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CONTROLLER FOR REFLECTING ECB COLOR LCD S-4581A

The S-4581A is a medium-sized, simple dot matrix type LCD display
controller for graphics display.

It can interface with an 8-bit MPU having a READY (WAIT) input pin and
accesses the VRAM by the cycle steal method so that the display
screen is not disturbed. It contains all address/data control circuits for
cycle stealing, so it does not require any external circuits. Since it has
chip select output pins for the VRAM, it can be connected directly with
eight 64K SRAMs or two 256K SRAMs without using an external
decoder circuit.

Since the VRAM is mapped on the MPU memory, all display data can
be addressed directly by the MPU and display data processes, such as
drawing, can be performed quickly and efficiently.

The S4581A provides two display modes: 4- and 8-gradation display
modes. When all 64KB of the VRAM are used, the maximum number of
dots for display image data is 262,144 in the 4-gradation display mode
and 131,072 in the 8-gradation display mode.

Bl Features
- Can be controlled by an 8-bit (Intel) MPU. - Maximum horizontal display width: 1024 dots {gradation
display mode)

- Gan interface with an MPU with a READ (W) signal. - Maximum number of vertical lines: 1024

+ The MPU accesses the VRAM by the cycle steal methed. - Maximum display screen {4-gradation mode and frame

=lt does not affect the display screen. frequency 200 Hz)
320 x 240 dots
- VRAM - Vertical smooth scrolling is possible.

Mapping: MPFU memory space
Capacity: 64K bytes (2'%)
- LCD display mode
4- and 8-gradation display modes
- LCD panel

- VRAM chip select output pin
- CMOQOS operation
- Operating power supply voltage: 5+ 0.5 V
- S-4581AF: 80-pin QFP
(Pin pitch: 0.8 mm})

Single-screen drive panel (4-bit data transfer)

[ This product is tentative yet therefore specifications may be changed without notice.

—_
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CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

B Cautions

1.

DO NOT apply a voltage or current that exceeds the absolute maximum ratings to terminals. If applied, the IC may

malfunction or be destroyed.

The standard values are set with sufficient margins, but use the IC within the recommended operating conditions to

optimize device quality.

Measures against static electricity

2.1 When transporting or stering ICs, use conductive containers or metal coated boxes.

2.2 Check that there is no current leakage in electrical facilities, and be sure to ground them. Also ensure that
workbenches and people who handle ICs are grounded.

Excessive external noise to the power supply or /O terminals of CMOS ICs causes latch-up, leading to faults and

damage. If laich-up has occurred, immediately turn off the device, eliminate the cause, and turn on the device again.

Keep the IC away from mechanical vibration, shock, and sudden changes in temperature. These may cause wires to

break.

Environment

5.1 Use and store ICs below the absolute maximum rated temperature.

5.2 DO NOT use or store ICs where condensation can occur.

5.3 DO NOT use ICs where they are directly exposed to dust, salt, or acid gas such as S0s. These may cause leaks
between element leads and cause corrosion.

5.4 To store ICs for a long time, DO NOT process them. During storage, DO NOT apply any load to ICs.

Seiko Instruments Inc.



CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

B Pin Description

External dimensions (Unit: mm)
S-4581AF: 80-pin OFP
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Figure 1-1 External Dimensions
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CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

B S-4581A Pin Layout

Figure 1-2 Pin Layout

4 Seiko Instruments Inc.



CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

B Pin Functions

66,76 V&S Negative power supply pin Ground pin
1,65 vDD Positive power supply pin Normally connected fo +5V.
2 Ics MPU interface select signal input pin Low: Active
3 WR MPU interface write signal input pin Low: Active
4 IRD MPU interface read signal input pin Low: Active
5 MGS VRAM chip select input pin Low: Active
B MWR VRAM write signal input pin Low: Active
7 ‘MRD VRAM read signal input pin Low: Active
8 READY MPU wait signal output pin CMOQOS output

A low signal is output at a falling edge of the 1CS or MCS signal. After internal processing ends, a high
signal is output at a rising edge of MPUCLK.
This pin may be connected directly to the WAIT pin of the MPU to wait the MPU.
9 MPUCLK MPU clock signal input pin
10 RESET Reset signal input pin
Input the MPU RESET signal.
The pulse width must to be 1usec or more.
Command initialization/Internal register initialization R1: Initialization described later
R2 to R7: All zeros
R14, R15, R17, R18, R19: All zeros
R21 to R31: All zeros
R20: All ones
11to 26 ABOto AB15 MPU address bus input pin
Address setting at command input
ABO=A0

AB4=A4
VRAM address setting
ABO=MAD

AB15=MA15

Note: If the address signal is multiplexed, latch and input it.

27 to 34 DBOto DB7 MPU data bus input/output pin

35 MWE VRAM write enable output pin. Low: Active
Qutput a write signal to the VRAM.
Connect to the VRAM WE pin.

36 to 48 MAODto MA12 VRAM address bus output pin

49to 51 MA13/ VRAM address bus output
MCS7 VRAM chip select signal output pin
to MA14/
MCSe - VRAM chip select signal output pins when 84K SRAM is selected

MA13/MCS7=MCS7

MA14/MCSE=MCS8

Seiko Instruments Inc. 5



CONTROLLER FOR REFLECTING ECB COLOR LCD

S-4581A

VRAM address bus output pins when 256K SRAM is selected
MA13/MCS7=MA13
MA14/MCSB=MA14

52t0 56 MOCSS5 to MCS0 VRAM chip select signal output pin

57 to 64 MDO to MD7

67

68

69

70
71

72
73
74
75
77

78
79
a0

LCDENB

XGLK

YCLK

FLM

Do
D1
D2
D3
OsCi

NC
NG
OsCc2

VRAM chip select signal output pin when 64K SRAM is selected

MCS5=MCS5
MCS4=MCS4
MGS3=MCS3
MCS2=MCS2
MCS1=MCS1
MCS0=MCS0
VRAM address bus output pins when 256K SRAM is selected
MCS5=Unused
@:Unused
MGCS3=Unused
MCS2=Unused
MCS1=MCS1

MCS0=MCS0

VRAM data bus input/output pins

Connect these pins to the VRAM data bus.

The LCD Enable mode setting command setting specified by D6 is output.

The LCD pin goes low at reset.

Display data transfer clock output pin

Read display data DO to D3 into the driver at a falling edge of XCLK.

Display data latch signal output pin

The clock for transferring display data latch signal and operation signal is input to the LCD driver IC.
The signal is output after the data for one line for the display panel is transmitted.

Transfer the display latch and operation signals at a falling edge of YCLK.

AC drive signal output pin

Frame start line output pin

The common drive IC reads a high output signal from FLM at a falling edge of the YCLK signal.
The FLM output has a 2-line return line period for the specified common count of the display panel,
and the time of one frame is +2 lines.

Display data output pin. 4-bits DO to D3 are output in parallel to the LCD drive IC.

Cscillation input pin
External clock input pin

Oscillation output pin

Qpen when an external clock is input

Seiko Instruments Inc.



CONTROLLER FOR REFLECTING ECB COLOR LCD

S-4581A
B Block Diagram
READY RESET, MPUCLK
Tre WR R1 R17
ICS, IWR Input/output .
— m—" .—’.
IRD. MCS control circuit Control register Ft% Rtg1 —™ LCDENB
MWR, MRD TI
ABO to AB15 Address buffer T Display timing  f——=~] XCLK
control circuit V| YCLK
FLM
M
DBO to DB7 Data buffer 8 bits
Display data
— control
Basic timing Address VRAM cireuit N
generation circuit counter control 1 DO to D3
Oscillation circuit MPX > MPX
0OSC1 08C2 MAD to 14 MWE MDO to 7

MCS0 to MCS5

Seiko Instruments Inc.



CONTROLLER FOR REFLECTING ECB COLOR LCD

S-4581A
VRAM Address Assignment (1) {(When 84K SRAM is used)
VRAM pin Memory mapping
S-4581A Address bus Chip select
MAQC A0
MA1 Al
MAZ Az
MA3 A3
MA4 A4
MAS A5
MAB AB
MA7 A7
MAB A8
MAS A9
MA10 A10
MA11 A1
MA12 Atz
MA13/ MCS7 MCS7? EQOOH to FFFFH
MA14 / MCSE MCSE COOOH to DFFFH
MCS5 MCS5 AODOH to BFFFH
MCS4 MCS4 8000H to OFFFH
MCS3 MCS3 B00CH to 7FFFH
MCS2 MCS2 4000H to 5FFFH
WMCST MCS1 2000H to 3FFFH
MCS0 MCS0 0000H to 1FFFH
VRAM address assignment (2) (When 256K SRAM is used)
VRAM VRAM pin Memery mapping
5-4581A Address bus Chip select
MAOD AO
MA1 Al
MA2 Az
MA3 A3
MA4 A4
MAS A5
MAS AB
MA7 A7
MAS AB
MAZ A9
MA10 A10
MAT1 A1
MA12 A12
MA13 / MCS7 A13
MA14 / MCS8 Al4
MCS5
MCS4
MCS3
MGCS2
MCS1 MCS1 8000H to FFFFH
MCS0 MCSO0 0000H to 7FFFH

Seiko Instruments Inc.




CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

DO to D3
DO to D3 are LCD display data. The following are the display data output from the DO to D3 pins and the panel display:

3\

(4
22
abcd efgh ijkl mnop
{
P2
¥ LCD panel
(4
27
D3 a e i m
D2 b f j
o — ° — . — IJ< — 2 —® ——P Orderof data items
Do d h [ p
XCLK

A shift clock for display data transfer. The DO to D3 display data is sent to the LCD at a falling edge_!of XCLK.

e 2 2 I 2 B2 B 2

o SCOCXCOXK X
e SO
o OO
- O

YCLK

This clock is used to transfer display data latch pulse and scan signals. It is output when one line of LCD data is transmitted.
Latch the display data at a falling edgeiof YCLK. Also, latch the scan signal at a falling edgeiof YCLK.

M

A frame signal fo drive the LCD.

FLM

Quiputs a start pulse of a scan line. The signal is active when it is high, and the scan line drive IC should read FLM at falling
edgeiof YCLK.

Seiko Instruments Inc. 9



CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

LCDENB
Qutputs data set at bit 1 (D1) of the mode register (R1), which is one of control registers.
The signal is low at reset and can be used to control the LCD power supply.
® Oscillation pins
0SC1 and OSC2
These pins output clocks for internal operations. OSC1 is an input pin and OSG2 is an output pin. The crystal oscillation
clock can be output from OSG2 and external clocks can be input to OSC1.

(i) GCrystal oscillation

|| QSC1
J_ Note: Install G, Rf, and X'tal close to the pin.
1 Xtal Rf

+—] CI ]_ oSG2

C = 30pf Rf = 1MQ

(i) When external clocks are input

Clock ] 0sC

generator

open -M——| OSC2

& Power supply pins
VDD, VSS
Each of the power supply pins has two pins. Supply positive power to Vop and 0V 1o Vss. Be sure to connect a capacitor

near a pair of Vpp and Vsg.(4.7uF or more)

10 Seiko Instruments Inc.



CONTROLLER FOR REFLECTING ECB COLOR LCD

S-4581A
B Control Registers
The S-4581A contains 22 registers to interface with various sizes of LCDs and display data freely.
Use ICS, IWR, and IRD for setting. The address of each register is defined by AQ to A4.
® Types of control registers
Regisler type /O address Dala
No Name A4|A3[AZ|A1JAO| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Register function R/W
R1 Mode register |0 |0 | 0| 0| 1 |DISP|REV| — |TST |GRA | EX |LCD |RAM (Set the basic operation mode off W
D E S |lhe S-4581A.
R2 |Horizontal display| 0 |0 |0 [ 1] O Set the horizental display width of] W
widih register G/R Peach line.
R3 Horizontal ojofo]1]1 Set the pulse width of the YCLK| W
synchronizing YW Poutput for each line.
pulse width
register
R4 |Verticallinecount] 001 |00 {Lower) Set the number of vertical lines of
register i SLTL Pihe LCD. W
R5 ojojt1]0o]1 ” " ” ” ” ” {Upper)  [Set eight lower bits for SLTL and
two upper bits for SLTH.
R6 | Screendisplay 0|0 |1[1]0 {Low order)  |Set the screen start address. R/W
starl address < SADL
register
R7 ojo|1]1]1 i Set eight lower bits for SADL and| R/W
4 sADH—(High order) Paight t?igh-order bits for SADH.
R14 Gradation oj1]1|1]0 Set gradation conversion code
or | conversion code or o GS1 pwhen gradalions are displayed.
Ri18| register GS1 t]ofof1]o
{Note 2)
R15 Gradation o1 11111
or | conversion code or L Gs2 p 4-gradalion mode
R19| register GS2 1loejol1]1 (C1, C0)=(0, 0)=GS0
(Note 2) (C1, CO)=(0, 1) =GS1
R17 Gradation 1]j]ojo|o]1 (C1, CO)=(1, 0) =GS2
conversion code C1, Co)=(1, 1) =GS3
register GS0 “ GSo >( =)
Rz20 Gradation 1]1]o|1]0o]o 8-gradation mode W
conversion code {C2, C1, C0)=(0, 0, 0) =GES0
register GS3 < GS3 "(cz, C1, CO)=(0, 0, 1) =GS1
R21 Gradation 1]ej1]0]1 {C2, C1, C0)=(0, 1, 0) =GS2
conversion code {C2, C1, CO)=(0, 1, 1) =GS3
register GS4 e G54 ’(CZ, C1, CO)=(1, 0, 0) =GS4
Rz22 Gradation 1jo|1]1]0 (C2, C1, CO)=(1, 0, 1) =GS5
conversion code {C2, C1, CO)=(1, 1, 0) =GS6
register GS5 < GS5 Plicz, ci, Co—(1,1, 1) GS7
R23 Gradation tjof1]1]1
conversion code
register GSB [ GSB P
R24 Gradation t]1|{ofjojo
cohversion code
register GS7 e GS7 P
R25 FLM register 111(0]0]1]|ENB Set the number of M reversing W
frames when the tailing
L ELM pprevention circui is activated.
R26 CL1 regisier 111|l0]1]0 Set the number of M reversing W
lines when the tailing prevention
g CL1 pcircuil is aclivated.
R27| SLS register 11101 ]1]|ENB Set the number of shift lines for w
each frame when the tailing
g SLS piprevention circuit is activaled.
R28 Test register 11111]0]o0 IC test register. If this area is DO
accessed, the function defined in | NOT
. N P A A 1he specification document ac-
R31 T 111]1 cannot be implemented. DO cess
NOT access il il

Remark: Only control register addresses A4 to AD are decoded. A7 to A5 are ignored.

Note 1: R14/R18: When either the R14 or R18 address is pointed, a value can be written into the CSI register.

This alsc applies to R15/R19.

Seiko Instruments Inc.
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CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

12

® Description of registers

+ R1:Mode register-- - - - Set the basic operation mode of the S4581.
Bit | Code Function At reset
D7 | DISP | Turnthe LCD on and off. 0 LCD off 0
1 LCDon
D& | REV | Turnthe LCD on normally or reversibly. 0 Normal display 0
1 Reserved display
D5 — DONT Care 0 — —
1 —
D4 | TST | Testhbit 0 Normal state 0
1 Test state
D3 | GRAD | LCD gradation display 0 4-gradation display 0
1 _8-gradation display
D2 EX Enable or disable the internal tailing prevention 0 Disable 0
circuit.
1 Enable
D1 | LCDE | Setthe LCDENB pin output. 0 LCDENB=0 0
1 LCDENB=1
DO | RAMS | Select the type of SRAM fo be used as VRAM. 0 64KSRAM 0
1 256KSRAM
DISP
Set the display on/off.
DISP = "0": Display off
DISP ="1": Display on
DISP ="0" at reset and the display is set to off.
If bit 6 (D6) REV of the mode register is "1" for reverse display, "1" is output for display data (DO to
D3) when DISP ="0. "
REV
Set normal/reverse display.
REV ="0": Normal display
REV ="1": Reserve display
REV = "0" at reset and the normal display is set.
TST
TST ="0" at reset. DO NOT write any values other than "0" into this test bit.
GRAD

Set the 4-gradation mode or 8-gradation mode for the LCD display.

GRAD = "0": 4-gradation mode
GRAD = "1": 8-gradation mode

If the 4-gradation mode is set by setting GRAD="0, " one dot is displayed by two data bits of the

VRBAM.
VRAM data
D7 | Ds D5 | D4 D3 | Dz Di | Do
[ GO G GO [ Co G Go

The gradation conversion code referenced by (C1,C0) is set by R17, R18, R19, and R20. R17 and

R20 are initialized to all0 and all1, respectively, but can be modified by a program.

Seiko Instruments Inc.




CONTROLLER FOR REFLECTING ECB COLOR LCD

EX

LCDE

S-4581A
C1 Co Display contents
0 0 Gradation display based on G80
conversion code
0 1 Gradation display based on G&1
conversion code
1 0 Gradation display based on G82
conversion code
1 1 Gradation display based on GS3
conversion code

If the 8-gradation display mode is set by setting GRAD="1,"one dot is displayed by three data bits of the
VRAM.

VRAM data
D7 Ds | Ds | D4 D3 Dz | D1 | Do
* C2 Ci1 CO * C2 C1 (&)

*: Don't care
The gradation conversion code referenced by (C2,C1,C0) is set by R17 to R24.

Cc2 C1 Co Display contents
0 0 0 Gradation display based on GS0
conversion code
0 0 1 Gradation display based on GS1
conversion code
0 1 0 Gradation display based on G52
conversion code
0 1 1 Gradation display based on GS3
conversion code
1 0 0 Gradation display based on GS4
conversion code
1 0 1 Gradation display based on GS5
conversion code
1 1 0 Gradation display based on GS6
conversion code
1 1 1 Gradation display based on GS7
conversion code

At reset, GRAD becomes "0” and the 4-gradation display mode is set.

Set whether to use the internal tailing prevention circuit.

EX=0 Not use the internal tailing prevention circuit.

EX=1 Use the internal tailing prevention circuit.

If the internal tailing prevention circuit is not used, the M signal shows the waveform that is reversed at
each falling edge of FLM and YCLK.

If the internal tailing prevention circuit is used, the M signal has a special waveform according to the
FLM, CL1, and SLS registers as described in the other section.

At reset, EX="0" and the internal tailing prevention circuit is not used.

The data set in LCDE is output to the LCDENB pin. It is provided to control application of the LCD
voltage. For example, when the power turns on, the LCDE is set to“1"after setting each register ends to
supply voltage to the LCD. When the system power turns off, LCDE is set to“0”and then the LCD voltage
turns off. This prevents application of an abnormal voltage (DC) to the LCD (The LCDENB output is
used for control).

This function is limited to the LCD and can be used as required.

At reset, LGCDE = “0" and “0” (VSS) is output from the LCDENB pin.

Seiko Instruments Inc. 13



CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

RAMS
Set the type of SRAM to be used as VRAM. (= R2 setting)

RAMS="0": B4KSRAM (8Kx8)
RAMS="1": 266KSRAM (32Kx8)

If RAM="0" and 84K SRAM is set, the addresses must be set as shown in Table 5-2.
If RAM="1" and 256K SRAM is set, the addresses must be set as shown in Table 5-3.
At reset, RAMS="0" and 84K SRAM is set.

R2 : Horizontal display width register

I/Q address Data
Ad A3 AZ Al AD D7 | De | D5 | D4 | D3 | D2 | D1 | DO
o] 0 0 1 0 - C/R -

1
Set the horizontal display width per Iine—4—of the number of actual display dots - 1 is set as the C/R value. For
8
-1=31(1FH). If the value has

example, if the horizontal display dot count is set to 128, the C/R value is 2
fractions, they are rounded up. 0 to 2 cannot be set for the C/R. The maximum number of horizontal dots is 1024.

The following condition must be satisfied due to the limit of the S4518A operation speed:

8 MHz

Number of horizontal display dots (C/R + YW) x (Number of vertical lines SLT + 2) < m

The C/R, YW, and SLT show the register setting +1. 8 MHz is the maximum repetitive frequency of the QSC1 pin.

R3: Horizontal synchrenizing pulse width register

IO address Data
A4 A3 A2 A1 AD D7 | pe | D5 | D4 [ D3 [ D2 | D1 | Do
0 0 0 1 1 -« YW -

Set the horizontal synchronizing pulse width per line.

Set the horizontal synchronizing pulse width in the same unit as the horizontal display width (C/R).

If the horizontal synchronizing pulse width is set to 100 dots, the value of YW is 1—: -1=24. 01o 2 cannot be set
forthe YW.

The horizontal synchronizing pulse is output from the S-4581A YCLK pin and used for serial/parallel conversion of

display data.

14 Seiko Instruments Inc.



CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

[Reference]

Relationship between the setting and horizontal display width (TH):

< cR NPRTN
Display screen

YCLK — |—i_
et TiH -

Since the TH time is changed by changing the value of YW, so the frame frequency can be changed.

Since two OSC1 clocks are required to access one byte of the VRAM, four dots of the LCD screen are produced by one byte

in the 4-gradation mode and time is required for each dot.

2 fosc
In the 8-gradation display mode, two dots indicate one byte, so

time is required for each dot

The time required per horizontal display width (C/R) is in the 4-gradation mode. And

in the 8-gradation mode.

fosc
Display mode Required time per dot Required time per horizontal display width
{C/R)
4-gradati ! 2
araceton Txfose " fose
8-gradati —1 —4
-gracafon fosc fose

(Unit: sec)
fosc is the frequency given to the OSC1 pin.

The required time per horizontal display width (C/R) is the same as the time per horizontal synchronizing pulse width (YW).

The sum of these values indicates the time per line. The required time TH per line is calculated as follows:

* 4-gradation display mode
2

TH= — x [C/R+YW)
fosc

* §-gradation display mode
4

fose
The C/R and YW values show the register setting +1.

TH

x (G/R+YW)

* R4, R5: Vertical line count register

/O address Data
Ad A3 A2 Al AD D7 | b6 | bs | b4 | D3 | D2 | D1 | Do
0 0 1 0 0 < SLTL »
0 0 1 0 1 ¥ * * * * *  |[4—SLTH—p

Set the number of vertical display lines of the LGD. Eight lower bits are assigned to SLTL and two upper bits are assigned to
SLTH. The total data length is 10 bits. {0 to 1023)

Set the number of actual display lines -1.

Seiko Instruments Inc. 15
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S-4581A

16

The vertical line count register sets the LCD display drive duty. The actual drive duty is the vertical line count + 2. This
value of 2 indicates the vertical return line period during which the S-4581A performs internal processing to switch frames.
The LCD display drive duty that can be set by the S-4581A is 1/3 to 1/1026.

R6, R7: Screen display start address register

R No. I/O address Data, R/W
A4 A3 A2 Al Ao | D7 | D6 | D5 | D4 | D3| D2z | D1| DO
R6 0 0 L 1 0 < SADF > w
A7 0 0 1 1 1 < SADL > W

Set the screen stant address (SAD). Set eight lower bits to SADL and eight high-order bits are assigned to SADH. The value
can be 0000H to FFFFH (84KB).

R14, R15, R17 to R24: Gradation conversion code register

R No. 1’0 address Data R/W
A A3 A2 A1 Ao [ D7 | Ds [ D5 | D4 | D3| Dz ]| DI | Do
R14/18 ? é (1) 1 g < s > w
R15/19 ? :) :) 1 1 < Gs2 > W
R17 | 1 0 0 0 1 < GSO > W
Rz20 1 0 1 0 0 o GS3 - w
R21 1 0 1 0 1 < GS4 > W
R22 | 1 0 1 1 0 < GS5 > W
R23 | 1 0 1 1 1 < GSE > W
R2d4 | 1 1 0 0 0 < GS7 > W

(At reset, R20 are all 1 and the other registers are all 0.)

Set the gradation conversion code in each gradation display mode. In the 4-gradation display mode, 2 bits of VRAM are
assigned to display one dot, and 4-level gradations can be expressed. The four levels are set by GS0, GS1, GS2, and GS3.
In the 8-gradation display mode, 3 bits of VRAM are assigned to display one dot, and 8-level gradations can be expressed.
The eight levels are set by GS0, GS1, GS2, ... and GS7.

R14 and R18 are common registers to both 4- and 8-gradation modes. The newest values written to the registers become

effective. This also applies to R15 and R189.

The gradation conversion code is used to change display density.

The gradation can be set by using eight continuous frames as a unit and omitting one or more of them. The eight frames
correspond to DO to D7 of data, and DO corresponds to the first frame.

For example, if three of eight frames are omitted, there are 8C3 combinations, but the optimum conversion code for the LCD
panel characteristics needs to be set. There is no restriction on the omission method, but dots should be omitted evenly.
DO NQOT omit any continuous frames. To prevent display flickering, it is recommended to set the frame frequency to 100 Hz

(10 msec) or higher depending upon the LCD panel characteristics.

Seiko Instruments Inc.



CONTROLLER FOR REFLECTING ECB COLOR LCD

S-4581A

Example: If three of eight frames are omitted

M————— 8 frames ————————

4-gradations po {1 [p2 D3 |p4 |Ds [o6 |D7

Frames that turn on

In this case, the conversion code is DAH.

In addition, the gradation display mode can be used as a display mode having the dot on/off attribute function. For example,

C1 of (C1, CO) data of the 4-gradation display mode is assigned as display data and CO is used as an on/off atiribute. In this

case, GS1 and GS2 need to be 00H. The same also goes in the 8-gradation display mode. At reset, R20 (GS3) are all 1s
and the other registers are all 0.

B Display Mode

The S-4581A, 4- and 8-gradation display modes are described below.

® 4-gradation display mode

Maode register (R1)

D7 D& D5 D4 D3 D2 D1 Do
DISP REV — TST GRAD EX LCDE | RAMS
s > T 0 0 > * >

—128dots ————W»
0000 [ootF | &
0020 | VRAM address
Display screen 64 lines
07EO0 | | 07FF | ¥
YCLK — —
g
16 dots

Relationship between VRAM data and display (4-gradation display mode)

D7 [D6 |Ds |D4 |D3 [D2 [D1 |Do

C1 CO|C1 CO|C1 CO|C1 CO

i]1 0of0 1]0 O

3
[{§

LCD

4

T

(Setting example)
128 x 64 dot display
C/R=31(1FH)
YW=3(03FH)
SLT=63(3FH)
SAD=0000H
GS0=00H
GS1=AAH
GS2=EEH
G83=FFH
GS0 to GS3 depend upon the type of LGD.

Remark: VRAM data becomes display data by converting GS0 to GS3 corresponding to (C1, C0).

Seiko Instruments Inc.
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CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

* Basictiming {4-gradation display mode
fosc

)
R
e 1) [ I 1T 1

ok — 1

teycle teyele: Time required to send
4-pixel data to the LCD
drive circuit.

For the basic timing of the S-4581A, the basic cycle is two fosc clocks, and the first clock is used to read display data from the

VRAM and the second clock is used to access from the CPU.

When the frame frequency frw is 100 Hz, the oscillation frequency fosc is calculated as follows:
fosc =(CG/R+YW)x(SLT+2)xfryx2
=(32 +4)x(B4 +2) x100x 2
=475 kH;
Remark: The C/R, YW, and SLT show the register setting + 1.

+ 8-gradation display mode

Mode register (R1)
D7 D6 D5 D4 D3 D2 DA DO
DISP REV — TST GRAD EX LCDE | RAMS
= > = 0 1 = > r

I‘ 128 dots >| (Setting example)
128 x 64 dot display

0000 |003F A
VRAM address C/R=31(1FH)

0040 YW=3(03H)
SLT=63(3FH)
SAD=0000H

Screen 64 lines

GS0=00H
GS1=03H
GS2=07H

_| Ii GS3=0FH

GS5=3FH
YOLK ——— GS6=7FH
< B | GS7=FFH

16 dots GS0 to GS7 depend upon the type of LCD.
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CONTROLLER FOR REFLECTING ECB COLOR LCD

S-4581A

Relationship between VRAM data and display {8-gradation display mode})

Address=SAD

Address=SAD + 1

p7 |ps [D5 [D4 |D3 [p2 |D1 [DO p7 |Ds [D5 D4 |D3 [p2 (D1 [DO
~ G2 G1 Co|* c2 ¢1 o * G2 G1 Col* G2 G1 co
1 1 1 [ 1 1 0 * 0 1 1 [* 0 0 o
a b < d
/4
albc|d] »
R LGD A
4

Basic timing (8-gradation display mode)

VRAM CPU VRAM
el

fosc ) | | | | |

(0OSG 1
XGLK | |

CPU >|

[ 1

1 cycle

To process two bytes of VRAM in the same cycle, two basic cycles, i.e., four fosc clocks are used as one cycle.

When the frame frequency fr w is 100 Hz, the oscillation frequency fose is calculated as follows:
fose = (C/R+YW) x (SLT+2) x fry x 4
= (3244) x (B4+2) x 100 x 4
~ 950KHz
Remark: The C/R, YW, and SLT show the register setting +1.

Tailing prevention circuit

If mode register 1 EX =1, the S-4581A M pin outputs a different waveform according to the values of the FLM, CL1, and
SLS registers. If EX = 0, the M signal reverses at each falling edge of FLM and YCLK.

The values of the FLM, CL1, and SLS registers at this time are omitted.

R25: FLM register

This register reverses or controls the M signal for every some frames. The D7 (ENB]) bit is an enable bit. If this bit is 0, the
signal does not reverse.

The D8 to DO bits set the number of reversed frames. The FLM register becomes 00H when a reset signal is input. The

setting value is the actual value -1.
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CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

Relationship between FLM register and reversing frame

FLM Number of M reversing

frames

D7 D6|D5|D4|D3

ENB |4 FLM >
0 * * * * * * * Not reverse.
1 0 0 1 0 Reverse in each frame.
1 0 0 0 0 0 0 Reverse in every two
frames.
i
1 1 1 1 1 1 1 1 Reverse in every 128

frames.

R286: CL1 register:
The CL1 register reverses or controls the M signal for each line in a frame. This register becomes O0OH when a reset

signal is input.

Relationship between CL1 register and the number of M reversing lines

CL1 Number of M reversing
D7 D6 D5 D4 D3 D2 D1 Do lines in one frame
0 0 Not use
0 0 0 0 0 0 0 One line
0 0 0 0 0 0 1 0 Two lines
1 1 1 1 1 1 1 1 255 lines

R27SLS register:
This register sets the number of lines to be shifted for each line set by the value of the CL1 register for each frame. The D7
(ENB) bit is an enable bit. If this bit is 0, no lines are shifted. The SLS register becomes 00H when a reset signal is input.

Relationship between SLS register and the number of lines to be shifted

SLs Number of lines to be
D7 D6 D5 D4 D3 D2 D1 Do shifted in every frame
(ENB)
0 * * * * * * * Not shift any lines.
1 0 0 0 0 0 0 0 Not use
1 0 0 0 0 0 0 1 Shift one line.
1 0 0 0 0 0 1 0 Shift two lines.
1 1 1 1 1 1 1 1 Shift 127 lines.

CL1 and SLS must satisfy the following conditions: SLT » CL1 = SLS.
If lines are reversed or shifted, follow the procedures below:
(1) If lines are reversed or shifted after a reset signal is input
After setting data in the CL1 register, set data in the SLS register.
(2) After a reset signal is input, set each register value by the method (1), then each register value is updated:
@ Set 00H for the CL1 register and 00H for the SLS register.
@ Wait (frame period calculated from the setting) x 2.
@ Set data for the CL1 register and SLS register.
If this procedure is not satisfied, the M signal does not have the expected waveform until the reversal of the
signal set by the FLM register occurs. Two or three register values and examples of M signal waveforms are

shown the next pages.
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CONTROLLER FOR REFLECTING ECB COLOR LCD

S-4581A
(Example): Mode register EX=0
- Frame 1 Frame 2 Frame 3
M
Relationship between VRAM and LCD driver data
The relationship between 4- and 8-gradation VRAM data and LCD driver data is shown below:
{1) 4-gradation
VRAM Address
SAD SAD+H
MD7 MD7
MD6 ) MDs )
MD5 MD5
MD4 ) MD4 )
MD3 MD3
MD2 ) MD2 )
MDA MDA
MDO ) MDO )
LCGD driver
D3 -— D3 —
D2 — D2 o—
D1 —— D1 ——
DO -—— DO ———
{2) 8-gradation
VRAM Address
SAD SAD+1 SAD+2 SAD+3
MD7 MD7 MD7 MD7
MD& MD& MD& MD&
MD5 >— MD5 >— MD5 )— MD5 >
MD4 MD4 MD4 MD4
MD3 MD3 MD3 MD3
MD2 MD2 MD2 MD2 \
MDA ) MDA / MDA ) MDA
MDo MDO MDO MDO /
LCD driver
D3 - D3 -
D2 D2 QJ
D1 —— D1 —————
Do —— DO 4——
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CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

W Example of Connection with Peripheral Devices

Decoder
<VRAM>
i T 256 KSRAM
ICS  MCS
| ——
ABO to AB15 ABG 10 AB15 MAO to MAT4 :”:: AQ to A14
DBO +o bB7 ——=,1| pBO t0 DBY 4D0 to MD7 || /00 to D7
o o |70 MCS1 — - CS
W [ S-4581A WSO _
—»| WD _ ™M
a3 MHE | [—o
256 KSRAM
WAIT READY
4 [arp——] | WeUcLK =140 to A4
o m
RESET | :D-DRESET§ ¥ g =10 10 07
> = X —_
CLK g
FESET gl b
S
) Gonera Id—p_urpose SEG
-— river
Yy {}
SEG
-] General-
purpose COM => COM  LCD panel
driver
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CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

B VBAM Interface

® 8-bit MPU, 84KSRAM

S-4581A
MWE |
MDO - MD7 + ]
v § 0y U Y U
WE WE WE
64Kbit (0) B4Kbit (1) v 64Kbit (7)
Cs cs Ccs
x 2N AN U 7N
MCS0
MCS1
MA13/MCS7
MAO - MA12

Note: Set bit 0 (D0O) of the mode register (R1) to“0”.

® 8-bit MPU, 256 KSRAM

S-4581A
MWE l
MDO - MD7 + |
v 0y g
WE WE
256Kbit (0) 256Kbit (1)
CS CS
] VAN o
MCS0 A *
MCS1
MAO - MA14

Remark: Set bit 0 (DO) of the mode register (R1) to"1”
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CONTROLLER FOR REFLECTING ECB COLOR LCD

S-4581A

B Electrical Characteristics

S-4581A
® Absolute maximum rating
[tem Code Rating Unit
Power supply Voo Ves-0.3107.0 V)
voltage
Input voltage Vi Vs5-0.3 10 Vpp+0.3 v
Output V0|tage VOUT Vss-o.s to VDD+O.3 \")
Qutput current/pin lout +10 mA
Permissible loss Py 200 mw
Power supply Iooflss +40 mA
current
Storage Tetg -65to 150 °C
temperaiure
Remark: Power supply current --- Permissible current flowing into or out of the power supply pin (VDO or VSS)
Ves=0[V]
® Recommended operating conditions
[tem Code Min Typ Max Unit
Power supply Voo 4.5 5.0 5.5 \)
valtage
Input voltage Vi Vss — Voo v
Operating Topr -20 — 75 °C
temperature
Vss=0[V]
@ DC characteristics (Ta=-20°C to 75°C)
ltem Code Condition Min Typ Max Unit Applicable
pin
V\N=VDD, VSS —_— 0.1 10 I.I.A
Static current Vpp=MAX
lon=lc =0
Vop=MAX -1 — 1 nA Note 1
Input leak current Vii=Voo
V\L=VSS
“H” level input voltage Vop=MAX 35 — — v Q5CH1
“L” level input voltage Vop=MIN — — 1.0 \'
“H” level input voltage Vop=MAX 2.0 — v
Note 2
“L” level input voltage Vop=MIN — — 0.8 \'
“H” level input voltage Vop=MAX 40 —] — v
“L” level input voltage Vop=MIN — — 0.8 v Note 3
Hysteresis voltage Vop=TYP 0.3 — — \'
“H” level output voltage Vop=MIN Vop-0.4 — — A
lon=1mA Note 4
“L” level output voltage lo.=2mA — — Vigt+0.4 \'
“H* level output voltage Vop=MIN Vop-0.4 — — A
lon=50uA 0sGc2
“L” level output voltage lo =50nA — — Vegt+0.4 \'

Note 1:

Note 2:
Note 3: RESET

Note 4:

o4

DBO to DB7, READY, MAD to MA 14, MCSO to MCS5, MDO to MD7, MWE, XCLK, YCLK, M, FLM, DO 1o B3, LCDENB

Seiko Instruments Inc.
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CONTROLLER FOR REFLECTING ECB COLOR LCD

S-4581A

* AC characteristics
IWR timing

{Writing into the control register)

tHELK
MPUCLK CR
CL
ICS —_— {LCLK
| HCIW —tRIC —4
IWR i y
\\
L} tIWR l—tR W —>1
READY qncm tWR ,
WD tRDIW
Valid %
DBO to DB7 A % /
TAIW —ppw Lg-1RA
ABO to AB15
Valid
(Ta=-20°C to 75°C)
Code ltem Min Typ Max Unit

tCLK MPUCLK period 80 — — nsec
tHCLK MPUCLK | H, pulse width 20 1/2 - toLK — nsec
fLCLK MPUCLK . L. pulse width 20 1/2 - tCLK — nsec
taic ICS address setup time 0 — — nsec
taw IWR address setup time 0 — — nsec
ticIw iCS L > IWR ) 0 — — nsec
twp IWR | — Write data determination — — 0.5-toscC nsec
tICRL WR | — Not Ready — — 30 nsec
tIWRL WR ! Ready period tose — 3toscHCLK nsec
tCRH MPUCLK | — Ready — — 20 nsec
tRIC READY T —» ICS retention time 0 — — nsec
tRIW READY T — IWR retention time 0 — — nsec
tRDIW READY T — Write data retention time 0 — — nsec
tRA READY T — Address retention time 0 — — nsec

Seiko Instruments Inc.
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CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

TRD timing

(Reading from control register)

tHCLK
MPUGLK tCRH
1GLK
ics — tLCLK S
/)
_ L—ucm-l- —RIC—»
IRD | \ —
\\ r,
Lt tIRRL —1RIR —»
READY g{tlcnl_ ’
1
tIRDA _ «@=tDRIR HIRCH
Yy -
Valid
DBO to DB7 TAIC SSK ali
tAIR—po Lg-1RA »

ABO to AB15
Valid )<

{Ta=20°C to 75°C)

Code ltem Min Typ Max Unit
oK MPUCLK period 80 — — nsec
tHCLK MPUCLK . H. pulse width 20 1/2 -tCLK — nsec
fLeLK MPUCLK . L. pulse width 20 1/2 -1CLK — nsec
talc TCS address setup time ¢ — — nsec
AR TRD address setup time ¢ — — nsec
ticIR TCsl-IRD L 0 — nsec
tICRL TRD | — Not Ready — — 30 nsec
tIRRL TRD J — Not Ready period tose — 3-toscHCOLK nsec
tCRH MPUCLK | — Ready — — 20 nsec
1IRDA RD | — Read data determination 0.5 - tosc+50 — 2.5-tosc+50 nsec
1DRIR Read data determination — READY T 0 — — nsec
1IRDH RD | — Read data retention time 0 — — nsec
tRIC READY T —ICS retention time 0 — — nsec
tRIR READY T = IRD retention time 0 — — nsec
tRA READY T — Address retention time 0 — — nsec
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CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

MWR timing
{Writing into the VRAM)

tHCLK

MPUGCLK CRH
tCLK

MCS —_— tLCLK
_ tMGM —RMC —4
MWR | \

tMWRL >14—1RMW —‘]

READY |<¥$ tMCRL f
MWD tRDMW
DBO to DB7 Valid :l
(Input data) TAMC i 4
TAMW —ppom L tRA >|

ABO to AB15
Valid ><

(Ta=-20°C to 75°C)

Code ltem Min Typ Max Unit
tCLK MPUCLK period a0 — — nsec
tHCLK MPUCLK . H. pulse width 20 1/2-1CLK — nsec
fLCLK MPUCLK |, L. pulse width 20 1/2-1CLK — nsec
tAMC MGS address setup time 0 — — nsec
tamw MWR address setup time 0 — — nsec
tMCMW MCS 4 - MWR L 0 — — nsec
tMwD MWR | - Write data determination — — 0.5-fosc nsec
tMCRL MWR | — Not Ready — — 30 nsec
tMWRL MWR L - Ready period tosc — 3-toscHCLK nsec
tCRH MPUCLK T — Ready — — 20 nsec
tRMC READY T — MCS retention time 0 — — nsec
tRMW READY T > MWR retention time 0 — — nsec
tRDMW READY T — Write data retention time 0 — — nsec
tRA READY T — Address retention time 0 — — nsec
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CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

MRD timing
(Reading from the VRAM)

tHCLK
MPUCLK iCR
1CLK
MCS . ILCLK /—
r,
MRD f 1 —
/1
tMRRL —1iRMR —
READY ﬂtMCRL h
tMRDA _ «~gtDRMR tMRDH
DBO to DB? I< <<<</ .
(output data) tANES N\ Valid
1AMR —pn] g-tRA
ABO-~AB15
Valid
{Ta=-20°C tc 75°C)
Code ltem Min Typ Max Unit
1CLK MPUCLK period 80 — — nsec
tHCLK MPUCLK. H. pulse width 20 1/2 -tCLK — nsec
1LOLK MPUCLK. L. pulse width 20 1/2 -10LK — nsec
tAMC MCS address setup time 0 — — nsec
tAMR MRD address setup time 0 — — nsec
tMCMR MCS | — MRD J 0 — — nsec
tMCRL MRD | — Not Ready — — 30 nsec
IMRRL MRD | — Ready period 2-tosc — 4-toscHCOLK nsec
1CRH MPUCLK T — Ready — — 20 nsec
tMRDA MRD | — Read data determination 0.5-tosc+50 — 3-tosc+50 nsec
tDRMR Read data determination — READY T 0 — — nsec
tMRDH MRD T — Read data retention time o — — nsec
tRMC READY T — MCS retention time 0 — — nsec
tRMR READY T — MRD retention time 0 — — nsec
iRA READY T — Address retention time 0 — — nsec
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CONTROLLER FOR REFLECTING ECB COLOR LCD

S-4581A

VRAM interface timing
{Writing into the VRAM)

MDaD - MD7

(Reading from the VRAM)

Input

0sC1

MAQ - MA15

WGS0. — X

MDO - MD7 >—

(Ta=-20°C to 75°C)
Code ltem Min Typ Max Unit

tosc OS8C1 period 125 — — nsec
tHosc OSC1.H. pulse width — 1/2-tose — nsec
tLosc OSG1, L. pulse width — 1/2-tose — nsec
tMAVW MWE address setup time 1/2 -1osc-20 1/2-tosc — nsec
IMWVA 'MWE address hold time 0 — — nsec
tLMWE MWE. L, pulse width 1/2 -tosc-20 1/2-tosc — nsec
tMDWsS WE data setup time 1/2-tosc-25 1/2-tosc — nsec
tMWDH MWE data hold time o — 20 nsec
tMA VRAM address cycle time tosc — — nsec
tacc VRAM address access time — — tosc-60 nsec
IMAD VRAM read data retention time ¢ — — nsec

Seiko Instruments Inc.
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CONTROLLER FOR REFLECTING ECB COLOR LCD

S-4581A

LCD interface timing (1)

4-gradation display mode

NV AYaYaVaWs

e M R

YCLK

tDXC
DO - D3 ¥ W
{Ta=-20°C tc 75°C)
Code ltem Min Typ Max Unit

tosc OSC1 clock peried 125 — — nsec
tHosC OSG1.H. pulse width 1/2 -tosc-10 — — nsec
fLosc OSG1. L. pulse width 1/2-tose-10 — — nsec
IXCLK4 XCLK period 2tosc-20 — — nsec
tHXC4 XCLK.H. pulse width tosc-10 — — nsec
fLxc4 XCLK.L. pulse width tosc-10 — — nsec
1v4 XCLK {4 = YCLK T 1/2-tosc-10 — — nsec
tyx4 YOLK | - XCLK T tosc-10 — — nsec
1DXC4 Data determination — XCLK 4 tosc-10 — — nsec
tXcD4 XGLK | — Data retention time tosc-20 — — nsec
tHY4 YCLK. H. pulse width (Note 1) {2n-1/2) tosc-20 — — nsec

Note 1: n is the value of YW,

LCD interface timing (2)
8-gradation display mode

QSC

tHOSC
OSCH
TXCLK
tLXCE & tHY8 tYXs
YCLK
1DXGH | _
DO - D3 xtXCDB Invalid —
{Ta=-20°C to 75°C)
Code ltem Min Typ Max Unit
tosc OSC1 clock peried 125 — — nsec
tHosc OSC1.H. pulse width 1/2-tosc-10 — — nsec
fLosc OSG1. L. pulse width 1/2-tose-10 — — nsec
1XCLKB XCLK period 4tosc-20 — — nsec
tHXC8 XCLK. H. pulse width 2tosc-20 — — nsec
LXCs XCLK.L. pulse width 2tosc-20 — — nsec
txvs XCLK } = YCLK T 1.5t0sc-10 — — nsec
tyxe YCLK | — XCLK T tosc-10 — — nsec
iDxcs Data determination — XCLK 4 2tosc-10 — — nsec
txcos XGLK | — Data retention time 2tosc-20 — — nsec
tHYs YCLK . H. pulse width (Note 1) {4n-1/2) tosc-20 — — nsec

Note 1: n is the value of YW.
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CONTROLLER FOR REFLECTING ECB COLOR LCD
S-4581A

LCD interface timing (3)

e tHFLM
FLM [
~l—tFLMYL
YCLK
tFLMYH
M X
(Ta=-20°C to 75°C)
Code ltem Min Typ Max Unit
tHFLM FLM.H. pulse width  (Note 1) (m+n) 2tose-20 — — nsec
(Note 2) (m+n) 4tosc-20 — — nsec
tFLMYH FLM T - YCLK T {(Note 1) 4.5-10s¢c-20 — — nsec
{Note 2) 5.5-10s¢-20 — — nsec
tFLMYL FLM T - YCLK | {(Note 1) (n+2)- 2tosc-20 — — nsec
{Note 2) (n+5/4)- 4tosc-20 — — nsec
tYFLM YCLK | — FLM L (Note 1) (m-2) - 2tosec-20 — — nsec
{Note 2) {m-5/4) - 4tosc-20 — — nsec
tYM YCLK) M T -100 — — nsec

Remarks: mis the value of G/R.

n is the value of YW.
Note 1: Applicable to the 4-gradation display mode.
Note 2: Applicable to the 8-gradation display mode.
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