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OVERVIEW/FEATURES

1. OVERVIEW

The S1D13305 series is a controller IC that can display <
text and graphics on LCD panel.

The S1D13305 series can display layered text and graph- «
ics, scroll the display in any direction and partition the
display into multiple screens. .
The S1D13305 series stores text, character codes and bit-»
mapped graphics data in external frame buffer memory.
Display controller functions include transferring data
from the controlling microprocessor to the buffer memory,
reading memory data, converting data to display pixels
and generating timing signals for the buffer memory, -
LCD panel.

The S1D13305 series has an internal character generatore
with 160, 5x 7 pixel characters in internal mask ROM.
The character generators support up to 64,18 pixel .
characters in external character generator RAM and up to
256, 8x 16 pixel characters in external character genera- ¢
tor ROM. .

2. FEATURES

Text, graphics and combined text/graphics display
modes

Three overlapping screens in graphics mode

Up to 640x 256 pixel LCD panel display resolution
Programmable cursor control

Smooth horizontal and vertical scrolling of all or part
of the display

1/2-duty to 1/256-duty LCD drive

Up to 640x 256 pixel LCD panel display resolution
memory

160, 5% 7 pixel characters in internal mask-program-
med character generator ROM

Up to 64, 8x 16 pixel characters in external character
generator RAM

Up to 256, & 16 pixel characters in external character
generator ROM

6800 and 8080 family microprocessor interfaces
Low power consumption—3.5 mA operating current
(VoD = 3.5V), 0.054A standby current

Package

line-up Package

S1D13305F00A QFP5-60 pin

S1D13305F00B QFP6-60 pin

2.71t0 5.5V (S1D13305F)

$1D13305 Series EPSON
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BLOCK DIAGRAM

3. BLOCK DIAGRAM
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PINOUTS

4. PINOUTS
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PIN DESCRIPTION

5. PIN DESCRIPTION
5.1. S1D13305F00A/00B Pin Summary

Number _—
Name Type Description
S1D13305F00A | S1D13305F00B
2710 28 l1to6

VAO to VA15 30 t0 43 50 to 59 Output VRAM address bus

VWR 44 7 Output VRAM write signal

VCE 45 8 Output Memory control signal

VRD 46 9 Output VRAM read signal

RES 47 10 Input Reset

NC 28, 48, 49 11, 12,60 — No connection

57 8080 family: Read signal

RD 50 13 Input 6800 family: Enable clock (E)

— 8080 family: Write signal

WR 51 14 Input 6800 family: R/W signal

SEL2 52 15 Input 8080 or 6800 family interface
select

SEL1 53 16 Input 8080 or 6800 family interface
select

XG 54 17 Input Oscillator connection

XD 55 18 Output Oscillator connection

CS 56 19 Input Chip select

A0 57 20 Input Data type select

VDD 58 21 Supply 2.7 to 5.5V supply

DO to D7 5? :g 20 22t0 29 Input/output | Data bus

XDO0 to XD3 71010 30to 33 Output X-driver data

XECL 11 34 Output X-driver enable chain clock

XSCL 12 35 Output X-driver data shift clock

Vss 13 36 Supply Ground

LP 14 37 Output Latch pulse

WF 15 38 Output Frame signal

YDIS 16 39 Output Power-down signal when display is
blanked

YD 17 40 Output Scan start pulse

YSCL 18 41 Output Y-driver shift clock

VDO to VD7 19to 26 42 t0 49 Input/output | VRAM data bus

4 EPSON S1D13305 Series
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PIN DESCRIPTION

5.2. Pin Functions

5.2.1. Power supply
Pin Name Function
VDD 2.7 to 5.5V supply.
This may be the same supply as the controlling microprocessor.
Vss Ground

Note: The peak supply current drawn by the S1D13305 series may be up to ten times the average supply current. The power
supply impedance must be kept as low as possible by ensuring that supply lines are sufficiently wide and by placing 0.47 pF
decoupling capacitors that have good high-frequency response near the device’s supply pins.

5.2.2. Oscillator

Pin Name Function
XG Crystal connection for internal oscillator (See section 13). This pin can be driven by an external
clock source that satisfies the timing specifications of the EXT @0 signal (See section 6.3.6).
XD Crystal connection for internal oscillator. Leave this pin open when using an external clock
source.
5.2.3. Microprocessor interface
Pin Name Function
DO to D7 Tristate input/output pins. Connect these pins to an 8- or 16-bit microprocessor bus.
Microprocessor interface select pin. The S1D13305 series supports both 8080 family
processors (such as the 8085 and Z80®) and 6800 family processors (such as the 6802
and 6809).
SEL1, SEL2 SELL SEL2* Interface A0 RD WR cs
0 0 8080 family A0 RD WR CS
1 0 6800 family A0 E RIW cs

Note: SEL1 should be tied directly to VbD or Vss to prevent noise. If noise does appear on SEL1, decouple it to ground using a
capacitor placed as close to the pin as possible.

S1D13305 Series
Technical Manual
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PIN DESCRIPTION

Pin Name Function
8080 family interface
A0 RD WR Function
0 0 1 Status flag read
1 0 1 Display data and cursor address read
0 1 0 Display data and parameter write
A0 1 1 0 Command write
6800 family interface
A0 R/W E Function
0 1 Status flag read
1 1 1 Display data and cursor address read
0 0 1 Display data and parameter write
1 0 1 Command write
When the 8080 family interface is selected, this signal acts as the active-LOW read strobe. The
RD or E S1D13305 series output buffers are enabled when this signal is active.
When the 6800 family interface is selected, this signal acts as the active-HIGH enable clock.
Data is read from or written to the S1D13305 series when this clock goes HIGH.
When the 8080 family interface is selected, this signal acts as the active-LOW write strobe. The

L | bus data is latched on the rising edge of this signal.

WR or R/W | When the 6800 family interface is selected, this signal acts as the read/write control signal. Data
is read from the S1D13305 series if this signal is HIGH, and written to the S1D13305 series if
itis LOW.

L Chip select. This active-LOW input enables the S1D13305 series. It is usually connected

CSs to the output of an address decoder device that maps the S1D13305 series into the memory
space of the controlling microprocessor.
This active-LOW input performs a hardware reset on the S1D13305 series. It is a

RES Schmitt-trigger input for enhanced noise immunity; however, care should be taken to ensure
that it is not triggered if the supply voltage is lowered.

5.2.4. Display memory control

The S1D13305 series can directly access static RAM and types of memory to achieve an optimum trade-off be-

PROM. The designer may use a mixture of these two tween low cost and low power consumption.

Pin Name Function
VAO to VA5 16-bit display memory address. When accessing .character generator RAM or ROM, VAO to
VA3, reflect the lower 4 bits of the S1D13305 series’s row counter.
VDO to VD7 | 8-bit tristate display memory data bus. These pins are enabled when VR/W is LOW.
VWR Active-LOW display memory write control output.
VRD Active-LOW display memory read control output.
VCE Active-LOW static memory standby control signal. VCE can be used with CS.

EPSON S1D13305 Series
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PIN DESCRIPTION/SPECIFICATIONS

5.2.5. LCD drive signals

In order to provide effective low-power drive for LCD
matrixes, the S1D13305 series can directly control both
the X- and Y-drivers using an enable chain.

Pin Name Function
XDO to XD3 ghli);)tsx-drlver (column drive) data outputs. Connect these outputs to the inputs of the X-driver
The falling edge of XSCL latches the data on XDO0 to XD3 into the input shift registers of the
XSCL X-drivers. To conserve power, this clock halts between LP and the start of the following display

line (See section 6.3.7).

The falling edge of XECL triggers the enable chain cascade for the X-drivers.
Every 16th clock pulse is output to the next X-driver.

LP latches the signal in the X-driver shift registers into the output data latches. LP is a falling-
LP edge triggered signal, and pulses once every display line.

Connect LP to the Y-driver shift clock on modules.

LCD panel AC drive output. The WF period is selected to be one of two values with SYSTEM
SET command.

The falling edge of YSCL latches the data on YD into the input shift registers of the
Y-drivers. YSCL is not used with driver ICs which use LP as the Y-driver shift clock.

XECL

WF

YSCL

YD is the data pulse output for the Y drivers. It is active during the last line of each frame, and
YD is shifted through the Y drivers one by one (by YSCL), to scan the display’s common
connections.

Power-down output signal. YDIS is HIGH while the display drive outputs are active.

YDIS goes LOW one or two frames after the sleep command is written to the S1D13305
YDIS series. All Y-driver outputs are forced to an intermediate level (de-selecting the display
segments) to blank the display. In order to implement power-down operation in the LCD unit,
the LCD power drive supplies must also be disabled when the display is disabled by YDIS.

6. SPECIFICATIONS
6.1. Absolute Maximum Ratings

Parameter Symbol Rating Unit
Supply voltage range VDD -0.3t07.0 \%
Input voltage range VIN —0.3to VDD + 0.3 \%
Power dissipation PD 300 mwW
Operating temperature range Topg —-20t0 75 °C
Storage temperature range Tstg —65 to 150 °C
Soldering temperature (10 seconds). See note 1. Tsolder 260 °C

Notes:

1. The humidity resistance of the flat package may be reduced if the package is immersed in solder. Use a soldering technique
that does not heatstress the package.

2. If the power supply has a high impedance, a large voltage differential can occur between the input and supply voltages. Take
appropriate care with the power supply and the layout of the supply lines. (See section 6.2.)

3. All supply voltages are referenced to Vss = 0V.

$1D13305 Series EPSON 7
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6.2. S1D13305

VDD =4.5t0 5.5V, Vss =0V, Ta=-20to 75°C

Parameter Symbol Condition - Rating Unit
Min. Typ. Max.
Supply voltage VDD 4.5 5.0 55 Vv
Register data retention voltage| VOH 2.0 — 6.0 Vv
Input leakage current ILI VI = VDD. See note 5. — 0.05 2.0 LA
Output leakage current ILo VI =Vss. See note 5. — 0.10 5.0 LA
Operating supply current lopr See note 4. — 11 15 mA
Quiescent supply current IQ \S/S:Cpl Tc\);jcis‘ VB =Vop| 0.05 20.0 A
Oscillator frequency fosc Measured at crystal, 1.0 — 10.0 MHz
External clock frequency fcL 47.5% duty cycle. 1.0 — 10.0 MHz
Oscillator feedback resistance Rf See note 6. 0.5 1.0 3.0 MQ
TTL
HIGH-level input voltage VIHT | See note 1. 0.5VDD — VDD \%
LOW-level input voltage VILT See note 1. Vss — 0.2VDD \%
loH = -5.0 mA.

HIGH-level output voltage VOHT See note 1. 2.4 — — \Y,
LOW:-level output voltage VoLT | loL =5.0 mA. See note 1. — — |Vss+04 \%
CMOS
HIGH-level input voltage VIHC | See note 2. 0.8VDD — VDD \%
LOW-level input voltage ViLC See note 2. Vss — 0.2VDD \%
HIGH-level output voltage VOHC | loH =-2.0 mA. See note 2/VbD—-0.4| — — \%
LOW-level output voltage VoLC | loH =1.6 mA. See note 2. — — |Vss+04 \%
Open-drain
LOW-level output voltage \ VOLN \ loL = 6.0 mA. \ — — \Vss + 0.4\ \%
Schmitt-trigger
Rising-edge threshold voltage | VT+ See note 3. 0.5VDD | 0.7VDD | 0.8VDD \%
Falling-edge threshold voltage| VT- See note 3. 0.2VpD | 0.3VDD | 0.5VDD \%

Notes:

1. DOto D7, A0, CS, RD, WR, VDO to VD7, VAO to VA15, VRD, VWR and VCE are TTL-level inputs.
2. SEL1 is CMOS-level inputs. YD, XDO to XD3, XSCL, LP, WF, YDIS are CMOS-level outputs.

3. RESi s a Schmitt-trigger input. The pulsewidth on RES must be at least 200 ps. Note that pulses of more than a few seconds
will cause DC voltages to be applied to the LCD panel.

4. fosc = 10 MHz, no load (no display memory), internal character generator, 256 x 200 pixel display. The operating
supply current can be reduced by approximately 1 mA by setting both CLO and the display OFF.

5. VDO to VD7 and DO to D7 have internal feedback circuits so that if the inputs become high-impedance, the input
state immediately prior to that is held.
inputs are in an intermediate state.

6. Because the oscillator circuit input bias current is in the order of pA, design the printed circuit board so as to

reduce leakage currents.

Because of the feedback circuit, input current flow occurs when the
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VDD =2.7t04.5V,\¥s=0V, Ta=-20to 75°C unless otherwise noted

Rating
Parameter Symbol Condition - Unit
Min. Typ. Max.
Supply voltage VbD 2.7 3.5 4.5 \%
Register data retention voltage VoH 2.0 — 6.0 \%
Input leakage current I Vi = Vop. See note 5. — 0.05 2.0 pA
Output leakage current ILo VI = Vss. See note 5. — 0.10 5.0 HA
Operating supply current lopr Voo =3.5V. See note 4. — 35 — mA
See note 4. — — 7.0

Quiescent supply current [9) \Slloesiri T?/(j%: VARG = VoD — 0.05 20.0 pA
Oscillator frequency fosc Measured at crystal, 1.0 — 8.0 MHz
External clock frequency fcL 47.5% duty cycle. 1.0 — 8.0 MHz
Oscillator feedback resistance Rf See note 6. 0.7 — 3.0 MQ
TTL
HIGH-level input voltage VIHT See note 1. 0.5 Voo — Vob \%
LOW-level input voltage Vit See note 1. Vss — 0.2 Vop \%
HIGH-level output voltage VOoHT lo =-3.0 mA. See note 1. 2.4 — — \%
LOW-level output voltage VoLt loL = 3.0 mA. See note 1. — — Vss + 0.4 \%
CMOS
HIGH-level input voltage VIHC See note 2. 0.8 Vop — Vbb \%
LOW-level input voltage ViLc See note 2. Vss — 0.2 Vop \%
HIGH-level output voltage VoHc loH =-2.0 mA. See note 2.| Vob - 0.4 — — \%
LOW-level output voltage VoLc loH = 1.6 mA. See note 2. — — Vss + 0.4 \%
Open-drain
LOW-level output voltage VoLN loL = 6.0 mA. — — | Vss + 0.4 | \%
Schmitt-trigger
Rising-edge threshold voltage VT+ See note 3. 0.5 Vop 0.7 Vop 0.8 Vop \Y
Falling-edge threshold voltage VT- See note 3. 0.2 Vop 0.3 Vop 0.5 Voo \%

Notes

1. DOto D7, A0, CS, RD, WR, VDO to VD7, VAO to VA15, VRD, VWR and VCE are TTL-level inputs.

2. SEL1is CMOS-level inputs. YD, XDO to XD3, XSCL, LP, WF, YDIS are CMOS-level outputs.

3. RES s a Schmitt-trigger input. The pulsewidth on RES must be at least 200 ps. Note that pulses of more than a few seconds will

cause DC voltages to be applied to the LCD panel.

4. fosc =10 MHz, no load (no display memory), internal character generator, 256 x 200 pixel display. The operating supply current can
be reduced by approximately 1 mA by setting both CLO and the display OFF.

5. VDO to VD7 and DO to D7 have internal feedback circuits so that if the inputs become high-impedance, the input state immediately
prior to that is held. Because of the feedback circuit, input current flow occurs when the inputs are in an intermediate state.

6. Because the oscillator circuit input bias current is in the order of pA, design the printed circuit board so as to reduce leakage currents.

S1D13305 Series
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6.3. S1D13305F Timing Diagrams
6.3.1. 8080 family interface timing

AO, CS
—»| taws —»| taHg |w—
- tcyes »|
WR, RD
/| J
tcc
—»| | tDHE |*—
|l#¢—— tpsg —————»
DO to D7
(Write) ‘ J
‘¢ taccs —»| L toHs +L
DO to D7
(Read)
Ta=-20to 75°C
. VoD =4.5t0 5.5V | VDD = 2.7 to 4.5V . .
Signal | Symbol Parameter - - Unit | Condition
Min. Max. Min. Max.
tAH8 Address hold time 10 — 10 — ns
AOQ, CS -
taws | Address setup time 0 — 0 — ns
WR. RD tcycs | System cycle time See note. — See note. — ns
’ Isewidth 12 — 1 —
tcc Strobe pu sewdt 0 50 ns CL = 100pF
tDss Data setup time 120 — 120 — ns
tDH8 Data hold time 5 — 5 — ns
DO to D7 — -
taccs | RD access time — 50 — 80 ns
toHs | Output disable time 10 50 10 55 ns
Note: For memory control and system control commands:
tcycs = 2tc + tcc + tcea + 75 > tacy + 245
For all other commands:
tcyce = 4tc + tcc + 30
10 EPSON S1D13305 Series
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6.3.2. 6800 family interface timing

E % /] N
teyes

tawe tEw
RIW ><
—»| tAHE |-—

A0, CS :§<

+ tbHe
+——— tbsg ———»|
DO to D7 t
(Write)
[+— tacce —» —»| |e— toHs
DO to D7

(Read)

Note: tcvcs indicates the interval during which CS is LOW and E is HIGH.

Ta=-20to 75°C

. VDD =4.5t0 5.5V | VDD = 2.7 to 4.5V . -
Signal | Symbol Parameter - - Unit | Condition
Min. Max. Min. Max.
AO, tcyce | System cycle time See note. — See note. — ns
CS, tAwe | Address setup time 0 — 10 — ns
RIW tAH6 | Address hold time 0 — 0 — ns
tDSs6 Data setup time 100 — 120 — ns CL =
toHe | Data hold time 0 — 0 — ns 100 pF
DO to D7 - -
toHe | Output disable time 10 50 10 75 ns
tacce | Accesstime — 85 — 130 ns
E tEw Enable pulsewidth 120 — 150 — ns

Note: For memory control and system control commands:
tcyce = 2tc + tew + tcea + 75 > tacy + 245
For all other commands:
tcyce=4tc + tew + 30

$1D13305 Series EPSON 11
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6.3.3. Display memory read timing

| tw tce tw
Y N

fovr
VAO to VA15 >§ 54:

tasc taHc
«— tRCH —»|
VRIW N
«—— tRcs —»| |+—tcEA —»| tces I+

VDO to VD7

tacv ‘ [« toH2

Ta=-20to 75°C

) VDD =4.5t0 5.5V | VDD = 2.7 to 4.5V . .
Signal | Symbol Parameter - - Unit | Condition
Min. Max. Min. Max.
EXT ¢0 tc Clock period 100 — 125 — ns
tw VCE HIGH-level tc — 50 — tc — 50 — ns
_ pulsewidth
VCE VCE LOW-level
tCE pulsewidth 2tc - 30 — 2tc - 30 — ns
tcYrR | Read cycle time 3tc — 3tc — ns
Address setup time to
VAO to tAsC falling edge of VCE tc-70 — tc — 100 — ns
VALS : CL =100
LAHC Address hold time from 2tc — 30 i tc — 40 . ns -
falling edge of VCE pF
{RCS Regd cycle setup time to iC — 45 . tc — 60 . ns
N falling edge of VCE
VRD Read le hold ti
ead cycle hold time . .
tRCH from rising edge of VCE 0.5t 0.5t ns
tacv | Address access time — [3tc-100 — [Btc-115 ns
VDO to tceEA | VCE access time — 2tc - 80 — 2tc - 90 ns
vD7 toH2 | Output data hold time 0 — 0 — ns
tCE3 VCE to data off time 0 — 0 — ns
12 EPSON S1D13305 Series
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6.3.4. Display memory write timing

+— fc—>

EXT 9O
“«—ty—» *———tcg — >
VCE N
tasc —» r<— tca
I — tAHC B
VAO to VAL5 i

tas twsc

<> l«———— twHC <—{AH2
VRIW i \
tbsc < {DH2
> 4 lIpyc —— >
VDO to VD7

v
A 4

\ 4
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Ta=-20to 75°C

. VDD =4.5t0 5.5V | VDD = 2.7 to 4.5V . -
Signal | Symbol Parameter - - Unit | Condition
Min. Max. Min. Max.
EXT @0 tc Clock period 100 — 125 — ns
tw VCE HIGH-level tc — 50 — tc — 50 — ns
VCE pulsewidth
VCE LOW-level
tCE pulsewidth 2tc - 30 — 2tc - 30 — ns
tcyw | Write cycle time 3tc — 3tc — ns
Address hold time from
tAHC falling edge of VCE 2tc — 30 — 2tc — 40 — ns
Address setup time to
tAsc falling edge of VCE tc-70 — tc - 110 — ns
VAO to -
Address hold time from
VAIS tea rising edge of VCE 0 T 0 B ns CL =100
; F
Address setup time to P
ths falling edge of VWR 0 - 0 - ns
Address hold time from
tAH2 rising edge of VWR 10 - 10 - ns
Write setup time to
R twsc falling edge of VCE tc-80 — tc - 115 — ns
Write hold time from
twHC falling edge of VCE 2tc - 20 — 2tc - 20 — ns
Data input setup time to
tbsc falling edge of VCE tc -85 — tc - 125 — ns
VDO to Data input hold time
VD7 tPHC | from falling edge of VCE =30 — J2Ac-30) — ns
Data hold time from
tDH2 rising edge of VWR 5 50 5 50 ns

Note: VDO to VD7 are latching input/outputs. While the bus is high impedance, VDO to VD7 retain the write data until the data read
from the memory is placed on the bus.

14
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6.3.5. SLEEP IN command timing

VCE

WR

(Command input)

YDIS

SLEEP IN write

|— twRL —»|

SYSTEM SET write

Ta=-201o0 75°C

- twRD >

. VDD =4.5t0 5.5V | VDD = 2.7 to 4.5V . .
Signal | Symbol Parameter - - Unit | Condition
Min. Max. Min. Max.
tWRD \./CE falling-edge delay Seenotel| — |[Seenotel| — ns
_ time CL =100
WR YDIS falling-edge del pF
tWRL . alling-edge delay — See note 2. — See note 2. ns
time
Notes:
1. twrp = 18tc +toss + 40 (toss is the time delay from the sleep state until stable operation)
2. twRL = 36tc x [TC/R] x [L/F] + 70
S1D13305 Series EPSON 15
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6.3.6. External oscillator signal timing

EXTq0

Ta=-20to 75°C

VDD =4.5t0 5.5V

VDD = 2.7 to 4.5V

Signal | Symbol Parameter - - Unit | Condition
Min. Max. Min. Max
tRCL External clock rise time — 15 — 15 ns
tFCL External clock fall time — 15 — 15 ns
External clock
. See note 1.|See note 2.|See note 1, See note 2|
EXT ¢0 tWH HIGH-level pulsewidth ns
External clock
. See note 1./See note 2.|See note 1, See note 2,
Wi LOW-level pulsewidth ns
tc External clock period 100 — 125 — ns
Notes:
1 (tc — treL — treL) X % < twH, tw
2 (tc — treL — treL) x % > twH, twi
16 EPSON S1D13305 Series
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6.3.7. LCD output timing
The following characteristics are for a 1/64 duty cycle.

1 1 |
: : 1 frame time :
1 1 I
1
YD - |
b |
1 1 I
1 1 |
1 1 I
U
Co
1 1
] e __
G T
! I |
! 1
! 1
we :
1
: 1 line time '
1
1
|
1
Row 64 ; Rowl o
1
Lp [ A

XDO to XD3 (14) (15)  (16) @) . (13)MEE) (138

tr [e—— tWX ——» [«— {f tcx
XSCL N WV \ /l‘

[« tDS > tDH
tLs
XDO0 to XD3 X

D —* T

LP N

[+—— {DHY —|

e tDF»,
WF(B) >&

YD
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Ta=-201to 75°C

. VDD =4.5t0 5.5V | VDD = 2.7 to 4.5V . .
Signal |Symbol Parameter - - Unit | Condition
Min. Max. Min. Max
tr Rise time — 30 — 40 ns
tf Fall time — 30 — 40 ns
XSCL tcx Shift clock cycle time atc — 4atc — ns
twx XSCL clock pulsewidth | 2tc — 60 — 2tc — 60 — ns
XDO to tDH X data hold time 2tc — 50 — 2tc — 50 — ns CL =
XD3 tDs X data setup time 2tc-100, — |2tc-105| — ns 100 pF
tLs Latch data setup time 2tc - 50 — 2tc — 50 — ns
LP twiL LP pulsewidth 4tc - 80 — 4tc — 120 — ns
tLD LP delay time from XSCL 0 — 0 — ns
WF tDF Permitted WF delay — 50 — 50 ns
YD tDHY Y data hold time 2tc - 20 — 2tc — 20 — ns
18 EPSON S1D13305 Series
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7. PACKAGE DIMENSIONS

Unit: mm
7.1. S1D13305F00A 7.2. S1D13305F00B
OQFP5-60 pin OQFP6-60 pin

‘ 25.6 £04 ‘ 17.6 £04

JURIRRURRONIQR | oAU

= I = 3

0lommnomomoy——4 ﬂWUUUUUUUMQ@
<£>.1.51-03 <1::}03\
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INSTRUCTION SET

8.

8.1. The Command Set

Table 1. Command set

INSTRUCTION SET

Command
Code Read
Class Command Hex | Command Description | Parameters
RD WR|A0|D7|D6 |D5 |D4 |D3|D2|D1|D0O No. of | Sec-
Bytes | tion
System |SYSTEMSET [1 |0 |1|0|1[0|0|0|0 00|40 'dr:'st;)"’l‘ge device and 8 |821
control
SLEEP IN 1/0(1|0|1|0|1]|0|0]|1]|1]53 |Enterstandby mode 0 8.2.2
pisPONOFF |1 [0 |10 |1|o|1|1]0 0D |38 |Enableanddisabledis- |, | g4,
59 |play and display flashing
SCROLL 1]/o0]1]0|1]0|0|0]|1]|0]0 a4 |Seldisplaystartaddress , | g5,
and display regions
CSRFORM 1/0(1|0|1]|0|12|1|1|0|1]|5D |Setcursortype 2 8.3.3
. Set start address of char-
Display |CGRAMADR |10 |10 1[0 [1/1/1/0 |0 |5C "~ generator RAM 2 | 836
control e
CSRDIR 11ol1lol1lolol1]1 CD|CD to Set direction of cursor 0 8.3.4
11]0 movement
4F
HDOTSCR |1 ]o|1]o|1|o|1]1]0 |10 |s5a |Sethorizontalscroll 1 |837
position
OVLAY 1lol1|of2]of2|1|0]|1]21|sp |Setdisplayoveray 1 |835
format
Drawing |CSRW 0 0 0|0|0 |1 0 | 46 |Set cursor address 2 8.4.1
control CSRR 0 0 0|00 |1 1 | 47 |Read cursor address 2 8.4.2
MWRITE 0 0 0(0|0|O 0 | 42 |Write to display memory | — 8.5.1
Memory Read from displa:
control | MREAD 1/o|1|of1|o|ofo|o|1|1]a3 | play — | 852
memory
Notes:

1. Ingeneral, the internal registers of the S1D13305 series are modified as each command parameter is input. However,
the microprocessor does not have to set all the parameters of acommand and may send a new command before all parameters
have been input. The internal registers for the parameters that have been input will have been changed but the remaining

parameter registers are unchanged.

2-byte parameters (where two bytes are treated as 1 data item) are handled as follows:
a. CSRW, CSRR: Each byte is processed individually. The microprocessor may read or write just the low byte of the cursor

address.

b. SYSTEM SET, SCROLL, CGRAM ADR: Both parameter bytes are processed together. If the command is changed after
half of the parameter has been input, the single byte is ignored.

2. APL and APH are 2-byte parameters, but are treated as two 1-byte parameters.

20
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8.2. System Control Commands

8.2.1. SYSTEM SET

Initializes the device, sets the window sizes, and selects incorrect SYSTEM SET command may cause other
the LCD interface format. Since this command sets the commands to operate incorrectly.
basic operating parameters of the S1D13305 series, an

MSB LSB _ _

D7 D6 D5 D4 D3 D2 D1 DO AO WR RD
Cc ’ 0 1 0 0 0 0 0 0 ‘ 1 0 1 ‘
P1 ’ 0 0 \% 1 wis M2 M1 MO ‘ 0 0 1 ‘
P2 ’ WF 0 0 0 0 ‘47 FX 4>{ 0 0 1 ‘
P3 ’ 0 0 0 0 ‘47 FY 4>‘ 0 0 1 ‘
P4 {4 CIR FI 0 0 1 ‘
P5 {4 TCIR FI 0 0 1 ‘
P6 {4 L/F >‘ 0 0 1 ‘
P7 {4 APL =I 0 0 1 ‘
P8 {4 APH =I 0 0 1 ‘

Figure 1. SYSTEM SET instruction

8.21.1. C

This control byte performs the following:
1. Resets the internal timing generator
2. Disables the display
3. Cancels sleep mode

Note that if the CG ROM address space overlaps the
display memory address space, that portion of the display
memory cannot be written to.

Parameters following P1 are not needed if only can- 8.21.3. M1

celing sleep mode. Selects the memory configuration for user-definable char-
acters. The CG RAM codes select one of the 64 codes

8.2.1.2. MO shown in figure 46.

M1 = 0: No D6 correction.

The CG RAM1 and CG RAM2 address spaces are not

contiguous, the CG RAM1 address space is treated as
character generator RAM, and the CG RAM2 address

space is treated as character generator ROM.

M1 = 1: D6 correction.

The CG RAM1 and CG RAM2 address spaces are

contiguout and are both treated as character generator
RAM.

Selects the internal or external character generator ROM.
The internal character generator ROM contains 160, 5

7 pixel characters, as shown in figure 70. These charac-
ters are fixed at fabrication by the metallization mask.
The external character generator ROM, on the other
hand, can contain up to 256 user-defined characters.
MO = 0: Internal CG ROM

MO = 1: External CG ROM

$1D13305 Series EPSON 21
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8.2.1.4. M2 8.2.1.5. WIS

Selects the height of the character bitmaps. Characters Selects the LCD drive method.
more than 16 pixels high can be displayed by creating a W/S = 0: Single-panel drive
bitmap for each portion of each character and using the W/S = 1: Dual-panel drive
S1D13305 series graphics mode to reposition them.

M2 = 0: 8-pixel character height (2716 or equivalent

ROM)
M2 = 1: 16-pixel character height (2732 or equivalent
ROM)
El ——— Xdriver [~ —- X driver
YD U U
Y driver LCD
Figure 2. Single-panel display
E|l ———» X driver —— X driver
o
i Upper Panel
Y driver
Lower Panel
> X driver i X driver
Figure 3. Above and below two-panel display
22 EPSON S1D13305 Series
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El ————— | Xdriver [~——————- »| Xdriver [—»| Xdriver [--—-———— = Xdriver
YD
Y driver Left Panel Right Panel
Figure 4. Left-and-right two-panel display
Note
There are no Seiko Epson LCD units in the configuration shown in Figure 4.
Table 2. LCD parameters
WI/IS=0 W/S=1
Parameter
V=1 V=0 v=1 V=0
C/IR C/IR C/IR C/IR C/IR
TC/IR TC/IR TCIR (See note 1.) TC/IR TC/IR
L/F L/F L/F L/F L/F
OOHto L/IF+1
SL1 OOH to L/F (See note 2.) (L/IF) /2 (L/IF) /2
OOHto L/IF+1
SL2 OOH to L/F (See note 2.) (L/IF) /2 (L/IF) /2
SAD1 First screen block First screen block First screen block First screen block
SAD2 Second screen block | Second screen block | Second screen block | Second screen block
SAD3 Third screen block | Third screen block | Third screen block | Third screen block
SAD4 Invalid Invalid Fourth screen block | Fourth screen block
Cursor move- . Above-and-below configuration:
Continuous movement over whole screen .
ment range continuous movement over whole screen
Notes:

1. See table 26 for further details on setting the C/R and TC/R parameters when using the HDOT SCR command.
2. The value of SL when IV = 0 is equal to the value of SL when IV = 1, plus one.

8.2.1.6. IV

Screen origin compensation for inverse display. 1V is

usually set to 1.

The best way of displaying inverted characters is to
Exclusive-OR the text layer with the graphics back-

ground layer. However, inverted characters at the top or

left of the screen are difficult to read as the character
origin is at the top-left of its bitmap and there are no
background pixels either above or to the left of these
characters.
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The IV flag causes the S1D13305 series to offset the text 8.2.1.7. FX
screen against the graphics back layer by one vertical
pixel. Use the horizontal pixel scroll function (HDOT
SCR) to shift the text screen 1 to 7 pixels to the right. All
characters will then have the necessary surrounding back-
ground pixels that ensure easy reading of the inverted
characters.

See Section 10.5 for information on scrolling.

IV = 0: Screen top-line correction

Define the horizontal character size. The character width
in pixels is equal to FX + 1, where FX can range from 00
to 07H inclusive. If data bit 3 is set (FX is in the range 08
to OFH) and an 8-pixel font is used, a space is inserted
between characters.

Table 3. Horizontal character size selection

IV = 1: No screen top-line correction EX [FX] character width
) . HEX | D3 | D2 | D1 | DO (pixels)
Display start point v 00 0 0 0 0 T
Back Iayer\\ jl dot o1 0 0 0 1 5
l l l l l l
HDOT SCR 07 0 1 1 3 8
Character

Since the S1D13305 series handles display data in 8-bit
units, characters larger than 8 pixels wide must be formed
from 8-pixel segments. As Figure 6 shows, the remainder
of the second eight bits are not displayed. This also
Dots 1 to 7 applies to the second screen layer.

In graphics mode, the normal character field is also eight
pixels. If a wider character field is used, any remainder in

Figure 5. IV and HDOT SCR adjustment the second eight bits is not displayed.
‘<7 EX —
FY
+—8 bits—>[+—8 bitﬁ
FY
—
[*+—8 bits —>1+—8 bits —
R
Address A Address B Non-display area

Figure 6. FX and FY display addresses
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8.2.1.8. WF

Selects the AC frame drive waveform period. WF is
usually set to 1.

WF = 0: 16-line AC drive

WF = 1: two-frame AC drive

In two-frame AC drive, the WF period is twice the frame
period.

In 16-line AC drive, WF inverts every 16 lines.
Although 16-line AC drive gives a more readable display,
horizontal lines may appear when using high LCD drive
voltages or at high viewing angles.

8.2.1.9. FY

8.2.1.10. C/R

Sets the address range covered by one display line, that is,
the number of characters less one, multiplied by the
number of horizontal bytes per character.

C/R can range from 0 to 239.

For example, if the character width is 10 pixels, then the
address range is equal to twice the number of characters,
less 2. See Section 16.1.1 for the calculation of C/R.
[C/R] cannot be set to a value greater than the address
range. It can, however, be set smaller than the address
range, in which case the excess display area is blank. The
number of excess pixels must not exceed 64.

Sets the vertical character size. The height in pixels is

equal to FY + 1.
FY can range from 00 to OFH inclusive.

Set FY to zero (vertical size equals one) when in graphics

mode.

Table 4. Vertical character size selection

FY [FY] character
HEX | D3 | D2 | D1 | DO height (pixels)
00 0|00} O 1
01 0|0 |01 2
IEEEEEEE !
07 o|1 (1)1 8
Vol e !
OE 1|11 0 15
OF 1111 16

Table 5. Display line address range

C/R
HEX D7 D6 D5 D4 D3 D2 D1 DO [C/R] bytes per display line
00 0 0 0 0 0 0 0 0 1
01 0 0 0 0 0 0 0 1 2
! ! ! ! ! ! ! ! ! !
4F 0 1 0 0 1 1 1 1 80
! ! ! ! ! ! ! ! ! !
EE 1 1 1 0 1 1 1 0 239
EF 1 1 1 0 1 1 1 1 240
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8.2.1.11. TC/IR

Sets the length, including horizontal blanking, of one the equation given in section 16.1.1 in order to hold the
line. The line length is equal to TC/R + 1, where TC/ R can frame period constant and minimize jitter for any given
range from 0 to 255. main oscillator frequencypkc

TC/R must be greater than or equal to C/R + 4. Provided

this condition is satisfied, [TC/R] can be set according to

Table 6. Line length selection

TCR [TC/R] line length (bytes)
HEX D7 D6 D5 D4 D3 D2 D1 DO
00 0 0 0 0 0 0 0 0 1
01 0 0 0 0 0 0 0 1 2
! ! ! ! ! ! ! ! ! !
52 0 1 0 1 0 0 1 0 83
! ! ! ! ! ! ! ! ! !
FE 1 1 1 1 1 1 1 0 255
FF 1 1 1 1 1 1 1 1 256
8.2.1.12. L/IF

Sets the height, in lines, of a frame. The height in lines is
equal to L/F + 1, where L/F can range from 0 to 255.

Table 7. Frame height selection

LIF [L/F] lines per frame
HEX D7 D6 D5 D4 D3 D2 D1 DO
00 0 0 0 0 0 0 0 0 1
01 0 0 0 0 0 0 0 1 2
! ! ! ! ! ! ! ! ! !
TF 0 1 1 1 1 1 1 1 128
! ! ! ! ! ! ! ! ! !
FE 1 1 1 1 1 1 1 0 255
FF 1 1 1 1 1 1 1 1 256
If W/S is set to 1, selecting two-screen display, the
number of lines must be even and L/F must, therefore, be
an odd number.
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8.2.1.13. AP

Defines the horizontal address range of the virtual screen.

APL is the least significant byte of the address.

APL | AP7 | AP6 | AP5 | AP4

| Aap3 | AP2 | AP1 | APO |

APH ] AP15 \ AP14 \ AP13 \ AP12

| AP11 | AP10 | AP9 | APB |

Figure 7. AP parameters

Table 8. Horizontal address range

Hex code [AP] addresses
APH APL per line
0 0 0 0 0
0 0 0 1 1
! ! ! ! !
0 0 5 0 80
! ! ! ! !
F F F E 216 _2
F F F F 216 1
@ ———— Display area

<«——C/R—

Display memory limit

\ AP \
Figure 8. AP and C/R relationship

8.2.2. SLEEP IN

Places the system in standby mode. This command has no

parameter bytes. At least one blank frame after receiving
this command, the S1D13305F halts all internal opera-
tions, including the oscillator, and enters the sleep state.

Blank data is sent to the X-drivers, and the Y-drivers have
their bias supplies turned off by the YDIS signal. Using
the YDIS signal to disable the Y-drivers guards against
any spurious displays.

The internal registers of the S1D13305 series maintain
their values during the sleep state. The display memory
control pins maintain their logic levels to ensure that the
display memory is not corrupted.

The S1D13305 series can be removed from the sleep state
by sending the SYSTEM SET command with only the P1
parameter. The DISP ON command should be sent next
to enable the display.

MSB LSB

C 0 1 0 1 0 0 1 1

Figure 9. SLEEP IN instruction

1. The YDIS signal goes LOW between one and two
frames after the SLEEP IN command is received.
Since YDIS forces all display driver outputs to go to
the deselected output voltage, YDIS can be used as a
power-down signal for the LCD unit. This can be
done by having YDIS turn off the relatively high-
power LCD drive supplies at the same time as it
blanks the display.

Since all internal clocks in the S1D13305 series are
halted while in the sleep state, a DC voltage will be
applied to the LCD panel if the LCD drive supplies
remain on.

If reliability is a prime consideration, turn off the
LCD drive supplies before issuing the SLEEP IN
command.

Note that, although the bus lines become high imped-
ance in the sleep state, pull-up or pull-down resistors
on the bus will force these lines to a known state.

3.
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8.3. Display Control Commands
8.3.1. DISP ON/OFF 8.3.1.3. FP

Turns the whole display on or off. The single-byte param- Each pair of bits in FP sets the attributes of one screen
eter enables and disables the cursor and layered screenshlock, as follows.

and sets the cursor and screen flash rates. The cursor can

be set to flash over one character or over a whole line. The display attributes are as follows:

Table 10. Screen block attribute selection
FP1 FPO First screen block (SAD1)

Second screen block (SAD2,
SAD4). See note.

FP5 FP4 Third screen block (SAD3)

MSB LSB

clofsfofafafofofn]

FP3 | FP2

P1 [FPs [FP4|FP3[FP2| Fr1|FPo [Fe1[Feo|

Figure 10. DISP ON/OFF parameters 0 0 OFF (blank) -
0 1 No flashing
8.3.11. D Flash at frr/32 Hz
1 0 ON o H
Turns the display ON or OFF. The D bit takes prece- (approx. 2 Hz)
dence over the FP bits in the parameter. 1 1 Flash at frrR/4 Hz
D = 0: Display OFF (approx. 16 Hz)
D =1: Display ON Note

8312 FC If SAD4 is enabled by setting W/S to 1, FP3 and FP2

I control both SAD2 and SAD4. The attributes of
Enables/disables the cursor and sets the flash rate. TheSAD2 and SAD4 cannot be set independently.
cursor flashes with a 70% duty cycle (ON/OFF).

Table 9. Cursor flash rate selection

FC1 FCO Cursor display
0 0 OFF (blank)
0 1 No flashing
1 0 Flash at frr/32 Hz
ON (approx. 2 Hz)
1 1 Flash at frr/64 Hz
(approx. 1 Hz)

Note: Asthe MWRITE command always enables the cursor,
the cursor position can be checked even when perform-
ing consecutive writes to display memory while the
cursor is flashing.
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8.3.2. SCROLL

83.21. C

Sets the scroll start address and the number of lines perrequired. The parameters must be entered sequentially as
scroll block. Parameters P1 to P10 can be omitted if not shown in Figure 11.

PL[A7 A6 A5 A4 A3 A2 AL A0 |(SAD1L)

P2 ’AlS Al4 A13 Al2 All A10 A9 A8 ‘(SAD 1H)

P3[L7 L6 L5 L4 L3 L2 L1 LOJ(SLY)

P4 [A7 A6 A5 A4 A3 A2 AL A0 |(SAD2L)

P5 ’AlS Al4 Al13 Al12 A1l A10 A9 A8 ‘(SAD 2H)

P6 L7 L6 L5 L4 L3 L2 L1 LOJ|(SL2)

P7 [A7 A6 A5 A4 A3 A2 AL A0 |(SAD3L)

P8 ’A15 Al4 A13 Al2 All A10 A9 A8 ‘(SAD 3H)

PO [A7 A6 A5 A4 A3 A2 AL AO (SADA4L)

P10 ’AlS Al4 A13 A12 A1l A10 A9 A8 ‘(SAD 4H)

Figure 11. SCROLL instruction parameters

Note: Set parameters P9 and P10 only if both two-screen
drive (W/S = 1) and two-layer configuration are se-
lected. SAD4 is the fourth screen block display start
address.
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Table 11. Screen block start address selection

SL1,SL2 .
[SL] screen lines

HEX L7 L6 L5 L4 L3 L2 L1 LO

00 0 0 0 0 0 0 0 0 1

01 0 0 0 0 0 0 0 1 2

! ! ! ! ! ! ! ! ! !

7F 0 1 1 1 1 1 1 1 128

! ! ! ! ! ! !

FE 1 1 1 1 1 1 1 0 255

FF 1 1 1 1 1 1 1 1 256

8.3.2.2. SL1,SL2

SL1 and SL2 set the number of lines per scrolling screen. ship between SAD, SL and the display mode is described
The number of lines is SL1 or SL2 plus one. The relation- below.

Table 12. Text display mode

WIS Screen First Layer | Second Layer
First screen block SAD1 SAD2
Second screen block SL1 SL2
SAD3 (see note 1)
Third screen block (partitioned screen) Set both SL1 and SL2 to L/F + 1
if not using a partitioned screen.

Screen configuration example:

SAD2 —»
SAD1—»
0 — sL2
[} Graphics display page 2
SL1 Character display page 1 P Py pag
SAD3 —»
Character display page 3

—— 4—  Layer 2

-« laverl
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Table 12. Text display mode (continued)
WIS Screen First Layer | Second Layer
Upper screen SADL SAD2
pp SL1 SL2
Lower screen SAD3 SAD4
(See note 2.) (See note 2.)
Set both SL1 and SL2 to ((L/F) /2 + 1).
Screen configuration example:
SAD2 —»
SADL—»
1 [ & Graphics display page 2
SL1 Character display page 1
SAD3 —»
[ o Graphics display page 4
(SAD4)
Character display page 3
5
Laver 1 Laver 2
Notes:

1. SADS has the same value as either SAD1 or SAD2, whichever has the least number of lines (set by SL1 and SL2).
2. Since the parameters corresponding to SL3 and SL4 are fixed by L/F, they do not have to be set in this mode.
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Table 13. Graphics display mode

WIS Screen First Layer Second Layer | Third Layer

Two-layer composition SAD1 SAD2 o
Y P SL1 SL2

SAD3 (see note 3.)
Ubper screen Set both SL1 and SL2 to o
PP L/F + 1 if not using a

partitioned screen
Screen configuration example:

SAD2 —»
SAD1 —» sLo
0 -
@ Graphics display page 2
SL1 Character display page 1 P play pag

SAD3 —»
Character display page 3
Layer 1 Layer 2

SAD1 SAD2 SAD3

Three-layer configuration

SL1=L/F+1 | SL2=L/F+1 —
Screen configuration example:

SAD3 —» I

SAD2 @ Graphics display page 3
SAD1—» ]
— SL2
0 SL1— ® Graphics display page 2
Graphics display page 1
A
f f Layer 3
Layer 1 Layer 2
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Table 13. Graphics display mode (continued)
W/S Screen First Layer Second Layer | Third Layer
Upper screen SAD1 SAD2
PP sL1 S -
Lower screen SAD3 SAD4 —
(See note 2.) (See note 2.)
Set both SL1 and SL2 to ((L/F) / 2 + 1).
Screen configuration example (See note 3.):
SAD2 —»
SAD1—»
1 (= Graphics displ 2
SL1 Graphics display page 1 raphics dispiay page
SAD3 —»
[ o Graphics display page 4
Graphics display page 3
5
Layer 1 Layer 2
Notes:

1. SAD3 has the same value as either SAD1 or SAD2, whichever has the least number of lines (set by SL1 and SL2).
2. Since the parameters corresponding to SL3 and SL4 are fixed by L/F, they do not have to be set.
3. If, and only if, W/S = 1, the differences between SL1 and (L/F + 1) / 2, and between SL2 and (L/F + 1) / 2, are blanked.

i IR
T e

Graphics

Figure 12. Two-panel display height
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8.3.3. CSRFORM

Sets the cursor size and shape. Although the cursor is
normally only used in text displays, it may also be used in
graphics displays when displaying special characters.

MSB LSB
clo 1 0o 1 1 1 o 1|
P1 ’ 0 0 O 0 x3 ><2CRXX1 X0 ‘
P2lcM 0 0 0 vi v, yo|

Figure 13. CSRFORM parameter bytes

8.3.3.1. CRX

Sets the horizontal size of the cursor from the character
origin. CRX is equal to the cursor size less one. CRX must
be less than or equal to FX.

Table 14. Horizontal cursor size selection

CRX [CRX] cursor width

HEX | X3 | X2 | X1 | X0 (pixels)

0 |ojojo]|oO 1

1 /olo0|o0]|1 2

! | l l l !

4 |o|1]0]0 9

! | l l l !

E |1]1]1]0 15

F |l1]1]1]1 16
8.3.3.2. CRY

Sets the location of an underscored cursor in lines, from
the character origin. When using a block cursor, CRY sets
the vertical size of the cursor from the character origin.
CRY is equal to the number of lines less one.

Table 15. Cursor height selection

Character start point

0123456 ¢ ¢« «

© O N o g A W N P O

CRX =5 dots
CRY =9 dots
CM=0

Figure 14. Cursor size and position

8.3.3.3. CM

Sets the cursor shape. Always set CM to 1 when in
graphics mode.

CM = 0: Underscore cursor

CM = 1: Block cursor

8.3.4. CSRDIR

Sets the direction of automatic cursor increment. The
cursor can move left or right one character, or up or down
by the number of bytes specified by the address pitch, AP.
When reading from and writing to display memory, this
automatic cursor increment controls the display memory
address increment on each read or write.

MSB LSB

clo 1 o o 1 1 [coicDe

Figure 15. CSRDIR parameters

CRY [CRY] cursor height
HEX | Y3|Y2|Y1l]|YO (lines)
0 0|0 |0]O lllegal
1 0|00 1 2
! [ T A !
8 1/0]|]0/|0O0 9
! [ T A !
E 1 1 1 0 15
F 1 1 1 1 16
Figure 16. Cursor direction
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Table 16. Cursor shift direction

C CD1 CDO Shift direction
4CH 0 0 Right
4DH 0 1 Left
4EH 1 0 Up
4FH 1 1 Down

Note: Since the cursor moves in address units even if FX =9,
the cursor address increment must be preset for move-
ment in character units. See Section 9.3.

8.3.5. OVLAY
Selects layered screen composition and screen text/ graph-
ics mode.

MSB LSB

clo 1 0o 1 1 0o 1 1|

PL[ 0 0 o0 [ov]|pmz[pmi[mx1i]mxo|

Figure 17. OVLAY parameters

8.3.5.1. MX0, MX1

MXO0 and MX1 set the layered screen composition method,
which can be either OR, AND, Exclusive-OR or Priority-
OR. Since the screen composition is organized in layers
and not by screen blocks, when using a layer divided into
two screen blocks, different composition methods cannot
be specified for the individual screen blocks.

The Priority-OR mode is the same as the OR mode unless
flashing of individual screens is used.

Table 17. Composition method selection

MX1 MX0 Function Composition Method Applications
0 0 L10L20L3 |OR Underlining, rules, mixed text and graphics
0 1 (L1 0 L2) 013 | Exclusive-OR Invertgd_ characters, flashing regions,
underlining
1 0 (L1 nL2)OL3 | AND Simple animation, three-dimensional
1 1 L1>L2>L3 | Priority-OR appearance
Notes:

L1: First layer (text or graphics). If text is selected, layer L3 cannot be used.
L2: Second layer (graphics only)
L3: Third layer (graphics only)
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Layer 1 Layer 2 Layer 3 Visible display
(1) | EPSON ] OR
(2) | EPSON I e | Exclusive OR
(3) | EPSON ] SON | AND
(4) | EPSON ] EPSON | Prioriized OR

Figure 18. Combined layer display

Notes:
L1: Not flashing
L2: Flashing at 1 Hz
L3: Flashing at 2 Hz

8.3.5.2. DM1, DM2 8.3.5.3. OV

DM1 and DM2 specify the display mode of screen blocks Specifies two- or three-layer composition in graphics
1 and 3, respectively. mode.

DM1/2 = 0: Text mode OV = 0: Two-layer composition

DM1/2 = 1: Graphics mode OV =1: Three-layer composition

Note 1: Screen blocks 2 and 4 can only display graphics. Set OV to 0 for mixed text and graphics mode.
Note 2: DM1 and DM2 must be the same, regardless of
the setting of W/S. 8.3.6. CGRAM ADR

Specifies the CG RAM start address.

PL|A7 A6 A5 A4 A3 A2 Al A0 |(SAGL)

P2 |A15 Al4 Al13 Al2 All A10 A9 A8 |(SAGH)

Figure 19. CGRAM ADR parameters

Note
See section 10 for information on the SAG parameters.
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8.3.7. HDOT SCR Table 18. Scroll step selection (continued)
While the SCROLL command only allows scrolling by P1 .
characters, HDOT SCR allows the screen to be scrolled Numtt;eg(?rforﬁlxels
horizontally by pixels. HDOT SCR cannot be used on HEX b2 D1 | DO
individual layers. 00 0|00 0
01 0|01 1
MSB LSB
02 o|1]0 2
clo 1 o0 o 1 o | : R .
PL[0 0 o D2 D1 DO| 00 L0 °
07 1111 7

Figure 20. HDOT SCR parameters

—| M |—

8.3.7.1. DOto D2

Specifies the number of pixels to scroll. The C/R param-
eter has to be set to one more than the numberof ., "}
horizontal characters before using HDOT SCR. Smooth | M=0
scrolling can be simulated if the controlling microproces- P I N=0
sor repeatedly issues the HDOT SCR command to the
S1D13305 series. See Section 9.5 for more information
on scrolling the display.

*********

bz | A | B — X oy o

l«————— Display width ————| N |*+—

M/N is the number of bits (dots) that parameter 1 (P1)
is incremented/decremented by.

Figure 21. Horizontal scrolling

8.4. Drawing Control Commands
8.4.1. CSRW

The 16-bit cursor address register contains the display The MREAD and MWRITE commands use the address
memory address of the data at the cursor position as in this register.

shown in Figure 22.

Note that the microprocessor cannot directly access the

display memory.

MSB LSB

C’OlOOOllO‘

PL A7 A6 A5 A4 A3 A2 AL AO |(CSRL)

P2 ’A15 Al4 A13 Al12 All A10 A9 A8 ‘(CSRH)

Figure 22. CSRW parameters
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The cursor address register can only be modified by the If a new address is not set, display memory accesses will
CSRW command, and by the automatic increment after be from the last set address or the address after previous
an MREAD or MWRITE command. It is not affected by = automatic increments.

display scrolling.

8.4.2. CSRR

Reads from the cursor address register. After issuing the
command, the data read address is read twice, for the low
byte and then the high byte of the register.

MSB LSB

C’OlOOOlll‘

PL A7 A6 A5 A4 A3 A2 AL AO |(CSRL)

P2 ’A15 Al4 A13 Al12 All A10 A9 A8 ‘(CSRH)

Figure 23. CSRR parameters

8.5. Memory Control Commands

8.5.1. MWRITE

The microprocessor may write a sequence of data bytes processor to update the cursor address register after each
to display memory by issuing the MREAD command and byte as the cursor address is automatically incremented
then writing the bytes to the S1D13305 series. There is no by the amount set with CSRDIR, in preparation for the
need for further MWRITE commands or for the micro- next data write.

MSB LSB

clo 1 0 o o 0o 1 o]

Figure 24. MWRITE parameters

Note:
P1, P2, ..., Pn: display data.
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8.5.2. MREAD

Puts the S1D13305 series into the data output state. data bytes may be read without further MREAD com-
Each time the microprocessor reads the buffer, the cursor mands or by updating the cursor address register.
address is incremented by the amount set by CSRDIR and If the cursor is displayed, the read data will be from two
the next data byte fetched from memory, so a sequence of positions ahead of the cursor.

MSB LSB

P2 | |
Pn | |n >1
Figure 25. MREAD parameters
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9. DISPLAY CONTROL FUNCTIONS
9.1. Character Configuration

The origin of each character bitmap is in the top left Although the size of the bitmap is fixed by the character
corner as shown in Figure 29. Adjacent bits in each byte generator, the actual displayed size of the character field
are horizontally adjacent in the corresponding character can be varied in both dimensions.

image.

Character starting point

o
N
g
o)
o

Character
height R4

Space

Space data

O olojlojolojlojojlo|lo|lo|o|o|o|o

Py

[e4)
oO|jlojlojlojlo|jo|jo|lo|Oo P |FP|FP|FP|FP|»|O
oOojlojlojo|lojojlojlo|jlo|jo|]OoO|r|O|OC|O|R
oOojlojlojlojlojolojlo|jlo|jo|OoO|r|O|O|O|FR
oOojlojlojojlojlojlojlo|jlo|jo|OO|Rr|O|O|O|PFR
oOo|lojlolo|lojo|lo|o | |Fr P |FP|FP|F, |, |OC
O jlolojlojojlojlojlojlojlojlo|o|lo|o|o |o
oO|jlolojlojlojlojlojlojlo|]ojlo|o|o|o|o |oO

0

~—Character Width»‘« Space »‘ ‘+ S(;);(;e %

Figure 26. Example of character display ([FX] < 8) and generator bitmap

If the area outside the character bitmap contains only The displayed character width can be set to any value up
zeros, the displayed character size can easily be increasedo 16 even if each horizontal row of the bitmap is two
by increasing 