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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
| DEVICES (Example : S1D15605D00B100)

S1 D 15605 D 00B1 00

11

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* SED1565DBB S1D15605D11B*
SED1522Fo0A S1D15202F00A* SED1565DBE S1D15605D11E*
SED1522FAA 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**
SEDI1577T3% S1D15707T03**
SED1578DoB S1D15708D00B*
SED157ADoB S1D15710D00B*
SED157ADAB S1D15710D10B*
SED157ADBB S1D15710D11B*
SED157AToA S1D15710TO0A*
SED15A6DoB S1D15A06D00B*
SED15A6D1B S1D15A06D01B*
SED15A6D2B S1D15A06D02B*
SED15A6To* S1D15A06TO0**
SED15B1DoB S1D15B01D00B*
SED15B1D1B S1D15B01D01B*
SED15B1D2B S1D15B01D02B*
SED15B1To* S1D15B01TO0**
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S1D15200 Series
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S1D15000 Series
Selection Guide



n LCD 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,
(Sslgéiég%i**’)** 241070 | 351013 | 1/8t01/32 | 61 | 16 |2560bit| 8bit |external) or| Chip, TCP |After service parts
ok 2(external)
18(internal,
(SleDéiéglli**;* 24t07.0 | 3.5t013 | 1/8t0 1/32 80 b 2,560 bit 8 bit |external) orf Chip, TCP | After service parts
b 2(external)
18(internal,
(Sslgéiégzl’;**;’* 24t07.0 | 3.5t013 | 1/8t0 1/32 69 8 2,560 bit 8 bit  |external) or| Chip, TCP | After service parts
** 2(external)
S1D15206D#xAx .
(SED1526DA) Al pad chip
S1D15206D#xBx 3.5t
8-bit Au bump chip | DC/DC” 3
(SED1526D+8) Supply 1/8,1/9, oo
STDIE206FFA% 2.4t06.0 voltage 1/16,1/17 80 17 |80 33 hit parall_el 20 _ (S1D15206%00%*¥\REG)
(SED1526F44) 3 or Serial QFP5-128pin| (S1D15206x14x%¥no \REG)
S1D15206Tx¥A%
(SED1526T,4) TCP
S1D15208D#xAx .
(SED1528DA) Al pad chip
S1D15208D#xBx 3.5t0 . . ,
(SED1528D56) Supply ) ‘ 8-bit Au bump chip | DC/DC” 3
2.4106.0 1/32,1/33 64 33 |80" 33 bit| parallel 20 (S1D15208*00%*¥\REG)
S1D15208FxxAx voltage . .
(SED1528F4A) 3 or Serial QFP5-128pin| (S1D15208%14%%¥no \REG)
S1D15208Tx¥A%
(SED1528Ta) TCP
S1D15300D00A% .
(SED1530D0%) Al pad chip
S1D15300D10A% _ | Built-in power circuit for LCD
(SED1530DAA) abit Alpad chip | pepe )
S1D15300D00B* , ) ) | S1D15300D00%*(SED1530%0%)
(SED1530D0g) 24t06.0 | 45t016 | 1/32,1/33 100 33 |132765 hit parallgl b Au bump chip | common : Right side
S1D15300D108% or Serial | SID15300¢1044(SED15304%)
(SED1530DAg) Au bump chip | common : Both side
S1D15300T10A%
(SED1530TAw) TCP
S1D15301D00A% Al pad chi
(SED1531D0%) _ pad chip
S1D15301D00B* o 8-bit | Builtin power circut for LCD (DC/DC"4)
241t06.0 | 451016 1/64,1/65 132 b |132765 bhit| parallel b Au bump chip | S1D15301x00%(SED15310%)
(SED1531Dog) or Serial Common : Right side
S1D15301T00A*
(SED1531Toa) Tcp
S1D15302D00A% .
(SED1532D0%) Al pad chip
S1D15302D11A% .
(SED1532D8A) Al pad chip | yilt-in power circuit for LCD
S1D15302D00B* ) | (bcibC 4)
(SED1532D0B) | &bt Au bump chip | 51D15302400#+(SED153240%)
S1D15302D11B% 241t06.0 | 451016 1/64,1/65 100 33 |132765 hit parall_el b | Common ; Right side
(SED1532Ds8) 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| g\ (bits) | interface (KHz) Package features

8-bit Built-in power circuit for LCD
SIDIS30SDISBx |, t06.0 | 4510 16 1/17 116 17 |132° 65 bit| parallel b Au bump chip | (DC/DC" 4)
(SED1533Dre) or Serial Common : Left side no VREF
S1D15400D00A% .
(SED1540D0A) Al pad chip
S1D15400D00B* _ 8-bit | 18(internal), .
(SED1540D08) 24t07.0 | 35t011 1/3, 1/4 73 3,4 | 2,560 bit parallel | 4(external) Au bump chip
S1D15400F00A% .
(SED1540F0n) QFP5-100pin
S1D15600D00A .
(SED1560D04) Al pad chip
S1D15600D10A% | pad chi Built-in power circuit
(SED1560DA%) Alpad chip |} cp (Dc/DC 3)
S1D15600D00B* . .| S1D15600%x00B*
(SED1560D08) 1/48,1/49, | &bt Aubump chip | (gEp1560408)
S1D15600D10B% 24t06.0 | 6.0t0 16 1/64,1/65 102 65 |166° 65 bit parall_el 18 - 1/9 bias
(SED1560DAE) or Serial Au bump chip S1D15600%10B%
SIDI5600T00B* (SED1560%AB)
(SED1560Tog) TCP 1:1/7 bias
S1D15600T26A%
(SED1560TQn) Qrcp
S1D15601D00A% .
(SED1561D0%) Al pad chip
S1D15601D00B* .| Built-in power circuit
(SED1561Dog) Aubump chip |t | cp (DC/DC” 3)
S1D15601D10B% 8-bit Au bump chip S1D15601%00B*
(SED1561DAB) 1/24,1/25, A ) (SED1561%08)
SIDI5601T00BE 241t06.0 | 6.0t0 16 1/32.1/33 134 33 |166° 65 bit parall_el 18 - 1/7 bias
(SED1561T0B) or Serial TCP | S1D15601%10B+
S1D15601T10B% TCP (SED1561%AB)
(SED1561TAB) : 1/5 bias
S1D15601T26A%
(SED1561TQA) QTCP
S1D15602D00A% .
(SED1562D04) Al pad chip
S1D15602D00B*

8-bit Au bump chip I -
(SED1562DoB) 1/16,1/17 , . Built-in power circuit for
SID15602T00B% 241t06.0 | 6.0to 16 (1/5 bias) 150 17 |166 65 bit pagallfelI 18 op LCD (DC/DC’ 3)
(SED1562T0B) or>era
S1D15602T26A%
(SED1562TQn) 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 |132765 bit paéadlfelI 33 Au bump chip for LCD (DC/DC’ 4)
S1D15605T00A% or sena Top
(SED1565T0A)
S1D15605T00B*
(SED1565T08) TCcP
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) bt U bump chip
S1D15606D01Bx* 1/49 L - .| Built-in power circuit
(SED1566D15) 1.8t05.5 | 45t016 (1/6,1/8 bias) 132 49 |1327 65 bit pa;all_elI 33 Au bump chip for LCD (DC/DC’ 4)
S1D15606D02B+ orsera A4 bumn ch
(SED1566D28) u bump chip
S1D15606TO0A*
(SED1566Ton) TCP
S1D15607D11B% .
(SED1567Dee) Au bump chip
S1D15607D00B* .
(SED1567Dog) Au bump chip
S1D15607D01B* ) .
(SED1567D18) 1/33 | st Aubump chip | gijt-in power circuit
SIDI15607D028% | 1810 5.5 | 4510 16 (1/5,1/6 bias) 132 33 |132765 bit parallgl 33 | for LCD (DC/DC’ 4)
(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 1/g pias)| 132 | 55 |132°65bit (frag:gl 33 A bump chip | " LGP (PCIDC )
(SED1568D0B)
S1D15609D11B% Aub hi
(SED1569Dgs) gbit U bump chip
S1D15609D00B* 1/53 , . ; . | Built-in power circuit
(SED1569D0) 18t055 | 45t016 (1/6,1/8 bias) 132 53 |132° 65 bit pagallfelI 33 Au bump chip | (- op (DC/DC” 4)
SIDI5609THtx or sera c
(SED1569Tixs) TCP
S1D15A06D00B*
8-bit Au bump chip
(SED15A6D0B) , . Reduced ext. parts
SIDISAOGTO0AK 18to55 | 451016 1/55 102 55 |102° 65 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 |132765 hit paé’all_elI 33 op function.
(SED15B1To4) or sena
S1D15E00D00B* )
(SED15E0D0B) ) ‘ _ Au bump chip ‘ N
SIDISEQOTO0A | 1810 3.6 | 3.2t0 10 1/100 132 100 |132°100bit| Serial |Can be select 4-line MLS driving
(SED15E0T0A) TCcP
S1D15705D00B* .
(SED1575D0g) | 3-610 5.5 | sehbit _ | Built-in power circuit
S1D15705D03B% 451016 1/65 168 65 |200° 65 bit parallgl 22 Aubump chip | ¢ cp (DC/IDC’ 4)
(SED1575D38) 2.41t03.6 or Serial
S1D15705T00A*
3.6t05.5 8-bit - P
(SED1575ToA) , ) Built-in power circuit
SIDISTO05T03A% D amae 4.51t0 16 1/65 168 65 |200° 65 bit pagall_elI 22 TCP for LCD (DC/DC” 4)
(SED1575Tan) | 24103 or Serial
S1D15707D00B*
3.6t05.5 8-bit - P
(SED1577DoB) , . .| Built-in power circuit
SIDI5707D03B% P ias 451016 1/33 200 33 |200° 65 bit pagallfelI 22 Au bump chip | (- op (DC/DC” 4)
(SED1577D3g) | <10 3 or sena
S1D15707T00A*
3.6t05.5 8-bit -y -
(SED1577ToA) , ) Built-in power circuit
SIDI5707T03A% > i1030 4510 16 1/33 200 33 |200° 65 bit paéallfelI 22 TCP for LCD (DC/DC’ 4)
(SED1577Tan) | 24103 or Serial
S1D15710D00B* R )
(SED157ADoB) B ) 8-bit Au bump chip Built-in power circuit
SID15710T00A% | 1-8t0 5.5 | 451018 1/65 224 65 |224° 65 bit parall_el 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 15 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.

KKK KK KKK KKK N

3. BLOCK DIAGRAM

Voo ik I >

Vi le——

Vo le——

. FEATURES

1/4-duty LCD segment driver

150nwW 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

LCD drive

voltage

generator

Y YYY

!

V: I

Vss Ik

Segment drivers

Common drivers

Address
counter

Address
decoder

>

Display data memory

—# OSC1

Common Timing

generator
circuit

counter

—# OSC2

A\

Command decoder

]

(@}
~

Y YYVY

o] Q
»l O

Command/data register

Rev. 1.0
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S1D15100 Series

4. PAD LAYOUT AND COORDINATES

(S1D15100D00C*)
2500 Sectional dimensions
pm
35 30 25 Pad
OO0O0O0O0OoOOOoooo
- - [ ] !_4
O O MAX30 —*—\ 300 * 30um
O O T e—
40 0O O
0O D1510Dos O (20 MAXS0Um
O O
g a 25821 Size of pad opening
O O
45| 0 a
O O |15
O O 100pm
O O
OO0O0O0O0OoOOOoooo
1 5 10 100um
Chip size: 2506m ~ 2500/m
Chip pitch: 525m
Pad center coordinates
Unit: mm
No. Pin name X coordinate Y| coordinate | No. Pin name X goordinate Y cgordinate
1 0oscC1 -898 -1091 25 SEG 8 898 1091
2 0sC2 -738 -1091 26 SEG 9 738 1091
3 Vi -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 coM1 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 SEG5 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~ 2,500
1D2 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 0osc2 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 VDD 23 SEG6 39 | SEG22
— — 8 CK 24 SEG7 40 | SEG23
— | —]
Index 9 SI 25 SEGS8 41 | SEG24
— — 10 CSs 26 SEG9 42 | SEG25
— — 11 C/D 27 SEG10 43 | SEG26
— — 12 | COMO | 28 | SEG11 | 44 | SEG27
48 —] —o13
13 COoM1 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 110 Description QOty
\Yol} Power supply Plus power terminal. 1
Common to the microcomputer power terminal Vcc.
Vss Power supply Minus power supply. 1
A OV terminal to be connected to the system GND.
V1 (@] Power level monitor terminal for liquid crystal drive. 2
V2 The levels V1= 1/3 " V3 and V2 = 2/3 " 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 O0® OFF, Slinput 01® 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 O Common signal for liquid crystal drive 4
VREG O Test terminal. Keep it open. 1
Total 48

Rev. 1.0 EPSON 1D3



S1D15100 Series

7. FUNCTIONAL DESCRIPTION

Command/Data Register

a 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

a 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 Si 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 a 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

a 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.

a 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

a 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 32 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 Bit0
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.

1b4 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 ~ * = donOt care

figure. The lower four bits are stored at the location a 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®

a After the display data is written in the RAM, the RAM

address is held as shown below unless the address is

|1|0|0|*|D3|D2|D1|D0|

reset:
After writing a 8-bit display data ...
Bit 3 Bit0 the final write address is incremented by 2.
| D3 | D2 | b1 | Do | After rewriting a 4-bit display data ...
the final rewrite address is incremented by 1.
Address =n a 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

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
a 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

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

a 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| 680kW |oscC2

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
a 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.

L—» Address 0 ———» Address 31 osc1 0scz

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.
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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|p4| 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.

[ofofaf*|* [* [* ¥ |

Note: * = donOt care

Display OFF

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

lofafof*|* [* [* [* |

Note: * = donOt care

Display Start

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

(o Jajaf* > * |* |* |

Note * =donOt 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.

10| o|* [D3|D2|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. * = donOt care

Reset

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

HES S B R o G

Note * =donOt 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=VpD b 1/3\LcD

V2=VDD b 2/3\LcD

V3=VDD D McD

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 3R1
VDD 3 V13 V23 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

1D8 EPSON Rev. 1.0



S1D15100 Series

10. ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Unit
Supply voltage range Vss b7.0t00.3 v
LCD supply voltage range V3 P7.0t00.3 Vv
Input voltage range Vi VssD0.3t0 0.3 V
Output voltage range Vo | VssD0.3t00.3 V
Power dissipation Pp 250 mw
Operating temperature Topg D200 75 oC
range
Storage temperature range | Tstg D65 to 150 °C

Soldering temperature o
(10 sec at leads) Teal 260 ¢
Heat resistance 400 ¥ 10 °C¥Min

Note: All voltages shown are specified on a
VoD = 0V basis.

11. DC ELECTRICAL CHARACTERISTICS
VDD =0V, Vss=DP5.0:0.5 V, Ta = P20 to 78 unless otherwise noted

. Rating .
Parameter Symbol Condition Vi, Typ. Max. Unit
Supply voltage Vss P6.0 N P0.9 V
Vi N 3 v3] N
LCD supply voltages V2 N PR3 v3| N Vv
V3 D6.0 N P18
Quiescent supply current IbbQ | Vss =D6.0V, ViN = VDD N 0.05 1.0 1)
oL Display mode, Rf = 680 KW, N 20,0 300
Supply current Vss =B5.0V 17:}
052 Input mode, Vss=b5.0V, N 100 250
fok = 200 kHz
LOW-level input voltage ViL Vss N [08Vss| V
HIGH-level input voltage VIH 0.2 Vss N V DD V
Input leakage current Ll Vss £ VIN £ VDD N 0.05 2.0 37}
SEGO to SEG31 and COMO to o o
COM3 LOW-level output voltage VoL | loL=01mA N sst0.41 v
SEGO to SEG31 and COMO to « o
COM3 HIGH-level output voltage Vor | lon=D0.1 mA b0.4 N N v
Output leakage current ILo Vss £ Vout £ VDD ISI 0.05 5.0 A
Oscillator frequency fosc Vss =850V, R = 680 42% kW N 18 N kHz
Vss =D3.0 V, R =680 £2% kW N 16 N
Input terminal capacity Ci Ta=25°C,f=1MHz N 5.0 8.0 pF
V3=b5.0V,IDVoNI1=0.1V, N 50 75
SEGO to SEG31 and COMO to RoN Ta=25°C ' ' KW
COM3 ON resistance V3=b0.3V,IDVonI=0.1V, \ 100 50
*1 Ta=25°C ' '

*1 The internal power impedance is not included in the LCD driver on resistance (RON).
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S1D15100 Series

12. AC ELECTRICAL CHARACTERISTICS
VDD =0V, Vss=D5.0+0.5V, Ta =D20 to 78

. Rating .
Parameter Symbol Condition v vh. Mo nit
CK period tcve 900 N N ns
CK LOW-level pulsewidth tPWL1 400 N N ns
CK HIGH-level pulsewidth tPWH1 400 N N ns
Sl to CK setup time tow1 100 N N ns
CK to Sl hold time tDH1 200 N N ns
CS LOW-level puisewidth tPwi2 | tPwL2 3 8tcye 7200% N N ns
CS HIGH-level pulsewidth tPWH2 400 N N ns
CS to CK setup time DW2 Referenced to the rising edge of the 100 N N ns
first CK cycle.
CK 1o TS hold time DH2 Referenced to the rising edge of the 200 N N o
eighth CK cycle.
CID to CK setup fime DW3 Referenced to the rising edge of the 9 N N -
eighth CK cycle.
CK to C/D hold time DH3 Referenced to the rising edge of the 1 N N s
eighth CK cycle.
Rise time tr N N 50 ns
Fall time t N N 50 ns
* teve” 8
VDD =0V, Vss=D6.0to B1.5V, Ta=bD20 to°TH
- Rating .
Parameter Symbol Condition Vi, v, Mok nit
CK period tcve 10 N N ns
CK LOW-level puisewidth tPWL1 4.5 N N ns
CK HIGH-level pulsewidth tPWHL 45 N N ns
Sl to CK setup time tow1 1.2 N N ns
CK to SI hold time tDH1 2.3 N N ns
CS LOW-level pulsewidth w2 | tPwL2 3 8tcyc 80*! N N ns
CS HIGH-level pulsewidth tPWH2 45 N N ns
— . Ref he risi fth . .
CS to CK setup time tow2 .e erenced to the rising edge of the 1.2 N N ns
first CK cycle.
CK 1o TS hold time D12 Referenced to the rising edge of the 23 i N s
eighth CK cycle.
— . Ref he risi fth . .
CID to CK setup time tows .e erenced to the rising edge of the 100 N N ns
eighth CK cycle.
CK to C/D hold time O3 Referenced to the rising edge of the 11 N N -
eighth CK cycle.
Rise time tr N N 50 ns
Fall time t N N 50 ns
¥ teve” 8
1P10 EPSON Rev. 1.0



S1D15100 Series

Timing Chart

_,tPwH2

tPwL2

| tDH2
-—

A

- tbws »4— {DH3

Timing measurement

0.2Vss 0.2Vss
0.8Vss 0.8Vss
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S1D15200 Series

1. DESCRIPTION 2. FEATURES

The S1D15200 series of dot matrix LCD drivers are ¥ Fast 8-bit MPU interface compatible with 80- and 68-
designed for the display of characters and graphics. The  family microcomputers
drivers generate LCD drive signals derived from bit ¥ Many command set
mapped data stored in an internal RAM. ¥ Total 80 (segment + common) drive sets
The drivers are available in two configurations ¥ Low power N 30mW at 2 kHz external clock
The S1D15200 series drivers incorporate innovative ¥ Wide range of supply voltages
circuit design strategies to achieve very low power Vop B s D2.4to B7.0V
dissipation at a wide range of operating voltages. Vop B V5: D3.5t0B13.0V
These features give the designer a flexible means of ¥ Low-power CMOS
implementing small to medium size LCD displays for
compact, low power systems.
¥ The S1D15200 which is able to drive two lines of
twelve characters each.
¥ The S1D15201 which is able to drive 80 segments for
extention.
¥ The S1D15202 which is able to drive one line of
thirteen characters each.
Line-up
Product Clock Frequency _ _ Number | Number
Name _ Applicable Driver f 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** N 18kHz $1D15200 *00%* , S1D15202% 00%** 80 0 1/810 1/32
S1D15202%00%x | 18kHz | 18 kHz |S1D15202%00%x , S1D15201% 00%* 69 8 1/8, 1/16
S1D15200% 10%* N 2kHz $1D15200 *10%* , S1D15201* 10%* 61 16 1/16, 1/32
S1D15201% 10%* N 2kHz $1D15200 *10%* , S1D15200* 10%* 80 0 1/8to 1/32
S1D15202% 10%* N 2kHz $1D15200 *10** , S1D15201* 10%* 69 8 1/8, 1/16
¥ Package code (For example S1D15200)
S1D15200T : TCP
S1D15200F*x* : PKG ' S1D15200F* A% (QFP5-100pin)
S1D15200F* Cx (QFP15-100pin)
S1D152003*** : Chip S1D15200B* A* (Al-pad)
—E S1D15200B3* B* (Au-bump)
S1D152003* E* (Au-bump)
Rev. 1.1 EPSON 2b1




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
= g ]
eSS i 2
=Na ™ g Display data RAM £
v | ° v o . 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
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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.
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S1D15200 Series

5. PAD

Pad Layout

Chip specifications of AL pad package Chip specifications of gold bump package
Chip size: 4.807.04 0.400 mm Chip size: 4.807.04 0.525 mm

Pad pitch: 100100 nm Bump pitch:  199m (Min.)

Bump height: 22.%5m (Typ.)

Bump size: 132111 mm (20 nm) for mushroom
model
116 92t (x4 mm) 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¥8 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 Vi 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
S1D15200D00** 0scC1 0osc2 COMO to COM15 * M/S Va Vi
S1D15202D00x* 0OSsC1 0osc2 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 SEGT78 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:

Vop 3 V13 V23 V33 Va3 Vs

(2) System Bus Connection Pins

D7 to DO

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

AO

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).

¥ |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.

2b6
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S1D15200 Series

(3) LCD Drive 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

¥ 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

0SC1

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.
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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 - - - - -
I Active 80-series - RD WR - -

(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.

2b8
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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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(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.

2b10
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(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

2b11



S1D15200 Series

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
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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]2] 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 us! 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 operatlt.)n.
ON/OFF 1: Static drive, 0: Normal driving
Selets LCD duty cycle
(10) Select duty ol1]ol 1| o] 1 ol1lo] o |on ey
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 1|1 1 0 Read-modify-write OFF
(13) Reset 010 1 Software reset
2b14 EPSON Rev. 1.1



S1D15200 Series

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.
¥ D=1: Display ON
¥ 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 having
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.

— [rRw
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

wWNPEFO

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.
¥ The ADC bit indicates the way column addresses are assigned to segment drivers.
ADC=1: Normal. Column address& segment driver n.
ADC=0: Inverted. Column address 7®usegment driver u.
¥ 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
¥ 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, E (inverted)

D=0: SEGO~ column address O0H, E (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 S1D15200F08®AS1D15202F00A (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
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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.
¥ 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

2b18 EPSON Rev. 1.1
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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:

(&) The LCD drive is stopped, and the segment and common driver outputs are seiD 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 P8.0to +0.3 \%
Supply voltage (2) Vs b16.5to +0.3 \%
Supply voltage (3) V1, V4, V2, V3 V5 to +0.3 \%
Input voltage VIN Vssb0.3 to +0.3 \%
Output voltage Vo Vssb0.3 to +0.3 \%
Power dissipation PbD 250 mw
Operating temperature Topr b40 to +85 °C
Storage temperature Tstg P65 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
VDD3 V138 V23 V33 Va3 Vs
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 =20 to 75C, VbD = 0 V unless stated otherwise

. Rating . . .
Parameter Symbol Condition Vi v, Mo nit  Applicable Pin
Operating | Recommended b5.5 b5.0 b4.5
voltage (1) V/ss V. |Vss
See note 1.| Allowable p7.0 N p2.4
Recommended Vs p13.0 ISI D35 v Vs
Operating | Allowable b13.0 N N See note 10.
voltage (2) | Allowable V1, V2 0.6" Vs N V DD V|V, V2
Allowable V3, Va V5 N |04"Vs| V |V3Va
VikT VSS,+2'O N VoD Seenote 2 & 3.
High-level input voltage Vine 02’ Vss ’:‘ VoD
VIHT |[Vss=D3V 0.2 Vss l:l V bD See note 2.& 3
VIHC |Vss=D3V 0.2 Vss N V DD y '
VLT Vss Vss+0.8
, Seenote 2 & 3.
Low-level input voltage vie vss 08 ,VSS
ViLT  |Vss=Db3V \6s 0.85" Vss See note 2 & 3.
Vil  [Vss=b3V \bs 0.8" Vss
VOHT |loH = D3.0 mA \6s+2.4 ISI ISI 05C2
VoHc1 |loH =D2.0 mA Vss,+2.4 N N vV See note 4.& 5,
High-level output voltage VoHC2 |IoH = D120 m 0.2 Vss N N
VoHT |Vss=D3V loH = D2 mA| 0.2 Vss See note 4 &5,
VoHc1 |Vss=D3V loH=D2 mA| 0.2 Vss V 0SC2
VoHc2 |Vss=D3V loH = D50 0.2” Vss
(continued)
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. Rating . . .
Parameter Symbol Condition Vin. Tvo. Max. nit Applicable Pin
\V/ =3, N N +0.
oLt |loL=3.0mA Iil I}I V ss+0.4 0SC2
Vorcl |loL =2.0 mA N N V ss+0.4 Vv See note 4. &5
Low-level output voltage voca JloL =120 mA N N D8 " Vss .
putvoliag Volr |Vss=P3V | bL=2mA 0.8 Vss Seenoie 485
VoLct |Vss=Db3V bL=2mA 08 Vss| V OeSeC 20 ¢ '
VoLc2 |Vss=D3V L =50 nA 0.8" Vss
Input leakage current ILi b1.0 N 1.0 n | See note 6.
Output leakage current ILo 3.0 N 3.0 m\ | See note 7.
V5=D5.0V N 5.0 75 SEGO0 to 79,
LCD driver ON resistance Ron |Ta=25°C kw |COMO to 15,
Vs=p35V| N 10.0 50.0 See note 11
Static current dissipation Ibog |[CS=CL=Vop N 0.05 1.0 m | VoD
During disla fcL = 2 kHz N 2.0 5.0 \/ DD
Vo gs 0'3/ YIRizamw | N | 95 | 150 | m |Seenote12,
o fc,=18kHz| N 5.0 10.0 13 & 14,
oo (1) During display |fcL =2 kHz 15 45 VoD
Dynamic current dissipation Vs=DP5V A See note 12 & 13
Vss=Db3V Rf =1 MW 6.0 12.0 '
During access teye = 200 kHz| N 300 500
IDD (2) |Vss=b3V, m\ | See note 8.
. 150 300
During access teyc = 200 kHz
Input pin capacitance CN |Ta=25°C,f=1MHz N 5.0 8.0 pF  |Allinput pins
= +20
Rf=1.0 MW 2%, 15 18 21
Oscillation frequenc fosc Vss=B50V kHz |See note 9
quency Rf= 1.0 MW-2%, " " ’ :
Vss=D3.0V
. . RES
Reset time R 1.0 N n% See note 15,

Notes 1. Operation over the specified voltage range is guaranteed, except where the supply voltage changes
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.

9. See figure below for details

See figure below for details

For a voltage differential of 0.1 V between input,(i, V 4) 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

ONoGO~WN

11.

12.

13.

14.
15.

EPSON 2b21
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S1D15200 Series

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

*9 ¥ 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 15 20 25
Rf MW Rf MW
Figure 5 (a) Figure 5 (b)
¥ Relationship between external clocks)fand frames
(S1D15200F10A) , (S1D15202F10A)
_— duty1/32
——————— duty1/16
20—/ 7 1 71  ----- dutyl1/8
// //
—_ ! P
z . -
100 . -
/ A /
% / '/ /
i a
A |
//
0 1 2 3
fCL [kHz]
Figure 5 (c)
*10 ¥ Operating voltage range oé¥and 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
2D22 EPSON Rev. 1.1



S1D15200 Series

AC Characteristics
¥ MPU Bus Read/Write | (80-family MPU)

A\
A0,CS
/

t Awg | tcc t AH8 |

WR,RD — tr
tcycs
tf /
| tDH8 _ |
t DS8

DO to D7

(WRITE)

DO to D7

(READ)

Ta=D20to 75 (C,s¢=D5.0 V+10% unless stated otherwise

t OH8

- Rating . .

Parameter Symbol Condition i, Max. Unit Signal
Address hold time tAH8 10 N ns £0.CS
Address setup time tAws 20 N ns ’
System cycle time tcycs 1000 N ns WR. RD
Control pulsewidth tcc 200 N ns ’
Data setup time tDS8 80 N ns
%ca hold tlme tDHS8 1~O N ns DO to D7
RD access time taccs CL = 100 oF N 90 ns
Output disable time tCHs B P 10 60 ns
Rise and fall time tr, tf N N 15 ns N

(Vss=b2.7to B4.5V, Ta =D20 to Cp
Parameter Symbol Condition Rating Unit Signal
y Min. Max. g
Address hold time tAH8 - 20 N ns —
- N < A0,

Address setup time tAws 40 N ns 0. CS
System cycle time tcycs . 2000 N ns S
Control pulse width tcc N 400 N ns WR, RD
Data setup time tDS8 N 160 N ns
%ca hold tm_1e tDH8 2~0 N ns DO to D7
RD access time taccs CL = 100 pF N 180 ns
Output disable time tCHs B P 20 120 ns
Rise and fall time tr, tf N N 15 ns N

Rev. 1.1 EPSON 2D23



S1D15200 Series

¥ MPU Bus Read/Write 1l (68-family MPU)

| tCyce

E / \
tEW
tr tf

t AW6 t DS6

t AH6

— =
v
A0,CS >§
N
t DH6
DO to D7 7‘
(WRITE) S(
t ACC6 t OH6
DO to D7
(READ)
Ta =D20to 75 (0C,8¢= D5 V+10 unless stated otherwise
Parameter Symbol Condition Rating Unit Signal
y Min. Max. 9
System cycle time tcyce 1000 N ns
Address setup time tAW6 20 N ns A0, CS, RIW
Address hold time tAH6 10 N ns
Data setup time tDse 80 \ ns
Data holq time . tDH6 10 N ns DO to D7
Output disable time toH6 CL = 100 oF 10 60 ns
Access time tACC6 B P N 90 ns
Enable Read Ew 100 N ns E
pulsewidth | Write 80 N ns
Rise and fall time tr, tf N N 15 ns N
(Vss=b2.7to b 4.5V, Ta=b20 to ¥Tp
o Rating . .
P | - |
arameter Symbo Condition Min. Max. Unit Signal
System cycle time™ tcyce N 2000 N ns
Address setup time tAwe N 40 N ns AO, CS, R/IW
Address hold time tAH6 20 N ns
Data setup time tDS6 N 160 N ns
Data hold time tDH6 20 N ns
- - DO to D7
Output disable time tOH6 CL = 100 oF 20 120 ns
Access time tacce - P N 180 ns
Enable Read Ew N 200 N ns £
pulse width | Write 160 N ns
Rise and fall time tr, tr N N 15 ns N

Notes: 1. ftcvceis the cycle time of CS. E = H, not the cycle time of E.
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S1D15200 Series

¥ Display Control Signal Timing

tf tr

CL N aEE—
| twLcL |
7|Z twHCL

tDFR |

Input
Ta =bD20 to 78C, Vss=D5.0 VA10% unless stated otherwise
. Rating . .
Parameter Symbol Condition Min. | Typ. | Max. Unit Signal
Low-level pulsewidth twLcL 35 N N s
High-level pulsewidth twHCL 35 N N ns CL
Rise time tr N 30 150 ns
Fall time tf N 30 150 ns
FR delay time tDFR b2.0 0.2 2.0 ns FR
Vss=D2.7to B4.5V, Ta=b20 to ¥Z5
Parameter Symbol Condition - Rating Unit Signal
Min. Typ. Max.
Low-level pulse width twLcL N 70 N N ms
High-level pulse width twHCL N 70 N N ms oL
Rise time tr N N 60 300 ns
Fall time tf N N 60 300 ns
FR delay time tDFR N P40 | 04 4.0 ms FR

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

Output
Ta =D20 to 75C, Vss= D5.0 VA10% unless stated otherwise
Parameter Symbol Condition Rating Unit Signal
y Min. | Typ. | Max. g
FR delay time tDFR CL =100 pF N 0.2 0.4 ms FR
Vss=D2.7to 4.5V, Ta=D20 to ¥Z5
Parameter Symbol Condition Rating Unit Signal
y Min. | Typ. | Max. g
FR delay time tDFR CL =100 pF N 0.4 0.8 ns FR

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

2D26
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S1D15200 Series

12. LCD DRIVE INTERGFACE CONFIGURATION

S1D15200FO00A*DS1D15200F00Ax
S1D15202F00A*DS1D15202F00A*

? 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

Ly

Vss

-

»

S1D15200F10A*DS1D15200F10Ax
S1D15202F10A*DS1D15202F10A%

? 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 %
)DS1D15201F00Ax (See note 1)
S1D15202F00A %
T To LCD SEG T
<+
ToLCDCOM
— S1D15200F00A%
Vob L S Master
osc1 0sc2  FR

S1D15201F00A%

Slave

0OSC1 0SC2 FR

1

LMRF

)

*2

Rev. 1.1 EPSON
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S1D15200 Series

S1D15200F10A*DS1D15201F10Ax
4_

? To LCD SEG T T To LCD SEG ?
|

To LCD COM | S1D15200F10A% S1D15201F10A%
-«

Vob T
M/S

CL FR CL FR

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.

2b28 EPSON
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S1D15200 Series

13. LCD PANEL WIRING EXAMPLE
(THE FULL-DOT LCD PANEL DISPLAYS A CHARACTER IN 6 “ 8 DOTS.)

1/16 duty:
¥ 10 charactefs2 lines

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

1/16 duty:
¥ 23 charactefs2 lines

1
Al LCD 16" 141
R 61 62- -~ 141
SEG SEG
S1D15200F S1D15201F
CoMm

1/32 duty:
¥ 33 characters4 lines

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

* The S1D15201F can be omitted (the 32" 122-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.
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S1D15200 Series

Package Dimensions

¥ Plastic QFP5D100 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

\

¥ Plastic QFP15D100 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 ¥ Fast 8-bit MPU interface compatible with 80- and 68-
designed for the display of characters and graphics. The  family microcomputers

drivers generate LCD drive signals derived from bit ¥ 32" 80 bit RAM

mapped data stored in an internal RAM. ¥ Many command set

The S1D15210 Series drivers incorporate innovative ¥ Total 80 (segment + common) drive sets
circuit design strategies to achieve very low power ¥ Low power N 30mW at 2 kHz external clock
dissipation at a wide range of operating voltages. ¥ Wide range of supply voltages

VDD D \ss 2.4Vt0 6.0V
Vesb Wss 3.5Vt06.0V
Low-power CMOS

Al-pad chip:S1D152108 Ax*
Au-bump chip:S1D1521GB B*

K K K
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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)
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S1D15210 Series

4. PAD LAYOUT (2)Au-bump chip
(1) Al-pad chip Bump size  :9292nm
Chipsize  :4.807.04 0.400 mm Bump height: 22.5m

Pad pitch (Typ.) : 100000 Mm

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 (Rl) 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 SEG9 | 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
3b4 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.

Vs, Ves, Ve2

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:

Ves 3 Ves 3 Ve2 3 Vss

(2) System Bus Connection Pins

D7 to DO Three-state 1/0.
*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 — -, 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
CSs 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
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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, Vcz,
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 | [ ~ [ [

3Db6
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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.

3Db8
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Start line
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(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 the_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 AD(C::gfatequt-fla?g ..f}.) otation (ADC command =0,

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

(10) Reset Circuit

ocounkwpnpE

~
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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) SpeC|f|e§R ine corresponding to 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 | 0 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 Wites 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 oL Selects static driving operation.
ON/OFF 1: Static drive, 0: Normal driving
(10) Read-Modify-Write| 0 | 1 1 1 1 010 0 Read-modify-write ON
(11) End 1 1 1 1 1 1 Read-modify-write OFF
(12) Reset 1 1 1 1 0|0 1 Software reset
3b12 EPSON Rev. 1.1
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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

(RAW)
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.
¥ D=1: Display ON
¥ 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 A1 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

)
T
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.
¥ The ADC bit indicates the way column addresses are assigned to segment drivers.
ADC=1: Normal. Column address& segment driver n.
ADC=0: Inverted. Column address 7®nsegment driver u.
¥ 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
¥ 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.
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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, E (inverted)

D=0: SEGO~ column address O0H, E (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
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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

() |(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.
¥ 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 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.

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 P0.3t0 +7.0 \%
Supply voltage (2) Vcs P0.3to +7.0 \%
Supply voltage (3) Vs, Ve2 P0.3 to \5+3 \%
Input voltage VIN P0.3 to \bp +0.3 \%
Output voltage Vo P0.3to \bp +0.3 \%
Operating temperature Topr b40 to +85 °C
Storage temperature Tstg P55 to +125 °C

Notes: 1. All voltages are specified relative t@e8= 0 V.
2. The following relation must be always hold
Vcs3 Vesd Vezd Vss
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 =20 to 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) VbD - Vo, 1
See note 1. | Allowable 2.4 N 6.0
| Allowable Vcs 35 N 6.0 V. Vcs *2
\?Oﬁg:;"g) Allowable Ves 05Ves| N | Vos | V|V
Allowable Ve Vss N 05°Ves| Vo |V
VIH 08 Voo| N V DD Vo[*3
High-level input voltage viL vss N _p27Veo| V |73
VoH1 |[loH=D1mA 0.8 Vbp N V DD vV |*4
VoH2 |Vbp=D2.7V loH=D0.5mA | 0.8 Vbp N V DD vV "4
Low-level input voltage VoL |loL=1mA Vss 0.2: Voo| V |*4
Vo2 |Vop=27V loL=0.5mA Vss 02°Voo| V |*4
Input leakage current IL1 1.0 N 1.0 m [*5
Output leakage current L2 b3.0 N 3.0 m |*6
. . ., V5=6.0V N 1.3 3.0 SEGO 10 79,
LCD driver ON resistance Ron [Ta=25C ~ kW 7
V5=35V N 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 N 0.01 1.0 m | Vss
Vbb=5V
Ves=5V  Ta=25C | N 20 | 50 | m :;SS
During 1ss (1) fcL =2 KHz
Dynamic current | display Vob=3.0V i Ves
dissipation Ves=5V Ta=25°C N 15 45 mo,
fcL =2 KHz 8
During 552 VD=5V  fteye = 200 KHz N 300 500 " Vss
access Vbp=3.0V teyec =200 KHz N 150 300 *9
Input pin capacitance CN |Ta=25°C,f=1MHz N 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 \&5 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)

tAHs*«E

A0 CS
taws tcyes |
WR RD tec \
tbHe
toss
DO to D7
(Write) X X
taccs toHs
DO to D7
(Read)
(Vbbb =5.0V + 10%, Ta = D40 to 85°C)
Parameter Signal Symbol Condition Min. Max. Unit
Address hold time A0 tAH8 N 10 N ns
Address set-up time CS taws 20 N ns
System cycle time WR tcycs N 1000 N ns
Control pulse Write - . 100 N ns
. R tcc N =
width Read 200 N ns
Data set-up time tDS8 N 80 N ns
Data hold time tDH8 10 N ns
— DO to D7 -
RD access time taccs N 180 ns
Output disable time toHs CL =100 pF 10 90 ns
(VoD =2.7V 10 4.5V, Ta=Db40to 85°C)
Parameter Signal Symbol Condition Min. Max. Unit
Address hold time A0 tAHS N 20 N ns
Address set-up time CS taws 40 N ns
System cycle time — tcycs N 2000 N ns
Control pulse Write - . 200 N ns
) RD tcc N =
width Read 400 N ns
Data set-up time tDS8 N 160 N ns
Data hold time tDH8 20 N ns
— - DO to D7 -
RD access time taccs N 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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¥ System Bus Read/Write Characteristic 2 (68-system MPU)

~

tcyes

E
taws tew taHe
RIW X X
A0 CS P X
tpse tbHe
DO to D7
(Write)
e—— tacce—> toHs
DO to D7
(Read)
(Vbb =5.0V = 10%, Ta = D40 to 85°C)
Parameter Signal Symbol Condition Min. Max. Unit
System cycle time *1 AO tcyce N 1000 N ns
Address set-up time Ccs taws N 20 N ns
Address hold time RIW tAH6 10 N ns
Data set-up time tDS6 N 80 N ns
Data hold time tDH6 10 N ns
, _ DO to D7
Output disable time toHe CL =100 pF 10 90 ns
Access time tacce 180 ns
Enable pulse Write . 100 N ns
] E tEW N -
width Read 200 N ns
(VoD =2.7V 10 4.5V, Ta=b40to 85C)
Parameter Signal Symbol Condition Min. Max. Unit
System cycle time *1 AO tcyce N 2000 N ns
Address set-up time CsS tAWS \ 40 N ns
Address hold time RIW tAH6 20 N ns
Data set-up time tDS6 N 160 N ns
Data hold time tDH6 20 N 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 N -
width Read 400 N ns

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

securedycs after CS = LOW is attained.

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%umf V
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¥ Display Control Input Timing

e G e
‘ twieL ‘ twHeL - tf —<lr

{DER
FR

(Vbbb =5.0 V = 10%, Ta = D40 to 85°C)

Parameter Signal  [Symbol Condition Min. Typ. Max. Jnit
Low-level pulse width twiLcL N 35 N N s
High-level pulse width twHCL N 35 N N s
Rise time c tr N N 30 150 ns
Fall time tf N N 30 150 ns
FR delay time FR tDFR N DP2.0 0.2 2.0 ms

(VoD =2.7V104.5V, Ta=b40to 85C)

Parameter Signal [Symbol Condition Min. Typ. Max. Jnit
Low-level pulse width twLcL N 70 N N ms
Highlevel pulse width twHCL N 70 N N ms
Rise time ct tr N N 60 300 ns
Fall time tf N N 60 300 ns
FR delay time FR tDFR N P4.0 0.4 4.0 ms

Note: All timings are defined based on the standards of 20% and 80%mof V
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¥ Reset Input Timing (80-system MPU)

RES

trwg————>|

tRg—>|

Internal Under resetting Reset completed
status

(VDD =5.0V * 10%, Ta = D40 to 85°C)

Parameter Signal |Symbol Condition Min. Typ. Max. Jnit
Reset time tr8 2.0 N N ns
Reset HIGH pulse widtf RES | trws 1.0 N N ns

(VbbD=2.7Vto 4.5V, Ta=b40to 85°C)

Parameter Signal |Symbol Condition Min. Typ. Max. Jnit
Reset time tr8 4.0 N N ns
Reset HIGH pulse widtf RES | trws 2.0 N N s

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 = B40 to 85°C)
Parameter Signal  |Symbol Condition Min. Typ. Max. Jnit
Reset time tr6 2.0 N N ns
Reset LOW pulse width| RES | trwe 1.0 N N ns
(VoD =2.7V 1o 4.5V, Ta=b40 to 85°C)
Parameter Signal  |Symbol Condition Min. Typ. Max. Jnit
Reset time tr6 4.0 N N ns
Reset LOW pulse width| RES | trwe 2.0 N N 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 10% and 90%umof V
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11. EXAMPLE OF CONNECTION
MPU Interface (MPU example: S1C88316)

AO(RO0) A0
CEO to CE3(R30to R33)] 1 CS
CL(R25) CL
RD(R23) RD
S1C88316 WR(R24) WR S1D15210
DO to D7(PO0 to P07) DO to D7
13 RES]2
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 (32" 131)

= T

S1C88316 S1D15210
COoM (master) (slave)
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1. DESCRIPTION ¥ High-speed, 8-bit microprocessor interface allowing direct
The S1D15206 series is a single-chip LCD driver for dot-matrix connection to both the 8080 and 6800
liquid crystal displays (LCDOs). It accepts serial or 8-bit parallel ¥ Supported serial interface _
display data directly from a microprocessor and stores data in an on- ¥ Rich command functions (upward compatible to S1D15200
chip display RAM. It can generate an LCD drive signal independent Series); they are Read/Write Display Data, Display On/Off
from microprocessor clock. Switching, Set Page Address, Set Initial Display Line, Set
As the S1D15206 series features the very low power dissipation and Column Address, Read Status, Static Drive On/Off Switch-
wide operating voltage range, it can easily realize a powerful but ing, Select Duty, Duty+1, Read-Modify-Write, Select
compact display unit having a small battery. Segment Driver Dlreptlon, Power Save, Reset, Set Power
A single chip of S1D15206 series can drive a80¢pixel or 33 64- Control, Set Electronic Controls, Clock Stop.
pixel LCD panel. ¥ On-chip CR oscillator circuit

¥ On-chip LCD power circuit (The on-chip and external LCD
(Note: The S1D15206 series are not designed to have EMI resist- power supplies are software selectable.)

ance.) ¥ Very low power consumption

¥ Flexible power voltages; 2.4 to 6.0 VbV ss) and -13.0

2. FEATURES to -4.0 V (\bD-V5) .
¥ Direct data display using the display RAM. When RAM i éﬂ&fﬁéﬁfe operating temperature range

data bit is 0, it is not displayed; when 1, it is displayed.

¥ Large 8033-bit RAM capacity

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

¥ 128-pin QFP5 package with aluminum pad or Au bump

Series Specifications (for 128-pin flat package)

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 N
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
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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
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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).
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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

> < [ |SEG35
[ | SEG34

O
] | SEG32
8] | sEG31

N[ | sEGs2

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

] | SEG30

] | sEG29

O

] | SEG27

1 | sEG26

O

[] | SEG24

1 | sEG23

] | SEG22
30 | SEG21

O |sec1e
O | sEG1s
O | sEG17
20 | secis

O

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

DDDDDDDDQDDDDDDDDDDDDDDDDD
N
o

Y
N
<]

1 10 20

Y
x

w

J
w
@

Y v

(=2
B

a1
o

I o

Fgfé é é INES) INIE
doaoswr83IIIL %gzn:m‘m‘ocnP)o[r_
>>>>>>>>0000 >SSnnlReoloIuL

* Pinnamesin( ) apply to S1D15208.
* Pinnamesin[ ]apply to S1D15206D%0 (CMOS pin = Type B).
Al- pad chip

¥ Chip size 5.92 mM4.68 mm

¥ Chip thickness0.4 mm
¥ Pad opening 90/2n~ 90.2/mm
¥ Pad pitch 136m (Min)

Au- bump chip (reference)

¥ Chip size 5.92 mM4.68 mm
¥ Chip thickness0.4 mm
¥ Bump size  81.im” 81.7nm

¥ Bump height 22.Bm

DO
D1
D2
D3
D4
D5
D6
D7

COMO
Ccom1
COM2
COM3
COom4
COM5

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]
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S1D15206 Series

Pad Center Coordinates

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

1 Vi 2767 P2106 65 SEG16 2516 2185
2 V2 2637 66 SEG17 2367

3 V3 P2507 67 SEG18 2218

4 Va P2377 68 SEG19 2088

5 Vs 2246 v 69 SEG20 1957

6 VR P2116 2149 70 SEG21 1827

7 VDD 1985 2176 71 SEG22 1697

8 Vout 1857 72 SEG23 1567

9 CAP2D 1727 73 SEG24 1437

10 CAP2+ 1522 74 SEG25 1307

11 CAP1D P1318 75 SEG26 1177

12 CAP1+ P1113 v 76 SEG27 1046

13 Vss P553 P2166 77 SEG28 916

14 M/S 356 P2185 78 SEG29 786

15 SR2 226 79 SEG30 656

16 SR1 P95 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 P125

22 FR 719 86 SEG37 255

23 CL 849 87 SEG38 385

24 DO 979 88 SEG39 b515

25 D1 1109 89 SEG40 646

26 D2 1239 90 SEG41 b776

27 D3 1369 91 SEG42 D906

28 D4 1500 92 SEG43 P1036

29 D5 1630 93 SEG44 1166

30 D6 1760 94 SEG45 P1296

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 P1817

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

36 COM4 (COM20) [COM3 ] 2589 100 SEG51 D2077

37 COM5 (COM21) [COM4 ] 2719 v 101 SEG52 P2226

38 COM6 (COM22) [COMS5 ] 2802 Pp1654 102 SEG53 P2375 \

39 COM7 (COM23) [COM6 ] P1524| 103 SEG54 2802 1937
40 COM8 (COM24) [COMT7 ] P1393| 104 SEG55 1802
41 COM9 (COM25) [COMS ] Pp1263| 105 SEG56 1672
42 COM10 (COM26) [COM9 ] P1133| 106 SEG57 1541
43 COM11 (COM27) [COM10] P1003| 107 SEG58 1411
44 COM12 (COM28) [COM11] p873| 108 SEG59 1281
45 COM13 (COM29) [COM12] Pp743| 109 SEG60 1151
46 COM14 (COM30) [COM13] Pp612| 110 SEG61 1021
47 COM15 (COM31) [COM14] b482| 111 SEG62 891
48 COMS [COM15] p352| 112 SEG63 760
49 SEGO P193| 113 SEG64 (COM15) 599
50 SEG1 b63| 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) P52
55 SEG6 588 119 SEG70 (COM9) D182
56 SEG7 718 120 SEG71 (COMB) 312
57 SEGS8 848 121 SEG72 (COM7) D442
58 SEG9 978 122 SEG73 (COM®b) 572
59 SEG10 1108 | 123 SEG74 (COMb5) b703
60 SEG11 1238 | 124 SEG75 (COM4) 833
61 SEG12 1368 | 125 SEG76 (COM3) D963
62 SEG13 1499 | 126 SEG77 (COM2) 1093
63 SEG14 1629 | 127 SEG78 (COM1) P1223
64 SEG15 v 1759 | 128 SEG79 (COMO0) v P1353

* Pin namesin () apply to S1D15208.
* Pinnamesin[ ]apply to S1D1520631QCMOS 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:

VDD 3 V13 V23 V33 V43 V5

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
CAP1D (0] DC/DC voltage converter capacitor 1 negative connection 1
CAP2+ (0] DC/DC voltage converter capacitor 2 positive connection 1
CAP2Db (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 =010 : Read
R/W =000 : Write
4P6 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 [ Normally 010. 1
CL I/0 Normally 010. 1
FR I/O Normally 010. 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 VDD
0 V5
0 1 V2
0 V3
Power save b \bD
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 VbD
0 1 Vi
0 V4
Power save b \bD
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 4D7




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 (SI) pariaded-thtta 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 CS1 CS2 A0 RD WR Data (DO to D7)

0 1 8080 microprocessor CS1 | CSs2 A0 RD | WR | DOtoD7

bus (parallel)
1 1 6800 microprocessor CS1 CS2 AO E R/W | DO to D7

bus (parallel)
1 0 Serial input Cs1 CSs2 AO 0/1 0/1 D6 (SCL) and D7 (SI)
0 0 | Reset CS1 | Cs2 | A0 RD | WR NNRNRNRNNN

* 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 ((jietermri]ned;cé pelthe d/i\sop!ay daga 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:jen(; 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

4D8 EPSON Rev.3.5
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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.ters ~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 LSIOs using bus holder of internal data bus in order to ma'fChspecified 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 (yc) 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 S1D152060s 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
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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 \bp -(Vss 2) or -(Vss 3) voltage at \byt. 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

11 1 ON ON ON N Used Used

100 ON OFF OFF N 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 CAP2D, and betweegs\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 {kie|xfvigef

R1
Ra
Vs=(1+ 2—2 - VREG+IREF - Rb
_sq1. R3+R2-DR2
=(1+ 2 TReTIREy |
(1 R1+DR2 ) - VREG R2
+IREF - (R3+R2-DR2)
Rb

R3

where, \keg is the constant voltage source of the IC, and it is
constant (Wec=D3.1 V). (Vkec=Typel) Vrec=VsqVpp basis)
(VrReG=Type2)

IRer is the voltage regulation current of the Electronic Volume
Control Function, anckkr= 2.4nmA 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 £DR2
V5—(1+W)a\é|§@ ................ @
(As Irer = 0A)

¥ RI+R2+R3=6.0W......ccc0oeverriinnnnn. @

(Determined by the current passing betweep ¥nd V5)
¥ Variable voltage range by R2: 6.2 to 9.3 V
(Determined by the LCD characteristics)
DR2 = 0N, VReg=D3.1V
To obtain \§ =D9.3 V, from equation (l)
R2+R3=24R1
DR2 = R2,\kec=D3.1V
To obtain \§ = B6.2 V, from equation (1):

R1+R2=14R1....ccccececrurnnn. @..

From equation®, ® and®: R1=2.0 MV
R2=1.0 MWW

R3 =3.0 MWW

The voltage regulator circuit has a temperature gradient of
approximately B0.17%C as the Yggvoltage. 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.

When the ke = Type 2, similarly preset R1, R2 and R3 on the basis
of VRec = 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
VREG
DR2 +
é\ —1 V5
-+ -
<_

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:

Vs =(1+ FF;g ) @ e+ IrRera Rb
(Variable voltage range)

The increased y/voltage is controlled by use gfdrcurrent source
of the IC. (For 32 voltage levelBlrer=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
b1l
VREG

Ra

[Vs = (1 + Rb/Ra) 4 MEd

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.

VRrec =D3.1M0.4V (Typel) \Reg =D0.17%/0C

Vreg =Vss(Vpp basis) (Type2) ¥ec =D0.00%/0C

Irep= D1.27A + 40% (For 16 levels) Rgg=0.011nA/°C

Irer = D2.47A £ 40% (For 32 levels) RHgr=0.022nA/°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

4b14
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Setup example of constants when Electronic Volume Control If Ta=50CC:
Function is used: Vs max = (1 + Rb/Ra) apéc
V5 maximum voltage: ¥= 6.2 V (Electronic volume control =(1+1MNV1IMW  (B3.1V) {1+ (DP0.17%IC)
register values (D4,D03,D2,D1,D0)=(0,0,0,0,0)) " (50°C b 28C)}
V5 minimum voltages: ¥=D8.6 V (Electronic volume control = Db5.94V
register values (D4,03,02,D01,D0)=(1,1,1,1,1)) Vs min = Vs max + Rb &er
Vs variable voltage range: 2.4 V =D5.94V + 1INV {P2.4nA + (0.022nA/°C) ~
Variable voltage levels: 32 levels (B50C b 28C)}
(1) Determining the Rb: =P8.89V
Rb = Vs variable voltage range 2.4V The margin must also be determined in the same procedure given
lIRer 2.4mA  Rb=1.0 W above by considering ther¢g and kgr variation. This margin

calculation results show that thg ¥enter value is affected by the

(2) Determining the Ra: Vrecand kegvariation. The voltage setup width of the Electronic

_ Rb 1.0 MWV Volume Control depends on thggk variation. When the typical
Ra = V5 max P62V value of 0.2 V/step is set, for example, the maximum variation range
“VREG bl P31V bl Ra=1.0M of 0.12 to 0.28 V must be considered.
When the \keg = Type 2, it so becomes thagds = Vssand there
According to the ¥ voltage and temperature change, equégican is no temperature gradient. Howeveggg carries the same
be as follows (if \bp = 0 V reference): temperature characteristics as withgé = Type 1.
If Ta=25C:
Vs max = (1 + Rb/Ra) apéc Voltage generator for LCD (Voltage fullower)

=(1+1MW1IMW~  (P3.1V)
=P6.2V

Vs min = Vs max + Rb &kr
=DP6.2V+1N (D2.4A)
=P8.6V

If Ta =D10C:

Vs max = (1 + Rb/Ra) apéc

= (1+1MWIMW)" (B3.1V) {1+ (B0.17%IC)

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.

* (P16C b 25C)} :
—PB57V Model LCD drive voltage
Vs min = Vs max + Rb &ker S1D15206 1/5 of bias voltage
= Db6.57 V + 1INV" {D2.4nA + (0.022nA/°C) S1D15208 1/7 of bias voltage
(B10C b 258C)}
=P8.20V Subsection gives wiring examples and reference parts list when on-

chip power supply is used and when not used.

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

¥ To start the built-in power ¥ To start the built-in power
circuit when logic units are circuit after release of Power
being powered: Save mode:

Release the Power Save

Hardware reset T
mode. (Static drive is

(SR1=SR2=0) OFF or display is ON.)
Y Y
Setup of power Setup of power
control control
*After approx. 200 msec *After approx. 200 msec
Y Y
Display turns ON. 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.
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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” Command AEh )
| Power save
command
v
Static drive “ON” Command A5h )
Built-in power supply “OFF”
* Precautions when installing the COG the resistance of ITO wiring is being inserted in series with the

switching transistor, thus dominating the boosting ability.
When installing the COG, it is necessary to duly consider the fact that Consequently, the boosting ability will be hindered as a result
there exists a resistance of the ITO wiring occurring between the and pay sufficient attention to the wiring to respective boosting
driver chip and the externally connected parts (such as capacitorsand  capacitors.
resistors). By the influence of this resistance, non-conformity may 2. Connection of the smoothing capacitors for the liquid crystal

occur with the indications on the liquid crystal display. drive

Therefore, when installing the COG design the module paying The smoothing capacitors for the liquid crystal driving potentials

sufficient considerations to the following three points. (V1. V2, V3 and \4) are indispensable for liquid crystal drives

1. Suppress the resistance occurring between the driver chip pin to not only for the purpose of mere stabilization of the voltage
the externally connected parts as much as possible. levels. If the ITO wiring resistance which occurs pursuant to

2. Suppress the resistance connecting to the power supply pin of installation of the COG is supplemented to these smoothing
the driver chip. capacitors, the liquid crystal driving potentials become unstable

3. Make various COG module samples with different ITO sheet to cause non-conformity with the indications of the liquid
resistance to select the module with the sheet resistance with crystal display. Therefore, when using the COG module, we
sufficient operation margin. definitely recommend to connect reinforcing resistors externally.

Reference value of the resistance is Wod 1MW,
Also, as for this driver IC, pay sufficient attention to the following Meanwhile, because of the existence of these reinforcing

points when connecting to external parts for the characteristics of the resistors, current consumption will increase.

circuit.

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 betweenouT and \ss) 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 W0 However, when installing the COG,

Exemplary connection diagram 1. Exemplary connection diagram 2.
T VDD T VDD
VDD VDD
Ra3 R4
| |
Vi Vi
cal! call
R4z
[%] [%]
k) Q0
| > | 5
ol V2 3 el V2 3
© ©
o o
N N
[Te} [Xo}
| a | v 8
\%
cal! : b cal! * a
R43
| |
'—| Va »—| Va
cal! call
R43 R4z
|
ol Vs o ———vs
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Reset Circuit

The S1D15206 series chip parameters are initialized when both

SR1 and SR2 are set to low.
I 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 1/16 (S1D15206)
: Normal (DO ADC com

mand is high and
ADC status flag is set)

. Off

-0
. Line 1l

: 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 4D21 lists available commands. The S1D15206 series uses a A0 | RD |WR | D7 | D6 | D5 | F4 | D3 | D2 | D1 | DO
cpmblnatlon of AO, RD and WR (or R/W) signals to identify data bu; 0 1] o0 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
A0 | RD |WR| D7 | D6 |D5| F4 |D3 | D2 | D1 | DO (5) Read Status
o|j1(0f2|0|2|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
A0 |RD |WR | D7 |D6 |D5 | F4 |D3 |D2 |D1 |DO
0O(1 |01 1 |0 |A4 A3 |A2 |Al |AO
- HIGH-order bit

A4 A3 A2 Al A0 Line address

0 0 0 0 0 0

0 0 0 0 1 1

0 0 0 1 0 2

1 1 1 1 o0 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 079-nO 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 1 110 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 | Wwe A pair of Read-Modify-Write and End commands must always
A0 | RD|WR|D7| D6 DS| F4|D3)| D2 D1 | DO be used. Once Read-Modify-Write is issued, column address is
0 1|0 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(2|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).
__|Rw
AO |RD (WR| D7 |D6 |D5| F4 |D3 | D2 |D1 | DO
0 1 0 1 1 1 0 1 1 1 0

Return
v

[
XN X N+ X Ne2 X N#3 X:,,,, N+m ><LNEnZ<

Column address

Read-Modify-Write mode is selected.

(14) Reset
Resets the Initial Display Line register, Column Address coun- D4 D3 D2 D1 DO | Vs |
ter, Page Address register, register data of serial interface, and| 0 0 0 0 0 Low
Electronic Control register to their initial status. The Reset | 0 0 0 0 1
command does not affect on the contents of display RAM. 0 0 9 1 0 _
Refer to the Reset circuit section of FUNCTIONAL DESCRIP-
TION. 1 1 1 0 1
__ 1 1 1 1 0
__|Riw 1 1 1 1 1 High
AO | RD|WR|D7|D6 |D5| F4 |D3 | D2 | D1 | DO
0 1 0 1 1 1 0 0 0 1 0 Set register to (D4,D3,D2,D1,D0)=(0,0,0,0,0) to suppress elec-
tronic control function.

The Reset command cannot initialize LCD power supply. Only

RES (that sets SR1 and SR2 to low) can initialize the supplies. (17) Clock Stop _
Stops clock output at CL to reduce current consumption.
(15) Set Power Control R
Selects one of eight power circuit functions using 3-bit register. == s
An external power supply and part of on-chip power supply A0 |RD |WR| D7 | D6 D5 F4 D3 D2 D1|DO
functions can be used simultaneously. Refer to Power Circuit | 0 110 1 1 110 0 1 1 | D
section of FUNCTIONAL DESCRIPTION for details.

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

R/W|
A0 | RD |(WR| D7 | D6 | D5 | F4 | D3 | D2 | D1 | DO (18) Power Save (a combination with Static Drive command)
0 1| o 11| o 1 1 o | b2 b1l Do Sets LCD panel in power save mode if Static Drive ON is issued

when the display is off. Power consumption drops power

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 || D7

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

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

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

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 b b b b b b 3 B b D) P 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 D0.3t0 +7.0 \
Triple voltage
conversion VbD P0.3to +6.0
Driver supply voltage range (1) V5 P18.0to +0.3 \%
Driver supply voltage range (2) V1,V2,V3, V4 V5 to +0.3 \%
Input voltage range VIN D0.3 to Vbp+0.3 \%
Output voltage range VO D0.3 to Vbp+0.3 \%
Allowable loss Pp 250 mw
Operating temperature range TopPr D40 to +85 °C
Storage temperature range| QFP ¥ TCP TSTG P65 to +150 °C
Bear chip P55 to +125
Soldering temperature and time TSOLDER 260-10 (at leads) °C¥sec
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 ompy=0 V.

2. Voltages \bp 3 V13 V23 V33 V43 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 packaygg resin d

chip mounting.
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9. ELECTRICAL CHARACTERISTICS
DC Characteristics

Vpop =5V +£10%, Vss =0V, Ta = P40 to +85°C unless otherwise noted.

ltem Symbol Condition Min. Typ. Max. Unit | Pin used
Power voltage (1) | Operational Vbp 2.4 6.0 \% Vpp *1
Operating voltage | Operational Vs b13.0 b4.0 \% \§ *2
(2) | Operational | Vi, V2 0.6" Vs VpD V V1, V2
Operational | V3, Va Vs 0.4° Vs \Y V3, Vg
HIGH-level input voltage ViHC 0.7 Vpbp Vbb \% *3
Vpp=2.7V 0.8" Vpp Vpb
LOW-level input voltage ViLc Vss 0.3" Vpp| V *3
8 Vpp=2.7V Vss 0.2 Vpp
(2_) HIGH-level output voltage VoHc lon=DH1mA 0.8" Vbp Vbbp \% *4
Vop=2.7V, lon=D0.5mA [0.8" Vpp Vpb
LOW-level output voltage VoLc loH=1mA Vss 0.2" Vpp| V *4
Vpp=2.7V, loL. =0.5mA Vss 0.2 Vpp
HIGH-level input voltage ViHs 0.4" Vpp 0.8" Vpp| V *5
E Vpp =27V 0.4" Vpp 0.8" Vpp
-&C’, LOW-level input voltage ViLs 0.2" Vpp 0.6 Vpp| V *5
Vpp=2.7V 0.2° Vpp 0.6 Vpp
Input leakage current ILi b1l.0 1.0 mA *6
Output leakage current ILo b3.0 3.0 mA *7
LCD driver ON resistance Ron | Ta=25°C  Vs5=D0.5V 150| 300 | kw |SEGOt079
COSO0 to 15
COMS *9
Static current consumption Ippg CS=C_L=Vpp 0.05 3.0 mA 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=27t105V 24 2.9 3.7 kHz *8
48 58 -4 Applies to the
S1D15206x10x+,
S1D15208x1044
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 S1D15208F11x* . Ta=25°C
Item Symbol Conditions Min. Typ. Max. Unit | Remarks
S1D15206 Ipp (1) Vop = 5.0V, V5DbVbp = D6.0V b 9.1 18 mA *12
Vop = 3.0V, VsbVbp = D6.0V b 12.0 24
S1D15208 Vpp = 5.0V, VsB\bp = B8.0V b 7.5 15
Vop = 3.0V, V5bVbp = B8.0V b 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
Item Symbol Conditions Min. Typ. Max. Unit | Remarks
S1D15206 Ipp (2) |Vobbp =5.0V, VsBVbp = 6.0V, dual boosting b 31 62 mA *13
Vpp = 3.0V, VsBVbp = 6.0V, triple boosting b 44 88
S1D15208 Vpp = 5.0V, Vsb\Vbp = D8.0V, dual boosting b 37 74
Vop = 3.0V, Vsb\Vbp = D8.0V, triple boosting b 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 S1D15208F11xx. Ta=25°C
ltem Symbol Conditions Min. Typ. Max. Unit | Remarks
S1D15206 Iob (2) |VDD =5.0V, Vs5B\bD = D6.0V, dual boosting b 34 68 mA *13
VoD = 3.0V, Vsb\bD = D6.0V, triple boosting b 46 92
S1D15208 VbD = 5.0V, Vsb\bb = B8.0V, dual boosting b 42 84
VoD = 3.0V, VsD\bD = D8.0V, triple boosting b 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 lpps1 | S1D15206, S1D15208 N 3 6 m N
mode
Typical current consumption characteristics (reference data)
¥ Dynamic current consumption (1) when LCD external power mode lamp is ON
20
(LA) Conditions: The built-in power supply is
OFF and an external power
W d !
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
60 S1D15208 Vs-Vbp=-8.0V triple boosting
M Ta=25;C
IDD (2) S1Db19208 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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¥ 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 Vb \ 24 | R |60 |V *10
%'- Booster output voltage Vout | Vpp reference (during triple boosting) | £16.5 N N \% V out
© ~
% Voltag_e regulator circuit Vout | Vpp reference b16.5 N b4.0 \% Vourt
@ | operating voltage
% Voltage follower operating Vs Vpp reference p13.0| N P4.0 \% *11
. | voltage
Reference voltage Vrec | Vpp reference Ta = 25°C P35 | B3.1| b27 \ Y
* 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 Sl (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¥miival §¥/
V4). It must be within operating voltage (2).
RON = 0.1 VDI
where,Dl 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

(S1D15206 series)

The relationship between CL output frequeney)and frame Ta=25,C
6

¥ Relationship between CL output frequency and power

voltage

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
117 | 8 ¥ bscl272 .
cL 3
S1D15208|  1/33 |8 ¥ bsc/264 [KH2] fo1=2.90
2
Figure 7 L
("fg" indicates the LCD current alternating cycle, but not the
cycle of f F signals.) 0 > 2 6 8
Vop [V]
Figure 8
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¥ Operating voltage range on \pp and Vs

-20
| — e I 13
V]
Vs -10
72F-------- - -
- | e LR -4
1
1
|
0 224 4 6 8
VDD V]
¥ bp measuring circuits
VDD
Vi
_lov
V2 T-5v
SlDlsz*******
V3
Va
Vs
Vss

\%!

V2

V3

Va

V5

VDD

SlDlSZ*******

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 = D40 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=b40 to +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 andtce rare 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% g Voltage.
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(2) System buses

Read/write characteristics Il (6800-series microprocessor)

AO X
lae——  tawe ——— = l=— 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)
l«—— tacce -+~—{oH6
DO~D7
(READ)
Vss =0V, Vpp=5.0V +10%, Ta = D40 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 tose 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=2.7V1to45V, Ta=b40to +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.
4P28 EPSON Rev.3.5



S1D15206 Series

(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 =5.0V£10%, Ta = D40 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 =40 to +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 tsiw 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.
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(4) Display control timing

t wHeL —

« \

t wLeL L toFR tr

FR
Vss =0V, Vpp =5.0V £10%, Ta = D40 to +85°C
Parameter Signal Symbol Condition Min. Typ. Max. Unit
LOW level pulse width CL twicL 35 ns
HIGH level pulse width twheL 35 ns
Rise time tr 30 120 ns
Fall time tf 30 120 ns
FR delay time FR torr b1.0 0.2 1.0 ns
Vss=0V,Vpp=2.7Vto4.5V, Ta=Db40to +85°C
Parameter Signal Symbol Condition Min. Typ. Max. Unit
LOW level pulse width CL twicL 70 ns
HIGH level pulse width twHeL 70 183
Rise time tr 60 240 ns
Fall time tf 60 240 ns
FR delay time FR torr b2.0 0.4 2.0 s
Output timing Vss =0V, Vpp =5.0V +£10%,Ta = B40 to +85°C
Parameter Signal Symbol Condition Min. Typ. Max. Unit
FR delay time FR torr CL=100pF 0.2 0.4 ns
Vss=0V,Vpp=2.7Vto4.5V, Ta=Db40to +85°C
Parameter Signal Symbol Condition Min. Typ. Max. Unit
FR delay time FR torr CL=100pF 0.4 0.8 ns

Notes: 1. All signal timings are limited based on 20% and 80%pf Xoltage.
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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 = D40 to +85°C
Parameter Signal Symbol Condition Min. Typ. Max. Unit
Reset time R 1.0 s
Reset LOW pulse width Reset input trw 10 s
Vpp = 2.7 V £10%, Ta = D40 to +85°C
Parameter Signal Symbol Condition Min. Typ. Max. Unit
Reset time tr 3.0 ns
Reset LOW pulse width Reset input trw 30 s

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 excelgging 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% ©f Voltage.

Rev.3.5 EPSON 4b31



S1D15206 Series

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= 9.3 to B6.2 V

c1 0.1to1nF . . .
Note: Use jumper and shielded wires
C2 0.1to1nk as the input impedance of VR
R1 2.0 MW terminal is high.
R1 1.0 MW
R1 3.0 MW
\S/lDl\&/SZO*D**** Setting value for your reference: 100/ko 1 MW.
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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Microprocessor Interface

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

Wiring example 1:

Wiring example 2:

<
Vcc A0 ~{AQ VDD
L leso 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
777777 777777
<
Vce AO ~{AQ VDD
Lcs2 SR2
Alto Al15
VMA Decoder Jest
S1D15206
DO to D7 D70to D7
E ~RD (E) SR1
RIW = WR (R/W)
GND RES <—,—‘ Vss
RESET
777777
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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

% S1D15208 : 64” 33do

Yd X2 & @

S1D15208

COM
16

4D36
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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

\
‘|||||||||||||||||||||||||||||||||||||||||||||||||||||IIIIIIIIIIIIIIIIIIIIII'E
]

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 tions. Accordingly, this driver can be operated with a minimum

The S1D15300 series is a single-chip LCD driver for dot-matrix CU'Tent consumption and its on-board low-current-consumption
liquid crystal displays (LCDOs) which is directly connectable to a l1uid crystal power supply can implement a high-performance
microcomputer bus. It accepts 8-bit serial or parallel display data handy display system with a minimum current consumption and a
directly sent from a microcomputer and stores it in an on-chip Smallest LSI configuration. . L

display RAM. It generates an LCD drive signal independent of 1 WO types of S1D15300 series are available: one in which common
microprocessor clock. outputs are arranged on a smgle_ side and the other in which common
The use of the on-chip display RAM of 63.32 bits and a one-to- ~ ©UtPuts are arranged on both sides.

one correspondence between LCD panel pixel dots and on-chip

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

freedom. ¥ Direct RAM data display using the display RAM. When
As a total of 133 circuits of common and segment outputs are RAM data bit is 0, it is not displayed. When RAM data bit
incorporated, a single chip of S1D15300 can makeB®-dot (16 is 1, it is displayed. (At normal display)

"~ 16-dot kaniji font: 6 columns 2 lines) displays, and a single chip ¥ RAM capacity: 65 132 = 8580 bits

of S1D15301 can make 65L32-dot (kanji font: 8 columns x 4 lines) ¥ High-speed 8-bit microprocessor interface allowing direct
displays when the S1D15301 is combined with the common driver connection to both the 8080 and 6800.

S1D16700. ¥ Serial interface

The S1D15302 can display the’6300-dot (or 12-column by 4-line ¥ Many command functions: Read/Write Display Data, Dis-
Kaniji font) area using two ICs in master and slave modes. As an play ON/OFF, Normal/Reverse Display, Page Address Set,
independent static indicator display is provided for time-division Set Display Start Line, Set Column Address, Read Status,
driving, the low-power display is realized during system standby All Display ON/OFF, Set LCD Bias, Electronic contrast
and others. Controls, Read Modify Write, Select Segment Driver Direc-
No external operation clock is required for RAM read/write opera- tion, Power Save

¥ Series specifications (in cases of chip shipments)

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

Name Duty LCD bias |Segmentdriver COM driver Display area Remarks
S1D15300Doo) | 1/33 1/5, 1/6 100 33 337 100 COM single-side layout
S1D15300D10y | 1/33 1/5, 1/6 100 33 337 100 COM dual-side layout
S1D15301Dooy | 1/65 1/6, 1/8 132 0 65" 132 S1D16700 is used as the COM.
S1D15302Dooj 1/65 1/6, 1/8 100 33 65" 200 COM single-side, right-hand layout
S1D15302D11j 1/65 1/6, 1/8 100 33 65" 200 COM single-side, left-hand layout
S1D15305D101 | 1/35 1/5, 1/6 98 35 35" 98 COM both-side layout

Type 2 [VRec Temperature gradient: 0.00%C]

Name Duty LCD bias |Segmentdriver COM driver Dijsplay area Remarks
S1D15300D15) 1/33 1/5, 1/6 100 33 337 100 COM both-side layout
S1D15302D14) 1/65 1/6, 1/8 100 33 65" 200 COM single-side, right-hand layout
S1D15303D15j 1/17 1/5 116 17 177 116 COM both-side layout
S1D15304D14j 1/9 1/5 124 9 9" 124 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
S1D15300B* B* : Au-bump chip

¥ On-chip LCD power circuit: Voltage booster, voltage ¥ Wide operating temperature range:
regulator, voltage follower 4. Ta =-40 to 88C

¥ On-chip electronic contrast control functions ¥ CMOS process

¥ Ultra low power consumption ¥ Package: TCP and bare chip

¥ Power supply voltages: p¥-Vss -2.4Vto-6.0V ¥ Non-radiation-resistant design

Vpp-V5 -45Vto-16.0V

Rev.1.4 EPSON 5b1



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
<»{] FR
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.
I
87 137

Chip Size: 6.65x4.57 mm
Pad Pitch: 118m (Min.)
S1D153@ D*x Ax (Al-pad chip)
Pad Center Size: 90x9tm
Chip Thickness: 300m
S1D153@ D#* B* (Al-bump chip)
Bump Size: 76X76m
Bump Height: 28m (Typ.)
Chip Thickness: 625m

172

138
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S1D15300 Series

Pad Center Coordinates

Unit: nm
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

310129 2738 53| O7 1888 | 103| O57 -1062 153 | 0107 -236

410130 2614 54| 08 1770 | 104| O58 -944 154 | 0108 -118

510131 2490 55| 09 1652 | 105| 059 -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| 067 118 163 | 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(W/R)| 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| O84 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 | Vbb -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:
Vpp3 V13 V23 V33 Va3 Vs
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¥\6 1/6¥\5 |1/6¥\5 1/8¥\5 | 1/6¥\5 1/8¥\k
V2 | 2/5¥\6 2/6¥\5 |2/6¥\b 2/8¥\b | 2/6¥\6 2/8¥\k
V3| 3/5¥\6 4/6¥\5 |4/6¥\5 6/8¥\b | 4/6¥\6 6/8¥\k
V4 | 4/5¥\6 5/6¥\5 |5/6¥\5 T7I8¥\k | 5/6¥\5 7/8¥\k
S1D15303 S1D15304
V1 1/5¥\k 1/5¥\k
V2 2/5¥\k 2/5¥\k
V3 3/5¥\k 3/5¥\k
V4 4/5¥\k 4/5¥\k
LCD Driver Supplies
Name I/0 Description Number of pins
CAP1+ (0] DC/DC voltage converter capacitor 1 positive connection 1
CAP1D (0] DC/DC voltage converter capacitor 1 negative connection 1
CAP2+ (0] DC/DC voltage converter capacitor 2 positive connection 1
CAP2D (0] DC/DC voltage converter capacitor 2 negative connection 1
CAP3D (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 1/0 Description INumber of pins
DO to D7 1/0 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 5B5



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 = O10:Read
R/W = O00: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 A0 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/10

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% Dkkkk

Master

Enabled

Enabled

Output

Output

Output

Output

Output

Slave

Disabled

Disabled

Input

Input

HZ

HZ

Input

1

CL

I/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. DonOt 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.

5D6
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S1D15300 Series

Name I/0 Description INumber of pins
On @] LCD drive output. The following assignment is made depending on 132
(SEG n) the model.
(Com n)
SEG COM
S1D15300D00** 00~099 0100~0131
S1D15300D10**
S1D15300D15%% 016~0115 00~015, 0116~0131
S1D15301D00x* 00~0131
S1D15302D00**
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 b \bb
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 Vop
HIGH V1
LOW LOW Va
Power save b \bbp
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 OHZO 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 5] 15} 15} Sl SCL (HZ)

ODPO 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 micropizesssactedn
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 Cs2 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 clockeiglearshen 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-tétta and
processed on rising edge of every eighth serial clock signal.

The serial data input (S1) is determined to be the display data when A0 is high, and it is control data when AQ is fead 80 lising edge
of every eighth clock signal.

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

; ; o ; e hi 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 disabled. 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 {acc). 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 10 Dlsplay_ Data RAM and Inte.rnal Re.gls?[ers ~ 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 LSIOs using bus holder of internal data bus in order to matchrhe 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 5D9



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
é/lvritten 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 assearbljirethisrsc
is set by setting O10 or O0O 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
S1D15300D007]]
1 SEG100 COM31---——————- COMO
S1D15300D101 {0 [COM15--0 SEG100 COM16--31
S1D15300D151 |1 |COM16--31 SEG100 COM15--0
S1D15301D001 | — SEG132
S1D15302D00] | O SEG100 COMO —————————- COM31
S1D15302D141 | 1 SEG100 COM31-————————- COMO
0 |COM31-——---—--———~ 0 SEG100
S1D15302D11])
1 |[COMO ———--——————— 31 SEG100
0 [COM7--0 SEG116 COMS8 --15
S1D15303D151]]
1 [COM8--15 SEG116 COM7 --0
0 SEG124 COMO ——7
S1D15304D14]
1 SEG124 COM7 --0
0 - SEG98 COM18--33
S1D15305D101] COM17--0
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 ping#@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 outputas 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&r@ton | o | ¢ |pyo | DOF
S1D1530% Dk Master | Output | Output | Output | Output
Slave Input | Input Hz Input

HZ denotes a high-impedance status.

5P12
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S1D15300 Series

Example of S1D15300D0GB1/33 duty
¥ 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

]
DYO I [
T

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 110 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 & « 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
@ 111 ON ON ON N 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 5P13



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 apyT 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 {h&|raiyeai.

Rb
=(1+ + .
Vs=(1 Ra) VREG+IREF - Rb

R3+R2-DR2
R1+DR2 ) VREC

+IREF - (R3+R2-DR2)

:(1+

- VDD
R1 § VREG
DR2
+
5% i [ —
<

VR IREF

I
Rb
l R3 §
VReg s the constant voltage source of the IC, and in case of Type 1,
itis constant and Mec=D2.55 V (if \bp is 0 V), In case of Type 2,
VrecVss(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 Voltage.

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,D1,D0)=(0,0,0,0,0)):

(1+R3+R2DR2)
R1 +DR2

(As Irer=0 A)
¥ RI+R2+R3=5M ..o @
(Determined by the current passing betwegp ¥nd \k)
¥ Variable voltage range by R25 ¥ D6 to B10 V
(Determined by the LCD characteristics)
DR2 = ON, Vreg = B2.55V

V5= VREG «eevrerrrnninneananssd D

To obtain \6 = -10 V, from equatio®:
R2 +R3=2.92 R1

DR2 = R2, \keg = D2.55V

To obtain \6 = -6 V, from equatior:
1.35" (R1+R2)=R3

From equation®, ® and®:
R1=1.27MN
R2=0.85MN
R3=2.88MN

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:

Rb ,
Vs=(1 +R_a) VReg+ Rb” DIRgp..covvvvveeeiiiinn . ®
Variable voltage range

The increased yvoltage is controlled by use gfdrcurrent source
of the IC. (For 32 voltage leveB|rer = Ired31)

5b14
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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
IRer

2) To obtain the minimum voltage of the &bsolute value, determine
Ra using the Rb of Step 1) above.

Ra = Rb

Vg
b1l
VREG

{Vs=(1+Rb/Raj Vgreg

The S1D15300 series have the built-igpé 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 = D2.55%0.20V (Typel) \keg = D0.29%/0C

VRrec = Vss (Vpp basis) (Type2) ¥eg=D0.00%/0C

Irer = D3.2A+40% (For 16 levels) Hgr= 0.023w/°C
D6.51A+40% (For 32 levels) 0.052/°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,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: Y= D6 V (Electronic volume control
register values (D4,D3,D2,D1,D0) =
(0,0,0,0,0))

¥=D10 V (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=b10C
Vsmax = (1+Rb/Ra) Vrec
= (1+625k/462K) (D2.55V)
" {1+(D0.2%7C) ~ (BP10CD25C)}
=P6.42V
Vsmin = Vsmax + Rb" Irgr
=D6.42V + 625k
" {P6.57A+(0.0527A/°C) " (BP10CDb25C)}
=P11.63V

(Ta=D106C)

(Ta=D16C)

Ta=b50C
Vsmax = (1+Rb/Ra) VRec
= (1+625k/462K) (D2.55V)
" {1+(D0.2%IC) " (50°CD25C)}

(Ta=50C)

=b5.7v
Vsmin =Vsmax + Rb" Iger (Ta=50C)
=P5.7V + 625k
" {D6.57A+(0.052A/°C)" (50°CD25C)}
=D8.95v

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| 6.5 Rb = 625KV as shown below to turn it off after making the system into the standby
mode.
2) Determining the Ra: | Static Indicator ON |Command ADh
Lo Rb _ 625KW v
~ Vsmax Y\ | Display OFF |Command AEh
VREG D2.55v Ra = 462RV Power Save
Command
| Entire Displays ON |Command A5h
Ta=25C ;
Vsmax = (1+Rb/Ra) VRec -
= (1+625k/442K] (D2.55V) Built-in Power OFF
=Db6.0V
Vsmin =Vsmax + Rb Irep
= D6V + 625K (D6.5R)
=b10.0V
Rev.1.4 EPSON 5Pb15



S1D15300 Series

Voltage generator circuit

1 b1 Power set command 1 B2 when the on-chip power circuit is uséd when \ouT is input from the outside
when the built-in power supply (D2, D1,D0)=(0, 1, 1)
is used (triple boosting)
(D2,D1,D0)=(1,1,1)

T VDD T VoD T VDD
M/S M/S M/S
Vss CL Vss Vss CL
CAP3- —l c1t CAP3- l CAP3- —i
Vss oy | CAPLE Vss  Vss c1£7 CAP1+ Vss CAP1+ Vss
c1 ‘T—cap1- ci= [—caP1- External | | cap1-
oy L {CAP2F oy L {CAP2r 233';; CAP2+
T capP2- T —icapP2- CAP2-
Vout Vout — Vout
Vs . Vs ) Vs .
VR S1D15300 series VR S1D15300 series VR S1D15300 series
VoD VoD VDD
Vi Vi Vi
V2 V2 V2
V3 V3 V3
Va Va Va
Vs Vs Vs
3 when ks input from the outside 4 when the on-chip power circuit is used
(D2, D1, DO) = (0, 0, 1)
T VoD T VDD
Mm/s M/S
Vss CL Vss
i CAP3- —i i CAP3-
Vss CAP1+ Vss Vss CAP1+
CAP1- CAP1-
CAP2+ CAP2+
CAP2- CAP2-
External Vout Vout
power
suppl!
PPl Vs ) Vs .
VR S1D15300 series VR S1D15300 series
VDD VoD
VDD VDD
Vi Vi
V2 External Va2
c2 V3 gowelr V3
u
Va PPl Va
Vs Vs

5P16 EPSON Rev.1.4



S1D15300 Series

Reference setup value: S1D15300s ¥ -7t0 -9V
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 KW 1MW 1MW

R2 200 KW 200 KW 200 KW

R3 1.6 MW 4 MW 4 MW

LCD 16" 50 mm | 32 64mm | 32 100 mm
SIZE

DOT 32" 100 64 128 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 \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 W@k 1MW.

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 \&ks2 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 W0 However, when installing the COG,
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13. S1D15B01 Series
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