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Customer Support Information

Comprehensive Support Tools

Seiko Epson Corp. provides to the system designer and computer OEM manufacturer a
complete set of resources and tools for the development of graphics systems.

Evaluation / Demonstration Board

» Assembled and fully tested graphics evauation board with installation guide and sche-
matics.

» To borrow an evaluation board, please contact your local Seiko Epson Corp. sales repre-
sentative.

Chip Documentation

» Technical manual includes Data Sheet, Application Notes, and Programmer’ s Refer-

ence.
Software
« OEM Utilities.
o User Utilities.

Evauation Software.

To obtain these programs, contact Application Engineering Support.

Application Engineering Support

Engineering and Sales Support is provided by:

Japan

Seiko Epson Corporation

Electronic Devices Marketing Division
421-8, Hino, Hino-shi

Tokyo 191-8501, Japan

Tel: 042-587-5812

Fax: 042-587-5564
http://www.epson.co.jp

Hong Kong

Epson Hong Kong Ltd.
20/F., Harbour Centre
25 Harbour Road
Wanchai, Hong Kong
Tel: 2585-4600

Fax: 2827-4346

North America

Epson Electronics America, Inc.
150 River Oaks Parkway

San Jose, CA 95134, USA

Tel: (408) 922-0200

Fax: (408) 922-0238
http://www.eea.epson.com

Europe

Epson Europe Electronics GmbH
Riesstrasse 15

80992 Munich, Germany

Tel: 089-14005-0

Fax: 089-14005-110

Taiwan

Epson Taiwan Technology
& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan

Tel: 02-2717-7360

Fax: 02-2712-9164

Singapore

Epson Singapore Pte., Ltd.
No. 1

Temasek Avenue #36-00
Millenia Tower

Singapore, 039192

Tel: 337-7911

Fax: 334-2716
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S1D13705 Embedded Memory LCD Controller

The S1D13705 is a color/monochrome LCD graphics controller with an embedded 80K Byte SRAM
display buffer. The high integration of the S1D13705 provides a low cost, low power, single chip solution
to meet the requirements of embedded markets such as Office Automation equipment, Mobile Commu-
nications devices, and Palm-size PCs where board size and battery life are major concerns.

Products requiring a “Portrait” display can take advantage of the Hardware Portrait Mode feature of the
S1D13705. Virtual and Split Screen are just some of the display modes supported. While focusing on
devices targeted by the Microsoft Windows CE Operating System, the S1D13705's impartiality to CPU
type or operating system makes it an ideal display solution for a wide variety of applications.

m FEATURES
* Embedded 80K byte SRAM display buffer. * Up to 256 simultaneous colors from a possible
« Direct support for the following CPU’s: 4096 colors on passive LCD panels and active
Hitachi SH-3. matrix TFT/D-TFD LCD panels.
Hitachi SH-4 * Register level support for EL panels.

Motorola M68xxx. ¢ Hardware Portrait Mode

MPU bus interface with programmable * SP"‘ Scrgen Display
READY. * Virtual Display Support

« Resolutions up to: * LCD power-down sequencing.

640x480 at a color depth of 2 bpp.
640x240 at a color depth of 4 bpp.
320x240 at a color depth of 8 bpp.

m SYSTEM BLOCK DIAGRAM

Data and Digital Out

Control Signals

v

Flat Panel
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m DESCRIPTION
Memory Interface
< Embedded 80K byte SRAM display buffer.

CPU Interface

«  Direct support for:
Hitachi SH-3.
Hitachi SH-4.
Motorola M68xxx.
MPU bus interface with programmable READY.

. CPU write buffer.

Support

4/8-bit monochrome LCD interface.

e 4/8-bit color LCD interface.

« Single-panel, single-drive passive displays.
¢ Dual-panel, dual-drive passive displays.

e Active matrix TFT / D-TFD interface.

«  Example resolutions:
640x480 at a color depth of 2 bpp.
640x240 at a color depth of 4 bpp.
320x240 at a color depth of 8 bpp.

Display

Clock Source
« Single clock input for both pixel and memory clocks.

¢ The S1D13705 clock source can be internally divided
down for a higher frequency clock input.

«  Dynamic switching of memory clocks in portrait mode.

CONTACT YOUR SALES REPRESENTATIVE FOR THESE

COMPREHENSIVE DESIGN TOOLS:
e S1D13705 Technical Manual

» S5U13705 Evaluation Boards
+ Windows® CE Display Driver
¢ CPU Independent Software Utilities

Japan

Seiko Epson Corporation

Electronic Devices Marketing Division
421-8, Hino, Hino-shi

Tokyo 191-8501, Japan

Tel: 042-587-5812

Fax: 042-587-5564
http://www.epson.co.jp

North America

Hong Kong Europe
Epson Hong Kong Ltd.
20/F., Harbour Centre
25 Harbour Road
Wanchai, Hong Kong
Tel: 2585-4600

Fax: 2827-4346

Riesstrasse 15

Tel: 089-14005-0

Copyright © 2001 Epson Research and Development, Inc. All rights reserved.

Epson Electronics America, Inc.
150 River Oaks Parkway

San Jose, CA 95134, USA

Tel: (408) 922-0200

Fax: (408) 922-0238
http://www.eea.epson.com

Epson Europe Electronics GmbH
80992 Munich, Germany

Fax: 089-14005-110

Modes
1/2/4/8 bit-per-pixel (bpp) support on LCD.

e Upto 16 shades of gray using FRM on
monochrome passive LCD panels.

* Up to 256 simultaneous colors from a possible 4096
colors on passive STN and active matrix TFT/D-TFD
LCD panels.

e Split Screen Display: allows two different images to be
simultaneously viewed on the same display.

« Virtual Display Support: displays images larger than
the display size through the use of panning.

e Double Buffering/multi-pages: provides smooth
animation and instantaneous screen update.

e Hardware Portrait Mode: direct hardware 90°
rotation of display image for portrait mode display.

Display

Power Down Modes
e Software Suspend mode.

e LCD power-down sequencing.

Operating Voltage
. COREypp 2.7 to 3.6 volts; I0ypp 2.7 to 5.5 volts.

Package
e 80-pin QFP14.

FOR SYSTEM INTEGRATION SERVICES
FOR WINDOWS® CE CONTACT:

Epson Research & Development, Inc.

Suite #320 - 11120 Horseshoe Way
Richmond, B.C., Canada V7A 5H7

Tel: (604) 275-5151 TN
Fax: (604) 275-2167
Email: wince@erd.epson.com Microsofte
http://www.erd.epson.com

preferred Provider}

Taiwan

Epson Taiwan Technology
& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan

Tel: 02-2717-7360

Fax: 02-2712-9164

Singapore
Epson Singapore Pte., Ltd.
No. 1
Temasek Avenue #36-00
Millenia Tower
Singapore, 039192
Tel: 337-7911
Fax: 334-2716
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1 Introduction

1.1 Scope

Thisisthe Hardware Functional Specification for the S1D13705 Embedded Memory LCD
Controller Chip. Included in this document are timing diagrams, AC and DC character-
istics, register descriptions, and power management descriptions. This document is
intended for two audiences: Video Subsystem Designers and Software Devel opers.

This document is updated as appropriate. Please check for the latest revision of this
document before beginning any development. The latest revision can be downloaded at
www.erd.epson.com.

We appreciate your comments on our documentation. Please contact us via email at
documentation@erd.epson.com.

1.2 Overview Description

The S1D13705 is a color / monochrome LCD graphics controller with an embedded 80K
byte SRAM display buffer. The high integration of the S1D13705 providesalow cost, low
power, single chip solution to meet the requirements of embedded markets such as Office
Automation equipment, Mobile Communications devices, and Hand-Held PCs where
board size and battery life are major concerns.

Products requiring a “ Portrait” display can take advantage of the SwivelView™ Mode
feature of the S1D13705. Virtual and Split Screen are just some of the display modes
supported. The above features, combined with the Operating System independence of the
S1D13705, make it the ideal solution for awide variety of applications.

Hardware Functional Specification S1D13705
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2 Features

2.1 Integrated Frame Buffer
» Embedded 80K byte SRAM display buffer.

2.2 CPU Interface

« Direct support of the following interfaces:
Hitachi SH-3.
Hitachi SH-4.
Motorola M68K.
MPU bus interface using WAIT# signal.

Direct memory mapping of internal registers.

Singlelevel CPU write buffer.

 Registers are mapped into upper 32 bytes of 128K byte address space.

The complete 80K byte display buffer isdirectly and contiguously available through the
17-bit address bus.

2.3 Display Support

* 4/8-bit monochrome LCD interface.

4/8-bit color LCD interface.

Single-panel, single-drive passive displays.

Dual-panel, dual-drive passive displays.
Active Matrix TFT / D-TFD interface

Register level support for EL panels.

» Example resolutions:
640x480 at a color depth of 2 bpp
640x240 at a color depth of 4 bpp
320x240 at a color depth of 8 bpp

S1D13705 Hardware Functional Specification
X27A-A-001-10 Issue Date: 02/02/01
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2.4 Display Modes
» SwivelView™: direct 90° hardware rotation of display image for portrait mode display
» 1/2/4 bit-per-pixel (bpp), 2/4/16-level grayscale display.
 1/2/4/8 bit-per-pixel, 2/4/16/256-1evel color display.

» Up to 16 shades of gray by FRM on monochrome passive LCD panels; a 256x4 L ook-
Up Tableis used to map 1/2/4 bpp modes into these shades.

» 256 simultaneous of 4096 colors on color passive and active matrix LCD panels; three
256x4 Look-Up Tables are used to map 1/2/4/8 bpp modes into these colors.

* Split screen display for all landscape panel modes allows two different images to be
simultaneously displayed.

* Virtual display support (displays images larger than the panel size through the use of
panning).

2.5 Clock Source

» Maximum operating clock (CLK) frequency of 25MHz.
 Operating clock (CLK) is derived from CLKI input.

CLK = CLKI
or
CLK = CLKIl/2

 Pixel Clock (PCLK) and Memory Clock (MCLK) are derived from CLK.

2.6 Miscellaneous
» Hardware/Software Video Invert.
+ Software Power Save mode.
» Hardware Power Save mode.
» LCD power-down sequencing.
» 5 Genera Purpose Input/Output pins are available.
» GPIOO isavailableif Hardware Power Save is not required.

» GPIO[4:1] are availableif upper LCD data pins (FPDAT[11:8]) are not required for
TFT/D-TFD support or hardware inverse video.

» Core operates from 2.7 voltsto 3.6 valts.

* 1O Operates from the core voltage up to 5.5 volts.

2.7 Package
* 80 pin QFP14 package.

Hardware Functional Specification S1D13705
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3 Typical System Implementation Diagrams

Oscillator
v
<
SH-4 o
BUS
Csn# P CS#
A[16:0] P AB[16:0]
D[15:0] DB[15:0] FPDATITO] » o0l
WE1# WEL# FPSHIFT P FPSHIFT
2ot P B SlD13705 FPFRAME »| FPFRAME goi
RD/WR# RD/WR# : LCD
RD# o ro# FPLINE FPLINE Display
WEO# WEO# DRDY » wmop
RDY# |4 WAIT#
LCDPWR
CKIO P»{ BCLK
RESET# RESET#
Figure 3-1: Typical System Diagram (SH-4 Bus)
Oscillator
Z
o
SH-3 °
BUS
Csn# Cs#
A[16:0] P»{ AB[16:0]
D[15:0] I« DB[15:0] — > o0l
WE1# WEL# FPSHIFT P FPSHIFT
2o P Bsi SlD13705 FPFRAME »| FPFRAME Aot
RD/WR# RD/WR# : LCD
RD# o ro# FPLINE FPLINE Display
WEO# WEO# DRDY » wmob
WAIT# |4 WAIT#
LCDPWR
CKIO »{ BCLK
RESET# RESET#
Figure 3-2: Typical System Diagram (SH-3 Bus)
S1D13705 Hardware Functional Specification
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Oscillator
MC68000
BUS v
R
A[16:1] P AB[16:1]
D[15:0] DB[15:0]
FPDAT[7:4] P D[3:0]
FPSHIFT FPSHIFT
b g0 S1D13705 a-bit
ups# » wWELH FPFRAME > FPFRAME LCD
ASH BS# FPLINE FPLINE Display
RWH I — DRDY MOD
DTACK# |4 WAIT#
LCDPWR
CLK » BCLK
RESET# RESET#
Figure 3-3: Typical System Diagram (M68K #1 Bus)
Oscillator
MC68030
BUS 4
o0 A | lo——{ e
A[16:0] AB[16:0]
D[31:16] '« P DB[15:0]
FPDAT[7:0] D[7:0]
DS# o wes FPSHIFT P FPSHIFT
ASH# BSH S].D13705 8-bit
RAWH# » RDWRH FPFRAME » FPFRAME LCD
siz1 RO FPLINE > FPLINE Display
SIZ0 » WEO# DRDY MOD
DSACK1# WAIT#
LCDPWR
CLK BCLK
RESET# » RESET#
Figure 3-4: Typical System Diagram (M68K #2 Bus)
Hardware Functional Specification S1D13705
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Oscillator

A
GENERIC #1 1™ 3
BUS =
CSn# » CS#
A[16:0] P»| AB[16:0]
D[15:0] |« DB[15:0] FPOATILLO] » ool
FPSHIFT P FPSHIFT
WEO# » WEO# S1D13705 N 12-bit
q FPFRAME » FPFRAME TFT
WE1# P WEL# 4
RDO¥ » RO FPLINE > FPLINE Display
RD1# » RD/WR DROY ¥ DRDY
WAIT# | WAIT# T
LCDPWR
BCLK p{ BCLK
RESET# RESET#
Figure 3-5: Typical System Diagram (Generic #1 Bus)
Oscillator
y
—‘—— BS# %
ISA  RerRESH | p
BUS  sa917] > Cs#
SA[16:0] P AB[16:0]
SD[15:0] DB[15:0]
FPDATI[8:0] P D[8:0]
SMEMW# P WEO# FPSHIFT FPSHIFT
SMEMR# P RD# SlD13705 9-bit
FPFRAME FPFRAME
TFT
SBHE# » WEL# FPLINE FPLINE Display
DRDY DRDY
IOCHRDY |« WAIT# T
LCDPWR
BCLK p BCLK
RESET >0 | ReseT#
Figure 3-6: Typical System Diagram (Generic #2 Bus - e.g. |SA Bus)
S1D13705 Hardware Functional Specification
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4 Functional Block Diagram

40k x 16-bit SRAM
T A |
| y |
| Memory | Power Save
Register | Controller |
A | y |
| | Clocks
v | |
| | LCD » LCD
Generic MPU h
MC68K Host | | I/F
SH-3 <
SH-4 F | | Look-Up
< | | » Table
| |
| |
| |
| |
| | Sequence Controller
Bus Clock | Memory Clock ! Pixel Clock
| |

Figure 4-1: System Block Diagram Showing Data Paths
4.1 Functional Block Descriptions

4.1.1 Host Interface

TheHost Interface provides the means for the CPU/MPU to communicate with the display
buffer and internal registers.

4.1.2 Memory Controller

The Memory Controller arbitrates between CPU accesses and display refresh accesses. It
also generates the necessary signalsto control the SRAM frame buffer.

4.1.3 Sequence Controller

The Sequence Controller controls dataflow from the Memory Controller through the L ook-
Up Table and to the LCD Interface. It aso generates memory addressesfor display refresh
accesses.

Hardware Functional Specification S1D13705
Issue Date: 02/02/01 X27A-A-001-10
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4.1.4 Look-Up Table

TheLook-Up Table containsthree 256x4 L ook-Up Tables or palettes, onefor each primary
color. In monochrome mode only the green Look-Up Table is used.

4.1.5 LCD Interface
The LCD Interface performs frame rate modulation for passive LCD panels. It also

generates the correct data format and timing control signals for various LCD and
TFT/D-TFD panels.

4.1.6 Power Save

Power Save contains the power save mode circuitry.

S1D13705 Hardware Functional Specification
X27A-A-001-10 Issue Date: 02/02/01
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5.1 Pinout Diagram
60‘ 59| 58‘ 57| 56‘ 55| 54‘ 53‘ 52‘ 51‘ 50| 49‘ 48| 47| 46| 45| 44‘ 43| 42| 41|
<PP>2>>2>50<0000>4C0Q
AEEERERESLAZ2222B0020
o okr NMwWwhMOGOUO= SEEBmAUQF’P.
v ms "<
Z3 dJ
61 O 40
——{ COREVDD VSS 29
62| gs FPFRAME —>—
63 | Ag7 FPLINE %
64 E6 FPDATO —>—
651 aBs5 FPDAT1 —gg
561 B4 FPDAT2 [~
% AB3 FPDATS [~
—— AB2 FPDAT4 [——
69 32
2o | ABL FPDATS [~
L~ I ABO FPDAT6 [
30
—2 BCLK S1D13705 FPDAT7 — =
? VSS I0VDD BTE
—, | RESET# FPSHIFT ———
—— CS# VSS —~
75 I s# FPDAT8 ——
18| Ro# FPDATY |22
7—; WEO# FPDAT10 %
78 wes FPDAT11 |-==—
9 | RowR# GPIOO %
80 1yss o COREVDD |——
O 2
MEoovoooo_ O
> < <
SSERRRR RS PRI PR e e B0
O #HH O wWNPOOUO o~ ~MWNPEPE OO
‘1 |2 ‘3 |4 ‘5 ‘6 |7 ‘8 |9 ‘10|11|12‘13‘14‘15|16‘17|18‘19|20
Figure 5-1: Pinout Diagram
Note
Package type: 80 pin surface mount QFP14
Hardware Functional Specification S1D13705
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5.2 Pin Description

Key:

CS
COx

TSx

CNx
TEST

Input

Output

Bi-Directional (Input/Output)

Power pin

CMOS level input

CMOS level Schmitt input

CMOS output driver, x denotes driver type (see g /loy in Table 6-4: “Output Specifications,” on page 25)
Tri-state CMOS output driver, x denotes driver type (see I, /Igy in Table 6-4: “Output Specifications,” on
page 25)

CMOS low-noise output driver, x denotes driver type (see lg, /loy in Table 6-4: “Output Specifications,” on
page 25)

CMOS level test input with pull down resistor

5.2.1 Host Interface

. . RESET# —
Pin Names Type Pin # Cell State Description
This pin has multiple functions.
« For SH-3/SH-4 mode, this pin inputs system address bit 0
(A0).
* For MC68K #1, this pin inputs the lower data strobe (LDS#).
ABO | 70 CS Input » For MC68K #2, this pin inputs system address bit 0 (A0).
» For Generic #1, this pin inputs system address bit 0 (A0).
» For Generic #2, this pin inputs system address bit 0 (A0).
See Table 5-2: “Host Bus Interface Pin Mapping,” on page 22 for
summary.
45, 53, 54,
55, 56, 57,
58, 59, 62, o )
AB[16:1] | 63 64. 65 C Input | These pins input the system address bits 16 through 1 (A[16:1]).
66, 67, 68,
69
These pins have multiple functions.
» For SH-3/SH-4 mode, these pins are connected to [D15:0].
34567 « For MC68K #1, these pins are connected to D[15:0].
8’ 9’ 1’1 ’12’ « For MC68K #2, these pins are connected to D[31:16] for a
. T . 32-bit device (e.g. MC68030) or D[15:0] for a 16-bit device
DB[15:0] 10 ig :1_LA71 ig CITS2 Hi-Z (e.g. MC68340).
’ 19' ’ » For Generic #1, these pins are connected to D[15:0].
« For Generic #2, these pins are connected to D[15:0].
See Table 5-2: “Host Bus Interface Pin Mapping,” on page 22 for
summary.
S1D13705 Hardware Functional Specification
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Pin Names

Type

Pin #

Cell

RESET#
State

Description

WEO#

1

Cs

Input

This pin has multiple functions.

» For SH-3/SH-4 mode, this pin inputs the write enable signal
for the lower data byte (WEO#).

» For MC68K #1, this pin must be tied to 10 Vpp
« For MC68K #2, this pin inputs the bus size bit 0 (SIZ0).

» For Generic #1, this pin inputs the write enable signal for the
lower data byte (WEO#).

« For Generic #2, this pin inputs the write enable signal (WE#)

See Table 5-2: “Host Bus Interface Pin Mapping,” on page 22 for
summary.

WE1#

78

Cs

Input

This pin has multiple functions.

e For SH-3/SH-4 mode, this pin inputs the write enable signal
for the upper data byte (WE1#).

» For MC68K #1, this pin inputs the upper data strobe (UDS#).
« For MC68K #2, this pin inputs the data strobe (DS#).
» For Generic #1, this pin inputs the write enable signal for the
upper data byte (WE1#).
« For Generic #2, this pin inputs the byte enable signal for the
high data byte (BHE#).
See Table 5-2: “Host Bus Interface Pin Mapping,” on page 22 for
summary.

CS#

74

Input

This pin inputs the chip select signal.

BCLK

71

Input

This pin inputs the system bus clock.

BS#

75

Cs

Input

This pin has multiple functions.

» For SH-3/SH-4 mode, this pin inputs the bus start signal
(BSH).

» For MC68K #1, this pin inputs the address strobe (AS#).
» For MC68K #2, this pin inputs the address strobe (AS#).
 For Generic #1, this pin must be tied to Vgg.

» For Generic #2, this pin must be tied to 10 Vpp.

See Table 5-2: “Host Bus Interface Pin Mapping,” on page 22 for
summary.

RD/WR#

79

CS

Input

This pin has multiple functions.

» For SH-3/SH-4 mode, this pin inputs the RD/WR# signal.
The S1D13705 needs this signal for early decode of the bus
cycle.

« For MC68K #1, this pin inputs the R/W# signal.
« For MC68K #2, this pin inputs the R/W# signal.

» For Generic #1, this pin inputs the read command for the
upper data byte (RD1#).

* For Generic #2, this pin must be tied to 10 Vpp.

See Table 5-2: “Host Bus Interface Pin Mapping,” on page 22 for
summary.

Hardware Functional Specification
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Pin Names

Type

Pin #

Cell

RESET#
State

Description

RD#

76

Cs

Input

This pin has multiple functions.
» For SH-3/SH-4 mode, this pin inputs the read signal (RD#).
» For MC68K #1, this pin must be tied to 10 Vpp.
* For MC68K #2, this pin inputs the bus size bit 1 (SIZ1).

» For Generic #1, this pin inputs the read command for the
lower data byte (RDO#).

» For Generic #2, this pin inputs the read command (RD#).

See Table 5-2: “Host Bus Interface Pin Mapping,” on page 22 for
summary.

WAIT#

TS2

Hi-Z

This pin has multiple functions.

» For SH-3 mode, this pin outputs the wait request signal
(WAIT#).

« For SH-4 mode, this pin outputs the device ready signal
(RDY#).

« For MC68K #1, this pin outputs the data transfer
acknowledge signal (DTACK#).

» For MC68K #2, this pin outputs the data transfer and size
acknowledge bit 1 (DSACK1#).

« For Generic #1, this pin outputs the wait signal (WAIT#).
« For Generic #2, this pin outputs the wait signal (WAIT#).

See Table 5-2: “Host Bus Interface Pin Mapping,” on page 22 for
summary.

RESET#

73

CS

Active low input to set all internal registers to the default state and
to force all signals to their inactive states.

5.2.2 LCD Interface

Pin Name

Type

Pin #

Cell

RESET#
State

Description

FPDAT[7:0]

o]

30, 31, 32,
33, 34, 35,
36, 37

CN3

Panel Data

FPDAT[10:8]

24,25, 26

CN3

Input

These pins have multiple functions.

« Panel Data bits [10:8] for TFT/D-TFD panels.

¢ General Purpose Input/Output pins GPIO[3:1].
These pins should be connected to 10 Vpp when unused.

See Table 5-3: “LCD Interface Pin Mapping,” on page 23 for
summary.

FPDAT11

23

CN3

Input

This pin has multiple functions.
¢ Panel Data bit 11 for TFT/D-TFD panels.
¢ General Purpose Input/Output pin GPIOA4.
< Inverse Video select pin.
This pin should be connected to 10 Vpp when unused. See

Table 5-3: “LCD Interface Pin Mapping,” on page 23 for
summary.

FPFRAME

39

CN3

Frame Pulse

S1D13705
X27A-A-001-10
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. . RESET# .
Pin Name Type Pin # Cell State Description
FPLINE 0] 38 CN3 0 Line Pulse
FPSHIFT (0] 28 CN3 0 Shift Clock
LCDPWR (@) 43 Cco1 0 Active high LCD Power Control
This pin has multiple functions.
e TFT/D-TFD Display Enable (DRDY).
DRDY o 42 CN3 0  LCD Backplane Bias (MOD).
e Second Shift Clock (FPSHIFT?2).
See Table 5-3: “LCD Interface Pin Mapping,” on page 23 for
summary.
5.2.3 Clock Input
Pin Name Type Pin # Driver Description
CLKI I 51 C Input Clock
5.2.4 Miscellaneous
. . RESET# I
Pin Name Type Pin # Cell State Description
These inputs are used to configure the S1D13705 - see Table
CNF[3:0] | 46, 47, C As setby |5.1: “Summary of Power On/Reset Options,” on page 22.
’ 48, 49 hardware )
Must be connected directly to 10 Vpp or Vgs.
o cs This pin has multiple functions - see REG[03h] bit 2.
GPIO0 | ’ 22 Ts1 Input * General Purpose Input/Output pin.
» Hardware Power Save.
TESTEN | 44 TEST | pulled low |Test Enable input. This input must be connected to Vgs.
5.2.5 Power Supply
Pin Name Type Pin # Driver Description
COREVDD P L 2(:3L1 4L, P Core Vpp
I0VDD P 10, 29, 52 P 10 Vpp
20, 27, 40,
VSS P 50, 60, 72, P Common Vgg
80

S1D13705
X27A-A-001-10
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5.3 Summary of Configuration Options

Table 5-1: Summary of Power On/Reset Options

Configuration
Pin

Power On/Reset State

CNF[3:0]

Select host bus interface as follows:

CNF3

OFRPOFRPXXOFRPXOFr XOFrOorr

0

PR RPRPRRPRPRRPRRPRPRPOOOOOO

CNF2 CNF1

CNFO B
0 0

PP RPRPPRPPRPOOORRLRRELROOO
PP RPPRPOORRORRLRORELEO

# Host Bus

reserved

reserved
reserved

reserved

reserved
reserved

reserved

PRPOORFRPOXXXXXXXXXXMW0W

SH-4 interface Big Endian
SH-4 interface Little Endian
SH-3 interface Big Endian
SH-3 interface Little Endian

MC68K #1, 16-bit Big Endian

MC68K #2, 16-bit Big Endian

Generic #1, 16-bit Big Endian
Generic #1, 16-bit Little Endian

Generic #2, 16-bit Little Endian

5.4 Host Bus Interface Pin Mapping

Table 5-2: Host Bus I nterface Pin Mapping

:iD’\}:;ZSS SH-3 SH-4 MC68K #1 MC68K #2 Generic #1 Generic #2
ABJ[16:1] A[16:1] A[16:1] A[16:1] A[16:1] A[16:1] A[16:1]
ABO A0 A0 LDS# A0 A0 A0
DB[15:0] D[15:0] D[15:0] D[15:0] D[31:16] D[15:0] D[15:0]
WE1# WE1# WE1# UDS# DS# WE1# BHE#
CS# CSn# CSn# External Decode | External Decode | External Decode | External Decode
BCLK CKIO CKIO CLK CLK BCLK BCLK
BS# BS# BS# ASH# ASH connectto Vgg | connectto 10 Vpp
RD/WR# RD/WR# RD/WR# R/W# R/W# RD1# connect to 10 Vpp
RD# RD# RD# connect to 10 Vpp Siz1 RDO# RD#
WEO# WEO# WEO# connect to 10 Vpp SIzo WEO# WE#
WAIT# WAIT# RDY# DTACK# DSACK1# WAIT# WAIT#
RESET# RESET# RESET# RESET# RESET# RESET# RESET#
S1D13705 Hardware Functional Specification
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5.5 LCD Interface Pin Mapping

Table 5-3: LCD Interface Pin Mapping
Monochrome Passive Panel Color Passive Panel Color TFT/D-TFD
S1D13705 . . . 8-bit 8-bit
Pin Name S‘i‘:;'lte s?:;lre 8-bit Dual S‘i‘:;'lte Single | Single |8-bitDual | 9-bit 12-bit
Format 1 | Format 2
FPFRAME FPFRAME
FPLINE FPLINE
FPSHIFT FPSHIFT
DRDY MOD MOD MOD MOD FPSHIFT2 MOD MOD DRDY
FPDATO driven 0 DO LDO driven 0 DO DO LDO R2 R3
FPDAT1 driven 0 D1 LD1 driven 0 D1 D1 LD1 R1 R2
FPDAT2 driven 0 D2 LD2 driven 0 D2 D2 LD2 RO R1
FPDAT3 driven 0 D3 LD3 driven 0 D3 D3 LD3 G2 G3
FPDAT4 DO D4 uDO DO D4 D4 uDO Gl G2
FPDAT5 D1 D5 uD1 D1 D5 D5 uD1 GO Gl
FPDAT6 D2 D6 uD2 D2 D6 D6 ubD2 B2 B3
FPDAT7 D3 D7 uD3 D3 D7 D7 uD3 B1 B2
FPDATS8 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 BO B1
FPDAT9 GPIO2 GPIO2 GPIO2 GPIO2 GPIO2 GPIO2 GPIO2 GPIO2 RO
FPDAT10 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GO
GPI0O4/ GPI104/ GPIO4/ GPI0O4/ GPI0O4/ GPIO4/ GPI104/
Hardware | Hardware | Hardware | Hardware | Hardware | Hardware | Hardware
FPDATLL Video Video Video Video Video Video Video GPIO4 BO
Invert Invert Invert Invert Invert Invert Invert
Note
1. Unused GPIO pins must be connected to 10 Vpp.
2. Hardware Video Invert is enabled on FPDAT11 by REG[02h] bit 1.
Hardware Functional Specification S1D13705
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6 D.C. Characteristics

Table 6-1: Absolute Maximum Ratings

Symbol Parameter Rating Units
Core Vpp Supply Voltage Vgg-0.3t04.0 \Y,
10 Vpp Supply Voltage Core Vpp to 7.0 \Y
VN Input Voltage Vgg-0.3t010 Vpp +0.5 \Y,
VouTt Output Voltage Vgg-0.3t010 Vpp + 0.5 \Y
Tsta Storage Temperature -65 to 150 °C
TsoL Solder Temperature/Time 260 for 10 sec. max at lead °C
Table 6-2: Recommended Operating Conditions for Core VDD = 3.3V + 10%

Symbol Parameter Condition Min Typ Max Units
Core Vpp Supply Voltage Vgg=0V 2.7 3.0/3.3 3.6 \Y
10 Vpp Supply Voltage Vg =0V, 0 Vpp = Core Vpp |2.7 3.0/3.3/5.0 |55 \Y
VN Input Voltage Vsg 10 Vpp \Y
Torr Operating Temperature -40 25 85 °C

Table 6-3: Input Specifications
Symbol Parameter Condition Min Typ Max Units
Low Level Input Voltage 10Vpp = 3.0 08
Vic CMOS inputs 3.3 0.8 v
P 5.0 1.0
High Level Input Voltage 10Vpp = 3.0 1.9
Vi CMOS inputs 3.3 2.0 v
P 5.0 35
Positive-going Threshold 10Vpp = 3.0 1.0 2.3
V1 CMOS Schmitt inputs 3.3 11 2.4 v
5.0 2.0 4.0
Negative-going Threshold 10Vpp = 3.0 0.5 L7
V- CMOS Schmitt inputs 33 0.6 18 v
5.0 0.8 31
VDD = Max
liz Input Leakage Current Vi = Vpp -1 1 HA
ViL=Vss
CiN Input Pin Capacitance 10 pF
S1D13705 Hardware Functional Specification
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Table 6-4: Output Specifications

Symbol Parameter Condition Min Typ Max Units
10 Vpp = 3.0V
loL (3.0V) |Low Level Output Current Vo = 0.4V, Type = ; 2-8 mA
3 10
10 VDD =3.3V
lo, (3.3V) [Low Level Output Current Vo = 0.4V, Type = ; 2 mA
3 12
10 VDD =5.0V
loL (5.0V) |Low Level Output Current Vo =04V, Type = ; g mA
3 12
10 VDD = 3.0V
loy (3.0V) |High Level Output Current Vo =10 Vpp-0.4V, Type = ; -:-_).8 mA
3 -10
10 Vpp = 3.3V
lon (3.3V) |High Level Output Current Vo =10 Vpp-0.4V, Type = ; é mA
3 -12
10 Vpp = 5.0V
loy (5.0V) [High Level Output Current Vo =10 Vpp-0.4V, Type = ; g mA
3 -12
VoL Low Level Output Voltage I=loL 0.4 \Y
VoH High Level Output Voltage I=loH IO Vpp-0.4 \Y,
VDD = MAX
loz Output Leakage Current Von = Vop -1 1 HA
VoL = Vss
Cout Output Pin Capacitance 10 pF
CeriD Bidirectional Pin Capacitance 10 pF
Hardware Functional Specification S1D13705
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7 A.C. Characteristics

Conditions: I0Vpp =27V to 5.0V
Tp=-40°Cto85°C

Tise@nd T4, for al inputs must be < 5 nsec (10% ~ 90%)
C, = 60pF (Bus’MPU Interface)

C_ = 60pF (LCD Panel Interface)

7.1 Bus Interface Timing

7.1.1 SH-4 Interface Timing

Tekio | 2 13
D
CKIO B SN JQV VRNV VA
t4 t5
A[16:0], M/R#
RD/WR#
6 17
BS# }
t8
I
CSn#
9, j 110 ‘ ML
WEnN# L A g
RD#
L, 2 8 t14
7 I
RDY# -
e t15 R 16
D[15:0] Hi-Z ‘—" Hi-Z
(write)
o &
D[15:0] Hi-Z ‘ Hi-Z
(read) VALID
Figure 7-1: SH-4 Timing
Note
The SH-4 Wait State Control Register for the areain which the S1D13705 resides must be set to
anon-zero value. The SH-4 read-to-write cycle transition must be set to a non-zero value
(with reference to BUSCLK).
S1D13705 Hardware Functional Specification
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Table 7-1: SH-4 Timing
Symbol Parameter Min Max Units
fekio Bus Clock frequency 50 MHz
Tckio Bus Clock period ckio

t2 Bus Clock pulse width low 8 ns
t3 Bus Clock pulse width high 8 ns
t4 A[16:0], RD/WR# setup to CKIO 0 ns
t5 A[16:0], RD/WR# hold from CS# 0 ns
t6 BS# setup 5 ns
t7 BS# hold 5 ns
t8 CSn# setup 0 ns
t9 Falling edge RD# to DB[15:0] driven 25 ns
t10 CKIO to WE#, RD# high 1.5Tckio

111 Rising edge CSn# to RDY# high impedance Tckio

t12 Falling edge CSn# to RDY# driven 20 ns
t13 CKIO to RDY# low 20 ns
t14 Rising edge CSn# to RDY# high 16 ns
t15 DB[15:0] setup to 2"4 CKIO after BS# (write cycle) ns
t16 DB[15:0] hold (write cycle) ns
t17 RDY# falling edge to DB[15:0] valid (read cycle) 7 ns
t18 Rising edge RD# to DB[15:0] high impedance (read cycle) 10 ns

Note

CKI10O may beturned off (held low) between accesses - see Section 13.5, “Turning Off

BCLK Between Accesses’ on page 84
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7.1.2 SH-3 Interface Timing

The SH-3 Wait State Control Register for the areain which the S1D13705 resides must

be set to a non-zero value.

Tekio 2 3
>
CKIO N Z@ AN N A AN
t4 t5
A[16:0], M/R#
RD/WR# '
6 | t7
BS# ]
t8
[
CSn#
LY t10 ol
“—————>
WEn# I
RD#
t12 t13
N ‘4_ «
WAIT# Hi-Z Hi-Z
e t14 . M5
D[15:0] Hi-Z Hi-Z
(write)
t16 17
D[150] Hi-Z ‘_" Hi-Z
(read) VALID
Figure 7-2: SH-3 Bus Timing
Note
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Table 7-2: SH-3 Bus Timing

Symbol Parameter Min Max?2 Units
fekio Bus Clock frequency 50 MHz
Tckio Bus Clock period Ufckio

t2 Bus Clock pulse width low 8 ns
t3 Bus Clock pulse width high 8 ns
t4 A[16:0], RD/WR# setup to CKIO 0 ns
t5 A[16:0], RD/WR# hold from CS# 0 ns
t6 BS# setup 5 ns
t7 BS# hold 5 ns
t8 CSn# setup 0 ns
t9 Falling edge RD# to DB[15:0] driven 25 ns
t10 CKIO to WEnN#, RD# high 1.5Tckio

t11 Rising edge CSn# to WAIT# high impedance 10 ns
t12 Falling edge CSn# to WAIT# driven 15 ns
t13 CKIO to WAIT# delay 20 ns
t14 DB[15:0] setup to 2"4 CKIO after BS# (write cycle) ns
t15 DBJ[15:0] hold from rising edge of WEn# (write cycle) ns
t16 WAIT# rising edge to DB[15:0] valid (read cycle) 6 ns
t17 Rising edge RD# to DB[15:0] high impedance (read cycle) 10 ns

@ One Software WAIT State Required

Note

CKI10O may beturned off (held low) between accesses - see Section 13.5, “Turning Off

BCLK Between Accesses’ on page 84
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7.1.3 Motorola MC68K #1 Interface Timing

Tk
A
A[16:1]
cs# VALID
R/W#
t1 2
ASH#
UDS#, LDS# INVALID ﬁ
<& t5 »
L 3 : t4 e v >
. ) - SRR PR B
DTACK# Hi-Z f )
t9
D[15:0] ; < 8 » ;
(write Hi-2 T‘ VALID Hi-Z
t10 t11 o 12
P
D[15:0] i i
(read) Hi-2 ‘_’} ‘ VALID Hi-Z
Figure 7-3: MC68K #1 Bus Timing (MC68000)
Table 7-3: MC68K #1 Bus Timing (MC68000)

Symbol Parameter Min Max Units
foLk Bus Clock Frequency 33 MHz
Tk Bus Clock period ek

t1 A[16:1], CS# valid before AS# falling edge 0 ns
t2 A[16:1], CS# hold from AS# rising edge 0 ns
t3 AS# low to DTACK# driven high 16 ns
t4 CLK to DTACK# low 15 ns
t5 CLK to AS#, UDS#, LDS# high 1Tck
t6 AS# high to DTACK# high 20 ns
t7 AS# high to DTACK# high impedance Tclk
t8 UDS#, LDS# falling edge to D[15:0] valid (write cycle) Telk
t9 D[15:0] hold from AS# rising edge (write cycle) 0 ns
t10 UDS#, LDS# falling edge to D[15:0] driven (read cycle) 15 ns
t11 D[15:0] valid to DTACK# falling edge (read cycle) 0 ns
112 UDS#, LDS# rising edge to D[15:0] high impedance 10 ns
Note
CLK may beturned off (held low) between accesses - see Section 13.5, “Turning Off
BCLK Between Accesses’ on page 84
S1D13705 Hardware Functional Specification
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7.1.4 Motorola MC68K #2 Interface Timing

Tewk
>
A[16:0]
CS# VALID
S1Z0, Si1Z1
R/W#
tl t2
AS#
DS#
t3 < & >, t7 .
<> t4 A t6 4
- «— » i
DSACK1# Hi-Z /) J( \—Hi-Z
8 t9
<P
D[31:16] Hi-Z ‘ Hi-Z
(write) \ VALID
t10 . 11
D[31:16] Hi-Z Hi7
(read) /Dl‘_' VALID

Figure 7-4: MC68K #2 Timing (MC68030)

Table 7-4: MC68K #2 Timing (MC68030)

Symbol Parameter Min Max Units
foLk Bus Clock frequency 33 MHz
Telk Bus Clock period 1oLk

t1 A[16:0], CS#, SIZ0, SIZ1 valid before AS# falling edge 0 ns
t2 A[16:0], CS#, SIZ0, SIZ1 hold from AS#, DS# rising edge 0 ns
t3 AS# low to DSACKZ1# driven high 22 ns
t4 CLK to DSACK1# low 18 ns
t5 CLK to AS#, DS# high 1Tcok ns
t6 AS# high to DSACK1# high 20 ns
t7 AS# high to DSACK1# high impedance Telk

8 DS# falling edge to D[31:16] valid (write cycle) TeoLk/2

t9 AS#, DS# rising edge to D[31:16] invalid (write cycle) 0 ns
t10 D[31:16] valid to DSACK1# low (read cycle) 0 ns
t11 AS#, DS# rising edge to D[31:16] high impedance 20 ns

Note

CLK may be turned off (held low) between accesses - see Section 13.5, “Turning Off
BCLK Between Accesses’ on page 84
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7.1.5 Generic #1 Interface Timing

TecLk j
*ﬂﬂ SN NN
A[16:0]
VALID
CS#
t PR
WEO#,WE1#
RDO#, RD1#
t3 5
—> <«
D[15:0] Hi-Z
(write) VALID
t4 <« 6 < t7
D[15:0] Hi-Z Hi-Z
(read) VALID
DL « 9 < 1o >
WAIT# Hi-z \| HiZ
P t11 .
Figure 7-5: Generic #1 Timing
Table 7-5: Generic #1 Timing
Symbol Parameter Min Max Units
feck  |Bus Clock frequency 50 MHz
TecLk |Bus Clock period fgcLk MHz
1 A[16:0], CS# valid to WEO#, WE1# low (write cycle) or RDO#, RD1# 0 ns
low (read cycle)
2 WEO#, WE1# high (write cycle) or RDO#, RD1# high (read cycle) to 0 ns
A[16:0], CS# invalid
t3 WEO#, WE1# low to D[15:0] valid (write cycle) TeeLk
t4 RDO#, RD1# low to D[15:0] driven (read cycle) 17 ns
t5 WEO#, WE1# high to D[15:0] invalid (write cycle) 0 ns
t6 D[15:0] valid to WAIT# high (read cycle) 0 ns
t7 RDO#, RD1# high to D[15:0] high impedance (read cycle) 10 ns
WEO#, WE1# low (write cycle) or RDO#, RD1# low (read cycle) to
t8 . 16 ns
WAIT# driven low
t9 BCLK to WAIT# high 16 ns
t10 WEO#, WE1# high (write cycle) or RDO#, RD1# high (read cycle) to 16 ns
WAIT# high impedance
t11 WAIT# high to WEO#, WE1#, RDO#, RD1# high 1TgcLk
Note
BCLK may be turned off (held low) between accesses - see Section 13.5, “ Turning Off
BCLK Between Accesses’ on page 84
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