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1: OVERVIEW

1 OVERVIEW

The S1D13305 Controller displaystext and graphics on amidsize, dot-matrix liquid crystal display
(LCD). A very flexible, low-power display system can be configured using the S1D13305 in
combination with various LCD modules. The character code or bitmap display data from the
microprocessor istemporarily stored in frame buffer memory, then periodically read out and
converted into LCD module signalsfor output to the LCD. The various command functions make it
possible to overlay text and graphics screens, scroll the screen in any direction, and split the screen
for multi-window display. Moreover, the external memory timing circuit, built-in LCD module
control circuit, and high-speed character generator allows you to build an LCD control block using
only afew external circuits.

11 Features

o Number of display dots:........ccccereeeeunne Text display mode
80 columns x 32 rows + graphics screen overlay
Graphic display mode
(640 dots x 256 dots) x three-screen overlay

e Threedisplay modes.........ccccoevvevveeennne. Text display mode, graphic display mode, and text/
graphic overlay mode (Layered display functions)

e Automatic cursor shift function: .............. For shifting in four directions
Up/down and left/right

e Flexible scroll function: ..........ccccverunene. The text/graphics display screen can be easily moved
and smoothly scrolled horizontally.

o Framebuffer: .....cccocevvveeeeecce e, Up to 64 KB of SRAM, virtual screen configuration

e |nternal character generator: .................... 160 characters (mask programmable 5 x 7 dots)

e Externa character generator capacity:..... CGRAM .... (8 dots x 16 dots) x 64 characters
CGROM .... (8 dots x 16 dots) x 256 characters

e Driveduty CyCl€ ....coooeveveeeeeeee Can be set without any required increments from 1/2
up to 1/256 duty cycles.

e 80 or 68-series MPU interface (selectable)

o Single power SUPPIY: .covveereerereereriereneenes 271055V

® PaCKage: .....cccovereeiereee e 60-pin QFP (plastic)

QFP5-60pin ... SID13305F00A

S1D13305 Series EPSON 1
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1: OVERVIEW

1.2 System Overview

Positioned midway between the MPU and LCD panel, the S1D13305 transfers the control
commands and data for display to and from the MPU, making it possible to control up to 64
Kbytes of display memory (VRAM) as shown in the system configuration diagram below.

Moreover, because the S1D13305 has a built-in a control circuit for LCD units, it is possible to
take full advantage of the features of midsize, dot-matrix liquid crystal display units without using
any external circuit.

VRAM LcD
CG RAM CG ROM
=
5 I = s 5% |5 |8 |F
- ‘ I
< <
A HE] g ST |8 |5
o | m|3l © Q
. Input/output
VRAM interface | | register | LCD controller
[ T ]
| I I
[ I ]

controller controller counter counter controlier

Cursor . J Layered
address Display address| ___| Refresh Dot ZSZ CG ROM display

| MPU interface | osC
r R o
«; H| &l 9
m
N

Figure 1-1 Block diagram of the S1D13305

. S1D13305
— C: . ::) | External CG
CG \
MPU >
:> | i V Display memory
- VRAM)
— = \ | Display — (
<— = B y| | address
controller Display memory bus ji
Driver \ __’) _________________________ )________LQI_D_u_nlt
controller ! Driver bus
<#> T I I I I
Mai I
ain | L | '
memory\‘_ - : X Dr X Dr ———- XDr
N ~ i o\
[ Y Dr LCD panel
: V]
Figure 1-2 Example of system configuration
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1: OVERVIEW

The S1D13305 divides the display memory space into the four areas shown below. When this
configuration is combined with the layered (overlaid) display and flexible scroll functions of the
S1D13305, it is possible to greatly reduce the MPU load when inverting or underlining text,
displaying graphs with text, or creating simple animation.

The S1D13305 uses the display memory space by dividing it into the four areas shown below to
realize the layered display functions using only a single controller.

Example of display memory mapping by the S1D13305
(1) Character code table
« A memory areato store character code when displaying text
* 1 character = 8 bits
* Variable table mapping (by altering the scroll start address)
(2) Graphic datatable
« A memory areato store bitmap data
« 1 word = 8 hits
 Variable table mapping
(3) CG RAM table (for external characters)
A character generator whose character patterns can be altered by the MPU as desired
* Maximum 8 x 16 hits (16 bytes per character)
* Maximum 64 discrete characters
» Usablein combination with internal or external CG ROM
 Variable table mapping
(4) CG ROM table
« An areato be set up when another CG is needed separately from the internal CG
o Combined use with the internal CG not possible; combined use with the CG ROM possible
* Maximum 8 x 16 hits (16 bytes per character)
* Maximum 256 discrete characters
« Mapped into a fixed #F000H-#FFFFH area

To make the most of the above-mentioned functions of the S1D13305, a high-speed interfacing
method is used to enable pipelined command processing between the MPU and S1D13305. Most
commands of the S1D13305 are processed so that the controller completes the processing of any
input command before the next command is issued from the MPU. Therefore, the MPU does not
need to frequently check the status of the S1D13305, and is not kept waiting by the S1D13305.
Thus, the high-speed interfacing method adopted for the S1D13305 hel ps minimize possible
reduction in the MPU’s processing capability.

S1D13305 Series EPSON 3
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1: OVERVIEW

1.3 List of Abbreviations
Abbreviation Meaning
A e Address
® AP Address pitch
¢ C o Text display mode
(Denotes a command in command code descriptions.)
® CD e Cursor movement direction
® CG e Character generator
e CGRAMADR......ccoviririn. Character generator memory offset address
¢ CM i Cursor shape
¢ C/R o Number of characters per line
® CRX i Cursor sizein the X direction
* CRY i Cursor sizeintheY direction
* CSRDIR ..o Direction of cursor movement
e CSRFORM.....ccocriniririeniein Cursor shape
* CSRR....cctiereee e Cursor address read
* CSRW...ciiiirneeneee Cursor address write
* DM i Display mode
¢ FCo Flashing cursor
¢ FRR Frame frequency
¢ fOSC...oiieerre Oscillation frequency
¢ FP o Layer flashing
O FY Character field in the'Y direction
® Gt Graphic display mode
® GLC e Graphic liquid crystal unit controller
e HDOT SCR......ccoeirirerenien Smooth scrolling in horizontal direction
IV Inverse
O L e Layer
O L/F Number of lines per screen
* MREAD ....cooiiiiiirieee Display memory readout
¢ MX Screen composition method
¢ MWRITE.....cccoiiiiniineee Display memory write
® OV e Screen overlay
¢ OVRAY ..o Screen overlay
® P Parameter
* R Row
¢ RAM oo Random access memory
¢ ROM ..o Read-only memory
¢ SAD . Display start address
® Sho e Number of scanning lines
¢ TCIR o Total number of characters per line
¢ VRAM .o Display memory
¢ WL AC drive waveform
¢ WIS Double common/single common
® XDl i X direction driver
® YDl Y direction driver
4 EPSON S1D13305 Series
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2: PINS

2

PINS

2.1 Pin Connection

211 Pin Assignments
XD
CS
A0
VbD
DO
D1
D2
D3
D4
D5
D6
2.1.2  Pin Description
Pin Pin No. 110 - Pin Pin No. 10 -
Description Description
Name | 51D13305F00A | TyPe Name | 51D13305F00A | Type
XG 54 | . . VDO-
%D 55 o Oscillator pins VD7 19-26 1/0 | VRAM data bus
Vpp 58 Vcc | Power supply (Vcc) VWR 44 O |VRAM writesigna
Vss 13 GDN Power supply (GND) RD 46 O | VRAM read signal
SEL1, 2 5352 | | 80/68-series bus switching VCE 45 O | VRAM chip enable
59-60 . XDO- )
D0O-D7 1-6 1/0 | System-side data bus XD3 7-10 O | X driver databus
A0 57 | | Databussignal discrimi- | |y gy 12 O | X driver shift clock
nating signal
RD 50 | |80 series... Read sgnal XECL 1 O | X driver enable chain clock
68 series.... E clock
— 80 series .... Write signal LP 14 O |Latchpulse
WR 51 | . .
68 series..... R/W signal WF 15 O |Framesigna
CS 56 | | Chip select input signal YSCL 18 O | Scan shift clock
RES 47 | | Reset signal input YD 17 O | Scan start pulse
VAO- 27-28
VALS 2043 O |VRAM address bus YDIS 16 O | LCD power-down output

NC: Non Connection

S1D13305 Series
Technical Manual
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2: PINS

2.1.3 Package Dimensions
e S1D13305F00A

25.6%04
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2: PINS

2.2 Pin Functions

2.2.1 Power Supply Pins

Pin Name Function
v This pin connects to the V cc power supply
b (and is shared with MPU power supply pinV cc). Note 1
Vss Thisisthe OV grounding pin connected to system GND.

Note 1: Because the spike power supply current in the S1D13305 could reach levels that are sev-
eral tens higher than the average amount of dynamically consumed current, measures
must be taken to minimize the power supply impedance of the S1D13305. For example,
use thick power supply wiring from the power supply to the S1D13305 or insert a capaci-
tor of 0.47 uF or more (with good frequency characteristics) between Vpp and Vss close
to the S1D13305. These measures will help to reduce power supply impedance.

2.2.2 Oscillator Pins

These pins are used to connect a crystal resonator for the internal clock-generating oscillator. For details, see Sec-
tion 4.2, “Oscillator Circuit” on page 51.
When operating with an external clock, use XG astheinput pin and leave XD open. Note 2

XG
XD

Note 2: The external clock EXT@0 supplied from XG must satisfy the oscillation characteristics
stipulated in Section 5.3.6, “External Clock Input Characteristics” on page 71, because it
is used to internally generate the basic timing in the S1D13305.

2.2.3  System Bus Connecting Pins

DO-D7 Tristate input/output, active high
These pins comprise an 8-bit bidirectional data bus, which is connected to the 8-bit or 16-bit MPU data bus.
Input, active high
A combination of SEL1 and SEL 2 allows the MPU interface format to be changed so that the S1D13305 can be
connected directly to the 80-series MPU (Z80® or 8085) bus or the 68-series MPU (6809 or 6802) bus.
SEL1 SEL2 Mode AO| RD| WR [CS| DO |D1|D2|D3|D4|D5|D6|D7
SEL1 0 0 80 series | 1 1 1 1 1 1 1 1 1 1 t
SEL2 1 0 68 series | 1 E | RW | 1t 1 1 1 1 1 1 1 1
0 1 * * * * * * * * * * * * *
1 1 * * * * * * * * * * * * *
*: Inhibited
Note 3

Note 3: SEL1 and SEL2 must normally be connected directly to either side of the power supply
(Vpp or Vss) so as not to prevent noise impact. If noise gets mixed in, insert a capacitor
between SEL1/SEL2 and Vss as close to the IC pins as possible. This will effectively pre-
vent noise from impacting SEL1 and SEL2.

S1D13305 Series EPSON 7
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2: PINS

AO

Input, active high
Normally, the least significant bit of the MPU address is connected to this pin. In combination with the RD and
WR signals or R/W and E signals, this pin discriminates the data bus signal as shown in the table below.

<For the 80-series interface>

A0 | RD | WR Function
0 0 0 Status flag read
1 0 0 Data (VRAM, CG, or cursor address) read
0 1 1 Data (VRAM or register) write
1 1 1 Command write (code only)

<For the 68-series interface>

A0 RW | E Function
0 1 1 | Statusflag read
1 1 1 | Data(VRAM, CG, or cursor address) read
0 0 1 | Data(VRAM or register) write
1 0 1 | Command write (code only)

Notes 4

Note 4: Register write refers to writing parameters.

RD (B)

* When an 80-series MPU is connected
Input, active low
This strobe signal is used by the MPU asiit reads data or status flags from the S1D13305. The data bus of the
S1D13305 remainsin the output state while this signal is low.
* When a 68-series MPU is connected
Input, active high
This pin functions as a clock-enable input pin for the 68-series MPU.

WR (RW)

* When an 80-series MPU is connected
Input, active low
This strobe signal is used by the MPU asiit writes data or parameters to the S1D13305. The S1D13305 receives
the data bus signal at the rising edge of WR.
* When a 68-series MPU is connected
Input
This pin functions as a R/W control signal input pin for the 68-series MPU.
R/W = high: Read
R/W = low: Write

Input, active low
This chip select signal is used by the MPU to activate the S1D13305 before accessing it, and is normally derived
by decoding the address bus signal.

RES

Input, active low
Thisinput signal is used to reset the SID13305 to initialize it in hardware. Note 5

Note 5: Although this pin is a Schmitt trigger input to prevent the S1D13305 from being inadvert-

ently reset by noise, care must be taken when intentionally lowering the power supply
voltage.

EPSON S1D13305 Series
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224 Display Memory Control Pins

The S1D13305 can directly access static RAM and 2176 or 2732-type PROM. Therefore, these
different types of memory can be used in combination, allowing the most suitable mix of memory
to be selected by considering the amount of current consumed by and the cost of display memory.

Output
VAO0-15 This 16-bit address busis connected to display memory. When accessing CG RAM or external CG ROM, the four
low-order bits of the SID13305 line counter are output in VAO-VA3.
VDO-VD7 Tristate input/output

This 8-bit data bus is connected to display memory. The data busisin the output state while VWR is low.

VWR Output, active low
Thiswrite control signal for display memory goes low when data to be stored in display memory existsin VD0O-7.

VRD Output, active low
Thisread control signal for display memory is used to enable data output from display memory.
Output, active low

VCE Thissignal is used to place display memory in sleep mode or in the standby state during the period of per-line fre-
quency division adjustment (blanking interval).

S1D13305 Series EPSON 9
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2: PINS

2.25 LCD Driver Control Pins

The S1D13305 can directly control both the X andY drivers based on an enable chain, whichisa
method of effectively reducing the amount of current consumption needed to drive dot-matrix
liquid crystal display elements.

XD0-XD3

Output, active high
This 4-bit dot data bus for the X driver (column driver) is connected to the data input pins of the X driver.

XSCL

Output, falling edge triggered

Thissignal causes the dot data bus signals (XD0-XD3) to be stored in the X driver at the signal’sfalling edge, and
thus functions as a shift clock for the internal shift register of the X driver.

To reduce power consumption, this clock is turned off until the MPU starts sending data for the next display line
after outputting the LP signal. (For details, see Section 5.3.7, “LCD Control Signal Timing Characteristics’ on

page 72.)

XECL

Output, falling edge triggered
XECL isadedicated clock signal for the X drivers cascaded by an enable chain. It causes the enable signal to be
successively passed to the next X driver every 16 XSCL periods.

LP

Output, falling edge triggered
For theliquid crystal display elementsto be successively driven, the X driver containsacircuit to latch each output
bit of theinternal shift register at the falling edge of LP. This signal is output for every display line.

WF

Output
Thissignal provides aone-frameinterval for the X andY driversto determine the AC drive waveform for the LCD
panel. Two types of cyclic signals are output depending on how the System Set command parameters are set.

YSCL

Output, active high, rising edge triggered
Thissignal isaclock for theY driver, and is equivalent to XSCL for the X driver. TheY datasignal (YD) is stored
intheY driver at the beginning of aframe, and Y SCL is used as an internal shift clock.

YD

Output, active high

YD isdatafor theY driver, and isacyclic signal output at the first display line interval of aframe. The electrodes
on the common side of liquid crystal display elements are sequentially scanned astheYD signal is sequentialy
shifted inside theY driver synchronously with the'Y SCL signal.

YDIS

Output, active high
Thissignal is used to power down the LCD unit and is held high during the display period. Note 6

Note 6: The YDIS signal goes low at a time equivalent to one to two frames after the sleep com-

mand is written. When the YDIS signal goes low, all Y driver outputs are forcibly brought
to an intermediate level (unselected), thus causing display to turn off. Therefore, to power
off the LCD unit, the liquid crystal drive power supply (with relatively large steady-state
current) must be turned off at the same time display is turned off by using the YDIS sig-
nal.

10
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3: COMMANDS

3 CoOMMANDS

3.1 Typesof Commands

Parameters
Code following the
command
Purpose Command HEX Command description bor of Remark
Number o
RD WR AO D7 D6 D5 Dgl BS D2 D1 DO para?eter pi;ss
Operation SYSTM SET 1 0 1 01000O0O0TO 40 Resets the device, sets window 8 15
control SLEEPIN 1 0 1 010100011 53 size, and controls sleep. 0 24 Note 1
Display DISPON/OFF| 1 0 1 [0 1 0 1 1 0 O D | 58+59 | Turnsdisplay onor off and 1 24 Note 1
control makes display blink.
SCROLL 1 01 01000100 44 Sets the display start address 10 26
and display area
CSRFORM 1 0101011101 5D Sets the cursor shape, etc. 2 32
CGRAMADR| 1 0 1 01011100 5C Setsthe CG RAM start address. 2 35
cD CD
CSRDIR 1 0 1 01 00 1 1 1 0| 4CHAF | Setsthedirectionof cursor 0 33
movement.
HDOT SCR 1 0 1 01011010 5A Sets the dotwise scroll position 1 36
in horizontal direction.
OVLAY 1 0101011011 5B Specifies screen overlay mode. 1 33
Drawing CSRW 1 0101000110 46 Sets the cursor address. 2 37 Note 1
control CSRR 1 01 01000111 47 Reads the cursor address. 2 37 Note 1
Memory MWRITE 1 0 1 01 000O0T10O0 a2 Writes to display memory. — 39 Note 1
control MREAD 1 0101000011 43 Reads display memory data. — 40
Note 1: Asarule, acommand is executed each time a parameter for the command is input to the

S1D13305, and completed before the next parameter (P) or command (C) is input.
Therefore, the MPU can stop sending parameters in the middle and send the next com-
mand. In this case, the parameters already sent are effective and other parameters not
input to the S1D13305 retain their original values. However, two-byte parameters are
handled in the manner described below. (Note 2)

1. CSRW and CSRR commands: The parameter is executed one byte at atime. Therefore, the
MPU can only alter or check the low-order byte.

2. Commands other than CSRW and CSRR: The parameter is ot executed until its second byteis

SYSTEM SET
SCROLL
CGRAM ADR

input.

Note 2: Two-byte parameters consist of two bytes of data (as in the case of APL and APH).
Because the value of each register after power-on is indeterminate, make sure all com-
mand parameters are set.

S1D13305 Series
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3.2 Command Description

321

Operation Control Commands

SYSTEM SET

This command and the parameters that follow specify initial reset of the device, set the window
size, and the method of connecting with the LCD unit. This command determines the fundamental
operation of the S1D13305. Therefore, if this command isincorrectly set, the functions of other
commands may not work normally.

MSB LSB
D7 D6 D5 D4 D3 D2 D1 DO

C | 0 10 00 000 |
P1 | 0 0 \Y 1 WS M2 M1 MO |
P2 | WF 00 00 I: FX >
P3| 00 00 R FY >
P4 I: C/IR =I
P5 s TCIR .
P6 I: L/F :I
P7 I: APL =I
P8 |, ]

< APH g
o C The command a one has the following initial reset functions:

* Resetsthe internal timing circuit.
* Turnsdisplay off.
 Deactivates sleep mode (internal operation stopped state) (thus starting the oscilla-

tor).

To deactivate sleep mode, make sure the command and one parameter (P1) are input.

12
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[Parameter P1]

e MO

e M1

o M2

o W/S

e DR2

Specifies the CG ROM to be used for display. Although internal CG ROM can
generate 160 discrete character fonts (each consisting of 5 x 7 dots as shown in
Section 4.4.1, “ Character Fonts (Internal CG)” on page 62), external CG ROM may be
used when different character fonts or more characters (up to 256) are needed.

MO  O: Internal CG ROM (160 characters)
1: External CG ROM (up to 256 characters)

Note: When the CG area is mapped in the display memory space, the memory area
available to store display data is reduced by the amount of CG area mapped.

Selects the CG RAM definition area where the user can define any desired character
pattern. The CG RAM code may be selected from the 64 discrete codes assigned in
Section 4.4.2, “ Relationship between Character Codes and Those Usable as CG RAM
(for combined use with internal CG ROM)” on page 63.

M1  0: Without bit D6 correction The CG RAM1 and CG RAM2 areas are
noncontiguous.
Only CG RAM1ishandled as CG RAM, with
CG RAM2 handled as CG ROM.

1: With bit D6 correction The CG RAM1 and CG RAM2 areas are
contiguous.
Both CG RAM1 and RAM2 are handled as CG
RAM.

Selectsthe CG sizein theY direction in order for the economical use of external CG
ROM and CG RAM. CGswhosesizesintheY direction are 17 dots or more cannot be
handled with the character codes of the S1D13305. In such case, characters may be
decomposed into bit images and displayed in graphic display mode of the S1D13305.

M2  0: 8 dots (using 2716 or equivalent ROM)
1: 16 dots (using 2732 or equivalent ROM)

Selects the LCD unit drive method.

WI/S 0: Single-screen drive method
1: Dual-screen drive method

Selects the number of horizontal pixelsfor adjustment of the driver’s output count and
shift clock needed for the enable chain when using the dual-screen drive method.

DR  0: Other than the above (Thisvalueis usually set.)
1: The number of horizontal pixelsis2n+ 1times32(n=0, 1, 2, ...)

S1D13305 Series
Technical Manual
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Table 3-1 WIS Related Registers

Parameter

WIS =0

wis=1

V=1

V=0

V=1

V=0

CIR

CIR

CIR

C/IR

CIR

TCIR

TCIR

TCIR

TCIR

TCIR

L/F

L/F

L/F

L/F

L/F

00H-L/F

OOH-L/F+1

(LIF)2

(LIF)2

SL2

00H-L/F

OOH-L/F+1

(LIF)I2

(LIF)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 block screen

Upper/lower screen configuration:

Cursor .
Successively movable on all screens

Successively movable on al screens

Note: 1. For details on how to set C/R and TC/R when using the HDOT SCR command, see Sec-

tion 4.1.6, “Determining Various Parameters” on page 45.
2. The SL value for IV = 0 is the SL value for IV = 1 plus 1.

o |V Corrects the screen origin during inverse display. Normally set 1V = 1.

The most effective way to display charactersin inverse video isto use a unique
function of the S1D13305 that allows the text screen and graphics back-layered screen
to be exclusive OR'd.

However, because the character origin is at the upper-left corner of the screen when
characters are mapped on the screen by the S1D13305, the uppermost line and
leftmost column on the display screen do not have dots to draw the outline of
characters, thus making the displayed charactersillegible. Therefore, the S1D13305
uses the IV specification and horizontal direction dot scroll function (HDOTSCR
command) to shift the origin of the text screen for correction with respect to the
graphics back-layered screen, allowing characters to be displayed in inverse video
anywhere on the screen. For details, see Section 4.1.7, “ Scrolling” on page 46.

IV 0: Uppermost line of screen corrected
1: Uppermost line of screen not corrected

}1dot

Origin of the screen

v

|

Background layer —» \{“ l
%%

HDOT SCR >

Text >

\_V_/
1-7 dots

<Display screen>

Figure 3-1 Combination of IV and HDOTSCR

Note: If the leftmost column must also be corrected, shift dots in the horizontal

direction.

14 EPSON S1D13305 Series
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[Parameter P2]
Defines the size of the character field in the X direction (i.e., size of one character
including a space).

e FX

Structure of the character field

D4 D3 D2 D1 DO
HEX Number of dots
BIN [FX]
00 0 0 0 0O 1
01 0 0 0 0 1 2
07 0 0 1 1 1 8

1. Because the S1D13305 processes the display datain 8-bit units, if the character font exceeds 8
bits, the text screen must configure one character with two or more display memory addresses
as normally practiced. In this case, odd-numbered bits less than a unit of 8 bits are not dis-
played as shown below. Odd-numbered bits less than a unit of 8 bits are also not displayed on

the back-layered screen as shown below.
2. Ingraphic display mode, the character field must normally be 8 bits long. For other character

fields, odd-numbered bits less than a unit of 8 bits are not displayed.

FX
FX __,_.—--—'_'_:'_'.:'-'-:__':_'.':f-—""'—"
e =7 8bits | 8bits | 8bits :
I . . FY
Fy | 8bits 8 bits 8 bits
T c|’ d o~  Notdisplayed———/
| | \ """ <Background layer>
Address A AddressB  Address C
<Text screen>
Figure 3-2 Typical relationship between FX/FX and display addresses
o WF Specifies the AC drive method of the liquid crystal.

WF  0: Lineinversion drive method
1: Two-frame AC drive method (method B)

The two-frame AC drive method is an AC drive method in which the half period of the

WEF signal constitutes a one-frame interval. Normally, set WF = 1.

The line inversion drive method is amodified AC drive method in which the WF
signal hasits waveform inverted every 16Y lines.

Note: Although the LCD may look better when WF is set to 0, stripes in the X direc-
tion will appear when the LCD drive voltage is high or viewing angle large.

S1D13305 Series
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[Parameter P3]

o FY Defines the size of the character field intheY direction.
D3 D2 D1 DO
HEX Number of dots

BIN [FX]

00 0 00O 1

01 0 0 0 1 2

07 01 1 1 8

OE 11 1 0 15

OF 11 1 1 16

[Parameter P4]

e C/R Defines the display interval in the X direction by indicating the number of display
characters counted in address units, as described in the section on parameter FX.
When [FX] = 10 dots, for example, two memory addresses are counted per character.
For details on how to calculate the [C/R] value, see Section 4.1.6, “Determining
Various Parameters’ on page 45. The value set for this parameter cannot be greater
than the calculated [C/R] value, but can be equal to or less than the calculated [C/R]
value. In that case, excess display sections are |eft blank.

D7 D6 D5 D4 D3 D2 D1 DO |Characters per line
HEX
BIN [C/R]
00 0 000 O OO0 O 1
01 0 000 O OO0 1 2
4F 01 00 1 1 1 1 80
EE 111 01 110 239
EF 111 0 1 1 1 1 240

Note: Make sure the number of dots in excess display sections is within 64.

16 EPSON S1D13305 Series
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[Parameter P5]

e TC/R  Thecondition [TC/R] = [C/R] + 4 must always be met.
To minimize the amount of current consumed by the S1D13305 and LCD unit for a
given display capacity, the S1D13305's oscillation frequency (fosc) must be adjusted.

Moreover, because the one-frame time (1/fFR) must be made constant to prevent
flicker, define [TC/R] according to the equation to calculate [TC/R] as described in
Chapter 4 and adjust the S1D13305's divide-by-n ratio.

D7 D6 D5 D4 D3 D2 D1 DO

HEX [TCIR]
BIN

00 000O0DO0GO0U OO 1
o1 0000O0O0GO0TU O 1 2
52 01010010 83
FE 11111110 255
FF 111111 11 256

[Parameter P6]
o L/F Defines the display interval intheY direction by indicating the number of display

lines per screen.
BIN per screen
00 0 0 0OOOO OO 1
01 0 0 00O O 01 2
F 01 1 1 1 1 11 128
FE 111 11 1 10 255
FF 11111111 256

Note: When W/S = 1, [L/F] must be defined as an even number because dual-screen
display is assumed.

[Parameters P7, P8]
e AP Defines the number of memory addressesin the X direction of avirtual screen.

aPL | AP7 | APs | AP5 | Apa | AP3 | AP2 | APL | AP0 |

APH | AP15 | AP14 | AP13 | AP12 | AP11 | AP10 | APY | APs |

S1D13305 Series EPSON 17
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APH APL Number of memory
addresses per line
HEX [AP] — Display screen
00 00 0
00 01 1
. .. . ~4—C/R—»
00 50 80 Defined area of display memory
FF FE 2162 - AP —————————
FF FF 216.1

e C

When this command is input, the S1D13305 blanks the display for at least a one-
frame period, then stops all internal operations including clock oscilllation before
entering sleep mode. At thistime, the LCD unit sends OFF datato the X driver while
simultaneously sending theYDIS signal to theY driver to turn the bias voltage off.
Therefore, in no case will unexpected display remain on the screen when the liquid
crystal is powered off by theYDIS signal.

In sleep mode, the S1D13305 registers retain the original state before entering sleep
mode. Moreover, the display memory control pins are fixed high or low to maintain
theintegrity of data stored in display memory.

To restore the S1D13305 from sleep mode, write the command and one parameter
(P1) of the SYSTEM SET to the S1D13305 once to immediately wake up the
S1D13305. To restore display, execute the DISP ON instruction immediately after
that.

MSB LSB
cLof 1] of 1 [1]ofofeo]

Note: 1. TheYDIS signal goes low at a time equivalent to one to two frames after the
sleep command is written. When the YDIS signal goes low, all Y driver out-
puts are forcibly brought to an intermediate level (unselected), causing dis-
play to turn off. Therefore, for the LCD unit to be powered down, the liquid
crystal drive power supply (with relatively large steady-state current) must
be turned off at the same time display is turned off by using the YDIS signal.

2. If the drive power supply of the liquid crystal remains on in sleep mode, a
DC component may be applied to the LCD panel because all internal opera-
tions of the S1D13305 have been stopped in that mode. When priority is
placed on reliability, however, the liquid crystal drive power supply must be
turned off before writing the sleep command to prevent DC components
from being applied to the LCD panel.

3. Although the bus is placed in the high-impedance state during sleep mode,
some voltage may be supplied to the bus line for a bus with pull-up/pull-
down resistors.

18
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3.22 Display Control Commands

DISP ON/OFF

This command turns display of the entire screen on or off.

The parameters that follow this command turn the cursor and each layered screen on or off
individually, and select the cursor blink rate and screen flashing rate. Setting a blink rate and
flashing rate makes area flashing possible (i.e., flashing one entire line) instead of flashing just one
character by means of cursor display.

MSB LSB
c o 2] of [ 2] o of oD |
P1 | FP5 | FP4| FP3 | FP2 | FP1 | FPO | FC1| FCO|
e C

D 0: Disables entire screen display.
1: Restores entire screen display.

Note: Parameter D (to disable entire screen display) has priority over parameter FP.

[Parameter P1]

e FC Selects turning the cursor on or off and defines ablink rate.
FC1, FCO Cursor display
0 o |OFF(blank)
o 1 Blinking off
1 0 |oN |Blink at fFR/32 Hz (approx. 2 Hz)
1 1 Blink at fFR/64 Hz (approx. 1 Hz)

Cursor blink on/off ratio
ON:OFF=7:3

Note: As the MWRITE command always enables the cursor, the cursor position can
be checked, even when performing consecutive writes to display memory while
the cursor is flashing.

e FP
FP1, FPO |First screen block (SAD1)
FP3, FP2 | Second screen block (SAD2, SAD4) Note
FP5, FP4 | Third screen block (SAD3)
0 0 | Screendisplay off (blank)
0 1 Displ Screen flashing off
10 OnSp ¥ | Flash at fFRI32 Hz (approx. 2 H2)
1 1 Flash at fFR/4 Hz (approx. 15 Hz)
Screen flashing on/off ratio
ON:OFF=7:3
Note: Although SAD4 is assumed when W/S = 1, the screens specified by SAD2 and
SAD4 cannot be made to flash independently of each other due to
simultaneous control by parameters FP2 and FP3.
S1D13305 Series EPSON 19
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o C Defines the scroll start address (SAD) and number of lines per block to be scrolled
(SL). Parameters P1 through P10 can be omitted when not required. However, the
parameters must be set sequentially as shown below.

MSB LSB

c |o 1 o o o 1 o o |

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

P2 | Al5 A4 A13 A12 ALl AI0 A9 A8 | (SADIH)

PR [ L7 16 15 14 13 L2 L1 Lo | (SLD

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

P5 |Al5 Al4 A13 A12 ALl AL0 A9 A8 | (SAD2H)

P6 [ L7 16 15 14 13 L2 L1 Lo | (SL2)

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

P8 |A15 Al4 A13 Al2 All Al0 A9 A8 | (SAD3H)

PO | A7 A6 A5 A4 A3 A2 AL A0 | (SADAL) Note
P10 | A5 Al4 AI3 Al2 ALl AI0 A9 A8 | (SAD4H) Note
Note: Parameters P9 and P10 must be set only when the dual-screen drive method

(W/S = 1) and two-layered configuration are selected. SAD4 defines the fourth

screen block display start address.

L7 L6 L5 L4 L3 L2 L1 LO Number

HEX of lines
BIN [SL]
00 |0 0O 0 0 00O OO 1
000 O 0 0 0 0 0 1 2
7F 10 1 1 1 1 1 1 1 128
FE|1 1 1 1 1 1 1 O 255
FF |1 1 1 1 1 1 1 1 256

The next page shows the relationship between display modes and SAD and SL.
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[Display modes]

(1) Text display mode
W/S First screen block Second screen block
First layer SAD1 SAD2
Second layer SL1 SL2
Third screen block (split) SAD3 Notel
When not using split screens, set both SL1 and SL2to L/F + 1.
<Example of screen configuration> Note 3
Second screen block
(graphics)
SAD2 — = SL2
0 SADl —» - @
o G2
SL1 First screen block
(text)
SAD3 —» @
Third screen block
(text) — 7 —-— L2
WIS First layer Second layer
Upper screen SADL SAD2
PP sL1 SL2
Lower screen SAD3 Note?2 SAD4 Note2
L/F
Set both SL1 and SL2 to - +1
<Example of screen configuration> Note 3
Second screen block
SAD?—»-@ (graphics)
1 SAD1— O—T—
SL1 First screen block ° G2
(text) L
Fourth screen block
SAD3—m
o G4
Third screen block (SAD4)
(text) _
* L2
L1
EPSON 21
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(2) Graphic display mode
WI/S First layer Second layer
SAD1 SAD2
Two-layer composition SL1 SL2
SAD3 Notel
When not using split screens, set both SL1and SL2to L/F + 1.
<Example of screen configuration>
Second screen block
(graphics)
SAD2—m=
SAD1—p= .: 1
0 SL2
SL1 First screen block i G2
(text)
SAD3 g
Third screen block
(text) I
* L2
L1
WIS First layer Second layer Third layer
Three-layer composition SADL SAD2 SAD3
ayer comp sL1 SL2 —
<Example of screen configuration>
Second screen block (graphics)
Third screen block (graphics)
SAD3 g
| G3
SAD2 g
0 SAD1__ g G2
- SL2
sL1 First screen block
(graphics) f
f L3
? L2
L1
EPSON S1D13305 Series
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WI/S First layer Second layer
Upper screen SADL SAD2
PP sL1 sL2
Lower screen SAD3 Note2 SAD4 Note2
L/F
Set both SL1 and SL2 to - +1
<Example of screen configuration> Note 3
Second screen block
SAD2 — (graphics)
SAD1 —» @
1 First screen o G2
SL1 block
(graphics) —
SAD3 —p=
o
Third screen G4
block
(graphics) Fourth screen block

f

L1

* (SAD4) (graphics)

L2

Note 1: SAD3is added to SL1 or SL2 (whichever has the fewest lines).

Note 2: Parameters corresponding to SL3 and SL4 are determined by L/F, and thus need

not be set.

Note 3: When WI/S = 1, the differences between SL1 and (L/F) / 2 and between SL2 and

(L/F) / 2 are blanked.

A st1 A

Upper screen
Y

L/F
/ i Blanked

(LIF)/2 Lower screen

Y Y
S1D13305 Series EPSON
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Defines the size and shape of the cursor displayed.

Although the cursor is normally used in text display mode, the S1D13305 can aso display the
cursor in graphic display mode to display kanji and other special characters.

MSB LSB
c Lo 1] of s ] 1] | o] 1]
| o | o] o o x| x | x| x|
2 [ em | o | o [ o [ va | v2 | vi]| vo|

[Parameter P1]

e CRX Defines the size of the cursor in the X direction by the number of dots counted from
the character origin. Always make sure that CRX < FX.

X3 X2 X1 XO0| Number

HEX of dots

BIN [CRX]
0 0 0 0O 1
1 0 0 0 1 2
4 01 00 5
E 11 1 0 15
F 1 1 1 1 16

[Parameter P2]

e CRY Defines the display line position of an underscored cursor in a character field by the
number of dots counted from the character origin, or the size of ablock cursor intheY
direction by the number of dots counted from the character origin.

Y3 Y2 Y1 YO| Number Character origin
HEX of dots 0123456 ---
BIN [CRY] N
0 0 0 0O lllegal 1
1 0 0 0 1 2 2
) . 5
8 |1 00 0 9 4
. 5
. . . . . . 6
E 11 1 0 15 7
F 11 1 1 16 oo o0
8
e CM Defines the cursor shape. 9
o [CRX] =5 dots
CM  0: Underscore cursor [CRY] = 9 dots
1: Block cursor CM=0
For the graphics screen, set CM = 1.
24 EPSON S1D13305 Series
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o C

o C

Specifies the direction in which the cursor address counter is automatically shifted.
When horizontal screen movement is specified, the cursor addressis shifted -1 or +1
by the S1D13305 internal arithmetic/logic circuit. When vertical screen movement is
specified, the cursor address is made to jump as many as the number of memory
addresses defined by the address pitch (AP). Therefore, when accessing display
memory successively in agiven direction, it is only necessary to set the start address
first. Then the cursor address need not be set by the MPU from the next data on.

MSB LSB
C 0 1 0 0 1 1 CD1 CD2
CD1 CD2
HEX Shift direction
BIN

4C 0 0 Right

4D 0 1 Left

4E 1 0 Up

4F 1 1 Down

Note: Because the cursor moves in address
units even if FX = 9, the cursor address must be preset for movement in
character units. (See Section 4.1.4, “Cursor” on page 41.)

Specifies the method of composing layered screens and text or graphic display mode
for each screen.

MSB LSB
C 0 1 0 1 1 0 1 1
P1 0 0 0 ov DM2 DM1 MX1 MXO0
S1D13305 Series EPSON 25
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[Parameter P1]

e MXO0 Specifies the method of composing layered screens.

e MX1 Selects the method of screen composition from OR, AND, Exclusive OR, and
Prioritized OR aslisted in the table below. Because screens are composed in units of
layers, different composition methods cannot be used for individual screen blocks,
even if alayer isdivided into two screen blocks.

Prioritized OR is the same as simple OR unless the flashing of individual screensis
used in combination with it.
MX1 MXO0 Composition method Application example
0 0 L10L20L3 Simple overlay (OR) ;Jlr;erlining, rules, mixed text, and graphic dis-
Black & white reverse over- | Charactersin inverse video, area flashing, under-
0 1 0o | exor lining
1 0 (L1nL2)OL3 Selective overlay (AND) ! o ) )
Simple animation, three-dimensional appearance
1 1 L1>L2>L3 Prioritized overlay

Note: L1: First layer (text or graphics)
L2: Second layer (graphics only)
L3: Third layer (graphics only)

L3
\ 7
— . e
Il
L10L2 L1> L2> L3 Note
Figure 3-3 Example of screen compositions
Note: L1: Not flashing
L2: Flashing at 17 Hz (as specified by DISP ON/OFF command)
L3: Flashing at 2 Hz
26 EPSON S1D13305 Series
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e DM1 Specifies the display mode of the first screen block.
e DM2 Specifies the display mode of the third screen block.

DM1, DM30: Text mode
1: Graphics mode

Note: 1 The second and fourth screen blocks are limited to graphics mode.

2 When W/S =1, DM1 and DM2 can only be set to (0, 0) or (1, 1).
Even when W/S = 0, DM1 and DM2 should be set to (0, 0) or (1, 1).

e OV Specifies atwo-layer or three-layer composition in graphics mode.

OV  0: Two-layer composition
1: Three-layer composition

Note: Set OV = 0 for mixed text and graphics mode.

CGRAM ADR

o C Defines the offset address of CG RAM in the display memory space.

MSB LSB
c |o 1 o 1 1 1 o0 o0 |

P1 |A7 A6 A5 A4 A3 A2 Al A0 |(SAGL)

P2 |A15 Al4 A13 Al2 All Al0 A9 A8 |(SAGH)

Note: For details on how to define CG RAM, see Section 4.1.2, “Character Generator

(CG)" on page 33”
HDOT SCR

Although the screen can be scrolled Ieft or right only in units of characters using the SCROLL
command alone, the combined use of this command allows the screen to be scrolled in units of
dots.

The scrolling on individual layers, however, cannot be controlled.
This command defines the number of dots to be shifted from the character origin.

MSB LSB
c [ o] 1] o] 1] 1] o 1] o]
P1 | 0 | 0 | 0 | 0 | 0 | D2 | D1 | DO |
S1D13305 Series EPSON 27
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[Parameter P1]

e DO-D2 The C/R value must be set to one more than the number of display characters before

using HDOT SCR to scroll the screen in units of dots. Smooth scrolling (dotwise
scrolling) is possible when the MPU resends the HDOT SCR command to the
S1D13305 at given timeintervals for setting the number of dotsto be shifted from the
character origin.

D2 D1 DO
HEX Number qf dots to
BIN be shifted
00 0 0 O 0
01 0 0 1 1
02 0 1 0 2
06 1 1 0 6
07 1 1 1 7
M__, <
A B X |y :Shi_fted M dotsto the left
(Mincrement)
:Fixed position
7 X |Y M=0dots
N=0dots
: Shifted N dots to the right
Z Al B ’ XY (N Decrement)
4——— Screen ——» «+— N

Note:

See Section 4.1.7, “Scrolling” on page 46, for more information about this
function.
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3.2.3 Drawing Control Commands

e C

This command is used to write the cursor address to the cursor register.

Because the S1D13305 has only one address input bit, only two addresses in the
address space of the MPU can be specified at atime. Therefore, the MPU cannot
directly access display memory. To compensate for this inconvenience, the S1D13305
has a 16-hit cursor register that serves the purpose of MPU addresses.

MSB

LSB

c o 1 0o o

1 0 |

P1 | A7 A6 A5 A4

AL A0 | (CSRL)

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

The cursor addressis set in the S1D13305 before display memory (VRAM, CG
RAM, or CG ROM) is automatically accessed. If thisaddressis not set, display starts
from the address set last or an automatically shifted address. (The cursor address
register can only be modified by other than the CSRW command by executing a
memory control command.)

The cursor address is not affected by scrolling display because it is managed by the
absolute display memory addresses fixed in hardware. Note also that the cursor
address points to the absolute display memory address where data for the origin part
of the character field is stored.

o C This command is used to read a cursor address from the cursor register. When this
command is written to the S1D13305, the low-order byte of the cursor address
(CSRL) isset in the output buffer. Therefore, the high-order byte of the cursor address
(CSRH) also can be read out by entering the RD signal following this command.

MSB LSB
c | o 1 0 0 0 o |

=
-

P1 |A7 A6 A5 A4 A3 A2 Al A | (CSRL) Note

P2 | Al5 Al4 A13 Al2 A1l A0 A9 A8 | (CSRH) Note

Note: This is the read data.
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3.24

Memory Control Commands

This command is used by the MPU to place the S1D13305 in the data input state before writing
data to display memory. Each time the WR signal isinput following this command, the S1D13305
automatically modifies the cursor address at which to write display memory according to the
CSRDIR value. This allows the MPU to write two or more consecutive items of datato display
memory.

MSB LSB
c o 1 0o o o o 1 o]
PL | |
P2 | |
[ s
P1,P2, - -, Pn: Display data

This command is used to place the S1D13305 in the data output state and store the contents of
display memory (specified by the cursor address) in the data bus buffer before reading data from
display memory. Each time the RD signal isinput following this command, the read cursor address
of display memory is automatically modified according to the CSRDIR value, and read datais
stored in the data bus buffer. Because the command is executed in a manner similar to pipelined
processing, high-speed readout limited only by the MPU cycle timeis possible.

When the cursor is displayed, the read data and cursor positions do not match (with the cursor two
positions ahead).

MSB LSB )
c | o 1 0 0 0 0 1 1 |
P1 | |
Read data
P2 | |
Pn | | n=1 y,
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4 FUNCTION DESCRIPTION

4.1 Display Functions

411  Screen Management
(2) Character configuration

The S1D13305 can display characters using a row-scanning type of character generator that
defines character patterns in the fourth quadrant with respect to the character origin as shown
below. Although the character generator used determines the size of the character font area, the
size of the character field can be varied in both the X and Y directions.

Character D7 DO
origin MSB - LSB

'r'n

Y
Py
o
o
o

R1
R2
R3
R4
R5
R6
R7

Character
font area

R9
R10

Space R11
R12

R13
R14
R15

Space
data

_n

-<

Py

&3
o|lo|lo|lo|lo|o|lo|lo|lo|r|r]|r]|r|r]|+
olo|o|lo|o|o|o|o|lo|o|o|r|o|lo|o|r
olo|o|lo|o|o|o|lo|lo|o|o|r|o|lo|o|r
olo|o|lo|o|o|o|o|lo|o|o|r|o|lo|lo|r
o|lo|lo|lo|lo|lo|olo|lo|r|r|r|r|r]|r]|o
olo|o|lo|o|o|o|o|lo|o|o|o|lo|o|o|o
o|lo|o|lo|o|o|o|o|lo|o|o|o|lo|lo|o|o

J e
Character font Space
area Space
data

Y[e|o|o|o|o|o|ofo|o|o|o|o|o]|ofo

A

Figure 4-1 Character display ([FX] < 8 dots). Figure 4-2 Example of character generator definition

Character font area: An areain which the character pattern is drawn
Character field: Character font area + space

To alter the character field, leave any portions other than the character font area set to 0 and
increase FX or FY to enlarge the size of space as desired.
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Even when one character requires two or more memory addresses, the character field can be set
to any desired size.

Note 1
Portion not displayed
on the screen
FX
| »le »l
|« b >|
T oo 05 1 Yy x
Character
FY font area
Y
A
16 dots
Space
Y A4
A ; —
Portion not displayed
on the screen g
R 2N SO Al
| 8 dots 8 dots |
| >< »|
e »le »
Character font area Space

Figure 4-3 Example of character configuration consisting of two or more memory addresses (when [FX] = 9)

Note 1: The S1D13305 does not automatically insert character spaces. If the character field is
greater than or equal to 9 dots, two memory addresses are required to configure one
character even when the character font area may be within 8 dots.
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4.1.2 Character Generator (CG)
(1) Features of each character generator

@ Internal character generator

Theinterna character generator is effective for a minimum display system consisting of the
S1D13305, display memory (data RAM), LCD unit, single-chip MPU, and a power supply.
Moreover, because the internal character generator includes CMOS mask ROM, it is very
advantageous when low power consumption is desired.

Character font
* 5x 7 dots (See Section 4.4.1, “Character Fonts (Internal CG)” on page 62.)

Number of characters
* 160 JIS-compliant characters

Combined use with CG RAM possible (up to 64 characters)

Processing of the character field space part
e The S1D13305 automatically sets spacesin the range of 8 x 16 dots maximum.

(@ External character generator

External CG ROM may be used when character fonts other than those provided by the
internal character generator are desired. Data can be stored in external CG ROM in the same
way asin CG RAM. (See (3) Method of determining the CG address.)

Character font
* 8 x 8 dots maximum <M2 = 0>
* 8x 16 dots maximum <M2 = 1>

Number of characters
» Upto 256 characters (or 192 characters when used in combination with CG RAM)

Mapped addresses in the display space
* FOOOH-F7FFH <M2 = 0>
* FOOOH-FFFFH <M2 = 1>

Processing of the character field space part
 Spaces (data“0") must be stored in ROM in the range of 8 x 16 dots maximum.

3 CGRAM

CG RAM as agraphic generator allows any desired character font to be defined by the user.
Moreover, because the MPU can alter address mapping in the display memory space can be
altered as required, unused portions of display memory can be effectively utilized.

Character font
* 8 x 8 dots maximum <M2 = 0>
* 8x 16 dots maximum <M2 = 1>

Number of characters
» Up to 64 characters when used in combination with CG ROM
» Up to 256 characters when used only in FOOOH to FFFFH

Defined area of CG RAM in the display memory space

* CG RAM (maximum 64 characters) that can be used in combination with CG ROM
can be allocated to any desired contiguous addresses.

* CG RAM (maximum 65 characters or more) that cannot be used in combination with
CG ROM must be allocated to fixed addresses FOOOH through FFFFH. When 193 char-
acters or more must be defined in this fixed address area, set SAG = FOOOH and M1 =
0.

S1D13305 Series
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(2) Concept of how character generator banks are set

Because the character codes handled by the S1D13305 consist of 8 bits, the number of discrete
characters that can be displayed simultaneously is limited to a maximum of 256. The CGRAM
ADR command can be used to switch banks, however, thus extending the number of usable

characters as shown below.

Internal CG ROM
160 characters | CGRAMN
5x 7 dots | cGram2
CG RAM
Maximum 64 characters Al RAM 1
MO =0 Maximum5x16dots | S G _______ cG
Basic character SAG .~
generator ’
256 characters .
Maximum Or |CG RAM (of up to 256 characters) when M1 =0
. G
8 x 16 dots .. Or | CG ROM (of up to 256 characters) when M1 =0
. MO=1 External CG ROM
.. SAG 192 characters | CGRAMN
Maximum 8 x 16 dots | CcGRAM?
CG RAM
Maximum 64 characters SAG CGRAM 1
Maximum 8 x16dots | .. . . . .
Note: Up to 64 characters can be used in one bank. Note that the relationship between

patterns and codes of the character generator varies when banks are switched over.

Table 4-1 Various Settings Made to the Character Generator

CG Select Item Parameter Remark
Switch between internal CG and external CG MO
Range of character field size 1to 8 dots M2=0
inY direction 9to 16 dots M2=1
16 dots or more Graphics mode processing
(8 dotsx 1line)
Switch between internal CG ROM and CG RAM Automatic processing Character code determined by
Switch between externa CG ROM and CG RAM the S1D13305

Correct D6 bit in CG RAM character code

M1

CG RAM data stored address

Specified by CG RAM ADR command

Can be moved to any placein
the display memory space

Defined area of external 192 characters or less

Other than the CG RAM-defined areasin

CG ROM 193 charactersor more | Table 4-4
Set SAG = FOOOH and place SAG over
the CG ROM table.
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(3) Method of determining the CG address

The addition shown below is performed to generate CG RAM addresses. Therefore, note that

CG RAM datais not mapped from addresses set in the SAG register to the VRAM space, but
are mapped based on the SAG + character code + row select address.

@O When number of lines that comprise the character font is equal to or less than 8
(M2=0,M1=0)

SAG Al5 Al4 A13 Al2  All A0 A9 A8 A7

0 0 0 0 0
+ row select address 0

CG RAM address

A6 A5 A4 A3 A2 A1
Character code

D7 D6 D5 D4 D3 D2
0 0 0 0 0

A0
D1 | DO 0 0 0

0 0 0 0 0 0 0 R2 R1 RO
VA15 VAl4 VA13 VAI12 VA1l VAI0O VA9 VA8 VA7 VA6 VA5 VA4 VA3 VA2 VAl VA0

@ When number of lines that comprise the character font is from 9 to 16, including both ends
(M2=1,M1=0)

SAG Al5 Al4 Al13 Al2 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 A1l A0
Character code 0 0 0 0 D7 D6 D5 D4 | D3 D2 D1 DO 0 0 0
+ row select address 0

0
0 0 0 0 0 0 0 0 0 0 0 R3 R2 Rl RO
CG RAM address

VA15 VAl14 VA13 VAl12 VA1l VA10 VA9 VA8 VA7 VA6 VA5 VA4 VA3 VA2 VAl VAO

Note:Only the addressing above is supported.

Table 4-2 Row Select Addresses

R3 R2 R1 RO
ROWO 0 0 0 0 A
ROW1 0 0 0 1
ROW2 0 0 1 0
. Line
ROW?7 0 1 1 1
ROWS8 1 0 0 0
Number
. ) ) ) of lines
ROW14 1 1 1 0
ROW15 1 1 1 1 \

Note: Line countl ... when character font consists of 8 lines or less
Line count 2 ... when character font consists of 9 lines or more
S1D13305 Series EPSON
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@ WhenM1=1

For the character codes defined in CG RAM2, the S1D13305 automatically changes the D6
bit in the character code from 1 to 0. This ensures that the data storage areain CG RAM
corresponds to contiguous addresses in the display memory space. Therefore, the CG RAM
addresses to which to write data must be calculated as follows:

» Add addresses the same way as described above (M1 = 0).
« Change hit D6 in one character code from 1 to 0 when adding addresses.

Example of CG RAM definition (method of storing data) (See Figure 4-10, “Example of
display memory mapping” on page 44.)
e Conditions
 The pattern to define: Pattern A (8 x 16 dots per font) shown in Figure 4-2, “Example
of character generator definition” on page 31.
* Start address of the CG RAM table: 4800H
* Character code of defined pattern: 80H (first character code in CG RAM area)

e Setting list

cG E’:\M ADR g(():: Set SAG after calculating !t by performing the method of
P> A0H CG RAM address calculation in reverse.

CSRDIR 4CH _}- Shift to the right

CSRW 46H
P1 O00H } CG RAM area from 4800H
P2 48H

MWRITE 42H
P1 70H \ Write datafor row 0
P2 88H Write datafor row 1
P3 88H Write datafor row 2
P4 88H Write datafor row 3
P5 F8H Write datafor row 4
P6 88H Write datafor row 5
P7 88H > Write datafor row 6
P8 OOH Write datafor row 7
P9 00H Write datafor row 8
P16 00H ) Write data for row 15
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4.1.3  Screen Configuration
(1) Screen configuration

The basic screen configuration of the S1D13305 consists of atext or graphics screen and an
overlapping graphics screen. The graphics screen uses at least eight times as much display
memory as the text screen.

Figure 4-4 schematically shows the relationship between the virtual and physical screens.

e A/P
[&— C/R—» Character
table
0000H & —
. 0800H :
Ji : /. . O7FFH Graphics
. : L—" table
47FFH
(XW, YM)
0. YM))_— = (XM, YM)
Display]_—"
screen
)

Y

7 0.0 (XM, 0)
X

Figure 4-4 Relationship between virtual and physical screens

(2) Display address incrementation

The S1D13305 sequentially increments the display address in the X direction from the screen
origin (home position) in the same way as araster scan CRT. When the display addressis
incremented until the number of addresses equals C/R, oneline of datais read from display
memory. Next, to read the second line of data when in graphics mode, the S1D13305 starts
from the address incremented by the distance equal to the address pitch (AP) from the address
of the screen origin (SAD), then repeats the same operation as described above for thefirst line.

Conversely, in text mode the S1D 13305 repeats the same operation as described above for the
first line until the display address for one character is completed. (Character codeis read from
the same area, and datais read out in order of RO—R15 of the character generator.) (See Figure
4-2, “Example of character generator definition” on page 31.)
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(D Display address incrementation on text screenNote

W/S=0
[FX1=8
[FY]=8
1 |SAD SAD+1 SAD+2 SAD+C/R
8
9 [SAD+AP |SAD+AP+1 |SAD+AP+2 |~~~ T TTTT77 SAD+AP
: +C/R
16
17 [SAD+2AP i T T Tt TTTT T |
: 1 1 1
I 1 1
: I I I
24 1 1 1
. I I 1 1
I [} 1 I
1 1 1 1
I I 1 1
I [} 1 I
1 1 1 1
I I 1 1
- C/R >
Note:One byte of display memory corresponds to one character.
@ Display address incrementation on graphics screenNote
W/S = 0)
[FX] = 8 \/
1 [sAD SAD+1 SAD+2 SAD+C/R
___________ e —_
2 |SAD+AP SAD+AP+1 | SAD+AP+2 SAD+AP+C/R 22&_1
3 [sap X X LT Tttt , Line 1| [SAD+2
1 1 1 1 AP
1 1 1 1
1 1 ] ! [SAD+C/R l
1 1 [} |
1 1 1 1
1 1 1 1 (| SAD+AP
: | ! SAD+AP+1
: . Line 2 AP
- SAD+AP+C/R L
1 ~
1
! SAD+2AP
| Line 3
1
1
. ’\_/
[L/F] |« CR >
Note:One bit of display memory corresponds to one dot.
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(® Display address incrementation during dual-screen drive (text screen)

16
17

24
25

{LIFY2=p
B+1

B+
B+9

p+16
p+17

B+24
B+25

{LF}

w/s =1
[FX]=8
[FY]=8
SAD1 SAD1+1 SAD1+2 SAD1+C/R
SADI+AP |SADI+AP+1 |SADI+AP+2 |~~~ T 77777 SAD1+AP
+C/R
SAD1+2AP ! T !
1 1 1
[} [} 1
1 1 1
- i i i
1 [} [} 1
1 1 1 1
1 1 1 1
1 [} [} 1
1 1 1 1
1 1 1 1
1 [} [} 1
1 1 1 1
1 1 1 1
1 [} [} 1
1 1 1 1
SAD3 SAD3+1 SAD3+2 SAD3+C/R
SAD3+AP |SAD3+AP+1 |SAD3+AP+2 | T T T TTTTTT SAD3+AP
+C/R
SAD3+2AP|  +  rTToTTTTmTmmTmTmTmmTTTT

CR

Note: During dual-screen drive, the S1D13305 reads line 1 and line (B + 1) in succession. This

constitutes one cycle, and the data for the upper and lower screens are read out alternately
for each line.
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(3)Basic timing

Onedisplay read cycle consists of nine @0 (fosc) clock periods as shown below. This constitutes
the basic display memory read cycle in the S1D13305. Therefore, the basic cycleisrepeated C/
R times to read one line of display data.

The period for which memory read pauses for each lineis determined by the difference between
TC/R and C/R, thus providing a means for fine tuning the frame frequency. The LCD drive
waveform is output even during this pause period. Therefore, TC/R can be set to any value (no
matter how large), provided that the limitations imposed by C/R, fosc, fFR, and the LCD unit’'s
display capacity are satisfied. This pause time also enables the MPU to directly access display
memory data (cycle steal). LP isthe primary screen control signal.

Note: Even when W/S = 1, the upper and lower screens each have time R (frequency division
adjustment period). In this case, the LP signal is active only at the end of the lower
screen display period.

Display read cycle

r /' T T T '\ l

Character table read Graphics table CG read

Figure 4-5 Basic display memory read cycle

Frequency division
adjustment period

Display period R R
TC/R »>

C/R >
1 Line 1 0 R |
2 |
3 |

1-frame period

[L/F] 0 R |

Figure 4-6 Relationship between TC/R and C/R

Inthiscase, LPisactive only at the end of the lower screen’s display interval.

40 EPSON S1D13305 Series
Technical Manual



4: FUNCTION DESCRIPTION

414  Cursor
(1) Cursor register function

The cursor register in the S1D13305 serves dual purposes as a cursor address register required
to display the cursor on the screen, and as an address pointer to be referenced when accessing
display memory.

Cursor display address register
Cursor register ~|:

Address pointer

To access any display memory area other than the screen while displaying the cursor, the cursor
address must be preset before attempting such access and restored to the previous value after
accessis completed.

Note: The cursor will disappear if the cursor address is moved to any area other than the
screen for more than several 100 ms.

(2) Direction of cursor movement

The cursor address is automatically shifted in the specified direction from the value preset by a
memory control command.

(3) Cursor display layer
Although the S1D13305 can display up to three overlaid layers, the cursor can be displayed in

only one of those layers. In other words, the cursor-attribute layer (or layer in which the cursor
can be displayed) is:

First layer (L 1) during two-layer composition, or
Third layer (L3) during three-layer composition.

The cursor will not appear if moved to other than those cursor-attribute layers. If the cursor
must be displayed, change the layers or move the cursor-attribute layer to the cursor address
location.

Although the cursor is generaly displayed in text mode, the S1D13305 can also display a
dummy cursor in graphics mode. Thisis accomplished by using the graphics screen asadisplay
plane while not displaying the text screen, but using it to only generate addresses for cursor
control.

Example: DISP ON/OFF

D=1

FC1=0
FCO=1 } Cursor ON

FP1=0 _
FPO=0 First screen block (text screen) OFF
FP3=0

FP2=1 } Second screen block (graphics screen) ON
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To display the cursor, preset the cursor address in the first screen block area. To write display
data, preset it in the second screen block area.

One conceivable application of thiswould be cursor display for graphically displayed kanji
characters. In this case, the cursor displayed must be moved by presetting addresses from the
MPU since the cursor is shifted automatically in units of display addresses, not characters.

Conversely, only abar cursor can be displayed at the display address if the text screenis
unavailable (i.e., during graphics-only screen configuration).

Moreover, when the first layer consists of amixed text and graphics screen and the cursor
changes shapeinto ablock cursor, the S1D13305 automatically adjusts cursor display to display
ablock cursor on the text screen and a bar cursor on the graphics screen.

[Characters Field 16 x 18 dots]

CM=1
8 dots 8 dots 8 dots 8 dots Block cursor
~ v
18 dots { / %
Automatically Automatically
shifted : : shifted
— : : —

A

Automatically
shifted Cursor address preset

Figure 4-7 Example of cursor automatic shifting when CRX > 8
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415 Relationship between Display Memory and Screens

The display memory of the S1D13305 may be used as a virtual screen of greater width than the
physical size of the LCD panel address range (C/R). One layer of the S1D13305 may be
considered awindow through which to look at the part of display memory that comprises a virtual
screen. This window can be divided into two blocks that may correspond to independent areas on
the virtual screen. Therefore, it is possible to use one block as adynamically scrollable data area
and the other as a stationary message area. (See Figure 4-8 and Figure 4-9.)

Screen Screen
[W/S = 0] e AP > W/S = 1]
—— C/R—>|
SADLe— I SAD1
SAD1 Cl -
SAD3@-----------eo First screen block
c3 | SAD3®ccieeeeoeeeees
First screen block Third screen block
| __-SAD G2 M~ [ L1
SAD2 t L1 S7Yo7L ERRERREREERERRREEE ~J  SAD
G4 | gapag Second screen block
Second screen block ¢ C/R ’ Fourth screen block
t CG RAM L L2
L2
SAD1 [¢&——C/R—¥
SAD1
First screen block ¢——— C/R—¥
SAD3[ "ttt
Third screen block SAD3 c3
SAD2 L L2 C/R—b
SADZ
Second screen block G2
L L2
SAD3 C/R >
G3
SAD3
. SAD C/R—¥]
SAD2 | Third screen block
G2
SAD1 | Second screen block
. C/R——»)
First screen block SADL
Gl
L L2 L2
L3
Figure 4-8 Relationship between display memory and screens
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Window
(display area)

Display memory space
(VRAM virtual screen)

~a
r [FX] < 8 Dots

[FY] < 16 ~

[CRX] <8 7~
[CRY] < 16 ~
[C/R] < 240 Bytes

[L/F] < 256 Lines
[AP] < 64K Byte

FFFFH

Figure 4-9 Window and display memory settings

(MSB) (LSB) (MSB) (LSB)
D7 - DO D7 - DO
0000
Q SADL 1 A (code) 0000
2 Page 1 B 1
3 030Q [ttToete--
2 0400 C 2
9 Page 2 ol R .
S~ saAD2 0800 X E
e Y 02FF
Page 1
sL2
o (code) 0800
w 2000
2 :
z 2800 Y 2
S R R .
= Page 2 X 1FFF
sag 4440 )
\ 2800 (MSB) (LSB)
CG RAM HEX D7 - DO
4A00 o[70 01110000] #4800
Unused 2|88 |10001000 1
8|88 |10001000 2
e RS g8 (10001000 3
7
CGROM F8 11111000 4
88 [10001000 5
88 [10001000 6
00 |00000000| #4807
<Display memory> Example of character A

T
XY
v <Screen display>
a B
(MsB) (LSB) (MSB) (LSB)
D7 DO D7 DO
Z7.

/)

Z

4 v Z

Z

<Enlarged view of layered screen>

Figure 4-10 Example of display memory mapping
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4.1.6 Determining Various Parameters
(1) Determining FX

Determine the character field sizein the X direction [FX] from the number of dotsin the X
direction of display [V D] and the number of charactersin the X direction [VC].

[VD] /[VC] < [FX]

The brackets[ ] denote an integral value beginning with 1, and [FX] indicates the number of
dots.

(2) Determining C/R
Next, determine avalue for [C/R] from the values of [V C] and [FX].
[C/R] =|[FX]/8]|rounded up < [VC]

Note: [C/R] indicates the number of characters obtained in units of addresses.

(3) Determining TC/R
TC/R must maintain the relationship [TC/R] ( [C/R] + 4.
(4) Relationship between fosc and frr

Once TC/R has been determined, the lower-limit value of the oscillation frequency (fosc) can
be obtained from the equation below because the frame frequency (fer) and number of display
lines [L/F] are predetermined,.

fosc 2 {[TC/IR] x 9+ 1} x [L/F] x frr

Note: 1. If standard crystals close to fosc thus obtained are unavailable, determine the appro-
priate fosc value for crystals with higher oscillation frequencies than the obtained val-
ue. To do so, reverse the calculation of the [TC/R] value in the equation above.

2. For the fgr value of Epson LCD units, refer to the LCD unit specifications.
(5) Symptoms observed when TC/R is set incorrectly
« Scanning of display intheY direction stops, with horizontal lines displayed in high contrast.
* All pixels go on or go off.
e The LP pin output signal isincomplete or inactive.
« Thedisplay of graphics or text becomes unstable.

Should any of the symptoms above be observed, even though the S1D13305's other signals
connected to the LCD unit are normal, check whether the TC/R valueis correct. If the TC/R
value is the cause of the problem, simply set alarger TC/R value to restore normal operation.

Table 4-3 Example of Parameters for the LCD Unit

Number of Xtal
pixels [FX] [FY] [CIR] TC/IR (MH2)
(X xY)
320x 240 |eg., [FX] =8dots Fromapracti- | [CR] =40 = address - 27H
320+ 8=40--0 cal point of During HDOT SCR, 2BH 572
No blank dots view, 8, 16, etc. | [C/R] = 41 addresses '
are suitable.
eg., [FX] =6dots [CR] =53 = address — 34H
320+ 6=53--2 1 During HDOT SCR, 38H 7.40
Two blank dots [C/R] = 54 addresses
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Note: 1. Because the number of display dots varies with each LCD unit, there will be some
fractional display dots depending on the value set for FX. In such case, the S1D13305
automatically blanks fractional parts at the right edge of the panel, and thus elimi-
nates the need to manipulate display memory for adjustment.

2. Calculations are made assuming fgr = 60 Hz.

4.1.7 Scrolling

The MPU dynamically rewrites the scroll address registers (SAD1-SADA4) that provide the read
start address in the S1D13305's display memory, thereby allowing various scroll modes to be set.

In this case, the MPU manages all operations to execute scrolling, select scroll mode, and set a
scroll rate.

(2) Intra-page scrolling

Thisrefersto amode of scroll operation whereby scrolling is performed within display memory
space equivalent to one screen.

All lines are scrolled one line up and the bottom line is deleted as shown below. Since the
S1D13305 does not automatically delete the bottom line, the MPU must rewrite the scroll
address registers and simultaneously write blank data to the S1D13305.

<Screen> <Display memory>
. ABC
Before scrolling WXYZ 789 l—— AP —»]
¢ ' —— CR —p
SAD1 ABC
Nalwxyz 789
After scrolling WXYZ 189
A ¢ Cleared
SAD3
SAD1 B
Blank SN[V 786

(2) Inter-page scrolling and page switching

Scrolling between pages and page switching can be performed only when display memory has
more than one-screen equivalent capacity.

<Screen> <Display memory>

Before scrolling |ABC
WXYZ 789
lae—— C/R —p]
¢ SAD1 ABC

WXYZ 789
After scrolling WXYZ 789

—

SAD1 ABC
WXYZ 789

le—— AP —»
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(3) Scrolling in the X direction
Thisrefersto scrolling display in the X direction one character at atime, regardless of display

memory size.
<Screen> <Display memory>
Before scrolling |[ABC XYZ SAD1—p1pBC XYZ
123 123
«—— AP—»
¢ li¢—— C/R —»p|
After scrolling  |BC XYZz1 SAD1—»1pBC XYZ
23 123

(4) Omnidirectional scrolling

This mode of scrolling is available when display memory has ample capacity larger than one
screen in both the X andY directions. Although display is hormally scrolled one character at a

time, the HDOT SCR command can be used to scroll display in the X direction one dot at a
time. Note 1

<Screen> <Displav memory>
AP— p
Before scrolling [BC |
EFG ABC
TUV EFG
12 TUV
T i <2
|<— CR _>|5 67
¢ 89
After scrolling FG
TUV ABC oo .
1234 EFG :
56 Tuv
1234
............................... 56i7
89
(5) Scroll units
Y direction X direction
Text mode Characters Dots or characters
Graphics mode Dots Dots Note 2
S1D13305 Series EPSON
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Note 1: Omnidirectional scrolling in units of dots is possible by using the SCROLL and HDOT
SCR commands in combination.

Note 2: On a split screen, individual screen blocks cannot be independently scrolled in the X
direction in dot units.

(6) Dotwise scrolling in the X direction (HDOT SCR)

Figure 4-11 shows the relationship between commands and display when a display patternis
smoothly scrolled to the left. In this case, the screen (window) moves to the right on avirtual
screen. Therefore, the MPU only needs to sequentially increment the value of the HDOT SCR
command parameter (number of dots to be shifted) without modifying the display start address
(SAD) inthe S1D13305 to shift display leftward one dot at atime. Then when display has been
dot-shifted a distance equal to the character field, the MPU should reset the value of the HDOT
SCR command parameter to 00H and simultaneously increment SAD by one address. Thus,
smooth scrolling in the X direction is possible by performing this series of operations at
appropriate time intervals.

To scroll the display pattern to the right, change the display dot address by reversing the order
above. Should the window reach either edge of the virtual screen, use the MPU to manage the
screen. Note that when smooth scrolling continues, the screen is not affected.

Also note that when scrolling display dotwisein the X direction using the HDOT SCR
command, scrolling cannot be controlled separately in each layer because al layers are scrolled
a the sametime.

HDOT SCR SAD SAD+1 SAD+2
parameter value ;
Enlarged view
P1 = 00H
( AP —
, V
_ : 7
) ( T Screen
SAD = SAD P1 = 02H :
( : [— C/R —¥
P1=03H i Virtual screen
P1=07H
SAD = SAD + 1 P1 = 00H

Off the screen

Figure 4-11 Example of using HDOT SCR ([FX] = 8)

Note: Because the speed at which the LCD responds to instructions varies with temperature,
smooth scrolling at low temperatures in particular may not easily be recognized.
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4.1.8

Attribute Display using the Layered Function

The S1D13305 provides a means of increasing the ability of expression on amonochrome liquid
crystal display. More specificaly, it uses the OVLAY and DISP ON/OFF commands to display
charactersin inverse video, produce halftone menu pads, and flash a given screen area for various
highlighting effects as shown below.

Highlighting effects | MX1 MXO0 Screen .FlrSt layer, S_econd layer,
single screen | single screen
0 1 v %
Inverse 1 1 |V [Epson] |Iv EPsON|[ 7]
; 0 0
Halftone display 1 1 ME m ME Yes, No m
. ) 0 0 N N
Area flashing display 0 1 BL = Error = | BL = Error =
// N // N
0 0
Rules and underlining 0 1 |RL LINE RL LINE |:|
1 1 LINE LINE

Use of the S1D13305's layered function will efficiently accomplish the highlighting effects above.
The following describes a few examples of using this function to realize highlighting effects. Not
all such effects can be used within the same screen block, however.

(D) Inverse

@ Using the layered function
[Exclusive OR'ing of first layer (text) and second layer (graphics)]
@®-1

@®-2

CSRwW
CSDIR
MWRITE

OVLAY

MX0=“1"
MX1=“0"

DISP ON/OFF
FPO= FP2
= 13 l"
FP1= FP3
= 13 OH

(2) Halftone display

The S1D13305 uses the DISP ON/OFF command’s FP parameter to produce halftone display.
Thisis accomplished by flashing the screen at 15 Hz. However, because this method of display
may cause display to flicker, characteristics of the LCD module used must be carefully
considered.

Write turn-on data“1” to the entire graphic areawhere
characters are to be displayed in inverse video.

Specify an overlay method using the OVALY command so that
the first and second layers will be exclusive OR'd.

Turn display of the first and second layers on using t
he DISP ON/OFF command. — Characters are displayed

in inverse video.
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@ Menu pad display
[OR'ing by the layered function]

OVLAY
P1=00H Disable flashing of thefirst layer and enable flashing of
DISP ON/OFF the second layer at 17 Hz, then overlay thefirst and
P1=34H second layers by OR’ing.
SAD1 SAD2 / Halftone
AB i B
+ —
First layer Second layer Screen
@ Graph display
[OR’ing by the layered function]
OVLAY
P1 = 00H Disable flashing of the first layer and enable flashing of
DISP ON/OFF the second layer at 15 Hz, then overlay thefirst and second
P1=34H layersby OR’ing.

When displaying various datain the form of a graph for comparison purposes, this method of

display is very effective because two types of diagrams distinguishable by differencesin
contrast can be displayed.

(3) Areaflashing
@ For flashing afew characters

Because the S1D13305 has a high-speed interface circuit, alternately rewriting the character
and blank codes from the MPU to flash charactersis an appropriate method. In this case, the
MPU rewrites display data at intervals of 0.5 to 1.0 second as regulated by itsinternal timer.

@ For flashing alarge area

SCROLL

DISP ON/OFF Divide thefirst or second layer into halves with only the area
OVLAY required made to flash at 2 Hz, and overlay the halved layer

blocks by OR’ing.
N L/, )
AB —|AB -
/ /| \
XYz XYZ
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4.2 Oscillator Circuit

The S1D13305 features a built-in oscillator circuit, with a resonator connected to the XG and XD
pins to generate oscillation. The resonator used here is usually acommercially available AT-cut
quartz crystal resonator. Because the S1D13305 contains a built-in feedback resistor, the user need
only connect this resonator and capacitors CG and CD externally to the chip. Note that the higher
the oscillation frequency, the smaller the CG and CD values.

S1D13305

L y
XG XD
I+
B —CD CG =310 20 pF
CD =210 18 pF
77—|—; 7—7|—; CL value = 700 W (max.)

CG

Note: XG and XD must be wired in the shortest distance possible so that the wiring capacitance
does not increase oscillation frequency fluctuation or current consumption.

S1D13305 Series EPSON 51
Technical Manual



4: FUNCTION DESCRIPTION

4.3 Exampleof Initial Settings

8-bit bus interface
LCD unit, 320 x 240 dots

No Command Operation
1 Power on
2 Waits until power supply | Waits at least 3 ms after Vpp = 4.5V and external reset are deasserted.
stabilizes.
3 SYSTEM SET Initializes the S1D13305.
C=40H MO: Internal CG ROM
P1=38H M1: CG RAM (up to 32 characters)
M2: Y-direction character field range (8 lines)
W/S:  Dual-screen drive method
V: Uppermost line not corrected
P2 =87H FX: X-direction character field (8 dots)
WF:.  Two-frameAC drive
P3=07H FY: Y-direction character field (8 dots)
P4 =27FH C/R:  Display address range (40 columns per line)
P5=2DH TC/R: Total display addresstimein X direction (46 addresses per line)
fosc =6.0 MHz,
fFR=60Hz
P6 = EFH L/F: Number of display lines (240)
P7 = 28H AP: Virtual screen sizein X direction (41 addresses)
P8 = 00H
4 SCROLL
C=44H
P1 = 00H Sets start address of thefirst screen block to 0000H.
P2 = 00H
P3=7FH Sets number of display linesin thefirst screen block to 120.
P4 = 00H Sets start address of the second screen block to 1000H.
P5 = 10H
P6 =7FH Sets number of display lines in the second screen block to 120.
P7 = 00H Sets start address of the third screen block to 0400H.
P8 = 04H
P9 = 00H Sets start address of the fourth screen block to 3000H.
P10 = 30H
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No Command Operation
Display memory
(SAD1)0000H
0257H First-screen block memory
(SAD3)0400H —
Third-screen block memory
0657H
(SAD2)1000H
" Second-screen block memory
22BFH
(SAD4)3000H
" Fourth-screen block memory
42BFH
5 HDOT SCR
C=5AH
P1 = 00H Sets number of dots to be shifted in the X direction to O.
6 OVLAY MX1, MX0: Overlad for inverse display
C=5BH DM1: First screen block in text mode
P1=01H DM2: Third screen block in text mode
7 DISP ON/OFF D: Entire screen display disabled
C="58H FC1, FCO: Cursor made to blink at 2 Hz
P1 =56H FP1, FPO: Display of first screen block turned on
FC3, FP2: Display of second and fourth screen blocks turned on
FP5, FP4: Display of third screen block turned on
8 CSRW
C=46H
P1 = 00H Sets cursor address to the first screen block’s start address (home position).
P2 = 00H
9 Clearsthefirst layer dis- | Writes 20H (space character code) to memory location corresponding to the first layer (text
play data screen).
10 | Clearsthe second layer Writes O0H (dot turn-off data) to memory location corresponding to the second layer (graphics
display data. screen).
11 |CSRFORM
C=5DH CRX: Cursor sizein X direction (5 dots)
P1=04H CRY: Cursor sizeinY direction (7 dots)
P2 = 86H CM:  Block cursor
12 | DISP ON/OFF Restores entire screen display.
C=59H

Screen
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No Command Operation
13 CSRDIR
C=4CH Sets direction of cursor movement so that the cursor shifts to theright.
14 MWRITE
C=42H
P1=20H Sets space code.
P2 = 45H Sets character code for the letter “E.”
P3=50H Sets character code for the letter “P”
P4 =53H Sets character code for the letter “S.”
P5 = 4FH Sets character code for the letter “O.”
P6 = 4EH Sets character code for the letter “N.”
ErPsONE
15 | CSRW Presets cursor address to the second screen block’s start address.
C=46H
P1 = 00H
P2 = 10H
16 |[CSRDIR Sets direction of cursor movement so that the cursor shifts downward.
C=4FH
17 MWRITE
C=42H Fillstheleft side of displayed letter E with dots by entering character code to 9 lines of the sec-
P1=FFH ond screen block that corresponds to the first column on the first line.
P9 = FFH
EPSON
18 CSRw
C=46H
P1=01H Presets the cursor address to address 10001H.
P2 = 10H
19 MWRITE
C=42H
P1=FFH Fills the second screen block that corresponds to the second column on thefirst line with dots.
P9 = FFH
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No Command Operation
20 [CSRW Repeats steps 18 and 19 until the background screen of the EPSON character string isfilled
with dots as shown below.
29 |MWRITE
Inverse display
30 |CSRW
C=46H Presets the cursor address to the first column on the first line of the third screen block.
P1=00H
P2 = 04H
31 |[CSRDIR
C=4CH Sets direction of cursor movement so that the cursor shifts to the right.
32 |MWRITE
C=42H
P1=44H Sets character code for the letter “D.”
P2 = 6FH Sets character code for the letter “0.”
P3=74H Sets character code for the letter “t.”
P4 =20H Sets character code for the letter “ *
P5 = 4DH Sets character code for the letter “M.”
P6 = 61H Sets character code for the letter “a”
P7=74H Sets character code for the letter “t. .
P8 = 72H Sets character code for the letter “r” D ot M atrix L C D
P9 = 69H Sets character code for the letter “i.”
P10 = 78H Sets character code for the letter “x.”
P11 =20H Sets character code for the letter “ ”
P12 = 4CH Sets character code for the letter “L.”
P13 = 43H Sets character code for the letter “C.”
P14 = 44H Sets character code for the letter “D.”
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Example of display mode settings [1]

[1] For overlaying text and graphics
1. Conditions

(1) 320 x 240 dots: Single-screen drive method (1/240 duty cycle)

(2) First layer: Text display

(3) Second layer: Graphic display

(4) Character font: 8 x 8 dots

(5)CG RAM unused
2. Display memory allocation

(1) First layer (text display)
Number of charactersin horizontal direction=320/8 =40
Number of charactersin vertical direction=240/8 =30

Therefore, the required size of memory is40 x 30 = 1,200 bytes.

(2) Second layer (graphic display)
Number of charactersin horizontal direction = 320/ 8 =40
Number of charactersin vertical direction =240/ 1 = 240

Therefore, the required size of memory is 40 x 240 = 9,600 bytes.

[Relationship between display and memory]

04B0Oh
Second layer (graphics)
(9,600 bytes)
0000h
First layer (text)
1,200 bytes
( ytes) 2A2Fh
04AFh
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3. Example of basic register settings

SYSTEM SET Determination of TC/R
C=40H
P1=30H Assuming fgpr = 60 Hz
P2 =87H when fosc = 6 MHz,
P3=07H
P4 =27H 6 MHz={[TC/R] x 9 + 1} x 240 x 60
P5=2DH Therefore, [TC/R] = 46
P6 = EFH TC/R=2DH
P7 =28H
P8 = 00OH

SCROLL
C=44H
P1=00H
P2 = 00H
P3 = FOH
P4 = BOH
P5=04H
P6 = FOH
P7=*H
P8 =*H
PO =*H
P10=*H *: don't care

CSRFORM
C=5DH
P1=04H
P2 = 86H

HDOT SCR
C=5AH
P1 = 00H

OVLAY
C=5BH
P1 = 00H
DISP ON/OFF
C=59%H
P1=16H
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Example of display mode settings [2]
[2] For overlaying two graphic screens
1. Conditions
(1) 320 x 240 dots: Single-screen drive method (1/240 duty cycle)
(2) First layer: Graphic display
(3) Second layer: Graphic display
2. Display memory allocation

(DFirst layer (graphic display)
Number of charactersin horizontal direction = 320/ 8 =40
Number of charactersin vertical direction =240/ 1 = 240

Therefore, the required size of memory is 40 x 240 = 9,600 bytes.

(2) Second layer (graphic display)
For thefirst layer, the required size of memory is 40 x 240 = 9,600 bytes.

[Relationship between display and memory]

2580h
Second layer (graphics)
(9,600 bytes)
0000h
First layer (graphics)
(9,600 bytes)
4AFFh
257Fh
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3. Example of basic register settings

SYSTEM SET Determination of TC/R
C=40H
P1=30H Assuming fgpr = 60 Hz
P2 =87H when fosc = 6 MHz,
P3 = 00H
P4 =27H 6 MHz={[TC/R] x 9 + 1} x 240 x 60
P5=2DH Therefore, [TC/R] = 46
P6 = EFH TC/R=2DH
P7 =28H
P8 = 00OH

SCROLL
C=44H
P1=00H
P2 = 00H
P3 = FOH
P4 = 80H
P5 = 25H
P6 = FOH
P7=*H
P8 =*H
PO =*H
P10=*H *: don't care

CSRFORM
C=5DH
P1=04H
P2 = 86H

HDOT SCR
C=5AH
PL = 00H

OVLAY
C=5BH
P1 = 00H
DISP ON/OFF
C=59%H
P1=16H
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Example of display mode settings [3]

[3] For overlaying three graphic screens
1. Conditions

(1) 320 x 240 dots: Single-screen drive method (1 / 240 duty cycle)

(2) First layer: Graphic display

(3) Second layer: Graphic display

(4) Third layer: Graphic display
2. Display memory allocation

(1) First layer (graphic display)
Number of charactersin horizontal direction = 320/ 8 =40
Number of charactersin vertical direction =240/ 1 = 240

Therefore, the required size of memory is 40 x 240 = 9,600 bytes.

(2) Second and third layers (graphic display)
For thefirst layer, the required size of memory is 40 x 240 = 9,600 bytes each.

[Relationship between display and memory]

4B00h
Third layer (graphics)
(9,600 bytes)
2580h
Second layer (graphics)
(9,600 bytes)
707Fh
0000h
First layer (graphics)
(9,600 bytes)
4AFFh
257Fh
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3. Example of basic register settings

SYSTEM SET

C=40H

P1 = 30H
P2 =87H
P3=00H
P4 =27H
P5=2DH
P6 = EFH
P7 =28H
P8 = 00H

SCROLL
C=44H
P1 = 00H
P2 = 00H
P3 = FOH
P4 = 80H
P5 = 25H
P6 = FOH
P7 = 00H
P8 = 4BH
P9 =*H
P10=*H

CSRFORM
C=5DH
P1=04H
P2 = 86H

HDOT SCR
C=5AH
PL = 00H

OVLAY
C=5BH
P1 = 00H
DISP ON/OFF
C=59%H
P1=16H

Determination of TC/R

Assuming fgpr = 60 Hz
when fosc = 6 MHz,

6 MHz={[TC/R] x 9 + 1} x 240 x 60

Therefore, [TC/R] = 46
TC/R=2DH

*: don't care
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44.1 Character Fonts (Internal CG)
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Relationship between Character Codes and Those Usable as CG RAM (for

combined use with internal CG ROM)

4.4.2

Table 4-4 Character Codes

8-bit series

A

rrr

A

Ui

Y

i~

1

AEAR

AR

2w

Ylelno

Al ANV

Y

CG RAM2

o

K

9

A

r

S

t

\'4

X

f

P

=0

LMl

=1

M1

CGRAM1

@
1| Al Qf alq
2| B|R| Db

5[E[{U]e|u

71G|W| g|w

8|H| X|h

“

#| 3| C| S| c
$[ 4| D|T|d

%

&[ 6| F|V

‘

(

ofojojojofofojoj1|1f1fj1]1]|1|1f1

O[fO0jOJOJ1f1f1]1]|]O0|JOfOfO]j1]1]|1f1
ofoj1]1|j0f0Of1]j1]|]O|jOf1f1]j0]|O|1f1
of1j0]1j0f1f0O0j1]jO|1fOfj1]0]|]1]|Of1

0|11|2|3(4|5|6|7|8[9|A|B|C|D|E|F

LS3

YS3

4 high-
order
bits

4 low’
order
bits

10
11

12
13
14
15

A
B

C
D

E

F

0]0]0]0
0[0|O0]1

0]0]1]0

0j]0|1]1

0]1]0]0

01|01

0]1]1]0

0j1]|]1]|1

11]0|0]0

1{0]j0]1

1{0]1]0

1{0]1]1

111(0]0
1({1]0]1
1({1]1]0

111111

D7|D6|D5(D4(D3|D2|D1| D0
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5 SPECIFICATIONS

5.1 Absolute Maximum Ratings

Parameter Symbol Rating Unit Remark
Power Supply Voltage Vb -0.3-7.0 \%
Input Voltage VN -0.3-Vpp + 0.3 \%
Operating Temperature Topr -20-75 °C
Storage Temperature Tag -65-150 °C
Soldering Temperature and Time Tsolder 260 - 10 °C-sec Note 1
Power Dissipation Pp 300 mw
Note 1: The resistance to moisture of semiconductor products in flat packages is adversely af-
fected when dipped in solder. When mounting the chip on a circuit board, be careful not
to expose the plastic part of the package to thermal stress.
1.

When using a power supply with high impedance, a large potential difference between the chip’s
internal power supply voltage and the input voltage may occur, thus making the power supply
susceptible to latch-up. Therefore, pay particular attention to the power supply and its wiring.

2. All voltages are based onVss =0 V.

64

EPSON S1D13305 Series

Technical Manual



5: SPECIFICATIONS

5.2 Electrical Characteristics

[Vss= 0V, Vpp = 4555V, T, = -20-75°C]

= Rated Value ) ) )
Parameter Symbol | Test Condition - Unit | Applicable Pins
Min. Typ. Max.
Operating Supply Voltage Vbp 45 5.0 55 \% Vbp
Register Retention Voltage Vho 2.0 — 6.0
High Level Input Voltage ViuT 0.5xVpp — Vbp \Y Do-D7, Ag
T | Low Level Input Voltage Vi Vss — 0.2xVpp V | CS RD,WR
T | High Level Output Voltage | Vot | lon =-5.0mA 2.4 — — \% VDgVDy,
L |Low Level OutputVoltage | Vg1 |loL =5.0mA — — Vss+ 0.4 V| VA-VAgs
VCE, VRD, VWR
C | High Level Input Voltage ViHe 0.8xVpp — Vbp \Y SEL1, NT/PL,
M | Low Level Input Voltage ViLc Vss — 0.2xVpp \% YD, XDg—XD3
O | High Level Output Voltage | Voue | lon =-20mA Vpp- 0.4 — — V| XSCL,YDIS,
S | Low Level OutputVoltage | Vg ¢ |loL =2.0mA — — Vss+04 | V.  |LPWFCLO
Rising Edge Threshold V1+ | Note2 0.5Vpp 0.7Vpp 0.8Vpp \% RES
S | Voltage
M | Falling Edge Threshold V1. 0.2Vpp 0.3Vpp 0.5Vpp \%
Voltage
Input Leakage Current I Vin =Vpp/Vss — 0.05 2.0 HA
Output L eakage Current lLo | Note3 — 0.10 5.0 PA
Operating Supply Current lopr | fosc =10 MHz — 11 15 mA | Vpp
Nonloaded
256 x 200 dots
Quiescent Supply Current lo Sleep mode — 0.05 20 PA [ Vpp
XG, CS,RD =
Vbp
Oscillator Frequency fosc | AT quartz crystal 1.0 — 8.0 MHz | XG, XD
Externa Clock Frequency fco | 47.5% duty cycle 1.0 — 8.0 MHz
Oscillator Feedback Resistance Rf 0.5 10 3.0 MQ

Note:

1. lopr denotes the current consumed in the chip when using the internal CG. Current is

measured in a nonloaded state (without display memory). To further reduce current con-
sumption, write the SYSTEM SET command (without parameters) and DISP ON/OFF
command to the chip after initialization. This causes the CLO pin to stop operating, thus

enabling a powering down of approximately 1 mA at 6.1 MHz operation.

2. The pulse applied to the RES pin must be held low for at least 200 ps to be effective.
However, avoid keeping the input pulse active for more than several seconds because
LCD DC drive capability may deteriorate.

3. VThe VDp—VD7 and Do—D7 pins come with a feedback circuit, so that even when input
becomes high impedance, the pins retain the state held immediately before. Therefore,
an intermediate level of input voltage allows input current to flow to the pin.
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[Vss=0V,Vpp = 2.7-4.5V, T, = -20-75°C]

N Rated Value ) ) )
Parameter Symbol | Test Condition - Unit | Applicable Pins
Min. Typ. Max.
Operating Supply Voltage Vpp 2.7 35 45 \% Vpp
Register Retention Voltage Vho 20 — 6.0
High Level Input Voltage ViuT 0.8xVpp Vbbb \% Do-D7, Ao
- Low Level Input Voltage Vi Vss 0.2XVpp V | CS RD,WR
T High Level Output Voltage | Vot | lon =-3.0mA Vpp- 0.4 \ VDo-VDy,
L Low Level Output Voltage | Vg 1 |loL =3.0mA Vss+ 0.4 V| VAg-VA5
VCE, VRD,
VWR
C | High Level Input Voltage ViHe 0.8xVpp Vbp \Y SEL1, NT/PL,
M | Low Level Input Voltage ViLc Vss 0.2xVpp \Y YD, XDg—XD3
O |High Level Output Voltage | Ve | lon =-1.0mA Vpp- 0.4 V | XSCL,YDIS,
S |Low Level Output Voltage | v ¢ |loL=1.0mA Vss+ 0.4 V. |[LRWFCLO
Risi ng Edge Threshold VT+ 0.5Vpp 0.7Vpp 0.8Vpp \Y RES
S | Voltage
M | Falling Edge Threshold V1. 0.2Vpp 0.3Vpp 0.5Vpp \
Voltage
Input Leakage Current I Vin =Vpp/Vss 0.05 2.0 HA
Output L eakage Current ILo 0.10 5.0 HA
Operating Supply Current lopr fosc = 6.1 MHz 35 15 mA | Vpp
Nonloaded (Voo =
256 x 200 dots 35V)
Quiescent Supply Current lo Sleep mode 0.05 20 WA | Vpp
XG,G75, m = VDD
Oscillator Frequency fosc | AT quartz crystal 1.0 8.0 MHz | XG, XD
Externa Clock Frequency fco | 47.5% duty cycle 1.0 8.0 MHz
Oscillator Feedback Resistance Rf Note 4 0.7 4.0 MQ

Note:

sures necessary to prevent leakage.

4. The XG pin is only biased with several pA. When designing a circuit board, take the mea-
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5.3 Timing Characteristics

531 System Bus Read/write characteristics | (80-series MPU)
— taHg
AO, CS
taw t
——— tcves !
WR, RD 4
| I l
tbss l«— [DH8
DO-D7
(WRITE)
—»1— taccs —>-toHs
DO-D7
(READ)
(Ta=-20-75°C)
VDD =4.5-5.5V VDD =2.7-4.5V Test
Signal | Symbol Parameter - - Unit -
Min. Max. Min. Max. Condition
An TS tang | Address Hold Time 10 — 10 — ns
o taws | Address Setup Time 0 — 0 — ns
WR RD | foves | System CydleTime [1] — (1 — ns
' tcc | Control Pulse Width 120 — 150 — ns
CL = 100pF
tpss | Data Setup Time 120 120 — ns
DoD tong | DataHold Time 5 — 5 — ns
=7 | taccs | RD Access Time — 50 — 80 ns
tong | Output Disable Time 10 50 10 55 ns

[1] For memory control and operation control commands:
teyes = 2tc + toe + teea + 75 > tacy + 245

For all other commands: tcycg = 4tc + tec + 30
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53.2 System Bus Read/write characteristics || (68-series MPU)

\ tcves >
E ﬁL ) \L
J‘/ X
tawe —»l le— tEw —>|
o X
taHe
A0, CS
«—— tbse — tpoHe
DO-D7
(WRITE)

le— tAcce toHe
DO-D7
(READ)

(Ta= -20-75°C)

X VDD =4.5-5.5vV VDD =2.7-4.5V i Test
Signal | Symbol Parameter - - Unit "
Min. Max. Min. Max. Condition
Ao TS tcycs | System Cycle Time [1] — [1] — ns
R"}f taws | Address Setup Time 0 — 10 — ns
w tans | AddressHold Time 0 — 0 —
tpss | Data Setup Time 100 — 120 — ns _
DD tong | DataHold Time 0 — 0 — Gt = 100pF
=7 tons | Output Disable Time 10 50 10 75 ns
taccs | AccessTime — 85 — 130 ns
E tew | Enable Pulse Width 120 — 150 —

[1] For memory control and operation control commands:
tcyce = 2tc + tew + tcea + 75 > tacy + 245
For all other commands: tcycg = 4tc + tew + 30

Note: Note that tcyce defines the time period of the E signal only in designated cases where
CS and E = high.
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533 Display Memory Read Characteristics
o— tc —
R W N A N W A e
tw < tce » tw
~
’E tcyr
VAO-VAL5 >Z‘ R
WY 7
e— tasc < taHC >
«tRCH
VRD 3|— tlﬁ
|<._ trRes | le— tCEA tces >
: tacv tom2
VDO-VD7 )
(Memory — S1D13305F) 1
(Ta=-20-75°C)
. VDD =4.5-5.5V VDD =2.7-4.5V ) Test
Signal | Symbol Parameter Unit "
Min. Max. Min. Max. Condition
EXT @0 tc Clock period 125 — 125 — ns
VCE tw VCE high-level pulse width tc-50 — tc- 50 — ns
tce | VCE low-level pulse width 2tc- 30 — 2tc-30 — ns
tcyr | Read cycletime 3tc — 3tc — ns
tasc | Address setup timerelative to tc-70 — tc- 110 — ns
VAg-VA1s VCEfdl
tanc | Address hold time relative to 2tc - 30 — 2tc - 40 — ns
VCE fall CL = 100pF
trcs | Read cycle setup time relative to tc-45 — tc - 60 — ns
VRD VCE fall
trcn | Read cycle hold time relative to 1/2tc — 1/2tc — ns
VCErise
tacy | Address accesstime — 3tc - 100 — 3tc-15 ns
VDD tcea | VCE accesstime — 2tc- 80 — 2tc- 90 ns
V7] tonp | Output datahold time 0 — 0 — ns
tces | VCE dataoff time 0 — 0 — ns
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534 Display MemoryWrite Characteristics (at MWRITE Command Execution)

— tc —
tw > |« tce > >
VCE / ST k ‘5‘\&
« tasc — tAHC < tea
¢ teyw »
a pV
VAO-VA15
X X
twsc
tas —>—> < tanH2
\ twHc %
VWR — «— tCEA —»
> t
> tbHC bH2
VDO-VD7 a1 BN
N
(S1D13305F - Memory) N A+
(Ta=-20-75°C)
. VDD =4.5-5.5V VDD =2.7-4.5V i Test
Signal | Symbol Parameter - - Unit -
Min. Max. Min. Max. Condition
EXT ¢0 tc Clock period 125 — 125 — ns
VCE tw VCE high-level pulse width tc- 50 — tc - 50 — ns
tce | VCE low-level pulse width 2tc- 30 — 2tc- 30 — ns
tcyw | Writecycletime 3tc — 3tc — ns
tanc | Address hold timerelative to 2tc- 30 — 2tc - 40 — ns
VCE fall
tasc | Address setup time relative to tc- 70 — tc- 110 — ns
VCE fall
VAg-VA15 |t | Addresshold timerelative to 0 — 0 —
VCErise
tag | Addresssetup timerelative to 0 — 0 —
VWR fall ‘ _ C. = 100pF
tam2 Address hold time relative to 10 — 10 —
VWR fall
twsc | Write setup timerelative to VCE tc-80 — tc- 115 — ns
VWR fall . .
twHe | Write hold time relative to VCE 2tc- 20 — 2tc- 20 — ns
fall
tpsc | Datainput setup timerelative to tc-85 — tc- 125 — ns
VCE fall
tonc | Datainput hold time relative to 2tc- 30 — 2tc - 30 — ns
VDo-VDr VCEfall
tpne | Datainput hold time relative to 5 50 5 50 ns
VWR fall

Note: The VDo—VD7 pins have a built-in latch so that when a VDo—VD7 bus enters a high-imped-
ance state, the write data is retained until the read data from memory is placed on the bus.

70 EPSON S1D13305 Series
Technical Manual



5: SPECIFICATIONS

Output Signal Characteristics (at SLEEP IN Command Execution)

5.35
VCE
Y
t RO, WRD
WR
(Command Input)
YDIS _K /
(Ta=-20-75°C)
VDD =4.5-5.5V VDD =2.7-4.5V Test
Signal | Symbol Parameter Unit -
Min. Max. Min. Max. Condition
__ twrp | VCEfal delay time [1] [1] ns _
WR | el | YDISTaI delay time 2] 2] ns | ©t=100pF
toss: Oscillation start time
[1] twrp = 18tc + toss + 40
[2] twrL = 36tc [TC/R] - [L/F] + 70
5.3.6  External Clock Input Characteristics
— trcL — trcL
EXT @o 'I
twi — tw
¢ tcL »>
(Ta=-20-75°C)
Vpp = 4.5-5.5V Vpp = 2.7-4.5V Test
Signal | Symbol Parameter Unit I
Min. Max. Min. Max. Condition

treL | External clock risetime 15 15 ns

trcr | External clock fall time 15 15 ns

twn | External clock high-level pulse [1] [2] [1] [2] ns

EXT @0 width
tw. | External clock low-level pulse [1] [2] [1] [2] ns
width
to, | External clock period 125 ns
- - A5
[1] (tc - treL - treL) X g5 < tws twi
tee - 525
[2] (tc - trew - troL) X 555> tw, twi
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5.3.7

LCD Control Signal Timing Characteristics

(When driven at 1/64 duty cycle)
ROW NO 63.64:1. 2,3,4,5, ...

61 ,62 ,63 ,64 ,1 ,

Lp nfnanannn N T O

: 1 Frame time ":
YD ;l H I

WF

-
N2> R | | A TrUruruvir

WF |

g 1 Line time

YSCL

ROW 2

ROW 3

P Iy

XSCL M?mr\_rﬁ_m‘u—

XDo— XD3 @5 6 @

u ERBIAYAYE) u 5y @
XECL _ M 3 M N ]
tr—| —tyyx — tf Y tex >
i y—
XSCL o «— tDH 7m
DS—¢&—»|I "
4+—— t s —
A R
XDo — XD3 >{c 7}< X
tLp — :L twi —>_
LP | t1 \(
ts2 < » —> tLo
i N ts1
XECL / ‘ y ‘\_T
*E o tDF
WF(B)
< tLD b
YD 5’\
|« tbHY ’
YScL '\_(
twy q
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(Ta=-20-75°C)

Vpp = 4.5-5.5V Vpp = 2.7-4.5V Test
Signal | Symbol Parameter Unit -
Min. Max. Min. Max. Condition
tr Risetime 30 40 ns
t Fall time 30 40 ns
XSCL tex Shift clock cycletime 4tc 4tc ns
twx | XSCL clock pulse width 2tc- 60 2tc-70 ns
XDeXD toH Display data hold time 2tc- 50 2tc-50 ns
o tps | Display data setup time 2tc - 100 2tc - 105 ns
fLs Latch data setup time 2tc - 50 2tc- 50 ns Ci = 100pF
LP twe | LPsignal pulse width 4tc- 80 4tc - 120 ns
to XSCL to LP delay time 0 0 ns
WF tor Permissible WF delay time 50 50 ns
YD tpHy | Scan start pulse hold time 2tc- 20 2tc-20 ns
YSCL twy | YSCL clock pulse width 4tc- 80 4tc- 120 ns

Note: When the S1D13305 displays a screen equivalent to one frame, it starts from the address
corresponding to the upper-left corner of the screen (home position). Then while increment-
ing the address, the S1D13305 reads the necessary amount of data for up to the address
corresponding to the lower-right corner (end) of the screen from display memory. This data is
then converted into display data before being sent to the X driver. Therefore, each line of
data for the X driver is sent out beginning with the dot data at the left edge of the screen.
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6 MPU INTERFACE

6.1 Connection to the System Bus

The S1D13305 uses a combination of SEL1, SEL2, A0, RD, WR, and CSto discriminate the
information supplied to it via the system data bus as described in Section 2.2, “Pin Functions’ on

page 7.

A0 normally is connected to the least significant bit of the system address bus.

SEL1 and SEL 2 are provided for changing the functions of S1D13305 pins 50 and 51 to enable
direct chip connection to the 80 or 68-series MPU bus. When in use, SEL1 and SEL 2 are pulled
high or low through aresistor. For the 80-series MPU, the S1D13305 should normally be mapped

in 1/0O space.

6.1.1 80-seriesMPU

SEL1=0
SEL2=0
A0 | RD | WR Function
0 0 1 | Statusflag read
1 0 1 Data (VRAM, CG, cursor address) read
0 1 0 Data (VRAM, register) write
1 1 0 | Command write (code only)

6.1.2 68-seriesMPU

SEL1=1
SEL2=0
A0 | RD | WR Function
0 1 1 | Statusflag read
1 1 1 | Data(VRAM, CG, cursor address) read
0 0 1 Data (VRAM, register) write
1 0 1 | Command write (code only)
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6.2

6.2.1

6.2.2

Synchronization with the MPU

SThe S1D13305 has a high-speed interface processing function so as not to impair the processing
capability of high-speed MPUs. This allows chipsto be handled just like memory devices that
satisfy the rated system bus and read/write timing requirements. Therefore, when the MPU
accesses the S1D13305, thereis no need for polling to check for busy or handshaking status with
the S1D13305. Thisis because the S1D13305 can execute any command within the cycle time
(tcyc)- However, successive attempts at accessing the S1D13305 that are intolerable with respect
to the one-frame time may result in noticeable screen flickering. In such case, the MPU should
access the S1D13305 intermittently or check the status flag (D6) to confirm that it is cleared before
accessing. This helpsto minimize display effects on LCD.

The following shows the difference in interface processing performed by the S1D13305 when
accessing itsinternal registers and when accessing display memory.

I nternal Register Access

For the SY STEM SET and SLEEP IN commands, input to and output from the internal registers
are processed asynchronously, and not dependent on oscillator frequency. All other commands
cannot be used while the system isin sleep mode.

Display Memory Access

Display memory access is synchronized with the fundamental clock of the S1D13305. To ensure
that operating frequencies of the MPU and display memory match, the S1D13305 processes
operations between the chips viainput/output registers in amanner similar to pipelined instruction
processing, as shown below. Therefore, even if the access time of any display memory is slower
than that required by the MPU, the MPU can access display memory without any problem,
provided that the RD and WR signal cycle times (tcyc) satisfy rated timing requirements.

(1) Write to display memory

tcyc

MPU

~— DO- D7

—  VWR

Display
memory

~— VDO - VD7
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(2) Read from display memory

e——— tcye ———

MPU RD ] ]

~~ DO-D7 / /
VRD
Display
memory
VDO - VD7

Note: The access time viewed from the system side (tacc), which often causes a problem
when the MPU reads data from display memory, is not affected by the access time of
display memory (tacv)-

Whether the MPU can read from display memory depends on whether the accesstime (tcyc) is
guaranteed. If not, timing requirements can only be met by inserting one or more NOP instructions,
which apparently has the same effect as inserting wait states.
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6.3 Interfacing with the MPU (Example of Application)
6.3.1 80-seriesMPU
IORQ
AO _l AO
Al |—>
: :> Decoder cs
280" a5 S1D13305
DO DO
D7 D7
RD RD
WR WR SEL1
RESET [ RES SEL2 57
RESET
6.3.2 68-seriesMPU
VMA
AO _l A0
Al I_,
: :> Decoder Cs
6802 A15 S1D13305
DO DO
D7 D7
E R_D VDD
RIW WR SEL1
RESET RES SEL2 pa

'RESET

Note: Z80 is a registered trademark of Zilog, Inc. of the U.S.
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6.4 StatusFlag
The S1D13305 has a 1-bit status flag.

D7 DO
| * D6 * * * * * * +%: Don’t Care

e X line standby (D6)

The S1D13305 stops reading data from display memory after each line for the time equal to the
difference between C/R and TC/R. The status flag (D6) is cleared to 0 during the blanking
interval.

1-line display period, ttc/r

&
<

e | [ ]
h ! trer = [TC/R] x Otosc
. . ter = [C/R] X Otosc
XSCL S B IEEEET T e ! tn={[TC/R]- [C/R]}X Otosc

P IV »
»,

¢

: Blanking interval, tm’ tor
t,,: Time difference between C/R and TC/R (D6 is cleared to 0 during t,, period.)

Reference: Timing to avoid write noise
Timing precaution to be taken when writing to VRAM

g

< e e >
< < < >

5% 9 Xtosc Display memory write time 2 X 9 Xtosc

The display memory write time is defined as:
{(TC/R) - (C/R) - 7} x 9tocs

(where tosc = 1/fosc: oscillator frequency cycle) “5 x 9tocg” after the fall of LP.

Given the method currently used to read the D6 status flag, it isimpossible to know when the
flag was cleared (D6 = low). To solve this problem, use the falling edge of LP as an interrupt
signal to the CPU, and confirm that data is written to display memory within the time shown
above.

Accessing display memory outside this write time may cause the screen to flicker. (When
rewriting the entire screen, simply turn the display off.)
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7.1

DispLAY MEMORY | NTERFACE

Static RAM

The diagram below shows an example of an interface for static RAM (asynchronous type) that is
pin-compatible with the 2764 (made by Intel Corporation) and the S1D13305.

Note 3
VAO-VA12 > AO-A12
HC138

VA13-VA15 :> A-C Y [O—

S1D13305 CE2 764 pin-
compatible
memory

CEl

VRD OE

VWR WE
VDO-VD7 1/01-1/08

AN

Note 3

1.2

Figure 7-1 Example of interface for static RAM and the S1D13305

Note: Use a bus buffer when large load is placed on the bus.

Current Consumption during Display Memory Access

The S1D13305 has atota of 24 data and address bus lines to access display memory. These bus
lines operate at one-third the oscillator frequency of the S1D13305 (fosc). The equation below
defines the charging/discharging current consumed in these bus lines (1VOP), and suggests that it
will exceed the average dynamic current consumption in the S1D13305 (IOPR).

loprOC -V -f where C = display memory bus capacitance
V = operating voltage
f = operating frequency

Applying this equation where Vopr = 5.0V, f = 1.0 MHz, and C = 1.0 pF per display memory bus
ling, the following results:

lvop < 120 PA/MHz - pF

To reduce current consumption in the S1D13305 during display memory access, it is therefore
necessary to reduce memory chip counts and the parasitic capacitance of the display memory bus,
and not just by using memory devices with small dynamic current consumption. Thiswill prove
beneficial for low-power consumption and high-speed operation.
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