and operation mode before issue of

Power Save are held.

(As the power control register is cleared, the Set Power
Control command must be issued again after the Power
Save mode has been released.)

(e) All LCD driver voltages are fixed topp.
The Power Save is released when the display is turned on or
when Static Drive OFF is issued. If external voltage driver
resistors are used to supply voltage to LCD panel, current
passing through resistors must be cut off. An external power
supply must be turned off if used; its voltage must be fixed to
floating or \pp level.

* When the S1D15206 series is operating, the internal status
data set by commands is held. However, the internal status
may change due to an excessive ambient noise. The package
and system noise generation must be suppressed or a noise
protection design must be considered.

We recommend to periodically refresh the internal status
data to prevent a spike noise and other interference.
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S1D15206 Series Command Table

Command Code Function
A0 |RD|WR | D7 | D6 | D5 |D4 | D3| D2|D1| DO
(1) Display ON/OFF 0 1 0 1 0 1 0 1 1 1 0 |Turns on LCD panel when goes
1 [HIGH, and turns off when goes LOW.
(2) Initial Display Line 0 1 0 1 1 0 [Initial display address Specifies RAM display line for
COMO.
(3) Set Page Address 0 1 0 1 0 1 1 1 |Page address |Sets the display RAM page in
Page Address register.
(4) Set Column Address 0 1 0 0 |Column address Sets RAM column address in
Column register.
(5) Read Status 0 0 1 |Status 0 0 0 |Reads the status information.
(6) Write Display Data 1 1 0 |Write data Writes data in display RAM.
(7) Read Display Data 1 0 1 |Read data Reads data from display RAM.
(8) ADC Select 0 1 0 1 0 1 0 0 0 0 0 |Sets normal relationship between
RAM column address and seg-
ment driver when low, but re-
verses the relationship when HIGH.
(9) Static Drive ON/OFF 0 1 0 1 0 1 0 0 1 0 0 |Normal indication when LOW, but
1 [full indication when HIGH.
(10) Duty Select 0 1 0 1 0 1 0 1 0 0 0 |Selects LCD driver duty of 1/8 (1/
1 [16) when LOW and 1/16 (1/32)
when HIGH.
(11) Duty+1 0 1 0 1 0 1 0 1 0 1 0 |Selects normal LCD driver duty
1 |when LOW, and selects the duty
added by 1 when HIGH.
(12) Read-Modify-Write 0 1 0 1 1 1 0 0 0 0 0 |Increments Column Address
counter during each write when
HIGH and during each read when
LOW.
(13) End 0 1 0 1 1 1 0 1 1 1 0 |Releases the Read-Modify-Write.
(14) Reset 0 1 0 1 1 1 0 0 0 1 0 |Resets internal functions.
(15) Set Power Control 0 1 0 1 0 1 1 0 |Power control | Selects various power circuit
functions.
(16) Set Electronic Control | 0 1 0 1 0 0 |Electronic control value Sets V5 output voltage to Elec-
tronic Control register.
(17) Clock Stop 0 1 0 1 1 1 0 0 1 1 0 |Stops clock output at CL when
1 [LOW, and stops clock when HIGH.
(18) Power Save - - - - - - - - - - — | A combination of Display OFF and
Static Drive ON commands.

Note: Do not use any other command, or the system malfunction may result.
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8. ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Unit
Supply voltage range VbD -0.3t0 +7.0 \%
Triple voltage .
conversion Voo 0310 +6.0
Driver supply voltage range (1) V5 -18.0to +0.3 \%
Driver supply voltage range (2) V1,V2,V3, V4 V5 to +0.3 \%
Input voltage range VIN —0.3 to Vpp+0.3 \%
Output voltage range VO —0.3 to Vpp+0.3 \%
Allowable loss Pp 250 mw
Operating temperature range TopPr —40 to +85 °C
Storage temperature range| QFP « TCP TSTG —65 to +150 °C
Bear chip -551t0 +125
Soldering temperature and time TSOLDER 260-10 (at leads) °Cesec
7 Vee 7 VDD
GND Vss
V1to Vs, VouT, VREG
(Microprocessor side) (S1D15206 series side)

Notes: 1. \f to Vs, Vourt, and \keg voltages are based omphy=0 V.

2. Voltages \bp 2V12V322 V32 V,42 V5Vgs=> Voyt must always be satisfied.

3. If an LSI exceeds its absolute maximum rating, it may be damaged permanently. Itis desirable to use it under etacteécisticisa
conditions during general operation. Otherwise, an LS| malfunction or reduced LSI reliability may result.

4. The moisture resistance of the flat package may drop during soldering. Take care not to excessively heat the packaxgg resin d
chip mounting.
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9. ELECTRICAL CHARACTERISTICS
DC Characteristics

Vpop =5V +£10%, Vss =0V, Ta = —40 to +85°C unless otherwise noted.

ltem Symbol Condition Min. Typ. Max. Unit | Pinused
Power voltage (1) | Operational Vbbp 2.4 6.0 \% Vpp *1
Operating voltage | Operational Vs -13.0 -4.0 \% Vs *2
(2) | Operational | Vi, V2 0.6 x V5 VpD V V1, V2
Operational | V3, Va Vs 0.4 x V5 \Y V3, Vg
HIGH-level input voltage ViHC 0.7 x Vpp Vbb \% *3
Vpp=2.7V 0.8 x Vpp Vpb
LOW-level input voltage ViLc Vss 0.3xVpp| V *3
8 Vpp=2.7V Vss 0.2 x Vpp
(2_) HIGH-level output voltage VoHc lon=-1mA 0.8 x Vpp Vbp \% *4
Vpp =2.7V, lon =-0.5 mA 0.8 x Vpp Vpb
LOW-level output voltage VoLc lon=1mA Vss 0.2xVpp| V *4
Vpp=2.7V, loL. =0.5mA Vss 0.2 x Vpp
HIGH-level input voltage ViHs 0.4 x Vpp 0.8 xVpp| V *5
E Vpp =27V 0.4 x Vpp 0.8 x Vpp
-&C’, LOW-level input voltage ViLs 0.2 x Vpp 0.6 xVpp| V *5
Vpp=2.7V 0.2 x Vpp 0.6 x Vpp
Input leakage current I -1.0 1.0 A *6
Output leakage current ILo -3.0 3.0 A *7
LCD driver ON resistance Ron | Ta=25°C  Vs5=-05V 150 | 300 | KQ |SEGOt079
COSO0 to 15
COMS *9
Static current consumption Ippg CS=C_L=Vpp 0.05 3.0 HA Vbb
Input pin capacity Cin Ta=25°C,f=1MHz 5.0 8.0 pF | Input pins
CL output frequency foL Ta=25°C,Vpp=2.7t105V 24 2.9 3.7 kHz *8
48 58 4 Applies to the
S1D15206x10x+,
S1D15208x10%
Dynamic current consumption (1) when the built-in power supply is OFF
1.7 times of normal products apply to fcL = 5.8 kHz products of S1D15206F11x% and S1D15208F 11 . Ta=25°C
Item Symbol Conditions Min. Typ. Max. Unit | Remarks
S1D15206 Ibp (1) Vpp = 5.0V, V5—VpD = -6.0V - 9.1 18 HA *12
Vbp = 3.0V, V5-Vpp = —6.0V - 12.0 24
S1D15208 Vob = 5.0V, V5-Vpp = -8.0V - 7.5 15
Vpp = 3.0V, V5-Vpp = -8.0V - 9.5 19
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Dynamic current consumption (2) when the built-in power supply is ON (Display all white)

1.7 times of normal products apply to fcL = 5.8 kHz products of S1D15206F11%% and S1D15208F11xx. Ta=25°C
Iltem Symbol Conditions Min. Typ. Max. Unit | Remarks
S1D15206 Iop (2) |Vobbp =5.0V, V5-VbD = —6.0V, dual boosting - 31 62 HA *13
Vbp = 3.0V, V5-VpDp = —6.0V, triple boosting - 44 88
S1D15208 Vpp = 5.0V, V5—Vpp = -8.0V, dual boosting - 37 74
Vpp = 3.0V, V5-Vpp = -8.0V, triple boosting - 55 110

Dynamic current consumption (2) when the built-in power supply is ON (Display checker pattern)

1.7 times of normal products apply to fcL = 5.8 kHz products of S1D15206F11#% and S1D15208F1 1. Ta=25°C
Item Symbol Conditions Min. Typ. Max. Unit | Remarks
S1D15206 Iob (2) |VDD =5.0V, V5-VDD = —6.0V, dual boosting - 34 68 A *13
VoD = 3.0V, V5-VDD = —6.0V, triple boosting — 46 92
S1D15208 VbD = 5.0V, V5-VDD = -8.0V, dual boosting — 42 84
VoD = 3.0V, V5-VDD = -8.0V, triple boosting - 60 120
Current consumption during Power Save mode V. =0V, Vpp=2.7t05.5V Ta = 25°C
Item Symbol Conditions Min. Typ. Max. Unit | Remarks
Power save Ibps1 S1D15206, S1D15208 — 3 6 HA —
mode

Typical current consumption characteristics (reference data)

e Dynamic current consumption (1) when LCD external power mode lamp is ON
(Lli()) Conditions: The built-in power supply is
OFF and an external power
supply is used.
15 S1D15206 Vs5-Vbp=—6.0V
| bD (1) S1D15208 | | S1D15208 V5-VbD=-8.0V
L Ta=25°C
10 — Remarks: *12
] 1.7 times of normal products apply
S1D15206 to fcL = 5.8 kHz products of
5 S1D15206F11%% and S1D15208F11%*.

0 1 2 3 4 5 6 7 (V)

» Dynamic current consumption (2) when the LCD built-in power supply lamp is ON
80

(UA) Conditions: The built-in power supply is ON.
H S1D15206 Vs-Vop=—6.0V dual boosting
S1D15208 Vs-Vbp=-8.0V triple boosting
60 ] Ta=25°C
5
IDD (2) S1D15208 Remarks: *13 _
40 1.7 times of normal products apply
to fcL = 5.8 kHz products of
— | S1D15206F11%% and S1D15208F11%*.
—+—T | sipis206
20

0 1 2 3 4 5 6 7 (V)
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e Current consumption | pp during access (2) during MPU access cycle

10 It shows the current consumption when a checker
(mA) pattern is always written in fSync timing.
1 S1D15206 When not accessed, only the current consumption
of Ibb (2) occurs.
IDD(2) _
01 — S1D15208 Conditions: 81315306 xs - xDD f -6.0 x dgalll bg)ostl_ng
I S 5208 V5 - VDD =-8.0V, triple boosting
Ta=25°C
0.01
0 0.01 0.1 1 10
feve  (MHz)
Iltem Symbol Conditions Min. | Typ. | Max. | Unit | Pins used
2 | Input voltage Vbp — 24 | — | 60 | V *10
%'- Booster output voltage Vout | Vpp reference (during triple boosting) | -16.5| — — \Y VouTt
©
% Voltage regulator circuit Vout | Vpp reference -165| — -4.0 \% VouTt
@ | operating voltage
% Voltage follower operating Vs Vpp reference -13.0| — -4.0 \% *11
<. | voltage
Reference voltage Vrec | Vpp reference Ta = 25°C -35 | =31 | =2.7 \Y VR
* See notes below.
*1  Although the wide range of operating voltage is guaranteed, a spike voltage change during access to the MPU is not guaranteed
*2  The operating voltage range of theyand \4 systems (See Figure 9.)
The operating voltage range is applied if an external power supply is used.
*3  Pins DO to D5, A0, CS1, CS2, RD (E), WR (R/W), M/S, CL, and FR
*4  Pins DO to D7, FR, and CL
*5  Pins SI (D7), SCL (D6), SR1, and SR2
*6  Pins A0, RD (E), WR (R/W), CS1, CS2, M/S, SR1, and SR2
*7  Applied if pins DO to D7, FR, and CL are high impedance.
*8 For the relationship between CL output frequency and frames, see Figure 7.
For the relationship between CL output frequency and power voltage, see Figure 8.
For the relationship between CL output frequency and temperature, see Figure 11.
*9  The resistance when the 0.1-volt voltage is applied between the SEG and COM output terminals and each power te¥fmiival §¥/
V4). It must be within operating voltage (2).
RON = 0.1 VAI
where Al is the current that flows between power supply and SEG or COM terminal when the 0.1-volt voltage is applied.
*10 If the triple voltage by the built-in power circuit are used thg Yrimary power must be used within the input voltage range.
*11 The Vs voltage can be adjusted within the voltage follower operating range by use of voltage regulator.
*12 Applied if the built-in oscillation circuit is used and if not accessed by the MPU.
*13 Applied if the built-in oscillation circuit and the built-in power circuit are used, and if not accessed by the MPU.
The current flowing through the voltage regulator resistors (R1, R2 and R3) is not included.
When the built-in voltage booster is used, the current consumption fopthedwver supply is shown.
¢ Relationship between CL output frequency and frames » Relationship between CL output frequency and power
(S1D15206 series) voltage
The relationship between CL output frequeney)and frame Ta=25°C
frequency () can be determined as follows: fc1=5.80
Applies to the
5 S1D15206%11%%,
Duty fr S1D15208#11%%
S1D15206 1/9 8 « Fosc/288 4
1/17 | 8 * fosc/272
feL 3
[KHz] _
S1D15208 1/33 8 ¢ fosc/264 for=2.90
2
Figure 7 .
("f¢" indicates the LCD current alternating cycle, but not the
cycle of f F signals.) 0 5 ) 6 8
Vobo [V]
Figure 8
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» Operating voltage range on Vpp and V5

-20
| — e I 13
V]
Vs -10
72F-------- - -
5 e (e -4
|
|
0 224 4 6 8
VDD V]
* Ipp measuring circuits
VDD
Vi
_lov
V2 T-5v
S1D152[0T1111T]
V3
Va
Vs
Vss

\%!

V2

V3

Va

V5

VDD

S1D152[1TTTIT]

Vss

T-2.7v

ov

» Relationship between CL output frequency and temperature

6
—— Applies to the
5 S1D15206%11%%*,
S1D15208%11%%
4
feL 3
[KHZ] — |
2
1
-40 0 40 80 120
Ta [Cl

ov
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AC Characteristics
(1) System buses

Read/write characteristics | (8080-series microprocessor)

taws —» ~—tAHS
Csi \ y
(Cs2="1" \i 7/ \
fcvcs
P %CCLW I
77 . CCLR . X
w0 SN\ 777 NN
tbsg —= l=tDHs8 techr
DO~D7
(WRITE)
a— taccs la— fcHs
DO~D7 T T
(READ)
Vss =0V, Vpp=5.0V +£10%, Ta =40 to +85°C
Parameter Signal Symbol Condition Min. Max. Unit
Address hold time A0 tans 5 ns
Address setup time taws 5 ns
System cycle time tcves 400 ns
Control LOW pulse width (WR) WR teow 100
Control LOW pulse width (RD) RD tcelr 75
Control HIGH pulse width (WR) WR tcchw 145
Control HIGH pulse width (RD) RD tccHr 145
Data setup time tbss 80 ns
Data hold time {bHs 10 ns
RD access time DO to D7 taccs CL=100pF 80 ns
Output disable time tchs 10 60 ns
Vss=0V,Vpp=2.7Vto4.5V, Ta=-40to +85°C
Parameter Signal Symbol Condition Min. Max. Unit

Address hold time A0 tans 10 ns
Address setup time taws 10 ns
System cycle time tcves 800 ns
Control LOW pulse width (WR) WR tcciw 185
Control LOW pulse width (RD) RD tcolr 185
Control HIGH pulse width (WR) WR teehw 285 ns
Control HIGH pulse width (RD) RD tccHr 285 ns
Data setup time tbss 160 ns
Data hold time tbHs 20 ns
RD access time DO to D7 taccs CL=100pF 180 ns
Output disable time tcHs 20 120 ns

Notes: 1.tccLw andtccrare limited depending on the overlap time of CS1 LOW (CS2 HIGH) and WR or RD LOW.
2. The input signal rise and fall times must be within 15 nanoseconds.
3. All signal timings are limited based on 20% and 80% @i Voltage.
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(2) System buses

Read/write characteristics Il (6800-series microprocessor)

AO X
le——  tawe ——»= = tAH6
Ccs1 N /)
(CS2="1")
tcvcs
EEWLW ,
o EWLR 7 N
RD (E) N / N
— tEWwHW ———
tEWHR
WR (R/W) ><
tbse — =— tDHs
DO~D7
(WR1TE)
~—— tacce -+ toHe
DO~D7
(READ)
Vss =0V, Vpp=5.0V +10%, Ta = —40 to +85°C
Parameter Signal Symbol Condition Min. Max. Unit
System cycle time tcyce 400 ns
Address setup time WR (R/W) tawe 20 ns
Address hold time A0 PN 10 ns
Data setup time tbse 80 ns
Data hold time t 10 ns
DO to D7 DHE
Output disable time tons CL=100pF 10 60 ns
Access time taccs 90 ns
Enable READ RD (E) tewLr 85 ns
LOW pulse width | WRITE tewLw 75 ns
Enable READ — t 135 ns
RD (E) EWHR
HIGH pulse width| WRITE tewnw 145 ns
Vss=0V,Vpp=2.7Vto45V, Ta=-40to +85°C
Parameter Signal Symbol Condition Min. Max. Unit
System cycle time teyes 800 ns
Address setup time WR (R/W) tawe 40 ns
Address hold time A0 taHs 20 ns
Data setup time tbse 160 ns
Data hold time DO to D7 tons 20 ns
Output disable time tons CL=100pF 20 120 ns
Access time taccs 180 ns
Enable READ _ t 185 ns
RD (E) EWLR
LOW pulse width | WRITE tewLw 145 ns
Enable READ RD (E) tEWHR 285 ns
HIGH pulse width| WRITE tewnw 325 ns
Notes: 1.tewnr andtewnw are limited depending on the overlap time of CS1 LOW (CS2 high) and RD (E) HIGH.
2. The input signal rise and fall times must be within 15 nanoseconds.
3. All signal timings are limited based on 20% and 80% g Voltage.
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(3) Serial interface

Cs1

(CS2="1") —\

tcss

tcsH

—

tsAs —— [« tsAH

AO

Serial clock (D6)

tscyc

~———tstw ——

tsbs —= =— tsbH

\

Y e —— tSHW B

Serial data (D7) D1 data DO data D7 data
Vss =0V, Vpp =5.0 V£10%, Ta = —40 to +85°C
Parameter Signal Symbol Condition Min. Max. Unit

Serial clock cycle Serial clock tscye 500 ns
Serial clock HIGH pulse width tshw 150 ns
Serial clock LOW pulse width tsiw 150 ns
Address setup time A0 tsas 120 ns
Address hold time tsan 200 ns
Data setup time Serial data tsps 120 ns
Data hold time tspH 120 ns
CS serial clock time CS1 fcss 80 ns
(Cs2="1" tcsH 400 ns

Vss=0V, Vpp =2.71t0 4.5V, Ta =-40to +85°C

Parameter Signal Symbol Condition Min. Max. Unit
Serial clock cycle Serial clock tscye 1000 ns
Serial clock HIGH pulse width tshw 300 ns
Serial clock LOW pulse width tsLw 300 ns
Address setup time A0 tsas 250 ns
Address hold time tsan 400 ns
Data setup time Serial data tsps 250 ns
Data hold time tspH 250 ns
CS serial clock time CS1 tess 160 ns
(Cs2="1" tcsH 800 ns
Notes: 1. The input signal rise and fall times must be within 15 nanoseconds.
2. All signal timings are limited based on 20% and 80% g Voltage.
Rev.3.5 EPSON 4-29



S1D15206 Series

(4) Display control timing

t wHeL —

« \

t wLeL L toFR tr

FR
Vss =0V, Vpp =5.0V £10%, Ta = -40 to +85°C
Parameter Signal Symbol Condition Min. Typ. Max. Unit
LOW level pulse width CL twicL 35 us
HIGH level pulse width twheL 35 us
Rise time tr 30 120 ns
Fall time tf 30 120 ns
FR delay time FR torr -1.0 0.2 1.0 us
Vss=0V,Vpp=2.7Vto4.5V, Ta=-40to +85°C
Parameter Signal Symbol Condition Min. Typ. Max. Unit
LOW level pulse width CL twicL 70 us
HIGH level pulse width twHeL 70 us
Rise time tr 60 240 ns
Fall time tf 60 240 ns
FR delay time FR torr -2.0 0.4 2.0 us
Output timing Vss =0V, Vpp =5.0V +£10%,Ta = -40 to +85°C
Parameter Signal Symbol Condition Min. Typ. Max. Unit
FR delay time FR torr CL=100pF 0.2 0.4 us
Vss=0V,Vpp=2.7Vto4.5V, Ta=-40to +85°C
Parameter Signal Symbol Condition Min. Typ. Max. Unit
FR delay time FR torr CL=100pF 0.4 0.8 us

Notes: 1. All signal timings are limited based on 20% and 80%pf Woltage.
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(5) Reset timing

t rRW
Reset input
(SR1 and SR2
are LOW.)
tr
Internal circuit .
status >< During reset End of reset
Vpp = 5.0 V £10%, Ta = —40 to +85°C
Parameter Signal Symbol Condition Min. Typ. Max. Unit
Reset time tr 1.0 us
Reset LOW pulse width Reset input trw 10 us
Vpp = 2.7V £10%, Ta = —40 to +85°C
Parameter Signal Symbol Condition Min. Typ. Max. Unit
Reset time tr 3.0 us
Reset LOW pulse width Reset input trw 30 us

Notes: 1.1g (reset time) represents the period from rising edge of reset input to end of internal circuit reset. The S1D15206 series can
operate normally aftdi.
2. trw specifies the minimum pulse width of reset input. The low pulse excelgginig required for reset.
3. The input signal rise and fall times must be within 15 nanoseconds.
4. All signal timings are limited based on 20% and 80% 4 Voltage.
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10. EXTERNAL WIRINGS
Power Supply and LCD Power Circuit
If a single S1D15206 series chip is used and if on-board power supply is used and not used

If on-chip power supply is used If on-chip power supply is NOT used
?VDD ?VDD
M/S M/S
VouTt Vout
c1== | CAP1+ CAP1+
c1= "——CAP1- CAP1-
c1= | CAP2+ CAP2+
"T—|CAP2- CAP2-
Vss

—Vss
777777 I

S1D152%x**%%% I S1D152%xx*%%%

VDD VDD
e A VAN Vi
cot V2 External V2
F——V3 power V3
R1 F——""V4 supply Va
1 V5 V5
R2<= VR VR

R3

Parts list (Reference)

Variable \6= -9.3t0 6.2 V

C1 0.1to 1 pF ) . )
Note: Use jumper and shielded wires
C2 0.1t01uF as the input impedance of VR
R1 2.0 MQ terminal is high.
R1 1.0 MQ
R1 3.0 MQ
\S/lDl\&/SZO*D**** Setting value for your reference: 10Q ko 1 MQ.
DD, Vo
In order to select an optimum value for resistor R4, you should
I reference the LCD and the drive waveform.
R4z 32R4
Cs Notes: 1. Because of high input impedance e&t&fminal,
..—| | Vi wiring should made as short as possible and shielded
wire should be used for the wiring.
',_| | V2 2. Cland C2 depend on size of the liquid crystal panel
! to be driven. The value to be selected for C1 and C2
"_|, v must be able to stabilize the liquid crystal drive
I 3 voltage.
[A setting example]
"—| | \Z Turn on the voltage regulator circuit and the voltage
follower circuit to apply voltage to®dUT externally.
R4z R4 Dis_play the LCD heavy load patterns (horizontal
T stripe-shaped), then select the C2 value that can
stabilize the liquid crystal drive voltagesi Vs).
—| I Vs All C2 capacity values selected, however, must be
the same. Then, turn on every built-in power

supplies and select an appropriate C1 value.
3. In order to regulate the voltage, a capacitor must be
connected betweend® and \ss (near to the IC).
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S1D15206 Series

Microprocessor Interface

The S1D15206 series chips can directly connect to 8080 and 6800-series microprocessors. Also, serial interfacing remriegditess
between them.

8080-series microprocessors

Wiring example 1:

< <
Vcc AO AO VDD
L leso SR2
AlltooRAé Decoder
-|CS1 S1D15206 T
DO to D7 DO to D7
RD RD. SR1
WR = WR
GND RESf¢+——— Vss
RESET
777777 777777
Wiring example 2:
< <
Vcc AO ~{AO VDD
L lcs2 SR2
Allt(gF/{AQ7 Decoder
-|cst S1D15206
DO to D7 DO to D7
RD ~RD SR1
WR ' WR
GND ES <—?—‘ Vss
RESET
777777 777777
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S1D15206 Series

6800-series microprocessors

Wiring example 1:

Wiring example 2:

<
Vcc A0 ~{AQ VDD
L lcs2 SR2
Al to A15
VMA - Decoder st
S1D15206 T
DO to D7 %to D7
E ~RD (E) SR1]
RIW = WR (R/W)
GND RESjf«———— Vss
RESET
77777 777777
<
Vce AO ~{AQ VDD
Llcs2 SR2
Alto Al15
VMA Decoder Jest
S1D15206
DO to D7 D70to D7
E ~RD (E) SR1
RIW = WR (R/W)
GND RES <—,—‘ Vss
RESET
77777

4-34
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S1D15206 Series

Serial interface

Wiring example 1:

< o <
vee  port1 - A0 VDD %
Port 2 ~|Cs1 SR2 J
CS2
\5% S1D15206
Port 3 ~SI (D7)
Port 4 =~ SCL (D6) SR1l
GND ES Vss o
RESET T
777777 77777
Wiring example 2:
© ©
vee  port1 AO VoD
Port 2 ~{CS1 SR2
CS2
R S1D15206
Port 3 sl (D7)
Port 4 = SCL (D6) SR1
GND RES \Vss
RESET
i
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S1D15206 Series

LCD Panel and Wiring Examples
Single-chip configuration

Yd & & m

S1D15206

5 S1D15208 : 64x33do

Yd X2 & @

S1D15208

COM
16

4-36
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S1D15206 Series

11. DIMENSIONS

Plastic 128-Pin QFP5 Package

128

23.6%04

MLﬁﬁﬂﬂﬂﬂHHHHHHHﬂﬂﬂﬂﬂﬂﬂHﬂﬂmﬂﬂﬂﬂﬂﬂﬂmmﬂ“

14.0 +0.01
17.6 £04

—— Index  —

Y

@HHHHWHHHHHHHHHHHHHHHHHHHHHH_HHHH ,

0.2%0.1

2.7£0.1

/

0.15%0.05

\
1mmmmmmmmmmmmmmmmmmmmmmmmw!!
]

18

The package dimensions are subject to change without notice.
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S1D15206 Series

TPC shape S1D15206T 00A+« (Reference drawing)
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S1D15300 Series

1. DESCRIPTION

The S1D15300 series is a single-chip LCD driver for dot-matrix
liquid crystal displays (LCD’s) which is directly connectable to a
microcomputer bus. It accepts 8-bit serial or parallel display data
directly sent from a microcomputer and stores it in an on-chip
display RAM. It generates an LCD drive signal independent of
microprocessor clock.

The use of the on-chip display RAM of 83.32 bits and a one-to-

one correspondence between LCD panel pixel dots and on-chip

tions. Accordingly, this driver can be operated with a minimum
current consumption and its on-board low-current-consumption
liquid crystal power supply can implement a high-performance
handy display system with a minimum current consumption and a
smallest LSI configuration.

Two types of S1D15300 series are available: one in which common
outputs are arranged on a single side and the other in which common
outputs are arranged on both sides.

RAM bits permits implementation of displays with a high degree of 2. FEATURES

freedom.

As a total of 133 circuits of common and segment outputs are
incorporated, a single chip of S1D15300 can makeB®-dot (16

x 16-dot kanji font: 6 columns 2 lines) displays, and a single chip
of S1D15301 can make 83.32-dot (kanji font: 8 columns x 4 lines)
displays when the S1D15301 is combined with the common driver
S1D16700.

The S1D15302 can display the*6200-dot (or 12-column by 4-line
Kaniji font) area using two ICs in master and slave modes. As an
independent static indicator display is provided for time-division
driving, the low-power display is realized during system standby
and others.

No external operation clock is required for RAM read/write opera-

« Series specifications (in cases of chip shipments)

Type 1 [VRec (Built-in power supply regulating voltage)
Temperature gradient: -0.298C]

« Direct RAM data display using the display RAM. When
RAM data bit is 0, it is not displayed. When RAM data bit
is 1, itis displayed. (At normal display)

* RAM capacity: 65¢< 132 = 8580 bits

» High-speed 8-bit microprocessor interface allowing direct
connection to both the 8080 and 6800.

 Serial interface

* Many command functions: Read/Write Display Data, Dis-
play ON/OFF, Normal/Reverse Display, Page Address Set,
Set Display Start Line, Set Column Address, Read Status,
All Display ON/OFF, Set LCD Bias, Electronic contrast
Controls, Read Modify Write, Select Segment Driver Direc-
tion, Power Save

Name Duty LCD bias |Segmentdriver COM driver Display area Remarks
S1D15300Dooon| 1/33 1/5, 1/6 100 33 33 x 100 COM single-side layout
S1D15300D1000| 1/33 1/5, 1/6 100 33 33 x 100 COM dual-side layout
S1D15301Dooto| 1/65 1/6, 1/8 132 0 65 x 132 S1D16700 is used as the COM.
S1D15302Doooo|  1/65 1/6, 1/8 100 33 65 x 200 COM single-side, right-hand layout
S1D15302D1100| 1/65 1/6, 1/8 100 33 65 x 200 COM single-side, left-hand layout
S1D15305D1000| 1/35 1/5, 1/6 98 35 35 x 98 COM both-side layout

Type 2 [VRec Temperature gradient: 0.00%C]

Name Duty LCD bias |Segmentdriver COM driver Display area Remarks
S1D15300D1s00|  1/33 1/5, 1/6 100 33 33 x 100 COM both-side layout
S1D15302D1400| 1/65 1/6, 1/8 100 33 65 x 200 COM single-side, right-hand layout
S1D15303D1so0| 1/17 1/5 116 17 17 x 116 COM both-side layout
S1D15304D1400|  1/9 1/5 124 9 9x124 COM single-side layout

Note: The S1D15300 series has the following subcodes depending on their shapes. (The S1D15300 examples are given.)
S1D15300F*** : TCP (The TCP subcode differs from the inherent chip subcode.)
S1D15300B*** : Bear chips—E S1D153008 A* : Al-pad chip
S1D153003* B*  : Au-bump chip

On-chip LCD power circuit: Voltage booster, voltage

regulator, voltage followex 4.

» On-chip electronic contrast control functions

Ultra low power consumption

Power supply voltages: pb-Vss -2.4V1to-6.0V
Vpp-V5 -45Vto-16.0V

« Wide operating temperature range:
Ta =-40 to 88C

e CMOS process

Package: TCP and bare chip

Non-radiation-resistant design

Rev.1.4 EPSON 5-1



S1D15300 Series

3. BLOCK DIAGRAM (S1D15300D00B =)

Initial display line register
J

Vss [— » Too 09% %100 Ol% C%MS
Vop_ [ i
Vi [ %)
V2 ]
A& o Segment driver Common driver | 2
V4 [l o]
vs [ [8)
»  Shift register |-
CAP1+ [J—
CAP1- [e—]
CAP2+ Power supply Display data latch
circuit ]
CAP2— [e—]
CAP3- [1e—
L 1 » 3
Vout 5 ] _
g | 8 /L g /L
VR r— 5 132 x 65-dot § 3
Output E display data RAM 5 o
status o ® £
selector = 2
circuit =
4
Column address decoder

Page address

T

register [
| 8-bit column address counter | »U FRS
Display timing <« CL
generator circuit
»{] DYO
| 8-bit column address register | <] DOF
A <1—{1 M//S
J
Status . m
Bus holder | Command decoder | register Oscillator {1 VS1
A A A
A
)
Y
Microprocessor interface » 1/0 buffer
CS1 CS2 A0 RD WR C86 P/S RES D7 D6 D5 D4 D3 D2 D1 DO
(B) (RW) (Sh) (sCL)
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S1D15300 Series

4. PAD LAYOUT
S1D15300 series chips

52

86

51 1

A

I
I

Die No.
O
87 137

Chip Size: 6.65x4.57 mm
Pad Pitch: 11&m (Min.)
S1D153@ D*x Ax (Al-pad chip)
Pad Center Size: 90x96m
Chip Thickness: 30@m
S1D153@ D#* B* (Al-bump chip)
Bump Size: 76X7@m
Bump Height: 28m (Typ.)
Chip Thickness: 62pm

172

138

Rev.1.4
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S1D15300 Series

Pad Center Coordinates

Unit: yum
PAD | PIN PAD | PIN PAD| PIN PAD | PIN

No. | Name X Y No.| Name X Y No.| Name X Y No. | Name X Y

11|0127 2986 | 2142 51| 05 -2986 | 2142 | 101| O55 -1298 | -2142 | 151 | O105 3178 | -472

210128 2862 52 | O6 -3178 | 2006 | 102| O56 -1180 152 | 0106 -354

30129 2738 53| O7 1888 | 103| O57 -1062 153 | 0107 -236

4| 0130 2614 54| 08 1770 | 104| O58 -944 154 | 0108 -118

5]0131 2490 55| 09 1652 | 105| O59 -826 155 | 0109 0

6 | COMS | 2366 56 | O10 1534 | 106| 060 -708 156 | 0110 118

7 | FRS 2242 57| 011 1416 | 107| O61 -590 157 | 0111 236

8 | FR 2124 58 | 012 1298 | 108| 062 -472 158 | 0112 354

9 | DYO 2006 59 | 013 1180 | 109| 063 -354 159 | 0113 472
10 | CL 1888 60| O14 1062 | 110| O64 -236 160 | 0114 590
11 | DOF 1770 61| O15 944 | 111| 065 -118 161 | 0115 708
12 | vS1 1652 62| O16 826 | 112| O66 0 162 | 0116 826
13 | M/S 1534 63| O17 708 | 113| O67 118 163 | 0117 944
14 | RES 1416 64 | 018 590 | 114| 068 236 164 | 0118 1062
15 | P/S 1298 65| 019 472 | 115| 069 354 165 | 0119 1180
16 | CS1 1180 66 | 020 354 | 116| O70 472 166 | 0120 1298
17 | CS2 1062 67 | 021 236 | 117| O71 590 167 | 0121 1416
18 | C86 944 68 | 022 118 | 118| 072 708 168 | 0122 1534
19 | AO 826 69 | 023 0| 119| O73 826 169 | 0123 1652
20 | WR(WR)| 708 70 | 024 -118 | 120| O74 944 170 | 0124 1770
21 | RD(E) 590 71| 025 -236 | 121| O75 1062 171 | 0125 1888
22 | Vbp 472 72| 026 -354 | 122| O76 1180 172 | 0126 v 2006
23 | DO 354 73| 027 -472 | 123| O77 1298

24 | D1 236 74| 028 -590 | 124| O78 1416

25| D2 118 75| 029 -708 | 125| O79 1534

26 | D3 0 76 | O30 -826 | 126| 080 1652

27 | D4 -118 77| 031 -944 | 127| 081 1770

28 | D5 -236 78 | 032 -1062 | 128| 082 1888

29 | D6(SCL) | -354 79| 033 -1180 | 129| 083 2006

30 | D7(Sl) | -472 80| O34 -1298 | 130| 084 2124

31| Vss -590 81| O35 -1416 | 131| 085 2242

32 | Vout -708 82 | 036 -1534 | 132| 086 2366

33 | CAP3- | -826 83| 037 -1652 | 133| 087 2490

34 | CAP1+| -944 84 | 038 -1770 | 134| 088 2614

35| CAP1- | -1062 85| 039 -1888 | 135| 089 2738

36 | CAP2+| -1180 86 | 040 Y -2006 | 136| 090 2862

37 | CAP2- | -1298 87 | 041 -2986 |-2142 | 137| 091 2986 \j

38| Vs -1416 88 | 042 -2862 138| 092 3178 | -2006

39 | VR -1534 89 | 043 -2738 139| 093 -1888

40 | VbD -1652 90 | 044 -2614 140| 094 -1770

41 | V1 -1770 91| 045 -2490 141| 095 -1652

42 | V2 -1888 92 | 046 -2366 142 | 096 -1534

43 | V3 -2006 93 | 047 -2242 143 | 097 -1416

44 | V4 -2124 94 | 048 -2124 144 | 098 -1298

45 | Vs -2242 95 | 049 -2006 145| 099 -1180

46 | O0 -2366 96 | O50 -1888 146| 0100 -1062

47 | O1 -2490 97 | O51 -1770 147 | 0101 -944

48 | 02 -2614 98 | 052 -1652 148 | 0102 -826

49 | 03 -2738 99 | O53 -1534 149| 0103 -708

50 | O4 -2862 Y 100 | O54 -1416 \J 150| 0104 \J -590
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S1D15300 Series

5. PIN DESCRIPTION

Power Supply
Name I/10 Description INumber of pins
VbDp Supply +5V power supply. Connect to microprocessor power supply pin Vcc. 2
Vss Supply Ground 1
Vi, V2 Supply LCD driver supply voltages. The voltage determined by LCD cell is
V3, V4 impedance-converted by a resistive driver or an operational amplifier 6
Vs for application. Voltages should be the following relationship:
Vpp=2V1i=2V2>2V3=V42V5
When the on-chip operating power circuit is on, the following voltages
are given to V1 to V4 by the on-chip power circuit. Voltage selection is
performed by the Set LCD Bias command. (The S1D15303 and S1D15304
are fixed to 1/5 bias.)
S1D15300/S1D15305| S1D15301 S1D15302
V1| 1/5¢Vs 1/6eV5 |1/6eV5 1/8Vs5 | 1/6eV5 1/8+V5
V2 | 2/5¢Vs5 2/6eV5 |2/6°V5 2/8Vs5 | 2/6V5 2/8+V5
V3| 3/5¢Vs 4/6eV5 |4/6e\V/5 6/8V5 | 4/6°V5 6/8+V5
V4 | 4/5¢Vs 5/6eV5 |5/6eV5 7/8V5 | 5/6eV5 7/8V5
S1D15303 S1D15304
V1 1/5¢Vs 1/5+V5
V2 2/5¢V5 2/5+V5
V3 3/5¢V5 3/5¢V5
Va 4/5¢V5 4/5¢V5
LCD Driver Supplies
Name I/0 Description Number of pins
CAP1+ (0] DC/DC voltage converter capacitor 1 positive connection 1
CAP1- (0] DC/DC voltage converter capacitor 1 negative connection 1
CAP2+ (0] DC/DC voltage converter capacitor 2 positive connection 1
CAP2—- (0] DC/DC voltage converter capacitor 2 negative connection 1
CAP3- (0] DC/DC voltage converter capacitor 1 negative connection 1
VouTt 1/0 DC/DC voltage converter output 1
VR I Voltage adjustment pin. Applies voltage between Vpp and V5 using 1
a resistive divider.

Microprocessor Interface

Name I/0 Description INumber of pins
DO to D7 I/O 8-bit bi-directional data bus to be connected to the standard 8-bit or 16-bit 8
microprocessor data bus.
(sh When the serial interface selects;
(SCL) D7: Serial data input (Sl)

D6: Serial clock input (SCL)

AO Control/display data flag input. It is connected to the LSB of micro- 1
processor address bus. When LOW, the data on DO to D7 is control data.
When HIGH, the data on DO to D7 is display data.

RES When RES is caused to go LOW, initialization is executed. 1
A reset operation is performed at the RES signal level.

Cs1 Chip select input. Data input/output is enabled when -CS1 is LOW and 2

CS2 CS2 is HIGH. When chip select is non-active, DO to D7 will be "HZ".

RD * When interfacing to an 8080 series microprocessor: 1

(E) Active LOW. This input connects the RD signal of the 8080 series

microprocessor. While this signal is LOW, the S1D15300 series data
bus output is enabled.

* When interfacing to a 6800 series microprocessor:
Active HIGH. This is used as an enable clock input pin of the 6800 series
microprocessor.

Rev.1.4 EPSON 5-5



S1D15300 Series

Name

I/0

Description

Number of pins

WR
(RIW)

* Write enable input. When interfacing to an 8080-series microprocessor,
WR is active LOW.

» When interfacing to an 6800-series microprocessor,
it will be read mode when R/W is HIGH and it will be write mode when
R/W is LOW.
R/W =*1":Read
R/W = “0":Write

1

C86

Microprocessor interface select terminal.
C86 = HIGH: 6800 series microprocessor interface
C86 = LOW: 8080 series microprocessor interface

P/S

Serial data input/parallel data input select pin.

P/S |Chip select|Data/command | Data | Read/write|Serial clock
HIGH | CS1, CS2 AO DO-D7 | RD, WR —
LOW | CS1, CS2 AO SI(D7) | Write only| SCL(D6)

* In serial mode, no data can be read from RAM.
When P/S = LOW, DO to D5 are HZ and RD and WR must be fixed HIGH
or LOW.

LCD Driver Outputs

Name

I/0

Description

Number of pins

M/S

S1D15300 series master/slave mode select input. When a necessary
signal is output to the LCD, the master operation is synchronized with
the LCD system, while when a necessary signal is input to the LCD,
the slave operation is synchronized with the LCD system.

M/S = HIGH: Master operation

M/S = LOW : Slave operation
The folLOWing is provided depending on the M/S status.

Power

Model

Status

0SC
circurt

supply
circuit

CL

FR

DYO

FRS

DOF

S1D1530% Dkkk

Master

Enabled

Enabled

Output

Output

Output

Output

Output

Slave

Disabled

Disabled

Input

Input

HZ

HZ

Input

1

CL

1/0

Display clock input/output. When the S1D15300 series selects master/
slave mode, each CL pin is connected. When it is used in
combination with the common driver, this input/output is connected to
common driver YSCL pin.

M/S = HIGH: Output

M/S = LOW: Input

FR

I/10

LCD AC signal input/output. When the S1D15300 series selects master/
slave mode, each FR pin is connected.
When the S1D15300 series selects master mode this input/output is
connected to the common driver FR pin.

M/S = HIGH: Output

M/S = LOW: Input

DYO

I/0

Common drive signal output. This output is enabled for only at master
operation and connects to the common driver DIO pin. It becomes HZ
at slave operation.

Test pin. Don’t connect.

110

LCD blanking control input/output. When the S1D15300 series selects
master/slave mode, the respective DOF pin is connected. When it
is used in combination with the common driver (S1D16305), this output/
input is connected to the common driver DOFF pin.

M/S = HIGH: Output

M/S = LOW: Input

FRS

Static drive output.
This is enabled only at master operation and used together with the FR
pin. This output becomes HZ at slave operation.

EPSON
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S1D15300 Series

Name I/0 Description INumber of pins
On o LCD drive output. The following assignment is made depending on 132
(SEG n) the model.
(Com n)
SEG COM
S1D15300D00** 00~099 0100~0131
S1D15300D10x*
S1D15300D15%% 016~0115 00~015, 0116~0131
S1D15301D00x* 00~0131
S1D15302D00x*
S1D15302D14%% ©0-099 0100~0131
S1D15302D11x* 032~0131 00~031
S1D15303D15%* 08~0123 00~07, 0124~0131
S1D15304D14%* 00~0123 0124~0131
S1D15305D10+* 018~0115 00~017, 0116~0131
SEG output. LCD segment drive output. One of Vb, V2, V3 and
Vs levels is selected by combination of the contents of display RAM
and FR signal.
On output voltage
RAM data FR Normal display | Reverse display
HIGH HIGH Vbp V2
LOW Vs V3
0 HIGH V2 VpD
LOW V3 Vs
Power save — Vpb
COM output. LCD common drive output. One of Vbb, V1, V4 and V5
levels is selected by combination of scan data and FR signal.
Scan data FR On output voltage
HIGH V5
HIGH LOW VoD
HIGH V1
. LOW Va
Power save - Vbb
COMS O Indicator COM output. When it is not used, it is made open. 1
Effective only with the S1D15300, S1D15302, S1D15303 and S1D15304,
S1D15305 and “HZ” with the S1D15301.
When multiple numbers of the S1D15300, S1D15302, S1D15303 and
S1D15304, S1D15305 are used, the same COMS signal is output to both
master and slave units.
Total 172
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S1D15300 Series

6. FUNCTIONAL DESCRIPTION
Microprocessor Interface
Interface type selection

The S1D15300 series can transfer data via 8-bit bi-directional data buses (D7 to DO) or via serial data input (SI). WirdrC\\Gsselected
for the polarity of P/S pin, either 8-bit parallel data input or serial data input can be selected as shown in TablestiaMibtnisput is selected,
RAM data cannot be read out.

Table 1
P/S Type Cs1 CS2 A0 RD WR C86 D7 D6 DO to D5
HIGH Parallel input Cs1 CS2 A0 RD WR C86 D7 D6 DO to D5
LOW Serial input CS1 CS2 A0 - - - S SCL (H2)

“~" must always be HIGH or LOW.
Parallel input
When the S1D15300 series selects parallel input (P/S = HIGH), the 8080 series microprocessor or 6800 series micropilzesssectedn
by causing the C86 pin to go HIGH or LOW as shown in Table 2.

Table 2
C86 Type Cs1 Cs2 A0 RD WR DO to D7
HIGH 6800 micro- Cs1 Cs2 A0 E RIW DO to D7
processor bus o o
LOW 8080 micro- Cs1 CSs2 A0 RD RW DO to D7
processor bus

Data Bus Signals
The S1D15300 series identifies the data bus signal according to A0, E, R/W, (RD, WR) signals.

Table 3
Common 6800 processor 8080 processor .
— — — Function
A0 (RIW) RD WR

1 1 0 1 Reads display data.

1 0 1 0 Writes display data.

0 1 0 1 Reads status.

0 0 1 0 Writes control data in internal register. (Command)

Serial Interface (P/S is low)

The serial interface consists of an 8-bit shift register and a 3-bit counter. The serial data input and serial clockigléanshen CS1 is
low and CS2 is high (in chip select status). When chip is not selected, the shift register and counter are reset.

Serial data of D7, D6, ..., DO is read at D7 in this sequence when serial clock (SCL) goes high. They are convertegarated-déta and
processed on rising edge of every eighth serial clock signal.

The serial data input (S1) is determined to be the display data when AO is high, and it is control data when AQ is fead 80 iising edge
of every eighth clock signal.

Figure 1 shows a timing chart of serial interface signals. The serial clock signal must be terminated correctly agatisntefféntion and

ambient noise. Operation checkout on the actual machine is recommended.

cst
CS2 J
SI XD7XD6XD5XD4XD3XD2XD1XDOXD?XDGXDSXD4XD3XD2><131
s UL UL UL L

1 2 3 4 5 6 7 8 9 10 11 12 13 14

AO [ \
 /

Figure 1
5-8 EPSON Rev.1.4




S1D15300 Series

Chip Select Inputs Also, the microprocessor temporarily stores display data in bus

The S1D15300 series has two chip select pins, CS1 and CS2 and Car{mlder, and stores it in display RAM until the next data write cycle

; - (e o tarts.
interface to a microprocessor when CS1 is low and CS2 is high. S . . .

When these pins are set to any other combination, DO to D7 are high When viewed from the microprocessor, the S1D15300 series access
impedance and A0, RD and WR inputs are disat;led. speed greatly depends on the cycle time rather than access time to the

When serial input interface is selected, the shift register and counter display RAM gacc). It shows the data transfer speed to/from the
are reset. microprocessor can increase. If the cycle time is inappropriate, the
microprocessor can insert the NOP instruction that is equivalent to

: : the wait cycle setup. However, there is a restriction in the display
Access 1o Dlsplay_ Data RAM and Inte.rnal Re.gls.ters ~ RAM read sequence. When an address is set, the specified address
The S1D15300 series can perform a series of pipeline processing data is NOT output at the immediately following read instruction.
between LSI's using bus holder of internal data bus in order to match The address data is output during second data read. A single dummy
the operating frequency of display RAM and internal registers with - read must be inserted after address setup and after write cycle (refer
the microprocessor. For example, the microprocessor reads datato Figure 2).

from display RAM in the first read (dummy) cycle, stores it in bus

holder, and outputs it onto system bus in the next data read cycle.

*Write
WR
L L | L
MPU
DATA —{ | n n+1 nt2 —— nt3 »———
Latched
internal Bus holder n X n+1 X n+2 X n+3
timing Write signal I I I I
*Read

MPU RO L] L] L

DATA —(  N__) {(N) {n) {n+1)

Address

preset ‘
Read signal
Internal |_| |_| |_|

timing

Preset Incremented
Column Y N X N+1 X N+2 X
address
Bus holder X N X n X n+1 X n+2
[Set address n] [Dummy read| [Data Read address n|] [Data Read address n+1]
Figure 2
Busy Flag COMO (usually,_the top line of screen) is determined ysing register
data. The register is also used for screen scrolling and page

The Busy flag is set when the S1D15300 series starts to operate.
During operating, it accepts Read Status instruction only. The busy
flag signal is output at pin D7 when Read Status is issued. If the cycle
time (tyo) is correct, the microprocessor needs not to check the flag

before issuing a command. This can greatly improve the microproc-

essor performance.

switching.

The Set Display Start Line command sets the 6-bit display start
address in this register. The register data is preset on the line counter
each time FR signal status changes. The line counter is incremented
by CL signal and it generates a line address to allow 132-bit

Initial Display Line Register
When the display RAM data is read, the display line according to

Rev.1.4 EPSON 5-9



S1D15300 Series

Column Address Counter RAM area dedicate to the indicator, and display data DO is only

This is a 8 bit presettable counter that provides column address to theva“d'

display RAM (refer to Figure 4). Itis incremented by 1 when a Read/ __.

Write command is entered. However, the counter is not incremented Display Data RAM

but locked if a non-existing address above 84H is specified. Itis The display data RAM stores pixel data for LCD. Itis a 65-column
unlocked when a column address is set again. The Column Addressby 132-row (8-page by 8 bit+1) addressable array. Each pixel can
counter is independent of Page Address register. be selected when page and column addresses are specified.
When ADC Select command is issued to display inverse display, the The time required to transfer data is very short because the micro-
column address decoder inverts the relationship between RAM processor enters DO to D7 corresponding to LCD common lines as

column address and display segment output. shown in Figure 3. Therefore, multiple S1D15300 can easily
configure a large display having the high flexibility with very few
Page Address Register data transmission restriction.

he microprocessor writes and reads data to/from the RAM through
/O buffer. As LCD controller operates independently, data can be
élivritten into RAM at the same time as data is being displayed,
without causing the LCD to flicker.

This is a 4-bit page address register that provides page address to th
display RAM (refer to Figure 4). The microprocessor issues Set
Page Address command to change the page and access to anoth
page. Page address 8 (D3 is high, but D2, D1 and DO are low) is

DO |1 COMO
D1 |0 COM1
D2 [1 |:> com2
D3 |0 COM3
D4 |0 COomM4
Display data RAM Display on LCD

Figure 3
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S1D15300 Series

Relationship between display data RAM and addresses (if initial display line is 1CH):

Page Line COM
address address output
00 COM 0
01 M) COM 1
02 COM 2
D3, D2, 03 COM 3
D1,Do 04 COM 4
0.0.0,0 05 COM 5
06 COM 6
! 07 COM 7
08 COM 8
09 COM 9
0A COM10
Page 1 0B COM11
0001 0C COM12
0D COM13
OE COM14
OF COM15
10 COM16
11 CcoM17
R 12 COM18
Page 13 COM19
0.0.1,0 14 COM20
15 Ccom21
16 COM22
17 1/64 COM23
18 COM24
19 COM25
Page 3 1A COM26
age 1B Ccom27
0.0.1,1 ic_ |-t CoM28
1D COM29
1E COM30
1F COM31
20 COM32
21 COM33
22 COM34
Page 4 23 COM35
0.100 24 COM36
25 COM37
26 COM38
27 1/32 COM39
28 COM40
29 COM41
2A COM42
Page 5 2B COM43
0.1.0:1 2C COM44
2D COM45
2E COM46
2F CcoM47
30 COoM48
31 COM49
bace 6 32 COM50
age 33 COM51
0110 34 COM52
35 COM53
36 COM54
37 COM55
38 COM56
39 COM57
bage 7 3A COM58
age 3B |=--i- COM59
0111 3C COM60
3D Com61
3E COM62
3F N COM63
1,0,0,0 Page 8 COMS
FRREEEEEEEERE HEEE
Eg
8§ <éz_‘£%58&|’£92 8|5|8|8 Page 8 is accessed during
8'5 oo m|st|w| o~ QIR[B|= 1/65 or 1/33 duty.
S 2 |9]o|o|o|o|o|ojo glslels

Figure 4
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S1D15300 Series

Output Status Selector

The S1D15300 series except S1D15301 can set a COM output scan direction to reduce restrictions at LCD module asseabljirethisrsc
is set by setting “1” or “0” in the output status register D3. Fig.5 shows the status.

Fig. 5 shows the status.

LCD output (0]0] 0131
ADC "o" 0(H)— —= 83 (H)
Column address
(DO) "1 83 (H) =— -—0 (H)
Display data RAM
D3
0 SEG100 COMO ~————————~ COM31
S1D15300D0000
1 SEG100 COM31---——————- COMO
S1D15300D1000| 0 |{COM15--0 SEG100 COM16--31
S1D15300D1500| 1 |COM16--31 SEG100 COM15--0
S1D15301D0000 | — SEG132
S1D15302D0000 | O SEG100 COMO —————————- COM31
S1D15302D1400 | 1 SEG100 COM31l-————————- COMO
0 |COM31-——---—--———~ 0 SEG100
S1D15302D1100
1 |[COMO ———--——————— 31 SEG100
0 [COM7--0 SEG116 COMS8 --15
S1D15303D1500
1 [COM8--15 SEG116 COM7 --0
0 SEG124 COMO ——7
S1D15304D1400
1 SEG124 COM7 --0
0 - COM18--33
S1D15305D1000 COM17:--0 SEG98
1 |COM16--33 SEG98 COM17--0

The COMS pin is assigned to COM32 on S1D15300 and it is assigned to COM64 on S1D15302 independent from their output status.
The COMS pin of the S1D15303 is assigned to COM16 the COMS pin of the S1D15304 is assigned to COM8 and the COMS pins#@be S1D1

is assigned to COM34.

Figure 5 shows the COM output pin numbers of S1D15302B0ihd S1D15302D#¥ in the master mode. In the slave mode, COMO to

COM31 must be replaced by COM32 to COM63.
FR (master output)

|
Master Common  ——@XaXDX2X__ )60 SO DD
Slave Common ‘ @X_

Display Timing Generator

This section explains how the display timing generator circuit
operates.

Signal generation to line counter and display data latch

circuit

The display clock (CL) generates a clock to the line counter and a
latch signal to the display data latch circuit.

The line address of the display RAM is generated in synchronization
with the display clock. 132-bit display data is latched by the display
data latch circuit in synchronization with the display clock and
output to the segment LCD drive output pin.

The display data is read to the LCD drive circuit completely
independent of access to the display data RAM from the microproc-
essor.

LCD AC signal (FR) generation

The display clock generates an LCD AC signal (FR). The FR causes
the LCD drive circuit to generate a AC drive waveform.
It generates a 2-frame AC drive waveform.

&G ::
|

When the S1D15300 is operated in slave mode on the assumption of
multi-chip, the FR pin and CL pin become input pins.

Common timing signal generation

The display clock generates an internal common timing signal and
a start signal (DYO) to the common driver. A display clock resulting
from frequency division of an oscillation clock is output from the CL
pin.

When an AC signal (FR) is switched, a high pulse is output as a DYO
output at the training edge of the previous display clock.

Refer to Fig. 6. The DYO output is output only in master mode.
When the S1D15300 series is used for multi-chip, the slave requires
to receive the FR, CL, DOF signals from the master.

Table 4 shows the FR, CL, DYO and DOF status.

Table 4
Model |SP&raton | o | ¢ |pyo | DoF
S1D1530% Dk Master | Output | Output | Output | Output
Slave Input | Input Hz Input

HZ denotes a high-impedance status.

5-12
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S1D15300 Series

Example of S1D15300D0GB1/33 duty
o Dual-frame AC driver waveforms

32 33 1 2 3 4 5 6 28 29 30 31 32 33 1 2 3 4 5

oL Juuruudul _JuudyuyuyyL

FR

]
oo  _| . [ ]
— p—

COMO

com1 |

ramdaa XX X X0 OO XXX

B e St VDD
con | 1T Ve
RN A I N ] I I_,:::::::::ﬁﬁ
Fig. 6
Display Data Latch Circuit. The power circuit is controlled by Set Power Control command.

This command sets a three-bit data in Power Control register to
select one of eight power circuit functions. The external power
supply and part of internal power circuit functions can be used
simultaneously. The following explains how the Set Power
Control command works.

This circuit temporarily stores (or latches) display data (during a
single common signal period) when it is output from display RAM
to LCD panel driver circuit. This latch is controlled by Display in
normal/in reverse Display ON/OFF and Static All-display on com-
mands. These commands do not alter the data.

LCD Driver [Control by Set Power Control command]

This is a multiplexer circuit consisting of 133 segment outputs to D2 turns on when triple booster control bit goes high, and D2 turns
generate four-level LCD panel drive signals. The LCD panel drive  off when this bit goes low.

voltage is generated by a specific combination of display data, COM
scan signal, and FR signal. Figure 8 gives an example of SEG andp1 turns on when voltage regulator control bit goes high, and D1
COM output waveforms. turns off when this bit goes low.

Oscillator Circuit DO turns on when voltage follower control bit goes high, and DO

This is an oscillator having a complete built-in type CR, and its turns off when this bit goes low.

output is used as the display timing signal source or as the clock for ) o

voltage booster circuit of the LCD power supply. [Practical combination examples]

The oscillator circuit is available in master mode only. Status 1: To use only the internal power supply.

The oscillator signal is divided and output as display clock at CL pin. Status 2: To use only the voltage regulator and voltage follower.
Status 3: To use only the voltage follower. input the external

Power Supply Circuit voltage as ¥=Voult.

o . Status 4: To use only an external power supply because the internal
The power supply circuit generates voltage to drive the LCD panel y P PRl
; ; . . power supply does not operate.
at low power consumption, and is available in S1D15300 master

mode only. The power supply circuit consists of a voltage booster « 1o voltage booster terminals are CAP1+, CAP1-, CAP2+, CAP2-
voltage regulator, and LCD drive voltage follower. and CAP3-. ’ ' '

The power supply circuit built in the S1D15300 series is set for a « compinations other than those shown in the above table are
small-scale LCD panel and is inappropriate to a large-pixel panel ; ; ;

. . ; ; ) possible but impractical.
and a large-display-capacity LCD panel using multiple chips. As the
large LCD panel has the dropped display quality due to a large load
capacity, it must use an external power source.

D2 D1 DO Voltage Voltage Voltage Exter_nal voltage Vqltage _booster Voltage regulator
booster regulator follower input terminal terminal
® 1 11 ON ON ON — Used Used
@ 0 1 1 OFF ON ON Vour OPEN Used
® 0 0 1 OFF OFF ON V5 OPEN OPEN
@ 0 0 O OFF OFF OFF Vi to Vs OPEN OPEN

Rev.1.4 EPSON 5-13



S1D15300 Series

Booster circuit

If capacitors C1 are inserted between CAP1+ and CAP1-, between
CAP2+ and CAP2-, CAP1+ and CAP3- and VSS and VOUT, the
potential between VDD and VSS is boosted to quadruple toward the
negative side and it is output at VOUT.

For triple boosting, remove only capacitor C1 between CAP+1 and
CAP3- from the connection of quadruple boosting operation and
jumper between CAP3- and VOUT. The triple boosted voltage
appears at VOUT (CAP3-).

For double boosting, remove only capacitor C1 between CAP2+ and
CAP2- from the connection of triple boosting operation, open
CAP+2 and jumper between CAP2- and VOUT (CAP3-). The
double boosted voltage appears at VOUT (CAP3-, CAP2-).

For quadruple boosting, set a VSS voltage range so that the voltage
at VOUT may not exceed the absolute maximum rating.

As the booster circuit uses signals from the oscillator circuit, the
oscillator circuit must operate.

Subsection 10.1.1 gives an external wiring example to use master
and slave chips when on-board power supply is active.

Vpp=0V

(Vcc=+5V) Vpbp=0V Vbop=0V
(GND) Vss=-5V y Vss=-5V v
VouTt=2Vss=-10V v
VouT=3Vss=-

Potential during double boosting

Voltage regulator circuit

Potential during triple boosting

Vsgg=-3V ——— Y

15y —Y Vout=3Vss=-12V

Potential during quadruple boosting

The boosting voltage occurring ap¥T is sent to the voltage regulator and thdiyfuid crystal display (LCD) driver voltage is output. This
V5 voltage can be determined by the following equation when resistors Ra and Rb (R1, R2 and R3) are adjusted within {i&|raiyeai.

Rb
=(1+ + .
Vs=(1 Ra) VREG+IREF - Rb

_ R3+R2-AR2
—(1+7Rl+AR2 ) VREG

+IREF - (R3+R2-AR2)

J— VDD
R1 § VREG
AR2
+
SCSS i [ ——
<

VR IREF

I
Rb
l R3 §
VRegis the constant voltage source of the IC, and in case of Type 1,
it is constant and Neg=—2.55 V (if \bp is 0 V), In case of Type 2,
VrecEVss(Vpp basis). To adjust theswutput voltage, insert a
variable resistor betweergWpp and 5 as shown. A combination

of R1 and R3 constant resistors and R2 variable resistor is
recommended for fine-adjustment of Vbltage.

Setup example of resistors R1, R2 and R3:

When the Electronic Volume Control Function is OFF (electronic
volume control register values are (D4,D3,D2,01,D0)=(0,0,0,0,0)):

(1+R3+R2-AR2)
R1 +AR2

(As Irer=0 A)
e RI+R2+R3=5M ..ooviiiiiiereien @
(Determined by the current passing betwegp ¥nd \k)
» Variable voltage range by R2 5¥ -6 to —-10 V
(Determined by the LCD characteristics)
AR2 = Q, VReg = —2.55V

V5= VREG weevverrrnninneanenssd D

To obtain \6 =-10 V, from equatio®:
R2 + R3=2.9% R1

AR2 = R2, \kReg = —2.55V

To obtain \6 = -6 V, from equatior:
1.35x (R1 + R2) = R3

From equation®, ® and®:
R1=1.27MQ
R2=0.85M2Q
R3=2.88M2

The voltage regulator circuit has a temperature gradient of
approximately -0.2%C as the Wgg voltage. To obtain another
temperature gradient, use the Electronic Volume Control Function
for software processing using the MPU.

As the \k pin has a high input impedance, the shielded and short
lines must be protected from a noise interference.

Voltage regulator using the Electronic Volume Control
Function

The Electronic Volume Control Function can adjust the intensity
(brightness level) of liquid crystal display (LCD) screen by command
control of ;5 LCD driver voltage.

This function sets five-bit data in the electronic volume control
register, and the ¥LCD driver voltage can be one of 32-state
voltages.

To use the Electronic Volume Control Function, issue the Set Power
Control command to simultaneously operate both the voltage
regulator circuit and voltage follower circuit.

Also, when the boosting circuit is off, the voltage must be supplied
from VoyT terminal.

When the Electronic Volume Control Function is used, tge V
voltage can be expressed as follows:

Vs=(1 +S—g) VrReg + RbX AlRgr.cccvvvvieeicnn . ®
Variable voltage range

The increased yvoltage is controlled by use gfdrcurrent source
of the IC. (For 32 voltage level&|rer = Ired31)

5-14

EPSON

Rev.1.4



S1D15300 Series

The minimum setup voltage of the ¥bsolute value is determined

by the ratio of external Ra and Rb, and the increased voltage by the
Electronic Volume Control Function is determined by resistor Rb.
Therefore, the resistors must be set as follows:

1) Determine Rb resistor depending on theWdriable voltage
range by use of the Electronic Volume Control.

_ Vg variable voltage range

Rb
IRerF

2) To obtain the minimum voltage of the &bsolute value, determine
Ra using the Rb of Step 1) above.

Ra ¢
Vs

1 {Vs5=(1+ Rb/Ra)k Vrea}
VREG

The S1D15300 series have the built-igeé reference voltage and
Irer current source which are constant during voltage variation.
However, they may change due to the variation occurring in IC

manufacturing and due to the temperature change as shown below.
Consider such variation and temperature change, and set the Ra and

Rb appropriate to the LCD used.

VReg = —2.55\40.20V (Typel) \keg = —0.2%/°C

VRreg = Vss (Vpp basis) (Type2) ¥eg= —-0.00%/°C

IRer = —3.1A+40% (For 16 levels) Hgr= 0.0231A/°C
—6.51A+40% (For 32 levels) 0.0%&/°C

Ra is a variable resistor that is used to correct gwolWage change

due to \keg and ker variation. Also, the contrast adjustment is
recommended for each IC chip.

Before adjusting the LCD screen contrast, set the electronic volume
control register values to (D4,D3,D2,D01,D0)=(1,0,0,0,0) or
(0,1,1,1,12) first.

When not using the Electronic Volume Control Function, set the
register values to (D4,03,D2,01,D0)=(0,0,0,0,0) by sending the
RES signal or the Set Electronic Volume Control Register command.

Setup example of constants when Electronic Volume Control
Function is used:
V5 maximum voltage: Y= -6V (Electronic volume control
register values (D4,D3,D2,D1,D0) =
(0,0,0,0,0))

¥=-10V (Electronic volume control
register values (D4,D3,D2,D1,D0) =
(1,1,1,1,2))
Vs variable voltage range: 4V
Variable voltage levels: 32 levels

V5 minimum voltages:

1) Determining the Rb:

S1D15300 Series Vs

VI T T
-0V - T -
Vs Vs variable voltage range
(32 levels)
—_—
5V _
| | |
V \Y
VD) OV 00 20 40 60
Ta [iC]

According to the ¥ voltage and temperature change, equaican
be as follows (if \bp = 0 V reference):

Ta=-10C
Vsmax = (1+Rb/RaX VRrec
= (1+625k/462K) (-2.55V)
x {1+(—0.2%FC) x (-10°C-25C)}

(Ta=-10C)

=-6.42V
Vsmin = Vsmax + Rbx Irgg (Ta=—10C)
=-6.42V + 625k
x {—6.5pA+(0.0521A/°C) x (—~10°C—25°C)}
=-11.63V
Ta=-50C
Vsmax = (1+Rb/RaX VRec (Ta=50C)
= (1+625k/462kX (—2.55V)
x {1+(=0.2%FC) x (50°C—25C)}
=-5.7v
Vsmin = Vsmax + Rbx Irgp (Ta=50C)
=-5.7V + 625k
x {—6.5pA+(0.0520A/°C) x (50°C-25°C)}
=-8.95V

The margin must also be determined in the same procedure given
above by considering ther¢g and kgr variation. This margin
calculation results show that the ¥enter value is affected by the
VRregand ker variation. The voltage setup width of the Electronic
Volume Control depends on thegk variation. When the typical
value of 0.2 V/step is set, for example, the maximum variation range
of 0.12 to 0.28 V must be considered.

In case of Type 2, it so becomes thag¥ = Vss (Vpp basis) and
there is no temperature gradient. Howevggrlcarries the same
temperature characteristics as with Type 1.

Command Sequence when Built-in Power Supply is Turned
OFF

R3 = Vs variable voltage range_ 4V To turn off the built-in power supply, follow the command sequence
| IRer| 6.50A Rb =625KQ as shown below to turn it off after making the system into the standby
mode.
2) Determining the Ra: | Static Indicator ON |Command ADh
4. _Rb 625k v
~ Vsmax _ LY, _ | Display OFF |Command AEh
VREG -2.55V Ra = 4621Q Power Save
Command
| Entire Displays ON |Command A5h
Ta=25C ;
Vsmax = (1+Rb/Rak VRec -
= (1+625k/442K) (~2.55V) Built-in Power OFF
=-6.0V
Vsmin = Vs max + Rbx IRep
= —6V + 625kx (—6.51A)
=-10.0V
Rev.1.4 EPSON 5-15



S1D15300 Series

Voltage generator circuit

(1-1 Power set command
when the built-in power supply
is used (triple boosting)
(D2,D1,D0)=(1,1,1)

T VDD

(-2 when the on-chip power circuit is used when \ouT is input from the outside

M/s
Vss CL

Vss

c1 JE—

CAP3-
CAP1+
CAP1-
CAP2+
CAP2-

Vout

Vs

VR S1D15300 series

VoD

Vi
V2
V3
Va
Vs

T VoD

:is Vss ct P
Cl
C1 [
I
C1l T

® when \& is input from the outside
(D2, D1, DO) = (0, 0, 1)

T VoD

Vss
CAP3-
CAP1+
CAP1-
CAP2+
CAP2-
Vout

Vs
VR

VoD

Vi
V2
V3
Va
Vs

M/s

S1D15300 series

(@ when the on-chip power circuit is used

T VDD

—

Vss

External
power
supply

(D2, D1, DO) = (0, 1, 1)

T VDD

\S]
Vss
CAP3-
CAP1+
CAP1-
CAP2+
CAP2-
Vout

S1D15300 series

VDD

Vi
V2
V3
Va
Vs

CL

v

Vss

M/S M/s
Vss CL Vss
i CAP3- —l i CAP3-
Vss CAP1+ Vss Vss CAP1+
CAP1- CAP1-
CAP2+ CAP2+
CAP2- CAP2-
External VouT VouT
power
supply Vs Vs
vr S1D15300 series vr S1D15300 series
VDD VoD
VDD VDD
Vi Vi
V2 External V2
c2 V3 28:’;; V3
Va Va
Vs Vs
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S1D15300 Series

Reference setup value: S1D15300s ¥ -7t0 -9 V
S1D15301 ¥ = -11to-13V (variable)
S1D15302 ¥ = -11to-13V (variable)

SED1530 SED1531 SED1532

C1 1.0~4.7 uF 1.0~4.7 uF 1.0~4.7 uF
Cc2 0.22~0.47uH 0.47~1.0ufF  0.47~1.0 yF
R1 700 K 1 MQ 1 MQ

R2 200 KO 200 KQ 200 KQ

R3 1.6 MQ 4 MQ 4 MQ

LCD 16 x50 mm 32x 64 mm | 32 100 mm
SIZE

DOT 32x 100 64x 128 64% 200

CONFIGURATION

1: As the input impedance ofRis high, a noise protection using
short wire and cable shield is required.

*2: C1 and C2 depend on the capacity of the LCD panel to be
driven. Set a value so that the LCD drive voltage may be stable.
[Setup example]

Turn on the voltage regulator and voltage follower and give an
external voltage to ®uT. Display a horizontal-stripe LCD
heavy load pattern and determine C2 so that the LCD drive
voltage (M to V5) may be stable. However, the capacity value
of C2 must be all equal. Next, turn on all the on-board power
supplies and determine C1.

*3: LCD SIZE means the length and breadth of the display portion

of the LCD panel.

Model LCD drive voltage
S1D15300 1/5 or 1/6 bias
S1D15301 1/6 or 1/8 bias
S1D15302

* Precautions when installing the COG

When installing the COG, it is necessary to duly consider the fact
that there exists a resistance of the ITO wiring occurring between the
driver chip and the externally connected parts (such as capacitors
and resistors). By the influence of this resistance, non-conformity
may occur with the indications on the liquid crystal display.
Therefore, when installing the COG design the module paying
sufficient considerations to the following three points.

1. Suppress the resistance occurring between the driver chip pin to
the externally connected parts as much as possible.

2. Suppress the resistance connecting to the power supply pin of
the driver chip.

3. Make various COG module samples with different ITO sheet

resistance to select the module with the sheet resistance with
sufficient operation margin.

Also, as for this driver IC, pay sufficient attention to the following
points when connecting to external parts for the characteristics of the
circuit.

Reset Circuit

When the RES input goes low, this LSl is initialized.

Initialized status

1. Display OFF

2. Normal display

3. ADC select: Normal display (ADC command DO =
low)

4. Read modify write OFF

5. Power control register (D2, D1, DO) = (0, 0, 0)

6. Register data clear in serial interface

7. LCD power supply bias ratio 1/6 (S1D15300), 1/8
(S1D15301, SE1D15302)

8. Static indicator: OFF

9. Display start line register set at line 1

10. Column address counter set at address 0

11. Page address register set at page 0

12. Output status register (D3) = (0)

13. Electronic control register set at 0

14. Test command OFF

As seen in 11. Microprocessor Interface (Reference Examp
connect the RES pin to the reset pin of the microprocessor
initialize the microprocessor at the same time.

In case the S1D15300 series does not use the internal LCD p
supply circuit, the RES must be low when the external LCD power
supply is turned on.

When RES goes low, each register is cleared and set to the above
initialized status. However, it has no effect on the oscillator circuit
and output pins (FR, CL, DYO, DO to D7).

The initialization by RES pin signal is always required during
power-on. If the control signal from the MPU is HZ, an overcurrent
may flow through the IC. A protection is required to prevent the HZ
signal at the input pin during power-on.

Be sure to initialize it by RES pin when turning on the power supply.
When the reset command is used, only parameters 8 to 14 in the
above initialization are executed.

the resistance of ITO wiring is being inserted in series with the
switching transistor, thus dominating the boosting ability.
Consequently, the boosting ability will be hindered as a result
and pay sufficient attention to the wiring to respective boosting
capacitors.

Connection of the smoothing capacitors for the liquid crystal
drive

The smoothing capacitors for the liquid crystal driving potentials
(V1. V2, V3 and ) are indispensable for liquid crystal drives
not only for the purpose of mere stabilization of the voltage
levels. If the ITO wiring resistance which occurs pursuant to
installation of the COG is supplemented to these smoothing
capacitors, the liquid crystal driving potentials become unstable
to cause non-conformity with the indications of the liquid
crystal display. Therefore, when using the COG module, we
definitely recommend to connect reinforcing resistors externally.
Reference value of the resistance is D@k 1MQ.

Meanwhile, because of the existence of these reinforcing
resistors, current consumption will increase.

2.

1. Connection to the boosting capacitors The boosting capacitors Indicated below is an exemplary connection diagram of external
(the capacitors connecting to respective CAP pins and capacitor resistors.
being inserted betweendUT and \&s2 of this IC are being Please make sufficient evaluation work for the display statuses with
switched over by use of the transistor with very low ON- any connection tests.
resistance of about @ However, when installing the COG,
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Exemplary connection diagram 1.
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S1D15300 Series
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Exemplary connection diagram 2.
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S1D15300 Series

Figure 8
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7. COMMANDS
The S1D15300 series uses a combination of A0, RD (E) and WR (R/

W) signals to identify data bus signals. As the chip analyzes and

executes each command using internal timing clock only regardless
of external clock, its processing speed is very high and its busy check
is usually not required. The 8080 series microprocessor interface
enters a read status when a low pulse is input to the RD pin and a write
status when a low pulse is input to the WR pin. The 6800 series
microprocessor interface enters a read status when a high pulse is
input to the R/W pin and a write status when a low pulse is input to
this pin.  When a high pulse is input to the E pin, the command is
activated. (Fortiming, see Timing Characteristics.) Accordingly, in
the command explanation and command table, RD (E) becomes 1
(high) when the 6800 series microprocessor interface reads status of

display data. This is an only different point from the 8080 series

microprocessor interface.

Taking the 8080 series microprocessor interface as an example,
commands will be explained below.

When the serial interface is selected, input data starting from D7 in
sequence.

E [RW]

A0 |RD |WR|| D7 | D6 |D5 | D4 |D3 | D2 |D1 |DO
0 1 0 1 0 1 1 [A3 |A2 |Al | AO
A3 A2 Al AO Page Address

0 0 0 0 0

0 0 0 1 1

0 0 1 0 2

0 0 1 1 3

0 1 0 0 4

0 1 0 1 5

0 1 1 0 6

0 1 1 1 7

1 0 0 0 8
(4) Set Column Address

Specifies column address of display RAM. Divide the column
address into 4 higher bits and 4 lower bits. Set each of them
succession. When the microprocessor repeats to access to the
display RAM, the column address counter is incremented by 1
during each access until address 132 is accessed. The page
address is not changed during this time.

(1) Display ON/OFF E RW
Alternatlvily turns the display on and off. A0|RDWRID7! D6l D5l D4| D3| D2| D1| DO
E |[R/IW . .
A0 |RD |WR| D7 | D6 |D5 | D4 [D3 |D2 |D1 |DO Higher bits B L |A7| AB| AS| A4
o |1 ol 1 o |1 o |1 1 11 b Lower bits 10 0 |A3| A2|A1|AO
The display turns off when D goes low, and it turns on when D
goes high. A7 A6 A5 A4 A3 A2 Al AO| Column address
(2) Start Display Line c 0 0 0 0 0 0 O 0
Specifies line address (refer to Figure 4) to determine the initial 0 0 0 O . 0 0 0 1 1
display line, or COMO. The RAM display data becomes the top . :
line of LCD screen. ltis followed by the higher number of lines 1 0 0 0 0 0 1 1 131
in ascending order, corresponding to the duty cycle. When this
command changes the line address, the smooth scrolling or (5) Read Status
page change takes place. E RW
E |[RW A0 |RD (WR|D7 |D6 | D5| D4 |D3 |D2 |D1 |DO
A0 |RD |WR) D7 | D6 | D5 | D4 | D3 | D2 |D1 | DO 0 | o | 1 [Busy|apc|onorireserl 0 [0 [0 [o
0| 1|00 ]| 1 [A5|A4|A3|A2 |Al |AO
Hiah-order bit BUSY: When high, the S1D15206 series is busy due to internal
- Igh-order b operation or reset. Any command is rejected until BUSY
A5 A4 A3 A2 Al A0 Line address goes low. The busy check is not required if enough time
0 0 0 0 0 0 0 is provided for each cycle.
8 8 8 8 (1) é % ADC: Indicates the relationship between RAM column address
) and segment drivers. When low, the display is normal and
1 1 1 1 1 0 6 2 column address “131-n” corresponds to segment driver n.
1 1 1 1 1 1 63 When high, the display is reversed and column address n

(3) Set Page Address

corresponds to segment driver n.

Specifies page address to load display RAM data to page ON/OFF: Indicates whether the display is on or off. When goes low,

address register. Any RAM data bit can be accessed when its
page address and column address are specified. The display
remains unchanged even when the page address is changed.

the display turns on. When goes high, the display turns
off. This is the opposite of Display ON/OFF command.

Page address 8 is the display RAM area dedicate to the indica- RESET: Indicates the initialization is in progress by RES signal

tor, and only DO is valid for data change.

(6)

or by Reset command. When low, the display is on.
When high, the chip is being reset.

Write Display Data

Writes 8-bit data in display RAM. As the column address is
incremented by 1 automatically after each write, the microproc-
essor can continue to write data of multiple words.

E [RW
AO | RD |WR| D7 | D6 |D5| D4 | D3 | D2 | D1 | DO
1 1 0 Write data
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(7) Read Display Data E [RIWW
Reads 8-bit data from display RAM area specified by column | A0 |RD |WR | D7 | D6 | D5 | D4 |D3 | D2 [D1 |DO
address and page address. As the column address is incrementeft
by 1 automatically after each write, the microprocessorcan | 0 |1 |0 1 |0 |1 0|0 |]O |1 |D
continue to read data of multiple words. A single dummy read . . - . -
is required immediately after column address setup. Refer to |N€ potential & is resistively divided inside the IC to produce
the display RAM section of FUNCTIONAL DESCRIPTION potentials \4, V2, V3 and \ which are necessary to drive the LCD.
for details. Note that no display data can be read via the serial 1N€ bias ratio can be selected using the LCD bias setting command.
(The S1D15303 and S1D15304 are fixed to 1/5 bias.)

Y

interface. - )
Moreover, the potentialsiy V2, V3 and \4 are converted in the
AO | RD |WR | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO impedance and supplied to the LCD drive circuit.
L U Read data Model Bias ratio of LCD power supply
(8) ADC Select S1D15300 1/5 bias or 1/6 bias
Changes the relationship between RAM column address and S1D15301 . .
segment driver. The order of segment driver output pins can be S1D15302 1/6 bias or 1/8 bias
reversed by software. This allows flexible IC layout during S1D15303 .
LCD module assembly. For details, refer to the column address S1D15304 1/5 bias

section of Figure 4. When display data is written or read, the
column address is incremented by 1 as shown in Figure 4.
(12) Read-Modify-Write

E RW A pair of Read-Modify-Write and End commands must always
A0 |RD |WR| D7 |D6 |D5 |D4 |D3 |D2 |D1 |DO be used. Once Read-Modify-Write is issued, column address is
0 1 0 1 0 1 0 lo o lo |D not incremented by Read Display Data command but

incremented by Write Display Data command only. It contin-
ues until End command is issued. When the End is issued,
column address returns to the address when Read-Modify-
Write was issued. This can reduce the microprocessor load
when data of a specific display area is repeatedly changed
during cursor blinking or others.

When D is low, the right rotation (normal direction). When D
is high, the left rotation (reverse direction).

(9) Normal/Reverse Display
Reverses the Display ON/OFF status without rewriting the

contents of the display data RAM. E [RW
E IRW A0 |RD |WR|D7 | D6 |D5| D4 |D3 | D2 | D1 |DO
A0 |RD |WR| D7 | D6 | D5 | D4 |D3 | D2 |D1 | DO ol 1lol1l1l1lo0lolololo

0 110 110 110 0|1 1 |D

Note: Any command except Read/Write Display Data and Set
Column Address can be issued during Read-Modify-Write

When D is low, the RAM data is high, being LCD ON potential mode

(normal display).
When D is high, the RAM data is low, being LCD ON potential

(reverse display). e Cursor display sequence

(10) Entire Display ON Set Page Address
Forcibly turns the entire display on regardless of the contents of
the display data RAM. At this time, the contents of the display v
data RAM are held. Set Column Address

This command has priority over the Normal/Reverse Display
command. When D is low, the normal display status is pro-

»
P

Y

vided.
_ Read-Modify-Write
E_[RW
A0 |RD [WR| D7 |D6 | D5 | D4 |D3 | D2 |D1 | DO 'yl
oOo|1|0|1|0|12]0]0]|1]|0]|D Dummy Read
When D is high, the entire display ON status is provided. v
If the Entire Display ON command is executed in the display Read Data
OFF status, the LCD panel enters Power Save mode. Refer to v

the Power Save section for details.

Write Data

(11) Set LCD Bias
Selects a bias ratio of the voltage required for driving the LCD.
This command is enabled when the voltage follower in the
power supply circuit operates.
(The LCD bias setting command is invalid for the S1D15303
and S1D15304. They are being fixed to the 1/5 bias.)
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(13) End
Cancels Read-Modify-Write mode and returns column address to the original address (when Read-Modify-Write was issued).
E_|RW
AO | RD (WR| D7 | D6 | D5 | D4 | D3| D2 | D1 | DO
0 1 0 1 1 1 0 1 1 1 0

Return

Column address

Nk

(14) Reset
Resets the Initial Display Line register, Column Address coun-
ter, Page Address register, and output status selector circuit to
their initial status. The Reset command does not affect on the
contents of display RAM. Refer to the Reset circuit section of
FUNCTIONAL DESCRIPTION.

ERW
A0 |RD (WR| D7 |D6 |D5 |D4 |D3 |D2 |D1 |DO
0 1 0 1 1 1 0 0 0 1 0

The Reset command cannot initialize LCD power supply. Only
the Reset siganl to the RES pin can initialize the supplies.

(15) Output Status Select Register
Applicable to the S1D15300 and S1D15302. When D is high
or low, the scan direction of the COM output pin is selectable.
Refer to Output Status Selector Circuit in Functional Descrip-
tion for details.

E RW
AO [RD (WR| D7 |D6 | D5 | D4 |D3 | D2 |D1 | DO
0 1 0 1 1 0 0 D O 0 O

D: Selects the scan direction of COM output pin
*: Invalid bit

(16) Set Power Control
Selects one of eight power circuit functions using 3-bit register.
An external power supply and part of on-chip power circuit can
be used simultaneously. Refer to Power Supply Circuit section
of FUNCTIONAL DESCRIPTION for details.

ERW
AO |RD (\WR| D7 |D6 |D5 |D4 |D3 |D2 |D1 |DO
0 1 0 0 0 1 0 1 |A2 |Al |AO

When AO goes low, voltage follower turns off. When AO goes
high, it turns on.
When Al goes low, voltage regulator turns off. When Al goes
high, it turns on.
When A2 goes low, voltage booster turns off. When A2 goes
high, it turns on.

(17) Set Electronic Control
Adjusts the contrast of LCD panel display by changing V5 LCD
drive voltage that is output by voltage regulator of on-board
power supply.
This command selects one of 32 MCD drive voltages by
storing data in 5-bit register. Thes Voltage adjusting range
should be determined depending on the external resistance.
Refer to the Voltage Regulator section of FUNCTIONAL
DESCRIPTION for details.

| _
><LN ><N+1><N+2><N+3><Z ~ N+m X

Read-Modify-Write mode is selected.

L End

D4 D3 D2 D1 DO | V5|
0 0 0 0 0 LOW
0 0 0 0 1
0 0 0 1 0

. !
1 1 1 0 1
1 1 1 1 0
1 1 1 1 1 HIGH

Set register to (D4,D3,D2,D1,D0)=(0,0,0,0,0) to suppress elec-
tronic control function.

(18) Static Indicator
This command turns on or off static drive indicators. T
indicator display is controlled by this command only, and it
not affected by the other display control commands.
Either FR or FRS terminal is connected to either of static
indicator LCD drive electrodes, and the remaining terminal is
connected to another electrode. When the indicator is turned
on, the static drive operates and the indicator blinks at an
interval of approximately one second. The pattern separation
between indicator electrodes are dynamic drive electrodes is
recommended. A closer pattern may cause an LCD and
electrode deterioration.

E [RW
AO D |WR|D7|D6 |D5|D4 |D3 | D2 |D1 | DO
0 1 0 1 0 1 0 1 1 0 D

D 0: Static indicator OFF
1: Static indicator ON

(19) Power Save (Compound Command)
When all displays are turned on during indicator off, the Power
Save command is issued to greatly reduce the current consump-
tion.
If the static indicators are off, the Power Save command sleeps
the system. If on, this command stands by the system.

Release the Sleep mode using the both Power Save OFF
command (Indicator ON command or All Indicator Displays
OFF command) and Static Indictor ON command.

Release the Standby mode using the Power Save OFF command
(Indicator ON command or All Indicator Displays OFF
command).

Static OFF | | Indicator ON |

v v

Power Save (compound command) |

(Sleep mode) (Standby mode)

Power Save OFF (Display ON command or

R/W . ;
20 |zo lwrlo7 | ps o5 | pa b3 | o2 [p1 | DO +Entlre Displays OFF command)
0 1 0 1 0 0 | A4 |A3 |A2 |Al |AO - -
| Static Indicator ON |
(Sleeve mode released) (Standby mode released)
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Sleep mode

This mode stops every operation of the LCD display system,

and can reduce current consumption nearly to a static current
value if no access is made from the microprocessor. The
internal status in the sleep mode is as follows:

(1) Stops the oscillator circuit and LCD power supply circuit.

(2) Stops the LCD drive and outputs the VDD level as the
segment/common driver output.

(3) Holds the display data and operation mode provided before
the start of the sleep mode.

(4) The MPU can access to the built-in display RAM.

Standby mode
Stops the operation of the duty LCD display system and turns
on only the static drive system to reduce current consumption

When an external power supply is used, likewise, the function
of this external power supply must be stopped so that it may be
fixed to floating or \bp level, prior to or concurrently with
causing the S1D15300 series to go to the sleep mode or standby
mode.

When the common driver S1D16305 or S1D16501 is combined
with the S1D15301 in the configuration, the DOF pin of the
S1D15301 must be connected to the DOFF pin of the S1D16305
or S1D16501.

(20) Test Command

This is the dedicate IC chip test command. It must not be used
for normal operation. If the Test command is issued errone-
ously, set the -RES input to low or issue the Reset command to
release the test mode.

to the minimum level required for static drive.
The ON operation of the static drive system indicates that the
S1D15300 series is in the standby mode. The internal status in

the standby mode is as follows:

(1) Stops the LCD power supply circuit.

(2) Stops the LCD drive and outputs the VDD level as the
segment/common driver output. However, the static drive
system operates.

(3) Holds the display data and operation mode provided before
the start of the standby mode.

(4) The MPU can access to the built-in display RAM.

When the RESET command is issued in the standby mode,
the sleep mode is set.

When the LCD drive voltage level is given by an external
resistive driver, the current of this resistor must be cut so that it
may be fixed to floating or &b level, prior to or concurrently
with causing the S1D15300 series to go to the sleep mode or
standby mode.

E RW
A0 D (WR|D7|D6|D5|D4 |D3 |D2 D1 |DO
0 1 0 1 1 1 1 O O O O
*: Invalid bit

Cautions: The S1D15300 Series holds an operation status
specified by each command. However, the internal
operation status may be changed by a high level of
ambient noise. It must be considered to suppress the
noise on the its package and system or to prevent an
ambient noise insertion. To prevent a spike noise, a
built-in software for periodical status refreshment is
recommended to use.

The test command can be inserted in an unexpected
place. Therefore, it is recommended to enter the test
mode reset command FOh during the refresh
sequence.
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Code

Command —— Function
A0 | RD R| D7 |D6 | D5 | D4 | D3 | D2 | D1 | DO
(1) Display ON/OFF 0 1 0 1 0 1 0 1 1 1 0 |Turns on LCD panel when goes
1 |high, and turns off when goes low.
(2) Initial Display Line 0 1 0 0 1 |Start display address Specifies RAM display line for
COMO.
(3) Set Page Address 0 1 0 1 0 1 1 | Page address Sets the display RAM page in
Page Address register.
(4) Set Column Address 0 1 0 0 0 0 1 |[Higher column Sets 4 higher bits of column
4 higher bits address address of display RAM in register
(4) Set Column Address 0 1 0 0 0 0 0 |Lower column Sets 4 lower bits of column
4 lower bits address address of display RAM in register
(5) Read Status 0 0 1 |Status 0 0 0 0 |Reads the status information.
(6) Write Display Data 1 1 0 |Write data Writes data in display RAM.
(7) Read Display Data 1 0 1 |Read data Reads data from display RAM.
(8) ADC Select 0 1 0 1 0 1 0 0 0 0 0 |Sets normal relationship between
1 |RAM column address and seg-
ment driver when low, but re-
verses the relationship when high.
(9) Normal/Reverse Display| 0 1 0 1 0 1 0 0 1 1 0 |Normal indication when low, but
1 |[full indication when high.
(10) Entire Display ON/OFF| 0 1 0 1 0 1 0 0 1 0 0 |Selects normal display (0) or
1 |Entire Display ON (1).
(11) Set LCD Bias 0 1 0 1 0 1 0 0 0 1 0 |Sets LCD drive voltage bias ratio.
1
(12) Read-Modify-Write 0 1 0 1 1 1 0 0 0 0 0 [Increments Column Address
counter during each write when
high and during each read when
low.
(13) End 0 1 0 1 1 1 0 1 1 1 0 |Releases the Read-Modify-Write.
(14) Reset 0 1 0 1 1 1 0 0 0 1 0 |Resets internal functions.
(15) Set Output Status 0 1 0 1 1 0 0 0 * * * | Selects COM output scan
Register 1 direction. * Invalid data
(16) Set Power Control 0 1 0 0 0 1 0 1 |Operation Selects the power circuit
status operation mode.
(17) Set Electronic Control | 0 1 0 1 0 0 |Electronic control value Sets V5 output voltage to Elec-
Register tronic Control register.
(18) Set Standby 0 1 0 1 0 1 0 1 1 0 0 |Selects standby status.
1 |0: OFF 1: ON
(19) Power Save - - - - - - - - - - — | Compound command of display
OFF and entire display ON
(20) Test Command 0 1 0 1 1 1 1 * * * * |IC Test command. Do not use!
(21) Test Mode Reset 0 1 0 1 1 1 1 0 0 0 0 |Command of test mode reset

Note: Do not use any other command, or the system malfunction may result.
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8. COMMAND SETTING (For Refrence)
Instruction Setup Examples
Initial setup

Note: As power is turned on, this IC outputs non-LCD-drive potentials W6 from SEG terminal (generates output for driving the LCD)
and Vi — V4from COM terminal (also used for generating the LCD drive output). If charge remains on the smoothing capacitor being
inserted between the above LCD driving terminals, the display screen can be blacked out momentarily. In order to awbie this tr
it is recommended to employ the following powering on procedure.

* When the built-in power is used immediately after the main power is turned on:

Turn on Vpbb and Vss power while maintaining
RES terminal at LOW.

l

| Wait until the power supply is stabilized. |

| Cancel the reset mode (RES terminal = HIGH). |

l

| Turn on the initial setup mode (Default). *1 |

l

Function select through the commands (user setup).
LCD bias set *2

ADC select *3 Operations ranging from powering on
Common output mode select *4 through the power control set must be
1 completed within 5 ms.

Function select through the command (user setup).
Electronic volume *5

1

Function select through the command (user setup)
Power control set *6

!

Initial setup is complete |

* This duration of 5 ms depends on the panel characteristics as well as capacity of the capacitor concerned.

Notes: *1: Refer to the “Reset Circuit” in the Function Description.
*2: Refer to the “LCD Bias Set” in the Command Description (11).
*3: Refer to the “ADC Select” in the Command Description (8).
*4: Refer to the “Output State Register Set” in the Command Description (15)
*5: Refer to the “Supply Circuit” in the Function Description and the “Electronic Volume Register Set” in the Command Descriptio
7).
*6: Refer to the “Supply Circuit” in the Function Description and the “Power Control Set” in the Command Description (16).
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* When the built-in power supply is not used immediately after the main power is turned on:

Turn Vop and Vss power on with
RES terminal being set to LOW.

|

| Wait until the power supply is stabilized. |

| Cancel the reset mode (RES terminal = HIGH) |

l

| Turn on the initial setup mode (Default) *1

l

| Turn on the power save mode (multiple commands) *7|

l

Function select through the commands (user setup)
LCD bias set *2
ADC select *3
Common output mode select *4

l

Function select through the command (user setup)
Electronic volume *5

l

Turn off the power save mode *6 |

The power save mode must be turned
| on within 5 ms from powering on.

Operations ranging from turning off of
l the power save mode through the
power control set must be completed
within 5 ms.

Function select through the command (user setup)
Power control set * 7

l

Initial setup is complete |

* This duration of 5 ms depends on the panel characteristics as well as capacity of the capacitor concerned. Check dlotual@ysbem.

Notes: *1: Refer to the “Reset Circuit” in the Function Description.

*2:
*3:
*4:
*5:

*6:
*7:

Refer to the “LCD Bias Set” in the Command Description (11).

Refer to the “ADC Select” in the Command Description (8).

Refer to the “Output State Register Set” in the Command Description (15)

Refer to the “Supply Circuit” in the Function Description and the “Electronic Volume Register Set” in the Command Descriptio
7).

Refer to the “Supply Circuit” in the Function Description and the “Power Control Set” in the Command Description (16).

You can select either the sleep mode or standby mode for the power save mode. Refer to the “Power Save (Multiple Commands)
in the Command Description (19).
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» Data Display

Initial setup is complete |

!

Function select through the commands (user setup)
Display start line set *8
Page address set *9
Column address set *10

|

Function select through the command (user setup)
Display data write *11

l

Function select through the command (user setup)
Display ON/OFF *12
|

Data display is complete |

Notes: *8: Refer to the “Display Line Set” in the Command Description (2).
*9: Refer to the “Page Address Set” in the Command Description (3).
*10: Refer to the “Column Address Set” in the Command Description (4).
*11:Refer to the “Display Data Write” in the Command Description (6).
*12: Refer to the “Display ON/OFF” in the Command Description (1). It is recommended to avoid the all-white-display ofethe disp
start data.

* Powering Off *13

Any state | The time spent for the operations ranging from power
save through powering off (Vbb — Vss = 2.4V) (tH)
l must be longer than the time required for Vs to V1 go

under the LCD panel threshold voltage (normally 1V).

* tH is determined by time constant of the external
resisters Ra and Rb (for adjusting voltages Vs to V1)

| and the smoothing capacitor C2.

* |t is recommended to cut tH shorter by connecting a
resistor between Vbp and Vs.

Function select through the command (user setup)
Power save *14

| Turn Vop and Vss power off |

Notes: *13:This IC functions as the logic circuit of the power supplies-VWss and used for controlling the driver of LCD power supplies
VDD — V5. Thus, if power suppliestb — Vssare turned off while voltage is still present on LCD power supplies s, drivers
(COM and SEG) may output uncontrolled voltage. Therefore, you are required to observe the following powering off procedure:
Turn the built-in power supply off, then turn off the IC power supplie®(V Vss) only after making sure that potential of ¥
V1is below the LCD panel threshold voltage level. Refer to the “Supply Circuit” in the Function Description.
*14:When the power save command is entered, you must not implement reset from RES termirz uriis¥power are turned off.
Refer to the “Power Save” in the Command Description.

* Refresh
It is recommended that the operating modes and display contents be refreshed periodically to prevent the effect of uoisgpected n

| Refresh sequence |

| Cancel the test mode *15 |

l

Set every command according to the state being selected
(including setup of the default state).

!

Refresh the DDRAM. |
]

Notes: *15:Refer to the “Test Mode Cancellation” in the Command Description (21).
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S1D15300 Series

9. ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Unit
-0.3to +7.0
Supply voltage range Triple boosting VbD -0.3t0 +6.0 \%
Quadruple hoosting -0.3to +4.5
Supply voltage range (1) (Voo Level) Vs, Vout -18.0to +0.3 \%
Supply voltage range (2) (Voo Level) V1, V2, V3, Vs Vs to +0.3 \%
Input voltage range VIN —0.3to Vpp+0.3 \%
Output voltage range Vo —0.3to Vpp+0.3 \%
Operating temperature range TopPr —40 to +85 °C
TCP -55 to +100
Storage temperature range TsTR °C
Bear chip -551t0 +125
Vcc ‘ --—-VbD ‘ VDD
GND --—-Vss
Vi to Vy
v Vs, Vout
(System) (S1D15300 series)

Notes: 1. M to Vs, Vour, voltages are based opy=0 V.
2. Voltages \bp = V1= V22 V3= Va2 Vs must always be satisfied.
3. Ifan LSl exceeds its absolute maximum rating, it may be damaged permanently. It is desirable to use it under etactedaticka
conditions during general operation. Otherwise, an LS| malfunction or reduced LSI reliability may result.
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S1D15300 Series

10. ELECTRICAL CHARACTERISTICS

DC Characteristics

Vss =0V, Vpp =5V +10%, Ta = —-40 to +85°C unless otherwise noted.

Item Symbol Condition Min. Typ. Max. Unit  Rin used
Power voltage (1) gg‘é‘ﬁ;‘t‘i@ﬁ"“d Voo 45 | 50| 55 v Vss *1
Operational 2.4 - 6.0
Operating voltage | Operational Vs VoD level (Vpp =0 V) -16.0 - -4.5 \% Vs *2
(2) | Operational | V1,V2 | VDD level (Vpp=0V) 0.4 x Vg - Vbb \Y V1, Vo
Operational | V3, V4 | VoD level (Vpp =0V) Vs - 0.6 x V5 \Y V3, V4
HIGH-level input voltage ViHC 0.7 xVpp| - Vbb \Y *3
Vpp=2.7V 0.8 xVpp| - Vbb *3
LOW-level input voltage ViLc Vss - |0.3xVpp| V *3
8 Vpp=2.7V Vss - 10.2xVpp *3
g HIGH-level output voltage VoHc loy =-1 mA 0.8 xVpp| - Vbb \Y *5
Vpp=2.7V,lop=-05mA (0.8 xVpp| - Vbb *5
LOW-level output voltage VoLc loL =1 mA Vss - 10.2xVpp| V *5
Vpp =27V, loL=0.5mA Vss - 10.2xVpp *5
HIGH-level input voltage ViHs 0.85 xVpp| -— Vbb *4
£ Vpp =27V 0.8 xVpp| _ VoD *4
é LOW-level input voltage ViLs Vss _ 10.15x Vpp *4
Vpp=2.7V Vss ~ 0.2 xVpp *4
Input leakage current I VIN = Vpp or Vssg -1.0 - 1.0 HA *6
Output leakage current ILo -3.0 - 3.0 HA *7
LCD driver ON resistance Ron | Ta=25°C | Vs=-14.0V - 2.0 3.0 kQ | SEGn
COMn
VoD level V5 =-8.0V - 3.0 4.5 *g
Static current consumption Issq VIN = Vpp or Vsg - 0.01 5.0 HA Vss
lso V5 =-18.0 V (Vpp level) - 0.01| 15.0 A Vs
Input pin capacity Cin Ta=25°C,f=1MHz - 5.0 8.0 pF *3 *4
Oscillation frequency fosc | Ta=25°C | Vpp=5V 18 22 26 kHz *Q
Vpp =27V 18 22 26
ltem Symbol Condition Min. Typ. Max. Unit  Rin used
Input voltage Vpp Triple boosting 2.4 - 6.0 V *10
_ Quadruple boosting 2.4 - 4.5
§ Booster output voltage Vout | Triple voltage conversion (VoD level) | —18.0 - - \ Vout
é Voltage regulator operation Voutr | (VDD level) -18.0 - —6.0 Vout
g voltage
<
% Voltage follower operation V5 (VoD level) -18.0 - -6.0 \% *11
- voltage -16.0 - -4.5
Reference voltage Vree | Ta=25°C (VDD level) -2.75 |-2.55| -2.35

For the mark *, refer to P. 1-25

5-28

EPSON

Rev.1.4



S1D15300 Series

Dynamic current consumption (1) when the built-in power supply is OFF

Ta=25°C
Item Symbol Condition Min. Typ. Max. Unit Note
S1D15300/ Vpp =5.0V, V5—Vpp =-8.0 V — 24 40
S1D15305 Vpp = 3.0V, V5 - Vpp =-8.0V — 22 35
S1D15301 Vpp = 5.0V, V5—Vpp =-11.0V — 40 65
|DD VDD = 3.0V, V5 — VDD =-11.0V — 36 60
A *12
S1D15302 (1) Vpp = 5.0V, V5—-Vpp =-11.0V — 39 65
VDD = 3.0V, V5 — VDD =-11.0V — 32 55
S1D15303 Vpp = 3.0V, V5 - Vpp =-5.0V — 20 35
S1D15304 Vpp = 3.0V, V5—Vpp =-5.0V — 20 35
Dynamic current consumption (2) when the built-in power supply is ON
Ta=25°C
ltem Symbol Condition Min Typ. Max. Unit Note
S1D15300/ Vpp = 5.0V, V5 — Vpp =-8.0 V, dual boosting — 41 70
S1D15305 Vpp = 3.0V, V5 - Vpp =-8.0 V, triple boosting — 48 80
S1D15301 Vpp = 5.0V, V5 - Vpp =-11.0 V, triple boosting — 96 160
Ibp Vpp = 3.0V, V5 - Vpp =-11.0 V, quadruple hoosting — 118 190
S1D15302 1) Vpp = 5.0V, V5 - Vpp = -11.0 V, triple boosting — 95 160 WA 13
Vpp = 3.0V, V5 - Vpp =-11.0 V, quadruple boosting — 114 190
S1D15303 Vpp = 3.0V, V5 — Vpp =-5.0 V, dual boosting — 30 50
S1D15304 Vpp = 3.0V, V5 - Vpp = -5.0 V, dual boosting — 32 55
Current consumption during Power Save mode
Vss=0V,Vpp=2.7t055V Ta=25°C
ltem Symbol Condition Min. Typ. Max. Unit Note
During sleep Ipps1 | S1D15300, S1D15301, S1D15302 — 0.01 1 A
During standby | Ipps2 | S1D15300, S1D15301, S1D15302 — 10 20 g

Typical current consumption characteristics (reference

data)

¢ Dynamic current consumption (1) when LCD external

power mode lamp is ON

80

(UA)

60

IbD (1)
(Iss+15)

40

S1D15301, S1D15302

20

\ L——"

|

S1D15303, S1D15304

\Ysls}

Remarks:

Condition: The built-in power supply is

OFF and an external power
supply is used.
S1D15300/S1D15305 V5-Vbp=—8.0V
S1D15301 V5-Vbp=-11.0V
S1D15302 V5-Vbb=-11.0V
S1D15303 Vs-VDb=—6.0V

S1D15304 Vs5-VbD=—6.0V

Ta=25°C

12
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S1D15300 Series

» Dynamic current consumption (2) when the LCD built-in
power circuit lamp is ON

200 Condition: The built-in power circuit is ON.
uA) S1D15300/S1D15305: V5-Vop=-8.0 V,
triple boosting
150 S1D15301: V5-Vbp=—-11.0V,
Iob (1) quadruple boosting
S1D15301, S1D15302 S1D15302: V5-VDD=—11.0 V,
4T quadruple boosting
100 S1D15303: V5-VDD=-5.0 V,
dual boosting
S1D15300/S1D15305 S1D15304: V5-VDD=-5.0V,
50 | — dual boosting
4 - Ta=25°C
S1D15303, S1D15304
‘ ‘ ‘ Remarks: 013
0 1 2 3 4 5 6 7 (V)

*1  Though the wide range of operating voltages is guaranteed, a spike voltage change may affect the voltage assuranessifiong acc
the microprocessor.

*2  Vpp and \k operating voltage range. (Refer to Fig. 10.)
The operating voltage range applies if an external power supply is used.

*3 A0, DO - D5, D6, D7 (SI), RD (E), WR (R/W), CS1, CS2, FR, M/S, C86, P/S and DOF pins

*4  CL, SCL (D6) and RES pins

*5 DO - D5, D6, D7 (SI), FR, FRS, DYO, DOF and CL pins

*6 A0, RD (E), WR (R/W), CS1, CS2, M/S, RES, C86 and P/S pins

*7  Applies when the DO - D7, FR, CL, DYO and DOF pins are in high impedance,

*8 Resistance value when 0.1V is applied between the output pin SEGn or COMn and each power supply pin (V1, V2, V3, V4).
This is specified in the operating voltage (2) range.
R ON = 0.1 VAI (Al: Current flowing when 0.1 V is applied in the ON status.)

*9  For the relationship between oscillation frequency and frame frequency, refer to Fig. 9.

*10 For triple or quadruple boosting using the on-chip power useing the primary-side power sppiyst be used within the input voltage
range.

*11 The voltage regulator adjusts Within the voltage follower operating voltage range.

*12, *13 Current that each IC unit consumes. It does not include the current of the LCD panel capacity, wiring capacity, etc.
This is current consumption under the conditions of display data = checker, display ON, S1D15300 = 1/33 duty (1/6 Bieds30d S1
and S1D15302 = 1/65 duty. (1/8 Bias)

*12 Applies to the case where the on-chip oscillator circuit is used and no access is made from the microprocessor.

*13 Applies to the case where the on-chip oscillator circuit and the on-chip power circuit are used and no access is niede from t
microprocessor.
The current flowing through voltage regulation resistors (R1, R2 and R3) is not included.
The current consumption, when the on-chip voltage booster is used, is for the power sipply V

» Relationship between oscillation frequency and frame frequency

The relationship between oscillation frequensydand LCD frame frequencyi £an be obtained by the following expression.

Duty fcL fF
S1D15300 1/33 fosc/8 f osc/(8*33)
S1D15301 .
S1D15302 1/65 fosc/a f osc/(4*65)
S1D15303 1/17 fosc/8 f osc/(8*17)
S1D15304 1/9 f osc/8 f osc/(8*9)

S1D15305 1/35 f osc/8 f osc/(8*35)
r dbes not indicate the FR signal cycle but the AC cycle.)

Fig. 9

Relationship between clockf) and frame frequencyf
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S1D15300 Series

¢ Vgs and Vs operating voltage range

-20
-16
M s }
|
V5-Vop 0:,11 777777 -(" Operating
irange
|
5 |
2141 3.5
|
1 |
0 2 4 6 8
Vop  [V]
Fig 10

¢ Current consumption at access IDD (2) - Microprocessor access cycle

This indicates current consumption when data is always

10 written on the checker pattern at fcyc. When no access
[MA] S1D15301 B is made, only IDD (1) occurs.
S1D15302___>7
IpD (2) ___,,——/
01— S1D15300,|  condition: S1D15300/S1D15305 V5-VDD=-8.0V,
S1D15303, triple boosting
0.01 S1D15304, | S1D15301 Vs5-Vbp=-11.0V,
' S1D15305 quadruple boosting
| S1D15302 V5-Vbp=-11.0V,
0 001 01 1 10 quadruple boosting
fyc  [MHz] S1D15303 V5-VDD=-6.0V,
dual boosting
S1D15304 Vs5-VDbD=-6.0V,
dual boosting
Ta = 25;C
Fig. 11
Rev.1.4 EPSON 5-31



S1D15300 Series

AC Characteristics
(1) System buses

Read/write characteristics | (8080-series microprocessor)

tawg —= e—tAH8
Cs1 N /
(Cs2="1" \i 7/
tcvcs -
PR %CCLW I
77 . CCLR . .
e SN 7777 N
tbsg —={ ~=-1DH8 techr
D0O~D7
(WRITE)
—taccs a— tcHs
D0~D7
(READ)
Vpp = 5.0V £10%, Ta = —-40 to +85°C
Parameter Signal Symbol Condition Min. Max. Unit
Address hold time A0 taAHIGHS 10 - ns
Address setup time taws 10 - ns
System cycle time teves 166 - ns
Control LOW pulse width(WR) WR tccLoww 30 - ns
Control LOW pulse width(RD) RD tccLowr 70 - ns
Control HIGH pulse width (WR) WR tccHiGHw 100 - ns
Control HIGH pulse width (RD) RD tccHIGHR 70 - ns
Data setup time tbss 20 - ns
Data hold time tbHiGHs 10 - ns
RD access time DO to D7 taccs CL=100pF - 70 ns
Output disable time tcHiGHs 10 50 ns
Vpp=2.7Vto4.5V, Ta=-40to +85°C
Parameter Signal Symbol Condition Min. Max. Unit

Address hold time A0 tans 19 - ns
Address setup time taws 15 - ns
System cycle time tcves 450 - ns
Control LOW pulse width (WR) WR tcoLw 60 - ns
Control LOW pulse width (RD) RD tcoLr 140 - ns
Control HIGH pulse width (WR) WR tcchw 200 — ns
Control HIGH pulse width (RD) RD tccHr 140 - ns
Data setup time tbss 40 - ns
Data hold time {bhHs 15 - ns
RD access time DO to D7 taccs CL=100pF - 140 ns
Output disable time tchs 10 100 ns

Notes: 1. The input signal rise/fall time, (&) is specified at 15 ns or less.
When system cycle time is used at a high speed, it is specified-liy<t (tcycs - tccrw) or
tr + t < (tcves - tecLr - techR).

A WN

-4.5 V by 30% before the operation.

. Every timing is specified on the basis of 20% and 80%f.V -
. tewnr andtewnw are specified by the overlap period in which CS1 is “0” (CS2 = “1") and WR and RD are “0".
. When it is expected that Vss ranges from -2.4 V to -4.5 V during the operation, increase all the above specification¥/ftom -2
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S1D15300 Series

(2) System buses

Read/write characteristics Il (6800-series microprocessor)

A0
RIW
tawe —= = taHG
csi j
(CS2="1")
n tcycs -
le—— tEWHW tEWHR - | tewLw tEwLlR ———
E [/ \ 4
> tpse > {DH6 |=
DO~D7
(WRLTE)
~—— toHs
DO~D7
(READ)
Vpp =5.0 V£10%, Ta = —40 to +85°C
Parameter Signal Symbol Condition Min. Max. Unit
System cycle time tcves 166 - ns
Address setup time A0 taws 10 - ns
Address hold time W/R 9N 10 - ns
Data setup time tbss 20 - ns
Data hold time DO to D7 tore 10 - ns
Output disable time tons CL=100pF 10 50 ns
Access time taccs - 70 ns
Enable READ E tEWHR 70 — ns
LOW pulse width | WRITE tewnw 30 - ns
Enable READ £ tewLr 70 - ns
HIGH pulse width| WRITE tewLw 100 - ns
Vpp=2.7Vto4.5V, Ta=-40to +85°C
Parameter Signal Symbol Condition Min. Max. Unit
System cycle time tcyce 450 - ns
Address setup time A0 tawe 15 - ns
Address hold time R/W taHs 19 - ns
Data setup time toss 40 - ns
Data hold time tbHs 15 - ns
DO to D7

Output disable time tons CL=100pF 10 100 ns
Access time taccs - 140 ns
Enable READ £ tEwHR 140 - ns
LOW pulse width | WRITE tEwhw 60 - ns
Enable READ E tEwLr 140 - ns
HIGH pulse width| WRITE tewLw 200 - ns

Notes: 1. The input rise/fall time,(t) is specified at 15 ns or less. When the system cycle time is used at a high speed, it is specified by
tr + % < (fcves - tewLw - tewnw) OF tr + tf< (tcyvce - tEwLR - EEWHR)-
2. Every timing is specified on the basis of 20% and 80%f. V
3. tewnr and gwnw are specified by the overlap period in which CS1is “0” (CS2 = “1") and E is “1".
4. When it is expected that Vss ranges from -2.4 V to -4.5 V during the operation, increase all the above specification¥ftom -2

-4.5 V by 30% before the operation.
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S1D15300 Series

(3) Serial interface

cs1 - tcss - tesH -
(Cszzulu) —\ /7
" 7
tsas ——=| |«— tsaH
AO
le— tscvc -
- tstw - \
scL / \
X A ——{sHw e 00000
tf -— - {r
tsbs —=f |=— tspH
SI
Vpp = 5.0V £10%, Ta = —40 to +85°C
Parameter Signal Symbol Condition Min. Max. Unit
Serial clock cycle SCL tscyc 250 - ns
Serial clock HIGH pulse width tshw 100 - ns
Serial clock LOW pulse width tsiw 75 - ns
Address setup time A0 tsas 50 - ns
Address hold time tsan 200 - ns
Data setup time Sl tsps 50 - ns
Data hold time tspH 50 - ns
CS serial clock time CS tcss 30 - ns
tcsH 100 -
Vpp = 2.7 to 4.5V, Ta=-40 to +85°C
Parameter Signal Symbol Condition Min. Max. Unit
Serial clock cycle SCL tscye 500 - ns
Serial clock HIGH pulse width tshw 200 - ns
Serial clock LOW pulse width tsLw 150 - ns
Address setup time A0 tsas 100 - ns
Address hold time tsan 400 - ns
Data setup time Sl tsps 100 - ns
Data hold time tspH 100 - ns
CS serial clock time CcS tess 60 - ns
tesn 200 -

Notes: 1. The input signal rise and fall times must be within 15 nanoseconds.
2. All signal timings are limited based on 20% and 80% g Voltage.
3. When it is expected that Vss ranges from -2.4 V to -4.5 V during the operation, increase all the above specificatioh¥/ftom -2
-4.5 V by 30% before the operation.
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(4) Display control timing

s 0/ O/
(ouT) .
— toFr
FR
- tooH - tooL
DYO
Output timing Vpp = 5.0V £10%, Ta = —40 to +85°C
Parameter Signal Symbol Condition Min. Typ. Max. Unit

FR delay time FR tbEr CL =50 pF - 10 40 ns

DYO HIGH delay time DYO toon - 40 100 ns

DYO LOW delay time tboL - 40 100 ns
Output timing Vss=0V,Vpp=2.7Vto4.5V, Ta=-40to +85°C

Parameter Signal Symbol Condition Min. Typ. Max. Unit

FR delay time FR toEr CL =50 pF - 15 80 ns

DYO HIGH delay time DYO tbon - 70 200 ns

DYO LOW delay time tboL - 70 200 ns
Notes: 1. The otput timing is valid in master mode.

2. Every timing is specified on the basis of 20% and 80%f. V
(5) Resettiming
t rRw
RES
tR—

Internal circuit

X

During reset

/
>< End of reset
.

status
Vpp =5.0 V £10%, Ta = —40 to +85°C
Parameter Signal Symbol Condition Min. Typ. Max. Unit
Reset time tr 0.5 - - us
Reset LOW pulse width RES trw 0.5 - - us
Vpp = 2.7 Vto 4.5V, Ta=-40 to +85°C
Parameter Signal Symbol Condition Min. Typ. Max. Unit
Reset time tr 1.0 - - us
Reset LOW pulse width RES trw 1.0 - - us

Note: The reset timing is specified on the basis of 20% and 80%mf V

Rev.1.4
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S1D15300 Series

11. MPU INTERFACE (For Reference)

The S1D15300 series chips can directly connect to 8080 and 6800-series microprocessors. Also, serial interfacing remriegditess
between them. When multiple chips are used in the S1D15300 series they can be connected to the microprocessor anceomiesoééected
by Chip Select.

8080-series microprocessors

VDD
Vcc A0 ~{AO VDD
C86
Alto A7 Decoder Cs1 jm
IOR > -
Q €S2 S1D15300 xSS
DD
DO to D7 DO to D7
RD -|RD prs|
WR = WR
GND RES |« T = RES Vss
RESET
771777 VSS
6800-series microprocessors
VDD
Vcc AO ~{AD VDD VoD
C86
Alto A15 Decoder - CS1
VMA - -
cs2 S1D15300
DO to D7 DO to D7 Voo
E -E P/S
R/W - R/W
GND RES [« ? - RES Vss
RESET
777777 Vss
Serial interface -
VDD
Vcc AO ~{AD VDD
C86
Alto A7 Decoder Cs1
CS2 VDD
S1D15300 or GND
Port 1 -S|
Port 2 =~ SCL P/S
GND RES ﬁ ~ RES Vss j;;;
RESET

7777 VSS
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12. CONNECTION BETWEEN LCD DRIVERS

The LCD panel display area can easily be expanded by use of multiple S1D15300 series chips. The S1D15300 series careatsd ke co

the common driver (S1D16305).

S1D15301 to S1D16305 (S1D16305)

S11D16305 S1D15301
FR FR (master) M/S
DOFF DIO YSCL CL DYO DOF
] J T
S1D15300 to S1D15301
VDD
S1D15300 S1D15300
M/S (master) FR FR (slave) M/S
CL DYO DOF CL DYO DOF
S1D15302 to S1D15302
VDD
S1D15302 S1D15302
M/S (master) FR FR (slave) M/S
CL DYO DOF CL DYO DOF

VDD

Vss

Vss

Rev.1.4




S1D15300 Series

Td (| =

Yd 2 &

SEG (100) SEG (100)
S1D15300D00A* S1D15300D10A*
<Master> <Master>
COM @33) COM 17) COM (16)
S1D16700 COM(ES)
132x65 dot
DOFF DIO YSCL FR
A A A A
SEG(132)
f ) VDD
FR M/S
CL S1D15301
DYO
DOF

/t

S1D15302 : 200x65 dot

SEG(100) SEG(100)
COM(33) S1D15302 S1D15302 COM(32)
<Master> FR > FR <Slave>
DOF » DOF
VvDD O—— MIS
CL CL M/S
l ) 7
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S1D15300 Series

Dimensional outline drawing of the flexible substrate

(an example) The dimensions are subject to change without prior notice.
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S1D15400 Series

1. DESCRIPTION 2. FEATURES
The S1D15400 is a segment LCD driver intended for use ¢ Fast 8-bit MPU interface compatible with 80- and 68-
with medium size LCD panels. family microcomputers

Rich command set

73 segment drive outputs

4 common drive outputs
Selectable 1/3 or 1/4 duty cycle

The driver generates LCD drive signals from data sup-
plied by an MPU over a high speed, 8-bit bus, 4-bit bus
and stored in its internal display RAM.
The S1D15400 incorporates innovative circuit design
strategies, to achieve very low power consumption at a Low power consumption -7@W maximum
wide range of operating voltages, and a rich command Wide range of supply voltagess¥
set. These features give the designer a flexible means of -2.4Vto-7.0V
implementing small to medium size LCD displays for < Implemented in CMOS
compact, low power systems. * Choice of packages
—S1D15400F00A : 100-pin QFP
—S1D15400D00A : Al-pad chip
—S1D15400D00B : Au-bump chip

Clock Source fcL Frame Frequency
External clock 4 kHz 85/64 Hz
Internal osc. 18 kHz 375/281 Hz

Rev. 1.0 EPSON 6-1



S1D15400 Series

3. BLOCK DIAGRAM

0SC2

Vi,V2,V3
CMO~CM3

'

M/S

SG0~SG72

VDD
[———

Vss
[<———

LCD driver circuit

Common counter

Display data latch circuit

7T

Display start line register
Line address counter
4.0
Line address decoder

Display data RAM
2560bit

1/0 buffer

0OSC1

Display
timing

FR

generator

i

Column address decoder

T

Column address counter

<3

Column address register

Command
decoder

Status

LOW address
register

Internal bus

Bas holder

MPU Interface

E,RIW
(RD)(WR)
RES

Do~D7
Ao0,CS
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S1D15400 Series

4. PIN LAYOUT

For chip pad locations see section 4.3, Mechanical Specifications.

Number Name Number Name Number Name Number Name
1 SEG71 26 SEG46 51 SEG21 76 E (RD)
2 SEG70 27 SEG45 52 SEG20 77 R/W (WR)
3 SEG69 28 SEG44 53 SEG19 78 Vss
4 SEG68 29 SEG43 54 SEG18 79 DBO
5 SEG67 30 SEG42 55 SEG17 80 DB1
6 SEG66 31 SEG41 56 SEG16 81 DB2
7 SEG65 32 SEG40 57 SEG15 82 DB3
8 SEG64 33 SEG39 58 SEG14 83 DB4
9 SEG63 34 SEG38 59 SEG13 84 DB5
10 SEG62 35 SEG37 60 SEG12 85 DB6
11 SEG61 36 SEG36 61 SEG11 86 DB7
12 SEG60 37 SEG35 62 SEG10 87 VDD
13 SEG59 38 SEG34 63 SEG9 88 RES
14 SEG58 39 SEG33 64 SEGS8 89 FR
15 SEG57 40 SEG32 65 SEG7 90 V3
16 SEG56 41 SEG31 66 SEG6 91 CS
17 SEG55 42 SEG30 67 SEG5 92 NC
18 SEG54 43 SEG29 68 SEG4 93 M/S
19 SEG53 44 SEG28 69 SEG3 94 V2

20 SEG52 45 SEG27 70 SEG2 95 Vi
21 SEG51 46 SEG26 71 SEG1 96 COMO
22 SEG50 47 SEG25 72 SEGO 97 COM1
23 SEG49 48 SEG24 73 A0 98 COM2
24 SEGA48 49 SEG23 74 0OSsC1 99 CcoM3
25 SEG47 50 SEG22 75 0SC2 100 SEG72
Pin
Duty
98 99
1/4 COM2 Ccom3
1/3 NC COM2
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S1D15400 Series

Mechanical Specifications

S1D15400F00A* Flat Pack
Dimensions: inches (mm)

T
T yyzguggouuuuuuuuuuuuf“

0.012% 0.004
(0.30%0.1

0.006 * 0-002
(0.15 0 05)

W 0.106 *0.004
K 2.7 + 0.1)

6-4 EPSON
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5. PAD 1EODDDDESDDDD%DDDD8D5DDDD

S1D15400D Pad Layout

Al-pad chip

» Die size: 4.80 mnx 7.04 mmx 0.525 mm
e Pad size: 108 100um

Au-bump chip

e Minimum bump pitch: 199m

e Bump height: 2Qum +10/-5um

e Bump size: 13x% 111pm +20pum

@
=}

3
~
al

jy
o

~

=)

2}
a

7.04 mm

N}
o

@

=]

N
@

o

a

D1540DoA

<
EIEIEIEIEIEIEIEIEIEIEIEIEIEIEEIEIEIDDDDDEIEIDEIEIEI
o =
000000000000000000000000000000

35 40 45 50
O0o000000000000000000
4.80 mm

Pad Center Coordinates

<
]
&
x

Pad Pad Pad

Number Name X Y Number Name X Number Name X Y
1 SEG71 159 6507 35 SEG37 1302 159 69 SEG3 4641 | 4148
2 SEG70 159 6308 36 SEG36 1502 159 70 SEG2 4641 | 4347
3 SEG69 159 6108 37 SEG35 1701 159 71 SEG1 4641 | 4547
4 SEG68 159 5909 38 SEG34 1901 159 72 SEGO 4641 | 4789
5 SEG67 159 5709 39 SEG33 2100 159 73 A0 4641 5048
6 SEG66 159 5510 40 SEG32 2300 159 74 0SC1 4641 5247
7 SEG65 159 5310 41 SEG31 2499 159 75 0sc2 4641 5447
8 SEG64 159 5111 42 SEG30 2699 159 76 E (RD) 4641 5646
9 SEG63 159 4911 43 SEG29 2898 159 77 R/W (WR) 4641 5846
10 SEG62 159 4712 44 SEG28 3098 159 78 VSS 4641 6107
11 SEG61 159 4512 45 SEG27 3297 159 79 DBO 4641 6307
12 SEG60 159 4169 46 SEG26 3497 159 80 DB1 4641 6506
13 SEG59 159 3969 47 SEG25 3696 159 81 DB2 4295 6884
14 SEG58 159 3770 48 SEG24 3896 159 82 DB3 4095 6884
15 SEG57 159 3570 49 SEG23 4095 159 83 DB4 3896 6884
16 SEG56 159 3371 50 SEG22 4295 159 84 DB5 3696 6884
17 SEG55 159 3075 51 SEG21 4641 482 85 DB6 3497 6884
18 SEG54 159 2876 52 SEG20 4641 681 86 DB7 3297 6884
19 SEG53 159 2676 53 SEG19 4641 881 87 \/bb 3098 6884
20 SEG52 159 2477 54 SEG18 4641 | 1080 88 RES 2898 6884
21 SEG51 159 2277 55 SEG17 4641 1280 89 FR 2699 6884
22 SEG50 159 2078 56 SEG16 4641 | 1479 90 V3 2499 6884
23 SEG49 159 1878 57 SEG15 4641 | 1679 91 CS 2300 6884
24 SEG48 159 1679 58 SEG14 4641 | 1878 92 NC 2100 6884
25 SEG47 159 1479 59 SEG13 4641 | 2078 93 M/S 1901 6884
26 SEG46 159 1280 60 SEG12 4641 | 2277 94 V2 1701 6884
27 SEG45 159 1080 61 SEG11 4641 | 2477 95 V1 1502 6884
28 SEG44 159 881 62 SEG10 4641 | 2676 96 COMO 1302 6884
29 SEG43 159 681 63 SEG9 4641 | 2876 97 COoM1 1103 6884
30 SEG42 159 482 64 SEG8 4641 | 3075 98 COM2 903 6884
31 SEG41 504 159 65 SEG7 4641 | 3275 99 COM3 704 6884
32 SEG40 704 159 66 SEG6 4641 | 3474 100 SEGT72 504 6884
33 SEG39 903 159 67 SEG5 4641 | 3674 — — — —
34 SEG38 1103 159 68 SEG4 4641 | 3948 — — — —
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S1D15400 Series

6. PIN DESCRIPTION

Power Terminals

Terminal Description
name
VDD Connects to a +5-V power supply. Used in common with the MPU power terminal.
Vss A 0-V terminal connected to the system GND.

V1,V2, V3 Multi-level power supply terminals for driving the LCD panel. Through divisions by

resistors or impedance conversion with an operational amplifier, they apply a voltage
determined by the LCD cells.Electric potential is determined depending on VDD. The
following relationship must be observed.

VoD 2V12V22>V3

System Bus Connection Terminals

D7-Do

Three-state 1/0 terminals
They comprise an 8-bit bi-directional data bus, and connected to an 8- or a 16-bit
standard MPU data bus.

Ao

Input terminal

Typically, the least significant bit of an MPU address bus is connected to discriminate
between data and commands.

0: Represents that Do-D7 output display control commands.

1: Represents that Do-D7 output data to be displayed.

RES

Input .
By setting RES to “ ,” series 68 and 80 MPUs are initialized respectively. MPUs
are reset when a RES signal edge is detected. After initialization, the type of an interface
to the 68/80 MPUs is selected depending on the input level.

HIGH: Interface to series 68 MPU is selected.

LOW : Interface to series 80 MPU is selected.

Input activated at the LOW level
A terminal for chip selection signals. Typically, signals that result from decoding of
address bus signals are input.

E(RD)

<When series 68 MPU is connected>

Input activated at the HIGH level

An enable clock input terminal for the MPU.

<When series 80 MPU is connected>

Input activated at the LOW level

A terminal for RD signal from the MPU. The data bus on the S1D15400 outputs signals
while the RD signal is at the LOW level.

R/W(WR)

<When series 68 MPU is connected>

Input

An input terminal for read/write control signals.

R/W = HIGH: Read

R/W = LOW: Write

<When series 80 MPU is connected>

Input activated at the LOW level

A terminal for WR signal from the MPU. The signals on the data bus are fetched at a
rising edge of the WR signal.

EPSON Rev. 1.0



S1D15400 Series

LCD Panel Driving Circuit Terminals

Terminal
name

Description

0SsC1

A terminal for connecting a resistor for internal oscillation.

0sC2

When M/S = 0, internal oscillation is prohibited, making OCS2 serve as a clock input
terminal in the opposite phase to OCS1. During the power-saving mode, oscillation and
clock input are prohibited, making OCS2 work as a high-impedance terminal. (See the
explanation of functions.)

FR

Input/output terminal

An input/output terminal for AC control signals for the LCD panel.
M/S = 1: Output

M/S = 0: Input

SEGO-SEG72

Output terminal
Output for driving the LCD segments. Depending on the combination of the FR signal
and the contents of the display RAM, one of the VDD, V1, V2, and V3 levels is selected.

1 0
FR

DATA

OUTPUT
LEVEL | I I ™ I

COMO-COM3

Output terminals (The function of the COM2 and COM3 output terminals changes
depending on the duty select command.)

They are common (LOW) output terminals for driving the LCD panel. Depending on the
combination of the FR signal and the output from the common counter, one of the VDD,
V1, V2, and V3 levels is selected.

1 0
FR

COUNTER

OUTPUT
LEVEL | I I I |

MS

Counter output
Output level
Input
A terminal that selects whether the MPU operates as a master or slave of the S1D15400.
It connects to VDD or Vss. This terminal determines the function of the FR, OSC1, and
OSC2 terminals.
M/S = VDD: Master
= Vss: Slave

M/S
VDD
VDD

FR
output
output

OSC1
Input
Input

0SC2
output
output

COMOutput
Enabled
Enabled

* When the FR signal is used to establish synchronization between the master and slave
ICs, both of them will output the same waveforms from the COM terminal.

Rev. 1.0
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S1D15400 Series

7. BLOCK DESCRIPTION
System Bus

Data transfer

The S1D15400 driver uses the A0, E (or RD) and R/W (or RAM access timing is determined by the driver cycle
WR) signals to transfer data between the system MPU time, tyc, not by the RAM access time. In general this
and internal registers. The combinations used are given strategy leads to faster data transfers between the driver
in the table below. and the MPU.

In order to match the timing requirements of the MPU  If the MPU access frequency is likely to exceedyi/t

with those of the display data RAM and control registers, then the designer has the choice of inserting NOPs into
all data is latched into and out of the driver. This the access loop or polling the driver, by reading the busy
introduces a one cycle delay between a read request for flag, to see if it will accept new data or instructions.

data and the data arriving. For example, when the MPU This means that a dummy read cycle has to be executed
executes a read cycle to access display RAM, the current at the start of every series of reads.

contents of the latch are placed on the system data bus No dummy cycle is required at the start of a series of
while the desired contents of the display RAM are moved writes as data is transferred automatically from the input
into the latch. latch to its destination.

By using an MPU data bus 1/O latch the display data

Common 68 MEU _ 80 MPU _ Function
A0 R/W RD WR
1 1 0 1 Read display data
1 0 1 0 Write display data
0 1 0 1 Read status
0 0 1 0 Write to internal register (command)

6-8 EPSON Rev. 1.0



S1D15400 Series

WRITE
WR
Lt L L L
MPU
DATA n+2 ) CN+3 D
Internal ateh >< N >< N+1 >< N+2 >< N+3
timing
WR
L] L] L] ]
READ
WR
L]
RD
MPU L1 Lt L]
DATA N D N D o {nr1)
Address set Dummy read Data read Address set
atN % atN % atN+1
WR
RD
Internal I—I I—I I—I
timing
Col
e N X e X e XK
Lateh N >< n >< n+1 >< n+2
Figure 1 Bus Buffer Delay
Busy flag

When the Busy flag is logical 1, the S1D15400 is execut- appropriate cycle time (tcyc) is given, this flag needs not
ing its internal operations. Any command other than be checked at the beginning of each command and,

Status Read is rejected during this time. The Busy flag therefore, the MPU processing capacity can greatly be
is output at pin D7 by the Status Read command. If an

Rev. 1.0
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S1D15400 Series

Display Start Line and Line Count
Registers

The contents of this register form a pointer to a line of

data in display data RAM corresponding to the first line

of the display (COMO0), and are set by the “Set Display

Start Line” command (see section 3).

The contents of the display start-line register are copied
into the line count register at the start of every frame, that
is on each edge of FR. The line count register is
incremented by the CL clock once for every display line,

thus generating a pointer to the current line of data in
display data RAM being transferred to the segment
driver ciruits.

Column Address Counter

The column address counter is a 7-bit presettable counter
which supplies the column address (see figure 2) for
MPU accesses to the display data RAM. The counter is
incremented by one every time the driver receives a Read

or Write Display Data Command.

Addresses above 50 H are invalid, and the counter will
not increment past this valu. The contents of the column
address conter are set with the Set Column Address
command.

Page Register

The page register is a 2-bit register which supplies the

page address (see figure 2) for MPU accesses to the
display data RAM. The contents of the Page Register are
set by the Set Page Register Command.

Display Data RAM

The display data RAM stores the LCD display data, on a
1-bit per pixel basis. The relation-ship between display
data, display address and the display is shown in figure
2.

6-10
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Matching relation
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S1D15400 Series

Page address | DATA Non-display area _mu%mmm Start Line oo_wwd_ﬂo:
Do A B I 00y | (example) COM 0
D1 01 COM 1
o: @ 02 COM 2
D3 03 COM 3

D1,D2= 0,0 D -+ + = = = 04
e e B 0 Page

5 05
Ds B u H H B 06
UV L L L L L L ON
Do T 08 Start
D1 09
D2 [ N oA
D3 oB Finish
0,1
Da [ N 1 Page oC !
Ds oD o
[ T B ©
De OE 2
D7 OF 2
F—t—+—+— .%
Do 10
D1 11
D2 [ N 1
D3 13
1,0
Da Lo 2 Page 12
2 Ww z
De 2 3
D
L 15 £
Do 3
D
S [ N 19 ]
D2 1A £
D3 1B +
1,1 e
Da [ N 3 Page c m
Ds | 1D g
De 1E w.
D7 _ 1F m.
12 = Ay
Nlo|ldlalo|t|w]loINl — — — — — — — — — — — — — — — — — — _ — — |([Oow|w —
mcmmmw%w,%%w 2 J5|< -
o -
S e >
m < T T ....nlu
3 njwlwfolo|ln|<|lo || - - - - . . _ _ _ _ _ _ _ _ _ _ _ _ _ ol - _ |o|d|lo o
o SRINISINIEIEIEEE o o|o|e o
o
o|a|afm|<|w|o|~ ™ ~[oo|o m
olo ~ NNDY g
wfewatt (¢t - - - - - - - - — - - = — ° - L
wnln ~

Figure 2 Display Data RAM Addressing
EPSON
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S1D15400 Series

Common Timing Generator

This circuit generates common timing and frame (FR)
signals from the basic clock CL. The “Select Duty
Cycle” command selects a duty cycle of 1/3 or 1/4.

Display Data Latch Circuit

This latch stores one line of display data for use by the
LCD driver interface circuitry. The output of this latch
is controlled by the “Display ON/OFF” and “Static
Driver ON/OFF” commands.

LCD Drive Circuit

The LCD driver circuitry generates the 77 4-level signals
used to drive the LCD panel, using output from the
display data latch and the common timing generator
circuitry.

Display Timing Generator

This circuit generates the internal display timing signal
using the basic clock OSC1, and the frame signal, FR.
FR is used to generate the dual frame AC-drive wave-
form (type B drive) and to lock the line counter and
common timing generator to the system frame rate.
OSC1 is used to lock the line counter to the system line
scan rate.

Oscillation Circuit

The oscillator is a low power RC oscillator whose fre-
qguency of oscillation is determined by the value of the
feedback resistorf®ran externally generated 50% duty
cycle clock input via OSCL1. If aslave S1D15400 is used,
its OSC2 input is connected to the OSC2 output of the
master driver.

 Oscillator mounted Voo

T

Master

IS]

0OSC1 0sC2

Reset Circuit

This circuit senses both the edge and the level of the
signal at the RES pin and uses this information to

Initialization status

. Display is off.

. Display start line register is set to line 1.

. Static drive is turned off.

. Column address counter is set to address 0.

. Page address register is set to page 0.

. 1/4 duty is selected.

. Forward ADC is selected (ADC command DO is 0 and
ADC status flag is 1).

8. Read-modify-write is turned off.

~NO O, WNE °

The input signal level at RES pin is sensed, and an MPU
interface mode is selected as shown on Table 1. For the
80-series MPU, the RES input is passed through the
inverter and the active high reset signal must be entered.
For the 68-series MPU, the active low reset signal must
be entered.

When the Reset command is issued, initialization items
2,4 and 5 above are executed.

As shown for the MPU interface (reference example), the
RES pin must be connected to the Reset pin and reset at
the same time as the MPU initialization.

If the MPU is not initialized by the use of RES pin during
power-on, an unrecoverable MPU failure may occur.

Slave

m/s

—

Vss

0OSC1 0sC2

Rf

2 Open
¥ P

vd

*1

*1 Oscillating freguency shifts to low freguency side
when parasitic capacity gets larger, So Rf should be
smaller than the regular value.

 External clock operation

Clock originating
(MPU)

CL

*2 CMOS buffer is needed when connecting to more
than two slave LSI.

S1D15400
M/S

OscC1 osc2

Slave

0scC2

6-12

EPSON

Rev. 1.0



S1D15400 Series

8. COMMANDS
Table 3
Code )
Command —— Function
A0 | RD | WR|| D7 Ds Ds D4 | D3 | D2 | D1 Do
Turns display on or off.
Wpisplayon/oFF | o | 1o 1 | o | 1 | o |1]1] 1 |on Py
1: ON, 0: OFF *
) ) ) Specifies RAM line corresponding to to
(2)Display start line 0| 1]0 1 1 ODisplay start address (0 to 31) .p ) P glofop
line of display.
(3)Setpageaddress | 0 | 1 | O 1 0 1 1 1 | 0 |Page(0to3) Set§ display RAM page in page address
register.
4)Set col . -
(4)Set column ol1lol o Column address (0 to 72) Sets display RAM cglumn address in
(segment) address column address register.
Reads the following status:
BUSY 1: busy
0: Ready
ADC 1: Forward
(5)Read status 0| 0| 1 |Busy | ADC |ON/OFF|Reset| 0 | O 0 0 0: Reverse
ON/OFF 1: Display off
0: Display on
RESET 1: being reset
0: Normal
(6)Write displaydata | 1 | 1 | O Write data Writes data from data bus into display RAM.
(7)Read display data | 1 | 0 | 1 Read data bReads data from display RAM onto data
us.
(8)Select ADC 01| 0 1 0 1 0 0] 0 0 0/1 |0: Forward, 1: Reverse
(9)Statis drive o110 1 0 1 0 | 0| 1] 0 | 01 |Selects static driving operation.
ON/OFF 1: Static drive, 0: Normal driving
(10)Select duty ol 1]o] 1 | o 1 | o |1]o0] o |on [SeESLCDduycycle
1: 1/4,0: 113
(11)Read Modify Write 0 | 1 | O 1 1 1 0 0| 0] O 0 |Increments the column address register by
1 druing write only.
(12)End oj1]0 1 1 1 0 111 1 0 | Read modify write OFF
Sets the display start line register to line 1,
(13)Reset o170 1 1 1 0|00} 1 0 |and sets the column address counter and
page address register to 0.

* The Power Save mode is selected if the static drive is turned ON when the display is OFF.

Table 3 is the command table. The S1D15400 identifies a data bus using a combination of A0 and R/W (RD or WR)
signals. As the MPU translates a command in the internal timing only (independent from the external clock), its speed
is very high. The busy check is usually not required.
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S1D15400 Series

(1) Display ON/OFF
This command turns the display on and off.
D=1: Display ON

D=0: Display OFF

__ | RW
Ao RD WR D7 De6 Ds D4 D3 D2 D1 Do
0 1 0 1 0 1 0 1 1 1 D

(2) Display Start Line

AEH, AFH

This command specifies the line address shown in Figure 2 and indicates the display line that corresponds to COMO. The
display area begins at the specified line address and continues in the line address increment direction. This area havin
the number of lines of the specified display duty is displayed. If the line address is changed dynamically by this command,

the vertical smooth scrolling and paging can be used.

__ |RW

A0 RD WR D7 Dse Ds D4 D3 D2 D1 Do

0 1 0 1 1 0 A4 A3 A2 A1 Ao
A4 A3 A2 A1 Ao |Line Address
O 0 0 O O
0O 0 0 0 1
11 1 1 1

See figure 2.

(3) Set Page Address

COH to DFH

This command specifies the page address that corresponds to the low address of the display data RAM when it is accesse
by the MPU. Any bit of the display data RAM can be accessed when its page address and column address are specified
The display status is not changed even when the page address is changed.

__ | rRW
Ao RD | WR | D7 Ds Ds D4 D3 D2 D1 Do
0 1 0 1 0 1 1 1 0 A1 Ao | B8H to BBH
A1 Ao | Page
0O O 0
0 1 1
1 0 2
1 1 3
igure 2.
6-14 EPSON Rev. 1.0
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(4) Set Column Address

This command specifies a column address of the display data RAM. When the display data RAM is accessed by the MPU
continuously, the column address is incremented by 1 each time it is accessed from the set address. Therefore, the MPL
can access to data continuously. The column address stops to be incremented at address 80, and the page address is
changed continuously.

__ |RW
Ao RD WR D7 De Ds D4 D3 D2 D1 Do

0 1 0 0 A6 A5 A4 A3 A2 Al Ao OOH to 4FH

As As A4 A3 A2 A1 Ao |Column Address
O 0 0 O 0O 0O O 0
0O 0 0 0O 0 0 1 1
100 1 1 1 1 79

(5) Read Status

—_[rRwW
Ao RD WR D7 De Ds D4 D3 D2 D1 Do

0 0 1 |BUSY| ADC [ON/OFF|RESET| O 0 0 0

Reading the command /O register (A0=0) yields system status information.

The BUSY bit indicates whether the driver will accept a command or not.

Busy=1: The driver is currently executing a command or is resetting. No new command will be accepted.
Busy=0: The driver will accept a new command.

The ADC bit indicates the way column addresses are assigned to segment drivers.

ADC=1: Normal. Column address-n segment driver n.

ADC=0: Inverted. Column address 79-nsegment driver n.

The ON/OFF bit indicates the current status of the display.

ON/OFF=1: Display OFF

RESET=0: Display ON

The RESET bit indicates whether the driver is executing a reset or is in normal operating mode.
RESET=1: Currently executing reset command

RESET=0: Normal operation

(6) Write Display Data

__ | RW
Ao RD | WR D7 Ds Ds Da D3 D2 D1 Do
1 1 0 Write data

Writes 8-bits of data into the display data RAM at a location specified by the contents of the column address and page
address registers, and increments the column address register by one.
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(7) Read Display Data

__ | RW
Ao RD | WR D7 Ds Ds D4 D3 D2 D1 Do
1 0 1 Read data

Reads 8-bits of data from the data I/O latch, updates the contents of the I/O buffer with display data from the display data
RAM location specified by the contents of the column address and page address registers and increments the columr
address register.

After loading a new address into the column address register, one dummy read is required before valid data is obtained.

(8) Select ADC

__ | Rw
Ao RD | WR | D7 De Ds Da D3 D2 D1 Do
0 1 0 1 0 1 0 0 0 0 D AOH, A1H

Selects the relationship between display data RAM column addresses and segment drivers.

D=1: SEGO~ column address 4FH, ... (inverted)

D=0: SEGO-~ column address 00H, ... (normal)

This command is provided to reduce restrictions on the placement of driver ICS and routing of traces during printed circuit
board design. See figure 2 for a table of segments and column addresses for the two values of D.

(9) Static Drive ON/OFF

__ | RW
Ao RD WR D7 De Ds Da D3 D2 D1 Do

0 1 0 1 0 1 0 0 1 0 D | A4H, A5H

Forces display on and all common outputs to be selected.
D=1: Static drive on
D=0: Static drive off

(10) Select Duty

R/W

Ao RD | WR | D7 Deé Ds Da D3 D2 D1 Do
0 1 0 1 0 1 0 1 0 0 D A8H, A9H

Sets the duty cycle of the LCD drive.
D=1: 1/4 duty cycle
D=0: 1/3 duty cycle
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(11) Read-Modify-Write

This command is used in combination with the End command. Once the Read-Modify-Write command is entered, the
column address is incremented by 1 only by the display data write command but not incremented by the display data read
command. This status is kept until the End command is entered.

When the End command is entered, the column address is returned to the column address when the Read-Modify-Write
command is entered. This function can reduce the load of MPU when it repeatedly changes data of the specific display
area such as a blinking cursor.

— [rRwW
A0 RD | WR D7 De Ds D4 D3 D2 D1 Do

0 1 0 1 1 1 0 0 0 0 0 EOH

* Any command other than data read and write can be used during the Read-Modify-Write mode. However, the Column
Address Set command cannot be used.

Sequence when the cursor is displayed

Page address set

'

Column address set

y

/

Read/modify/write

Y
| Dummy read |

!

| Data read |

Y

| Data write |

NO

End of change
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S1D15400 Series

(12) End

/
Ao | RD | WR | D7 Ds Ds Da D3 D2 D1 Do

0 1 0 1 1 1 0 1 1 1 0 EEH

Y

|l >
\ !

Return

A
Column address >< N >< N+1 >< N+2 ><:— —:>< N+m >< N ><

Read/modify/write mode set End

Cancels read-modify-write mode and restores the contents of the column address register to their value prior to the receipt
of the read-modify-write command.

(13) Reset

This command resets the display start line register, column address counter, and page address register to their initial statu:
This command does not affect on the display data RAM. For details, see the Reset circuit of the functional block
explanation.

The counter and registers are reset after the Reset command has been entered.

R/W
Ao RD WR D7 De Ds D4 D3 D2 D1 Do
0 1 0 1 1 1 0 0 0 1 0 E2H

When the power supply is turned on, a Reset signal is entered in the RES pin. The Reset command cannot be used instes
of this Reset signal.

Power Save (compound command)

The system enters the power save state by switching the static drive on in the display off state, reducing the consumec
current almost to static current. The internal state in the power save state is as follows:

e The LCD drive is stopped, and the segment and common drivers outpuidHevwél.

« Oscillating external clock entry is inhibited, and OSC2 becomes floating.

* The display data and the operation mode are held.

The power save state can be canceled by switching the display on or static drive off.

When the LCD drive voltage level is supplied by an externally-equipped resistance dividing circuit, the current flowing
through the resistor must be cut by means of the power save signal.

Vobp O VoD
Vi

V2
S1D15400

V3

Power save signal

VSSH
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S1D15400 Series

9. ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Unit
Supply voltage (1) Vss -8.0to +0.3 \
Supply voltage (2) V3 -15.0to +0.3 \%
Supply voltage (3) V1, V2, V3 V3to +0.3 \
Input voltage VIN Vss—-0.3to +0.3 \
Output voltage Vo Vss—0.3 to +0.3 \
Power dissipation PbD 250 mw
Operating temperature Topr —40 to +85 °C
Storage temperature QFP Tstg 6510 +150 °C
chip -55to +125
Soldering temperature x time (at lead) Tsol 260, 10 °C,s

Notes 1. All voltages are specified relative to/=0 V.
2. The following relation must always holdw > V1> V2> Va.
3. Exceeding the absolute maximum ratings may cause permanent damage to the device.
Functional operation under these conditions is not implied.
4. Moisture resistance of flat packages can be reduced during the soldering process, so care should b
to avoid thermally stressing the package during board assembly.
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S1D15400 Series

10. DC CHARACTERISTICS
(Ta=-20to 75C, VbD=0V)

. Rating . . .
Parameter Symbol Condition Vi, v, Mok nit  Applicable Pin
Operating | Recommended -55 -5.0 4.5
voltage (1) Vss V. |Vss
See note 1. | Allowable -7.0 — 2.4
Recommended Va -11.0 — -35 N V3,
Operating | Allowable -11.0 — -2.7 See note 10.
voltage (2) | Allowable Vi 0.6xV3 — /DD Vo |V1
Allowable V2 V3 — 0.4xV3 vV o|V2
. VIHT Vss+2.0 — VDD See note 2
HIGH-level input voltage VIHC 0.2xVss — VDD v Seenote 3
_ VLT Vss — | Vss+0.8 See note 2
LOW-level input voliage ViLC Vss — lo8xvss| | [Seenote3
VOHT |loH =-3.0 mA Vss+2.4 — — Seenote 4
HIGH-level output voltage VoHCc1 [loH =-2.0 mA Vss+2.4 | — — V | See note 5
VoHc2 |loH =-120 pA 0.2xVss — — 0SC2
VoLt [loL=3.0 mA — — Vss+0.4 Seenote 4
LOW-level output voltage VoLct |loL=2.0mA — — | Vsst0.4| V |Seenote5
VoLc2 |loL =120 pA — — |0.8xVss 0sc2
Input leakage current ILi -1.0 — 1.0 PA | See note 6.
Output leakage current ILo -3.0 — 3.0 MA |See note 7.
. . . V3=-50V — 5.0 7.5 SEGO to 72,
LCD driver ON resistor Ron |Ta=25°C Va= 35V — 10.0 500 kQ ggeMnoo%g %.1.
Static current dissipation Ioo |CS=CL=VbD — 0.05 1.0 PA | VDD
. o 100 (1) During display |fosc =4 kHz] — 15 4.0 VD
Dynamic current dissipation V3=-50V Ri=1MQ — 9.5 15.0
IpD (2) |During assess fcyc = 200 kHz|  — 300 500 See note 8.
Input pin capacitance CN [Ta=25°C,f=1MHz — 5.0 8.0 pF [ Allinput pins
Oscillation frequency fosc Ri=10 MO +2% Vss=50V) 15 18 21 kHz |See note 9.
Rf=1.0 MQ 2%, Vss=-5.0v| 11 16 21
Reset time tR 1.0 — 1000 IS |RES
Notes 1. Operation over the specified voltage range is guaranteed, except where the supply voltage changes
suddenly during CPU access. o
2. A0, DO to D7, E (or RD), R/W (or WR) and CS
3. CL, FR, M/S and RES
4. DOto D7
5. FR S o
6. A0, E (or RD), R/W (or WR), CS, CL and M/S, RES
7. When DO to D7 and FR are high impedance.
8. During continual write access at a frequencyyef tCurrent consumption during access is effectively

proportional to the access frequency.
9. See figure below for details
10. See figure below for details
11. For a voltage differential of 0.1 V between input,(V., V2) and output (COM, SEG) pins. All voltages
within specified operating voltage range.
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S1D15400 Series

Relationship between f osc, frrR and Rf

0OSsC1
Rf %
fosc vs Rt 0SsC2 FR vs Rt
Ta=25°C Vss = -5V Ta=25°C Vss = -5V
40 800 \ r
30 “‘
fosc 20 \\ Frame 400 \ X
[kHz] \\ [kHz] \ .
10 \ e L
\§
0 0.5 1.0 1.5 2.0 2.5 0 0.5 1.0 1.5 2.0 2.5
Rf [MQ] Rf [MQ]
1/4 duty
------------- 1/3 duty
Relationship between f cL and FR
fosc vs FR
200 —
Frame ',"’
[HZ] 100 ‘,'/
A
0 4.0 8.0 12.0
fosc [kHz]
1/4 duty
------------- 1/3 duty
Operating bounds on V ss and V3
V3 vs Vss
-15
-10 ra\
V3 \‘ Operating voltage
V] \ range
-5
0 -2 -4 -6 8
Vss V]
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S1D15400 Series

11. AC CHARACTERISTICS
* MPU Bus Read/Write | (80-family MPU)

AO,CS

DO to D7
(WRITE)

DO to D7
(READ)

t Aws

tcycs

t AH8

tDs8

toHs _ |

rA_

tcHs

(Ta=-20to 78C, Vss=-5.0 V+10%)

_ Rating ) .
Signal Parameters Symbol Min. Max. Unit Condition
— Address hold time tAH8 10 — ns
AO, CS Address setup time tAWS8 20 — ns
N — System cycle time tCYCS8 1000 — ns
WR, RD Control pulsewidth tCC 200 — ns
Data setup time tDS8 80 — ns
Data setup time tDH8 10 — ns
DOto D7 RD access time tACC8 | — 90 ns CL =100 pF
Output disable time tCH8 10 60 ns

Notes: 1. All parameter values for asgof —3.0 V are about 100% up of their value forssdf —5.0 V.
2. Allinputs must have a rise and fall time of less than 15 ns.

6-22
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S1D15400 Series

e MPU Bus Read/Write Il (68-family MPU)

| tcyce

E
\_ 8 tew >X

t Awe t Dse

t AH6

A0,CS
t DH6

DO to D7 7‘
WRITE N\
( ) N

t Acce toHe
DO to D7
(READ)

l
T yrere |

(Ta=-20to 75C, Vss= -5 V+10%)

_ Rating . "
Signal Parameters Symbol Min. Max, Unit Condition

System cycle time tcyce 1000 — ns
A0, CS,RIW Address setup time tAwe 20 — ns
Address hold time tAH6 10 — ns
Data setup time tDS6 80 — ns
DO to D7 Data holq time . tDH6 10 — ns

Output d|§able time tOH6 10 60 ns CL = 100 pF
Access time tACC6 — 90 ns
E Enable Read tEw 100 — ns
pulse width Write 8 — ns

Notes: 1. ftyceis the cycle time of CS.E, not the cycle time of E.
2. All parameter values for asgof —3.0 V are about 100% up of their value forssgf -5.0 V.
3. Allinputs must have a rise and fall time of less than 15 ns.
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» Display Control Signal Timing

tf

CL ZJX
| tweLeL |
7‘2 t wHcL
t DFR |
FR >§
Input
(Ta=-20to 75C, Vss=-5.0 V+10%)
ignal P bol Rating [ diti
Signa arameters Symbo Min. VP Max. Unit Condition
LOW-level pulse width twLcL 35 — — Us
CL HIGH-level pulse width | twHCL 35 — — Us
Rise time tr — 30 150 ns
FR Fall time tf — 30 150 ns
FR delay time tDFR -2.0 0.2 2.0 Us
Output
(Ta=-20to 75C, Vss=-5.0 V+10%)
onal bol Rating . dit
Signal Parameters Symbo Min. ) Max. Unit Condition
FR FR delay time tDFR — 0.2 0.4 us CL =100 pF

Notes: 1. The listed inputdrr applies to the S1D15400 in slave mode. The listed ouipriapplies to the

S1D15400 in master mode.

2. All parameter values for asgof —3.0 V are about 100% up of their value forgsdf -5.0 V.
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S1D15400 Series

Example Drive Waveforms (1/3 Bias, 1/4 duty)

covo HEHENEN

comi 111 FR 1 | I——VSS
cov: HEEEC]

— — VoD

covs 1O como [ ] v

cova OO0 .

covs IO L - -V
cove (]Il H[]

cov HHENEN —— — Voo

NN oM -~

covi4 (JHENEC] - — Vs
com1s (]
01 2 3 4

SEG — — Vop

CcoM2 - -

" I

- V3

— Vbb

- [ S

COM3

T
) mE

- Vi
COM3toSEGn — — — 4 — —|— — [ — — — — _—-—_-f - - — = = = oV
- = -1

COMOto SEGn — + — — — — e S O ov
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S1D15400 Series

12. MPU INTERFACE CONFIGURATION

RESET

80 Family MPU
Vcc AO ! A0 VDD
Al to A7 _
_IOQR :"% Decoder » CS
MPU g S1D15400 I
DO to D7 <& > DO to D7 —_
RD » RD |
WR » WR T
RES o[>—> RES
GND l Vss V3
RESET
68 Family MPU
V Vi
A0 » A0 oo
Alto Al5 ——> _
Decoder » CS
VMA > 1
MPU S1D15400 —
DO to D7 [<& DO to D7 —
E E L
RIW RIW T
RES RES
GND Vss V3

EPSON
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S1D15400 Series

13. LCD DRIVE INTERFACE CONFIGURATION
S1D15400 - S1D15400 (Internal Oscillator)

/F To LCD SEG 4\ /F To LCD SEG 4\

<7 T
To LCD COM To LCD COM
S1D15400 S1D15400
<l =

Vobp
/ ‘ Master Slave *1
M/S MIS
Vss
OSC1 0sc2 FR 0OSC1 0scC2 FR

L&;H_DI A

*2

S1D15400 - S1D15400 (External clock)

/F To LCD SEG 4\ /F To LCD SEG 4\

| S1D15400 S1D15400

Vobp
Master Slave *1
M/S M/S
Vss
0OSC1 0SC2 FR 0OSC1 0OSC2 FR

I
To LCD COM

External clock *2

Notes: 1. The duty cycle of the slave must be the same as that for the master.
2. If a system has two or more slave drivers a CMOS buffer will be required.
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14. PANEL INTERFACE CONFIGURATION

—

LCD

Segment type
| SEG | | SEG |
COM S1D15400 S1D15400
Master Slave
6-28 EPSON Rev. 1.0



7. S1D15600/601/602 Series

ev. 4.6



© © N o 0~ w bR

CONTENTS

LY O | I (] 7-1
e I S 7-1
=IO G I Y T 7-2
PAD e e e e e e e 7-3
PIN DESCRIPTION ...t e e s e et e e s aae e enee s 7-5
ABSOLUTE MAXIMUM RATINGS ......oooiiiiiiii s 7-9
FUNCTIONAL DESCRIPTION ....oiiiiiiiiiic i 7-21
L1011 A 5 7-40
COMMAND DISCRIPTION-INSTRUCTION SETUP EXAMPLES .........ccocoiiiii e 7-49

—-i- Rev. 4.6



S1D15600/601/602 Series

1. DESCRIPTION .

The S1D15600/601/602 series is a single-chip LCD
driver for dot-matrix liquid crystal displays. It accepts
serial or 8-bit parallel display data directly from a micro-
processor and stores data in an on-chip 2 &5-bit
RAM.

The S1D15600/601/602 series features 167 common and
segment outputs to drive either a 85102-pixel
(S1D15600) display (4 rows6 columns with 16« 16-

pixel characters) or a 38134-pixel (S1D15601) display

(2 rowsx 8 columns with 16& 16-pixel characters) or a
17 x 150-pixel (S1D15602) display (1 ron9 columns
with 16 x 16 characters). In addition, two S1D15600s
can be connected together to drive ax6368-pixel
graphics display panel.

The S1D15600/601/602 series can read and write RAM
data with the minimum current consumption as it does
not require any external operation clock. Also, it has a
built-in LCD power supply featuring the very low current
consumption and, therefore, the display system of a high-
performance but handy instrument can be realized by use
of the minimum current consumption and LSI chip
configuration.

The S1D15600/601/602 Series has the S1D15600,
S1D15601 and S1D15602 available according to the
duty.

2. FEATURES
» Wide variety of duty and display areas
Model Duty  [LCDbias | Single-chip
display area
1/65 65 x 102
1/49 17 49 x 102
1/48 48 x 102
1/33 33x134
S1D15601 1/32 1/7 32x134
1/25 1/5 25x134
1/24 24 x134
1/17 17 x 150
1D15602 1
S 560 1/16 5 16 x 150

Note: The LCD bias is obtained if the built-in power
supply is used.

On-chip 166x 65-bit display RAM

e Direct relationship between RAM bits and display

pixels.

¢ High speed Interfaces to 6800- and 8080-series micro-

processors

« Selectable 8-bit parallel/serial interface
e Many command functions
¢ On-chip LCD power circuit including DC/DC

voltage converter, voltage regulator and voltage
followers.

¢ On-Chip Contrast control.
e Two types of \REG (Built-in power supply regulator

temperature gradient).

+ Typel (S1D1568D00xx , SID156@ D10+ )...—

0.2%/°C

Type2 (S1D15600Dx* )...0.00%/°C
On-chip oscillator

Ultra low power consumption
Power Supply

VDD —-Vss —2.4V to —6.0V
Vbb-Vs -35V to -16.0V
Ta=-30 to 8%

CMOS process

TCP, QTCP

The system is not designed against the radio activity.

Rev. 4.6 EPSON
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S1D15600/601/602 Series

3. BLOCK DIAGRAM

00 to O31 032

Vss

to 0101 0102 to 0165 COMI

Vobp

Vi

V2

V3

Va

Vs

Vobp
Vi
V2 Common Common
and Segment and Common
Vs segment driver segment I
driver driver
Va
Vs
] Frame
control
Shift Shift
register register
CAP1+ {}
CAP1— Supply -
voltage 166—bit display data latch
CAP2+ generatorl
CAP2-
VR 5 e} 166 x 65—bit display Line Line
utput buffer data RAM address counter
T1, T2 status decoder
select -
Display
initial line
register
166-bit column address decoder
1 {} ‘
8-bit column address counter
Page 8-bit column address register D_|splay
address timing
register generator
[
Command .
Bus holder decoder Status flag Oscillator
1
\
MPU interface 1/0O buffer

CS1CS2 A0 RD WR C86 SI SCL P/S RES

D7 D6 D5 D4 D3 D2 D1 DO

FR
SYNC
CL
CLO
DYO
M/s
0OSC1

0SC2

7-2
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S1D15600/601/602 Series

4. PAD
Pad layout
I+ 1+
NN SN O
a Soooan g, QO Z00 WA ON AN p
2329588285353 278808 506588388884822808an30sS5238
Oo0oO0Oo0DO0DO0OODO0OO0OODOOO0ODODOODOOOODODODOODODODOOODODOODODODODODOOOOODOOOOOOGO
49 1216
0018 g | com1
= g | O165
g g
g g
g g
g g
g g
g g
g g
g g
g g
g g
g g
: :
8 D156%D0B i
g g
g g
g g
g g
g g
g g
045 | B9s 1709 | 0121
000000000000000000000000000000000000000000000000000000000000000000000000000
© o
3 S
© o)
Chip size : 8.0& 5.28 mm
Pad pitch : 10Qum (Min.)
Chip thickness : 62pm
: 300pum (Al-pad)
* Au-Bump
Bump size A : 103mx 95um (Typ.) (Pad No. 1 ~ 6, 18, 36 ~ 42,
44 ~ 49)
Bump size B . 6Qm x 95um (Typ.) (other then the above)
Bump hight : 23um (Typ.)
* Al-pad
Pad size A © 11m x 102pm (Typ.) (Pad No. 1 ~ 6, 18, 36 ~ 42,
44 ~ 49)
Bump size B © 7mx 99pum (Typ.) (Other then the above)
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S1D15600/601/602 Series

PAD Center Coordinates Unit : pm
PAD| PIN PAD| PIN PAD| PIN PAD| PIN
X Y X Y X Y X \%

No. | Name No. | Name No. | Name No. | Name

1|Vs 3640| 2487 | 55|05 -3887 | 1794|109 (059 | -2411 | -2487|163]0113 | 2989 -2487

2| Va 3489 56 | 06 1694 | 110|060 | -2311 164 (0114 | 3089

3|vs 3339 57|07 1594 | 111|061 | -2211 165|0115 | 3189

4|V2 3188 58|08 1494|112 |062 | -2111 1660116 | 3289

5(V1 3037 59 |09 1394| 113|063 | -2011 1670117 | 3389

6 | VoD 2889 60| 010 1294|114 |064 | -1911 168|0118 | 3489

7|M/s | 2755 61011 1194| 115|065 | -1811 169|0119 | 3589

8|RES | 2604 62012 1094 | 116 |066 | -1711 170(0120 | 3689| ¥

9|ScL 2453 63013 994|117 |067 | -1611 171|0121 | 3887 -2206
10| sl 2302 64 |014 894| 118|068 | -1511 1720122 -2106
11 |PIS 2151 65| 015 794|119 069 | -1411 173|0123 -2006
12|Cs1 2001 66 | 016 694| 120|070 | -1311 174 (0124 -1906
13|CS2 1850 67| 017 594|121 (071 | -1211 175|0125 -1806
14| C86 1699 68018 494| 122|072 | -1111 1761|0126 -1706
15| A0 1548 69| 019 394|123(073 |-1011 177 (0127 -1606
16 | WR 1397 70020 294|124 |074 911 178 (0128 -1506
17 |RD 1247 71021 194|125 | 075 -811 179 (0129 -1406
18| Vss 1077 72022 94| 126|076 711 180 (0130 -1306
19 | DO 945 73023 6| 127|077 611 181 (0131 -1206
20 | D1 794 74 (024 -106| 128 | 078 -511 182 (0132 -1106
21|D2 643 75 (025 -206| 129 | 079 -411 183(0133 -1006
22 |D3 493 76| 026 -306| 130 | 080 -311 184 (0134 -906
23| D4 342 77| 027 -406 | 131 |081 211 185 (0135 -806
24 |D5 191 78028 -506 | 132 | 082 -111 186 | 0136 -706
25| D6 40 79029 -606 | 133|083 11 187 (0137 -606
26 | D7 111 80030 -706 | 134 | 084 89 1880138 -506
27 |DYO -261 81031 -806 | 135 | 085 189 1890139 -406
28 |CLO -412 82032 -906 | 136 | 086 289 190 | 0140 -306
29 |SYNC| -563 83033 -1006 | 137 | 087 389 191 (0141 -206
30 |FR 714 84 |034 -1106| 138 | 088 489 192 (0142 -106
31|CL -865 85035 -1206| 139 | 089 589 193 (0143 -6
32|0sc2 | -1015 86| 036 -1306 | 140 | 090 689 194 | 0144 94
33|0sc1 | -1166 87| 037 -1406 | 141 | 091 789 195 | 0145 194
34 (T2 -1317 88038 -1506 | 142 | 092 889 196 | 0146 294
35|71 -1468 89039 -1606 | 143 | 093 989 1970147 394
36|Vss | -1638 90 | 040 -1706 | 144 | 094 1089 198 (0148 494
37 |CAP14 -1789 91| 041 -1806 | 145 | 095 1189 199 | 0149 594
38 | CAP1-| -1939 92 | 042 -1906 | 146 | 096 1289 200 | 0150 694
39 | CAP2+ -2090 93043 -2006 | 147 | 097 1389 201|0151 794
40 | CAP2-| -2241 94 | 044 -2106 | 148 | 098 1489 202 | 0152 894
41 |Vour | -2392 95 | 045 Y | -2206] 149 | 099 1589 203|0153 994
42 | Vs -2543 96 |046 | -3711| -2487|150|0100 | 1689 204 | 0154 1094
43 | VR -2674 97047 | -3611 151 [0101 | 1789 205|0155 1194
44 Voo | -2844 098|048 | -3511 152 0102 | 1889 206 | 0156 1294
45 | V1 -2995 99049 | -3411 153 (0103 | 1989 207 | 0157 1394
46 | V2 -3146 100|050 | -3311 154 |0104 | 2089 2081|0158 1494
47 | V3 -3297 101|051 | -3211 155 [0105 | 2189 209 |0159 1594
48| Va -3447 102|052 | -3111 156 |0106 | 2289 2101|0160 1694
49 | Vs 3508 Y |103|053 |-3011 157 |0107 | 2389 211|0161 1794
50|00 -3887| 2294 (104|054 | -2911 158 0108 | 2489 2120162 1894
51|01 2194 | 105|055 | -2811 159 [0109 | 2589 2131|0163 1994
52|02 2094 | 106|056 | -2711 160 [0110 | 2689 2141|0164 2094
53|03 1994 | 107 |057 | -2611 161 |0111 | 2789 215|0165 2194
54 | 04 1894 | 108|058 | -2511| Y |162|0112 | 2889| VY |216|comi \j 2294
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S1D15600/601/602 Series

5. PIN DESCRIPTION
Power Supply

Name I/0 Description Number of pins
VDD Supply | 5V supply. Common to MPU power supply pin Vcc. 2
Vss Ground 2
Vito Vs Supply | LCD driver supply voltages. The voltage determined by the 11

LCD cellis impedance-converted by a resistive divider or an
operational amplifier for application. Voltages should be
determined on a VDD- basis so as to satisfy the following
relationship. The voltages must satisfy the following relationship.
Vbb2=2Vo=2V1i=2V22V3=Va2=Vs.

When master mode selects, these voltages are generated on-chip.

stosseonoc S1B1EE00BLE, SIBTRECIRLS:
Vi 1/9 Vs 1/7 Vs 1/5Vs
V2 2/9 Vs 217 Vs 2/5 Vs
V3 7/9 Vs 5/7 Vs 3/5 Vs
V4 8/9 Vs 6/7 Vs 4/5 Vs
LCD Driver Supplies
Name I/0 Description Number of pins
CAP1+ O DC/DC voltage converter capacitor 1 positive connection 1
CAP1- O DC/DC voltage converter capacitor 1 negative connection 1
CAP2+ O DC/DC voltage converter capacitor 2 positive connection 1
CAP2—- O DC/DC voltage converter capacitor 2 negative connection 1
Vourt I/0 DC/DC voltage converter outputl 1
VR I Voltage adjustment pin. Applies voltage between VbD and Vs 1

using a resistive divider.

T1,T2 I Liquid crystal power control terminals 2

Voltage

T1 T2 ||Boosting circuit | regulation \/F circuit
circuit

LOW | LOW Valid Valid Valid

LOW | HIGH Valid Valid Valid

HIGH| LOW Invalid Valid Valid

HIGH| HIGH Invalid Invalid Valid
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Microprocessor Interface

Name 1/0 Description Number of pins
DO to D7 I/1O Data inputs/outputs 8
A0 I Control/display data flag input. This is connected to the LSB 1

of the microprocessor address bus.
When LOW, the data on DO to D7 is control data.
When HIGH, the data on DO to D7 is display data.

RES I Reset input. System is reset and initialized when LOW. 1
CS1, Cs2 I Chip select inputs. Data input/output is enabled when 2
CS1is LOW and CS2 is HIGH.
RD (E) I Read enable input. See note. 1 1
WR (R/W) I Write enable input. See note. 2 1
C86 I Microprocessor interface select input. LOW when interfacing to 1
8080-series. HIGH when interfacing to 6800-series.
Sl I Serial data input 1
SCL I Serial clock input. Data is read on the rising edge of SCL and
converted to 8-bit parallel data. 1
P/S I Parallel/serial data input select 1
/S Operating Chi | Data/co- | . Da:ja diwri Serial
P mode ip select mmand inpu Read/write clock
output
HIGH | Parallel Cs1, cs2 A0 | DOtoD7| RD,WR —
LOwW Serial CS1, CS2 A0 Sl Write only | SCL

In serial mode, data cannot be read from the RAM, and DO to D7,
HZ, RD and WR must be HIGH or LOW. In parallel mode, Sl
and SCL must be HIGH or LOW.

Note 1
When interfacing to 8080-series microprocessors, RD is active-LOW. When interfacing to 6800-series microproces-
sors, they are active-HIGH.

Note 2
When interfacing to 8080-series microprocessors, WR is active-LOW. When interfacing to 6800-series microproces-
sors, It will be read mode when WR is high and It will be write mode when WR is LOW.

7-6 EPSON Rev. 4.6



S1D15600/601/602 Series

Oscillator and Timing Control

Name

I/0

Description

Number of pins

OSClI

Connecting pins for feedback resistors of the built-in oscillator
When M/S = HIGH: Connect oscillator resistor Rf to the OSC1
and OSC2 pins. The OSC2 pin is used for output of the oscillator
amplifier.

2

0OSC2

I/0

When M/S = LOW: The OSC2 pin is used for input of oscillation
signal. The OSCL1 pin should be left open. Fix the CL pin to theVss
level when using the internal oscillator circuit as the display clock.

CL

Display clock input. The line counter increments on the rising edge
of CL and the display pattern is output on the falling edge. When
use external display clock, OSC1 = HIGH, OSC2 = LOW and
reset this LS| by RES pin.

CLO

Display clock output. When using the master operation, the clock
signal is output on this pin. Connect CLO to YSCL on the
common driver.

M/S

Master/slave select input. Master makes some signals for display,
and slave gets them. This is for display syncronization.

Operating Internal Power

Device M/S :
mode oscillator supply

FR BSYNC|OSC1|0SC2 DYO

LOW Slave OFF OFF | [ Open| | (0]
HIGH Master ON ON o o | (e} o

156XDos

Note
| = input mode
O = output mode

FR

I/0

LCD AC drive signal input/output. If the S1D15600/601/602 series
MPU'’s are used in master and slave configuration, this pin must
be connected to each FR pin. Also when the S1D15600/601/602
series isused as the master MPU, this pin must be connected to
the FRpin of the common driver. Output is selected when M/S is
HIGH, and input is selected when M/S is LOW.

SYNC

I/0

Display sync input/output. If the S1D15600/601/602 series MPU'’s
are used in master and slave configuration, this pin must be
connected to each SYNC pin. Output is selected when M/S is
HIGH, and Input is selected when M/S is LOW.

DYO

Start-up output for common driver. Connect to DIO of the
common driver.

Rev. 4.6

EPSON

7-7




S1D15600/601/602 Series

LCD Driver Outputs

7-8

Name 1/0 Description Number of pins
00 to 0165 O LCD driver outputs. OO0 to O31 and 0102 to O165 are selectable 166
segment or common outputs, determined by a selection command.
032 to 0101 are segment outputs only.
For segment outputs, the ON voltage level is given as shown in
the following table.
LCD ON voltage
RAM data FR - -
Normal display Inverse display
LOW V3 Vs
LOW
HIGH i VbD
LOW Vs V3
HIGH
HIGH VbD V2
For common outputs, the ON voltage is given as shown in the
following table.
Scan data FR LCD ON voltage
LOW LOW Va
HIGH Vi
LOW VbD
HIGH
HIGH Vs
COMI (@) LCD driver common output. Common outputs when the “DUTY +1”
command is executed are as follows: 1
“‘DUTY + 1" ON “DUTY + 1" OFF
S1D15600 COM64, COM48 V1ior V4
S1D15601 COM32, COM24 V1 or V4
S1D15602 COM16 V1ior V4
Common output special for the indicator.
EPSON Rev. 4.6
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6. ABSOLUTE MAXMUM RATINGS

Parameter Symbol Rating Unit

Supply voltage (1) —7.0 +0.03
Supply voltage range (2) Vss —-6.0t0 0.3 \%
(DC/DC When in use) (when triple boosting)
Driver supply voltage range (1) V5 -18.0t0 0.3 \%
Driver supply voltage range (2) Vi, V2, V3, V4 V510 0.3 \%
Input voltage range VIN Vss-0.31t0 0.3 \%
Output voltage range Vo Vss-0.31t0 0.3 \%
Operating temperature range Topr -30to 85 °C
Storage temperature range (TCP) Tstr -55to 100 °C

Vcc ——— ———— VDD VDD

GND—WM—— -———— Vss

Y V5

(System)

Notes 1. The voltages shown are based @p\ 0 V.
2. Always keep the condition ofdb = V1> V2> V3>V4 = Vs for voltages \, V2, V3 and \4.

3. If LSIs are used over the absolute maximum rating, the LSIs may be destroyed permanently. Itis
desirable to use them under the electrical characteristic conditions for general operation. Otherwise, a

malfunction of the LSl may be caused and LSI reliability may be affected.
4. A guarantee on operating temperature belowE30ay be studied individually.

(51D15600/601/602 series)

Rev. 4.6
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S1D15600/601/602 Series

DC Characteristics .
Vbbb =0V, Vss=-5V+10%, Ta = —-30 to +8%& unless otherwise noted.

Item Symbol Condition Min. Typ. Max. Unit Pin used
Power Recommend- Vss -5.5 -5.0 -4.5 \ Vss
voltage (1) | ed operation
Operational -6.0 -2.4 *1
Operating | Operational Vs -16.0 -4.0 \% Vs *2
voltage (2) | Operational Vi, V2 0.4 x Vs VbD \ Vi, V2
Operational V3, Va Vs 0.6 x Vs \ V3, Va
High-level input voltage VIHC1 0.3 x Vss Vbbp \ *3
ViHc2 0.15 xVss VoD *4
ViHCT | Vss =-2.7V 0.3 x Vss VDD *3
ViHC2 Vss =-2.7V 0.2 x Vss VbD *4
Low-level input voltage ViLc Vss 0.7 x Vss \% *3
ViLc2 Vss 0.85 x Vss *4
Vicct [ Vss =-2.7V Vss 0.7 x Vss *3
ViLcz  [Vss =-2.7V Vss 0.8 x Vss *4
High-level output voltage VoHc1 loH=-1 mA 0.2 x Vss Vbb \Y, *5
VoHc2 lon =—-120 pA 0.2 x Vss VbD OSC2
VoHct | Vss =-2.7V lon =-0.5 mA 0.2 x Vss VbD \% *5
VoHc2 | Vss =-2.7V loH = =50 pA 0.2 x Vss VbD OscC2
Low-level output voltage VoLc1 loL=1mA Vss 0.8 x Vss \ *5
VoLc2 loL =120 pA Vss 0.8 x Vss OSC2
VoLct |Vss =-2.7V loL=0.5 mA Vss 0.8 x Vss \ *5
Vorc2 |Vss =-2.7V loL = 50 pA Vss 0.8 x Vss OSsC2
Input leakage current ILi VIN = VDD or Vss -1.0 1.0 HA *6
Output leakage current ILo -3.0 3.0 HA *7
LCD driver ON resistance Ron Ta=25°C Vs =-14.0V 2.0 3.0 kQ 00 to 0166
Vs =-8.0V 3.0 4.5 *8
Static power consumption IssQ 0.00 5.0 HA Vss
15Q V5 =-18.0V 0.01 15.0 A Vs
Input terminal capacity CiN Ta=25°C f=1MHz 5.0 8.0 pF *3 *4
Oscillation frequency fosc R=1 MQ Vss = -5V 15 18 22 kHz *9
+2% Vss = -2.7V 11 16 21
Reset time tr 1.0 us *10
Reset “L” pulse width tRw 1.0 us *11
Input voltage Vss —6.0 -2.4 V *12
- Amplified out- Vout when triple -18.0 V Vout
3 |put voltage boosting
S |Voltage regulator | Vour —-16.0 -6.0 \Y, Vout
& |operation
§_ voltage
< | Voltage regulutor | V5@ Supplied to S1D15600D00B* -16.0 -6.0 \Y, *13
% operation voltage | V5@ Supplied to S1D15601D00B* -16.0 -5.0 \Y,
@ Vs @ Supplied to S1D15601D10B* ~16.0 —40 v
Vs @ Supplied to S1D15602D00B* -16.0 -4.5 \Y
Reference voltage| VReG Ta=25°C -2.35 -2.5 -2.65 \
*\/ ss= —2.4V is on the same basis ass¥ —2.7V. * See the 4-12 page for details.
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S1D15600/601/602 Series

When dynamic current consumption (1) is displaye; the built-in power circuitis onand T1 =T2 =
LOW.

Vbb =0V, Vss=-5V+ 10%, Ta = —-30 to +8& unless otherwise noted.

Iltem Symbol Condition Min.  Typ. Max. Unit Remarks
S1D15600 Vs =-12.5V; 3 times amplified 169 340 A
S1D15601 Vs= —-8.0 V; 3 times amplified 124 250 A
S1D15602 Iop (1) Vs5=-6.0 V; 2 times amplified 53 110 A *16

Vss =-2.7 V; 3 times amplified 66 130 A
V5=-6.0V

Typical current consumption characteristics

- Dynamic current consumption (1), if an external clock and an external power supply are used.

40 I
(A 600
\ 0]
30 N B
Iop (1) —"]
(Iss +15) 0l
20 10150
//
—
10 1015602 |
1
0 3 4 5 6
VoD V)

Conditions:

Remarks:

The built-in power supply is off but
the external one is used.

S1D15600 V5-Vbb=-125V
S1D15601 Vs5-Vbb =-8.0V
S1D15602 V5-VbD =-6.0V
External clock:

S1D15600 fcL =4 kHz
S1D15601 fcL=2 kHz
S1D15602 fcL=1 kHz

*14

- Dynamic current consumption (1), if the built-in oscillator and the external power supply are used.

80 Conditions:  The built-in power supply is off but
(A) the external one is used.
60 0\536@ S1D15600 Vs-—Vop =-12.5V
oo (1) > N S1D15601 Vs5-VbD =-8.0V
(1ss +15) - S1D15602 Vs — VoD =—6.0 V
g ) Internal oscillation:
20 P s S1D15600 Rf=1MQ
// S1D15601 Rf=1MQ
S1D15602 Rf=1MQ
0 3 4 5 6 Remarks: *15
VoD )
Rev. 4.6 EPSON 7-11



S1D15600/601/602 Series

- Dynamic current consumption (1), if the built-in power supply is used.

200
(A)

150
Iop (1)

100

50

Notes *1.
*2.
*3.
*4,
*b.
*6.

*7.
*8.

*9.
*10.

*11.
*12.

*13.

I Conditions:  The built-in power supply is on and
s T1=T2=Low,
ey S1D15600 Vs5-VpD=-12.5V;3
S0 times amplified
\\.//
S1D15601 Vs-Vbb=-8.0V;3
times amplified
602
1D S1D15602 V5 — VDD =—6.0'V; 2
times amplified
Internal oscillation:

VoD ) S1D15600 Rf=1 MQ
S1D15601 Rf=1 MQ
S1D15602 Rf=1 MQ

Remarks: *16

Although the wide range of operating voltage is guaranteed, a spike voltage change during access to the
MPU is not guaranteed.

The operating voltage range of thedand \6 systems (see Figure 11).

The operating voltage range is applied if an external power supply is used.

Pins A0, DO to D7, RD (E), WR (R/W), CS1, CS2, FR, SYNC, M/S, C86, SI, P/S, T1 and T2.

Pins CL, SCL, and RES

Pins DO to D7, FR, SYNC, CLO, and DYO

Pins A0, RD (E), WR (R/W), CS1, CS2, CL, M/S, RES, C86, SI, SCL, P/S, T1, and T2.

Applied if pins DO to D7, FR, and SYNC are high impedance.

The resistance when the 0.1-volt voltage is applied between the “On” output terminal and each power
terminal (V1, V2, V3 or V4). It must be within the operating voltage (2).

R ON = 0.1 VAI

(Al is the current that flows when 0.1 VDC is applied during power-on.)

The relationship between the oscillation frequency, frame and Rf value (see Figure 10).

“tr” (reset time) indicates the period between the time when the RES signal rises and when the internal
circuit has been reset. Therefore, the S1D%¥56Qusually operable after “tr” time.

Specifies the minimum pulse width of RES” signal. The LOW pulse greatertihdmiust be entered

for reset.

If the voltage is amplified three times by the built-in power circuit, the primary pos@must be used
within the input voltage range.

The V5 voltage can be adjusted within the voltage follower operating range by the voltage regulator
circuit.

*14, 15, 16 Indicates the current consumed by the separate IC. The current consumption due to the LCD panel

*14.
*15.
*16.

capacity and wiring capacity is not included.

The current consumption is shown if the checker is used, the display is turned on, the output status of
Case 6 is selected, and the S1D1560030&Bset to 1/64 duty, the S1D15601DGOB set to 1/32

duty, and the S1D15602D08Hs set to 1/16 duty.

Applied if an external clock is used and if not accessed by the MPU.

Applied if the built-in oscillation circuit is used and if not accessed by the MPU.

Applied if the built-in oscillation circuit and the built-in power circuit are used (T1 = T2 = Low) and if
not accessed by the MPU. Measuring conditions: C1 g.C2 = 0.4/, Ra+ Rb =2 N

This includes the current that flows through the voltage regulator resistor (Ra + RI®¥ 2Afithe

built-in power circuit is used, the current consumption is equal to the curressgiower.

7-12
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S1D15600/601/602 Series

Oscillator frequency vs. frame vs. Rf
[S1D1560%D00B*]

The relationship between oscillator frequency fosc
and LCD frame frequency fr is obtained from the
following expression.

Duty fr
Ta=25°C_ Vss =5V
40 \ S1D15600 1/64 focsizse
30 N, 1/48 focs/192
Kz \\ <1D15601 1/32 focs/zs6
fosc 1/24 focs/192
10 — S1D15602 1/16 focsi2s6
0 0.5 20 15 2.0 25 (fr indicates not fr signal cycle but cycle of LCD
Rf  [MQ] AC.)
Figure 10 (a)
External clock ( fcL) vs. frame
[S1D1560%D00B ]
200 7 ~ ]
S s P duty 1/64 S1D15600
’ / R -
/’ / /,/ — — duty 1/48
I' e 4 /
][HZ] 100 AL _~ / — - — duty 1/32 S1D15601
. ST /
R — --—duty 1/24
’ 7
S //
g = . duty 1/16 S1D15602
0 2 4 6 8
feL [KHZ]
Figure 10 (b)
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S1D15600/601/602 Series

Operating voltage range for V. ss and Vs

MPU access cycle

Power consumption during access (|

DD (2)) -

-20 10 ////
5.0V /
s S I
_15 £ 1 //
13 [-------1 | / 2.7V
V] 10 ! [MA] /1
- v
V5-VDD ; Ipp (2) /
|
I — | 0.01 Z
o
0 2 4 6 8
54 30 0 0.01 0.1 1 10
f cyc [MHz]
Vss [V]
) Figure 12
Figure 11
This graphic shows the current consumption when
the vertical patterns are written during “fcyc”. If not
accessedpb(1) is only shown.
Reset
Rating
Parameter Symbol Condition Unit
Min. Typ. | Max.
Reset time tr See note. 1.0 — — us
Reset LOW-level pulsewidth | trw 1.0 — — us

Note

{r is measured from the rising edge of RES. The S1D15600 enters normal operating mode after a reset.

7-14
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S1D15600/601/602 Series

Display control timing

CL N 7 A
PR S . J ~— tf .
twLcL t wHcL t DER %‘ tr
FR X
t DsNnC
SYNC X
~ t DOH t oL
DYO / N
CLO t coH tcoL
\ / \ /
| _
nputtiming Vss=-5.510 4.5V, Ta=-30 to 86
Rating
Parameter Symbol Condition Unit
Min. Typ. | Max.
CL LOW-level pulsewidth | twLcL 35 — — us
CL HIGH-level pulsewidth | twHcL 35 — — us
CL rise time tr — 30 — ns
CL fall time tf — 30 — ns
FR delay time toFR -1.0 — 1.0 Us
SYNC delay time tobsnc -1.0 — 1.0 us
Vss=-4.5t0-2.7V, Ta=-30to 8&
Rating
Parameter Symbol Condition Unit
Min. Typ. | Max.
CL LOW-level pulsewidth | twicL 35 — — us
CL HIGH-level pulsewidth | twHcL 35 — — us
CL rise time tr — 40 — ns
CL fall time tf — 40 — ns
FR delay time {oFrR -1.0 — 1.0 s
SYNC delay time {bsnec -1.0 — 1.0 s
Notes 1. Effective only when the S1D15600D0®Bs in the master mode.

2. The FR/SYNC delay time input timing is provided in the slave operation.
The FR/SYNC delay time output timing is provided in the master operation.

3. Each timing is based on 20% and 80% sV

4. When usingin the range oB¥=-2.4 ~ —-4.5V, raise the above ratings for —-2.7 ~ —4.5V equally by 30%.

Rev. 4.6
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S1D15600/601/602 Series

Output timing

Vss=-55t0-45V, Ta=-30to 8&

Rating
Parameter Symbol Condition Unit
Min. Typ. | Max.

FR delay time toFR CL =50 pF — 60 150 ns
SYNC delay time tobsnc — 60 150 ns
DYO LOW-level delay time | tboL — 70 160 ns
DYO HIGH-level delay time| tboH — 70 160 ns
CLO to DYO LOW-level S1D15600D0%B* operating in

. tcoL 10 40 100 ns
delay time master mode only
CLO to DYO HIGH-level S1D15600D0%B* operating in

_ tcoH 10 40 100 ns
delay time master mode only

Vss=-45t0-2.7V, Ta=-30to 8&
Rating
Parameter Symbol Condition Unit
Min. Typ. | Max.

FR delay time {bFrR CL =50 pF — 120 240 ns
SYNC delay time tbsnc — 120 240 ns
DYO LOW-level delay time | tboL — 140 250 ns
DYO HIGH-level delay time| tboH — 140 250 ns
CLO to DYO LOW-level S1D15600D0%B* operating in

. tcoL 10 100 200 ns
delay time master mode only
CLO to DYO HIGH-level S1D15600D0*xBx operating in

. tcoH 10 100 200 ns
delay time master mode only

(1) System buses

Read/write characteristics | (80-series MPU)

t AH8
A
A0 ><
N
— tAWS |« tcycs >
_— tr
I tCCLR A \
WR, RD \~ tceLw =/~ tCCHR —»\
~c) tccHw
(CS) tf - tDHs
l« tDss8 > |
DO ~ D7
(WRITE)
—1+—— tACCS8 —r<+tCH8
DO ~ D7
(READ)
7-16 EPSON Rev. 4.6
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Vss=-5.0+10%, Ta = -30 to 83C

ltem Signal Symbol Conditions Min.  Max. Unit
Address hold time A0, CS taHs 10 ns
Address setup time taws 10 ns
System cycle time tcycs 200 ns
Control LOW pulse width (WR) ‘WR tccLw 22 ns
Control LOW pulse width (RD) RD tccLr 77 ns
Control HIGH pulse width (WR) 'WR tccHw 172 ns
Control HIGH pulse width (RD) 'RD tccHr 117 ns
Data setup time tpss 20 ns
Data hold time toHs 10 ns
RD access time DO to D7 taccs CL = 100pF 70 ns
Output disable time tchs 10 50 ns
Input signal change time tr, tf 15 ns

Vss=-2.7t0-4.5V, Ta=-30to 8&

Item Signal Symbol Conditions Min. Max. Unit
Address hold time A0, CS tAHs 0 ns
Address setup time taws 0 ns
System cycle time tcycs 450 ns
Control LOW pulse width (WR) WR tccLw 44 ns
Control LOW pulse width (RD) RD tccLr 194 ns
Control HIGH pulse width (WR) WR tcchw 394 ns
Control HIGH pulse width (RD) RD tccHr 244 ns
Data setup time tpss 20 ns
Data hold time toHs 10 ns
RD access time DOtoD7 | taccs CL = 100pF 140 ns
Output disable time tcHs 10 100 ns
Input signal change time tr, tf 15 ns

Notes 1. When using the system cycle time in the high-speed mode, it is limifed-tf< (tcycstccLw—

tccHw) or tr + ff < (tcycs-{ccLr-tccHR)

2. All signal timings are limited based on the 20% and 80%ssfdltage.

3. Read/write operation is performed while CS (CS1 and CS2) is active and the RD or WR signal is in the
LOW level.
If read/write operation is performed by the RD or WR signal while CS is active, it is determined by the
RD or WR signal timing.
If read/write operation is performed by CS while the RD or WR signal is in the low level, it is deter-
mined by the CS active timing.

4. When usingin the range of¥=-2.4 ~ —4.5V, raise the above ratings for —2.7 ~ —4.5V equally by 30%.
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(2) System buses

Read/write characteristics Il (68-series MPU)

B tcyce »
_\ tEWLR F b
E < tEWLW :/ \
X - o ~_
tEWHR
- t Awe > | t EWHW » <lf> t AHG
X
AO, RIW /
»1—t AH6
- tDs6 > »—{ DH6
DO ~ D7 Vi 3}
(WRITE) \ §
- tACCe » > t OH6
DO ~ D7
(READ)
Vss=-5.0 V+ 10%, Ta =-30 ~ 85C
ltem Signal Symbol Conditions Min. Max. Unit
System cycle time fcyce 200 ns
Address setup time (A0) tawe 10 ns
Address hold time R/W taHe 10 ns
Data setup time tpse 20 ns
Data hold time {oHe 10 n
: . DO~D7
Output disable time toHe CL = 100pF 10 50 ns
Access time taccs 70 ns
Enable HIGH pulse | READ . tEWHR 77 ns
width WRITE tEwHw 22 ns
Enable LOW pulse | READ E tEwLR 117 ns
width WRITE tEwLw 172 ns
Input signal change time tr, tf 15 ns
7-18 EPSON Rev. 4.6



S1D15600/601/602 Series

Vss=-27V~45V, Ta=-30~8%

ltem Signal Symbol Conditions Min.  Max. Unit
System cycle time tcycs 450 ns
Address setup time A0 tawe 0 ns
Address hold time R/W taHe 0 ns
Data setup time tpse 20 ns
Data hold time toHe 10 ns
Output disable time PO to b7 toHe CL = 100pF 20 100 ns
Access time taccs 140 ns
Enable HIGH pulse | READ tEWHR 194 ns
width WRITE = tEwHW 44 ns
Enable LOW pulse | READ £ tEWLR 244 ns
width WRITE tEwLw 394 ns
Input signal change time tr, tf 15 ns

Notes: 1. When using the system cycle time in the high-speed mode, it is limited tp (tcyce-tewLw-tEwHW)

or tr + tr < (tcyce-tEwLr-TEWHR).

2. All signal timings are limited based on the 20% and 80%ssfdltage.

3. Read/write operation is performed while CS (CS1 and CS2) is active and the E signal is in the high level.
If read/write operation is performed by the E signal while CS is active, it is determined by the E signal
timing.
If read/write operation is performed by CS while the E signal is in the high level, it is determined by t
CS active timing.

4. When usingin the range ofs¥=-2.4 ~ —4.5V, raise the above ratings for —2.7 ~ —4.5V equally by 30%

(3) Serial interface

|« tcss > |« tcsH »|
CS
tSAS—»| [«—1SAH
AO
< tscyc »]
tsLw > \
SCL / ¢
v r
tf : « t SHW >
- tsbs > t SDH »>
S
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Vss=-5.0 V+10%, Ta = -30 ~ 85C

ltem Signal Symbol Conditions Min.  Max. Unit
Serial clock cycle SCL tscyc 250 ns
SCL HIGH pulse width tsHw 75 ns
SCL LOW pulse width tsLw 75 ns
Address setup time AO tsas 50 ns
Address hold time tsaAH 200 ns
Data setup time Sl tsbs 50 ns
Data hold time {spH 30 ns
CS-SCL time (] tcss 30 ns
tcsH 400
Input signal change time tr, tf 50 ns

Vss=-27V~-45V, Ta=-30~8%&

ltem Signal Symbol Conditions Min.  Max. Unit
Serial clock cycle SCL tscyc 500 ns
SCL HIGH pulse width tsHw 150 ns
SCL LOW pulse width tsLw 150 ns
Address setup time A0 tsas 100 ns
Address hold time tsAH 400 ns
Data setup time SI tsps 100 ns
Data hold time tspH 100 ns
CS-SCL time (] tcss 60 ns
tcsH 800
Input signal change time tr, tf 50 ns

*1. All signal timings are limited based on the 20% and 80%ssWltage.
*2. When usingin the range ofs¢=-2.4 ~ —4.5V, raise the above ratings for —2.7 ~ —4.5V equally by 30%.
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7. FUNCTIONAL DESCRIPTION
Microprocessor Interface

Parallel/serial interface

Parallel data can be transferred in either direction be- series through the serial data input (SI), but not from the
tween the controlling microprocessor and the S1D15600/ S1D15600/601/602 series to the microprocessor. The
601/602 series through the 8-bit I/O buffer (DO to D7).  parallel or serial interface is selected by P/S as shown in
Serial data can be sent from the microprocessor to the table 1.
S1D15600/601/602

Table 1. Parallel/serial interface selection

P/S Inputtype |CSI |CS2 | AO RD |WR |C86 Sl SCL | DOto D7

HIGH Parallel CS1 | CcSs2 A0 RD WR C86 — — DO to D7
LOW Serial CS1 | cs2 A0 — — — Sl SCL (Hz)
Note

“—" indicates fixed to either HIGH or to LOW

For the parallel interface, the type of microprocessor is Table 3. Parallel data transfer
selected by C86 as shown in table 2.

Common | 6800 series |8080 series

Table 2. Microprocessor selection for parallel Description
interface A | rRW I E R0 | WR
b 1 1 0 1 Display data read out
MPU bus | =5, on | wo
— _ 0 1 0 1 |Status read
HIGH | 6800-series | CS1| CS2 | A0 E | R/W |DO to D7 - - —
Write to internal reigister
— — T 0 0 1 1 0 p
LOW | 8080-series | CS1|CS2| A0 | RD | WR |DO to D7 (command)
Parallel interface Serial data is read on the rising edge of SCL and must

A0, WR (or RIW) and RD (or E) identify the type of input at Sl in the sequence D7 to DO. On every eighth
parallel data transfer to be made as shown in table 3. clock pulse, the data is transferred from the shift register
and processed as 8-bit parallel data.

o Input data is display data when AO is HIGH and control
Serial |ther'face . o _ data when AQ is LOW. AQ is read on the rising edge of
The serial interface comprises an 8-bit shift register and  every eighth clock signal.

a 3-bit counter. These are reset when CS1is HIGH and The SLC signal is affected by the termination reflection
CS2is LOW. When these states are reversed, serial data and external noise caused by the line length. The opera-

and clock pulses can be received from the microproces- tion check on the actual machine is recommended.
sor on Sl and SCL, respectively.
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CS1 —\
cs2 —

sl X D7 X b6 X D5 X D4 X b3 X D2 X D1 X po X D7 X D6

scL 1§ [2f 13f 14f 1s5f Lef 1z Lsf 1of leof

o o ——

Figure 1. Serial interface timing

Chip select inputs (dummy read cycle). On the next read cycle, the data is

. . .. read from the bus buffer onto the microprocessor bus. At
-Cr:_hS?Lii(?éSSGZO (Zgg%j/:tgzeiﬁﬂgﬁ ghea; etmoegzlghzerlrﬁg Oppl)?j c the same time, the next bllock.of data is transfgrred from
essor and the S1D15600/601/602 series is enabled when RAM tO the b(ijs buffedr: L:kev(\glse, ‘ggﬁ\? thhe rglcropr?p-
CS1is LOW and CS2 is HIGH. When these pins are set £SSOF Writes data to display data RAM, the data Is first
to any other combination, DO to D7 are high impedance. stored in thg bus buffer before being written to RAM at
The A0, RD, WR, SI and SCI inputs are disabled. If the the next write cycle.

serial input interface has been selected, the shift register :/r\]lgﬁgni;,vrzlgrége|gatgir]:;;%n;|g:ae irsn;:l;?opnrgii Z?IOrt:gnzgﬁﬂré d
and counter are reset. The Reset signal is entered y y

; from the bus buffer to the display data RAM. If the data
independent from the CS1 and CS2 status. rate is required to slow down, the microprocessor can
insert an NOP instruction which has the same affect as
Data Transfer executing a wait procedure.

To match the timing of the display data RAM and  When a sequence of address sets is executed, a dummy
registers to that of the controlling microprocessor, the read cycle must be inserted between each pair of address
S1D15600/601/602 series uses an internal data bus and sets. This is necessary because the addressed data from
bus buffer. A kind of pipeline processing takes place. the RAM is delayed one cycle by the bus buffer, before
When the microprocessor reads the contents of RAM, the it is sent to the microprocessor. A dummy read cycle is
data for the initial read cycle is first stored in the busbuffer  thus necessary after an address set and after a write cycle.

WR Lt ¢ Lt ¢
MPU

DATA

Bus

holder X N X N+1 X N+2 X N+3
Internal
timing

WR L | L | L | L[

Figure 2. Write timing
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WR | f
RD
MPU ) L1 L
DATA <N ) <N ) < n ) n+1
Address set Dummy read Data read n Data read (n+1)
4 4
WR | |
P L_f |
Internal
timing
Column
address X N / N+1 / N+2
Bus
holder X N X n X N+1 X N+2

Figure 3. Read timing

Status Flag

The S1D15600/601/602 series has a single bit status flag, monitored ed carefully, this flag does not have to b
D7. When D7 is HIGH, the device is busy and will only ~ checked before each command, and microprocessor ca-
accept a Status Read command. If cycle times are pabilities can be fully utilized.
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Display Data RAM

The display data RAM stores pixel data for the LCD. It
is a 166-colummx 65-row addressable array as shown in

figure 4.
(If the display start line is set to 1ch)
Page Line Common
| address DATA Column address address | address |
oo [T T _—__ __ __________ 00H Y\ COM 0
o. W W[ ________________ 01 COM 1
o @/ lrrrr-------_-—_-_-_-_----Z 02 COM 2
ojojojo_ D3 [ NN | [ __________°"_ 03 COM 3
D4 || | | m& ||| _____ Page 0 04 COM 4
D5 _ 05 COM 5
D6 06 COM 6
D7 07 COM 7
DO I 1 08 COM 8
D1 I T O A O A | 09 COM 9
D2 P 0A COM10
olo|o|1]_D3 [ N B R B 0B COM11
Da_| 1 Page 1 ocC coMm12
D5 I T O A O A | 0D COoM13
D6 [ R | OE COM14
D7 I O T B R OF CcCOoMm15
DO T 10 COM16
D1 D 11 COM17
ofo|2|of DA 1 15 Cowito
| N I | Pagez

e EREEERRE L G
pe | 't 16 Ccom22
D7 Prrrrrr 17 ¥ COoM23
DO : : : : : : : : 18 1/64 COomM24
D1 19 COM25
D2 N 1A COM26
R Page 3 re—| e Conzs
D5 I T O A O A | 1D COM29
D6 [ A R 1E COM30
D7 N 1F CoM31
DO o 20 CcoMm32
D1 Ll 21 COM33
D2 o 22 COM34
ol1|o|o| D3 23 COM35
D4 I I O B A | Page 4 24 COM36
ps | ! 25 COM37
D6 per e 26 COoM38
D7 [ 27 1/32 COM39
DO T 28 COM40
D1 | N I | 29 ComM41
D2 R IR 2A Ccom42
0(1{0({1|_D3 [ R | P 5 2B COm43
D4 [ R | age 2C COM44
D5 R 2D COM45
rxam BENEEEEE oF Cona
DO 1 Couss
D2 HHHH 32 COM50
ol1|1|0[_D3 33 COM51
D4 [ A R Page 6 34 COM52
D5 P 35 COM53
D6 R I A 36 COM54
D7 I O O O O O | 37 COM55
DO I T O A O A | 38 COM56
D1 I I O B A | 39 COM57
D2 [ N A | 3A ¥ COM58
0o|1|1|1f D3 NN 3B - - - COM59
Y . Page 7 3C COM60
D5 D 3D COM61
D6 o 3E COM62
D7 3F N COM63
1[olofo] DO Page 8 COM |

Q Relelgygs|g8ls to L2

<1232 2|2y © SEtsts

85 [3l3si338/8 © 229

40 [e)[e)[e][e]

Figure 4. Display data RAM addressing
Note

For a 1/65 and 1/33 display duty cycles, page 8 is accessed following 1BH and 3BH, respectively.
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The 65 rows are divided into 8 pages of 8 lines and a ninth The time taken to transfer data is very short, because the
page with a single line (DO only). Data is read from or microprocessor inputs DO to D7 correspond to the LCD
written to the 8 lines of each page directly through DOto common lines as shown in figure 5. Large display

D7. configurations can thus be created using multiple
S1D15600/601/602.
Do[1 comoi
D1(0 COoM1
D21 ) COM2
D3|0 COM3
D4]0 COM4

Figure 5. RAM-to-LCD data transfer

The microprocessor reads from and writes to RAM  line (COMO) of the display. See figure 4. The contents
through the 1/O buffer. Since the LCD controller oper-  of this 6-bit register are changed by the Initial Display
ates independently, data can be written to RAM at the Line command. At the start of each LCD frame, synchro-
same time as data is being displayed, without causing the nized with SYNC, the initial line is copied to the line

LCD to flicker. counter. The line counter is then incremented on the CL
clock signal once for every display line. This generates
Column Address Counter the line addresses for the transfer of the 166 bits of RAM

data to the LCD drivers.
If a 1/65 or 1/33 display duty cycle is selected by the Duty

+ 1 command, the line address corresponding to the 65th
or 33rd SYNC signal is changed and the indicator spe-

cial-use line address is selected. If the Duty + 1 command
is not used, the indicator special-use line address is n
selected.

The column address counter is an 8-bit presettable coun-
ter that provides the column address to display data
RAM. See figure 4. Itis incremented by 1 each time a
read or write command is received. The counter auto-
matically stops at the highest address, A6H. The con-
tents of the column address counter are changed by the
Column Address Set command. This counter is inde-
pendent of the page address register. . N
When the Select ADC command is used to select inverse OUtput Selection Circuit

display operation, the column address decoder inverts The number of common (COM) and segment (SEG
the relationship between the RAM column data and the driver outputs can be selected to fit different LCD panel

display segment outputs. configurations by the output selection circuit.
There are 70 segment-only outputs (032 to O101) and 96
Page Address Register common or segment dual outputs (OO0 to O31 and 0102

to 0165). A command select the status of the dual
common/segment outputs. Figure 6 shows the six differ-
ent LCD driver arrangements.

Necessary LCD driver voltage is automatically allocated
to the COM/SEG dual outputs when their function is
determined by the output selection circuit.

. . . . The S1D15600 selects Case 1, 2 or 6 while the S1D15601
Initial Display Line Register selects Case 3, 4,5 0r 6. Astothe S1D15602, COM/SEG
The initial display line register stores the address of the output status cannot be selected, being fixed.

RAM line that corresponds to the first (normally the top)

The 4-bit page address register provides the page address
to display data RAM. The contents of the register are
changed by the Page Address Set command.

Page address 8 (D3 = HIGH, D2, D1, DO = LOW) is a
special use RAM area for the indicator.
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?DDOC): h%v:_l' 265 - Column address - 168
Display data RAM

Case 1 102 segments | 64 commons

Case 2 32 commons 102 segments 32 commons

Case 3 32 commons 134 segments

Case 4 134 segments | 32 commons

Case 5 16 commons| 134 segments |16 commons|

Case 6 166 segments |
1 1 1 1 1 1 1
00 015 031 0101 0133 0149 0165

Figure 6. Output configuration selection

When COM outputs are assigned to the output drivers,
the unused RAM area is not available. However, all
RAM column addresses can still be accessed by the
microprocessor.

Since duty setting and output selection are independent,

the appropriate duty must be selected for each case.
Cases 1 to 6 are determined according to the three lowest
bits in the output status register in the output selection
circuit. The COM output scanning direction can be
selected by setting bit D3 in the output status register to
HIGH or LOW.

Table 4
S1D15600 S1D15601 S1D15602
Duty 1/64 1/48 1/32 1/24 1/16
COM | function COM64 COM48 COM32 COM24 COM16

When the DUTY + 1 command is executed, pin COM1
becomes as shown in Figure 4 irrelevant to output selec-
tion:

Since master/slave operation and the output selection
circuit are completely independent in the S1D15600/
601/602 series, a chip either on the master or slave side

can be allocated to the COM output function in multi-
chip configuration.

The LCD driver outputs shown in Table 5 become
ineffective when the S1D15600 or S1D15601 is used
with 1/48 or 1/24 duty, respectively. In this case,
ineffective outputs are used in the open state.

Table 5

Output status register Ineffective outout

D3 D2 D1 DO p
Case 1 0 1 0 1 0150 to 0165
S1D15600 1 1 0 1 0102 to 0117
Case 2 0 1 0 0 0150 to 0165

1 1 0 0 016 to 031

Case 3 0 0 1 1 00 to O7

1 0 1 1 023 to 031
0 0 1 0 0158 to 0165
S50 cases 1 0 1 0 0134 to 0141
Case 5 0 0 0 1 0158 to 0165

1 0 0 1 08 to 015
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S1D15600 Output Status
The S1D15600 selects any output status from Cases 1, 2

and 6.
1/64 duty (Display Area 64 x 102)
Case Status register ‘ LCD driver output ‘
D3 D2 D1 DO OO0 O31§O32 0101; 0102 Ol33§0134 0165
1 o 1 o0 1 SEG102 COMO COM63
1 1 0 1 SEG102 COM63 COMO
0 1 0 0 |COM31 COMO SEG102 COM32 — COM63
2 1 1 0 0 |COM32 COM63 SEG102 COM31 -—— COMO
6 - 0 0 O SEG166
1/48 duty (Display Area 48 x 102)
Case Status register ‘ LCD driver output ‘
D3 D2 D1 DO OO0 O3l§032 0101;0102 Ol33§0134 0165
L0 1 0 1 COMO ~ com47|
1 1 0 1 com47 COMO
0 1 0 0 |[COM31 COMO SEG102 COM32—47 ’
2 1 1 0 O COM32»47’ SEG102 COM31 =-—— COMO
6 - 0 0 O SEG166

S1D15601 Output Status
The S1D15601 selects any output status from Cases 3, 4,

5 and 6.
1/32 duty (Display Area 32 x134)
Case Status register ‘ LCD driver output ‘ ‘
D3 D2 D1 DO|0O0 015{016 031{032 0133/{0134 149{150 0165
0 0 1 1 |com3l COMO SEG134
3 1 0 1 1 |como COM31 SEG134
0 0 1 0 SEG134 COMO — COM31
4 1 0 1 0 SEG134 COM31 =—— COMO
0 0 0 1 |15-COMO SEG134 COM16 - 31
> 1 0 0 1 |COM16-31 SEG134 15 COMO
6 |- 0 0 O SEG166
1/24 duty (Display Area 24 x 134)
Status register LCD driver output
©%%¢'bs D2 DI DO|O0 015,016 031|032 0133/0134 149/150 0165
5 0 0 1 1 COM23~<——-COMO SEG134
1 0 1 1 |COMO—>COM23 SEG134
0 0 1 0 SEG134 COMO — COM23 ]
4 1 0 1 0 SEG134 COM23~——- COMO
0 0 0 1 |15-COMO SEG134 1623 ]
> 1 0 0 1/(16-23 SEG134 15 COMO
6 |- 0 0 O SEG166
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S1D15602 Output Status

COM/SEG output status of the S1D15602 is fixed.
1/16 duty (16x 150)

LCD driver output

00

0149150 0165

SEG150

15 «—— COMO

Display Timers

Line counter and display data latch

timing

The display clock, CL, provides the timing signals for the
line counter and the display data latch. The RAM line
address is generated synchronously using the display
clock. The display data latch synchronizes the 166-bit
display data with the display clock.

The timing of the LCD panel driver outputs is independ-
ent of the timing of the input data from the microproces-
sor.

FR and SYNC

The LCD AC signal, FR, and the synchronization signal,
SYNC, are generated from the display clock. The FR
controller generates the timing for the LCD panel driver
outputs. Normally, 2-frame wave patterns are generated,

In a multiple-chip configuration, FR and SYNC are
inputs. The SYNC signal from the master synchronizes
the line counter and common timing of the slave.

Common timing signals

The internal common timing and the special-use com-
mon driver start signal, DYO, are generated from CL.
As shown in figures 7 and 8, DYO outputs a HIGH-level
pulse on the rising edge of the CL clock pulse that
precedes a change on SYNC. DYO is generated by both
the S1D15600D0B, regardless of whether the device is
in master or slave mode. However, when operating in
slave mode, the device duty and the external SYNC
signal must be the same as that of the master. In a
multiple-chip configuration, FR and SYNC must be
supplied to the slave from the master.

Table 6. Master and slave timing signal status

butn-line inverse wave patterns can also be generated.

These produce a high-quality display it based on the Partnumber | Mode | FR |SYNC | CLO ) DYO

LCD panel being used. CL

SYNC synchronizes the timing of the line counter and Master | Output | Output | o e | OUtPHt

common timers. It is also needed to synchronize the SDLS60#DHEK _

frame period and a 50% duty clock. slave | mput | mput | 79" | output
impedance
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2-frame AC driver waveform

(S1D15601 1/32 duty)

31 32 1 2 3 6 27 28 29 30 31 32 1 2 3

CL J_I_I_I_I_I_I_I_I_I_I_I_I_I_I_L J_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I
SYNC -
FR o
DYO o
et s [ Voo
COMO xl
L.l I ——— D il e
Vs
***** So [T C-CoooooISoISoIooIoooooIfoIosoZooooo------- VDD
com1 | xl
e — [ —— i ———————— s SR L
V5
T ODOOOOOOOC - DOOOOOEOOOC
data -
il s IR E— S D E— Voo
V2
SEGn V3
A Al ey il E— e ——|l-----------o-
V5
Figure 7. Frame driver timing
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n line inverse driver waveform (n = 5, line inverse register 4)

Note

31 32 1 2 3 4 5 6 27 28 29 30 31 32 1 2 3 4 5

CL L__JT UL L Lo Lo L

syn~e ] -

FR o [

pyo _ [ 1] - [ 1

cowo | [T —
fffffffffffffffffffffffffffffffffffffffffffffffffffff Vs
777777777777777777777777777777777777777777777777 VoD

com | | | . [ N
***************************************************** Vs

Gt

SEG n

Figure 8. Line inverse driver timing

Whenn = 5, the line inversion register is set to 4.
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LCD Driver

The LCD driver converts RAM data into the 167 outputs ~ Two shift registers for the common/segment drivers are
that drive the LCD panel. There are 70 segment outputs, used to ensure that the common outputs are output in the
96 segment or common dual outputs, and a COM1 output correct sequence. The driver output voltages depend on
for the indicator display. the display data, the common scanning signal and FR.

com1

com2

SEGO

SEGO SEG1 SEG2 SEG3 SEG4
SEG1

COMO

Figure 9. Example of segment and common timing
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Display Data Latch Circuit

The display data latch circuit temporarily stores the
output display data from the display data RAM to the
LCD driver circuit in each common period. Since the
Normal/lnverse Display, Display ON/OFF and Display
All Points ON/OFF commands control the data in this
latch, the data in the display data RAM is remains
unchanged.

LCD Driver Circuit

This multiplexer generates 4-value levels for the LCD
driver, having 167 outputs of 70 SEG outputs, 96 SEG/
COM dual outputs and a COM output for the indicator
display. The SEG/COM dual outputs have a shift register
and sequentially transmits COM scanning signals. The
LCD driver voltage is output according to the combina-
tion of display data, COM scanning signal and FR signal.
Figure 9 shows a typical SEG/COM output waveform.

Oscillator Circuit

The low power consumption type CR oscillator adjusting
the oscillator frequency by use of only oscillator resistor
Rf is used as a display timing signal source or clock for
the voltage raising circuit of the LCD power supply.
The oscillator circuit is only available in the master
operation mode. When a signal from the oscillator circuit
is used for display clock, fix the CL pin to thedlevel.
When the oscillator circuit is not used, fix the OSC1 or
OSC2 pin to the WD or Vsslevel, respectively.

The oscillator signal frequency is divided and output
from the CLO pin as display clock. The frequency is
divided to one-fourth, one-eighth or one-sixteenth in the
S1D15600, S1D15601 or S1D15602, respectively.

FR Control Circuit

The LCD driver voltage supplied to the LCD driver
outputs is selected using FR signal.

Power Supply Circuit

This is a power circuit to produce voltage needed to drive
liquid crystals at a low power consumption. This circuit
is valid only when the S1D156@#** Bx master is in
opera-tion. The power circuit consists of voltage tripler,
voltage regulator and the voltage follower.

The power circuit built into S1D156M** B* is set for
smaller scale liquid crystal panels and it is not too
suitable when the picture element is larger or to drive a
liquid crystal panel with lager indication capacity using
multiple chips. With liquid crystal panels with a larger
load capacity, the quality of display may become very
bad. Use an external power in such cases. (If an external
amp circuit is configured, we recommend to use the
S1F76600 and S1F76610.)

The power circuit can be controlled by the built-in power
ON/OFF command. When the built-in power is turned
off, all of the boosting circuit, voltage regulation circuit
and voltage follower circuit goes open. In this case, the
liquid crystal driving voltage Y, Vo, V3, V4 and \4
should be supplied from outside and the terminals CAP1+,
CAP1-, CAP2+, CAP2-, Vout andp/should be kept
opened.

If the built-in power supply is turned on, you must always
enter this command after the wait time of the built-in
power supply turn-on completion command.

Various functions of the power circuit may be selected by
combinations of the setting of the T1 and T2. Itis also
possible to make a combined use of the external power

Voltage Voltage voltage External Voltage
T1 | T2 tripler regulator follower voltage tripler V | Rgrterminals
input terminals
LOW |LOW o o o -
LOW |HIGH o o o -
HIGH|LOW X ) 0 Vourt OPEN
HIGH|HIGH X x ) Vs OPEN OPEN

supply and a portion of the functions of the built-in power
supply.

When (T1, T2) = (HIGH, LOW), the boosting circuit
does not work and open the boosting circuit terminals
(CAP1+, CAP1-, CAP2+ and CAP2-) and apply liquid
crystal driving voltage to the Vout terminals from outside.

When (T1, T2) = (HIGH, HIGH), the boosting circuit and
voltage regulation circuit do not work and open the
boosting circuit terminals and the VR terminals and
apply liquid crystal driving voltage connecting the V
terminals.
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Voltage tripler

By connecting capacitors C1 between CAP1+ and
CAP1-, CAP2+ and CAP2- ands#Vout, the electric
potential between bb-Vssis boosted to the triple
toward negative side and outputted from the Vout termi-

nal. When a double boosting is required, disconnect the

capacitor between CAP2+ and CAP2- and short-circuit
the CAP2- and Vout terminals to obtain output boosted
to the double out of the Vout (or CAP2-) terminal.
Signals from the oscillation circuit are used in the boost-
ing circuit and it then is necessary that the oscillation
circuit is in operation.

Electric potentials by the boosting functions are given
below.

(Vcc=+5V) Vpp=0V

(GND) Vss=-5V

VouTt=2Vss=-10V

Electric potentials of double boosting

Vpp =0V

Vss=-5V

VouTt=3Vss=-15V

Electric potentials of triple boosting

Voltage Regulator

The boosting voltage occurring abyt is sent to the
voltage regulator, and thes\iquid crystal display (LCD)
driver voltage is output. Thisswoltage can be determined
by the following equation when resistors Ra and Rb (R1,
R2 and R3) are adjusted within the range ef {fVourl.

Rb
=(1+ + .
Vs=(1 Ra) VREG+IREF - Rb

—(1+ R3+R2-AR2,
=+ Ri+aR2 ) VREG

+IREF - (R3+R2-AR2)

_ VDD
R1 § VREG
Ra
AR2
+
R2 S :37 : Vs
-

VR IREF

Rb
R3 §

VREegis the constant voltage source of the IC, and it is
constant and Wgg=—2.5+ 0.15 V (if Vpp is 0 V). To
adjust the ¥ output voltage, insert a variable resistor
between V¥, Vpp and \4 as shown. A combination of R1
and R3 constant resistors and R2 variable resistor
recommended for fine-adjustment of Voltage.

Setup example of resistors R1, R2 and R3: (In case
Type 1)

When the Electronic Volume Control Function is OFF
(electronic volume control register values are
(D4,D3,b2,b1,D0)=(0,0,0,0,0)):

(1+R3+R2-AR2)

V5= R1 +AR? VREG «eevvneeenneernnanndd @
(As Irer=0 A)
* RI+R2+R3=5MD ...cccccoviiniieiiinennl @
(Determined by the current passing between
Vpp and \k)

« Variable voltage range by R2 5% —6 to —10 V
(Determined by the LCD characteristics)

AR2 = QQ, VReg = -2.55V

To obtain \§ = -10 V, from equatior®:
R2+R3=29%Rl.....cccccc0e....®

AR2 = R2, \Reg = —2.55V

To obtain \4 = -6 V, from equatior®:
1.35x(R1+R2)=R3 ............... @

From equation®, ® and®:
R1=1.27MQ
R2=0.85M2
R3=2.88MQ

Rev. 4.6
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The voltage regulator has a temperature gradient of
approximately -0.2%C as the W¥eg voltage. To obtain
another temperature gradient, use the Electronic Volume
Control Function for software processing using the MPU.

As the VR pin has a high input impedance, the shielded

and short lines must be protected from a noise interference.

In case of Type 2, similarly preset R1, R2 and R3 on the
basis of \REG= Vss

Voltage regulator using the Electronic Volume
Control Function

The Electronic Volume Control Function can adjust the
intensity (brightness level) of liquid crystal display (LCD)
screen by command control ofYCD driver voltage.
This function sets five-bit data in the electronic volume
control register, and thes\L.CD driver voltage can be
one of 32-state voltages.

To use the Electronic Volume Control Function, issue
the Set Power Control command to simultaneously operate
both the voltage regulator circuit and voltage follower
circuit.

Also, when the boosting circuit is off, the voltage must be
supplied from byt terminal.

When the Electronic Volume Control Function is used,
the V5 voltage can be expressed as follows:

Vs=(1 +§—2) VReg+ RbX AIREE..cccvviveviiieeen. ®
Variable voltage range

The increased ¥/voltage is controlled by use afdr
current source of the IC. (For 32 voltage lev&lger=
IReA31)

The minimum setup voltage of the ¥bsolute value is
determined by the ratio of external Ra and Rb, and the
increased voltage by the Electronic Volume Control
Function is determined by resistor Rb. Therefore, the
resistors must be set as follows:

1) Determine Rb resistor depending on thevsriable
voltage range by use of the Electronic Volume Control.

The S1D15206 series have the built-ippé reference
voltage and ggeg current source which are constant
during voltage variation. However, they may change due
to the variation occurring in IC manufacturing and due to
the temperature change as shown below.

Consider such variation and temperature change, and set
the Ra and Rb appropriate to the LCD used.

VREG = —-2.5\%0.15V} Typel
VREG=-0.2%/°C
VREG = Vss 1Type2
VREG = 0.00%/°C
VREG =-0.2%7C
IrRep= —3.21A£40% (For 16 levels)
IREF: 0.02$1A/°C
—6.51A+40% (For 32 levels)
0.0531A/°C

Ra is a variable resistor that is used to correct the V
voltage change due toR¥g and kggvariation. Also, the
contrast adjustment is recommended for each IC chip.
Before adjusting the LCD screen contrast, set the
electronic volume control register values to
(D4,D3,b2,Db1,D0)=(1,0,0,0,0) or (0,1,1,1,1) first.
When not using the Electronic Volume Control Function,
set the register values to (D4,D3,D02,D1,D0)=(0,0,0,0,0)
by sending the RES signal or the Set Electronic Volume
Control Register command.

Setup example of constants when Electronic Volume
Control Function is used:
V5 maximum voltage: ¥ = —6 V (Electronic
volume control register
values (D4,D3,D2,D1,D0)
=(0,0,0,0,0))

V5 minimum voltages: = —-10 V (Electronic
volume control register
values (D4,D3,D2,D1,D0)
=(1,1,11,1))

Vs variable voltage range: 4V

Variable voltage levels: 32 levels

1) Determining the Rb:

_ Vgvariable voltage range_ 4V

. R =
Rb = Vg variable voltage range 8 | IrRee] 6.53A
IREF
Rb = 625K0
2) To obtain the minimum voltage of the; ¥bsolute o
value, determine Ra using the Rb of Step 1) above. 2) Determining the Ra:
Ra=_RD __Rb _ 625KQ
Vs, {Vs=(1+RbRaxVreg Vemax _ vV,
VREG VREG —2.55V
Ra = 462KD
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S1D15600 Series Vs

V] \ \
10V |- T s
V5 Vs variable voltage range
(32 levels)
\
-5V - ]
(VoD) OV ‘ ‘ ‘

-20 0 20 40 60
Ta [iC]

According to the ¥ voltage and temperature change,
equation® can be as follows (if yp = 0 V reference):

Ta=25C
Vsmax = (1+Rb/RaX Vreg
= (1+625k/442K)¥x (—2.55V)
=—-6.0V
Vsmin = Vs max + Rbx IRgg
= —6V + 625kx (—6.54A)
=-10.0V

Ta=-10C
Vgmax = (1+Rb/Rax Vreg (Ta=-10C)
= (1+625k/462K)x (—2.55V)
x {1+(-0.2%FC) x (-10°C-25C)}
=-6.42V
Vsmin = Vsmax + Rbx Iggg (Ta=-10C)
= —6.42V + 625k
x {—6.5UA+(0.051A/°C) x
(-10C—25C)}
=-11.63V

Ta=-50C
Vsmax = (1+Rb/Rax Vreg (Ta=50C)
= (1+625k/462K) (—2.55V)
x {1+(~0.29%FC) x (50°C-25C)}
-5.7V
Vsmax + Rbx Igreg (Ta=50C)
=-5.7V + 625k
x {6.51A+(0.0521A/°C) X
(50°C-25C)}
=-8.95V

Vsmin

The margin must also be determined in the same procedure
given above by considering thegds and keg variation.

This margin calculation results show that theceénter
value is affected by thepég and keg variation. The
voltage setup width of the Electronic Volume Control
depends on theg kg variation. When the typical value of
0.2 V/step is set, for example, the maximum variatio
range of 0.12 to 0.28 V must be considered.

In case of Type 2, it so becomes that¥ = Vss(Vbb
basis) and there is no temperature gradient. Howeve
IREF carries the same temperature characteristics as wi
Type 1.
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Example of Vs Voltage When Using S1D15600/601/602 Series Electronic Volume

~14

(V)

-12

-10

V5

Liquid Crystal Voltage Generating Circuit

A Vs potential is resistively divided within the IC to
cause Y, V2, V3and  potentials needed for driving of
liquid crystals. The Y, V2, V3 and \ potentials are
further converted in the impedance by the voltage fol-
lower before supplied to the liquid crystal driving circuit.
The liquid crystal driving voltage is fixed with each type.

| S1D15600/601/602 Series V5 |

O
e
- —
5 \0\\
— (l
| —
— ‘[]D\\\\&
- =
- ® V5 Min.
— o V5typ
— O V5 Max.
ol | | | | | | |
-20 -10 0 10 20 30 40 50 60

Ta (°C)

As shown in Fig. 8, it needs to connect, externally voltage
stabilizing capacitors C2 to the liquid crystal power

terminals. When selecting such capacitor C2 make
actual liquid crystal displays matching to the display

capacity of the liquid crystal display panel, before deter-
mining on the capacitance as the constant value for
voltage stabilization.

types

Liquid crystal driving voltage

S1D15600D00B*

1/9 bias voltage

S1D15600D10B*

1/7 bias voltage

S1D15601D00B*

1/7 bias voltage

S1D15601D10B*

1/5 bias voltage

S1D15602D00B*

1/5 bias voltage
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When the built-in power circuit is used

Rf *1

When the built-in power circuit is not used

Rt

(A/\/\W —e— \/DD WAAW —e— VDD
oscl osc2 M/S oscl osc2 M/S
Vss CL Vss CL
—| CAP1 AP1
i c1 C + j L C + —l
Vss | T T— cAP1- Vss Vss CAP1- Vss
Cl__le CAP2+ CAP2+
T—| CAP2- CAP2-
VouTt VouTt
R3
Vs Vs
R22<——— VR S1D1560%D**Bx* VR  S1D1560xDx*B*
VbD *2 VDD
—o— R1 ——
VDD VDD
—F— V1 V1
F —A V2 External V2
C2 —F—{ Vs supply V3
L Va voltage Va
—F— Vs Vs
Reference set values:
S1D15600 ¥ = -11~-13V *1 Connect oscillator feedback resistard® short
S1D15601 ¥ = -7~ -9V as possible and place it close to the IC for
S1D15602 ¥ = -5~ -7V (Variable) preventing a malfunction.
*2 Use short wiring or shielded cables for the VR
S1D15600({S1D15601|S1D15602 pin due to high input impedance.
Cl | 4.7uF 2.2to 2.2to . ) .
4.7 uF 4.7 UF *3 Determine C1, C2 depending on the size of LCD
panel driven. You must set these values so that
C2 | O.1to 0.1to 0.1 pF the LCD driving voltage becomes stable. Set
0.47 uF | 0.47 pF (T1, T2)=(HIGH, LOW) and supply an external
voltage to \buT. Display the LCD heavy load
R1 1MQ 700kQ | 500 kQ pattern and determine C2 so that the LCD driving
R2 | 200 kQ 200 kQ | 200 kQ voltages (M to Vs5) become stable. Then, set
(T1, T2)=(LOW, LOW) and determine C1.
R3 4MQ 1.6 MQ 700 kQ Set the same capacitance for C2.
LCD| 32x51 16x67 8x75
SIZE mm mm mm *4 The “LCD SIZE” indicates the vertical and
horizontal length of the LCD panel display area.
DOT| 64x102 | 32x134 | 16x150
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* Precautions when installing the COG

When installing the COG, it is necessary to duly consider
the fact that there exists a resistance of the ITO wiring
occurring between the driver chip and the externally

connected parts (such as capacitors and resistors). By the

influence of this resistance, non-conformity may occur
with the indications on the liquid crystal display.
Therefore, when installing the COG design the module
paying sufficient considerations to the following three

points.

1. Suppress the resistance occurring between the driver
chip pin to the externally connected parts as much as
possible.

2. Suppress the resistance connecting to the power
supply pin of the driver chip.

3. Make various COG module samples with different

ITO sheet resistance to select the module with the
sheet resistance with sufficient operation margin.

Also, as for this driver IC, pay sufficient attention to the
following points when connecting to external parts for
the characteristics of the circuit.

1.

Connection to the boosting capacitors The boosting
capacitors (the capacitors connecting to respective

CAP pins and capacitor being inserted between
Vout and \ss) of this IC are being switched over
by use of the transistor with very low ON-resistance
of about 1@. However, when installing the COG,

the resistance of ITO wiring is being inserted in
series with the switching transistor, thus dominating
the boosting ability.

Consequently, the boosting ability will be hindered
as a result and pay sufficient attention to the wiring
to respective boosting capacitors.

Connection of the smoothing capacitors for the
liquid crystal drive

The smoothing capacitors for the liquid crystal
driving potentials (M. V2, V3 and \4) are
indispensable for liquid crystal drives not only for
the purpose of mere stabilization of the voltage
levels. If the ITO wiring resistance which occurs
pursuant to installation of the COG is supplemented
to these smoothing capacitors, the liquid crystal
driving potentials become unstable to cause non-
conformity with the indications of the liquid crystal
display. Therefore, when using the COG module,
we definitely recommend to connect reinforcing
resistors externally.

Reference value of the resistance is ID@x 1MQ.
Meanwhile, because of the existence of these
reinforcing resistors, current consumption will
increase.

Indicated below is an exemplary connection diagram of
external resistors.

Please make sufficient evaluation work for the display
statuses with any connection tests.

Exemplary connection diagram 2.

Exemplary connection diagram 1.

T VDD

VDD
Ras Ra3

Il Vi
C2| [ "
Q0
3
Il ]
o
ca!! Va2 L
—
o
o
~
3

' Y;

s 3 ©
ca! ©
(]
—
"

+—| 2

ca!!
R42R432
|| Vs
col

T VDD

VDD
Il Vi
coll 2
R43 E
Il ]
co!! V2 5
-
o
©
~
3
) | o
Co [ V3 a
Raz =
(%))
_| | Va
ca!!
|
C2| | Vs
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Reset

When power is turned ON, the S1D15600/601/602 series
is initialized on the rising edge of RES. Initial settings are
as follows.

1. Display . OFF

2. Display mode : Normal

3. n-line inversion . OFF

4. Duty cycle : 1/64 (S1D15600)

1/32 (S1D15601)

. Serial interface register data: Cleared
Line 1

5. ADC select : Normal (DO =L)
6. Read/write modify . OFF

7. Internal power supply . OFF

8

9

Display initial line register :

Column address counter : 0O
11. Page address register . Page O
12. Output selection circuit . Case 6
13. n-line inversion register . 16

14. Set the electronic control register to zero (0).

RES should be connected to the microprocessor reset
terminal so that both devices are reset at the same time.

RES must be LOW for at leasfd to correctly reset the
S1D15600/601/602 series. Normal operation stauss 1
after the rising edge on RES.

If the built-in LCD power circuit of the S1D156@** B*

is not used, the RES signal must be low when the external
LCD power supply is turned on. When the RES goes low,
each register is cleared to the above listed initial status.
However, the oscillation circuit and output pins (OSC2,
FR, SYNC, CLD, DYO, DO to D7 pins) are not affected.

If the S1D15600 is not properly initialized when power
is turned ON, it can lock itself into a state that cannot be
cancelled.

Although S1D15600/601/602 Series devices maintain
the operation status under commands, when external
noise of excessive levels enters, their internal statys may
be changed. Consequently, it is necessary to provide
means to suppress noise occurring from package or the
system or orovide means to avoid influence of such
noise.

Also, to cope with sudden noise, we suggest you to set up
the software so the operation status can be periodically
refreshed.

When the Reset command is used, only initial settings 9
to 14 are active.

Rev. 4.6
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8. COMMANDS

The Command Set

A0, RD(E) and WR(R/W) identify the data bus com-
mands. Interpretation and execution of commands are
synchronized to the internal clock. Since a busy check is

and it is set to the write status when a low pulse is entered
in this pin. The command is activated when a high pulse
is entered in the E pin. (For their timings, see Section 10
“Timing Characteristics.”) Therefore, the 68-series MPU
interface differs from the 80-series MPU interface in the
point where the RD (or E) signal is 1 (or high) during

normally not needed, commands can be processed at status read and during display data read explained in the

high speed.

For the 80-series MPU interface, the command is acti-
vated when a low pulse is entered in the RD pin during

read or when a low pulse is entered in the WR pin during
write. While the 68-series MPU interface is set to the

read status when a high pulse is entered in the R/W pin,

command description and on the command table. The
following command description uses an 80-series MPU
interface example.

If the serial interface is selected, data is sequentially
entered from D7.

Table 7. S1D15600/601/602 series command table

Code )
Command — Function
A0 |RD |WR | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Turns the LCD display ON
. 0 1 0 1 0 1 0 1 1 1 0 |and OFF
(1)Display ON/OFF 1 |0:OFF
1:0ON
(2)Display START : Determines the RAM
Line set 0 1 0 0 1 Dispaly start address display line for COM 0
Sets the display RAM
(3)Page address set | 0 1 0 1 0 1 1 Page address pages in the Page
Address register.
Sets the high order 4
(4)Column address set; 0 1 0 0 0 0 1 High-order bits of the display RAM
high-order 4 bits column address column address in the
register.
Sets the low-order 4 bits
4)Column address set; Low-order of the display RA
0 1 0 0 0 0 0
low-order 4 bits column address column address in the
register.
Reads the status
(5)Status read 0 0 1 Status 0 0 0 0 information.
(6)Display data write | 1 1 0 Write Data \évﬂltvefs data in the display
(7)Display dataread | 1 0 1 Read Data (I;gg%s;ldgl'&z?wf.rom the
Outputs the display RAM
8)ADC select 0 1 0 1 0 1 0 0 0 0 0 address for SEG.
1
0: Normal 1: Reversed
Displays the LCD image
(9)Normal/reverse 0 1 0 1 0 1 0 0 1 1 (1) in normal or reverse
display mode.
0: Normal 1: Reversed
: ; Lights all segments.
(1OOI)\I?IOSIQ:3y all points| 0 1 0 1 0 1 0 0 1 0 (1) 0: Normal display
1: AllON
0 1 0 1 0 1 0 1 0 0 0 |Sets LCD drive duty (1).
(11)Duty select 1 |0:1/24, 48 1:1/32, 64
0 1 0 1 0 1 0 1 0 1 0 | Sets LCD drive duty (2).
(12)Duty +1 1 [0:Normal 1: Duty+1
Sets the line reverse
(13)n-line reverse 0 1 0 0 0 1 1 No. of reversed driving and No. of
register set n-lines reverse lines in the line
reverse register.
(14)n-line reverse 0 1 0 0 0 1 0 0 0 0 0 |Releases the line reverse
register release driving.
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Code )
Command —— Function
A0 |RD |WR | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Increments by 1 during
. . 0 1 0 1 1 1 0 0 0 0 0 | write of column address
(15)Read Modify write counter, and setto 0
during read.
0 1 0 1 1 1 0 1 1 1 0 |Releases the Read
(16)End Modify write mode.
(17)Reset 0 1 0 1 1 1 0 0 0 1 0 Internal reset
(18)Output status 0 1 0 1 1 0 0 Sets the COM and SEG
register set Output status status in registers.
(19)LCD Power 0 1 0 0 0 1 0 0 1 0 0 |0: Power OFF
supply ON/OFF 1 |1: Power ON
e Completes the turn-on
(2,5%)Bl'|"|%?\|?8‘|’:v§r 0 & 0 1 & : 0 1 : 0 1 sequence of built-in
pply power supply.
(21)Electronic volume| O 1 0 1 0 0 Electronic control \?oelg tgeir:/ ?hzué?;étronic
control register set value contr%l regi
gister.
A complex command to
(22)Power save turn off the display and
light all indictors.
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(1) Display ON/OFF
Alternatively turns the display ON and OFF.

E |RIW
Aoﬁmm D6 |Ds |Da |D3 |D2 | D1 |Do
oj1(0|f1|0|2|0|1|1|1/|D
Note

D =0 Display OFF
D=1 Display ON

(2) Display Start Line Set

Loads the RAM line address of the initial display line,
COMO, into the initial display line register. The RAM
display data becomes the top line of the LCD screen. It
is followed by the higher number lines in ascending
order, corresponding to the duty cycle. The screen can be
scrolled using this command by incrementing the line
address.

E [RIW

Ao &0 |WR D7 | Deé |Ds | D4 | D3 |D2 | D1 | Do
0|1 ] 0] 0|1 |A5|A4|A3[|A2|Al1|AO
A5 Ad A3 A2 Al A0 |Line address

0 0

1 1

0 2

l l

1 1 1 1 1 0 62

1 1 1 1 1 1 63

(3) Page Address Set

Loads the RAM page address from the microprocessor
into the page address register. A page address, along with
a column address, defines a RAM location for writing or
reading display data. When the page address is changed,
the display status is not affected.

Page address 8 is a special use RAM area for the indica-
tor. Only DO is available for data exchange.

A3 A2 Al A0 Page

0 0 0 0

0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8

(4) Column Address Set

Loads the RAM column address from the microproces-
sor into the column address register. The column address
is divided into two parts-4 high-order bits and 4 low-
order bits.

When the microprocessor reads or writes display data to
or from RAM, column addresses are automatically
incremented, starting with the address stored in the
column address register and ending with address 166.
The page address is not incremented automatically.

E |RIW
Ao =D |WR D7 | De | D5 | D4 | D3| D2 |D1 |Do
011 O O0O| 0|0 |1 |A7|A6 |A5|A4
E |RIW
Ao =D |WR D7 | D6 | D5 | D4 | D3| D2 |D1 |Do
0|1 0O O0O| 0|0 ]| 0 |A3|A2 |Al1|AO
A7 |A6 | A5 | A4 |A3 |[A2 |A1l |AO |Column address
0O|0|] 0] 0O0|]O0|]O0O] O] O 0
0O|0] 0] 0] O0|]O0] O] 12 1
! !
1lof1]loflof[1]0]1 165

(5) Status read

Aol E RIW D7 | De |Ds |Da | D3 D2 | D1 | Do Indicates to the microprocessor the four S1D15600 status
RD |WR conditions.
0|1 0|10 |1]|1|A3[|A2|ALl|AO AoR—%'\jvigD7DeD5D4D3D2D1D0
0|0 1 BusylADC|SNRES | 0 | 0| 0]o0
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BUSY Indicates whether or not the S1D15600 will  (8) ADC Select
accepta command. If BUSY is 1, the device
is currently executing a command or is reset-
ting, and no new commands can be accepted.
If BUSY is 0, a new command can be ac-
cepted. Itis not necessary for the microproc-

Selects the relationship between the RAM column ad-
dresses and the segment drivers. When reading or
writing display data, the column address is incremented
as shown in figure 4.

essor to check the status of this bit if enough E |RW
time is allowed for the last cycle to be com- | ~°| | wr| P7| Dé| D5| D4| D3| D2| D1 Do
pleted.

ADC Indicates the relationship between RAM col- 01| 0y1y0(2y,0|0|]0|]O0]|D

umn addresses and the segment drivers. |If
ADC is 1, the relationship is normal and Note

column addressa corresponds to segment D =0 Rotate right (normal direction)
drivern. If ADC is 0, the relationship is D =1 Rotate left (reverse direction)
inverted and column address (165 -€orre- . . .
sponds to segment driver (169 The output pin relationship can also be changed by the

ON/OFF  Indicates whether the display is ON or OFF, ~ MICroprocessor. There are very few restrictions on pin
If ON/OFF is 1, the display is OFF. If ON/ assignments when constructing an LCD module.
OFF is 0, the display is ON. Note that this is .
the opposite of the Display ON/OFF com-  (9) Normal/Reverse Display
mand. Determines whether the data in RAM is displayed nor-
RESET Indicates when initialization is in process as  mally or inverted.
the result of RES or the Reset command.

E [RW
Ao| == |55
(6) Display Data Write RD| WR

Writes bytes of display data from the microprocessor to ol1l ol 1l ol1l0lo0ol1]l1|D
the RAM location specified by the column address and
page address registers. The column address is incremented
automatically so that the microprocessor can continu-

D7| De| Ds| D4 | D3| D2 | D1| Do

Note

ously write data to the addressed page. D=0 (I;qg?m%:f)gment is ON when RAM data is 1
T o T Lo Ton oo oa o o D=1 (Ii_ri/Derzeég)iment is ON when RAM data is 0
RD |WR :
(10) Display All Points ON/OFF
IR Write data Turns all LCD points ON independently of the display

data in RAM. The RAM contents are not changed.

(7) Display Data Read This command has priority over the normal/inverse
Sends bytes of display data to the microprocessor from display command.

the RAM location specified by the column address and E |riW
page address registers. The column address is incremented| Ao RD| WR
automatically so that the microprocessor can continously
read data from the addressed page. Adummyreadis | g| 1| ol 1/ ol 1!l 0lo0o!l1 |l 0! D
required after loading an address into the column address
register.

Display data cannot be read through the serial interface.

D7| De | Ds| D4 | D3| D2 | D1| Do

Note
D =0 Normal display status
D=1 Alldisplay segments ON

E |RIW If this command is received when the display status is
A0 |5= |7s || D7 | De | Ds | D4 | D3 |D2 |D1 |Do ;

RD [WR | 7 > | ' OFF, the Power Save command is executed.
110 |1 Read data
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(11) Duty Select

Selects the LCD driver duty.
Since this is independent from contents of the output

(13) n-line Reverse Register Set

Selects the number of inverse lines for the LCD AC
controller. The value af is set between 2 to 16 and is

status register, the duty must be selected according to the stored in ther-line inversion register.

LCD output status.
In multi-chip configuration, the master and slave devices
must have the same duty.

E_|RW

Ao WR

D7 | Deé |Ds |D4 | D3 |D2 | D1 |Do

of1|0)j1|j0}2(0|1|0|0)|D

Model D Duty
S1D15600 J Ve
S1D15601 g igg
S1D15602 g e

(12) Duty + 1

Increases the duty by 1. If 1/48 or 1/64 duty is selected
in the S1D15600 for example, 1/49 or 1/65 is set, respec-
tively and COML1 functions as either the COM48 or
COMG64 output. The display line always accesses the

E |RIW
Ao =D |WR D7| D6 | D5 | D4 | D3 |D2 | D1 | Do
0|1 OJO0] 0|1 |1 |A3|A2]|Al1|AO
Number of inverted
A3 A2 Al A0 lines
0 0 0 0 -
0 0 0 1 2
0 0 1 0 3
! !
15
1 1 1 1 16

Do not use this command when using the votage follower
of the built-in power supply, the characteristics of the
built-in power supply cannot then be guaranteed to stay
within the specification.

(14) n-line Reverse Register Release
Cancelsi-line inversion and restores the normal 2-frame

RAM area corresponding to page address 8, DO. (Refer AC control. The contents of tmeline inversion register

to Figure 4.)
In multi-chip configuration, the Duty + 1 command must
be executed to both the master and slave sides.

R/W

E_|RW
WR

Ao RD D7 | De6 |D5s | D4 | D3 |D2 | D1 | Do

ojr|0)1j0}12|0|12(0/|1)|D

are not changed.

E [RW

RD |WR

Ao WR

D7 | De | Ds |D4 |D3 |D2 | D1 | Do

oj1|o0jp0|j0f212(0|0|0]|0O]O

(15) Read Modify Write

Model D Duty Following this command, the column address is no
longer incremented automatically by a Read Display
S1D15600 0 1/48 or 1/64 Data command. The column address is still incremented
1 1/49 or 1/65 by the Write Display Data command. This mode is
cancelled by the End command. The column address is
S1D15601 0 1/24 or 1/32 then returned to its value prior to the Modify Read
1 1/25 or 1/33 command. This command makes it easy to manage the
duplication of data from a particular display area for
S1D15602 0 1/16 features such as cursor blinking.
1 1/17
E |RW
Aoﬁvﬁ D7 | D6 | D5 |Da | D3 |D2 | D1 | Do
of1/0f{2(1(1j0|0|O0O|0O]O
Note that the Column Address Set command cannot be
used in modify-read mode.
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(16) End
Page address set. Cancels the modify read mode. The column address
¢ prior to the Modify Read command is restored.
Column address set. E [R/W
A0 | =5 |wr I|P7 | Ds | Ds | D4 | D3 |D2 | D1 | Do

-
-

Y

o101 2}j1{0|2|121|1|0

Read-modify—write cycle.

I (17) Reset
Resets the initial display line, column address, page

Dummy read. address, and-line inversion registers to their initial
¢ values. This command does not affect the display data in
RAM.
Data read.
¢ E |[RW
Aoﬁvﬁ D7 | Deé |Ds | D4 | D3| D2 |D1 Do
Data write.
ofa12j0f212{2|1}j0j0]jO0O]|1]|O

The reset command does not initialize the LCD power
supply. Only RES can be used to initialize the supplies.

Changes
finished?

)

Figure 13. Command sequence for
cursor blinking

Return

|

Column

address ><‘ N XNt X2 XN X=X e XN ><1
Read—modify—write mode set End

(18) Output Status Register Set E IR

Available only in the S1D15600 and S1D15601. A0l 25 |wr | D7 | Dé | D5 | D4 | D3 |D2 | D1 | Do
This command selects the role of the COM/SEG dual

pins and determines the LCD driver output status. ol1loll1l12101]0|A3|A2]|A1|A0
The COM output scanning direction can be selected by

setting A3 to HIGH or LOW. For details, refer to the

Output Status Circuit in each function description. A3: Selection of the COM output scanning direction
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Number of
A, AL A, Cs)‘t‘tp“t COMISEG Remarks
atus :
Output pins
Applies to the
0 0 0| Caseb6 | SEG166 SED1560/61.
0 0 1 | Caseb |SEG134,COM 32
Applies to the
0 1 0| Case4 |SEG134,COM 32 SED1561
0 1 1| Case3 |SEG134,COM 32
1 0 0| Case2 | SEG 102, COM 64 Applies to the
1 0 1| Casel |SEG 102, COM 64 SED1560
1 1 0| Case6 | SEG 166 Applies to the
1 1 1| Case6 |SEG166 SED1560/61

(19) LCD Power Supply ON/OFF

Turns the S1D156(D** B* internal LCD power supply
ON or OFF. When the power supply is ON, the voltage
converter, the voltage regulator circuit and the voltage
followers are operating. For the converter to function,
the oscillator must also be operating.

RIW

E _|RW
WR

Ao RD D7 | De | Ds | D4 | D3 |D2 | D1 | Do

oj12/0jo0|0|2(0|0|1]|0]|D

Note
D=0 Supply OFF
D=1 Supply ON

When an external power supply is used with the
S1D15600B3* Bx*, the internal supply must be OFF.

Sequence in the Built-in Power supply

ON/OFF Status

To turn on built-in power supply, execute the above built-

in power supply ON sequence. To turn off internal power
supply execute the power save sequence as shown in the
following power supply OFF status. Accordingly, to turn

on built-in power supply again after turn it off (power
save), execute the “Power Save Clear Sequence” that
will be described afterwards.

Built-in power supply ON status

Reset by RES signal

v

*1 | Output Status Select | command  A*(H)
*D command AB(H)

|Electronic Volume Control | setup **(H)

|Interna| Power Supply ON | command  25(H)

*4.5 (Waiting time)
*3 |Power Supply Startup End | command ED(H)
Built-in power supply OFF status

command  AE(H)
| Output St:tus case 6 | command CF(H)
*D command  AA(H)
command  A5(H)

Regarding the S1D15602, it is not necessary to
execute a command to decide an output status.

If the S1D15600B* B* is used in a multiple-chip  *2: When the COMI pin is not used, it is not necessary
configu-ration, an external power supply that meets the to enter the DUTY+1 and DUTY+1 Clear com-
specifications of the LCD panel must be used. An mands.
S1D15600 operating as a slave must have its internal *3: \When the built-in power supply startup end com-
power supply turned OFF. mand is not executed, current is consumed
stationarily.
(20) Built-in Power Supply ON/OFF Built-in power supply startup end command must
This command turns on the built-in power supply. always be used in a pair with built-in power supply
ON command.
— *4: The waiting time depends on the externally-in-

A lE RWID, DslDs | Da|Ds|D2 |D1|Do stalled capacitance C2 (refer to 7-37). After the

RD |WR waiting time shown in Graph 1, the power supply

ol1lolzl1l1lol1l1lo0l1 can be started surely.

The S1D15600 series has the built-in, low-power LCD
driving voltage generator circuit which can cut almost all
currents except those required for LCD display. This is
the primary advantage of the S1D15600 series product.
However, it has the LOW power and you need perform
the following power-on sequence when turning on the
built-in power supply:
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120

(ms)
100

80
60
40
20

Waiting
time

I I

1

[} I I

[ [ I I
I T I I

1 >1/5 bias 1 1 1 1

Vs voltage conditions
1/9 bias Vs = —6.0 to -16.0 V
1/7 bias Vs = -5.0 to -12.0 V
1/5 bias Vs = —-4.5t0 -8.0 V

0 0.5

Capacitance C2
Graph 1

*5:

Within the waiting time in built-in power supply ON status, any command other than built-in power supply control

commands such as Power Save, and display ON/OFF command, display normal rotation/reverse command, display
all ON command, output status select command and DUTY+1 clear command can accept another command without
any problem. RAM read and write operations can be freely performed.

(21) Electronic Volume Control Register Set

Through these commands, the liquid crystal driving
voltage \5 being outputted from the voltage regulation
circuit of the built-in liquid crystal power supply, in order
to adjust the contrast of the liquid crystal display.

By setting data to the 4 bit register, one of the 16 voltage
status may be selected for the liquid crystal driving
voltage \6. External resistors are used for setting the
voltage regulation range of the.\For details refer to the
paragraph of the voltage regulation circuit in the Clause
for the explanation of functions.

E |[RW
Ao &0 |WR D7 | De | Ds | D4 | D3 |D2 | D1 | Do
0|1 O] 1]| 0|0 |A4d|A3|A2]|Al|AO
A4 A3 A2 Al A0 |V 5|

0O O O O 0 |Small(asthe absolute value)

Large (as the absolute value)

When not using the electronic volume control function,
setto (0, 0, 0, 0, 0).

(22) Power Save (Complex Command)

If the Display All Points ON command is specified in the
display OFF state, the system enters the power save
status, reducing the power consumption to approximate
the static power consumption value. The internal state in
the power save status is as follows:

(a) The oscillator and power supply circuits are stopped.

(b)
(©)
(d)

(e)

The LCD driver is stopped and segment and com-
mon driver outputs output theDd level.

An input of an external clock is inhibited and OSC2
enters the high-impedance state.

The display data and operation mode before execu-
tion of the power save command are held.

All LCD driver voltages are fixed to theDd level.

The power save mode is cancelled by entering either the
Display ON command or the Display All Points OFF
command (display operation state). When external vol
age driver resistors are used to supply the LCD drive|
voltage level, the current through them must be cut off b
the power save signal.

If an external power supply is used, it must be turned OFF
using the power save signal in the same manner and
voltage levels must be fixed to the floating @bMevel.

Sequence in the Power Save Status

Power Save and Power Save Clear must be executed
according to the following sequence.

To give a liquid crystal driving voltage level by the
externally-installed resistance dividing circuit, the cur-
rent flowing in this resistance must be cut before or
concurrently with putting the S1D15600/601/602 series
into the power save status so that it may be fixed to the
floating or \bD level.

When using an external power supply, likewise, its
function must be stopped before or concurrently with
putting the S1D15600/601/602 series ino the power save
status so that it may be fixed to the floating opVevel.

In a configurationinwhich an exclusive common driver
such as S1D16700 is combined with the S1D15600/601/
602 series, it is necessary to stop the external power
supply function after putting all the common output into
non-selection level.
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Power save sequence

Display OFF

*3 | Output Status case 6 |
*2 *DUTY+1 Clear
*1 Display All ON

command

command

command

command

AE(H)
CF(H)
AA(H)

A5(H)

*3

*2

*1

*6

*5

*1: In the power save sequence, the power save status is
provided after the display all ON command. In the
power save clear sequence, the power save status is *5
cleared after the display all ON status OFF com-

mand.

*2 When the COMI pin is not used, it is not necessary to
eneter the DUTY+1 command and DUTY+1 clear

command.

*6

*3 In the S1D15602, it is not necessary to execute a
command to decide an output status.
*4 The display ON command can be executed any-

Power save clear sequence

Reset by RES signal

| Output Status Select | command

*DUTY+1 command

|Interna| Power Supply ON | command

[ Display All ON Status OFF |

(Waiting time)

|Power Supply Startup Endl command

where if it is later than the display all ON status OFF

command.

When internal power supply startup end command is
not executed, current is consumed stationarily. In-
ternal power supply startup end command must
always be used in a pair with internal power supply

ON command.

The waiting time depends on the Externally-installed
capacitance C2 (refer to 7-46). After the waiting
time shown in the above Graph 1, the power supply

can be started surely.

C*(H)
AB(H)

25(H)

ED(H)
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9. COMMAND DESCRIPTION — INSTRUCTION SETUP EXAMPLES
Instruction Setup Examples
Initial setup

Note: As power is turned on, this IC outputs non-LCD-drive potentials V3 from SEG terminal (generates output
for driving the LCD) and ¥-V4from COM terminal (also used for generating the LCD drive output). If charge
remains on the smoothing capacitor being inserted between the above LCD driving terminals, the display screen
can be blacked out momentarily. In order to avoid this trouble, it is recommended to employ the following
powering on procedure.

* When the built-in power is used immediately after the main power is turned on:

Turn on Vbb and Vss power while maintaining
RES terminal at LOW.

l

| Wait until the power supply is stabilized. |

l

| Cancel the reset mode (RES terminal = HIGH). |

l

| Turn on the initial setup mode (Default). *1 |

1

Function select through the commands (user setup).

ADC select *2 ) . .
Output state register set *3 Operations ranging from powering on
Duty select *4 through the power control set must be
Duty + 1 *5 completed within 5 ms.

Electronic volume *6
n-line inversion register set *7

l

Function select through the command (user setup).
Built-in power supply ON *8

Waiting time *9

Function select through the command (user setup)
Powering on is complete *10

}

Initial setup is complete |

* This duration of 5 ms depends on the panel characteristics as well as capacity of the capacitor concerned.
Check them on the actual system.

Notes: *1: Refer to the “Reset Circuit” in the Function Description.
*2. Refer to the “ADC Select” in the Command Selection (8).
*3: Refer to the “Output State Register Set” in the Command Description (18).
*4. Refer to the “Duty Select” in the Command Description (11).
*5: Refer to the “Duty + 1” in the Command Description.
*6: Refer to the “Supply Circuit” in the Function Description and the “Electronic Volume Register Set” in
the Command Description (21).
*7: Refer to the “n-line Inversion Register Set” in the Command Description (13).
*8: Refer to the “Built-in Power Supply ON/OFF” in the Command Description (21).
*9: Refer to the “Built-in Power Supply ON/OFF Sequence” in the Command Description.
*10: Refer to the “Built-in Power Supply ON Complete” in the Command Description (20).
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* When the built-in power supply is not used immediately after the main power is turned on:

| Turn Vop and Vss power on with RES terminal being set to LOW. |

1

Wait until the power supply is stabilized. |

l

Cancel the reset mode (RES terminal = HIGH) |

The power save mode
l must be turned on within

Turn on the initial setup mode (Default) *1 | 5 ms from powering on.

1

Implement the power save sequence (multiple commands) *11 |

|

Function select through the commands (user setup)
ADC select *2
Output state register set *3
Duty select *4
Electronic volume *6
n-line inversion register set *7

1

Implement the power save cancel sequence *12 |

!

Initial setup is complete |

* This duration of 5 ms depends on the panel characteristics as well as capacity of the capacitor concerned. Check
them on the actual system.

Notes: *1: Refer to the “Reset Circuit” in the Function Description.

*2:
*3:
*4:
*6:

*7:
*g-

Refer to the “ADC Select” in the Command Description (8).

Refer to the “Output State Register Set” in the Command Description (18)

Refer to the “Duty Select” in the Command Description (11).

Refer to the “Supply Circuit” in the Function Description and the “Electronic Volume Register Set” in
the Command Description (21).

Refer to the “n-line Inversion Register Set” in the Command Description (13).

Refer to the “Built-in Power Supply ON/OFF” in the Command Description (19).

*11,12: You can select either the sleep mode or standby mode for the power save mode. Refer to the “Power

Save (Multiple Commands)” in the Command Description (22).
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» Data Display

Initial setup is complete |

l

Function select through the commands (user setup)
Display start line set *13
Page address set *14
Column address set *15

l

Function select through the command (user setup)
Display data write *16

1

Function select through the command (user setup)
Display ON/OFF *17

}

Data display is complete |

Notes: *13:Refer to the “Display Line Set” in the Command Description (2).
*14: Refer to the “Page Address Set” in the Command Description (3).
*15:Refer to the “Column Address Set” in the Command Description (4).
*16: Refer to the “Display Data Write” in the Command Description (6).
*17:Refer to the “Display ON/OFF”" in the Command Description (1).
It is recommended to avoid the all-white-display of the display start data.

e Powering Off *18

Any state | The time spent for the operations ranging from power
save through powering off (Vbb — Vss = 2.4V) (L)
l must be longer than the time required for Vs to V1 go

under the LCD panel threshold voltage (normally 1V).
* tH is determined by time constant of the external
resisters Ra and Rb (for adjusting voltages Vs to V1)
l and the smoothing capacitor C2.
* |t is recommended to cut tL shorter by connecting a
| resistor between Vop and Vs.

Function select through the command (user setup)
Power save sequence *19

Turn Vop and Vss power

Notes: *18:This IC functions as the logic circuit of the power supplEs-/Vss and used for controlling the
driver of LCD power suppliestb — Vs. Thus, if power suppliestb — Vssare turned off while
voltage is still present on LCD power suppliesb\V~ Vs, drivers (COM and SEG) may output
uncontrolled voltage. Therefore, you are required to observe the following powering off procedure:
Turn the built-in power supply off, then turn off the IC power supplieD(¥ Vss) only after making
sure that potential of 3~ V1 is below the LCD panel threshold voltage level. Refer to the “Supply
Circuit” in the Function Description.

*19:When the power save command is entered, you must not implement reset from RES terminabuntil V

Vsspower are turned off. Refer to the “Power Save” in the Command Description.

» Refresh
It is recommended that the operating modes and display contens be refreshed periodically,to prevent the effect of
unexpected noise. This sequence, however, must not be turned on as long as the initial setup, data display or powerin
off sequence is taking place.

Refresh sequence

Set every command according to the state being selected
(including setup of the default state).

!

Refresh the DDRAM.
|
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Connection between LCD drivers

The LCD display area can be increased by using the
S1D15600/601/602 series in a multiple-chip configuration
or with the S1D15600/601/602 series special common
driver (S1D16300).

Application with external Driver

S1D1566 D** B*-S1D16300

S1D16300 FR < FR S1D1560%D%%Bx  M/S
SYNC (Master)
DIO YscL 0SC1 0SC2 CL CLO DYO

A

A
Rf
Vss

S1D156@ D**x B*¥—S1D1568 Dx* B*
(when oscillator circuit is used)

VbD
M/S S1D1560xD#*Bx FR

FR S1D1560xDx%xBx  M/S
(Master) SYNC SYNC (Slave) Vss
0OSC1 0sC2 CL CLO DYO

0OSC1 0sC2 CL CLO DYO

A
Rf ‘ 7}7 Vss 7}7 Vss

v

4

(Master) SYNC »{ SYNC (Slave)

Vbb
M/S S1D1560%D00% FR > FR S1D1560%D00% M/S 17

0SC1 0sC2 CL CLO DYO 0SC1 0OsC2 CL CLO Dbyo

VbD
A
Rf Vss 7}7 L‘ Vss 7}7

S1D156@ D** B*¥—-S1D156@ D**x B* (External clock)

——
Vop
— M/S S1D1560%D*x*B* FR > FR S1D1560%D00% M/S
(Master) SYNC »|{ SYNC (Slave) Vss
OSC1 0sC2 CL CLO DYO OSC1 0sC2 CL CLO DYO

Vob

QVSS% A L‘Vss7;7 4

External clock
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Microprocessor Interface
The S1D15600/601/602 series interfaces to either 8080- using a serial interface. When used in a multiple-chip

or 6800-series microprocessors.

connections to the microprocessor can be minimized by select signals from the microprocessor.

8080-series microprocessors

Serial interface

——
\
Vcce AO »| AO Vbb
C86
Alto A7 » CS1 l
Decoder .l CS?
MPU IORQ - S1D15600
DO to D7 DO to D7
RD » RD
WR - wr sl 1
onp  RES ) >0 RES Ves
RESET
ouva
6800-series microprocessors
——
\
Vcc AO »| AQ VbD
A0 to A15 » CS1
Decoder _
MPU VMA - Cs2 S1D15600
DO to D7 DO to D7
E > E
R/W » RIW P/S j
GND RES j\ » RES Vss
RESET
e
——
\
Vce A0 »| AO VoD
C86
AO to A7 » CS1 l
Decoder _
MPU Cs2 S1D15600 Vob
or
PORT1 » S| GND
PORT2 > SCL
P/S
GND  RES 1 IRES s l
RESET
oa

The number of configuration, the S1D15600 is controlled by the chip
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LCD Panel Interface Examples

Single-chip configurations

65 x 102

ﬁ Segments

=

Commons

S1D15600
(Master)

Case 1

33x134

ﬁ Segments

Td

Commons

S1D15601
(Master)

Multiple-chip configurations

Case 4

17 x 150

Commons

ﬁ Segments

S1D15602

65 x 268

—

ﬁ Segments

Commons

S1D15600
(Master)

Case 1

ﬁ Segments

S1D15600
(Slave)

Case 6

33 x 300

Commons

ﬁ Segments

Td

S1D15601
(Master)

Case 4

ﬁ Segments

S1D15601
(Slave)

Case 6

EPSON
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Special Common Driver Configurations

S1D
16702

Commons >

65 x 166

* |f an external amp circuit is configured,
we recommend to use the S1F76600

and S1F76610.

ﬁ Segments

S1D15600
(Master)

Case 6
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SED1560T TCP Pin Layout
This drawing is not for specifying the TCP outline shape.

(0]0] \

V5

V4

V3

V2

V1
VDD
VR

V5
Vout
CAP2-
CAP2+
CAP1-
CAP1+
Vss

T1

osC1
0sC2
cL
FR
SYNC
CLO
S1D15600 DYO
D7
TOP D6
D5
VIEW D4
D3
D2
D1
DO
Vss
RD
WR
A0
C86
cs2
CS1
P/S
s
scL
RES
M/S
VDD
V1
V2
V3
V4
| V5
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TCP DIMENSIONS (2 ways)
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TCP DIMENSIONS (4 ways)
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S1D15605 Series

1. DESCRIPTION .

The S1D15605 Series is a series of single-chipnddiix
liquid crystal display drivers that can be connected
directly to a microprocessor bus. 8-bit parallel or serial
display data sent from the microprocessor is stored in
the internal display data RAM and the chip generates a
liquid crystal drive signal independent of thecmu-
processor. Because the chips in the S1D15666
contain 65x 132 bits of display data RAM and there is
a 1-to-1 correspondence between the liquid crystal
panel pixels and the internal RAM bits, these chips
enable displays with a high degree of freedom.

The S1D15608+*** chips contain 49 common output
circuits and 132 segment output circuits, so that a single
chip can drive a 4% 132 dot display (capable of
displaying 8 columns 4 rows of a 16 16 dot kanji
font). The S1D1560%*** chips contain 33 common
output circuits and 132 segment output circuits, so that
a single chip can drive 38132 dot display (capable of
displaying 8 columns 2 rows of 16x 16 dot kanji
fonts). Thanks to the built-in 55 common output circuits
and 132 segment output circuits, the S1D13668

is capable of displaying 56132 dots (11 columns4
lines using 1x 12 dots Kanji font) with a single chip.
The S1D15608x*** chips contain 53 common output
circuits and 132 segment output circuits, so that a single
chip can drive 53 132 dot display (capable of displaying
11 columnsx 4 rows of 11x 12 dot kanji fonts).
Moreover, the capacity of the display can be extended
through the use of master/slave structures between
chips.

The chips are able to minimize power consumption
because no external operating clock is necessary for the
display data RAM read/write operation. Furthermore,
because each chip is equipped internally with a low-
power liquid crystal driver power supply, resistors for
liquid crystal driver power voltage adjustment and a
display clock CR oscillator circuit, the S1D15605 Series
chips can be used to create the lowest power display
system with the fewest components for high-
performance portable devices.

2. FEATURES

« Direct display of RAM data through the display data

RAM.

RAM bit data: “1” Display on
“0” Display off

(during normal display) .

* RAM capacity

65 x 132 = 8580 bits
« Display driver circuits

S1D1560%**** :65 common output and 132
segment outputs
:49 common output and 132
segment outputs
:33 common outputs and 132
segment outputs
:55 common outputs and 132
segment outputs
:53 common outputs and 132
segment outputs

S1D15606**x*

S1D1560F****

S1D1560&****

S1D1560%****

High-speed 8-bit MPU interface (The chip can be
connected directly to the both the 80x86 series MPUs
and the 68000 series MPUS)

/Serial interfaces are supported.

* Abundant command functions

Display data Read/Write, display ON/OFF, Normal/

Reverse display mode, page address set, display start

line set, column address set, status read, display all

points ON/OFF, LCD bias set, electronic volume,

read/modify/write, segment driver direction select,

power saver, static indicator, common output status

select, V5 voltage regulation internal resistor ratio

set.

Static drive circuit equipped internally for indicators.

(1 system, with variable flashing speed.)

Low-power liquid crystal display power supply circuit

equipped internally.

Booster circuit (with Boost ratios of Double/Triple/

Quad, where the step-up voltage reference power

supply can be input externally)

High-accuracy voltage adjustment circuit (Thermal

gradient —0.05%C or —0.2%7C or external input)

V5 voltage regulator resistors equipped internally,

V1to V4 voltage divider resistors equipped internally,

electronic volume function equipped internally,

voltage follower.

CR oscillator circuit equipped internally (external

clock can also be input)

Extremely low power consumption

Operating power when the built-in power supply is

used (an example)

S1D15605D00R 81 pA (VDD — Vss= VDD — Vss=

/S1D15605D11RB 3.0V, Quad voltage, 3~ VDD =
-11.0V)

S1D15606D00B 43pA (VDD — Vss= VDD — Vss2=

/S1D15606D11RB 3.0V, Triple voltage, ¥— VDD =
-8.0V)

S1D15607DO00B 29 pA (VDD — Vss= VDD — Vss2=

/S1D15607D11B 3.0V, Triple voltage, ¥— VDD =
-8.0V)

S1D15608D00B/S1D15608D11B

/S1D15609D00B/S1D15609D11B
46uA (VDD — Vss= VDD — Vss2=
3.0V, Triple voltage, ¥— VDD =
-8.0V)

Conditions: When all displays are in white and the

normal mode is selected (see page 60 *12 for details

of the conditions).

Power supply

Operable on the low 1.8 voltage

Logic power supply WD —Vss=1.8Vto 55V

Boost reference voltage:Db — Vss2= 1.8 V to

6.0V

Liquid crystal drive power supply: V5 Db = -4.5

Vto-16.0V

Wide range of operating temperatures: —40 i85

CMOS process

Shipping forms include bare chip and TCP.

These chips not designed for resistance to light or

resistance to radiation.

Rev. 2.4a EPSON
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S1D15605 Series

Series Specifications

Bare chip
Product Name Duty Bias SEG Dr  COM Dr V REG Temperature Chip
Gradient Thickness
S1D15605D00B* 1/65 1/9, 1/7 132 65 —0.05%/°C 625 um
S1D15605D11B* 1/65 1/9, 1/7 132 65 —0.05%/°C 625 um
S1D15605D11E* 1/65 1/9, 1/7 132 65 —0.05%/°C 300 pm
S1D15605D01B* 1/65 1/9, 1/7 132 65 —0.2%/°C 625 pm
S1D15605D02B* 1/65 1/9, 1/7 132 65 External Input 625 um
S1D15606D00B* 1/49 1/8, 1/6 132 49 —0.05%/°C 625 um
S1D15606D01B* 1/49 1/8, 1/6 132 49 —0.2%/°C 625 um
S1D15606D02B* 1/49 1/8, 1/6 132 49 External Input 625 um
S1D15606D11B* 1/49 1/8, 1/6 132 49 —0.05%/°C 625 pm
S1D15607D00B* 1/33 1/6, 1/5 132 33 —0.05%/°C 625 pm
S1D15607D01B* 1/33 1/6, 1/5 132 33 —0.2%/°C 625 pm
S1D15607D02B* 1/33 1/6, 1/5 132 33 External Input 625 um
S1D15607D11B* 1/33 1/6, 1/5 132 33 —0.05%/°C 625 pm
S1D15608D00B* 1/55 1/8, 1/6 132 55 —0.05%/°C 625 pm
S1D15609D00B* 1/53 1/8, 1/6 132 53 —0.05%/°C 625 pm
TCP
Product Name Duty Bias SEG Dr  COM Dr V REG Temperature Gradient
S1D15605T00** 1/65 1/9, 1/7 132 65 —0.05%/°C
S1D15606T0O0** 1/49 1/8, 1/6 132 49 —0.05%/°C
S1D15607T00** 1/33 1/6, 1/5 132 33 —0.05%/°C

Product name of custom TCP can be coped with specially.

EPSON
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S1D15605 Series

3. BLOCK DIAGRAM
Example: S1D15605 xxxx*

MPU interface
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S1D15605 Series

4. PAD
Pad Layout
99 1
TOO [0 O oo v oo oo voooeeeeeeeeeeeeaacaacccccccces OO Ol3o09
a S1D15605 Series o U
Die No.— g
|w)
(0,0) i
134 [0 O o oo oo oo oo oeeeeeeeeeeceaccaacaccacccecs oo Olz7s
135 274
Chip Size 10.82 mm 2.81 mm
Chip Thickness 0.625 mm
Bump Pitch 71um (Min.)
Bump Size PAD No. 1~24 8Bm x 85um
PAD No. 25~82 64um x 85um
PAD No. 83~99 83um x 85um
PAD No. 100 85um x 73um
PAD No. 101~133 8%Im x 47 pm
PAD No. 134 85um x 73 um
PAD No. 135 73um x 85pum
PAD No. 136~273 47m x 85um
PAD No. 274 73um x 85pum
PAD No. 275 86um x 73 pum
PAD No. 276~308 8%Im x 47 ym
PAD No. 309 85um x 73 pum
Bump Height 17um (Typ.)
84 EPSON Rev. 2.4a



S1D15605 Series

S1D15605%xxxx Pad Center Coordinates

Units: pm

PAD | PIN PAD | PIN PAD [ PIN

No. Name X Y No. Name X Y No. Name X Y
1 (NC) | 4973 | 1246 41 | CAP3-| 695 | 1246 81 | TEST4| -2867| 1246
2 FRS | 4853 42 | (NC) | 605 82 (NC) | —2957

3 FR | 4734 43 | CAP1+| 516 83 Vop | —3059

4 CL | 4614 44 | CAP1+ | 427 84 M/S | 3179

5 DOF | 4494 45 | CAP1-| 338 85 CLS | -3298

6 | TESTO | 4375 46 | CAP1-| 249 86 Vss | —3418

7 Vss | 4255 47 | CAP2-| 160 87 C86 | —3538

8 CS1 | 4136 48 | CAP2-| 71 88 P/IS | -3657

9 CS2 | 4016 49 | CAP2+ | -18 89 Vopo | -3777

10 | Vob | 3896 50 | CAP2+ | -107 90 | HPM | -3896

11 RES | 3777 51 Vss | -196 91 Vss | —4016

12 A0 3657 52 Vss | -285 92 IRS | —4136

13 Vss 3538 53 VRS -374 93 Vbp | —4255

14 |WR,R/W| 3418 54 VRs | —463 94 | TEST5| —4375

15 | RD,E | 3298 55 Vop | -552 95 | TEST6| —4494

16 Voo | 3179 56 Vop | -641 96 | TEST7| -4614

17 DO | 3059 57 Vi -730 97 | TEST8| -4734

18 D1 2940 58 Vi -819 98 | TEST9| -4853

19 D2 2820 59 V2 -908 99 (NC) | -4973 v
20 D3 2700 60 V2 -997 100 | (NC) | -5252| 1248
21 D4 | 2581 61 | (NC) |-1086 101 | COM31 1163
22 D5 2461 62 Vs | -1176 102 | COM30 1090
23 |D6, SCL| 2342 63 Vs | -1265 103 | COM29 1017
24 | D7,SI | 2222 64 Va | -1354 104 | cCOM28 945
25 | (NC) | 2119 65 Va | -1443 105 | COM27 872
26 Vop | 2030 66 Vs | -1532 106 | COM26 799
27 Vop | 1941 67 Vs | 1621 107 | COM25 727
28 Vop | 1852 68 | (NC) |-1710 108 | COM24 654
29 Voo | 1763 69 VR | -1799 109 | cOm23 581
30 Vss | 1674 70 VR | -1888 110 | COM22 509
31 Vss | 1585 71 Vop | 1977 111 | coOM21 436
32 Vss | 1496 72 Vop | —2066 112 | COM20 363
33 | Vssz2 | 1407 73 | TEST1 | -2155 113 | COM19 291
34 | Vssz2 | 1318 74 | TESTL | -2244 114 | cOM18 218
35 | Vssz2 | 1229 75 | TEST2 | -2333 115 | COM17 145
36 | Vssz2 | 1140 76 | TEST2 | —2422 116 | COM16 7