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matics.
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Chip Documentation
» Technical manual includes Data Sheet, Application Notes, and Programmer’s Refer-

ence.

Software
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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
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Hong Kong

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

Fax: 2827-4346
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Epson Electronics America, Inc.
150 River Oaks Parkway

San Jose, CA 95134, USA

Tel: (408) 922-0200
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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

uyuuuuyuuuvuuuuy

X27A-C-001-04



I EPSON:

S1D13705

GRAPHICS

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.

4/8-bit color LCD interface.

Single-panel, single-drive passive displays.
Dual-panel, dual-drive passive displays.
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
COMPREHENSIVE DESIGN TOOLS:
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://lwww.epson.co.jp

North America

150 River Oaks Par
San Jose, CA 9513
Tel: (408) 922-0200

Europe

Epson Europe Elec
Riesstrasse 15
80992 Munich, Ger
Tel: 089-14005-0

Hong Kong

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

Fax: 2827-4346

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

Epson Electronics America, Inc.

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

Fax: 089-14005-110

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

Up to 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.

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.

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

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

Display

Power Down Modes
Software Suspend mode.

LCD power-down sequencing.

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

Package
80-pin QFP14.

THESE 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

Fax: (604) 275-2167

Email: wince@erd.epson.com
http://www.erd.epson.com

N

Microsoft®
Windows CE

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

kway
4, USA

Singapore

Epson Singapore Pte., Ltd.
No. 1

Temasek Avenue #36-00
Millenia Tower

Singapore, 039192

Tel: 337-7911

Fax: 334-2716

tronics GmbH
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1 Introduction

1.1 Scope

Thisisthe Hardware Functiona 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 magjor 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 al 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 = CLKI/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 available if 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.

* |O Operates from the core voltage up to 5.5 valts.

2.7 Package
* 80 pin QFP14 package.

Hardware Functional Specification S1D13705
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3 Typical System Implementation Diagrams

Oscillator
<
SH-4 3]
BUS
P CS#
P AB[16:0]
DB[15:0]
FPDAT[7:0] » D[7:0]
WEL# FPSHIFT P FPSHIFT
> Bst S1D13705 8-bit
RD/WR# FPFRAME P FPFRAME LcD
P RD# FPLINE P FPLINE Disol
> WEO# DRDY » moD Isplay
< WAIT# g
LCDPWR
P BCLK
RESET#
Figure 3-1: Typical System Diagram (SH-4 Bus)
Oscillator
z
SH-3 3
BUS
p Cs#
P AB[16:0]
DB[15:0
N 180l FPDAT[7:4] » D[3:0]
WEL# FPSHIFT P FPSHIFT
> Bst S1D13705 4-bit
RD/WR# FPFRAME P FPFRAME LcD
ol ro FPLINE » FPLINE Display
»>
DRDY »
WEO# » moD
< WAIT# g
LCDPWR
P BCLK
RESET#

Figure 3-2: Typical System Diagram (SH-3 Bus)

S1D13705
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Oscillator
MC68000
BUS
e
A[16:1] P AB[16:1]
D[15:0] P DB[15:0]
FPDAT[7:4] P D[3:0]
FPSHIFT FPSHIFT
Los# > A0 S1D13705 4-bit
uUDS# » WELH FPFRAME > FPFRAME LCD
ASH Bs# FPLINE P FPLINE Display
RIW# P RD/WR# DRDY MOD
DTACK# |4 WAIT#
LCDPWR
CLK P BCLK
RESET# » RESET#
Figure 3-3: Typical System Diagram (M68K #1 Bus)
Oscillator
MC68030
BUS 4
A
A[16:0] P AB[16:0]
161 le \
Pls118] < P DBl15:0] FPDAT[7:0] D[7:0]
Ds# > weL FPSHIFT P FPSHIFT .
At > Bsi S1D13705 R it
RIW# »| ROWRS FPFRAME P FPFRAME LCD
siz1 »| RD# FPLINE > FPLINE Display
sizo » weoH# DRDY » MOD
DSACK1# WAIT#
LCDPWR
CLK » BCLK
RESET# P RESET#
Figure 3-4: Typical System Diagram (M68K #2 Bus)
Hardware Functional Specification S1D13705

Issue Date: 02/02/01

X27A-A-001-10



Page 14 Epson Research and Development
Vancouver Design Center

Oscillator
4
z
GENERIC #1 [ Bs# 3
BUS —
csn# p| Cs#
A16:0] P AB[16:0]
D[15:0] DB[15:0;
<« [15:0] FPDAT[11:0] »{ D[11:0]
FPSHIFT B FPSHIFT
WEO# » WEO S1D13705 12-bit
FPFRAME P FPFRAME
WE1# »| WEL# > TET
RDO¥ » o FPLINE > FPLINE  Display
DRDY
RD1# »| RD/WRH# DRDY
WAIT# |4 WAIT# g
LCDPWR
BCLK p| BCLK
RESET# RESET#

Figure 3-5: Typical System Diagram (Generic #1 Bus)

Oscillator
] BS# 2
ISA }
REFRESH ——
BUS  san9u7) , CS#
SA[16:0] » AB[16:0]
SD[15:0] » DB[15:0]
FPDATI8:0] » D[B:0]
SMEMW# » WEO# FPSHIFT FPSHIFT
SMEMR# »| RD# SlD13705 9-bit
FPFRAME FPFRAME
TFT
SBHE# » WEL# FPLINE | FPLINE Display
DRDY DRDY
IOCHRDY (4 WAIT# T
LCDPWR
BCLK » BCLK
RESET >0 p{ 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 |
'\ | y |
| | Clocks
y | |
| | LCD » LCD
Generic MPU b
MC68K Host | | |
SH-3 <
SH-4 VF | | Look-Up
< | | p| 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 interna 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 addresses for 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

The Look-Up Table containsthree 256x4 L ook-Up Tablesor 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 aso

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’
<PP22>>2>50<0000Q0>4C0Q
wmmmmmmm<l—wzzzzm{g0;ﬂo
WOBSERERGOZPTI N TR
© ms = 2
z
py) g
61 o] 40
—— COREVDD VSS 39
62| gs FPFRAME —>—
_63 | Ag7 FPLINE %
641 \e6 FPDATO —>—
651 aBs5 FPDAT1 —zg
56 1 B4 FPDAT2 [~
% AB3 FPDAT3 [~ -~
—— AB2 FPDAT4 ——
69 32
20| 2Bt FPDATS .~
L~ ABO FPDAT6 [
30
—;; BCLK S1D13705 FPDAT7 — =
7 VSS I0VDD BTE
—, | RESET# FPSHIFT ———
—— CS# VSS =
75 I gs# FPDAT8 ——
51 rp# FPDATY |22~
7—; WEO# FPDAT10 %
78 wes FPDAT11 |-==—
2 | RowR# GPIOO %
80 1yss o COREVDD |——
O 3
MSoovoooo_ O
> < <
SSEEERR RS PR r R e R B0
O#* OO wNP oOOWUO o~~~ A WNPFPOW
‘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:

I = Input

(O] = Output

10 = Bi-Directional (Input/Output)

P = Power pin

C = CMOS level input

CSs = CMOS level Schmitt input

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

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

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

TEST = 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.
e 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 (AO).
» For Generic #2, this pin inputs system address bit 0 (AO).
See Table 5-2: “Host Bus Interface Pin Mapping,” on page 22 for
summary.
45, 53, 54,
55, 56, 57,
58, 59, 62, o .
ABJ[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
. DA . 32-bit device (e.g. MC68030) or D[15:0] for a 16-bit device
DBJ[15:0] 10 12 1171 12 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#

77

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 (WEOQ#).

» For MC68K #1, this pin must be tied to 10 Vpp
» For MC68K #2, this pin inputs the bus size bit 0 (S120).

» 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

(O

Input

This pin has multiple functions.

» 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# I

74

Input

This pin inputs the chip select signal.

BCLK I

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

CSs

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 (S1Z1).

» 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 GPIO4.
* 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# o
Pin Name Type Pin # Cell State Description
FPLINE (0] 38 CN3 0 Line Pulse
FPSHIFT (0] 28 CN3 0 Shift Clock
LCDPWR (0] 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).
» Second Shift Clock (FPSHIFT2).
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# .
Pin Name Type Pin # Cell State Description
These inputs are used to configure the S1D13705 - see Table
CNF[3:0] I 46,47, I As setby |5.1: “Summary of Power On/Reset Options,” on page 22.
’ 48, 49 hardware )
Must be connected directly to IO Vpp or Vggs.
o cs/ This pin has multiple functions - see REG[03h] bit 2.
GPIO0 ! | ' 22 Ts1 Input e General Purpose Input/Output pin.
» Hardware Power Save.
TESTEN | 44 TEST | pulled low |Test Enable input. This input must be connected to Vgg.
5.2.5 Power Supply
Pin Name Type Pin # Driver Description
COREVDD P L zéi 41, P Core Vpp
IOVDD 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 XOFrorr

0

RPRRPRRPRPRPRRPRPRRPROOOOOO

CNF2 CNF1

CNFO B
0 0

PR RPRRPRPRPOOORRRLROOO
PR R RPOORRORRORRERO

# Host Bus

reserved

reserved
reserved

reserved

reserved
reserved

reserved

PRPOORPOXXXXXXXXXXWMWm

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 Interface Pin Mapping

:i‘DNl:;Oei SH-3 SH-4 MCG68K #1 MCG68K #2 Generic #1 Generic #2
AB[16:1] A[16:1] A[16:1] A[16:1] A[16:1] A[16:1] A[16:1]
ABO AO AO LDS# AO AO AO
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# AS# AS# connect to Vgg | connect to 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 SI1Z0 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‘::glte S?:;'lte 8-bit Dual S‘il:;'lte Single Single | 8-bit Dual 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 O D3 D3 LD3 G2 G3
FPDAT4 DO D4 uDO DO D4 D4 uDO Gl G2
FPDATS5 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 ubD3 Bl B2
FPDAT8 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 BO Bl
FPDAT9 GPIO2 GPIO2 GPIO2 GPIO2 GPIO2 GPIO2 GPI02 GPIO2 RO
FPDAT10 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GO
GPIO4/ GPI104/ GPI104/ GPIO4/ GPIO4/ GPI0O4/ GPI10O4/
Hardware | Hardware | Hardware | Hardware | Hardware | Hardware | Hardware
FPDAT1L 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 V pp.
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 - 0.3104.0 \%
10 Vpp Supply Voltage Core Vpp to 7.0 \Y,
ViN Input Voltage Vgg-0.3t010Vpp+0.5 \Y
Vour Output Voltage Vgs - 0.3t0 10 Vpp + 0.5 \%
Tstg 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 \
10 Vpp Supply Voltage Vgg =0V, IO Vpp=CoreVpp (2.7 3.0/3.3/5.0 |5.5 \Y
VN Input Voltage Vss 10 Vpp \Y
Topr Operating Temperature -40 25 85 °C

Table 6-3: Input Specifications
Symbol Parameter Condition Min Typ Max Units
Low Level Input Voltage I0Vpp = 3.0 0.8
Vi CMOS inputs 3.3 0.8 v
5.0 1.0
High Level Input Voltage 10Vpp = 3.0 1.9
ViH CMOS inputs 33 2.0 v
5.0 35
Positive-going Threshold 10 Vpp = 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 10 Vpp = 3.0 0.5 L
VT CMOS Schmitt inputs 3.3 0.6 18 v
P 5.0 0.8 3.1
VDD = Max
Iz Input Leakage Current Viy=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 VDD =3.0V
loL (3.0V) |Low Level Output Current Vo =04V, Type = ; 2-8 mA
3 10
10 VDD =3.3V
loL (3.3V) |Low Level Output Current Vo =04V, Type = ; g mA
3 12
10 VDD =5.0v
loL (5.0V) |Low Level Output Current Vo = 0.4V, Type = ; g mA
3 12
10 VDD =3.0V
loy (3.0V) |High Level Output Current Vo =10 Vpp-0.4V, Type = ; '2-8 mA
3 -10
10 VDD =3.3V
lon (3.3V) |High Level Output Current Vo =10 Vpp-0.4V, Type = ; g mA
3 -12
10 VDD =5.0V
lon (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=lpoH 10 Vpp-0.4 \%
VDD = MAX
loz Output Leakage Current Vou = Vpp -1 1 HA
VoL = Vss
Cout Output Pin Capacitance 10 pF
Caip Bidirectional Pin Capacitance 10 pF
Hardware Functional Specification S1D13705
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7 A.C. Characteristics

Conditions: I0Vpp =2.7V to 5.0V

Tp=-40°Cto85° C

T\ise @d Ty for all 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 | t2 13
>
CKIO L VAN JM ANV NNV A
t4 t5
A[16:0], M/R#
RD/WR# )
_t6 | t7
BS# J
t8
>
CSn#
19, B t10 R <t11 >
WEnN# I A g
RD#
L, M2 M8 t14
“«>
RDY# 4[ [ Jﬂ
le 115 R 16
D[15:0] Hiz <—>‘ Hi-Z
(write)
t1
o &
D[15:0] Hi-Z J 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
Tekio Bus Clock period 1ffekio

2 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
9 Falling edge RD# to DB[15:0] driven 25 ns
t10 CKIO to WE#, RD# high 1.5Tckio

t11 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" 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

CKI10 may be turned off (held low) between accesses - see Section 13.5, “ Turning Off

BCLK Between Accesses’ on page 84

Hardware Functional Specification
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7.1.2 SH-3 Interface Timing

Tekio | t2 3
»4—>|
CKIO I S AN A /QV N\ S\ S S
t4 t5
A[16:0], M/R#
RD/WR# ‘
PRGN
BS# J
t8
>
CcSn#
P t10 M1
WEn# |
RD#
t12 t13
— ‘4— < >
WAIT# Hi-Z Hi-Z
y t14 R 115
D[15:0] Hi-Z Hi-Z
(write)
t16 t17
D[15:0] H‘ H‘
: Hi-Z Hi-Z
(read) VALID
Figure 7-2: SH-3 Bus Timing
Note
The SH-3 Wait State Control Register for the areain which the S1D13705 resides must
be set to a non-zero value.
S1D13705 Hardware Functional Specification
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Table 7-2: SH-3 Bus Timing

Symbol Parameter Min Max?2 Units
fekio Bus Clock frequency 50 MHz
Tekio Bus Clock period ko

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
9 Falling edge RD# to DB[15:0] driven 25 ns
t10 CKIO to WEN#, RD# high 1.5Tckio

t11 Rising edge CSn# to WAIT# high impedance 10 ns
112 Falling edge CSn# to WAIT# driven 15 ns
t13 CKIO to WAIT# delay 20 ns
t14 DB[15:0] setup to 2"9 CKIO after BS# (write cycle) 0 ns
t15 DBJ[15:0] hold from rising edge of WEn# (write cycle) 0 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

2 One Software WAIT State Required

Note
CKI10 may be turned off (held low) between accesses - see Section 13.5, “ Turning Off
BCLK Between Accesses’ on page 84

Hardware Functional Specification S1D13705
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7.1.3 Motorola MC68K #1 Interface Timing

Tok
YA
A[16:1]
CSit VALID
R/W#
t1 2
ASH#
UDS#, LDS# INVALID L(/\
<& t5 »
3 : t4 e v >
) ) Lt DL Hi-Z
DTACK# Hi-2 f =
@ | t9
D[15:0] Hi-Z ) * Hi-Z
(write ‘ VALID
t10 t11 o 12
>
D[15:0] i i
(read) Hi-2 ‘_"‘ k 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
Tclk Bus Clock period Ufck

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 1Tk
t6 AS# high to DTACK# high 20 ns
t7 AS# high to DTACK# high impedance Tek
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
t12 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
SIZ0, SIz1
RIW# tl t2
| ]
AS#
DS#
13 « © > 7
<> 14 < ® >
i- «—— Hi-Z
DSACK1# Hi-Z /) % \ '
., .
D[31:16] Hi-Z Hi-Z
(write) | VALID
t10 . t11
D[31:16 Hi-Z i-
[(read§ A_' VALID ez

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

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

Symbol Parameter Min Max Units
foik 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 DSACK1# driven high 22 ns
t4 CLK to DSACK1# low 18 ns
t5 CLK to AS#, DS# high 1Tek ns
t6 AS# high to DSACK1# high 20 ns
t7 AS# high to DSACK1# high impedance Tk

t8 DS# falling edge to D[31:16] valid (write cycle) TeLk/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

Hardware Functional Specification S1D13705
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7.1.5 Generic #1 Interface Timing

TecLk j/
S N N aN~/A\ NNV N
A[16:0]
VALID
CS#
tl t2
—> < >
WEO#,WE1#
RDO#, RD1#
« B t5
D[15:0] Hi-Z
(write) VALID
t4 «p| 6 « t7
D[15:0] Hi-Z Hi-z
(read) VALID —=
t8 t9 t10
“—> < >
WAIT# Hi-z \[ Hi-Z
: t11 .
Figure 7-5: Generic #1 Timing
Table 7-5: Generic #1 Timing
Symbol Parameter Min Max Units
fsck  |Bus Clock frequency 50 MHz
TgcLk  |Bus Clock period 1fgcLk MHz
t 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) TecLk
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
8 . 16 ns
WAIT# driven low
t9 BCLK to WAIT# high 16 ns
110 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 1Tecik
Note
BCLK may be turned 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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7.1.6 Generic #2 Interface Timing

TecLk j/
BCLK J/ \ : / \_/ \_ \J \J \J A
A[16:0]
BHE# VALID
CS#
tl 2
R < >
WE#,RD#
« B 4
Hi-Z VALID
D[15:0]
(write)
B, syl 6 .
Hi-Z VALID H-Zz
D[15:0]
(read)
t8 19 . uo
WAIT# Hi-z / o ‘ \| Hi-Z
Figure 7-6: Generic #2 Timing
Table 7-6: Generic #2 Timing
Symbol Parameter Min Max Units
fecLk Bus Clock frequency 50 MHz
TBCLK Bus Clock period 1/fBCLK
t1 A[16:0], BHE#, CS# valid to WE#, RD# low 0 ns
t2 WE#, RD# high to A[16:0], BHE#, CS# invalid 0 ns
t3 WE# low to D[15:0] valid (write cycle) TecLk
t4 WE# high to D[15:0] invalid (write cycle) 0 ns
t5 RD# low to D[15:0] driven (read cycle) 16 ns
t6 D[15:0] valid to WAIT# high (read cycle) 0 ns
t7 RD# high to D[15:0] high impedance (read cycle) 10 ns
t8 WE#, RD# low to WAIT# driven low 14 ns
t9 BCLK to WAIT# high 10 ns
t10 WE#, RD# high to WAIT# high impedance 11 ns
t11 WAIT# high to WE#, RD# high 1TgcLk
Note
BCLK may be turned off (held low) between accesses - see Section 13.5, “ Turning Off
BCLK Between Accesses’ on page 84
Hardware Functional Specification S1D13705
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7.2 Clock Input Requirements

Clock Input Waveform
T 'PpwH g we —
90%
ViH
ViL
10% ‘
t, —> | — — L— te
« TeLki >
Figure 7-7: Clock Input Requirements for CLKI
Table 7-7: Clock Input Requirements for CLKI
Symbol Parameter Min Max Units
fCLKI Input Clock Frequency (CLKI) 50 MHz
TCLKI Input Clock period (CLKI) 1/fC|_KI ns
town Input Clock Pulse Width High (CLKI) 8 ns
PWL Input Clock Pulse Width Low (CLKI) 8 ns
t Input Clock Fall Time (10% - 90%) 5 ns
t Input Clock Rise Time (10% - 90%) 5 ns
Note
When CLKI is> 25MHz the Input Clock Divide bit (REG[02h] bit 4) must be set to 1.
S1D13705 Hardware Functional Specification
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Clock Input Waveform
T we YT hw >
90%
VIH
Vi
10% ‘
t —>| — —|
) TecLk >
Figure 7-8: Clock Input Requirements for BCLK
Table 7-8: Clock Input Requirements for BCLK
Symbol Parameter Min Max Units
fBCLK Input Clock Frequency (BCLK) 50 MHz
TBCLK Input Clock period (BCLK) l/fCLKI
town Input Clock Pulse Width High (BCLK) 8 ns
towl Input Clock Pulse Width Low (BCLK) 8 ns
t Input Clock Fall Time (10% - 90%) 5 ns
t Input Clock Rise Time (10% - 90%) 5 ns
Hardware Functional Specification S1D13705
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7.3 Display Interface

7.3.1 Power On/Reset Timing

RESET#
REG[03h] bits [1:0] 00 11
LCDPWR
FPLINE
FPSHIFT ACTIVE
FPDAT
FPFRAME a2
DRDY e
Figure 7-9: LCD Panel Power On/Reset Timing
Table 7-9: LCD Panel Power On/Reset Timing
Symbol Parameter Min Typ Max Units
REG[03h] to FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY
t active TEpERAME ns
o FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY active to 0 Erames
LCDPWR
Note
Where Teperame IS the period of FPFRAME and Tpgy  isthe period of the pixel clock.
S1D13705 Hardware Functional Specification
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7.3.2 Power Down/Up Timing

LCDPWR Override
(REGJ[03h] bit 3)

HW Power Save

Software Power Save
REG[03h] bits [1:0] 11 00 11

tl t2
FP Signals Active Inactive Active Inactive

or

00

11

Active

3 —»

LCDPWR

t4 —» [« 15 — s |l t6

Irat

«— t7

Figure 7-10: Power Down/Up Timing

Table 7-10: Power Down/Up Timing

Symbol Parameter Min Typ Max Units

1 HW I_Dower Save active to_FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY 1 Erame
inactive - LCDPWR Override = 1

2 HW Power Save inactivz_e to FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY 1 Frame
active - LCDPWR Override = 1

{3 HW Eower Save active to.FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY 1 Frame
inactive - LCDPWR Override =0

ta LCDPWR low to EPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY inactive 127 Frame
- LCDPWR Override =0

5 HW Power nge inactive to FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY, 0 Frame
LCDPWR active - LCDPWR Override = 0

t6 LCDPWR Override active (1) to LCDPWR inactive 1 Frame

t7 LCDPWR Override inactive (1) to LCDPWR active 1 Frame

Hardware Functional Specification S1D13705
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7.3.3 Single Monochrome 4-Bit Panel Timing

| VDP R VNDP ‘
I T 'l
FPFRAME ] - o
FPLINE ]| I I 1 I 1 [ ] I 1 I 1 1 [
DRDY (MOD) X X
FPDAT([7:4]] UNE1 X LINE2 X LINE3 X LINE4 — XLINE239XLINE240 LINEL X LINE2
FPLINE [ _ [
DRDY (MOD) X o
| HDP _ HNDP
‘4 ;“ ;‘
FPSHIFT
SR ) [
FPDAT7 o 11 15 X X - — — X X 1817 o { X
FPDAT6 o 12 Y 16 - — — X X X ) 1318 A X
FPDAT5 B 13 )17 ) L — — PO ) N G
FPDAT4 2 ) 1e o — — X PO €0 N G {
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 320x240 panel
For this timing diagram Mask FPSHIFT, REG[01h] bit 3, isset to 1

Figure 7-11: Sngle Monochrome 4-Bit Panel Timing

VDP = Vertical Display Period = (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines

VNDP = Vertical Non-Display Period = REGJ[0ANh] bits 5-0 Lines

HDP = Horizontal Display Period = ((REGJ[04h] bits 6-0) + 1) x 8Ts

HNDP =  Horizontal Non-Display Period = (REG[08h] + 4) x 8Ts

S1D13705 Hardware Functional Specification
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t1 t2
Sync Timing <
Frame Pulse
|t t3 R
Line Pulse P—\
5
DRDY (MOD) k
Data Timing
Line Pulse
16
: 7
Shift Pulse B
FPDAT[7:4]
Note: For this timing diagram Mask FPSHIFT, REG[01h] bit 3, issetto 1
Figure 7-12: Single Monochrome 4-Bit Panel A.C. Timing
Table 7-11: Sngle Monochrome 4-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 Frame Pulse setup to Line Pulse falling edge note 2 (note 1)
t2 Frame Pulse hold from Line Pulse falling edge 9 Ts
t3 Line Pulse period note 3
t4 Line Pulse pulse width 9 Ts
t5 MOD delay from Line Pulse rising edge 1 Ts
t6 Shift Pulse falling edge to Line Pulse rising edge note 4
t7 Shift Pulse falling edge to Line Pulse falling edge note 5
t8 Line Pulse falling edge to Shift Pulse falling edge t14 + 2 Ts
t9 Shift Pulse period 4 Ts
t10 Shift Pulse pulse width low 2 Ts
t11 Shift Pulse pulse width high 2 Ts
t12 FPDAT[7:4] setup to Shift Pulse falling edge 2 Ts
t13 FPDAT[7:4] hold to Shift Pulse falling edge 2 Ts
t14 Line Pulse falling edge to Shift Pulse rising edge 23 Ts
1. Ts = pixel clock period
2. tlmin = t3min -9Ts
3. t3nin = [((REG[04h] bits 6-0)+1) x 8 + ((REG[08h] bits 4-0) + 4) x 8]Ts
4. t6,in = [(REG[08h] bits 4-0) x 8 + 2]Ts
5. t7min = [(REG[08h] bits 4-0) x 8 + 11]Ts
Hardware Functional Specification S1D13705
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7.3.4 Single Monochrome 8-Bit Panel Timing

5 VDP ., VNDP
I T ]
FPFRAME m
FPLINE | I I I I I Ml I I I I ] [
DRDY (MOD) X
FPDAT[7:0] AuneEr XUNE2 X UNE3 X LINE4 ¥ — -XLINE479XLINE48O LINEL X LINE2
S
/ \
FPLINE [ — — [
DRDY (MOD) X _
] HDP ;1 HNDP ‘
FPSHIFT Ml JLor L. TS N
FPDAT7 o 11 Y 19 ¥ — — X XX Ywesy X
FPDAT6 o 2 X 10y X X — — XX N Y1634 A
FPDAT5 - ey X % — — X X Xy X
FPDAT4 o 14 Y 112 — — X X W X 1636 o A X
FPDAT3 o Y s X — — X YD = - AX
FPDAT2 o 16 X _1-14 — — X X W Yaes)y L X
FPDAT1 B s O — — X (1639 L X
FPDATO o X 16X X X — — XX XX W 1e0 AX
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
For thistiming diagram Mask FPSHIFT, REG[01h] bit 3, isset to 1

Figure 7-13: Single Monochrome 8-Bit Panel Timing

VDP = Vertical Display Period = (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines

VNDP =  Vertical Non-Display Period = REGJ[0ANh] bits 5-0 Lines

HDP = Horizontal Display Period = ((REGJ[04h] bits 6-0) + 1) x 8Ts

HNDP =  Horizontal Non-Display Period = (REG[08h] + 4) x 8Ts
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t1l t2
Sync Timing “
Frame Pulse
N7 Y t3 )
Line Pulse J/—\ W
t5
DRDY (MOD)
Data Timing
Line Pulse
t6
Shift Pulse _/
t12 | 13
FPDAT[7:0] 2 ><
Note: For thistiming diagram Mask FPSHIFT, REG[01h] bit 3, isset to 1
Figure 7-14: Sngle Monochrome 8-Bit Panel A.C. Timing
Table 7-12: Single Monochrome 8-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 Frame Pulse setup to Line Pulse falling edge note 2 (note 1)
t2 Frame Pulse hold from Line Pulse falling edge 9 Ts
t3 Line Pulse period note 3
t4 Line Pulse pulse width 9 Ts
t5 MOD delay from Line Pulse rising edge 1 Ts
t6 Shift Pulse falling edge to Line Pulse rising edge note 4
t7 Shift Pulse falling edge to Line Pulse falling edge note 5
t8 Line Pulse falling edge to Shift Pulse falling edge t14 + 4 Ts
t9 Shift Pulse period 8 Ts
t10 Shift Pulse pulse width low 4 Ts
t11 Shift Pulse pulse width high 4 Ts
t12 FPDAT]7:0] setup to Shift Pulse falling edge 4 Ts
t13 FPDAT]7:0] hold to Shift Pulse falling edge 4 Ts
t14 Line Pulse falling edge to Shift Pulse rising edge 23 Ts
1. Ts = pixel clock period
2. tlmin = t3min -9Ts
3. t3min = [((REG[04h] bits 6-0)+1) x 8 + ((REG[08h] bits 4-0) + 4) x 8]Ts
4. t6,in = [(REG[08h] bits 4-0) x 8 + 4]Ts
5. t7min  =[(REG[08h] bits 4-0) x 8 + 13]Ts
Hardware Functional Specification S1D13705
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7.3.5 Single Color 4-Bit Panel Timing

‘ VDP _ VNDP ‘
‘4 :f =‘
FPFRAME --
FPLINE | I I I I I [l I I I I I [
DRDY (MOD) X - X
FPDAT[7:4] _ )\ ALINEL X LINE2 X LINE3 X LINE4 X~ — -XLINE239XLINE240 LINEL X LINE2
FPLINE [ — — ]
DRDY (MOD) X o
| HDP | HNDP ‘
[« ﬁ!—b
FPSHIFT o [ [ IO N I
FPDAT7 _ AR rez)(ie) (X — — AL e L X
FPOATe __ (ren(zen(aRe( (% — — O R )
FPDAT5 o fmmnaReyea( N (% — — (e X
FPDAT4 V@) F ) FEY) QR G — — A e L X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 320x240 panel

Figure 7-15: Single Color 4-Bit Panel Timing

= (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines

= REG[0Ah] bits 5-0 Lines
= ((REG[04h] bits 6-0) + 1) x 8Ts
= (REG[08h] + 4) x 8Ts

VDP = Vertical Display Period

VNDP = Vertical Non-Display Period
HDP = Horizontal Display Period
HNDP =  Horizontal Non-Display Period
S1D13705
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t1 2
Sync Timing < i
Frame Pulse
e t3 R
Line Pulse J/—\ W
15
DRDY (MOD)
Data Timing
Line Pulse
16
<« 8 t9
p 7 LEN t11 | t10
Shift Pulse ]
t12 | 13
FPDAT[7:4] 1 ; 2 X
Figure 7-16: Single Color 4-Bit Panel A.C. Timing
Table 7-13: Single Color 4-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
1 Frame Pulse setup to Line Pulse falling edge note 2 (note 1)
t2 Frame Pulse hold from Line Pulse falling edge 9 Ts
t3 Line Pulse period note 3
t4 Line Pulse pulse width 9 Ts
t5 MOD delay from Line Pulse rising edge 1 Ts
t6 Shift Pulse falling edge to Line Pulse rising edge note 4
t7 Shift Pulse falling edge to Line Pulse falling edge note 5
t8 Line Pulse falling edge to Shift Pulse falling edge t14 + 0.5 Ts
t9 Shift Pulse period 1 Ts
t10 Shift Pulse pulse width low 0.5 Ts
t11 Shift Pulse pulse width high 0.5 Ts
t12 FPDAT[7:4] setup to Shift Pulse falling edge 0.5 Ts
t13 FPDAT[7:4] hold to Shift Pulse falling edge 0.5 Ts
t14 Line Pulse falling edge to Shift Pulse rising edge 24 Ts
1. Ts = pixel clock period
2. tlmin = t3min -9Ts
3. t3pin = [((REG[04h] bits 6-0)+1) x 8 + ((REG[08h] bits 4-0) + 4) x 8]Ts
4. t6.,i, = [(REG[08h] bits 4-0) x 8 + 1.5]Ts
5. t7nin = [(REG[08h] bits 4-0) x 8 + 10]Ts
Hardware Functional Specification S1D13705
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7.3.6 Single Color 8-Bit Panel Timing (Format 1)

VDP VNDP

A

FPFRAME .
FPLINE _ ]| I I I I I Ml I I I I I 1N

FPDAT[7:0] LINEL Y LINE2 Y LINE3 X LINE4 ¥~ — -XLINE479)LINE48O\ ALINEL X LINE2 X

FPLINE [ ] S 1
FPSHIFT ] \ \ \ \ \ o _I L
5 HDP . HNDP
FPSHIFT2 LT
FPDAT7 o A 1Ry )Y 161 Y 166 Y 186 Y 1B Y 1R — — L
FPDAT6 o 181 Y 1R2 Y 1R7 X .67 Y1612 112 — — X X ueessy (X
FPDATS 162 X 182 X 187 Y 1R Y1R1BY 1618 — — X ¥ Yweesn [
FPDAT4 N 1Rr3 X 1G3)Y 1Gey 1B3 ) 1BBY 1R — — ¥ Ytres®) [ ¥
FPDAT3 N 183 Y 1Ra Y 1RO X 1-Go X164y 1B — — ¥ X Be®) (¥
FPDAT2 ey iey ey memms)ies) — — ) we® (X
FPDAT1 N A 1R5 X 1-G5 Y 1610 1B10Y(1-B15 X 1RI6 - — — X X Yirea®\ L ¥
FPDATO o 185 ) 1:R6 Y 1RILX 1-G1LY1G16 )Y 1BI6)- — (X Y1Beao L

* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-17: Single Color 8-Bit Panel Timing (Format 1)

VDP = Vertical Display Period = (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines

VNDP =  Vertical Non-Display Period = REG[0Ah] bits 5-0 Lines

HDP = Horizontal Display Period = ((REGJ[04h] bits 6-0) + 1) x 8Ts

HNDP =  Horizontal Non-Display Period = (REG[08h] + 4) x 8Ts
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Sync Timing PR S P
Frame Pulse
t4 t3
Line Pulse /
Data Timing )
Line Pulse
t6a
. t6b R
< 4 t8 t9
§ t7a RPLEN t11 . t10
Shift Pulse 2 /
B B t7h .

Shift Pulse N /7
o asew

Figure 7-18: Sngle Color 8-Bit Panel A.C. Timing (Format 1)

Table 7-14: Sngle Color 8-Bit Pandl A.C. Timing (Format 1)

Symbol Parameter Min Typ Max Units
t1 Frame Pulse setup to Line Pulse falling edge note 2 (note 1)
t2 Frame Pulse hold from Line Pulse falling edge 9 Ts
t3 Line Pulse period note 3
t4 Line Pulse pulse width 9 Ts
t6a Shift Pulse falling edge to Line Pulse rising edge note 4
téb Shift Pulse 2 falling edge to Line Pulse rising edge note 5
t7a Shift Pulse 2 falling edge to Line Pulse falling edge note 6
t7b Shift Pulse falling edge to Line Pulse falling edge note 7
t8 Line Pulse falling edge to Shift Pulse rising, Shift Pulse 2 falling edge | t14 + 2 Ts
t9 Shift Pulse 2, Shift Pulse period 4 Ts
t10 Shift Pulse 2, Shift Pulse pulse width low 2 Ts
t11 Shift Pulse 2, Shift Pulse pulse width high 2 Ts
t12 FPDATI[7:0] setup to Shift Pulse 2, Shift Pulse falling edge 1 Ts
t13 FPDATI[7:0] hold from Shift Pulse 2, Shift Pulse falling edge 1 Ts

t14 Line Pulse falling edge to Shift Pulse rising edge 25 Ts
1. Ts = pixel clock period
2. tlmin = t3min -9Ts
3. t3pin = [((REG[04h] bits 6-0)+1) x 8 + ((REG[08h] bits 4-0) + 4) x 8]Ts
4. tb6a.i, = [(REG[08h] bits 4-0) x 8]Ts
5. t6bnin, = [(REG[08h] bits 4-0) x 8 + 2]Ts
6. t7an, =[(REG[08h] bits 4-0) x 8 + 11]Ts
7. t7bnin = [(REG[08h] bits 4-0) x 8 + 11] - t10]Ts
Hardware Functional Specification S1D13705
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7.3.7 Single Color 8-Bit Panel Timing (Format 2)

L VDP U VNDP
™ T !
FPFRAME - -
O N | | Y | S | N | | U 1 | N N | N 1
DRDY (MOD) X - X
FPDAT[7:0] LINE1 X_LINE2 X LINE3 X_LINE4 X~ — -XLINE479XLINE48Q LINEL X LINE2
/ |
FPLINE [ — = [
DRDY (MOD) - .
I HDP _ . HNDP |
< >i¢ >
FPSHIFT
SN I O O A N
FPDAT7 [ a1Ri ) 1B3 ) 1-G6 X X — — X X Yeees® [ X
FPDAT6  [1-GL X 1-R4 X 1B6 X ¥ — — X X X1-Be3g A X
FPDAT5  fiBiY1& X iR X — — X xwRes o L X
FPDAT4  frre Y 1BaY 1arX____ X — — o aessy . L X
FPDAT3.  [(1@ ) iRs)( 187 — — e L X
FPDAT2 [ iB2Y 16 ) 178 X — — A X Yareaon L X
FPDATL  (3Re)(185 )(1Gs k= — X ey L X
FPDATO (3G ){1Re (188 — = ey L X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-19: Single Color 8-Bit Panel Timing (Format 2)
VDP = Vertical Display Period = (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines
VNDP =  Vertical Non-Display Period = REG[0Ah] bits 5-0 Lines
HDP = Horizontal Display Period = ((REGJ[04h] bits 6-0) + 1) x 8Ts
HNDP =  Horizontal Non-Display Period = (REG[08h] + 4) x 8Ts
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Figure 7-20: Single Color 8-Bit Panel A.C. Timing (Format 2)
Table 7-15: Single Color 8-Bit Panel A.C. Timing (Format 2)

Symbol Parameter Min Typ Max Units
1 Frame Pulse setup to Line Pulse falling edge note 2 (note 1)
t2 Frame Pulse hold from Line Pulse falling edge 9 Ts
t3 Line Pulse period note 3
t4 Line Pulse pulse width 9 Ts
t5 MOD delay from Line Pulse rising edge 1 Ts
t6 Shift Pulse falling edge to Line Pulse rising edge note 4
t7 Shift Pulse falling edge to Line Pulse falling edge note 5
t8 Line Pulse falling edge to Shift Pulse falling edge t14 + 2 Ts
t9 Shift Pulse period 2 Ts
t10 Shift Pulse pulse width low 1 Ts
t11 Shift Pulse pulse width high 1 Ts
t12 FPDAT[7:0] setup to Shift Pulse falling edge 1 Ts
t13 FPDAT[7:0] hold to Shift Pulse falling edge 1 Ts
t14 Line Pulse falling edge to Shift Pulse rising edge 23 Ts

1. Ts = pixel clock period

2. tlmin = tSmm -9Ts

3. t3pin = [((REG[04h] bits 6-0)+1) x 8 + ((REG[08h] bits 4-0) + 4) x 8]Ts

4. t6.,i, = [(REG[08h] bits 4-0) x 8 + 1]Ts

5. t7nin = [(REG[08h] bits 4-0) x 8 + 10]Ts

Hardware Functional Specification S1D13705

Issue Date: 02/02/01

X27A-A-001-10



Page 48 Epson Research and Development
Vancouver Design Center

7.3.8 Dual Monochrome 8-Bit Panel Timing

L VDP L VNDP R
I T ]
FPFRAME - M
FPLINE | I M I M fl | I I I M fl 1N
DRDY (MOD) X - X
FP DAT[7 0] LINE 1/241 >< LINE 2/242 LINE 3/243 >< LINE 4/244 — LINE 239/479 X LINE 240/480; LINE 1/241 LINE 2/242

FPLINE [ ] S [

DRDY (MOD) X - .

e HDP e HNDP

kLI s e e T e A e e e s s I s
FPDAT7 __ L1 Y s Y — — 9 Y Yaesr X
FPDAT6 12 (16 — — X X Yaess) L X
FPDATS 13 Y 17 X — — XX X Yae3e A X
FPDAT4 e (1 — — XX K Geo) L X
FPDAT3 _ fema)(eas)( ) — =9 K e L X
FPDAT2 Leaayame) X % — — XX X ewrssd L X
FPDATL femazan) (% — — D G G 7T N G
FPDATO [arayzas) ) — — XX X earea L X

* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-21: Dual Monochrome 8-Bit Panel Timing

VDP = Vertical Display Period = (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines

VNDP =  Vertical Non-Display Period = REG[0Ah] bits 5-0 Lines

HDP = Horizontal Display Period = ((REGJ[04h] bits 6-0) + 1) x 8Ts

HNDP =  Horizontal Non-Display Period = (REG[08h] + 4) x 8Ts
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Note: For thistiming diagram Mask FPSHIFT, REG[01h] bit 3, issetto 1
Figure 7-22: Dual Monochrome 8-Bit Panel A.C. Timing
Table 7-16: Dual Monochrome 8-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 Frame Pulse setup to Line Pulse falling edge note 2 (note 1)
t2 Frame Pulse hold from Line Pulse falling edge 9 Ts
t3 Line Pulse period note 3
t4 Line Pulse pulse width 9 Ts
t5 MOD delay from Line Pulse falling edge 1 Ts
t6 Shift Pulse falling edge to Line Pulse rising edge note 5
t7 Shift Pulse falling edge to Line Pulse falling edge note 6
t8 Line Pulse falling edge to Shift Pulse falling edge t14 + 2 Ts
t9 Shift Pulse period 8 Ts
t10 Shift Pulse pulse width low 4 Ts
t11 Shift Pulse pulse width high 4 Ts
t12 FPDAT[7:0] setup to Shift Pulse falling edge 4 Ts
t13 FPDAT[7:0] hold to Shift Pulse falling edge 4 Ts
t14 Line Pulse falling edge to Shift Pulse rising edge 39 Ts
1. Ts = pixel clock period
2. tlmin = t3min -9Ts
3. t3pin = [(((REG[04N] bits 6-0)+1) x 8 + (REG[08h] bits 4-0) + 4) x 8) x 2]Ts
5. t64in = [((REG[08h] bits 4-0) x 2)x 8 + 20]Ts
6. t7nhin = [((REG[08h] bits 4-0) x 2)x 8 + 29]Ts
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7.3.9 Dual Color 8-Bit Panel Timing

L VDP L VNDP R
¢ »i¢ >
FPFRAME -
FPLINE ]l I 1 1 ] I Nl 1 I 1 H H N
DRDY (MOD) X o X
FPDAT[7-O] LINE 1/241 ><UNE2/242 >€ - %<UNE239/479><LINE240/480 L\NE1/241 o
FPLINE — —
DRDY (MOD) _
e HDP L HNDP )
€ g g
FPSHIFT SN [ [ e et O O B L
FPDAT7 o Aam)(vezy(aes Y(aes (oo (ner ) — — H ) Neeesh L X
FPDAT6 o 1e1)( 182 ) 1Ra (165 X 186 Y 1Re - — — K X Ymeao) ( X
FPDAT5 o 1-81 X_1-R3 X 1-64 X 185 X 1-R7 X 1-G8 — — X X Yeoeawoh A X
FPDAT4 o ARz )(aca Y ama )(ire Xver )18 o — — (X Juseso) A X
FPDAT3 _ femrifearcaf2arB3faarrsyaareeyzatery — — X X Yz X
FPDAT?2 _ jearci)ears2fearrafearcsfaareeyatre- — — K X XAEN 4 X
FPDAT1 ___ fearsifparrafearcayaares)parriy2arce- — — X X Y&ALN [ W
FPDATO  fearma)f2a1-Gaf2a1Ba)2arRe2arGTY 2418 — — K N FN { Y
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-23: Dual Color 8-Bit Panel Timing
VDP = Vertical Display Period = (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines
VNDP =  Vertical Non-Display Period = REGJ[0ANh] bits 5-0 Lines
HDP = Horizontal Display Period = ((REGJ[04h] bits 6-0) + 1) x 8Ts
HNDP =  Horizontal Non-Display Period = (REG[08h] + 4) x 8Ts
S1D13705 Hardware Functional Specification
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FPDAT[7:0] /< 1 < 2 X
Figure 7-24: Dual Color 8-Bit Panel A.C. Timing
Table 7-17: Dual Color 8-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
1 Frame Pulse setup to Line Pulse falling edge note 2 (note 1)
t2 Frame Pulse hold from Line Pulse falling edge 9 Ts
t3 Line Pulse period note 3
t4 Line Pulse pulse width 9 Ts
t5 MOD delay from Line Pulse falling edge 1 Ts
t6 Shift Pulse falling edge to Line Pulse rising edge note 5
t7 Shift Pulse falling edge to Line Pulse falling edge note 6
t8 Line Pulse falling edge to Shift Pulse falling edge 14+ 1 Ts
t9 Shift Pulse period 2 Ts
t10 Shift Pulse pulse width low 1 Ts
t11 Shift Pulse pulse width high 1 Ts
t12 FPDAT[7:0] setup to Shift Pulse falling edge 1 Ts
t13 FPDAT[7:0] hold to Shift Pulse falling edge 1 Ts
t14 Line Pulse falling edge to Shift Pulse rising edge 39 Ts
1. Ts = pixel clock period
2. tlmin = t3min -9Ts
3. t3pin = [(((REG[04N] bits 6-0)+1) x 8 + (REG[08h] bits 4-0) + 4) x 8) x 2]Ts
5. t64in = [((REG[08h] bits 4-0) x 2)x 8 + 17]Ts
6. t7nin = [((REG[08h] bits 4-0) x 2)x 8 + 26]Ts
Hardware Functional Specification S1D13705
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7.3.10 9/12-Bit TFT/D-TFD Panel Timing

5 VNDP, v VDP . VNDP;
|« >« »< dl
FPFRAME R
FPLINE U I I i ] I o
FPDAT[11:0] unNEag0) LINEL [X\— — —X LINE480 )
DRDY o e

FPLINE I
o HNDP, v HDP L HNDP, R
I~ g o o
FPSHIFT L7 L LI 1. ... [ I O D I Ly
DROY ] R
FPDAT[9]
FPDAT[20] _ — = = aee)
FPDAT[10] : ; - N
FPDAT[4:3] — "~~~ = Asoh
FF’DAT[ll] ,,,,, @LX - %1'640 ,,,,,
FPDAT[8:6]
Note: DRDY is used to indicate the first pixel
Example Timing for 12-bit 640x480 panel
Figure 7-25: 12-Bit TFT/D-TFD Panel Timing
VDP = Vertical Display Period = (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines
VNDP = Vertical Non-Display Period = VNDP1 + VNDP2 = (REG[0Ah] bits 5-0) Lines
VNDP1 = Vertical Non-Display Period 1 = REG[09h] bits 5-0 Lines
VNDP2 = Vertical Non-Display Period 2 = (REG[0Ah] bits 5-0) - (REG[09Ah] bits 5-0) Lines
HDP = Horizontal Display Period = ((REG[04h] bits 6-0) + 1) x 8Ts
HNDP =  Horizontal Non-Display Period = HNDP1 + HNDP2 = (REG[08h] + 4) x 8Ts
HNDP1=  Horizontal Non-Display Period 1 = ((REG[07h] bits4-0) x 8) +16Ts
HNDP2=  Horizontal Non-Display Period 2 = (((REG[08h] bits4-0) - (REG[07h] bits 4-0)) x 8) +16Ts
S1D13705 Hardware Functional Specification
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Note: DRDY is used to indicate the first pixel
Figure 7-26: TFT/D-TFD A.C. Timing
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Table 7-18: TFT/D-TFD A.C. Timing

Symbol Parameter Min Typ Max Units
t1 Shift Pulse period 1 (note 1)
t2 Shift Pulse pulse width high 0.5 Ts
t3 Shift Pulse pulse width low 0.5 Ts
ta data setup to Shift Pulse falling edge 0.5 Ts
t5 data hold from Shift Pulse falling edge 0.5 Ts
t6 Line Pulse cycle time note 2
t7 Line Pulse pulse width low 9 Ts
t8 Frame Pulse cycle time note 3
t9 Frame Pulse pulse width low 2t6
t10 horizontal display period note 4
111 Line Pulse setup to Shift Pulse falling edge 0.5 Ts
12 Frame Pulse falling edge to Line Pulse falling {6 - 18Ts
edge phase difference

13 DRDY to Shift Pulse falling edge setup time 0.5 Ts
t14 DRDY pulse width note 5
t15 DRDY falling edge to Line Pulse falling edge note 6
t16 DRDY hold from Shift Pulse falling edge 0.5 Ts
17 Line Pulse Falling edge to DRDY active note 7 250

1. Ts = pixel clock period

2. témin = [((REG[04h] bits 6-0)+1) x 8 + ((REG[08h] bits 4-0)+4) x 8] Ts

3. t8 min =[((REG[06h] bits 1-0, REG[05h] bits 7-0)+1) + (REG[0Ah] bits 6-0)] Lines

4. t10min = [((REG[04h] bits 6-0)+1) x 8] Ts

5. tl4min = [((REG[04h] bits 6-0)+1) x 8] Ts

6. t15min = [(REG[07h] bits 4-0) x 8 + 16] Ts

7. t17min = [(REG[08h] bits 4-0) - (REG[07]) x 8 + 16] Ts
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8 Registers

8.1 Register Mapping

The S1D13705 registers are located in the upper 32 bytes of the 128K byte S1D13705
address range. Theregisters are accessible when CS# = 0 and AB[16:0] are in the range
1FFEOh through 1FFFFh.

8.2 Register Descriptions

Unless specified otherwise, all register bits are reset to 0 during power up.
All bits marked n/a should be programmed 0.

REG[00h] Revision Code Register
Address = 1FFEOh Read Only.
Product Code | Product Code | Product Code | Product Code | Product Code | Product Code Revision Revision
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Code Bit 1 Code Bit 0
bits 7-2 Product Code
Thisisaread-only register that indicates the product code of the chip. The product codeis
001001.
bits 1-0 Revision Code
Thisisaread-only register that indicates the revision code of the chip. Therevision codeis
00.

REG[01h] Mode Register 0

Address = 1FFE1h Read/Write.
. FPLine FPFrame Mask Data Width Data Width
TFT/STN | Dual/Single | Color/Mono Polarity Polarity FPSHIFT Bit 1 Bit 0

bit 7 TFT/STN
When this bit = 0, STN (passive) panel mode is selected. When thishit = 1, TFT/D-TFD
panel modeis selected. If TFT/D-TFD panel modeis selected, Dual/Single (REG[01h] bit
6) and Color/Mono (REG[01h] hit5) areignored. See Table 8-1: “Panel Data Format” for a
comprehensive description of panel selection.

bit 6 Dual/Single
When thishit = 0, Single LCD panel driveis selected. When this bit = 1, Dual LCD panel
drive is selected. See Table 8-1: “Panel Data Format” for a comprehensive description of
panel selection.

bit 5 Color/Mono
When this bit = 0, Monochrome LCD panel driveis selected. When this bit = 1, Color
LCD panel drive is selected. See Table 8-1: “Panel Data Format” for a comprehensive
description of panel selection.

Hardware Functional Specification S1D13705
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bit 4 FPLINE Polarity
This bit controls the polarity of FPLINE in TFT/D-TFD mode (no effect in passive panel
mode). When this bit = 0, FPLINE is active low. When thisbit = 1, FPLINE is active high.
bit 3 FPFRAME Polarity
This bit controls the polarity of FPFRAME in TFT/D-TFD mode (no effect in passive
panel mode). When this bit = 0, FFFRAME is active low. When thisbit = 1, FFFRAME is
active high.
bit 2 Mask FPSHIFT
FPSHIFT is masked during non-display periodsif either of the following two criteriais
met:
1. Color passive panel is selected (REG[01h] bit 5= 1)
2. Thisbit (REG[01h] bit 2) = 1
bits 1-0 Data Width Bits [1:0]
These bits select the display data format. See Table 8-1: “Panel Data Format” below for a
comprehensive description of panel selection.
Table 8-1: Panel Data Format
. Data Width | Data Width
cecotnoe7 | ectoions | eomina| Bt | B0
REG[01h] bit 1 | REG[01h] bit O
0 0 Mono Single 4-bit passive LCD
1 Mono Single 8-bit passive LCD
0 0 reserved
! 1 reserved
0 reserved
1 0 1 Mono Dual 8-bit passive LCD
0 reserved
! 1 reserved
0 0 0 Color Single 4-bit passive LCD
0 1 Color Single 8-bit passive LCD format 1
0 reserved
! 1 Color Single 8-bit passive LCD format 2
0 reserved
1 0 1 Color Dual 8-bit passive LCD
0 reserved
! 1 reserved
0 9-bit TFT/D-TFD panel
1 X (don't care) -
1 12-bit TFT/D-TFD panel
S1D13705 Hardware Functional Specification
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REG[02h] Mode Register 1
Address = 1FFE2h Read/Write.
Bit-Per-Pixel | Bit-Per-Pixel High Input Clock Frame Hardware Software
Bit 1 Bit 0 Perforr%ance divide Display Blank Repeat Video Invert Video Invert
(CLKI/2) P Enable
bits 7-6 Bit-Per-Pixel Bits[1:0]
These bits select the color or gray-scale depth (Display Mode).
Table 8-2: Gray Scale/Color Mode Selection
Color/Mono Bit-Per-Pixel Bit 1 Bit-Per-Pixel Bit 0 .
. . . Display Mode
REG[01h] bit 5 REG[02h] bit 7 REG[02h] bit 6
0 0 2 Gray scale 1 bit-per-pixel
0 1 4 Gray scale 2 bit-per-pixel
1 0 16 Gray scale 4 bit-per-pixel
1 reserved
0 0 2 Colors 1 bit-per-pixel
1 1 4 Colors 2 bit-per-pixel
1 0 16 Colors 4 bit-per-pixel
1 256 Colors 8 bit-per-pixel
bit 5 High Performance (Landscape M odes Only)

When this bit = 0, the internal Memory Clock (MCLK) is a divided-down version of the
Pixel Clock (PCLK). The denominator is dependent on the bit-per-pixel mode - see the

table below.
Table 8-3: High Performance Selection
High Performance BPP Bit 1 BPP Bit 0 Display Modes

0 0 MClk = PCIk/8 | 1 bit-per-pixel
0 1 MCIk = PCIk/4 | 2 bit-per-pixel
1 0 MCIk = PCIk/2 | 4 bit-per-pixel
1 MCIlk = PCIk 8 bit-per-pixel

1 X X MCIk = PClk

When this bit = 1, MCLK isfixed to the same frequency as PCLK for all bit-per-pixel
modes. This provides afaster screen update performance in 1/2/4 bit-per-pixel modes, but
also increases power consumption. This bit can be set to 1 just before a major screen
update, then set back to 0 to save power after the update. This bit has no effect in Swivel-
View mode. Refer to REG[1Bh] SwivelView Mode Register on page 67 for Swivel View
mode clock selection.

S1D13705
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bit 4

bit 3

bit 2

bit 1

bit 0

Input Clock Divide
When this bit = 0, the Operating Clock(CLK) is the same as the Input Clock (CLKI).
When thishit = 1, CLK = CLKI/2.

In landscape mode PCLK=CLK and MCLK is selected as per Table 8-3: “High Perfor-
mance Selection”.

In SwivelView mode, MCLK and PCLK are derived from CLK as shown in Table 8-8:
“Selection of PCLK and MCLK in SwivelView Mode,” on page 68.

Display Blank
This bit blanks the display image. When this bit = 1, the display is blanked (FPDAT lines
to the panel are driven low). When this bit = O, the display is enabled.

Frame Repeat (EL support)

Thisfeature is used to improve Frame Rate Modulation of EL panels. When thisbit =1,
an internal frame counter runs from 0 to 3FFFFh. When the frame counter rolls over, the
modulated image pattern is repeated (every 1 hour when the frame rate is 72Hz). When
thisbit = 0, the modulated image pattern is never repeated.

Hardware Video Invert Enable

In passive panel modes (REG[01h] bit 7 = 0) FPDAT11 is available as either GPIO4 or
hardware video invert. When this bit = 1, Hardware Video Invert is enabled viathe
FPDAT11 pin. When this bit = 0, FPDAT 11 operates as GPIO4. See Table 8-4: “Inverse
Video Mode Select Options” below.

Note
Video dataisinverted after the Look-Up Table.

Software Video Invert
When this bit = 1, Inverse Video Mode is selected. When this bit = 0, Standard Video
Modeis selected. See Table 8-4: “Inverse Video Mode Select Options” below.

Note
Video dataisinverted after the Look-Up Table.

Table 8-4: Inverse Video Mode Select Options

Hardware Video | Soriware Video Invert FPDAT11 .
(Passive and Active : Video Data
Invert Enable Panels) (Passive Panels Only)

0 Normal

Inverse

Normal

0
0
1
1

R|Oo| X| X

1
X
X Inverse

S1D13705
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REG[03h] Mode Register 2
Address = 1FFE3h Read/Write
Hardware Software Software
n/a n/a n/a n/a L(gzv?a'rjr\i/(\j/eR Power Save | Power Save | Power Save
Enable Bit 1 Bit O
bit 3 LCDPWR Override
Thisbit isused to override the panel on/off sequencing logic. When thisbit = 0, LCDPWR
and the panel interface signals are controlled by the sequencing logic. When this bit 1,
LCDPWR isforced to off and the panel interface signals are forced low immediately upon
entering power save mode. See Section 7.3.2, “Power Down/Up Timing” on page 37 for
further information.
bit 2 Hardware Power Save Enable
When thisbit = 1 GPIOO is used as the Hardware Power Save input pin. When thisbit = 0,
GPIOO0 operates normally.
Table 8-5: Hardware Power Save/GPIO0 Operation
Hardware Power . GPIOO0
RESET# Save Enable GPIOO Corlflg Status/Control GPIOO0 Operation
State ) REG[18h] bit 0 )
REG[03h] bit 2 REG[19h] bit 0
0 X X X
. GPIOO Input
1 0 0 reads pin status (high impedance)
GPIOO0 Output =0
GPIOO Output = 1
Hardware Power Save
! ! X X Input (active high)
bits 1-0 Software Power Save Bits[1: 0]

These bits select the Power Save Mode as shown in the following table.
Table 8-6: Software Power Save Mode Sdlection

Bit 1 Bit O Mode
0 0 Software Power Save
0 1 reserved
1 0 reserved
1 1 Normal Operation

Refer to Section 13, “Power Save Modes’ on page 82 for a complete description of the
power save modes.
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REG[04h] Horizontal Panel Size Register

Address = 1FFE4h Read/Write
Horizontal Horizontal Horizontal Horizontal Horizontal Horizontal Horizontal
n/a Panel Size Bit | Panel Size Bit | Panel Size Bit | Panel Size Bit | Panel Size Bit | Panel Size Bit | Panel Size Bit
6 5 4 3 2 1 0
bits 6-0 Horizontal Panel Size Bits[6:0]

This register determines the horizontal resolution of the panel. This register must be pro-
grammed with avalue calculated as follows:

Horizontal Panel SizeRegister =

Note

Resol ution(pixels)

1

rHorizontal Panel
O

8

This register must not be set to avalue less than 03h.

q-

REG[05h] Vertical Panel Size Register (LSB)

Address = 1FFE5h Read/Write
Vertical Panel | Vertical Panel | Vertical Panel | Vertical Panel | Vertical Panel | Vertical Panel | Vertical Panel | Vertical Panel
Size Size Size Size Size Size Size Size
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

REG[06h] Vertical Panel Size Register (MSB)
Address = 1FFE6h Read/Write
Vertical Panel | Vertical Panel
n/a n/a n/a n/a n/a n/a Size Size
Bit 9 Bit 8

REG[05h] bits 7-0
REG[06h] bits 1-0

Vertical Panel Size Bits[9:0]
This 10-hit register determines the vertical resolution of the panel. This register must be

programmed with a value calculated as follows:

Vertical Panel SizeRegister = Vertical PanelResolution(lines) — 1

3FFh isthe maximum value of this register for avertical resolution of 1024 lines.

S1D13705
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REG[07h] FPLINE Start Position
Address = 1FFE7h Read/Write
n/a n/a n/a FPLINE Start | FPLINE Start | FPLINE Start | FPLINE Start | FPLINE Start
Position Bit 4 | Position Bit 3 | Position Bit 2 | Position Bit 1 | Position Bit 0
bits 4-0 FPLINE Start Position

These bits are used in TFT/D-TFD mode to specify the position of the FPLINE pulse.

These bits specify the delay, in 8-pixel resolution, from the end of aline of display data
(FPDAT) to the leading edge of FPLINE. Thisregister is effectivein TFT/D-TFD mode
only (REG[01h] bit 7 = 1). Thisregister is programmed as follows:

FPLINEposition(pixels) = (REG[07h] +2) x 8

The following constraint must be satisfied:
REG[07h] < REG[08h]

REG[08h] Horizontal Non-Display Period
Address = 1FFE8h Read/Write
Horizontal Horizontal Horizontal Horizontal Horizontal
n/a n/a n/a Non-Display | Non-Display | Non-Display | Non-Display | Non-Display
Period Bit 4 Period Bit 3 Period Bit 2 Period Bit 1 Period Bit O
bits 4-0 Horizontal Non-Display Period
These bits specify the horizontal non-display period in 8-pixel resolution.
HorizontalNonDisplayPeriod(pixels) = (REG[08h] +4) x 8
REG[09h] FPFRAME Start Position
Address = 1FFES9h Read/Write
FPFRAME FPFRAME FPFRAME FPFRAME FPFRAME FPFRAME
n/a n/a Start Position | Start Position | Start Position | Start Position | Start Position | Start Position
Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 5-0 FPFRAME Start Position

These bits are used in TFT/D-TFD mode to specify the position of the FPFRAME pulse.
These bits specify the number of lines between the last line of display data (FPDAT) and
the leading edge of FPFRAME. Thisregister is effective in TFT/D-TFD mode only
(REG[01h] bit 7 = 1). Thisregister is programmed as follows:

FPFRAMEposition(lines)= REG[09h]
The contents of thisregister must be greater than zero and less than or equal to the Vertical
Non-Display Period Register, i.e.
1< REG[09h] < REG[0AN] Bits 5:0

Hardware Functional Specification
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REG[0Ah] Vertical Non-Display Period
Address = 1FFEAh Read/Write
Vertical Non- Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non-
Display n/a Display Display Display Display Display Display
Status Period Bit 5 Period Bit 4 Period Bit 3 Period Bit 2 Period Bit 1 Period Bit 0
bit 7 Vertical Non-Display Status
This bit =1 during the Vertical Non-Display period.
bits 5-0 Vertical Non-Display Period

These bits specify the vertical non-display period. This register is programmed as follows:

VerticalNonDisplayPeriod(lines) = REG[OA] bits[5:0]

Note
This register should be set only once, on power-up during initialization.

REG[0Bh] MOD Rate Register
Address = 1FFEBhO Read/Write
n/ n MOD Rate MOD Rate MOD Rate MOD Rate MOD Rate MOD Rate
a a Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

bits 5-0 MOD Rate Bits [5:0]
When the value of thisregister is 0, the MOD output signal toggles every FPFRAME. For
anon-zero value, the valuein thisregister + 1 specifies the number of FPLINES between
toggles of the MOD output signal. These bits are for passive LCD panels only.
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REG[0Ch] Screen 1 Start Address Register (LSB)

Address = 1FFECh Read/Write
Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start
Address Address Address Address Address Address Address Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

REG[0ODh] Screen 1 Start Address Register (MSB)

Address = 1FFEDh Read/Write
Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start
Address Address Address Address Address Address Address Address
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

REG[0Dh] bits 7-0 Screen 1 Start Address Bits[15:0]

REG[0OCH] bits 7-0

byte address of the start of Screen 1 in SwivelView modes.

Note

These hits determine the wor d address of the start of Screen 1 in Landscape modes or the

For SwivelView mode the most significant bit (bit 16) islocated in REG[10h].

REG|[OEh] Screen 2 Start Address Register (LSB)

Address = 1FFEEh Read/Write
Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start
Address Address Address Address Address Address Address Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

REG[OFh] Screen 2 Start Address Register (MSB)

Address = 1FFEFh Read/Write
Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start
Address Address Address Address Address Address Address Address
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

REG[OFh] bits 7-0
REG[OEh] bits 7-0

Screen 2 Start Address Bits[15:0]
These bits determine the wor d address of the start of Screen 2 in Landscape modes only

and has no effect in SwivelView modes.

REG[10h] Screen Start Address Overflow Register
Address = 1FFFOh Read/Write
Screen 1 Start
n/a n/a n/a n/a n/a n/a n/a Address
Bit 16

bit 0

Screen 1 Start Address Bit 16
Thisbit isthe most significant bit of Screen 1 Start Address for Swivel View mode. This

bit has no effect in Landscape mode.
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REG[11h] Memory Address Offset Register
Address = 1FFF1h Read/Write
Memory Memory Memory Memory Memory Memory Memory Memory
Address Address Address Address Address Address Address Address
Offset Bit 7 Offset Bit 6 Offset Bit 5 Offset Bit 4 Offset Bit 3 Offset Bit 2 Offset Bit 1 Offset Bit 0
bits 7-0 Memory Address Offset Bits[7:0] (Landscape Modes Only)

Thisregister is used to create a virtual image by setting a word offset between the last
address of oneline and thefirst address of the following line. If thisregister is not equal to
zero, then avirtua imageis formed. The displayed image is awindow into the larger vir-
tual image. See Figure 8-1: “ Screen-Register Relationship, Split Screen,” on page 65.

This register has no effect in Swivel View modes. See “REG[1Ch] Line Byte Count Regis-
ter for SwivelView Mode” on page 68.

REG[12h] Screen 1 Vertical Size Register (LSB)

Address = 1FFF2h Read/Write
Screen 1 Screen 1 Screen 1 Screen 1 Screen 1 Screen 1 Screen 1 Screen 1
Vertical Size | Vertical Size | Vertical Size | Vertical Size | Vertical Size | Vertical Size | Vertical Size | Vertical Size
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

REG[13h] Screen 1 Vertical Size Register (MSB)
Address = 1FFF3h Read/Write
Screen 1 Screen 1
n/a n/a n/a n/a n/a n/a Vertical Size | Vertical Size
Bit 9 Bit 8

REG[13h] bits 1-0
REG[12h] bits 7-0

Screen 1 Vertical Size Bits[9:0]
This register is used to implement the Split Screen feature of the S1D13705. These bits
determine the height (in lines) of Screen 1.

In landscape modes, if thisregister is programmed with avalue, n, where nislessthan the
Vertical Panel Size (REG[06h], REG[05h]), then lines 0 to n of the panel contain Screen 1
and lines n+1 to REG[06h], REG[05h] of the panel contain Screen 2. See Figure 8-1:

“ Screen-Register Relationship, Split Screen,” on page 65. If Split Screen is not desired,
this register must be programmed greater than, or equal to the Vertical Panel Size,
REG[06h] and REG[05h].

In Swivel View modes this register must be programmed greater than, or equal to the Verti-
cal Panel Size, REG[06h] and REG[05h]. See “ Swivel View™” on page 77.
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(REG[0ODh], REG[OCh]) Words
Line O Last Pixel Address + REG[11h] Words

Line O Last Pixel Address=((REG[0Dh], REG[OCh]) +
(8(REG[04h]+1) X BPP/16))

- Words
MES Line 0 i

¥ Line 1 |

\

\

Image 1 ‘
| ((REG[06h], REG[05])+1) Lines

\

Line=(REG[13h], REG[12h]) |

x] |

Image 2 ‘

(REG[OFh], REG[OEh]) Words )

8(REG[04h]+1) Pixels REGJ[11h] Words

Where:

(REG[0ODh], REG[0OCh]) is the Screen 1 Start Word Address
BPP is Bits-per-Pixel as set by REG[02h] bits 7:6
REGJ[11h] is the Address Pitch Adjustment in Words
(REGI[OFh], REGI[OENh]) is the Screen 2 Start Word Address
(REG[13h], REG[12h]) is the Screen 1 Vertical Size
(REG[06h], REG[05h]) is the Vertical Panel Size

Virtual Image

Figure 8-1: Screen-Register Relationship, Split Screen

Consider an example where REG[13h], REG[12] = OCEh for a 320x240 display system.
The upper 207 lines (CEh + 1) of the panel show an image from the Screen 1 Start Word
Address. The remaining 33 lines show an image from the Screen 2 Start Word Address.

REG[15h] Look-Up Table Address Register
Address = 1FFF5h Read/Write
LUT Address | LUT Address | LUT Address | LUT Address | LUT Address | LUT Address | LUT Address | LUT Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 7-0 LUT Address Bits[7:0]

These 8 bits control a pointer into the Look-Up Tables (LUT). The S1D13705 hasthree
256-position, 4-bit wide LUTSs, one for each of red, green, and blue — refer to Section 11,
“Look-Up Table Architecture’ on page 71 for details.

Thisregister selectswhich LUT entry is read/write accessible through the LUT Data Reg-
ister (REG[17h]). Writing the LUT Address Register automatically sets the pointer to the
Red LUT. Accessesto the LUT Data Register automatically increment the pointer.

For example, writing avalue 03h into the LUT Address Register sets the pointer to R[3].
A subsequent accessto the LUT Data Register accesses R[3] and moves the pointer onto
G[3]. Subsequent accesses to the LUT Data Register move the pointer onto B[3], R[4],
G[4], B[4], R[5], etc.

Note
The RGB dataisinserted into the LUT after the Blue datais written, i.e. all three colors
must be written before the LUT is updated.
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REG[17h] Look-Up Table Data Register
Address = 1FFF7h Read/Write
LUT Data LUT Data LUT Data LUT Data n/a n/a n/a n/a
Bit 3 Bit 2 Bit 1 Bit 0
bits 7-4 LUT Data Bits[3:0]

This register is used to read/write the RGB Look-Up Tables. This register accesses the
entry at the pointer controlled by the Look-Up Table Address Register (REG[15h]).

Accesses to the Look-Up Table Data Register automatically increment the pointer.
Note

The RGB dataisinserted into the LUT after the Blue datais written, i.e. all three colors
must be written before the LUT is updated.

REG[18h] GPIO Configuration Control Register
Address = 1FFF8h Read/Write

n/a n/a n/a GPIO4Pin 10 | GPIO3 Pin 10 | GPIO2 Pin IO | GPIO1 Pin 10O | GPIOO Pin 10
Configuration | Configuration | Configuration | Configuration | Configuration
bits 4-0 GPIO[4:0] Pin 10 Configuration

These bits determine the direction of the GPIO[4:0] pins.

When the GPIOn Pin O Configuration bit = 0, the corresponding GPIOn pinis configured
asan input. Theinput can be read at the GPIOn Status/Control Register bit. See REG[19h]
GPIO Status/Control Register.

When the GPIOn Pin IO Configuration bit = 1, the corresponding GPIOn pinis configured
as an output. The output can be controlled by writing the GPIOn Status/Control Register
bit.
Note
These bits have no effect when the GPIOn pin is configured for a specific function (i.e.
as FPDAT([11:8] for TFT/D-TFD operation).

When configured as 10, all unused pins must betied to IO V pp.
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REG[19h] GPIO Status/Control Register
Address = 1FFF9h Read/Write
n/a n/a n/a GPIO4 Pin 10 | GPIO3PinlO | GPIO2 Pin IO | GPIO1Pin 1O | GPIOO Pin 1O
Status Status Status Status Status
bits 4-0 GPIO[4:0] Status

When the GPIOn pin is configured as an input, the corresponding GPIO Status bit is used
to read the pin input. See REG[18h] above.

When the GPIOn pin is configured as an output, the corresponding GPI O Status bit is used

to control the pin output.

REG[1Ah] Scratch Pad Register
Address = 1FFFAh

Read/Write

Scratch bit 7

Scratch bit 6

Scratch bit 5

Scratch bit 4

Scratch bit 3

Scratch bit 2

Scratch bit 1

Scratch bit 0

bits 7-0

Scratch Pad Register
Thisregister contains general use read/write bits. These bits have no effect on hardware.

REG[1Bh] SwivelView Mode Register
Address = 1FFFBh Read/Write
SwivelView SwivelView
SwivelView SwivelView n/a n/a n/a reserved Mode Pixel Mode Pixel
Mode Enable | Mode Select Clock Select | Clock Select
Bit1 Bit 0
bit 7 SwivelView Mode Enable
When this bit = 1, SwivelView Mode is enabled. When this bit = 0, Landscape Modeis
enabled.
bit 6 SwivelView Mode Select

When this bit = 0, Default SwivelView Mode is selected. When this bit = 1, Alternate
SwivelView Mode is selected. See Section 12, “ Swivel View™” on page 77 for further
information on SwivelView Mode.

The following table shows the selection of SwivelView Mode.

Table 8-7: Selection of SwivelView Mode

SwivelView | SwivelView
Mode Enable| Mode Select Mode
(REG[1Bh] bit 7) | (REG[1Bh] bit 6)
0 X Landscape
1 0 Default SwivelView
1 1 Alternate SwivelView

Hardware Functional Specification
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bit 2 reserved
reserved bits must be set to 0.
bits 1-0 Swivel View Mode Pixel Clock Select Bits[1:0]

These two hits select the Pixel Clock (PCLK) source in Swivel View Mode - these bits
have no effect in Landscape Mode. The following table shows the selection of PCLK and
MCLK in SwivelView Mode - see Section 12, “ SwivelView™" on page 77 for details.

Table 8-8: Sdlection of PCLK and MCLK in Swivel View Mode

SwivelView SwivelView |Pixel Clock (PCLK) Select

Mode Enable Mode Select (REG[1Bh] bits [1:0] PCLK = MCLK =

(REG[1Bh] bit7) | (REG[1Bh] bit 6) Bit 1 Bit 0
0 X X X CLK See Reg[02h] bit 5
1 0 0 0 CLK CLK
1 0 0 1 CLK/2 CLK/2
1 0 1 0 CLK/4 CLK/4
1 0 1 1 CLK/8 CLK/8
1 1 0 0 CLK/2 CLK
1 1 0 1 CLK/2 CLK
1 1 1 0 CLK/4 CLK/2
1 1 1 1 CLK/8 CLK/4

Where CLK is CLKI (REG[02h] bit 4 = 0) or CLKI/2 (REG[02h] bit 4 = 1)

REG[1Ch] Line Byte Count Register for SwivelView Mode
Address = 1FFFCh Read/Write

Line Byte Line Byte Line Byte Line Byte Line Byte Line Byte Line Byte Line Byte
Count hit 7 Count bit 6 Count hit 5 Count hit 4 Count bit 3 Count bit 2 Count bit 1 Count bit 0

bits 7-0 Line Byte Count Bits[7:0]
Thisregister is the byte count from the beginning of one line to the beginning of the next
consecutive line (commonly called “stride” by programmers). Thisregister may be used to
create avirtual image in Swivel View mode.

When this register = 00 the “stride” = 256 bytes. Thisvalue is used for 240x320 8 bpp
default SwivelView mode

When the Line Byte Count Register = n, where 1 < n < FFh, the “stride” = n bytes.

REG[1Eh] and REG[1Fh]

REG[1Eh] and REG[ 1Fh] are reserved for factory S1D13705 testing and should not be
written. Any value written to these registers may result in damage to the S1D13705 and/or
any panel connected to the S1D13705.
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9 Frame Rate Calculation

The following formulae are used to calculate the display frame rate.

TFT/D-TFD and Passive Single-Panel modes

fF-’CLK
(HDP+HNDP) x (VDP + VNDP)

FrameRate =

Where: fpc k= PClk frequency (Hz)
HDP  =Horizonta Display Period = ((REG[04h] bits 6-0) + 1) x 8 Pixels
HNDP = Horizontal Non-Display Period = ((REG[08h] bits 4-0) + 4) x 8 Pixels
VDP  =Vertical Display Period = ((REG[06h] bits 1-0, REG[05h] bits 7-0) + 1) Lines
VNDP = Vertical Non-Display Period = (REG[OAh] bits 5-0) Lines

Passive Dual-Panel mode

f
FrameRate = PCLK

2 % (HDP + HNDP) %VSP+VNDFE

Where:  fpo = PClk frequency (Hz)
HDP = Horizontal Display Period = ((REG[04h] bits 6-0) + 1) x 8 Pixels
HNDP = Horizontal Non-Display Period = ((REG[08h] bits 4-0) + 4) x 8 Pixels
VDP  =Vertical Display Period = ((REG[06h] bits 1-0, REG[05h] bits 7-0) + 1) Lines
VNDP = Vertical Non-Display Period = (REG[OA] bits 5-0) Lines
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1-bpp: . .
bit 7 bit 0 P0P1P2P3P4P5P6P7
Byte 0 » Ao [ A1 | A2 | A3 | Ay | As | Ag | A7 EEEEEEE
Pn=(An)
Panel Display
Host Address Display Memory
2-bpp: bit 7 bit 0 PoP1P,P3P,PsPgP;
[T
Byte O » Ao | Bo | A1 | By | Az | B2 | Ag | B3
Byte 1 » Az | Bs | As | Bs | A | Bs | A7 | B7
Pn = (An, Bp)
Panel Display
Host Address Display Memory
4-bpp:
bit 7 bit 0 PoP1P2P3P,PsPe Py
Byte 0 » Ao |Bo | Co|Do|AL|Br|Ci|Dy LT LT
Byte 1 » A2 | B2 | C2 | D2 | A3 | B3 | C3 | D3
P,= (A, B, C,, D
Byte 2 » A4 [Bs | C4 | Dy | As |Bs | Cs | Dg n= G B Cro Orl
Panel Display
Host Address Display Memory
8-bpp:
bit 7 bit 0 PoP1P,P3P,P5Pg P
Byte 0 A0 [Bo [Co [Do |Eo |Fo [Go |Ho LITTTTT]
Byte 1 »A; By |Ci |D1 |Ey |F1 [G1 |H:1
Pn = (An, Bn, Cp, Dp, Ep, Fry Gy Hp)
Byte 2 N A2 B2 Cz D2 E2 F2 G2 H2 n n n n n n n n n
Panel Display
Host Address Display Memory
Figure 10-1: 1/2/4/8 Bit-Per-Pixel Display Data Memory Organization
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11 Look-Up Table Architecture

The following figures are intended to show the display data output path only.

Note
When Video Data Invert is enabled the video datais inverted after the Look-Up Table.

11.1 Monochrome Modes

The green Look-Up Table (LUT) is used for all monochrome modes.

1 Bit-per-pixel Monochrome mode

Green Look-Up Table 256x4

00[ ]
01 |
02|

o\‘ 4-bit Gray Data

1 bit-per-pixel data
from Display Buffer

[ ] =unused Look-Up Table entries

Figure 11-1: 1 Bit-per-pixel Monochrome Mode Data Output Path

2 Bit-per-pixel Monochrome Mode

Green Look-Up Table 256x4

82 82 4-bit Gray Data
02 10 "
03 1
04 . o
FC
FD
FE
FF
2 bit-per-pixel data

from Display Buffer
[ ] =unused Look-Up Table entries

Figure 11-2: 2 Bit-per-pixel Monochrome Mode Data Output Path
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4 Bit-per-pixel Monochrome Mode

from Display Buffer

Green Look-Up Table 256x4

4 bit-per-pixel data

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

4-bit Gray Data

[ ] =unused Look-Up Table entries

Figure 11-3: 4 Bit-per-pixel Monochrome Mode Data Output Path
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11.2 Color Modes

1 Bit-per-pixel Color Mode

Red Look-Up Table 256x4

00

4-bit Red Data

01

02

B!

Green Look-Up Table 256x4

00
01
02

4-bit Green Data

o

Blue Look-Up Table 256x4

4-bit Blue Data

00

01

02

e

1 bit-per-pixel data

from Display Buffer

[ ] =unused Look-Up Table entries

Figure 11-4

. 1 Bit-per-pixel Color Mode Data Output Path
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2 Bit-per-pixel Color Mo

de

2 bit-per-pixel data

Red Look-Up Table 256x4

% 00
1

02 %

03 10
04| L
o 1
FD

FE

FF

00 00
1

o o

03 11

04 I T
FC 1

FD

FE

FF

Blue Look-Up Table 256x4

00 00
01

02 ”
03 10
04 ]

P -
FD

FE

FF

from Display Buffer

4-bit Red Data

4-bit Green Data

v

v

4-bit Blue Data

[ ] =unused Look-Up Table entries

Figure 11-5: 2 Bit-per-pixel Color Mode Data Output Path
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4 Bit-per-pixel Color Mode

Red Look-Up Table 256x4
00 0000
01 0001
02 0010
03 0011
04 0100
82 0101
0110 i
07 0111 4-bit Red Data R
08 1000
09 1001
0A 1010
0B 1011
oC 1100
0D 1101
OE 1110
OF 1111
10 i
FC I
FD
FE
FF
Green Look-Up Table 256x4
00 0000
01 0001
02 0010
03 0011
04 0100
82 0101
0110 i
07 0111 4-bit Green Data R
08 1000
09 1001
0A 1010
0B 1011
oC 1100
0D 1101
OE 1110
OF 1111
10
N | &
FC
FD S
FE
FF
Blue Look-Up Table 256x4
00 0000
01 0001
02 0010
03 0011
04 0100
82 0101
0110 _bi
07 o111 4-bit Blue Data R
08 1000
09 1001
0A 1010
0B 1011
ocC 1100
0D 1101
OE 1110
OF 1111
10 i
FC
FD S
FE
FF
4 bit-per-pixel data [ ] =unused Look-Up Table entries

from Display Buffer

Figure 11-6: 4 Bit-per-pixel Color Mode Data Output Path
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8 Bit-per-pixel Color Mode

Red Look-Up Table 256x4

8 bit-per-pixel data

from Display Buffer

0000 0000
0000 0001
0000 0010
0000 0011
0000 0100
0000 0101
0000 0110
0000 0111

1111 1000
1111 1001
1111 1010
1111 1011
1111 1100
11111101
11111110
11111111

0000 0000
0000 0001
0000 0010
0000 0011
0000 0100
0000 0101
0000 0110
0000 0111

1111 1000
1111 1001
1111 1010
11111011
1111 1100
11111101
11111110
11111111

0000 0000
0000 0001
0000 0010
0000 0011
0000 0100
0000 0101
0000 0110
0000 0111

1111 1000
1111 1001
1111 1010
1111 1011
1111 1100
11111101
1111 1110
11111111

4-bit Red Data

4-bit Green Data

4-bit Blue Data

Figure 11-7: 8 Bit-per-pixel Color Mode Data Output Path
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12 SwivelView™

Many of todays applications use the LCD panel in a portrait orientation. In this case it
becomes necessary to “rotate” the displayed image by 90°. This rotation can be done by
software at the expense of performance or, it can be done by the S1D 13705 hardware with
no CPU penalty.

There are two SwivelView modes. Default SwivelView Mode and Alternate SwivelView
Mode.

12.1 Default SwivelView Mode

Default SwivelView Mode requires the SwivelView image width be a power of two, e.g. a
240-line pand requires a minimum virtual image width of 256. This mode should be used
whenever the required virtual image can be contained within the integrated display buffer
(i.e. virtual image size < 80K bytes), as it consumes less power than the Alternate
SwivelView Mode.

For example, the panel size is 320x240 and the display mode is 8 bit-per-pixel. The virtual
image size is 320x256 which can be contained within the 80K Byte display buffer.

Default Swivel View Mode also requires Memory Clock (MCLK) = Pixel Clock (PCLK).
Thefollowing figure shows how the programmer sees a 240x320 image and how theimage

isdisplayed. The application image is written to the S1D13705 in the following sense:
A-B-C-D. The display isrefreshed by the S1D13705 in the following sense: B-D-A-C.

physical

320

memory
start \
address

A

. 256 R
A B| _E—; ;—Lu ________ 7| A
| | |
|
SwivelView | @ > o Q
i (]
window | display S 3 o |©
| start o2 N
| address s s
< « O
C D | v
4 - —- . 320 R
L. 240 b -
image seen by programmer image refreshed by S1D13705
= image in display buffer

Figure 12-1: Relationship Between The Screen Image and the Image Refreshed by S1D13705 in Default Mode
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12.1.1 How to Set Up Default SwivelView Mode

The following describes the register settings needed to set up Default Swivel View Mode
for a 240x320x8 bpp image:

» Select Default SwivelView Mode: REG[1Bh] bit7=1and bit6=0

» The display refresh circuitry starts at pixel “B”, therefore the Screen 1 Start Address
register must be programmed with the address of pixel “B”, i.e.

REG[10h], REG[0Dh], REG[0Ch] = AddressOfPixelB
= (AddressOfPixel A + ByteOffset)

) [R40pixels x 8bppy
AddressOfPixel A + D—Bbpb il 1

AddressOfPixelA + EFh

Where bpp is bits-per-pixel and bpb is bits-per-byte.

e The Line Byte Count Register for Swivel View Mode must be set to the virtual-image
width in bytes, i.e.

256 = 26 _ 256 = 00h  :see REG[1CH] for explanation

RECLIEN = abob) - (@bpe) 1

Where bpb is bits-per-byte and bpp is bits-per-pixel.

¢ Panning is achieved by changing the Screen 1 Start Address register:

* Increment the register by 1 to pan horizontally by one byte, e.g. one pixel in 8 bpp
mode

 Increment the register by twice the effective value of the Line Byte Count register to
pan vertically by two lines, e.g. add 200h to pan by two linesin the example above.

Note
Vertical panning by asingle lineis not supported in Default Swivel View Mode.
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12.2 Alternate SwivelView Mode

Alternate SwivelView Mode may be used when the virtual image size of Default
SwivelView Mode cannot be contained in the 80K byte integrated frame buffer. For
example, the panel size is 480x320 and the display mode is 4 bit-per-pixel. The minimum
virtual image size for Default SwivelView Mode would be 480x512 which requires
122,880 bytes. Alternate SwivelView Mode requires a panel size of only 480x320 which
needs only 76,800 bytes.

Alternate SwivelView Mode requires the Memory Clock (MCLK) to be at least twice the
frequency of the Pixel Clock (PCLK), i.e. MCLK = 2 x PCLK. This makes the power
consumption in Alternate SwivelView Mode higher than in Default SwivelView Mode
while increasing performance.

Thefollowing figure shows how the programmer sees a480x320 image and how theimage
is being displayed. The application image is written to the S1D13705 in the following
sense: A-B—-C-D. The display isrefreshed by the S1D13705 in the following sense: B-D-

A-C.
physical
memory
start \
address A
A B
§ SwiyeIView @ 2 -
window display S g o
start T e S
address % 'S
< @)
C D
v P 480 I
320 b "
image seen by programmer image refreshed by S1D13705
= image in display buffer

Figure 12-2: Relationship Between The Screen Image and the Image Refreshed by S1D13705 in Alternate Mode
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12.2.1 How to Set Up Alternate SwivelView Mode

Thefollowing describes the register settings needed to set up Alternate SwivelView Mode
for a 320x480x4 bpp image.

* Select Alternate SwivelView Mode:
REG[1Bh] hit7=1and hit6=1

» Thedisplay refresh circuitry startsat pixel “B”, therefore the Screen 1 Start Address
register must be programmed with the address of pixel “B”, or

REG[10h], REG[0Dh], REG[OCh] = AddressOfPixelB
= (AddressOfPixel A + ByteOffset)

) [820pixels x 4bppy
AddressOfPixel A + D—Bbpb il 1

AddressOfPixel A + 9Fh

Where bpp is bits-per-pixel and bpb is bits-per-byte.

» The Line Byte Count Register for SwivelView Mode must be set to the image width in
bytes, i.e.

320 _ 320

REG1CH] = s = 55 =

160 = AOh
Where bpb is bits-per-byte and bpp is bits-per-pixel.

» Panning is achieved by changing the Screen 1 Start Address register:

* Increment the register by 1 to pan horizontally by one byte, e.g. two pixelsin 4 bpp
mode

* Increment the register by the value in the Line Byte Count register to pan vertically by
oneline, e.g. add AOh to pan by one linein the example above

S1D13705 Hardware Functional Specification
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12.3 Comparison Between Default and Alternate SwivelView Modes

Table 12-1: Default and Alter nate Swivel View Mode Comparison

Item

Default SwivelView Mode

Alternate SwivelView Mode

Memory Requirements

The width of the rotated image must be a power
of 2. In most cases, a virtual image is required
where the right-hand side of the virtual image is
unused and memory is wasted. For example, a
320x480x4bpp image would normally require only
76,800 bytes - possible within the 80K byte
address space, but the virtual image is
512x480x4bpp which needs 122,880 bytes - not
possible.

Does not require a virtual image.

Clock Requirements

CLK need only be as fast as the required PCLK.

MCLK, and hence CLK, need to be 2x PCLK. For
example, if the panel requires a 3MHz PCLK,
then CLK must be 6MHz. Note that 25MHz is the
maximum CLK, so PCLK cannot be higher than
12.5MHz in this mode.

Power Consumption

Lowest power consumption.

Higher than Default Mode.

Panning

Vertical panning in 2 line increments.

Vertical panning in 1 line increments.

Performance

Nominal performance.

Higher performance than Default Mode.

12.4 SwivelView Mode Limitations

The only limitation to using SwivelView mode on the S1D13705 isthat split screen

operation is not supported.
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13 Power Save Modes

Two Power Save Modes have been incorporated into the S1D13705 to accommodate the
need for power reduction in the hand-held devices market. These modes are enabled as
follows:

Table 13-1: Power Save Mode Selection

Hardware Power Software Power Software Power
Save Save Bit 1 Save Bit 0

Not Configured or 0

Mode

Software Power Save Mode

Not Configured or 0 reserved

Not Configured or 0 reserved

Not Configured or 0 Normal Operation

X|r|r|lO|O
X|lkr|lo|r| O

Hardware Power Save Mode

Configured and 1

13.1 Software Power Save Mode

Software Power Save M ode saves power by powering down the panel and stopping display
refresh accesses to the display buffer.

Table 13-2: Software Power Save Mode Summary

» Registers read/write accessible

* Memory read/write accessible

» Look-Up Table registers not accessible

» LCD outputs are forced low

13.2 Hardware Power Save Mode

Hardware Power Save Mode saves power by powering down the panel, stopping accesses
to the display buffer and registers, and disabling the Host Bus Interface.

Table 13-3: Hardware Power Save Mode Summary

* Host Interface not accessible

* Memory read/write not accessible

» Look-Up Table registers not accessible

¢ LCD outputs are forced low

S1D13705 Hardware Functional Specification
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13.3 Power Save Mode Function Summary
Table 13-4: Power Save Mode Function Summary

Hardware Software Normal
Power Save | Power Save
10 Access Possible? No Yes Yes
Memory Access Possible? No Yes Yes
Look-Up Table Registers Access Possible? No No Yes
Sequence Controller Running? No No Yes
Display Active? No No Yes
LCDPWR Inactive Inactive Active
FPDAT[11:0], FPSHIFT (see note) Forced Low | Forced Low Active
FPLINE, FPFRAME, DRDY Forced Low | Forced Low Active

Note
When FPDAT[11:8] are designated as GPIO outputs, the output state prior to enabling

the Power Save Mode is maintained. When FPDAT[11:8] are designated as GPIO in-
puts, unused inputs must be tied to either |O Vpp or GND - see Table 5.5 “LCD Inter-

face Pin Mapping,” on page 23.

13.4 Panel Power Up/Down Sequence

After chip reset or when entering/exiting a power save mode, the Panel Interface signas
follow apower on/off sequence shown below. Thissequenceisessentia to prevent damage
tothe LCD panel.
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Panel Interface
Output Signals

(except LCDPWR)

|
|
LCDPWR | Power Save Mode
|
|

RESET#
Software Power Save
REG[03h] bits [1:0] 00 A 11 >< 00 >< 11
or | | |
Hardware Power Save \ : \\
|
|
|
|
|
|
|

— | ¢ N [
0 frame 127 frames 0 frame
power-up power-down power-up

Figure 13-1: Panel On/Off Sequence

After chip reset, LCDPWR isinactive and the rest of the panel interface output signals are
held “low”. Software initializes the chip (i.e. programs all registers except the Look-Up
Table registers) and then programs REG[03h] bits[1:0] to 11b. This starts the power-up
seguence as shown. The power-up/power-down sequence delay is 127 frames. The Look-
Up Table registers may be programmed any time after REG[03h] bitg[1:0] = 11b.

The power-up/power-down sequence also occurs when exiting/entering Software Power
Save Mode.

13.5 Turning Off BCLK Between Accesses

BCLK may be turned off (held low) between accesses if the following rules are observed:
1. BCLK must be turned off/on in aglitch free manner

2. BCLK must continue for a period equal to [8Tgc k + 12T\ k] after the end of the
access (RDY # asserted or WAIT# deasserted).

3. BCLK must be present for at least one Ty  before the start of an access.

S1D13705 Hardware Functional Specification
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13.6 Clock Requirements

The following table shows what clock is required for which function in the S1D13705
Table 13-5: S1D13705 Internal Clock Requirements

Function BCLK CLKI

Is required during register accesses. BCLK
can be shut down between accesses: allow
eight BCLK pulses plus 12 MCLK pulses
Register Read/Write (8TgcLk + 12Ty cLk) after the last access Not Required
before shutting BCLK off. Allow one BCLK
pulse after starting up BCLK before the next
access

Is required during memory accesses. BCLK
can be shut down between accesses: allow
eight BCLK pulses plus 12 MCLK pulses
Memory Read/Write (8TgcLk + 12Ty k) after the last access Required
before shutting BCLK off. Allow one BCLK
pulse after starting up BCLK before the next
access

Is required during LUT register accesses.
BCLK can be shut down between accesses:
allow eight BCLK pulses plus 12 MCLK
pulses (8TgcLk + 12TycLk) after the last Not Required
access before shutting BCLK off. Allow one
BCLK pulse after starting up BCLK before
the next access

Look-Up Table Register
Read/Write

Can be stopped after 128 frames from
Software Power Save Required entering Software Power Save, i.e. after
REG[03h] bits 1-0 = 11

Can be stopped after 128 frames from
entering Hardware Power Save

Hardware Power Save Not Required

Hardware Functional Specification S1D13705
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14 Mechanical Data

FP14 - 80 pin
Q P Unit: mm
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Figure 14-1: Mechanical Drawing QFP14
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15 Sales and Technical Support

Japan
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North America
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Tel: (408) 922-0200

Fax: (408) 922-0238
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& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan

Tel: 02-2717-7360

Fax: 02-2712-9164
http://www.epson.com.tw/

Singapore
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Hardware Functional Specification
Issue Date: 02/02/01

S1D13705

X27A-A-001-10



Page 88 Epson Research and Development
Vancouver Design Center

THIS PAGE LEFT BLANK

S1D13705 Hardware Functional Specification
X27A-A-001-10 Issue Date: 02/02/01



EPSON

S1D13705 Embedded Memory LCD Controller

Programming Notes and Examples

Document Number: X27A-G-002-03

Copyright © 2001, 2002 Epson Research and Development, Inc. All Rights Reserved.

Information in this document is subject to change without notice. You may download and use this document, but only for your own use in
evaluating Seiko Epson/EPSON products. You may not modify the document. Epson Research and Development, Inc. disclaims any
representation that the contents of this document are accurate or current. The Programs/Technologies described in this document may contain
material protected under U.S. and/or International Patent laws.

EPSON is a registered trademark of Seiko Epson Corporation. All other Trademarks are the property of their respective owners




Page 2 Epson Research and Development
Vancouver Design Center

THIS PAGE LEFT BLANK

S1D13705 Programming Notes and Examples
X27A-G-002-03 Issue Date: 02/01/22



Epson Research and Development Page 3
Vancouver Design Center

Table of Contents

1 IntroducCtion . . . . . . . . e e e e 7

2 Initialization . . . . . . e e e e e 8
2.1 Display BufferLocation . . . . . . . . . . . . ... ... ... ......8
22 RegiserVaues. . . . . . . . . . . . . .. . ... ... .8
23 FrameRaeCalculation. . . . . . . . . . . . . . . .. ... ... .. ...9

3 Memory Models . . . . . . . e e 12
31 1Bit-Per-Pixel (2Colors/Gray Shades) . . . . . . . . . . . . . . .. ... .12
3.2 2Bit-Per-Pixel (4Colors/Gray Shades) . . . . . . . . . . . . . . ... ...13
3.3 4Bit-Per-Pixel (16 Colord/Gray Shades) . . . . . . . . . . . . . . . .. .. .13
34 Eight Bit-Per-Pixel (256 Colors) . . . . . . . . . . . . . .. .. ......114

4 Look-Up Table (LUT) . . . . . . . . . e s e e e 15
41 Look-UpTableRegisters . . . . . . . . . . . . ... .. .........16
4.2 Look-Up TableOrganization . . . . . . . . . . . . . . . ... ......1

421 ColorModes. . . . . . . . . 17

422 GrayShadeModes . . . . . . . . . 22

5 Advanced Techniques . . . . . . . . . . . e 25
51 VirtuaDisplay . . . . . . . . . . . ... ... ... ..........25
511 RegISES. . . .o e e 26

512 EXamples . . . . . . e e e 26

52 Panningand Scrolling . . . . . . . . . . . . ... .02
521 RegISES . . .. e 28

522 EXamples . . . . . . e e 29

53 SplitScreen . . . . ... L. LA
531 RegISES. . . . o e 32

532 EXamples . . . . . .. e e 34

6 LCD Power Sequencing and Power SaveModes . . . . . ... .. ... ... ... 35

6.1 LCDPowerSequencing . . . . . . . . . . . ... .. ... .......35
62 Registers . . . . . . . . . . . . . . ... ... ..., 3
6.3 LCDEnableDisable. . . . . . . . . . . . . . . ... .. ........03

7 Hardware Rotation . . . . . . . . ... 37
7.1 Introduction To HardwareRotation . . . . . . . . . . . . . . .. ... ...37
7.2 DefaultPortraitMode . . . . . . . . .. .. ... L3
7.3 Alternate PortraitMode . . . . . . . . . . . . . ... .. ... ... 39
74 Registers . . . . . . . . . . . ..o
75 Limitations . . . . . . . L. L0 L e e 42
76 Examples . . . . . . . . . . . . . . ... ... ... 43

Programming Notes and Examples S1D13705
Issue Date: 02/01/22 X27A-G-002-03



Page 4 Epson Research and Development
Vancouver Design Center

8 Identifying the SID13705 . . . . . . . . . . e 47
9 Hardware Abstraction Layer (HAL) . . . . . . . . . . . . . 48
9.1 Introduction . . . . e e e e e e oo ... 48

9.2 ContentsoftheHALSTRUCT........................48
9.3 UsingtheHALlibrary. . . . . . . . . . . . . . . . . ... . ... ....4
94 APIfor13705HAL . . . . . . . . .9

9.4.1 Initidlization . . . . ... e 51
9.4.2 General HAL Support . . . . . . . . . e 52
943 AdvancedHAL Functions . . . . . . . . . . . e 55
9.4.4 Register / Memory ACCESS. . . .« v v v v e e e e e e e e e e e 58
945 PoOWerSave . . . ... 60
94.6 Drawing . . . . . . . .. e 61
9.4.7 LUT Manipulation . . . . . . . . . . . e e e 62
9.5 Porting LIBSE to anew target platform . . . . e 72
9.5.1 Building the LIBSE library for SH3 target example ................. 65
9.5.2 Buildingthe HAL library for thetargetexample . . . . . ... ... ... .. ... 65

10 Sample Code . . . . . . . . e e 66

10.1 Sample codeusing the SID13705HALAPI . . . . . . . . . . . . . . . . . . .66
10.2 Sample code without using the SID13705 HALAPI . . . . . . . . . . . . . . . .68
10.3 Header Files. . . . . . . . . . . . . . ..o T

S1D13705 Programming Notes and Examples
X27A-G-002-03 Issue Date: 02/01/22



Epson Research and Development Page 5
Vancouver Design Center
List of Tables
Table2-1: S1D13705 Initidization Sequence . . . . . . . . . . . 9
Table4-1: Recommended LUT Vauesfor 1BppColorMode. . . . .. .. ... .. ....... 17
Table4-2: Example LUT Valuesfor 2BppColorMode . . . . . . ... ... . ... ... .... 18
Table4-3: Suggested LUT Valuesto Simulate VGA Default 16 Color Palette . . . . .. ... .. 19
Table 4-4: Suggested LUT Vauesto Simulate VGA Default 256 Color Palette . . . . . . ... .. 20
Table4-5; Recommended LUT Valuesfor 1BppGrayShade . . . . .. ... ... ... ..... 22
Table4-6: Suggested Valuesfor2BppGrayShade . . . . . . ... .. ... ... ... ..... 23
Table4-7: Suggested LUT Vauesfor4BppGrayShade . . . .. ... ... ... ... ..... 24
Table5-1: Number of PixelsPanned Using Start Address . . . . . ... ... .. .. ....... 28
Table 7-1: Default and Alternate Portrait Mode Comparison . . . . . . . . .. ... ... ..... 42
Table9-1: HAL FUNCtiONS . . . . . . . . e 49
List of Figures
Figure 3-1: Pixe Storagefor 1 Bpp (2 Colors/Gray Shades) in One Byte of Display Buffer . . . . . 12
Figure 3-2: Pixel Storage for 2 Bpp (4 Colors/Gray Shades) in One Byte of Display Buffer . . . . . 13
Figure 3-3: Pixel Storagefor 4 Bpp (16 Colors/Gray Shades) in One Byte of Display Buffer .13
Figure 3-4: Pixe Storage for 8 Bpp (256 Colors) in One Byte of Display Buffer . . . . .. ... .. 14
Figure5-1: ViewportiInsideaVirtual Display . . . . .. . .. . .. .. . ... . ... .. .. ... 25
Figure5-2: 320x240 SinglePanel For SplitScreen . . . . . . . . . . ... .. ... ... ..... 31
Figure 7-1: Relationship Between the Default Mode Screen Image and the Image
Refreshed by S1D13705 38
Figure 7-2: Relationship Between the Alternate M ode Screen Image and the Image
Refreshed by SID13705 . . . . . . . . . 39
Programming Notes and Examples S1D13705

Issue Date: 02/01/22

X27A-G-002-03



Page 6 Epson Research and Development
Vancouver Design Center

THIS PAGE LEFT BLANK

S1D13705 Programming Notes and Examples
X27A-G-002-03 Issue Date: 02/01/22



Epson Research and Development Page 7
Vancouver Design Center

1 Introduction

This guide demonstrates how to program the S1D13705 Embedded Memory Color LCD
Controller. The guide presents the basic concepts of the LCD controller and provides
methodsto directly program theregisters. It explains some of the advanced techniques used
and the special features of the S1D13705.

The guide also introduces the Hardware Abstraction Layer (HAL), which is designed to
make programming the S1D13705 as easy as possible. Future S1D1370x products will
support the HAL allowing OEMSs the ability to upgrade to future chips with relative ease.
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2 Initialization

Prior to doing anything el se with the S1D 13705 the controller must be initialized. Initial-
ization isthe process of setting up the control registersto aknown state in order to generate
proper display signals.

2.1 Display Buffer Location

Before we can perform the initialization we have to know where to find the S1D13705
display memory and control registers.

The S1D13705 contains 80 kilobytes of internal display memory. External support logic
must be employed to decode the starting address for this display memory in CPU address
space. On the S5U13705B00x PC platform evaluation boards the address is usually fixed
at FO000O0h. Alternatively the address can be set to DOOOOh.

The control registers are located by adding 1FFEOh (128 Kb less 32 bytes) to the base
memory address. Thus, on the typical PC platform, we access control register O at address
F1FFEOh. Control register 5 would be located at address FIFFES, etc.

2.2 Register Values

This section describes the register settings and sequence of setting the registers. In addition
to these setting the L ook-Up Table must be programmed with appropriate colors. Look-Up
Table setupisnot covered here. See Section 4 on page 15 of thismanual for Look-Up Table
programming details.

Thefollowing initialization, presented in table form, shows the sequences and valuesto set
the registers. The notes column comments the reason for the particular value being written.

Thisexamplewritesto all the necessary registers. Initially, when the S1D13705 is powered
up, all registers, unless noted otherwise in the specification, are set to zero. This example
programs these registers to zero to establish a known state. In practice, it may be possible
to write to only a subset of the registers.

The exampleinitializes a S1D13705 to control a panel with the following specifications:

320x240 color single passive LCD panel at 70Hz.

Color Format 2, 8-bit data interface.
8 bit-per-pixel (256 colors).
¢ 6 MHz input clock (CLKI).

S1D13705
X27A-G-002-03
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Table 2-1: S1D13705 Initialization Sequence

Register Value (hex) Notes See Also
[01] 0010 0011 (23) |Select a passive, Single, Color panel with an 8-bit data width
[02] 1100 0000 (CO) |[Select 8-bit per pixel color depth
[03] 0000 0011 (03) |Select normal power operation
[04] 0010 0111 (27) |Horizontal display size = (Reg[04]+1)*8 = (39+1) * 8 = 320 pixels
[05] 1110 1111 (EF) |Vertical display size = Reg[06][05] + 1
[06] 0000 0000 (00) |=0000 0000 1110 1111 + 1 =239 +1 = 240 lines
[07] 0000 0000 (00) |FPLINE start position (only required for TFT configuration)
- — P "
[08] 0000 0000 (00) | orizontal non-display period = (Reg[08] + 4) * 8 Frame Rate Calculation
=4*8 = 32 pixels

[09] 0000 0000 (00) |FPFRAME start position (only required for TFT configuration)
[0A] 0000 0011 (03) |Vertical non-display period = REG[0A] = 3 lines Frame Rate Calculation
[0B] 0000 0000 (00) |MOD rate is only required by some monochrome panels
[0C] 0000 0000 (00) o .

Screen 1 Start Address - set to O for initialization Split Screen on page 31
[0D] 0000 0000 (00)
[OE] 0000 0000 (00) O )

Screen 2 Start Address - set to O for initialization Split Screen on page 31
[OF] 0000 0000 (00)
[10] 0000 0000 (00) |Screen 1/ Screen 2 Start Address MSB - set to 0
[11] 0000 0000 (00) |Memory Address offset - not virtual setup - so setto 0 Virtual Display on page 25
[12] 1111 1111 (FF) S ) _

Set the vertical size to the maximum value. Split Screen on page 31
[13] 0000 0011 (03)
15 -
[15] Leave the LUT alone for now Look-Up Table (LUT) on
[17] page 15
[18] 0000 0000 (00) )

GPIO control and status registers - set to “0”".
[19] 0000 0000 (00)
[1A] 0000 0000 (00) |Set the scratch pad bits to “0”.
[1B] 0000 0000 (00) |This is not portrait mode so set this register to “0”. Introduction To Hardware
[1C] 0000 0000 (00) |Line Byte Count is only required for portrait mode. Rotation on page 37

2.3 Frame Rate Calculation

Frame rate specifies the number of complete frame which are drawn on the display in one
second. Configuring aframe rate that istoo high or too low adversely effectsthe quality of
the displayed image.

System configuration imposes certain non-variable limitations. For instance the width and
height of the display panel arefixed asis, typically, theinput clock to the S1D13705. From
the following formulait is evident that the two variabl es the programmer can use to adjust
frame rate are horizontal and vertical non-display periods.
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The following are the formulae for determining the frame rate of a panel. The formulafor
asingle passive or TFT panel is calculated as follows:
_ PCLK
FrameRate = (R 5 HNDP) x (VDP + VNDP)
for adual passive panel the formulais:
FrameRate = PCLK[}JDP
2 (HDP+HNDP) x 5= +VNDFH
where: PCLK = Pixel clock (in Hz)
HDP = Horizontal Display Period (in pixels)
HNDP = Horizontal Non-Display Period (in pixels)
VDP = Vertical Display Period (in lines)
VNDP = Vertica Non-Display Period (in lines)
In addition to varying the HNDP and VNDP times we can also select divider values which
will reduce CLKi to one half, one quarter up to one eight of the CLKi value. The example
below isaportion of a’C’ routineto calculate HNDP and VNDP from adesired framerate.
for (int loop = 0; loop < 2; |oop++)
{
for (VNDP = 2; VNDP < Ox3F; VNDP += 3)
{
/1 Solve for HNDP
HNDP = (PCLK / (FranmeRate * (VDP + VNDP))) - HDP;
if ((HNDP >= 32) && (HNDP <= 280))
{
/1 Solve for VNDP.
VNDP = (PCLK / (FrameRate * (HDP + HNDP))) - VDP;
/1 1f we have satisfied VNDP then we're done.
if ((VNDP >= 0) && (VNDP <= O0x3F))
got o DoneCal c;
}
}
/1 Divide Akl and try again.
/1 (Reg[02] allows us to dived CLKI by 2)
PCLK /= 2;
}
/1 If we still can't hit the frame rate - throw an error.
if ((VNDP < 0) || (VNDP > Ox3F) || (HNDP < 32) || (HNDP > 280))
{
sprintf("ERROR: Unable to set the desired frame rate.\n");
exit(1);
}
S1D13705 Programming Notes and Examples
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Thisroutinefirst performsaformularearrangement so that HNDP or VNDP can be solved.
Start with VNDP set to asmall value. Loop increasing VNDP and solving the equation for
HNDP until satisfactory HNDP and VNDP values are found. If no satisfactory values are

found then divide CLKI and repeat the process. If a satisfactory frame rate still can’t be
reached - return an error.

Note
Most passive (STN) panels are tolerant of nearly any combination of HNDP and VNDP
values, however panel specifications generally specify only afew lines of vertical non-
display period. The S1D13705 is capable of generating a vertical non-display period of
up to sixty-three lines. This amount of VNDP is far too great a non-display period and

will likely degrade display quality. Similarly, setting alarge HNDP value may cause a
degrade in image quality.

If possible the system should be designed such that VNDP values of 7 or lesslines and
HNDP values of 20 or less characters can be selected.
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3 Memory Models

The S1D13705 is capable of operating at four different color depths. For each color depth
the dataformat is packed pixel. S1D13705 packed pixel modes can range from one byte
containing eight adjacent pixels (1-bpp) to one byte containing just one pixel (8-bpp).

Packed pixel datamay be envisioned asastream of pixels. Inthisstream, pixelsare packed
in adjacent to each other. If apixel requiresfour bitsthen it will be located in the four most
significant bits of abyte. The pixel to the immediate right on the display will occupy the
lower four bits of the same byte. The next two pixelsto theimmediate right are located in
the following byte, etc.

3.1 1 Bit-Per-Pixel (2 Colors/Gray Shades)

1-bit pixels support two color/gray shades. In this memory format each byte of display
buffer contains eight adjacent pixels. Setting or resetting any pixel requires reading the
entire byte, masking out appropriate bits and, if necessary, setting bitsto “1”.

When using a color panel the two colors are derived by indexing into positions 0 and 1 of
the Look-Up Table. If thefirst two LUT elements are set to black (RGB = 0 0 0) and white
(RGB = F F F) then each “0" bit of display memory will display as ablack pixel and each
“1" bit will display asawhite pixel. Thetwo LUT entries can be set to any desired colors,
for instance red and green or cyan and yellow.

For monochrome panels the two displayed gray shades are generated by indexing into the
first two elements of the green component of the Look-Up Table (LUT). Thus, by manip-
ulating thegreen LUT componentswe can set either of thetwo gray shadesto any of sixteen
possible levels.

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Pixel 0 Pixel 1 Pixel 2 Pixel 3 Pixel 4 Pixel 5 Pixel 6 Pixel 7
Figure 3-1: Pixel Sorage for 1 Bpp (2 Colors/Gray Shades) in One Byte of Display Buffer
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3.2 2 Bit-Per-Pixel (4 Colors/Gray Shades)

2-hit pixels support four color/gray shades. In this memory format each byte of display
buffer contains four adjacent pixels. Setting or resetting any pixel requires reading the
entire byte, masking out the appropriate bits and, if necessary, setting bitsto “1”.

Color panelsderivetheir four colors by indexing into positions 0 through 3 of the Look-Up
Table. These four LUT entries can be set to any of the 4096 possible color combinations.

Monochrome panels derive four gray shades by indexing into the first four el ements of the
green component of the Look-Up Table. Any of the four LUT entries can be set to any of
the sixteen possible gray shades.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Pixel 0 Pixel 0 Pixel 1 Pixel 1 Pixel 2 Pixel 2 Pixel 3 Pixel 3
Bit 1 Bit 0 Bit 1 Bit 0 Bit 1 Bit 0 Bit 1 Bit 0
Figure 3-2: Pixdl Sorage for 2 Bpp (4 Colors/Gray Shades) in One Byte of Display Buffer

3.3 4 Bit-Per-Pixel (16 Colors/Gray Shades)

Four bit pixels support 16 color/gray shades. In this memory format each byte of display
buffer containstwo adjacent pixels. Setting or resetting any pixel requiresreading theentire
byte, masking out the upper or lower nibble (4 bits) and setting the appropriate bitsto “1”.

Color panels can display up to sixteen colors simultaneously. These sixteen colors are
derived by indexing into the first sixteen elements of the Look-Up Table. Each of these
colors may be selected from the 4096 possible available colors.

On amonochrome panel the gray shades are generated by indexing into the first sixteen
green components of the LUT. Each of these sixteen possible gray shades can be adjusted
to any of the sixteen possible gray shades. For instance, one could program the first eight
green LUT entriesto be 0 and the second green LUT entries to be FFh. Thiswould result
in nibble values of 0 through 7 displaying as black and nibble values 8 through OFh
displaying as white.

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Pixel O Pixel O Pixel 0 Pixel O Pixel 1 Pixel 1 Pixel 1 Pixel 1
Bit 3 Bit 2 Bit 1 Bit 0 Bit 3 Bit 2 Bit 1 Bit0
Figure 3-3: Pixel Sorage for 4 Bpp (16 ColorgGray Shades) in One Byte of Display Buffer
S1D13705
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3.4 Eight Bit-Per-Pixel (256 Colors)

In eight bit-per-pixel mode one byte of display buffer represents one pixel on the display.
At this color depth the read-modify-write cycles, required by the lessor pixel depths, are
eliminated.

When using a color panel, each byte of display memory acts as and index to one element
of the LUT. The displayed color is arrived at by taking the display memory value as an
index into the LUT.

Eight bit per pixel isnot supported for monochrome display modes. Thereason isthat each
element of the LUT supports a 4-bit (sixteen value) level for red, green and blue. In
monochrome display modes on the green value is used to set the gray intensity. Thus we
have sixteen possible grey values but, because of the color

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Red bit 2 Red bit 1 Red bit 0 Green bit 2 Green bit 1 Green bit 0 Blue bit 1 Blue bit 0
Figure 3-4: Pixel Sorage for 8 Bpp (256 Colors) in One Byte of Display Buffer
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4 Look-Up Table (LUT)

This section is supplemental to the description of the Look-Up Table architecture found in
the S1D13705 Hardware Functional Specification. Covered hereisareview of the LUT
registers, recommendations for the color and gray shade LUT values, and additional
programming considerations for the LUT. Refer to the S1D13705 Hardware Functional
Specification, document number X27A-A-001-xx for more detail.

The S1D13705 Look-Up Table consists of 256 indexed red/green/blue entries. Each entry
is 4 bitswide. Two registers, REG[15h] and REG[17h], control accessto the LUT.

Each L ook-Up Table entry consists of ared, green, and blue component. Each component
consisting of four bits, or sixteen intensity levels. Any Look-Up Table element can be
selected from a palette of 4096 (16x16x16) colors.

In color display modes, pixd values are used as an index to an RGB value stored in the
Look-Up Table. In monochrome modes, pixel values still index into the LUT, but only the
green component is used to determine display intensity.

The selected color depth determines how many index positions are used for image display.
For example at one bit-per-pixel (bpp) only index positions 0 and 1 of the Look-Up Table
are used. At 4-bpp thefirst 16 index positions of the Look-Up Table are used and at 8-bpp
all 256 Look-Up Table index positions are used.

The Look-Up Table mechanism itself consists of an index register and adataregister. The
index, or address, register determines which element of the Look-Up Table will be
accessed. After setting theindex the LUT may be read or written through the dataregister.
The first data element read or written is the red component of the entry. Subsequent
read/write operations access the green and then the blue elements of the Look-Up Table.

The S1D13705 LUT architecture is designed to provide a high degree of similarity in
operation to astandard VGA RAMDAC. However, there are two considerations which
must be kept in mind.

» The S1D13705 Look-Up Table has four bits (16 levels) of intensity per primary color.
The standard VGA RAMDAC has six bits (64 levels). Thisfour to one difference must
be taken into consideration when converting from aVGA paletteto a LUT palette. One
suggestion isto divide the VGA intensity level by four to arrive at the LUT intensity.

However, most applications specify the red, green and blue components as eight bit
intensities. To determine the appropriate S1D13705 Look-Up Table value we recom-
mend using the four most significant bits.

Programming Notes and Examples S1D13705
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4.1 Look-Up Table Registers

REG[15h] Look-Up Table Address Register Read/Write
LUT Address | LUT Address | LUT Address | LUT Address | LUT Address | LUT Address | LUT Address | LUT Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

LUT Address

TheLUT addressregister selectswhich of the 256 LUT entrieswill be accessed. After three
successive reads/writes to the data register this register is automatically incremented to
point to the next address.

REG[17h] Look-Up Table Data Register

LUT Data LUT Data LUT Data
Bit 3 Bit 2 Bit 1

Read/Write

LUT Data

Bit 0 n/a n/a n/a n/a

LUT Data

Thisregister iswhere the 4-bit red/green/blue datavalueiswritten/read. Immediately after
setting the LUT index with register [15h] thisregister accessesthe red element of the Look-
Up Table. With each successive write/read theinternal bank select isincremented. Thusthe
second access is from the green element and the third is from the blue element.

After the third accessthe LUT Addressis incremented by one, then next access to this
register will be the red element of the next Look-Up Table index.

S1D13705
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4.2 Look-Up Table Organization

4.2.1 Color Modes

1 bpp color

When the S1D13705 is configured for 1 bpp color mode, the LUT islimited to selecting
colors from the first two entries. The two LUT entries can be any two RGB values but are
typically set to black-and-white.

Each bytein the display buffer contains eight adjacent pixels. If abit hasavaueof “0” then
thecolor in LUT Oindex isdisplayed. A bit value of “1” resultsin thecolor in LUT 1index

being displayed.

The following table shows the recommended values for obtaining a black-and-white mode
whilein 1 bpp on acolor panel.

Table 4-1: Recommended LUT Values for 1 Bpp Color Mode

Index Red Green Blue
00 00 00 00
01 FO FO FO
02 00 00 00
00 00 00
FF 00 00 00

unused entries
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2 bpp color
When the S1D13705 is configured for 2 bpp color mode, the displayed colors are selected
from the first four entries of the Look-Up Table. The LUT entries may be set to any of the
4096 possible colors.
Each byte in the display buffer contains four adjacent pixels. If abit combination has a
value of “00” then the color in LUT index O is displayed. A bit value of “01” resultsin the
color in LUT index 1 being displayed. Likewise the bit combination of “10” displays from
the third LUT entry and “11” displays a color from the fourth LUT entry.
The following table shows the example values for 2 bit-per-pixel display mode.
Table 4-2: Example LUT Values for 2 Bpp Color Mode
Index Red Green Blue
00 00 00 00
01 70 70 70
02 A0 A0 A0
03 FO FO FO
04 00 00 00
00 00 00
FF 00 00 00
indicates unused entries
S1D13705 Programming Notes and Examples
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4 bpp color

When the S1D13705 is configured for 4 bpp color mode, the displayed colors are selected
from the first sixteen entries of the Look-Up Table. The LUT entries may be set to any of

the 4096 possible colors.

Each byte in the display buffer contains two adjacent pixels. If a nibble has a value of
“0000" then the color in LUT index O isdisplayed. A nibble value of “0001” resultsin the
color in LUT index 1 being displayed. The pattern continuesto the nibble pattern of “1111"

which resultsin the sixteenth color of the Look-Up Table being displayed.

The following table shows the example vaues for 4 bit-per-pixel display mode. These

colors simulate the colors used by the sixteen color modes of aVGA.

Table 4-3: Suggested LUT Valuesto Smulate VGA Default 16 Color Palette

Index Red Green Blue
00 00 00 00
01 00 00 A0
02 00 A0 00
03 00 A0 A0
04 A0 00 00
05 A0 00 A0
06 A0 A0 00
07 A0 A0 A0
08 00 00 00
09 00 00 FO
0A 00 FO 00
0B 00 FO FO
0oC FO 00 00
oD FO 00 FO
OE FO FO 00
OF FO FO FO
10 00 00 00

00 00 00
FF 00 00 00

indicates unused entries
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8 bpp color

When the S1D 13705 is configured for 8 bpp color mode the entire L ook-Up Tableis used
to display images. Each of the LUT entries may be set to any of the 4096 possible colors.

Each byte in the display buffer represents one pixels. The byte value is used directly as an

index into one of the 256 LUT entries. A display memory byte with a value of 00h will

display the color contained in the first Look-Up Table entry while a display memory byte

of FFh will display a color formed byte the two hundred and fifty sixth Look-Up Table

entry.

The following table depicts LUT values which approximate the VGA default 256 color

palette.

Table 4-4: Suggested LUT Values to Smulate VGA Default 256 Color Palette
Index| R G B |{Index| R G B |{Index| R G B |{Index| R G B
00 00 00 00 || 40 FO | 70 70 80 30 30 70 || co | 00 | 40 00
01 00 00 | A0 || 41 FO | 90 70 81 40 30 70 || c1 | o0 | 40 10
02 00 | A0 | 00 || 42 FO | BO | 70 82 50 30 70 || c2 | 00 | 40 20
03 00 | A0 | AO || 43 FO A DO | 70 83 60 30 70 || C3 | 00 | 40 30
04 | AO | 00 00 || 44 FO | FO | 70 84 70 30 70 || c4 | o0 | 40 | 40
05 | AO | 00 | AO || 45 | DO | FO | 70 85 70 30 60 || C5 | 00 30 | 40
06 | AO | 50 00 || 46 BO | FO | 70 86 70 30 50 || C6 | 00 20 | 40
07 | A0 | A0 | AO || 47 90 FO | 70 87 70 30 | 40 || c7 | o0 10 | 40
08 50 50 50 || 48 70 FO | 70 88 70 30 30 || c8 | 20 20 | 40
09 50 50 FO || 49 70 FO | 90 89 70 | 40 30 || c9 | 20 20 | 40
OA | 50 FO | 50 || 4A | 70 FO A BO || 8A | 70 50 30 || cA | 30 20 | 40
0B | 50 FO | FO || 4B | 70 FO | DO || 8B | 70 60 30 || CB | 30 20 40
ocC | FO | 50 50 || 4C | 70 FO A FO || 8C | 70 70 30 || cC | 40 20 | 40
oD | FO | 50 FO || 4D | 70 | DO | FO || 8D | 60 70 30 || CD | 40 20 30
OE | FO | FO | 50 || 4E | 70 | BO | FO || 8E | 50 70 30 || CE | 40 20 30
OF | FO | FO | FO || 4F | 70 90 FO || 8F | 40 70 30 || CF | 40 20 20
10 00 00 00 50 BO | BO | FO || 90 30 70 30 || DO | 40 20 20
11 10 10 10 51 | co | BO | FO || 91 30 70 | 40 || D1 | 40 20 20
12 20 20 20 52 | DO | BO | FO || 92 30 70 50 || D2 | 40 30 20
13 20 20 20 53 EO | BO | FO || 93 30 70 60 || D3 | 40 30 20
14 30 30 30 54 FO A BO | FO || 94 30 70 70 || D4 | 40 | 40 20
15 40 | 40 | 40 55 FO | BO | EO || 95 30 60 70 || D5 | 30 | 40 20
16 50 50 50 56 FO A BO | DO || 96 30 50 70 || D6 | 30 | 40 20
17 60 60 60 57 FO | BO | CO || 97 30 | 40 70 || D7 | 20 | 40 20
18 70 70 70 58 FO A BO | BO || 98 50 50 70 || D8 | 20 | 40 20
19 80 80 80 59 FO A CO | BO || 99 50 50 70 || D9 | 20 | 40 20
1A | 90 90 9 || 5A | FO | DO | BO || 9A | 60 50 70 || DA | 20 | 40 30
1B | AO A0 | A0 || 5B | FO | EO | BO || 9B | 60 50 70 || DB | 20 | 40 30
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Table 4-4: Suggested LUT Values to Smulate VGA Default 256 Color Palette (Continued)

Index| R G B |/Index| R G B |/Index| R G B |/Index| R G B
1C BO BO BO 5C FO FO BO 9C 70 50 70 DC 20 40 40
1D Co Co Co 5D EO FO BO 9D 70 50 60 DD 20 30 40
1E EO EO EO 5E DO FO BO 9E 70 50 60 DE 20 30 40
1F FO FO FO 5F Co FO BO 9F 70 50 50 DF 20 20 40
20 00 00 FO 60 BO FO BO AO 70 50 50 EO 20 20 40
21 40 00 FO 61 BO FO Co Al 70 50 50 El 30 20 40
22 70 00 FO 62 BO FO DO A2 70 60 50 E2 30 20 40
23 BO 00 FO 63 BO FO EO A3 70 60 50 E3 30 20 40
24 FO 00 FO 64 BO FO FO A4 70 70 50 E4 40 20 40
25 FO 00 BO 65 BO EO FO A5 60 70 50 E5 40 20 30
26 FO 00 70 66 BO DO FO A6 60 70 50 E6 40 20 30
27 FO 00 40 67 BO Co FO A7 50 70 50 E7 40 20 30
28 FO 00 00 68 00 00 70 A8 50 70 50 E8 40 20 20
29 FO 40 00 69 10 00 70 A9 50 70 50 E9 40 30 20
2A FO 70 00 6A 30 00 70 AA 50 70 60 EA 40 30 20
2B FO BO 00 6B 50 00 70 AB 50 70 60 EB 40 30 20
2C FO FO 00 6C 70 00 70 AC 50 70 70 EC 40 40 20
2D BO FO 00 6D 70 00 50 AD 50 60 70 ED 30 40 20
2E 70 FO 00 6E 70 00 30 AE 50 60 70 EE 30 40 20
2F 40 FO 00 6F 70 00 10 AF 50 50 70 EF 30 40 20
30 00 FO 00 70 70 00 00 BO 00 00 40 FO 20 40 20
31 00 FO 40 71 70 10 00 Bl 10 00 40 F1 20 40 30
32 00 FO 70 72 70 30 00 B2 20 00 40 F2 20 40 30
33 00 FO BO 73 70 50 00 B3 30 00 40 F3 20 40 30
34 00 FO FO 74 70 70 00 B4 40 00 40 F4 20 40 40
35 00 BO FO 75 50 70 00 B5 40 00 30 F5 20 30 40
36 00 70 FO 76 30 70 00 B6 40 00 20 F6 20 30 40
37 00 40 FO 77 10 70 00 B7 40 00 10 F7 20 30 40
38 70 70 FO 78 00 70 00 B8 40 00 00 F8 00 00 00
39 90 70 FO 79 00 70 10 B9 40 10 00 F9 00 00 00
3A BO 70 FO TA 00 70 30 BA 40 20 00 FA 00 00 00
3B DO 70 FO 7B 00 70 50 BB 40 30 00 FB 00 00 00
3C FO 70 FO 7C 00 70 70 BC 40 40 00 FC 00 00 00
3D FO 70 DO 7D 00 50 70 BD 30 40 00 FD 00 00 00
3E FO 70 BO 7E 00 30 70 BE 20 40 00 FE 00 00 00
3F FO 70 90 7F 00 10 70 BF 10 40 00 FF 00 00 00

Programming Notes and Examples S1D13705

Issue Date: 02/01/22

X27A-G-002-03



Page 22

Epson Research and Development
Vancouver Design Center

4.2.2 Gray Shade Modes

Gray shade modes are monochrome display modes. Monochrome display modes use the
Look-Up Table in avery similar fashion to the color modes. This most significant
difference is that the monochrome display modes use only the intensity of the green
element of the Look-Up Tableto form the gray level.

Oneside effect of using only green for intensity selectionisthat in gray shade modesthere
are only sixteen possible intensities. 8 bit-per-pixel is not supported for gray shade modes.

1 bpp gray shade
When the S1D13705 is configured for 1 bpp gray shade mode, the LUT islimited to
selecting colors from the first two green entries. The two LUT entries can be set to any of

sixteen possible intensities. Typically they would be set to Oh (black) and Fh (white).

Each bytein the display buffer contains eight adjacent pixels. If abit hasavalueof “0” then
the color in the green LUT O index isdisplayed. A bit value of “1” resultsin the color in
green LUT 1 index being displayed.

The following table shows the recommended values 1 bpp gray shade display mode.

Table 4-5. Recommended LUT Values for 1 Bpp Gray Shade

Address Red Green Blue
00 00 00 00
01 00 FO 00
02 00 00 00
00 00 00
FF 00 00 00

unused entries

2 bpp gray shade

When the S1D13705 is configured for 2 bpp gray shade, the displayed colors are selected
from the first four green entriesin the Look-Up Table. The remaining entries of the LUT
are unused. Each of the four entries can be set to any of the sixteen possible colors.

Each byte in the display buffer contains four adjacent pixels. If abit combination has a
value of “00” then theintensity in the green LUT index O isdisplayed. A bit value of “01"
resultsin the intensity represented by the green in LUT index 1 being displayed. Likewise
the bit combination of “10” displaysfrom thethird LUT entry and “11” displaysafromthe
fourth LUT entry.
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The following table shows the example values for 2 bit-per-pixel display mode.

Table 4-6: Suggested Values for 2 Bpp Gray Shade

Index Red Green Blue

0 00 00 00

1 00 50 00

2 00 AO 00

3 00 FO 00

4 00 00 00
00 00 00

FF 00 00 00

indicates unused entries
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4 bpp gray shade

When the S1D13705 is configured for 4 bpp gray shade mode the displayed colors are
selected from the green values of the first sixteen entries of the Look-Up Table. Each of the
sixteen entries can be set to any of the sixteen possible intensity levels.

Each byte in the display buffer contains two adjacent pixels. If anibble pattern is“0000"
then the green intensity of LUT index 0 isdisplayed. A nibble value of “0001" resultsin
the green intensity in LUT index 1 being displayed. The pattern continues to the nibble
pattern of “1111” which resultsin the sixteenth intensity of Look-Up Table being

displayed.

The following table shows the example values for 4 bit-per-pixel display mode.

Table 4-7: Suggested LUT Values for 4 Bpp Gray Shade

Index Red Green Blue
00 00 00 00
01 00 10 00
02 00 20 00
03 00 30 00
04 00 40 00
05 00 50 00
06 00 60 00
07 00 70 00
08 00 80 00
09 00 90 00
0A 00 A0 00
0B 00 BO 00
0oC 00 Cco 00
oD 00 DO 00
OE 00 EO 00
OF 00 FO 00
10 00 00 00
00 00 00
FF 00 00 00

indicates unused entries
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5 Advanced Techniques

This section contains programming suggestions for the following:
* virtua display
 panning and scrolling

* gplit screen display

5.1 Virtual Display

Virtual display refersto the situation where the image to be viewed islarger than the
physical display. The difference can be in the horizontal, vertical or both dimensions. To
view theimage, the display is used as awindow into the display buffer. At any given time
only aportion of theimageisvisible. Panning and scrolling are used to view the full image.

The Memory Address Offset register determines the number of horizontal pixelsin the
virtual image. The offset register can be used to specify from 0 to 255 additional words for
each scan line. At 1 bpp, 255 words span an additional 4,080 pixels. At 8 bpp, 255 words
span an additional 510 pixels.

The maximum vertical size of the virtual image is the result of dividing 81920 bytes of
display memory by the number of byteson each line (i.e. at 1 bpp with a320x240 panel set
for avirtual width of 640x480 there is enough memory for 1024 lines).

Figure 5-1: “Viewport Inside aVirtual Display,” depictsatypical use of avirtual display.
The display panel is 320x240 pixels, an image of 640x480 pixels can be viewed by
navigating a 320x240 pixel viewport around the image using panning and scrolling.

320x240 —
Viewport

640x480
“Virtual” Display

Figure 5-1: Viewport Inside a Virtual Display
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5.1.1 Registers

REG[11h] Memory Address Offset Register

Memory
Address
Offset
Bit 7

Memory Memory Memory Memory Memory Memory Memory
Address Address Address Address Address Address Address
Offset Offset Offset Offset Offset Offset Offset
Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

5.1.2 Examples

Memory Address Offset Register

REG[11h] forms an 8-bit value called the Memory Address Offset. This offset isthe
number of additional words on each line of the display. If the offset is set to zero thereis
no virtual width.

Note

This value does not represent the number of words to be shown on the display. The dis-
play width is set in the Horizontal Display Width register.

Example 1: In this example we go through the calculations to display a 640x480 im-
age on a 320x240 panel at 2 bpp.

Step 1: Calculate the number of pixels per word for this color depth.

At 2 bpp each byteis comprised of 4 pixels, therefore each word contains 8 pixels.
pixels per word=16/bpp=16/2=8

Step 2: Calculate the Memory Address Offset register value

Werequireatotal of 640 pixels. The horizontal display register will account for 320 pixels,
this leaves 320 pixels for the Memory Address Offset register to account for.

offset = pixels/ pixels per_word =320/ 8 =40 = 28h

The Memory Address Offset register, REG[11h], will have to be set to 28h to satisfy the
above condition.

S1D13705
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Example 2: From the above, what is the maximum number of lines our image can
contain?

Step 1: Calculate the number of bytes on each line.

bytes per_line = pixels_per_line/ pixels_per_byte= 640/ 4 = 160
Each line of the display requires 160 bytes.

Step 2: Calculate the number of lines the S1D13705 is capable of.
total_lines = memory / bytes per_line =81920/ 160 = 512

We can display amaximum of 512 lines. Our example image requires 480 lines so this
example can be done.

5.2 Panning and Scrolling

Panning and scrolling describe the operation of moving a physical display viewport about
avirtual imagein order to view the entireimage aportion at time. For example, after setting
up the previous example (virtual display) and drawing an image into it we would only be
able to view one quarter of the image. Panning and scrolling are used to reveal the rest of
theimage.

Panning describesthe horizontal (sideto side) motion of the viewport. When panning to the
right the image in the viewport appears to slide to the left. When panning to the left the
imageto appearsto slideto theright. Scrolling describesthe vertical (up and down) motion
of the viewport. Scrolling down causes the image to appear to dide up and scrolling up
causes the image to appear to dlide down.

Both panning and scrolling are performed by modifying the start addressregister. The start
address registers in the S1D13705 are aword offset to the datato be displayed in the top
left corner of aframe. Changing the start address by one means a change on the display of
the number of pixelsin one word. The number of pixelsin word varies according to the
color depth. At 1 bit-per-pixel aword contains sixteen pixels. At 2 bit-per-pixel there are
eight pixels, at 4 bit-per-pixel there are four pixelsand at 8 bit-per-pixel thereistwo pixes
in each word. The number of pixelsin each word represent the finest step we can pan to the
left or right.

When portrait mode (see Hardware Rotation on page 37) is enabled the start address
registers become offsetsto bytes. In this mode the step rate for the start address registers if
halved making for smoother panning.
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5.2.1 Registers

REG[0Ch] Screen 1 Display Start Address 0 (LSB)
Start Addr Start Addr Start Addr Start Addr Start Addr Start Addr Start Addr Start Addr
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[0Dh] Screen 1 Display Start Address 1 (MSB)
Start Addr Start Addr Start Addr Start Addr Start Addr Start Addr Start Addr Start Addr
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
REG[10h] Screen 1 Display Start Address 2 (MSB)
Start Addr
n/a n/a n/a n/a n/a n/a n/a Bit 16

Screen 1 Start Address Registers

These three registers form the seventeen bit screen 1 start address. Screen 1 is displayed
starting at the top left corner of the display.

In landscape mode these registers form the word offset to the first byte in display memory
to be displayed in the upper left corner of the screen. Changing these registers by one will
shift the display image 2 to 16 pixels, depending on the current color depth.

In portrait mode these registers form the offset to the display memory byte where screen 1
will start displaying. Changing these registersin portrait mode will result in a shift of 1 to
8 pixels depending on the color depth.

Refer to Table 5-1: “Number of Pixels Panned Using Start Address’ to see the minimum
number of pixels affected by a change of one to these registers

Table 5-1: Number of Pixels Panned Using Start Address

Color Depth (bpp)

Pixels per Word

Landscape Mode
Number of Pixels Panned

Pixels Per Byte

Numb

Portrait Mode
er of Pixels Panned

1 16 16 8 8
2 8 8 4 4
4 4 4 2 2
8 2 2 1 1
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5.2.2 Examples

For the following examples we base our calculations on a 4 bit-per-pixel image displayed
on a 256w x 64h panel. We have set up avirtua size of 320w x 240h. Width is greater than
height so we are in landscape display mode. Refer to Section 2, “Initialization” on page 8
and Section 5.1, “Virtual Display” on page 25 for assistance with these settings.

These examples are shown using a C-like syntax.

Example 3: Panning (Right and Left)

To pan to the right increase the start address value by one. To pan to the left decrease the
start address value. Keep in mind that, with the exception of 8 bit-per-pixel portrait display
mode, the display will jump by more than one pixel asaresult of changing the start address
registers.

Panning to theright.

StartWord = Get Start Address();
StartWord ++;
Set St art Address(StartWrd);

Panning to the | eft.

StartWord = Get Start Address();
StartWrd --;
if (StartWord < 0)
StartWrd = 0;
Set St art Address(StartWrd);

The routine GetStartAddress() is one which will read the start address registers and return
the start address as along value. It would be written similar to:

| ong Get StartAddress()

{
}

return ((REG 10] & 1) * 65536) + (REOD] * 256) + (REFO0Q);

Theroutine SetStartAddress() break up itslong integer argument into three register values
and store the values.

voi d Set Start Address(l ong SA)

{
REG 0C] = SA & OxFF;
REGOD] = (SA >> 8) & OxFF;
Reg[ 10] = (SA >> 16) & OxFF;
}
In this example code the notation REG[] refers to whatever mechanism is employed to
read/write the registers.
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Example 4: Scrolling (Up and Down)

To scroll down, increase the value in the Screen 1 Display Start Address Register by the
number of wordsin one virtual scan line. To scroll up, decrease the value in the Screen 1
Display Start Address Register by the number of words in one virtual scan line. A virtual
scan line includes both the number of bytes required by the physical display and any extra
bytes that may be being used for creating a virtual width on the display.

The previous dimensions are still in effect for this example (i.e. 320w x 240h virtual size,
256h x 64w physical size at 4 bpp)

Step 1: Determine the number of wordsin one virtual scanline.
bytes per_line = pixels per_line/ pixels per byte=320/2 =160
words_per_line=bytes per_line/2=160/2 =80

Step 2: Scroll up or down

To scroll up.

StartWord = Get Start Address();
StartWord -= words_per _line;
if (StartWwrd < 0)

StartWrd = 0;
Set St art Address(StartWrd);

To scroll down.

StartWord = Get Start Address();
StartWrd += words_per _|ine;
Set St art Address(StartWrd);

}
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5.3 Split Screen

Occasionally the need arisesto display two different but related images. Take, for example,
agame where the main play arearequires rapid updates and game status, displayed at the
bottom of the screen, requires infrequent updates.

The Split Screen feature of the S1D13705 alows a programmer to setup adisplay in such
amanor. When correctly configured the programmer has only to updatethe main areaon a
regular basis. Occasionally, as the need arises, the secondary areais updated.

The figure below illustrates how a 320x240 panel may be configured to have one image
displaying from scan line O to scan line 199 and image 2 displaying from scan line 200 to
scan line 239. Although this example picks specific values, the split between image 1 and
image 2 may occur at any line of the display.

Scan Line 0
Image 1
Scan Line 199
Scan Line 200
Image 2

Scan Line 239

Screen 1 Vertical Size Registers = 199 lines

Figure 5-2: 320x240 Single Panel For Split Screen

In split screen operation “Image 1" is taken from the display memory location pointed to
by the Screen 1 Start Addressregistersand isawayslocated at the top of the screen. “ Image
2" istaken from the display memory location pointed to by the Screen 2 Start Address
registers. Thelinewhere“Image 1" end and “Image 2" beginsis determined by the Screen
1 Vertica Sizeregister.
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5.3.1 Registers

Split screen operation is performed primarily by manipulating three register sets. Screen 1
Start Addressand Screen 2 Start Address determine from wherein display memory thefirst
and second images will be taken from. The Vertical Size registers determine how many

lines Screen 1 will use. Thefollowing isadescription of the registers used to do split screen.

REG[12] Screen 1 Vertical Size (LSB)

Bit 7

Bit 6

Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

REG[13] Screen 1 Vertical Size (MSB)

n/a

n/a

n/a n/a n/a n/a Bit 9 Bit 8

Screen 1 Vertical Size

These two registers form aten bit value which determines the size of screen 1. When the
vertical sizeisequa to or greater than the physical number of lines being displayed there
is no visible effect on the display. When the vertical size value isless than the number of
physical display lines, operation islikethis:

1. From the beginning of aframeto the number of linesindicated by vertical sizethedis-
play datawill come from the memory area pointed to by the Screen 1 Display Start
Address.

2. After vertical sizelines have been displayed the system will begin displaying data
from the memory area pointed to by Screen 2 Display Start Address.

On thing that must be pointed out here is that Screen 1 memory is always displayed at the
top of the screen followed by screen 2 memory. This relationship holds true regardless of
wherein display memory Screen 1 Start Address and Screen 2 Start Address are pointing.
For instance, Screen 2 Start Address may point to offset zero of display memory while
Screen 1 Start Address pointsto alocation several thousand bytes higher. Screen 1 will still
be shown first on the display. While not particularly useful, it is even possible to set screen
1 and screen 2 to the same address.
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REG[OEh] Screen 2 Display Start Address 0 (LSB)

Start Addr Bit | Start Addr Bit | Start Addr Bit | Start Addr Bit | Start Addr Bit | Start Addr Bit | Start Addr Bit | Start Addr Bit
7 6 5 4 3 2 1 0

REG[OFh] Screen 2 Display Start Address 1 (MSB)

Start Addr Bit | Start Addr Bit | Start Addr Bit | Start Addr Bit | Start Addr Bit | Start Addr Bit | Start Addr Bit | Start Addr Bit
15 14 13 12 11 10 9 8

Screen 2 Start Address Registers

These three registers form the seventeen bit Screen 2 Start Address. Screen 2 is dways

displayed immediately following the screen 1 data and will begin at the left-most pixel on
aline. Keepinmindthat if the Screen 1 Vertical Sizeisequal to or greater than the physical
display then Screen 2 will not be shown.

In landscape mode these registers form the word offset to the first byte in display memory
to be displayed. Changing these registers by one will shift the display image 2 to 16 pixels,
depending on the current color depth.

The S1D13705 does not support split screen operation in portrait mode. Screen 2 will never
be used if portrait mode is selected.

Refer to Table 5-1: “Number of Pixels Panned Using Start Address” to see the minimum

number of pixels affected by a change of one to these registers

Screen 1 Start Address registers, REG[0C], REG[0D] and REG[10] are discussed in
Section 5.2.1 on page 28

Programming Notes and Examples

Issue Date: 02/01/22

S1D13705
X27A-G-002-03



Page 34 Epson Research and Development
Vancouver Design Center

5.3.2 Examples

Example 5: Display 200 scanlines of image 1 and 40 scanlines of image 2. Image 2 is
located first (offset 0) in the display buffer followed immediately by im-
age 1. Assume a 320x240 display and a color depth of 4 bpp.

1. Calculate the Screen 1Vertical Size register values.
vertica_size=200=C8h

Writethe Vertical Size LSB, REG[12h], with C8h and Vertical Size MSB, REG[13h],
with a 00h.

2. Calculate the Screen 1 Start Word Address register values.

Screen 2 islocated first in display memory, therefore we must calcul ate the number of
bytes taken up by the screen 2 data.

bytes per_line = pixels per_line/ pixels per_byte=320/2 =160
total bytes = bytes per_line x lines= 160 x 40 = 6400.

Screen 2 requires 6400 bytes (0 to 6399) therefore the start address offset for screen 1
must be 6400 bytes. (6400 bytes = 3200 words = C80h words)

Set the Screen 1 Start Word Address MSB, REG[0Dh], to OCh and the Screen 1 Start
Word Address LSB, REG[0Ch], to 80h.

3. Calculate the Screen 2 Start Word Address register values.

Screen 2 display datais coming from the very beginning of the display buffer. All thereis
to do here is ensure that both the LSB and M SB of the Screen 2 Start Word Address
registers are set to zero.
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6 LCD Power Sequencing and Power Save Modes

6.1 LCD Power Sequencing

Correct power sequencing is required to prevent long term damage to LCD panels and to
avoid unsightly “lines” during power-up and power-down. Power Sequencing allows the
L CD power supply to discharge prior to shutting down the LCD logic signals.

Proper LCD power sequencing dictates there must be atime delay between the LCD power
being disabled and the LCD signals being shut down. During power-up the LCD signals
must be active prior to or when power is applied to the LCD. The time intervals vary
depending on the power supply design.

The S1D 13705 performs automatic power sequencing in response to both software power
save (REG[03h]) or in response to a hardware power save. One frame after a power save
modeis set, the S1D 13705 disables LCD power, and the LCD logic signals continue for
one hundred and twenty seven frames allowing the LCD power supply to completely
discharge. For most applications the internal power sequencing is the appropriate choice.

There may be situations where the internal time delay isinsufficient to discharge the LCD
power supply before the LCD signals are shut down, or the delay istoo long and the
designer wishesto shorten it. This section details the sequences to manually power-up and
power-down the LCD interface.

6.2 Registers

REG[03h] Mode Register 2

LCDPWR Hardware Software Software
Override Power Save Power Save Power Save
Enable bit 1 bit 0

TheLCD Power (LCDPWR) Overridebit forcesLCD power inactive oneframe after being
toggled. Aslong asthishitis“1” LCD power will be disabled.

The Hardware Power Save Enable bit must be set in order to activate hardware power save
through GPIOO0.

The Software Power Save bits set and reset the software power save mode. These bits are
set to “11” for normal operation and set to “00” for power save mode.

LCD logic signalsto the display panel are active for 128 frames after setting either
hardware or software power save modes. Power sequencing override is performed by
setting the LCDPWR Override bit some time before setting a power save mode for power
off sequences. During power on sequences the power save mode is reset some time before
the LCDPWR Override is reset resulting in the LCD logic signals being active before
power is applied to the panel.
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6.3 LCD Enable/Disable

The descriptions below cover manually powering the LCD panel up and down. Use the
sequences described in this section if the power supply connected to the panel requires
morethan 127 framesto discharge on power-down, or if the panel requiresstarting the LCD
logic well in advance of enabling LCD power. Currently there are no known circumstances
where the LCD logic must be active well in advance of LCD power.

Note
If 127 frame period is to long, blank the display, then reprogram the Horizontal and Ver-
tical sizesto produce a shorter frame period before using these methods.

Power On/Enable Sequence

Thefollowing is asequence for manually powering-up an LCD panel if LCD power had to
be applied later than LCD logic.

1. Set REG[03h] bit 3 (LCDPWR Override) to“1". Thisensuresthat LCD power will be
held disabled.

2. Enable LCD logic. Thisis done by either setting the GPIOO pin low to disable hard-
ware power save mode and/or by setting REG[03h] bits 1-0to “11” to disable soft-
ware power save.

3. Count “x” Vertical Non-Display Periods (OPTIONAL).
“X” corresponds the length of time LCD logic must be enabled before LCD power-up,
converted to the equivalent vertical non-display periods. For example, at 72 HZ count-
ing 36 non-display periods resultsin a one half second delay.

4. Set REG[03h] bit 3to “0” to enable LCD Power.
Power Off/Disable Sequence

The following is a sequence for manually powering-down an LCD panel. These steps
would be used if the power supply discharge requirements are larger than the default 127
frames.

1. Set REG[03h] bit 3 (LCDPWR Override) to “1" which will disable LCD Power.

2. Count “x” Vertical Non-Display Periods.
“X" corresponds to the power supply discharge time converted to the equivalent verti-
cal non-display periods. (see the previous example)

3. Disablethe LCD logic by setting the software power save in REG[03h] or setting
hardware power save via GPIOO0. Keep in mind that after setting the power save mode
there will be 127 frames before the LCD logic signals are disabled.
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7 Hardware Rotation

7.1 Introduction To Hardware Rotation

Many of todays applications use the LCD panel in a portrait orientation (typically LCD
panels are landscape oriented). In this case it becomes necessary to “rotate” the displayed
image. Thisrotation can be done by software at the expense of performance or, aswith the
S1D13705, it can be done by hardware with no performance penalty.

This discussion of display rotation is intended to augment the excellent description of the
hardware functionality found in the Hardware Functional Specification.

The S1D13705 supports two portrait modes: Default Portrait Mode and Alternate Portrait
Mode.

7.2 Default Portrait Mode

Default portrait mode was designed to reduce power consumption for portrait mode use.
The reduced power consumption comes with certain trade offs.

The most obvious difference between the two modesisthat Default Portrait M ode requires
the portrait width be a power of two, e.g. a 240-line panel, used in portrait mode, requires
setting avirtual width of 256 pixels. Also default portrait modeis only capable of scrolling
the display in two line increments.

The benefitsto using default portrait mode liesin the ability to use aslower input clock and
in reduced power consumption.

The following figure depicts the ways to envision memory layouts for the S1D13705in
default portrait mode. This example uses a 320x240 panel.
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Figure 7-1: Relationship Between the Default Mode Screen Image and the Image Refreshed by S1D13705

From the programmers perspective the memory islaid out as shown on the left. The
programmer accesses memory exactly as for a panel of with the dimensions of 240x320
setup to have a 256 pixel horizontal stride. The programmer sees memory addresses
increasing from A->B and from B->C.

From a hardware perspective the S1D 13705 always refreshes the LCD pandl in the order

B->D and down to do A->C.
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7.3 Alternate Portrait Mode

Alternate portrait mode does not impose the power of two line width. To rotated the image
on 240 line panel requires aportrait stride of 240 pixels. Alternate portrait modeis capable
of scrolling by oneline a atimein response to changes to the Start Address Registers.
However, to achieve the same frame rate requires a 2 x faster input clock, therefore using
more power.

The following figure depicts the ways to envision memory layouts for the S1D13705 in
alternate portrait mode. This example aso uses a 320x240 panel. Notice that in alternate
portrait mode the stride may be aslittle as 240 pixels.

physical

memory
start

address

A A B
2 portrait @ o
< 1 +—
window display 5 g o
start £ 2 S
address a s
< (@)
C D
v P 480 R
320 ) "
image seen by programmer image refreshed by S1D13705
= image in display buffer

Figure 7-2: Relationship Between the Alternate Mode Screen Image and the Image Refreshed by S1D13705

From the programmers perspective the memory islaid out as shown on the left. The
programmer accesses memory exactly asfor apanel of with the dimensions of 240x320.
The programmer sees memory addresses increasing from A->B and from B->C.

From a hardware perspective the S1D13705 always refreshes the LCD panel in the order
B->D and down to do A->C

The greatest factor in selecting alternate portrait mode over default portrait mode would be
for the ability to obtain an area of contiguous off screen memory. For example: A 640x480
panel in default portrait mode at two bit-per-pixel requires 81920 bytes (80 Kb). Thereis
unused memory but it is not contiguous. The same situation using aternate portrait mode
requires 76800 bytes|eaving 5120 bytes of contiguous memory availableto the application.
In fact the change in memory usage may make the difference between being able to run
certain panelsin portrait mode or not being able to do so.
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7.4 Registers

This section describes the registers used to set portrait mode operation.

REG[0Ch] Screen 1 Start Word Address LSB
bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0

REG[0Dh] Screen 1 Start Word Address MSB
bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8

REG[OEh] Screen 1 Start Word Address MSB
n/a n/a n/a n/a n/a n/a n/a bit 16

The Screen 1 Start Address registers must be set correctly for portrait mode. In portrait
mode the Start Address registers form a byte offset, as opposed to aword offset, into
display memory.

Theinitial required offset is the portrait mode stride (in bytes) less one.

REG[1Ch] Line Byte Count Register

bit 7

bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0

Theline byte count register informs the S1D13705 of the stride, in bytes, between two
consecutive lines of display in portrait mode. The Line Byte Count register only affects
portrait mode operation and are ignored when the S1D13705 isin landscape display mode.

REG[1Bh] Portrait Mode Register

Portrait Mode
Enable

Portrait Mode
Select

n/a

n/a

n/a

Portrait Mode
Memory
Clock Select

Portrait Mode
Pixel Clock
Select Bit 1

Portrait Mode
Pixel Clock
Select Bit 0

The portrait mode register contains several items for portrait mode support.

Thefirst isthe Portrait Mode Enable bit. When thisbitis“0” the S1D13705 isin landscape
mode and the remainder of the settingsin this register as well asthe Line Byte Count in
REG[1Ch] are ignored. Set this bit to “1" to enable portrait mode.
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The portrait mode select bit sel ects between the “ Default Mode” and the “ Alternate Mode” .
Setting this bit to “0" selects the default portrait mode while setting this bit to “1” enables
the alternate portrait mode.

Portrait Mode Memory Clock Select isanother power saving measure which can be enabled
if the final MCLK vaueislessthan or equal to 25 MHz. Memory Clock Select resultsin
the S1D13705 temporarily increasing the memory clock circuitry on CPU access and
resuming the slower speed when the accessis complete. Thisresultsin better performance
while using the least power.

In portrait display mode the CLKI (input clock) is routed to the portrait section of the
S1D13705 as CLK. From the CLK signa the MCLK value can be determined from table
8-8 of the Hardware Functional Specification, document number X27A-A-001-xx. If
MCLK isdetermined to belessthan or equal to 25 MHz then Portrait Mode Memory Clock
Select may be enabled.
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7.5 Limitations

Theonly limitation to using portrait mode on the S1D13705 isthat split screen operationis
not supported.

A comparison of the two portrait modesis as follows:

Table 7-1: Default and Alternate Portrait Mode Comparison

Iltem

Default Portrait Mode

Alternate Portrait Mode

Memory Requirements

The width of the rotated image must be
a power of 2. In most cases, a virtual
image is required where the right-hand
side of the virtual image is unused and
memory is wasted. For example, a
320x480x4bpp image would normally
require only 76,800 bytes - possible
within the 80K byte address space, but
the virtual image is 512x480x4bpp
which needs 122,880 bytes - not
possible.

Does not require a virtual image.

Clock Requirements

CLK need only be as fast as the
required PCLK.

MCLK, and hence CLK, need to be 2x
PCLK. For example, if the panel requires a
3MHz PCLK, then CLK must be 6MHz.
Note that 25MHz is the maximum CLK, so
PCLK cannot be higher than 12.5MHz in
this mode.

Power Consumption

Lowest power consumption.

Higher than Default Mode.

Panning Vertical panning in 2 line increments. | Vertical panning in 1 line increments.
Nominal performance. Note that Higher performance than Default Mode.
performance can be increased by Note that performance can be increased by

Performance

increasing CLK and setting MCLK =
CLK (REG[1Bh] bit 2 = 1).

increasing CLK and setting MCLK = CLK
(REGI[1Bh] bit 2 = 1).
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7.6 Examples

Example 6: Enable default portrait mode for a 320x240 panel at 4 bpp.

Before switchingto portrait mode from landscape mode, display memory should be cleared
to make the user perceived transition smoother. Imagesin display memory are not rotated
automatically by hardware and a garbled image would be visible for a short period of time
if video memory is not cleared.

If alternate portrait is used then the CLK signal isdivided in half to get the PCLK signal. If
the Input Clock Divide bit, in register[02] is set we can simply reset the divider. The result
of thisisaPCLK of exactly the same frequency aswe used for landscape mode and we can
use the current horizontal and vertical non-display periods. If the Input Clock Divide bit is
not set then we must recal culate the frame rate based on the a PCLK va ue. In this example
we will bypass recalculation of the horizontal and vertical non-display times (frame rate)
by selecting the default portrait mode scheme.

1. Calculate and set the Screen 1 Start Word Address register.
OffsetBytes = (Width x BitsPerPixel / 8) - 1 = (256 x 4/ 8) -1 = 127 = 007Fh

(“Width” isthe width of the portrait mode display - in this case the next power of two
greater than 240 pixels or 256.)

Set Screenl Display Start Word Address LSB (REG [0Ch]) to 7Fh and Screenl Dis-
play Start Word Address MSB (REG[0Dh]) to 00h.

2. Calculate the Line Byte Count
The Line Byte Count also must be based on the power of two width.
LineByteCount = Width x BitsPerPixel / 8 =256 x 4/ 8 = 128 = 80h.
Set the Line Byte Count (REG[1C]) to 80h.

3. Enable portrait mode.

This example uses the default portrait mode scheme. If we do not change the Portrait
Mode Pixel Clock Select bits then we will not have to recal culate the non-display tim-
ingsto correct the frame rate.

Write 80h to the Portrait Mode Register (REG[1Bh]).

Thedisplay is now configured for portrait mode use. Offset zero into display memory will
correspondsto the upper left corner of the display. The only item to keep in mind isthat the
count from the first pixel of onelineto the first pixel of the next line (referred to asthe
“stride”) is 128 bytes.
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Example 7: Enable alternate portrait mode for a 320x240 panel at 4 bpp.

Note
Aswe haveto perform aframe rate calculation for this mode we need to know the fol-
lowing panel characteristics: 320x240 8-bit color to be run at 80 Hz with a 16 MHz in-
put clock.

Asin the previous example, before switching to portrait mode, display memory should be
cleared. Imagesin display memory are not rotated automatically by hardware and the
garbled image would be visible for a short period of time if video memory is not cleared.

1. Caculate and set the Screen 1 Start Word Address register.
OffsetBytes = (Width x BitsPerPixel / 8) - 1=(240x 4/ 8) - 1 =119 =0077h

Set Screenl Display Start Word Address LSB (REG [0Ch]) to 77h and Screenl Dis-
play Start Word Address MSB (REG[0Dh]) to Q0h.

2. Calculate the Line Byte Count.
LineByteCount = Width x BitsPerPixel / 8=240x 4/8 =120 = 78h.
Set the Line Byte Count (REG[1C]) to 78h.

3. Enable portrait mode.

This example uses the aternate portrait mode scheme. We will not change the MCLK
Autoswitch or Pixel Clock Select settings.

Write COh to the Portrait Mode register (REG[1Bh])

4. Recaculate the frame rate dependents.

Thisexampleassumesthe alternate portrait mode scheme. In this scheme, without touching
the Pixel Clock Select bitsthe PCLK value will be equal to CLK/2.

These examples don't use the Pixel Clock Select bits. The ability to dividethe PCLK value
down further than the default values was added to the S1D13705 to support hardware
portrait mode on very small panels.

ThePixel Clock value haschanged so wemust cal cul ate horizontal and vertical non-display
timesto reach the desired frame rate. Rather than perform the frame rate calculations here
| will refer the reader to the frame rate calculations in Frame Rate Calculation on page 9
and simply “arrive’ at the following:

Horizontal Non-Display Period = 88h

Vertical Non-Display Period = 03h

Plugging the values into the frame rate calculations yields:
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FrameRate = PCLK
(HDP + HNDP) x (VDP + VNDP)
16, 000, 000
FrameRate = 2 = 80.69

(320 + 88) x (240 + 3)

For this example the Horizontal Non-Display register [REG[08h]) needs to be set to 07h
and the Vertical Non-Display register (REG[0OAh]) needs to be set to 03h.

The 16,000,000/2 in the formula above represents the input clock being divided by two
when this alternate portrait mode is selected. With the values given for this example we
must ensure the Input Clock Divide bit (REG[02h] b4) isreset (with the given valuesit was
likely set as aresult of the frame rate calculations for landscape display mode).

No other registers need to be altered.

Thedisplay is now configured for portrait mode use. Offset zero of display memory corre-
spondsto the upper |eft corner of the display. Display memory is accessed exactly asit was
for landscape mode.

Asthisisthe alternate portrait mode the power of two stride issue encountered with the
default portrait modeisno longer anissue. Thestrideisthe sameasthe portrait mode width.
In this case 120 bytes.
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Example 8: Pan the above portrait mode image to the right by 4 pixels then scroll it
up by 6 pixels.

To pan by four pixels the start address needs to be advanced.

1. Calculate the number of bytesto change start address by.
Bytes = Pixels x BitsPerPixel / 8 =4 x 4/ 8 = 2 bytes
2. Increment the start address registers by the just calculated value.
In this case the value write to the start address register will be 81h (7Fh + 2 = 81h)

To scroll by 4 lineswe have to change the start address by the offset of four lines of display.

1. Calculate the number of bytes to change start address by.
BytesPerLine = LineByteCount = 128
Bytes = Lines x BytesPerLine =4 x 128 = 512 = 200h

2. Increment the start address registers by the just calculated value

In this case 281h (81h + 200h) will be written to the Screen 1 Start Address register
Set.

Set Screenl Display Start Word Address LSB (REG[0OCh]) to 81h and Screenl Dis-
play Start Word Address MSB (REG[0Dh]) to 02h.
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8 ldentifying the S1D13705

Thereare several similar productsin the 135X and 137X LCD controller families. Products
which can share significant portions of a generic code base. It may be important for a
program to identify between products at run time.

Identification of the S1D13705 can be performed any time after the system has been
powered up by reading REG[00h], the Revision Coderegister. The six most significant bits
form the product identification code and the two least significant bits form the product
revision.

From reset (power on) the steps to identifying the S1D13705 are as follows:

1. Read REG[00h]. Mask off the lower two bits, the revision code, to obtain the product
code.

2. The product code for the S1D13705 is 024h.
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9 Hardware Abstraction Layer (HAL)

9.1 Introduction

The HAL isaprocessor independent programming library provided by Epson. The HAL
was developed to aid the implementation of internal test programs, and provides an easy,
consistent method of programming the S1D13705 on different processor platforms. The
HAL aso alowsfor easier porting of programs between S1D1370X products. Integral to
the HAL isan information structure (HAL_STRUCT) that contains configuration data on
clocks, display modes, and default register values. This structure combined with the utility
13705CFG.EXE allows quick customization of a program for a new target display or
environment.

Using the HAL keeps sample code simpler, although some programmers may find the HAL
functions to be limited in their scope, and may wish to program the S1D13705 without
using the HAL.

9.2 Contents of the HAL _STRUCT

The HAL_STRUCT below is contained in the file “hal .h” and is required to use the HAL library.

typedef struct tagHal Struct
{
char szldString[16];
WORD wDet ect Endi an;
WORD WS ze;
BYTE Regs [ MAX REG + 1];
DWORD dwCl Kkl ; /* Input O ock Frequency (in kHz) */
DWORD dwDi spMem /* Starting address of display buffer menory */
WORD wFr aneRat e; /* Desired panel frame rate */
} HAL_STRUCT;

Within the Regs array ia a structure which defines all the registers described in the
S1D13705 Hardwar e Functional Specification, document number X27A-A-001-xx. Using
the 13705CFG.EXE utility you can adjust the content of the registers contained in
HAL_STRUCT to alow for different LCD panel timing values and other default settings
used by the HAL. In the ssimplest case, the program only calls afew basic HAL functions
and the contents of the HAL_STRUCT are used to setup the S1D13705 for operation.
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9.3 Using the HAL library

To utilizethe HAL library, the programmer must include two “.h” filesin their code.
“Hal.h” containsthe HAL library function prototypes and structure definitions, and
“appcfg.h” contains the instance of the HAL_STRUCT that is defined in “Hal.h” and
configured by 13705CFG.EXE. For amore thorough example of using the HAL see
Section 10.1, “ Sample code using the S1D13705 HAL API” on page 66.

Note
Many of the HAL library functions have pointers as parameters. The programmer
should be aware that little validation of these pointersis performed, so it is up to the
programmer to ensure that they adhere to the interface and use valid pointers.
Programmers are recommended to use the highest warning levels of their compiler in
order to verify the parameter types.

9.4 API for 13705HAL

This section isadescription of the HAL library Application Programmers Interface (API).
Updates and revisionsto the HAL may include new functions not included in thisdocumen-
tation.

Table 9-1: HAL Functions

Description

Function

Initialization:

Registers the S1D13705 parameters with the HAL, calls selnitHal if necessary.
seRegisterDevice MUST be the first HAL function called by an application.

Programs the S1D13705 for use with the default settings, calls seSetDisplayMode to do the

seRegisterDevice

seSetlnit work, clears display memory. Note: either seSetInit or seSetDisplayMode must be called
AFTER calling seRegisterDevice
General HAL Support:
seGetld Interpret the revision code register to determine chip id

seGetHalVersion

Return version information on the HAL library

seGetlLastUsableByte

Determine the offset of the last unreserved usable byte in the display buffer

seGetBytesPerScanline

Determine the number of bytes or memory consumed per scan line in current mode

seGetScreenSize

Determine the height and width of the display surface in pixels

seDelay

Use the frame rate timing to delay for required seconds (requires registers to be initialized)

seSetHighPerformance

Used in color modes less than 8-bpp to toggle the high performance bit on or off

Advanced HAL Functions:

seSplitinit

Initialize split screen variables and setup start addresses

seSplitScreen

Set the size of either the top or bottom screen

seVirtlnit Initialize virtual screen mode setting x and y sizes
seVirtMove pan/scroll the virtual screen surface(s)
Hardware Rotate:
seSetHWRotate Set the hardware rotation to either Portrait or Landscape
seSetPortraitMethod Call before setting hardware portrait mode to set either Default or Alternate Portrait Mode
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Table 9-1: HAL Functions (Continued)

Function Description
Register / Memory Access:
seSetReg Write a Byte value to the specified S1D13705 register
seGetReg Read a Byte value from the specified S1D13705 register
seWriteDisplayBytes Write one or more bytes to the display buffer at the specified offset
seWriteDisplayWords Write one or more words to the display buffer at the specified offset
seWriteDisplayDwords Write one or more dwords to the display buffer at the specified offset
seReadDisplayByte Read a byte from the display buffer from the specified offset
seReadDisplayWord Read a word from the display buffer from the specified offset
seReadDisplayDword Read a dword from the display buffer from the specified offset
Color Manipulation:
seSetLut Write to the Look-Up Table (LUT) entries starting at index 0
seGetLut Read from the LUT starting at index O
seSetLutEntry Write one LUT entry (red, green, blue) at the specified index
seGetLutEntry Read one LUT entry (red, green, blue) from the specified index
seSetBitsPerPixel Set the color depth
seGetBitsPerPixel Determine the current color depth
Drawing:
seSetPixel Draw a pixel at (x,y) in the specified color
seGetPixel Read pixel’s color at (X,y)
seDrawLine Draw a line from (x1,y1) to (x2,y2) in specified color
seDrawRect Draw a rectangle from (x1,y1) to (x2,y2) in specified color
Power Save:
seSetPowerSaveMode Control S1D13705 SW power save mode (enable/disable)
S1D13705 Programming Notes and Examples
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9.4.1 Initialization

The following section describes the HAL functions dealing with S1D13705 initialization.
Typically aprogrammer has only to concern themselves with calls to seRegisterDevice()
and seSetlnit().

int seRegisterDevice(const LPHAL _STRUC IpHalinfo)

Description:  Thisfunction registers the S1D13705 device parameters with the HAL library. The
device parameters include address range, register values, desired frame rate, etc.,
and arestoredinthe HAL _STRUCT structure pointed to by IpHalInfo. Additionally
thisroutine all ocates system memory as address spacefor accessing registersand the
display buffer.

Parameters. IpHallnfo - pointer to HAL_STRUCT information structure

Return Value: ERR_OK - operation completed with no problems
ERR_UNKNOWN_DEVICE - the HAL was unable to find an S1D13705.

Note
seRegisterDevice() MUST be called before any other HAL functions.
No S1D13705 registers are changed by calling seRegisterDevice().

seSetlnit()

Description:  Configuresthe S1D13705 for operation. Thisfunction setsall the S1D13705 control
registersto their default values.

Initialization of the S1ID 13705 isatwo step process to accommodate those programs
(e.g. 13705PLAY .EXE) which do not initiaize the S1D13705 on start-up.

Parameters. None
Return Value: ERR_OK - operation completed with no problems

Note
After thiscall the Look-Up Table will be set to a default state appropriate to the display

type.

Unlike S1D1350x HAL versions, this function does not call seSetDisplayMode as this
function does not exist in the 13705 HAL.
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9.4.2 General HAL Support

Functions in this group do not fit into any specific category of support. They provide a
miscellaneous range of support for working with the S1D13705

int seGetld(int * pld)

Description:  Reads the S1D13705 revision code register to determine the chip product and
revisions. Theinterpreted value isreturned in pID.

Parameters: pld - pointer to an integer which will receive the controller I1D.

S1D13705 values returned in plD are:
- 1D_S1D13705_REVO
- ID_UNKNOWN

Other HAL libraries will return their respective controller 1Ds upon detection of
their controller.

Return Value: ERR_OK - operation completed with no problems
ERR_UNKNOWN_DEVICE - the HAL was unable to identify the display
controller. Returned when pID returns ID_UNKNOWN.

void seGetHalVersion(const char ** pVersion, const char ** pStatus,
const char *pStatusRevision)

Description:  Retrievesthe HAL library version. Thereturn pointers are al to ASCII strings. A
typical return would be: *pVersion =="1.01" (HAL version 1.01),* pStatus =="“B”
(The'B' isthe beta designator), * pStatusRevision == “5". The programmer need
only create pointers of const char type to pass as parameters (see Example below).

Parameters: pVersion - Pointer to string to return the version in.
- must point to an allocated string of size VER_SIZE
pStatus - Pointer to a string to return the release statusin.

- must point to an allocated string of size STATUS SIZE
pStatusRevision - Pointer to return the current revision of status.
- must point to an allocated string of size STAT_REV_SIZE

Return Value: None

Example: const char *pVersion, *pStatus, * pStatusRevision;
seGetHal Version( &pVersion, & pStatus, & pStatusRevision);

S1D13705
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int seSetBitsPerPixel(int BitsPerPixel)

Description:  Thisroutine sets the display color depth.
After performing validity checks to ensure the requested video mode can be set the
appropriate registers are changed and the Look-Up Tableis set its default values
appropriate to the color depth.
Thiscall is similar to a mode set call on a standard VGA.

Parameter:  BitsPerPixel - desired color depth in bits per pixel.
- Valid arguments are: 1, 2, 4, and 8.

Return Value: ERR_OK - operation completed with no problems
ERR_FAILED- possible causes for this error include:

1) the desired frame rate may not be attainable with the specified input clock

2) the combination of width, height and color depth may require more memory than
is available on the S1D13705.

int seGetBitsPerPixel(int * pBitsPerPixel)

Description:  Thisfunction readsthe S1D13705 registersto determine the current color depth and
returns the result in pBitsPerPixel.

Parameters. pBitsPerPixel - pointer to an integer to receive current color depth.
- return values will be: 1, 2, 4, or 8.

Return Value: ERR_OK - operation completed with no problems

int seGetBytesPerScanline(int * pBytes)

Description:  Determinesthe number of bytes per scan line of current display mode. It is assumed
that the registers have already been correctly initialized before seGetBytesPer-
Scanling() iscalled (i.e. after initializing the HAL, setting the Display mode and
adjusting the bits per pixel or other values).

The number of bytes per scanline will include non-displayed bytes if the screen
width is greater the display width, or in Default Portrait Mode.

Parameters. pBytes - pointer to an integer to receive the number of bytes per scan line

Return Value: ERR_OK - operation completed with no problems
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int seGetScreenSize(int * Width, int * Height)

Description:  Retrievesthewidth and height in pixels of the display surface. The width and height
are derived by reading the horizontal and vertical size registers and calculating the
dimensions. Virtual dimensions are not taken into account for this calculation.

Whenthedisplay isin portrait modethe dimensionswill be swapped. (i.e. a640x480
display in portrait mode will return awidth of 480 and height of 640).

Parameters:  Width - pointer to an integer to receive the display width
Height - pointer to an integer to receive the display height

Return value: ERR_OK - the operation completed successfully

int seDelay(int MilliSeconds)

Description:  Thisfunction will delay for the length of time specified in “MilliSeconds” before
returning to the caller.

Thisfunction was originally intended for non-PC platforms. Information about how
to access the timers was not always available however we do know frame rate and
can use that for timing calculations.
The S1D13705 registers must beinitialized for this function to work correctly. On
the PC platform thisis simply acall to the C timing functions and is therefore
independent of the register settings.

Parameters:  MilliSeconds- timeto delay in seconds

Return Value: ERR_OK - operation completed with no problems
ERR_FAILED- returned on non-PC platforms when the S1D13705 registers have
not bee initialized

int seGetLastUsableByte(long * plLastByte)

Description:  Thisfunctions returns a pointer, as along integer, to the last byte of usable display
memory.

The returned value never changes for the S1D13705.

Parameters: plLastByte - pointer to along integer to receive the offset to the last byte of
display memory

Return Value: ERR_OK - operation completed with no problems
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int seSetHighPerformance(BOOL OnOff)

Description:  Thisfunction call enables or disable the high performance bit of the S1D13705.
When high performance is enabled then MClk equals PCIk for all video display
resolutions. In the high performance state CPU to video memory performanceis
improved at the cost of higher power consumption.

When high performanceis disabled then M Clk rangesfrom PCIk/1 at 8 bit-per-pixel
to PCIk/8 at 1 bit-per-pixel. Without high performance CPU to video memory
speeds are slower and the S1D13705 uses less power.

Parameters.  OnOff - aboolean value (defined in HAL .H) to indicate whether to
enable of disable high performance.

Return Value: ERR_OK - operation completed with no problems

9.4.3 Advanced HAL Functions

Advanced HAL functionsinclude the functions to support split, virtual and rotated
displays. While the concept for using these features is advanced the HAL makes actually
using them easy.

int seSetPortraitMethod( int Style )

Description:  Thisselectsthe portrait mode method to be used when seSetHWRotate() iscalled to
put the S1D13705 into portrait mode.

Parameters: Style - call with style set to DEFAULT (-1) to select Default Portrait Mode
- call with style set to any other valueto select Alternate Portrait Mode.

Return Value: ERR_OK - operation completed with no problems
ERR_FAILED - the operation failed.

int seSetHWRotate(int Rotate)

Description:  Thisfunction sets the rotation scheme according to the value of 'Rotate’. When
portrait mode is sel ected as the display rotation the scheme selected is the 'non-X2'
scheme.

Parameters. Rotate - the direction to rotate the display
- Valid arguments for Rotate are: LANDSCAPE and PORTRAIT.

Return Value: ERR_OK - operation completed with no problems
ERR_FAILED - the operation failed to complete.
Themost likely reason for failing to set arotate modeisan inability to set thedesired
frame rate when setting portrait mode. Other factors which can cause afailure
include having a0 Hz frame rate or specifying avalue other than LANDSCAPE or
PORTRAIT for the rotation scheme.
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int seSplitinit(WORD Scrn1Addr, WORD Scrn2Addr)

Description:  Thisfunction prepares the system for split screen operation. In order for split screen
to function the starting address in the display buffer for the upper portion(screen 1)
and the lower portion (screen 2) must be specified. Screen 1 is always displayed
above screen 2 on the display regardless of the location of their start addresses.

Parameters: ScrnlAddr - offset, in bytes, to the start of screen 1
Scrn2Addr - offset, in bytes, to the start of screen 2

Return Value: ERR_OK - operation completed with no problems

Note

It is assumed that the system has been initialized prior to calling seSplitinit().

int seSplitScreen(int Screen, int VisibleScanlines)

Description:  Changes the relevant registers to adjust the split screen according to the number of
visible lines requested. "WhichScreen' determines which screen, 1 or 2, to base the
changes on.

The smallest surface screen 1 can display isoneline. Thisis due to the way the
S1D13705 operates. Setting Screen 1 Vertical Size to zero resultsin one line of
screen 1 being displayed. The remainder of the display will be screen 2 image.

Parameters: Screen - must be set to 1 or 2 (or use the constants SCREEN1 or SCREEN2)
VisibleScanlines- number of lines to display for the selected screen

Return Value: ERR_OK - operation completed with no problems
ERR_HAL_BAD_ARG- argument VisibleScanlines is negative or is greater than
vertical panel size or WhichScreen is not SCREEN1 or SCREEN 2.

Note

Changing the number of linesfor one screen will aso change the number of linesfor the
other screen.
seSplitInit() must be called before calling seSplitScreen().
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int seVirtinit(DWORD VirtX, DWORD * VirtY)

Description:  Thisfunction prepares the system for virtual screen operation. The programmer
passesthe desired virtual width in pixels. When theroutinereturnsVirtY will contain
the maximum number of line that can be displayed at the requested virtual width.

Parameter:  VirtX - horizontal size of virtual display in pixels.
(Must be greater or equal to physical size of display)
Virty - pointer to an integer to receive the maximum number of displayable

lines of 'VirtX" width.

Return Value: ERR_OK - operation completed with no problems
ERR_HAL_BAD_ARG - returned in three situations:;
1) the virtual width (VirtX) is greater than the largest possible width
(VirtX varies with color depth and ranges from 4096 pixels wider
than the panel at 1 bit-per-pixel down to 512 pixels wider than the
panel at 8 bit-per-pixel)
2) the virtual width is less than the physical width or
3) the maximum number of lines becomes less than the physical
number of lines

Note
The system must have been initialized prior to calling seVirtlnit()

int seVirtMove(int Screen, int x, int y)

Description:  Thisroutine pans and scrolls the display. In the case where split screen operation is
being used, the Screen argument specifieswhich screen to move. Thex and y param-
eters specify, in pixels, the starting location in the virtual image for the top left
corner of the applicable display.

Parameter:  Screen - must be set to 1 or 2, or use the constants SCREEN1 or SCREEN2,
to identify which screen to base calculations on
X - new starting X position in pixels
y - new starting Y position in pixels

Return Value: ERR_OK - operation completed with no problems
ERR_HAL_BAD_ARG- there are several reasons for this return value:
1) WhichScreen is not SCREEN1 or SCREEN2.
2) they argument is greater than the last available line less the screen height.

Note
seVirtInit() must be been called before calling seVirtMove().
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9.4.4 Register / Memory Access

The Register/Memory Access functions provide access to the S1D13705 registers and
display buffer through the HAL.

int seGetReg(int Index, BYTE * pValue)
Description:  Readsthe value in the register specified by index.

Parameters:  Index - register index to read
pVaue - pointer to aBY TE to receive the register value.

Return Value: ERR_OK - operation completed with no problems

int seSetReg(int Index, BYTE Value)
Description:  Writes value specified in Value to the register specified by Index.

Parameters:  Index - register index to set
Value - value to write to the register

Return Value: ERR_OK - operation completed with no problems

int seReadDisplayByte(DWORD Offset, BYTE *pByte)

Description:  Reads abyte from the display buffer at the specified offset and returnsthe value in

pByte.
Parameters: Offset - offset, in bytes from start of the display buffer, to read from
pByte - pointer to aBY TE to return the value in

Return Value: ERR_OK - operation completed with no problems
ERR_HAL_BAD_ARG - if thevalue for Addr is greater 80 kb

int seReadDisplayWord(DWORD Offset, WORD *pWord)

Description:  Reads aword from the display buffer at the specified offset and returnsthe valuein

pWord.
Parameters: Offset - offset, in bytes from start of the display buffer, to read from
pWord - pointer to aWORD to return the value in

Return Value: ERR_OK - operation completed with no problems.
ERR_HAL_BAD_ARG - if the value for Addr is greater than 80 kb.
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int seReadDisplayDword(DWORD Offset, DIWORD *pDword)

Description:  Reads adword from the display buffer at the specified offset and returns the value

in pDword.
Parameters. Offset - offset from start of the display buffer to read from
pDword - pointer to a DWORD to return the valuein

Return Value: ERR_OK - operation completed with no problems.
ERR_HAL_BAD_ARG - if the value for Addr is greater than 80 kb.
int seWriteDisplayBytes(DWORD Offset, BYTE Value, DWORD Count)

Description:  Thisroutine writes one or more bytesto the display buffer at the offset specified by
Offset. If acount greater than oneis specified al bytes will have the same value.

Parameters:  Offset - offset from start of the display buffer to start writing at
Vaue - BYTE vaueto write
Count - number of bytesto write

Return Value: ERR_OK - operation completed with no problems
ERR_HAL_BAD_ARG - if the value for Addr or the value of Addr plus Count is
greater than 80 kb.

Note
There are slight functionality differences between the S1D1370x and the S1D1350x
HAL.

int seWriteDisplayWords(DWORD Offset, WORD Value, DWORD Count)

Description:  Writes one or more WORDS to the display buffer at the offset specified by Addr. If
acount greater than oneis specified all WORDS will have the same value.

Parameters:  Offset - offset from start of the display buffer
Vaue - WORD value to write
Count - number of words to write

Return Value: ERR_OK - operation completed with no problems
ERR_HAL_BAD_ARG - if thevaluefor Addr or if Addr plus Count is greater than
80 kb.

Note
There are dlight functionality differences between the S1D1370x and the S1D1350x
HAL.
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9.45 Power Save

int seWriteDisplayDwords(DWORD Offset, DWORD Value, DWORD Count)

Description:  Writes one or more DWORDS to the display buffer at the offset specified by Addr.
If acount greater than one is specified all DWORDSs will have the same value.

Parameters: Offset - offset from start of the display buffer
Value - DWORD value to write
Count - number of dwordsto write

Return Value: ERR_OK - operation completed with no problems
ERR_HAL_BAD_ARG - if thevaluefor Addr or if Addr plus Count is greater than
80 kb.

Note
There are dlight functionality differences between the S1D1370x and the S1D1350x
HAL.

This section covers the HAL functions dealing with the Power Save features of the
S1D13705.

int seSetPowerSaveMode(int PwrSaveMode)
Description:  Thisfunction sets on the S1D13705' s software sel ectable power save modes.
Parameters: PwrSaveMode - integer value specifying the desired power save mode.
Acceptable values for PwrSaveMode are:
0 - (software power save mode) in this mode registers and memory are
read/writable. LCD output isforced low.
3 - (normal operation) all outputs function normally.

Return Value: ERR_OK - operation completed with no problems
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9.4.6 Drawing
The Drawing routines cover HAL functions that deal with displaying pixels, lines and
shapes.
int seSetPixel(long x, long y, DWORD Color)
Description: Draws apixel at coordinates (x,y) in the requested color. This routine can be used
for any color depth.
Parameters.  x - horizontal coordinate of the pixel (starting from 0)
y - vertical coordinate of the pixel (starting from 0)
Color -at 1, 2,4, and 8 bpp Color isanindex into the LUT.
At 15 and 16 bpp Color defines the color directly
(i.e. rrrrrggggggbbbbb for 16 bpp)
Return Value: ERR_OK - operation completed with no problems.
int seGetPixel(long x, long y, DWORD *pColor)
Description:  Readsthe pixel color at coordinates (x,y). This routine can be used for any color
depth.
Parameters.  x - horizontal coordinate of the pixel (starting from 0)
y - vertical coordinate of the pixel (starting from 0)
pColor -at 1, 2,4, and 8 bpp pColor pointsto an index into the LUT.
At 15 and 16 bpp pColor points to the color directly
(i.e. rrrrrggggggbbbbb for 16 bpp)
Return Value: ERR_OK - operation completed with no problems.
int seDrawLine(int x1, int y1, int x2, int y2, DWORD Color)
Description:  Thisroutine draws a line on the display from the endpoints defined by x1,y1 to the
endpoint x2,y2 in the requested 'Color'.
Currently seDrawLine() only draws horizontal and vertical lines.
Parameters.  (x1, yl) - first endpoint of the line in pixels
(x2,y2) - second endpoint of the line in pixels (see note below)
Color - color to draw with. 'Color' isan index into the LUT.
Return Value: ERR_OK - operation completed with no problems
Note
Functionality differs from the 135x HAL.
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int seDrawRect(long x1, long y1, long x2, long y2, DWORD Color,
BOOL SolidFill)

Description:  Thisroutine draws and optionally fills arectangular area of display buffer. The
upper right corner isdefined by x1,y1 and the lower right corner isdefined by x2,y2.
The color, defined by Color, applies both to the border and to the optional fill.

Parameters: x1,y1 - top left corner of the rectangle (in pixels)
X2,y2 - bottom right corner of the rectangle (in pixels)
Color - The color to draw the rectangle outline and fill with
- Color isan index into the Look-Up Table.
SolidFill - Flag whether to fill the rectangle or simply draw the border.

- Set to O for no fill, set to non-0 to fill the inside of the rectangle

Return Value: ERR_OK - operation completed with no problems.

9.4.7 LUT Manipulation

These functions deal with altering the color valuesin the Look-Up Table.

int seSetLut(BYTE *pLut, int Count)

Description:  Thisroutinewritesoneor more LUT entries. The writes always start with Look-Up
Table index 0 and continue for 'Count' entries.

A Look-Up Table entry consists of three bytes, one each for Red, Green, and Blue.
The color information is stored in the four most significant bits of each byte.

Parameters: pLut - pointer to an array of BY TE lut[16][3]
lut[x][0] == RED component
lut[x][1] == GREEN component
lut[x][2] == BLUE component
Count - the number of LUT entriesto write.

Return Value: ERR_OK - operation completed with no problems

int seGetLut(BYTE *pLUT, int Count)

Description:  Thisroutine reads one or more LUT entries and puts the result in the byte array
pointed to by pLUT.

A Look-Up Table entry consists of three bytes, one each for Red, Green, and Blue.
The color information is stored in the four most significant bits of each byte.

Parameters: pLUT - pointer to an array of BY TE lut[16][3]
- pLUT must point to enough memory to hold ‘Count’ x 3 bytes of data.
Count - the number of LUT elementsto read.

Return Value: ERR_OK - operation completed with no problems
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int seSetLutEntry(int Index, BYTE *pEntry)

Description:  Thisroutine writesone LUT entry. Unlike seSetLut, the LUT entry indicated by
'Index' can be any value from 0 to 255.

A Look-Up Table entry consists of three bytes, one each for Red, Green, and Blue. The color infor-
mation is stored in the four most significant bits of each byte.

Parameters.  Index - index to LUT entry (0 to 255)
pLUT - pointer to an array of three bytes.

Return Value: ERR_OK - operation completed with no problems

int seGetLutEntry(int index, BYTE *pEntry)
Description:  Thisroutine reads one LUT entry from any index.

A Look-Up Table entry consists of three bytes, one each for Red, Green, and Blue.
The color information is stored in the four most significant bits of each byte.

Parameters.  Index - index to LUT entry (0 to 255)
pEntry - pointer to an array of three bytes

Return Value: ERR_OK - operation completed with no problems
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9.5 Porting LIBSE to a new target platform

Building Epson Research and Development applications like asimple HelloApp for anew
target platform requires 3 things, the HelloApp code, the 13705HAL library, and a some
standard C functions (portable ones are encapsulated in our mini C library LIBSE).

HelloApp Source code

HelloApp e« CLibrary Functions (LIBSE for embedded platforms)

13705HAL Library
Components needed to build 13705 HAL application

For example, when building HELL OAPP.EXE for the Intel 16-bit platform, you need the
HELLOAPP sourcefiles, the 13705HAL library and itsincludefiles, and some Standard C
library functions (which in this case would be supplied by the compiler as part of itsrun-
timelibrary). AsthisisaDOS .EXE application, you do not need to supply start-up code
that sets up the chip selects or interrupts, etc... What if you wanted to build the application
for an SH-3 target, one not running DOS?

Before you can build that application to load onto the target, you need to build a C library
for the target that contains enough of the Standard C functions (like sprintf and strcpy) to
let you build the application. Epson Research and Development suppliesthe LIBSE for this
purpose, but your compiler may come with one included. Y ou a so need to build the
13705HAL library for the target. Thislibrary isthe graphics chip dependent portion of the
code. Finally, you need to build the final application, linked together with the libraries
described earlier. The following examples assume that you have a copy of the complete
source code for the S1D13705 utilities, including the nmake makefiles, aswell asacopy of
the GNU Compiler v2.7-96g3afor Hitachi SH3. These are available on the World Wide
Web at http://www.erd.epson.com.

S1D13705
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9.5.1 Building the LIBSE library for SH3 target example

In the LIBSE files, there are three main types of files:
» Cfilesthat contain the library functions.
 assembler filesthat contain the target specific code.

» makefilesthat describe the build process to construct the library.

The Cfilesare generic to all platforms, although there are some customizations for targets
intheform of #ifdef LCEVBSH3 code (theifdef used for the example SH3 target L ow Cost
Eval Board SH3). The majority of this code remains constant whichever target you build
for.

The assembler files contain some platform setup code (stacks, chip selects) and jumpsinto
the main entry point of the C code that is contained in the C file entry.c. For our example,
the assembler fileis STARTSH3.S and it performs only some stack setup and ajump into
the code at _mainEntry (entry.c).

In the embedded targets, printf (in file rprintf.c), putchar (putchar.c) and getch (kb.c)
resolve to serial character input/output. For SH3, much of the detail of handling serial 10
is hidden in the monitor of the evaluation board, but in general the primitives are fairly
straight forward, providing the ability to get characters to/from the serial port.

For our target example, the nmake makefile is makesh3.mk. This makefile callsthe Gnu
compiler at a specific location (TOOLDIR), enumerates the list of filesthat go into the
target and builds a .alibrary file as the output of the build process.

With nmake.exe in your path run;

nmake -fmakesh3.mk

9.5.2 Building the HAL library for the target example

Building the HAL for the target example is less complex because the code is writtenin C
and requires little platform specific adjustment. The nmake makefile for our exampleis
makesh3.mk.This makefile contains the rules for building sh3 objects, the fileslist for the
library and the library creation rules. The Gnu compiler tools are pointed to by TOOLDIR.

With nmake in your path run:

nmake -fmakesh3.mk
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10 Sample Code

Included in the sample code section are two examples of programing the S1D13705. The
first sample usesthe HAL to draw ared square, wait for user input then rotates to portrait
mode and draws a blue square. The second sample code performs the same procedures but
directly accesses the registers of the S1D13705. These code samples are for example
purposes only.

10.1 Sample code using the S1D13705 HAL API

/*

* *

*/
#i

SAMPLELl. C - Sanpl e code denonstrating a programusing the S1D13705 HAL.

Created 1998, Vancouver Design Centre
Copyright (c) 1998, 1999 Epson Research and Devel oprent, Inc.
Al'l Rights Reserved.

The HAL APl code is configured for the follow ng:

320x240 Single Color 4-bit STN
8 bpp - 70 Hz Frane Rate (6 M1z CLKi)
Hi gh Performance enabl ed

ncl ude <coni o. h>

#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>
#i ncl ude <string. h>
#i ncl ude "hal . h" /* Structures, constants and prototypes. */
#i ncl ude "appcfg. h" /* HAL configuration information. */
/ K o o o e o e e e o e e e e e e o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e */
voi d mai n(voi d)
{
i nt Chi pl d;
/ *
** |nitialize the HAL.
** The call to seRegisterDevice() actually prepares the HAL library
** for use. The S1D13705 is not accessed, except to read the revision
** code register.
*/
if (ERR_OK != seRegi sterDevice(&Hal I nfo))
{
printf("\nERROR Could not register S1D13705 device.");
exit(1);
}
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/*

** CGet the product code to verify this is an S1D13705.
*/

seCet | d( &Chi pl d) ;

if (1D_S1D13705_Revl != Chipld)

{
printf("\nERROR. Did not detect an S1D13705.");
exit(1);

}

/*

** |nitialize the S1D13705.
** This step prograns the registers with values taken from
** the Hallnfo struct in appcfg.h.

*/

if (ERR.OK != seSetlnit())

{
printf("\nERROR. Could not initialize device.");
exit(1);

}

/*

** The default initialization cleared the display.

** Draw a 100x100 red (color 1) rectangle in the upper
** | eft corner (0,0) of the display.

*/

seDrawRect (0, 0, 100, 100, 1, TRUE);

/*

** Pause here.

*/

getch();

/*

** Clear the display. Do this by witing 81920 bytes
*/

seWiteD splayBytes(0, 0, EIGHTY_K);

/*

** Setup portrait node.

*/

seSet HARot at e( PORTRAI T) ;

/*

** Draw a solid blue 100x100 rectangle in center of the display.
** This starting co-ordinates, assum ng a 320x240 display is
** (320-100)/2 , (240-100)/2 = 110, 70.

*/

seDrawRect (110, 70, 210, 170, 2, TRUE);

/*

** Done!

*/

exit(0);
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10.2 Sample code without using the S1D13705 HAL API

This second sample demonstrates exactly the same sequence asthe first however the HAL

is not used, all manipulation is done by directly accessing the registers.

** SAMPLE2. C - Sanpl e code denponstrating a direct access of the S1D13705.
** Created 1998, Vancouver Design Centre

** Copyright (c) 1998, 1999 Epson Research and Devel opnent, |nc.

** Al Rights Reserved.

** The sanpl e code using direct S1D13705 access
** will configure for the foll ow ng:

** 320x240 Single Color 4-bit STN
** 8 bpp color depth - 70 Hz Frane Rate (6 M1z CLKi)

** Not es:

** 1) This code is witten to be conpiled for use under 32-bit

*x W ndows. In order to function the vxd file S1D13X0OX. VXD nust

*x be in the \ WNDOAS\ SYSTEM di rectory.

** 2) Register setup is done with discreet wites rather than being table

*x driven. This allows for clear comenting. It is nore efficient to

*x | oop through the array witing each elenent to a control register

** 3) The array of register values as produced by 13705CFG EXE is incl uded

*x here. | wite the registers directly rather than refer to the register
*x array in the sanple code.

* %
Bttt
*/

#i ncl ude <coni o. h>
#i ncl ude <w ndows. h>
#i ncl ude <wi nioctl.h>
#i nclude "ioctl.h"

** Look-Up Table - 16 of 256 el enents.

** For this sanple only the first sixteen LUT elenments are set.
*/

unsi gned char LUT[16*3] =

{
0x00, 0x00, 0x00,/* BLACK */
0x00, 0x00, OxAO0,/* BLUE */
0x00, OxA0, 0x00,/* GREEN */
0x00, OxA0, OxA0,/* CYAN */
0xA0, 0x00, 0x00,/* RED */
0xA0, 0x00, OxAO0,/* PURPLE */
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O0xA0, OxAO0, O0x00,/* YELLOW */
0xA0, OxAO0, OxAO0,/* WH TE */
0x00, 0x00, 0x00,/* BLACK */
0x00, 0x00, OxFO,/* LT BLUE */
0x00, OxFO, 0x00,/* LT GREEN */
0x00, OxFO, OxFO,/* LT CYAN */
OxF0, 0x00, 0x00,/* LT RED */
0xF0, 0x00, OxFO,/* LT PURPLE */
0xF0, OxFO, 0x00,/* LT YELLOW */
0xF0, OxFO, OxFO/* LT WHITE */
1
/ *
** Regi ster data.
** These val ues were generated using 13705CFG EXE
** The sanpl e code uses these values but does not refer to this array.
** |n a typical application these values would be witten to the registers
** using a | oop.
*/
unsi gned char Reg[ 0x20] =
{
0x00, 0x23, O0xCo, 0x03, 0x27, OxEF, 0x00, 0x00,
0x00, 0x00, 0x03, 0x00, 0x00, 0x00, O0x00, 0x00,
0x00, 0x00, OxFF, 0x03, 0x00, 0x00, O0x00, 0x00,
0x00, 0x00, 0x00, 0x00, 0x00
1
#define MEM SI ZE 0x14000/* 80 kb display buffer. */
t ypedef unsigned short WORD;/* Sone useful types */
t ypedef unsigned | ong DWORD;
t ypedef unsigned char BYTE;
t ypedef BYTE * PBYTE
#defi ne LOBYTE(W) ((BYTE) (w))
#def i ne H BYTE(w) ((BYTE) (((WORD) (w) >> 8) & OxFF))
#define SET_REGEidx, val) (*(pRegs + idx)) = (val)
/ K o e e e e e e e e o e o e */
voi d mai n(voi d)
{
PBYTE p13705;
PBYTE pRegs;
PBYTE pMem
PBYTE pLUT;
int x, y, tnp;
int BitsPerPixel = 8;
int Wdth = 320;
i nt Hei ght = 240;
int OFfsetBytes;
int rc;
/ *
** Get a linear address we can use in our code to access the S1D13705.
** This is only needed to access the S1D13705 on the | SA eval board.
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*/
DWORD dwLi near Addr ess;
rc = Intel GetLi nAddr essWB2( 0xFO0000, &dwli near Addr ess);
if (rc 1=0)
{
printf("Error getting linear address");
return;
}
p13705 = (PBYTE)dwLi near Addr ess;
pRegs = p13705 + Ox1FFEO;

/*
** Check the revision code. Exit if we don't find an S1D13705.
*/
if (0x24 !'= *pRegs)
{
printf("Didn't find an S1D13705");
return;
}
/*
** Initialize the chip - after initialization the display will be

** setup for |andscape use.

** Nornally a | oop would be used to wite the register array near
** the top of this file to the registers.

** For purposes of docunenting the sanple code, each register wite
** js performed individually.

*/

/*

** Register 01h: Mdde Register 0 - Color, 8-bit format 2

*

/

SET_REGQ 0x01, 0x20);

/*

** Register 02h: Mdde Register 1 - 8BPP

*/

SET_REGQ 0x02, 0xC0);

/*

** Register 03h: Mdde Register 2 - Nornal power nobde

*/

SET_REGQ(0x03, 0x03);

/*

** Regi ster 04h: Horizontal Panel Size - 320 pixels - (320/8)-1 = 39 = 27h
*

/

SET_REG 0x04, 0x27);

/*

** Register 05h: Vertical Panel Size LSB - 240 pixels

** Register 06h: Vertical Panel Size MSB - (240 - 1) = 239 = EFh
*

/

SET_REQ 0x05, OxEF);

SET_REGQ 0x06, 0x00);

/*
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** Register 07h - FPLINE Start Position - not used by STN

*/

SET_REGQ0x07, 0x00);

/*

** Register 08h - Horizontal Non-Display Period = (Reg[08] + 4) * 8
** = (0+4) * 8 = 32 pels
* - HNDP and VNDP are cal cul ated to achi eve the
*x desired frame rate according to:

* %

* % P(:LK

*x Frame Rate = -----------------“---------

* % (HDP + HNDP) * (VDP + VNDP)

*

/

SET_REG(0x08, 0x00);

/*

** Register 09h - FPFRAME Start Position - not used by STN

*

/

SET_REGQ 0x09, 0x00);

/*

** Register 0Ah - Vertical

* %
*/
SET_REGQ0x0A, 0x03);
/*

** Register 0Bh -
*/

SET_REGQ 0x0B, 0x00);

/*

** Register OCh - Screen 1 Start Word Address
** Register ODh - Screen 1 Start Wbrd Address
*x - Start address should be set
*/

SET_REGQ 0x0C, 0x00);

SET_REGQ 0x0D, 0x00);

/*

** Register OEh -
** Register OFh -

MOD Rate - not used by this

Screen 2 Start Wrd Address
Screen 2 Start Wrd Address

*x - Set this start address to O
*/

SET_REGQ 0x0E, 0x00);

SET_REQ 0x0F, 0x00);

SET_REGQ 0x10, 0x00); /* Screenl/ Screen2 Start
/*

** Register 11h - Menory Address O f set

di spl ay si ze.

Non- Di spl ay Register = 3 lines
- Calculated in conjunction with register 08h (HNDP) to
achieve the desired frane rate.

panel

LSB
VMSB
to 0

LSB
M5B
t oo

Address High bits. */

- Used for setting nenory to a width greater than the
Usually set to O during initialization
and progranmed to desired value later.
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SET_REQ 0x11, 0x00);
/*
** Register 12h - Screen 1 Vertical Size LSB
** Register 13h - Screen 1 Vertical Size MSB
** - Set to maximum (i.e. Ox3FF). This register is used
** for split screen operation. Nornmally it is set to
* maxi num val ue.
*/
SET_REGQ(0x12, OxFF);
SET_REGQ(0x13, 0x03);
/*
** Look-Up Table registers
** The LUT is progranmed at the end of the initialization sequence.
*/
/*
** Register 18h - GPIO Configuration - set to O
** - '"0" configures the GPIO pins for input (power on default)
*/
SET_REGQ(0x18, 0x00);
/*
** Register 19h - GPIO Status - set to 0O
** - This step has no real purpose. It sets the GPIO
** pins | ow should GPI O be set as outputs.
*/
SET_REG(0x19, 0x00);
/*
** Register 1Ah - Scratch Pad - set to O
** - Use this register to store whatever state data your
** system nay require.
*/
SET_REG(0x1A, 0x00);
/*
** Register 1Bh - Portrait Mode - set to O - disable portrait node
*/
SET_REQ 0x1B, 0x00);
/*
** Register 1Ch - Line Byte Count - set to O - used only by portrait npde.
*/
SET_REGQ0x0C, 0x00);
/*
** Look-Up Tabl e
** In this exanple we only set the first sixteen LUT entries.
** |n typical use all 256 entries would be setup.
*/
/*
** Regi ster 15h - Look-Up Tabl e Address
** - Set to 0 to start RGB sequencing at the first LUT entry.
*/
SET_REGQ0x15, 0x00);
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/*
** Register 17h - Look-Up Tabl e Data
*x - Wite 16 RGB triplets to the LUT.
*/
pLUT = LUT;
for (tnp = 0; tnp < 16; tnp++)
{
SET_REGQ(0x17, *pLUT);// Set Red
pLUT++;
SET_REQ 0x17, *pLUT);// Set G een
PLUT++;
SET_REQ0x17, *pLUT);// Set Bl ue
pPLUT++;
}
/*
** Clear all of video nenory by witing 81920 bytes of O.
*/

pMem = p13705;
for (tnp = 0; tnmp < MEM SIZE; tnp++)

{
*pMem = O;
pMemt+;

1

/*

** Draw a 100x100 red rectangle in the upper left corner (0,0)
** of the display.

*/
for (y = 0; y < 100; y++)
{
/*
** Set the nenory pointer at the start of each line.
*x Poi nter = MEM OFFSET + (Y * Line_Wdth * BPP / 8) + (X * BPP / 8)
*/
pMem = pl13705 + (y * 320 * BitsPerPixel / 8) + O;
for (x = 0; x < 100; x++)
{
*pMem = Ox4;/* Draw a pixel with LUT color 4 */
pMemt+;
}
}
/*
** WAit for the user to press a key before continuing.
*/
printf("Press any key to continue");
getch();
/*
** Set and use PORTRAIT node.
*/
/*
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** (Clear the display, and all of video nenory, by witing 81920 bytes
** of 0. This is done because an image in display menory is not rotated
** when the switch to portrait display node occurs.
*/
pMem = pl13705;
for (tmp = 0; tnmp < MEM_SI ZE; tnp++)
{
*pMem = O;
pMemt+;
i
/*
** W will use the default portrait node schene so we have to adjust
** the ROTATED width to be a power of 2.
** (NOTE: current height will becorme the rotated w dth)
*/
tmp = 1;
while (Height > (1 << tnmp))
t np++;
Hei ght = (1 << tnp);
O fsetBytes = Height * BitsPerPixel / 8;
/*
** Set:
** 1) Line Byte Count to size of the ROTATED width (i.e. current height)
** 2) Start Address to the offset of the width of the ROTATED di spl ay.
*x (in portrait node the start address registers point to bytes)
*/
SET_REQ 0x1C, (BYTE) O fsetBytes);
O fsetBytes--;
SET_REGQ 0x0C, LOBYTE(COf fsetBytes));
SET_REGQ0x0D, HI BYTE(Of fsetBytes));
/*
** Set Portrait node.
** Use the non-X2 (default) schenme so we don't have to re-calc the frame
** rate. MCLK will be <= 25 MHz so we can | eave auto-swi tch enabl ed.
*/
SET_REGQ 0x1B, 0x80);
/*
** Draw a solid blue 100x100 rectangl e centered on the display.
** Starting co-ordinates, assum ng a 320x240 display are:
* (320-100)/2 , (240-100)/2 = 110, 70.
*/
for (y = 70; y < 180; y++)
{
/*
** Set the nenory pointer at the start of each line.
* Pointer = MEM OFFSET + (Y * Line_Wdth * BPP/ 8) + (X * BPP/ 8)
** NOTICE: as this is default portrait node, the width is a power
** of two. In this case, we use a value of 256 pixels for
*x our cal cul ations instead of the panel dinmension of 240.
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*/
x = 110;
pMem = pl13705 + (y * 256 * BitsPerPixel / 8) + (x * BitsPerPixel / 8);
for (x = 110; x < 210; x++)
{
*pMem = 0x01; /* Draw a pixel in LUT color 1 */
pMVemt+;

** | ntel GetLi nAddr essWB2( DWORD physaddr, DAORD *1 i naddr)

** return val ue:

> 0 : No error

** -1: Error

*/

i nt Intel GetLi nAddr essWB2( DWORD physaddr, DWORD *|i naddr)
{

HANDLE hDri ver;

DWORD cbRet ur ned;

i nt rc, retVval;

unsi gned Arr[2];

/1l First see if we are runni ng under W nNT
DWORD dwMer si on = Get Version();

i f (dwVersion < 0x80000000)

{
hDriver = CreateFile("\\\\.\\S1D13x0x", GENERI C_READ | GENERI C_WRI TE,
0, NULL, OPEN _EXI STI NG FI LE_ATTRI BUTE_NORNMAL,
NULL) ;
}
el se /1 Wn95/98
{
/1 Dynamically |l oad and prepare to call S1D13x0x.
/1 The FILE FLAG DELETE ON CLCSE flag is used so that C oseHandl e can
/1 be used to dynamically unload the VxD.
/1 The CREATE NEWflag is not necessary
hDriver = CreateFile("\\\\.\\S1D13x0x. VvXD', 0,0,0,
CREATE_NEW FI LE_FLAG DELETE_ON_CLOSE, 0);
}
if (hDriver == | NVALI D HANDLE VALUE)
return -1;
/*
** From now on, the code is conmon for Wn95 & W nNT
*/

i f (physaddr == 0)
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return -1;
Arr[0] = physaddr;
Arr[1] = 4 * 1024 * 1024;
rc = DeviceloControl (hDriver, |OCTL_SED MAP_PHYSI CAL_MEMORY,
&Arr[0], 2 * sizeof (ULONG, &retVal, sizeof (ULONG,
&cbRet urned, NULL);
if (rc)
*[inaddr = retVal;

/*
** Cl ose the handle.
** This will dynam cally UNLOAD the Virtual Device for Wn95.

*/
Gl oseHandl e( hDri ver);
if (rc)
return O;
return -1;
}
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10.3 Header Files

The header filesincluded here are the required for the HAL sample to compile correctly.

** HAL.H - Header file for use with progranms witten to use the S1D13705 HAL.
** Created 1998, Vancouver Design Centre

** Copyright (c) 1998, 1999 Epson Research and Devel opnent, | nc.

** Al Rights Reserved.

*/ ___________________________________________________________________________
#i fndef HAL H_

#define HAL H_

#i ncl ude "hal _regs. h"

t ypedef unsigned char BYTE;
t ypedef unsi gned short WORD,
t ypedef unsigned | ong DWORD;
t ypedef unsigned int Ul NT;
t ypedef i nt BOOL;
#i fdef | NTEL

typedef BYTE far *LPBYTE;
typedef WORD far *LPWORD;
typedef U NT far *LPU NT
typedef DWORD far *LPDWORD,

#el se

typedef BYTE *LPBYTE;

t ypedef WORD * LPWORD,

typedef Ul NT *LPUI NT

t ypedef DWORD * LPDWORD
#endi f

#i f ndef LOBYTE

#defi ne LOBYTE(W) ((BYTE) (wW))

#endi f

#i f ndef H BYTE

#defi ne H BYTE(w) ((BYTE) (((UI NT)(w) >> 8) & OxFF))
#endi f

#i f ndef LOWORD

#defi ne LONORD( 1) ( (WORD) (DWORD) (1))

#endi f

#i f ndef H WORD

#defi ne H WORD(I) ((VORD) ((((DWORD) (1)) >> 16) & OxFFFF))
#endi f

#i f ndef MAKEWORD

#defi ne MAKEWORD(I o, hi) ((WORD)(((WORD)(l10)) | (((WORD)(hi)) << 8)) )
#endi f

#i f ndef MAKELONG
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#defi ne MAKELONG(I o, hi) ((long) (((WORD)(10)) | (((DWORD) ((WORD)(hi))) << 16)))
#endi f

#i f ndef TRUE

#def i ne TRUE 1

#endi f

#i f ndef FALSE

#define FALSE O

#endi f

#define OFF O

#define ON 1

#defi ne SCREENL 1

#defi ne SCREEN22

/-k

** Constants for HWrotate support
*/

#defi ne DEFAULTO

#defi ne LANDSCAPE 1
#defi ne PORTRAI T2

#i f ndef NULL

#i fdef __cpl uspl us

#def i ne NULL 0

#el se

#def i ne NULL ((void *)0)
#endi f

#endi f

/*

** S| ZE VERSION is the size of the version string (eg. "1.00")

** S| ZE STATUS is the size of the status string (eg. "b" for beta)
** SIZE REVISION is the size of the status revision string (eg. "00")
*/

#def i ne SI ZE_VERSI ON5

#def i ne SI ZE_STATUS 2

#def i ne SI ZE_REVI SI ON3

#i fdef ENABLE DPF /* Debug printf() */

#def i ne DPF(exp) printf(#exp "\n")

#def i ne DPF1l(exp) printf(#exp " = %\ n", exp)

#def i ne DPF2(expl, exp2) printf(#expl "=% " #exp2 "=%\n", expl, exp2)
#def i ne DPFL(exp) printf(#exp " = W\ n", exp)

#el se

#def i ne DPF(exp) ((void)O0)
#def i ne DPF1(exp) ((void)O0)
#def i ne DPFL(exp) ((void)O0)
#endi f

enum

{

ERR K = 0, /* No error, call was successful
*/
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ERR_FAI LED, /* General purpose failure.

*/

ERR_UNKNOAN_DEVI CE, [* */

ERR | NVALI D_PARAVETER, / * Function was called with invalid paranmeter. */
ERR_HAL_BAD ARG,

ERR_TOOVANY_DEVS

s

/*******************************************

* Definitions for seGetld()
*******************************************/
#defi ne PRODUCT | D 0x24
enum
{

| D_UNKNOWN,

| D_S1D13705_Revl
1
#defi ne MAX_MEM ADDR81920 - 1
#defi ne ElI GHTY_K81920
#defi ne MAX_DEVI CE 10
#defi ne SE_RSVD 0

/*******************************************

* Definitions for Internal cal cul ations.
*******************************************/
#define M N_NON DI SP_X 32
#defi ne MAX_NON DI SP_X 256
#define M N _NON DI SP_Y 2
#defi ne MAX NON DI SP_Y 64
enum
{
RED,
GREEN,
BLUE

s

/*************************************************************************/

typedef struct tagHal Struct
{
char szldString[16];
WORD wDet ect Endi an;
WORD WSi ze;
BYTE Reg[ MAX_ REG + 1];
DWORD dwCl Kkl ; /* Input O ock Frequency (in kHz) */
DWORD dwDi spMeny /* */
WORD wrranmeRate;/* */
} HAL_STRUCT;
t ypedef HAL_STRUCT * PHAL_STRUCT;
#ifdef INTEL_16BIT
typedef HAL_STRUCT far * LPHAL_STRUCT;
#el se
t ypedef HAL_STRUCT * LPHAL_STRUCT;

Programming Notes and Examples
Issue Date: 02/01/22

S1D13705
X27A-G-002-03



Page 80 Epson Research and Development

Vancouver Design Center

#endi f

int

FUNCTI ON  PROTO TYPES */
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::*/
—————————————————————————— Initialization -----------mmmmm i
seRegi st er Devi ce( const LPHAL_STRUCT | pHal I nfo );
seSetlnit( void);
selnitHal ( void );

--------------------------- M scellaneous ----------------- ¥
seGetld( int *pld );

i d seGet Hal Versi on( const char **pVersion, const char **pStatus,

const char **pStatusRevision );
seSet Bi t sPer Pi xel ( int nBitsPerPixel );
seGet Bit sPer Pi xel ( int *pBitsPerPixel );
seGet Byt esPer Scanl i ne( int *pBytes );
seGet ScreenSi ze( int *width, int *height );

id seDelay( int nMIIliSeconds );

seGet Last Usabl eByte( | ong *LastByte );

seSet Hi ghPer f ormance( BOOL OnOf f ) ;

----------------------------- Advanced ---------- - oo
seSet HARot at e( i nt nhbde );

seSplitlnit( WORD ScrnlAddr, WORD Scrn2Addr );

seSplitScreen( int WhichScreen, int VisibleScanlines );

seVirtlnit( int xVirt, long *yVirt );

seVirt Move( int nWichScreen, int x, int y);

---------------------- Regi ster/ Menbry ACCESS -------------------o---- %]
seGet Reg( int index, BYTE *pVal ue );

seSet Reg( int index, BYTE val ue );

seReadDi spl ayByt e( DWORD of fset, BYTE *pByte );

seReadDi spl ayWor d( DWORD of fset, WORD *pWird );

seReadDi spl ayDwor d( DWORD of fset, DWORD *pDword );

seWiteDi spl ayByt es( DWORD addr, BYTE val, DWORD count );

seWiteDi spl ayWwrds( DWORD addr, WORD val, DWORD count );

seWiteDi spl ayDwords( DWORD addr, DWORD val, DWORD count );
———————————————————————————————— Power Save ---------------------------*/
seHWsuspend( int nDevl D, BOOL val );

seSet Power SaveMbde( int nDevlD, int PowerSavehMde );
--------------------------------- Drawing -----------------------------%/
seDrawLi ne( int x1, int yl1, int x2, int y2, DWORD color );

seDrawRect ( int x1, int yl, int x2, int y2, DWRD color, BOOL Solidfill );
———————————————————————————— Color -----mmmi ¥
seSet Lut ( BYTE *pLut );

seGet Lut ( BYTE *pLut );

seSet Lut Entry( int index, BYTE *pEntry );

seGet Lut Entry( int index, BYTE *pEntry );

#endi f /* HAL_H_ */
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/*

A —m———————————— e — —

** APPCFG H - Application configuration information.

* %

** Created 1998 - Vancouver Design Centre
** Copyright (c) 1998, 1999 Epson Research and Devel opnent, |nc.
** Al Rights Reserved.

** The data in this file was generated using 13705CFG EXE.

** The configureation paranmeters chosen were:
** 320x240 Single Color 4-bit STN

*x 4 bpp - 100 Hz Franme Rate (12 MHz CLKi)
*x H gh Performance enabl ed

*/

/************************************************************/
/* 13705 HAL HDR (do not renove) */
/* HAL_STRUCT Information generated by 13705CFG EXE */
/* Copyright (c) 1998 Epson Research and Devel oprment, Inc. */
/* Al rights reserved. */
[ * */
/* Include this file ONCE in your primary source file */

/************************************************************/

HAL_STRUCT Hal I nfo =

{
"13705 HAL EXE", /[* 1D string */
0x1234, /* Detect Endian */
si zeof (HAL_STRUCT), /* Size */

0x00, 0x20, OxC0, 0Ox03, O0x27, OxEF, 0x00, 0x00,
0x00, 0x00, 0x03, O0x00, O0x00, 0x00, 0x00, 0x00,
0x00, 0x00, OxFF, 0x03, 0x00, 0x00, 0x00, 0x00,
0x00, 0x00, 0Ox00, O0x00, O0x00, 0x00, 0x00, 0x00,

6000, [* akl (kHz) x|
0xF00000, /* Display Address */
70, /* Panel Frame Rate (Hz) */
1
Programming Notes and Examples S1D13705
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/*

P ————————————— e e . —

**  Created 1998, Epson Research & Devel oprent
*x Vancouver Design Center.
**  Copyright(c) Seiko Epson Corp. 1998. All rights reserved.

P ————————————— e e e —

*/
#ifndef _ HAL REGS H
#define _ HAL REGS H
/ *

*x 13705 regi ster names

*/

#defi ne REG_REVI SI ON_CODE 0x00
#defi ne REG_MODE_REGQ STER_O 0x01
#defi ne REG MODE_REG STER 1 0x02
#defi ne REG MODE_REG STER 2 0x03
#defi ne REG HORZ PANEL_SI ZE 0x04
#defi ne REG VERT_PANEL_SI| ZE LSB 0x05
#defi ne REG VERT_PANEL_SI| ZE_MSB 0x06
#defi ne REG_FPLI NE_START_PGCS 0x07
#defi ne REG_HORZ_NONDI SP_PERI OD 0x08
#defi ne REG_FPFRAME_START_PCS 0x09
#defi ne REG_VERT_NONDI SP_PERI OD 0x0A
#defi ne REG MOD RATE 0x0B
#defi ne REG_SCRN1_START_ADDR _LSB 0x0C
#defi ne REG_SCRN1_START_ADDR_MsSB 0x0D
#defi ne REG_SCRN2_START_ADDR_LSB 0x0E
#defi ne REG_SCRN2_START_ADDR_MsSB O0xO0F
#defi ne REG_SCRN_START_ADDR OVERFLOW 0x10
#defi ne REG_MEMORY_ADDR COFFSET 0x11
#defi ne REG_SCRN1_VERT_SI| ZE _LSB 0x12
#defi ne REG_SCRN1_VERT_S| ZE_MSB 0x13
#defi ne REG LUT_ADDR 0x15
#defi ne REG LUT_BANK_SELECT 0x16
#defi ne REG LUT_DATA 0x17
#defi ne REG GPI O CONFI G 0x18
#defi ne REG_GPl O_STATUS 0x19
#defi ne REG_SCRATCHPAD Ox1A
#defi ne REG_PORTRAI T_MODE 0x1B
#define REG LI NE_BYTE_COUNT 0x1C
#defi ne REG_NOT_PRESENT 1 0x1D

/*
** WARNI NG !'! MAX_REG nust be the |ast available register!!!
*/

#def i ne MAX_REG 0x1D
#endi f /* __HAL_REGS H__ */
S1D13705 Programming Notes and Examples
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o e e

* %

** Copyright (c) 1998, 1999 Epson Research and Devel opnent, |nc.

** Al Rights Reserved.

* %

** Nbdul e Nane:

* %

* * ioctl.h

** Abstract:

* Include file for S1D13x0x PCl Board Driver.

* * Define the | OCTL codes we will use. The | OCTL code contains a conmand

*x identifier, plus other information about the device,

the type of access

** with which the file nmust have been opened, and the type of buffering.

*/
#defi ne SED TYPE FI LE _DEVI CE_CONTROLLER
// The I OCTL function codes from 0x800 to OxFFF
#defi ne | OCTL_SED QUERY_NUMBER COF PClI BQOARDS \
CTL_CODE( SED TYPE, 0x900, METHOD BUFFERED,
#define | OCTL_SED MAP_PCI _BOARD \
CTL_CODE( SED TYPE, 0x901, METHOD BUFFERED,
#define | OCTL_SED MAP_PHYSI CAL_NMEMORY \
CTL_CODE( SED TYPE, 0x902, METHOD BUFFERED,
#define | OCTL_SED UNVAP_LI NEAR MEMORY \
CTL_CODE( SED TYPE, 0x903, METHOD BUFFERED,

are for customer
FI LE_ANY_ACCESS)
FI LE_ANY_ACCESS)
FI LE_ANY_ACCESS)

FI LE_ANY_ACCESS)

use.
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S1D13705 Register Summary

4 Panel Data Format

X27A-R-001-03

REG[00h] REVISION CODE REGISTER 110 address = 1FFEOh 2, RO

REG[11h] MEMORY ADDRESS OFFSET REGISTER |0 address = 1FFF1h, RW

Product Code = 001001 Revision Code = 00

| Bits | sito ‘

Memory Address Offset

Page 1

Bits | Bit4 | Bita | Bit2 Bit 1 Bit 0 Bit7 | Bite Bits | Bita | Bita | mitz | Bit1 Bit 0
REG[01h] MoDE REGISTER 0 10 address = 1FFE1h, RW REG[12h] SCREEN 1 VERTICAL SIZE REGISTER (LSB) 10 address = 1FFF2h, RW
. EPLine EPFrame Mask Data Width 4 Screen 1 Vertical Size = (REG[12h], REG[13h])
TFT/STN | Dual/Single |Color/Mono® i .
< Polarity Polarity | FPSHIFT Bit1 | Bito Bit7 | Bte | Bits | Bit4 | B3 | Bit2 | Bit1 | BitoO
REG[02h] MoDE REGISTER 1 10 address = 1FFE2h, RW REG[13h] SCREEN 1 VERTICAL SIZE REGISTER (MSB) 10 address = 1FFF3h, RW
Bit-Per-Pixel High 5 Inout Clock Disnlay Frame H\?Qlléc:[eo Software nia a a nia nia nia Scréen 1 VerticaIvSize
Bit 1 Bit0 Performance | Div (CLKI/2) Blank Repeat Enable | Video Invert Bit 9 l Bit 8
REG[03h] MODE REGISTER 2 10 address = 1FFE3h, RW. REG[15h] LooK-UP TABLE ADDRESS REGISTER |0 address = 1FFF5h, RW
5 Look-Up Table Addi
nla nla nla nla LCDPWR | Hardware Sw Power Save ) ) ) oolcUp Taple Address ) ) )
Override | PS Enable Bit1 BitO Bit7 | Bite Bit 5 Bit4 | Bt | Btz | Btz | Bito
REG[04h] HORIZONTAL PANEL SIzE REGISTER 10 address = 1FFE4h, RW. REG[17h] LOOK-UP TABLE DATA REGISTER 1O address = 1FFF7h, RW
v Horizontal Panel Size = 8(REG + 1) ) Look-Up Table Data ) a ‘ I a
Bit 6 Bits | Bit4a | Bts | stz | i1 Bit0 Bt3 | sz | 81 | Bito
REG[05h] VERTICAL PANEL SIZE REGISTER (LSB) 10 address = 1FFE5h, RW REG[18h] GPIO CONFIGURATION CONTROL REGISTER 10 address = 1FFF8h, RW
: P— GPIO4 Pin | GPIO3 Pin | GPIO2 Pin | GPIO1 Pin | GPIOO Pin
Vertical Panel Size = (REG[05h], REG[06h]) + 1 n/a ’ n/a n/a 10 Config 10 Config 10 Config 10 Config 10 Config
Bit7 | Bite | Bits | Bita | B3 | Bit2 | Bit1 | BitO
REG[19h] GPIO STATUS / CONTROL REGISTER 10 address = 1FFF9h, RW
REG[06h] VERTICAL PANEL SiZE REGISTER (MSB) |0 address = 1FFE6h, RW A A A GPIOZ Pin | GPIO3 Pin | GPIO2 Pin | GPIOL Pin | GPIOO Pin
Vertical Panel Size 10 Status 10 Status 10 Status 10 Status 10 Status
n/a n/a n/a n/a n/a n/a ) B
Bito | Bits
REG[1Ah] SCRATCH PAD REGISTER 10 address = 1FFFAh, RW
REG[07h] FPLINE START PosITION |0 address = 1IFFE7h, RW Scratch Pad Register
FPLine Start Position = 8(REG[07h] + 2) Bit 7 | Bit6 | Bit5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit0
n/a n/a n/a . ) 3 . .
Bit 4 Bit 3 Btz | Bt | Bito
REG[1Bh] SwIVELVIEW MODE REGISTER |0 address = 1FFFBh, RW
REG[08h] HORIZONTAL NON-DISPLAY PERIOD 10 address = 1FFE8h, RW i i i i SwivelView PCLK Select
(08h] - - - S’\‘/'IV"GEI\QSW S,\‘,I'V“éel\ge;” nla n/a n/a reserved . '
Horizontal Non-Display Period = 8(REG + 4) ode En. lode Sel. Bit 1 l Bit 0
n/a n/a n/a . ) b . .
Bit 4 Bit3 Bit 2 Bit 1 Bit 0
REG[1Ch] LINE BYTE COUNT REGISTER 10 address = 1FFFCh, RW
REG[09h] FPFRAME START PoOsITION 10 address = 1FFESh, RW Line Byte Count
] ’ FPFrame Start Position Bit7 | Bt | Bits | Bit4 Bit 3 Bit 2 Bit 1 Bit O
n/a n/a
Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0
Notes
1 These bits are used to identify the S1D13705 at power on / reset.
REG[0Ah] VERTICAL NON-DISPLAY PERIOD REGISTER |0 address = 1IFFEAh, RW 2 10 addresses are relative to the beginning of display memory.
Vert Non- na Vertical Non-Display Period 3 Gray Shade/Color Mode Selection
Disp Status i i i i i i
BitS Bitd Bit3 Bit2 Bit1 Bito ColorMono | Bit-Per-Pixel Bit 1 | Bit-Per-Pixel Bit 0 bisolay Mode
REG[01] bit 5 REG[02] bit 7 REG[02] bit 6 play
REG[0Bh] MOD RATE REGISTER 10 address = 1FFEBh, RW . 0 2 Colors 1 Bit-Per-Pixel
MOD Ratt
n/a n/a . . . ate . . . 1 4 Colors 2 Bit-Per-Pixel
Bits | Bit4a | Bt3 | Btz | Bit1 | Bito 1
. 0 16 Colors 4 Bit-Per-Pixel
REG[0Ch] SCREEN 1 START WORD ADDRESS REGISTER (LSB) 10 address = 1FFECh, RW 1 256 Colors 8 Bit-Per-Pixel
Screen 1 Start Word Address = (REG[0Ch], REG[0Dh], REG[10] bit 1) o 0 2 Gray Shade 1 Bit-Per-Pixel
Bit7 | mite | Bits | Bita | B3 | Bit2 | Bit1 | BitO 1 4 Gray Shade 2 Bit-Per-Pixel
0
0 16 Gray Shade 4 Bit-Per-Pixel
REG[0Dh] SCREEN 1 START WORD ADDRESS REGISTER (MSB) 10 address = 1IFFEDh, RW 1 1 reserved
Screen 1 Start Word Address
Bit1s | Bit14 Bit 13 Biti2 | Biti1 | Bit10 | Bit9 | Bits
REG[OEh] SCREEN 2 START WORD ADDRESS REGISTER (LSB) 10 address = 1FFEEh, RW
Screen 2 Start Word Address = (REG[OE], REG[OFh], REG[10] bit 4)
Bit7 | Bit6 Bit 5 Bit4 | Bt | Btz | Bit1 | Bito
REG[OFh] SCREEN 2 START WORD ADDRESS REGISTER (MSB) |0 address = 1FFEFh, RW
Screen 2 Start Word Address
Bit1s | Bit14 Bit 13 Biti2 | Bit11 | Bit10 Bit 9 Bit 8
REG[10h] SCREEN START ADDRESS OVERFLOW REGISTER) |0 address = 1FFFOh, RW
Screen 2 Screen 1
Start Add Start Add
Bit 16 Bit 16

Data Data
TrT/STN | Solor/ bual/ Width Width
Mono Single . B .
REG[01] REG[01] REG[01] Bit1 Bit0 Function
bit 7 b bt REG[01] | REG[01]
bit 1 bit 0
o 0 Mono Single 4-bit LCD
1 Mono Single 8-bit LCD
0
1 0 reserved
1 reserved
0
o 0 reserved
1 Mono Dual 8-bit LCD
1
1 0 reserved
1 reserved
0
o 0 Color Single 4-bit LCD
1 Color Single 8-bit LCD Format 1
0
0 reserved
1
1 Color Single 8-bit LCD Format 2
1
o 0 reserved
1 Color Dual 8-bit LCD
1
0 reserved
1
1 reserved
0 9 bit TFT Panel
1 don't care
1 12 bit TFT Panel
5 High Performance Selection
Bit-Per-Pixel Bit-Per-Pixel
High Performance Bit1 Bit0 Display Modes
REG[02] bit 7 | REG[02] bit 6
o 0 MCIk = PCIk/8 1 bit-per-pixel
1 MClk = PClk/4 2 bit-per-pixel
0
0 MCIk = PCIk/2 4 bit-per-pixel
1
1 MClk = PClk 8 bit-per-pixel
1 X X MClk = PCIk
6 Power Save Mode Selection
Power Save Bit 1 Power Save Bit 0 Mode

0 0 Power Save Mode 1
0 1 reserved

1 0 reserved

1 1 Normal Operation
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13705CFG

13705CFG is an interactive Windows® 9x/M E/NT/2000 program that cal cul ates register

values for auser defined S1D13705 configuration. The configuration information can be

used to directly ater the operating characteristics of the S1D 13705 utilities or any program
built with the Hardware Abstraction Layer (HAL) library. Alternatively, the configuration
information can be saved in avariety of text file formats for use in other applications.

S1D13705 Supported Evaluation Platforms
13705CFG runs on PC system running Windows 9x/M E/NT/2000 and can modify the
executable files based on the S1D13705 HAL for the following evaluation platforms:
» PC system with an Intel 80x86 processor.

» MG68ECO000IDP (Integrated Devel opment Platform) board, revision 3.0, with aMotorola
M6BECO000 processor.

* MC68030IDP (Integrated Development Platform) board, revision 3.0, with a Motorola
MC68030 processor.

e SH3-LCEVB board, revision B, with an Hitachi SH-3 HD6417780 processor.

* MPC821ADS (Applications Development System) board, revision B, with a Motorola
MPC821 processor.

13705CFG Configuration Program S1D13705
Issue Date: 01/03/29 X27A-B-001-02
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Installation

Create adirectory for 13705cfg.exe and the S1D13705 utilities. Copy the files
13705cfg.exe and panels.def to that directory. Panels.def contains configuration infor-
mation for anumber of panels and must reside in the same directory as 13705cfg.exe.

Usage

13705CFG can be started from the Windows desktop or from a Windows command
prompt.

To start 13705CFG from the Windows desktop, double click the program icon or the link
icon if one was created during installation.

To start 13705CFG from a Windows command prompt, change to the directory
13705cfg.exe was installed to and type the command 13705cfg.

The basic procedure for using 13705CFG is:
1. Start 13705CFG as described above.
2. Open an existing file to serve as a starting reference point (this step is optional).

3. Madify the configuration. For specific information on editing the configuration, see
“13705CFG Configuration Tabs’ on page 7.

4. Savethe new configuration. The configuration information can be saved in two wayss,
asan ASCII text file or by modifying the executable image on disk.

Several ASCII text file formats are supported. Most are formatted C header files used
to build display drivers or standa one applications.

Utility files based on the Hardware Abstraction Layer (HAL) can be modified directly
by 13705CFG.

S1D13705 13705CFG Configuration Program
X27A-B-001-02 Issue Date: 01/03/29
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13705CFG Configuration Tabs

13705CFG provides a series of tabs which can be selected at the top of the main window.
Each tab allows the configuration of a specific aspect of S1D13705 operation.

The tabs are labeled “ General”, “ Preference”, “ Clocks’, “Pand”, “ Panel Power”, and
“Registers’. The following sections describe the purpose and use of each of the tabs.

General Tab

n3 §1D13705 Configuration Utility (Build 1) !Iil

File  Help

| F'referenu:esl I:I::u:ksl Fanel I Parel F'u:uwerl Reqgisters

— Memaon mapped locations

Decode Addresses Decode addreszes:
- ¥ Epzon S5U13705E008 /E00C " Motorola IDPES020
" UserDefined ¢~ Hitachi SH-3 LCEVE
% " Motorola IDPES000
e Beqizter address [hex)]: FIE( Eus
Display Buffer Address\

*Dizplay buffer address [hex]: I PCI bz

MOTE: The decoding of the 13705 phyzical addreszes depends on your particular

hardware implementation. The zelection of Platfarm Types above reflect only one of
mary poszible implementations for each platform.

Diagrnostics

=
[l

The General tab contains S1D13705 evaluation board specific information. The values
presented are used for configuring HAL based executable utilities. The settings on this tab
specify where in CPU address space the registers and display buffer are located.

13705CFG Configuration Program S1D13705
Issue Date: 01/03/29 X27A-B-001-02
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Decode Addresses

Register Address

Display Buffer Address

Note

Selecting one of thelisted eval uation platforms changes
the values for the “ Register address’ and “Display
buffer address” fields. The values used for each evalu-
ation platform are examples of possible implementa-
tionsas used by the Epson S1D 13705 eval uation board.
If your hardware implementation differs from the
addresses used, sdlect the User-Defined option and
enter the correct addresses for “ Register address’ and
“Display buffer address’.

The physical address of the start of register decode
space (in hexadecimal).

Thisfield is automatically set according to the Decode
Address unless the “ User-Defined” decode addressis
selected.

The physical address of the start of display buffer
decode space (in hexadecimal).

Thisfield is automatically set according to the Decode
Address unless the “ User-Defined” decode addressis
selected.

When “Epson SbU13705B00B/B00C Evaluation Board” is selected, the register and
display buffer addresses are blanked because the evaluation board uses the PCI interface
and the decode addresses are determined by the system BIOS during boot-up.

If using the S1D13705 Evaluation Board on a PCI based platform, both Windows and
the SID13X XX device driver must be installed. For further information on the
S1D13X XX device driver, see the SID13XXX Windows 32-bit Windows Device Driver
Installation Guide, document number X 00A-E-003-xXx.

S1D13705
X27A-B-001-02
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Preferences Tab

w3 51013705 Configuration Utility [Build 1) M= E3 |
File  Help
Gerneral PfEfEfEﬂCESl Clacks I Fanel I Fanel Power I Registers I
Color depth Panel Swivelfizw | | SwivelView Enable
.
Color Depth - 1 |:||:||:| I_ Enable D
i~ Zbpp ™| &lternative iade
i~ dbpp e —
 8bpp  ‘ Alternative Mode
Diagrnostics
=
E

The Preference tab contains settings pertaining to the initial display state. During runtime

these settings may be changed.

Color Depth Setstheinitial color depth on the LCD pandl.

Panel SwivelView The S1D13705 SwivelView feature is capable of
rotating the image displayed on an LCD panel 90° in a
counter-clockwise direction. This setsthe initia orien-
tation of the panel.

Enable When this box is checked SwivelView is enabled and
the LCD display isrotated 90° in a counter-clockwise
direction. The SwivelView feature can be run in two
different modes. Default moderequiresavirtual display
which requires more memory but uses less power.

Alternative Mode When alternate mode is selected, SwivelView requires
no virtual display but consumes more power.

For details see the S1D 13705 Hardware Functional
Specification, document number X27A-A-001-xx.
13705CFG Configuration Program S1D13705
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Clocks Tab

w2 1013705 Configuration Utility [Build 1) !EI

File Help

Generall Preferences | I Fanel I Panel F'n:nwerl Reqisters

.....................

CLE] [MHz] — PCLE

Tirming: IE.DDD TI Source: | CLE PCLK Source
Actual: | 5.000 MHz Divide: | 1:1 < PCLK Divide

Timing: | 6.000 kMHz

—MCLE
Source: | CLEI MCLK Source
Divide: | 1:1 « MCLK Divide

LI

Tirning: | 6.000 MHz

Diagrozstics

>
[l

The Clocks tab isintended to simplify the selection of input clock frequencies and the
source of internal clocking signals. For further information regarding clocking and clock
sources, refer to the SID13705 Hardware Functional Specification, document number
X27A-A-001-xx.

Note
Optionsfor LCD frame rates are limited to ranges determined by the clock values. Also,
changing clock values may modify or invalidate Panel settings. Confirm all settings on
the Panel tab after modifying any clock settings.

S1D13705 13705CFG Configuration Program
X27A-B-001-02 Issue Date: 01/03/29
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The S1D13705 uses one clock input known as CLKI. The pixel clock (PCLK) and the
memory clock (MCLK) are both derived directly from CLKI.

CLKI

PCLK

Source

Divide

Timing

MCLK

Source
Divide

Timing

This setting determinesthefrequency of CLKI. CLKI is
the source for both PCLK and MCLK.

The CLKI frequency must be selected from the drop
down list or by entering the desired frequency in MHz.
The actual CLKI frequency used for configuration is
displayed in blue in the Actual section.

These settings confirm the signal source and input clock
divisor for the pixel clock (PCLK).

The PCLK sourceis CLKI.
Thedivide ratio for the clock source signal is 1:1.

Thisfield shows the actual PCLK used by the configu-
ration process.

These settings confirm the signal source and input clock
divisor for the memory clock (MCLK).

The MCLK sourceis CLKI.
Thedivide ratio for the clock source signal is 1:1.

This field shows the actual MCLK frequency used by
the configuration process.

13705CFG Configuration Program
Issue Date: 01/03/29

S1D13705
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Panel Tab
) EPLINE FPFRAME
Format 2 Panel Data Width Dual P "
Panel Color ual Pal Polarit Polarit

—o0x]|
egistersl
—Pa Drata|width Parel color — Dual| panel F'u:ul.arit_l,l ;
banel T ¥ TN " 9-hit € tono || # Single || FPLINE FPFRAME
anel lype Py : .
I Earmat 20 |F| 601 2-bit % [Color ) [l " High " High
& TFT o Law % Low
Panel Type
WH;NDH-&SDH}' perfiods—— — Timings
o “didth: 320 = H [pigelsl | 128 ﬁ Frame rate: |53 Hz Frame Rate
Panel Dimensions A [—
Height: 240 |- Y [lines] 11 = | | Pixel clock: | 6.000 MHz P Pixel Clock
TET/EPLINE —TFT:’FF‘LINE [pimelz]— — TFT/FPFRAME [linez]— — Fredefined panels Predefined
Start poz; BE j Start pos: 4 j I j Panels
-, 1
.\
| TFT/FPFRAME
Diagnostics _I

The S1D 13705 supports many panel types. This tab allows configuration of most panel
settings such as panel dimensions, type and timings.

Panel Type Selects between passive (STN) and active (TFT/D-
TFD) panel types. The Epson D-TFD panels are
supported only in TFT compatible mode.

Several options may change or become unavailable
when the STN/TFT setting is switched. Therefore,
confirm all settings on this tab after the Panel Typeis
changed.

S1D13705 13705CFG Configuration Program
X27A-B-001-02 Issue Date: 01/03/29
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Format 2

Data Width

Panel Color

Dual Panel

Polarity

FPLINE Polarity

FPFRAME Polarity

Panel Dimensions

Selects color STN panel format 2. This option is specif-
ically for configuring 8-bit color STN panels.

Seethe S1D 13705 Hardware Functional Specification,
document number X27A-A-001-xx, for description of
format 1/ format 2 data formats. Most new panels use
the format 2 data format.

Selects the panel data width. Panel data width isthe
number of bits of data transferred to the LCD panel on
each clock cycle and shouldn’t be confused with color
depth which determines the number of displayed colors.

When the panel typeis STN, the available options are 4
and 8 bit. When an active panel typeis selected the
available options are 9 and 12 hit.

Selects between a monochrome or color panel.
Selects between single or dual panel.

When the pandl typeis TFT, “Singl€’ is automatically
selected and the “Dual” option is greyed out.

These settings define the polarity of the FPLINE and
FPFRAME pulses.

Selects the polarity of the FPLINE pulse. Refer to the
panel specification for the correct polarity of the
FPLINE pulse.

Selectsthe polarity of the FPFRAME pulse. Refer to the
panel specification for the correct polarity of the
FPFRAME pulse.

These fields specify the panel width and height. A
number of common widths and height are available in
the selection boxes. If the width/height of your panel is
not listed, enter the actual panel dimensionsinto the edit
field.

Manually entered pixel widths must be multiples of 8.
If avalueis entered that does not match these require-
ments, a notification box appears and 13705CFG
rounds up the value to the next allowable width.

13705CFG Configuration Program
Issue Date: 01/03/29

S1D13705
X27A-B-001-02
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Non-Display Periods

Frame Rate

Pixel Clock

TFT/FPLINE Start Pos

TFT/FPFRAME Start Pos

Predefined Panels

It is recommended that these automatically generated
non-display values be used without adjustment.
However, manual adjustment may be useful in fine
tuning the non-display width and non-display height.

Thisfield displays the effective frame rate of the LCD
panel. Panel dimensions are fixed therefore frame rate
can only be adjusted by changing either PCLK or non-
display period values. Higher frame rates correspond to
smaller horizontal and vertical non-display values, or
higher frequencies.

The pixel clock used for the LCD panel isdisplayed in
thisfield. The pixel clock is directly dependent on the
CLKI source.

Specifiesthe delay (in pixels) from the start of the
horizontal non-display period to theleading edge of the
FPLINE pulse. This setting is only available when the
selected pand typeis TFT.

Refer to S1D13705 Hardware Functional Specifi-
cation, document number X27A-A-001-xx for a
complete description of the FPLINE pulse settings.

Specifiesthe delay (in lines) from the start of the
vertical non-display period to the leading edge of the
FPFRAME pulse. This settingsis only available when
the selected panel typeis TFT.

Refer to S1D13705 Hardware Functional Specifi-
cation, document number X27A-A-001-xx, for a
compl ete description of the FPFRAME pul se settings.

13705CFG uses afile (panels.def) which lists various
panel manufacturers recommended settings. If the file
panels.def is present in the same directory as
13705cfg.exe, the settings for a number of predefined
panels are available in the drop-down list. If apanel is
selected from the list, 13705CFG loads the predefined
settings contained in the file.

S1D13705
X27A-B-001-02

13705CFG Configuration Program
Issue Date: 01/03/29
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Panel Power Tab

Tﬂ} 51D13705 Configuration Utility [Build 1]

File  Help
Eeneral I Preferences I Clocks I Fanel I:'E'lﬁl3|F"I"f‘~'EfI Reaisters
Hardware Power —LCD biaz power contral
Save Enable
>~ Hardware Paower 5 ave Enable
Power Down
Time delay between LCD control zignalz active and LEDW/#M
bias power-omn; ands
Tirne delay between LCD bias pawer-off and LCD cantral = - Power Up
signals inactive: millizeconds Time Delay
Diagrnostics
-
;|
The S5U13705B00C evaluation board is designed to use the GPIOO signal to control the
L CD bias power. The following settings allow configuration of the necessary delays.
Hardware Power Save Enable When this box is checked, Hardware Power Save using
GPIO0 is enabled. When this box is unchecked, the
Hardware Power Save function is not available.
Power Down Time Delay This setting controls the time delay between when the
LCD panel is powered-off and when the S1D13705
control signals are turned off. This setting must be
configured according to the specification for the panel
being used.
Thisvaueisonly used by Epson evaluation software
designed for the S5U13705B00C eval uation board.
13705CFG Configuration Program S1D13705

Issue Date: 01/03/29 X27A-B-001-02
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Power Up Time Delay

This setting control s the time delay between when the
S1D13705 control signals are turned on and the LCD
panel is powered-on. This setting must be configured
according to the specification for the panel being used.

Thisvalueisonly used by Epson evaluation software
designed for the S5U13705B00C evaluation board.

S1D13705
X27A-B-001-02

13705CFG Configuration Program
Issue Date: 01/03/29
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Registers Tab

?ﬂ} 51013705 Configuration Utility [Build 1]
File Help

Generall Preferencesl I:In:n::ksl Panel I Parel Power

REG | He:-c| Binam | Decimal| R egister Mame -

0k 24h 007007000 J6  Rewvizion Code Register
Mk Alh 10100001 b 161 Mode Reqgister 0 Register
02h  E0k 111000000 224 Mode Register 1 Reqister

03k 03k 000000716 3 Maode Register 2 Reaister

04k 2fh 00100171 1hR 33  Horizontal Panel Size Reaister

05k EFRh 11101111k 239 Verical Panel Size Reaister [LSE]

0Eh 00k 00000000b 0 ‘“ertical Panel Size Register [MSEB]

07k 08k 000001076E 5 FFLIME Start Pasition Register

02k OChH 0000710060 12 Horizontal Mon-Dizplay Period R egister —
09  04h 000001000 4 FPFRAKE Start Position Register

04k 0Bk 000010110 11 “ertical Mon-Digplay Penod Register

0Bk 00k OOOO0O000R 0 MOD Rate Reqgister

OCh 00k 00000000
OOk 00k 0O000000b

Screen 1 Start Addrezs Register [LSE]
Screen 1 Start Address Register [MSE]
0Ekh 00k 00000000b Screen 2 Start Addrezs Reagizter [LSEB]
0Fhk 00k OO000000kE Screen 2 Start Addressz Register [MSE]
10k 00k OO0000006 0 Screen Start Addrezs Overflow Begister ;l

Fresz Enter or double click on a line to modify a register.

[ I o o B o |

Diagroztics

>
[l

The Registers tab allows viewing and direct editing the S1D 13705 register values.

Scroll up and down the list of registers and view their configured values based on the
settings in the previous tabs. Individua register settings may be changed by double-
clicking on the register in the listing. Manual changesto theregistersare not checked
for errors, so caution iswarranted when directly editing these values. It is strongly
recommended that the SLD 13705 Hardware Functional Specification, document number
X27A-A-001-xx be referred to before making an manual register settings.

Manually entered values may be changed by 13705CFG if further configuration changes
are made on the other tabs. In this case, the user is notified.

Note
Manual changes to the registers may have unpredictable results if incorrect values are
entered.
13705CFG Configuration Program S1D13705

Issue Date: 01/03/29 X27A-B-001-02
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13705CFG Menus

The following sections describe each of the optionsin the File and Help menus.

Open...
From the Menu Bar, select “File”, then “Open...” to display the Open File Dialog Box.
Lack n: | =3 51013705 =] cf
13705bmp. exe
F 13705cig. exe
13705play. exe
13705show. exe
13705:zplk. exe
13705virt. eme
File name: I |ﬂ|
Files af hwpe: I.-'l'-.ll Corfigurable Files [.exe;.sﬁ;.idp;.elf;.lvb;.pj Cancel |,-"
o
The Open option allows 13705CFG to open files containing HAL configuration infor-
mation. When 13705CFG opens afileit scans the file for an identification string, and if
found, reads the configuration information. This may be used to quickly arrive at a starting
point for register configuration. The only requirement is that the file being opened must
contain avalid S1D13705 HAL library information block.
13705CFG supports avariety of executable file formats. Select the file type(s) 13705CFG
should display in the Files of Type drop-down list and then select the filename from the list
and click on the Open button.
Note
13705CFG is designed to work with utilities programmed using a given version of the
HAL. If the configuration structure contained in the executable file differs from the ver-
sion 13705CFG expects the Open will fail and an error message is displayed. This may
happen if the version of 13705CFG is substantially older, or newer, than the file being
opened.
S1D13705 13705CFG Configuration Program

X27A-B-001-02 Issue Date: 01/03/29



Epson Research and Development Page 19
Vancouver Design Center

Save
From the Menu Bar, select “File”, then “Save” to initiate the save action. The Save menu
option allows afast save of the configuration information to afile that was opened with the
Open menu option.
Note
Thisoption is only available once afile has been opened.
Note
13705cfg.exe can be configured by making a copy of the file 13705cfg.exe and config-
uring the copy. It is not possible to configure the original whileit is running.
Save As...
From the Menu Bar, select “File’, then “ Save As...” to display the Save As Dialog Box.
Save As
Saveiri [ 3 51013705 Ef cf
13705bmp. exe
# 137 05cfg. exe
13705play.exe
13705zhow. exe
13705zplh. exe
137 05virt exe
File name: 13705¢cfg.ex Save I
Save as type: |E><E Filez j Cancel |
A
“Saveas’ isvery similar to Save except adialog box isdisplayed allowing the user to name
the file before saving.
Using thistechnique atester can configure anumber of filesdiffering only in configuration
information and name (e.g. BMP60Hz.EXE, BMP72Hz.EXE, BMP75HZz.EXE where only
the frame rate changes in each of thesefiles).
Note
When “Save As” is selected then an exact duplicate of the file as opened by the “ Open”
option is created containing the new configuration information.
13705CFG Configuration Program S1D13705

Issue Date: 01/03/29 X27A-B-001-02
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Configure Multiple

After determining the desired configuration, “ Configure Multiple” allows the information
to be saved into one or more executable files built with the HAL library.

From the Menu Bar, select “File”, then “ Configure Multiple” to display the Configure

Multiple Dialog Box.This dialog box is also displayed when afile(s) is dragged onto the
13705CFG window.

Configure Multiple Ed |

Select files to configure: Selected files:
13705bnp . exe S Add »

[..1]
[-&-]
[-C-]
[-D-1]

r

[« |

C:AS1D13705 Cloze

13705czfg. exe PR
13705play . exe Add Al »»

13705=zhow . exe < Remaove
13705=splt  =e=e

13705virt  exe — << Remove Al |

' Show all files

% Show canf.
files only

-

_,l_l Canfigure I 4| | _,I

[T Preserve physical addresses

Theleft pane lists files available for configuration; the right pane lists files that have been
selected for configuration. Files can be selected by clicking the “Add” or “Add All”

buttons, double clicking any file in the left pane, or by dragging the file(s) from Windows
Explorer.

Sdlecting “ Show all files” displays all filesin the selected directory, whereas selecting

“Show conf. filesonly” will display only filesthat can be configured using 13705CFG (i.e.
exe, .59, .ef).

The configuration values can be saved to a specific EXE file for Intel platforms, or to a

specific S9 or ELF file for non-Intel platforms. The file must have been compiled using the
13705 HAL library.

Checking “Preserve Physica Addresses” instructs 13705CFG to use the register and
display buffer address values the files were previously configured with. Addresses
specified in the General Tab are discarded. Thisis useful when configuring severa
programsfor various hardware platformsat the sametime. For example, if configuring PCI,
MPC and | DP based programs at the sametimefor anew panel type, the physical addresses
for each are retained. Thisfeatureis primarily intended for the test lab where multiple
hardware configurations exist and are being tested.

S1D13705
X27A-B-001-02

13705CFG Configuration Program
Issue Date: 01/03/29
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Export

After determining the desired configuration, “ Export” permits the user to save the register
information as avariety of ASCII text file formats. The following isalist and description
of the currently supported output formats:

» aC header file for use in writing HAL library based applications.

a C header file which lists each register and the value it should be set to.

a C header file for use in developing Window CE display drivers.

a C header file for usein developing display drivers for other operating systems such as
Linux, QNX, and VxWorks UGL or WindML.

» acommadelimited text file containing an offset, a value, and a description for each
S1D13705 register.

N

C Header File for 510713705 HAL-B azed Applications [appcfa.h]
C Header File Defining a Map of 51013705 Registers [chip. k]
i Header File far 51013705 WinCE Divers [model. h
= Header File for 5101 3705 Generic Drivers [21d13708.h)]
Comma-Delimited File Cantaining Current Configuratian [=1d13705. cav]
510713705 Register Quick Reference [=1d13705. html]

Expart A I
Cloze |

After selecting the file format, click the “ Export As..." button to display thefile dialog box
which allows the user to enter a filename before saving. Before saving the configuration
file, clickingthe“ Preview” button starts Notepad with acopy of the configuration file about
to be saved.

When the C Header Filefor S1D13705 WinCE Driversoption is selected as the export
type, additional options are available and can be selected by clicking on the Options button.

The options dialog appears as:

WinCE Header File Export Options

Mode Number

> -
selects the mode number for Mode number:' | 0 —I Ok I
use in the header file — ;'

Cancel |

13705CFG Configuration Program
Issue Date: 01/03/29
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Enable Tooltips

ERD on the Web

About 13705CFG

Comments

Tooltips provide useful information about many of the items on the configuration tabs.
Placing the mouse pointer over nearly any item on any tab generates a popup window
containing helpful advice and hints.

To enable/disable tooltips check/uncheck the “ Tooltips’ option form the “Help” menu.

Note
Tooltips are enabled by default.

This“Help” menu item is actually a hotlink to the Epson Research and Development
website. Selecting “Help” then “ERD on the Web" starts the default web browser and
points it to the ERD product web site.

The latest software, drivers, and documentation for the S1D13705 is available at this
website.

Selecting the “ About 13705CFG” option from the “Help” menu displays the about dialog
box for 13705CFG. The about dialog box contains version information and the copyright
notice for 13705CFG.

» On any tab particular options may be grayed out if selecting them would violate the
operational specification of the S1D13705 (i.e. Selecting TFT or STN on the Panel tab
enabl es/disables options specific to the panel type).

* Thefile panels.def isatext file containing operational specifications for several
supported, and tested, panels. Thisfile can be edited with any text editor.

» 13705CFG allows manually altering register values. The manual changes may violate
memory and LCD timings as specified in the SLD13705 Hardware Functional Specifi-
cation, document number X27A-A-001-xx. If thisis done, unpredictable results may
occur. Epson Research and Development, Inc. does not assume liability for any damage
doneto the display device as aresult of configuration errors.

S1D13705
X27A-B-001-02

13705CFG Configuration Program
Issue Date: 01/03/29
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13705SHOW

13705SHOW isaprogram designed to demonstrate rudimentary display capabilities of the
S1D13705. Thedisplay abilities are shown by drawing a pattern image to the video display
at all supported color depths (1, 2, 4 and 8 bits-per-pixel)

The 13705SHOW display utility must be configured and/or compiled to work with your
hardware platform. The program 13705CFG.EXE can be used to configure 13705SHOW.
Consult the 13705CFG users guide, document number X27A-B-001-xx, for moreinfor-
mation on configuring S1D13705 utilities.

This software is designed to work in both embedded and personal computer (PC) environ-
ments. For the embedded environment, it is assumed that the system has a means of
downloading software from the PC to the target platform. Typically, thisis done by serial
communications. The PC uses aterminal program to send control commands and infor-
mation to thetarget processor. Alternatively, the PC can program an EPROM, whichisthen
placed in the target platform. Some target platforms can also communicate with the PC via
aparalel port connection, or an Ethernet connection.

S1D13705 Supported Evaluation Platforms

13705SHOW has been tested with the following S1D13705 supported evaluation
platforms:

» PC system with an x86 processor. Both 16-bit and 32-bit code is supported.

» MG68ECO000IDP (Integrated Devel opment Platform) board, revision 3.0, with aMotorola
M68ECO000 processor.

» SH3-LCEVB board, revision B, with an Hitachi SH-3 HD6417780 processor.

If the platform you are using is different from the above, please see the S1D13705
Programming Notes and Examples manual, document number X26A-G-002-xXx.

13705SHOW Demonstration Program S1D13705
Issue Date: 01/02/12 X27A-B-002-02
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Installation
PC Intel Platform
For 16-Bit Program Version: copy thefile 13705SHOW.EXE to adirectory that isin the
DOS path on your hard drive.
For 32-Bit Program Version: install the 32-bit Windows device driver SID13X0X.VXD
as described in the SID13X0X 32-Bit Windows Device Driver Installation Guide,
document number X 00A-E-003-xx. Copy the file 13705SHOW.EXE to adirectory that is
in the DOS path on your hard drive.
Embedded Platform
Download the program 13705SHOW to the system.
Usage
PC platform: at the prompt, type:
13705show [/a][b=n][/I][/p [/alt]][/vertical][/noinit][/?]
Embedded platform: execute 13705showand at the prompt, type the command line
argument(s).
Where: /a automatically cycle through all video modes.
b= starts 13705SHOW at a user specified
bit-per-pixel (bpp) level, where ? can be:
1, 2, 4, or 8.
/1 set landscape mode.
/'p set portrait mode.
/alt use aternate portrait mode
/verti cal displays vertical line pattern.
/ updat e continuously update display memory.
/ noi ni t bypass register initialization and use
values which are currently in the registers.
/? displays the help screen.
S1D13705 13705SHOW Demonstration Program

X27A-B-002-02
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Comments

e The/at command line switch can only be used with the /p (portrait) mode switch. This
switch will have no effect in landscape display modes.

» Thelntel 32-bit version of 13705SHOW is designed to work under either Windows 9x
or Windows NT. To instal the 32-bit Windows device driver SID13X0X.vxd see the
S1D13X0X 32-Bit Windows Device Driver Installation Guide, document number
X00A-E-003-xx.

The 16-bit version of the program runs under DOS with no DOS extenders. The lack of
aDOS extender means that the 16-bit program can only be used on a hardware platform
where the S1D13705 is addressed below 1IMB.

Program Messages

ERROR: Did not find a 13705 devi ce.

TheHAL wasunableto read the revision code register on the S1D13705. Ensure that the S1D13705
hardware isinstalled and that the hardware platform has been configured correctly. Also check that
the display memory address has been configured correctly.

ERROR: Unable to | ocate/l oad S1D13XXX. VXD

13705PLAY was unable to load arequired driver. The file SID13XXX.V XD should be located in
X \WINDOWS\SY STEM or in x\WINNT\SY STEM. If thefileisnot there, install it asdescribed in
the SID13X XX 32-Bit Windows Device Driver Installation Guide, document number X 00A-E-003-
XX.

ERROR: An | OCTL error occurred

This message indicates an error at the 10 control layer occurred. The usua cause for thisisan
incorrect hardware configuration.

ERROR: The HAL returned an unknown error

This message should never be displayed, it indicates that 13705SHOW is unable to determine the
cause of an error returned from the HAL.

ERROR: Could not initialize device

The cal toinitialize the S1D13705 registers failed.

Not enough memory for www x hhh x bpp!!

Thismessage is printed if there isinsufficient display memory to show a complete image with a

width of www pixels, aheight of hhh pixels and a color depth of bpp bit-per-pixel. In this case the
mode is skipped and the next display mode is attempted.

13705SHOW Demonstration Program S1D13705
Issue Date: 01/02/12 X27A-B-002-02
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13705SPLT

13705SPL T demonstrates S1D 13705 split screen capability by showing two different areas
of display memory on the screen simultaneously.

Screen 1 memory is located at the start of the display buffer and is filled with horizontal
bars. Screen 2 memory islocated immediately after Screen 1 in the display buffer and is
filled with vertical bars. On either user input or elapsed time, theline compareregister value
is changed to adjust the amount of display areataken up by each screen.

The 13705SPLT display utility must be configured and/or compiled to work with your
hardware platform. The program 13705CFG.EXE can be used to configure 13705SPLT.
Consult the 13705CFG users guide, document number X27A-B-001-xx, for moreinfor-
mation on configuring S1D13705 utilities.

This software is designed to work in both embedded and personal computer (PC) environ-
ments. For the embedded environment, it is assumed that the system has a means of
downloading software from the PC to the target platform. Typically, thisis done by serial
communications. The PC uses aterminal program to send control commands and infor-
mation to thetarget processor. Alternatively, the PC can program an EPROM, whichisthen
placed in the target platform. Sometarget platforms can also communicate with the PC via
aparalel port connection, or an Ethernet connection.

S1D13705 Supported Evaluation Platforms

13705SPLT has been tested with the following S1D13705 supported evaluation platforms:
» PC system with an x86 processor. Both 16-bit and 32-bit code is supported.

* MG68ECO000IDP (Integrated Devel opment Platform) board, revision 3.0, with aMotorola
M6BECO000 processor.

e SH3-LCEVB board, revision B, with an Hitachi SH-3 HD6417780 processor.

If the platform you are using is different from the above, please see the S1D13705
Programming Notes and Examples manual, document number X26A-G-002-xXx.

13705SPLT Display Utility
Issue Date: 01/02/12
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Installation
PC Intel Platform
For 16-Bit Program Version: copy the file 13705SPLT.EXE to a directory that isin the
DOS path on your hard drive.
For 32-Bit Program Version: install the 32-bit Windows device driver SID13X0X.VXD
as described in the SID13X0X 32-Bit Windows Device Driver Installation Guide,
document number X 00A-E-003-xx. Copy thefile 13705SPLT.EXE to adirectory thatisin
the DOS path on your hard drive.
Embedded Platform
Download the program 13705SPLT to the system.
Usage
PC platform: at the prompt, type 13705SPL T [/a] [/?]
Embedded platform: execute 13705spl t and at the prompt, type the command line
argument.
Where: no ar gunment enables manua split screen operation
la enables automatic split screen operation
(atimer is used to move screen 2)
/? display the help screen
After starting 13705SPLT the following keyboard commands are available.
Manual mode: 1, u move Screen 2 up
i, d move Screen 2 down
HOVE covers Screen 1 with Screen 2
END displays only Screen 1
Automatic mode: any key change the direction of split screen movement
(for PC only)
Both modes: b changes the color depth (bits-per-pixel)
ESC exits 13705SPLT
S1D13705 13705SPLT Display Utility
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13705SPLT Example

1. Type*“13705splt /a” to automatically move the split screen.

2. Press“b” to change the color depth from 1 bit-per-pixel to 2 bit-per-pixel.
3. Repeat step 2 for the remaining color depths (4 and 8 bit-per-pixel).
4

Press <ESC> to exit the program.

Program Messages

ERROR: Did not find a 13705 devi ce.

TheHAL wasunableto read the revision code register on the S1D13705. Ensure that the S1D13705
hardware isinstalled and that the hardware platform has been configured correctly. Also check that
the display memory address has been configured correctly.

ERROR: Unable to | ocate/l oad S1D13XXX. VXD

13705PLAY was unable to load a required driver. The file SID13XXX.V XD should be located in
X \WINDOWS\SY STEM or in x\WINNT\SY STEM. If thefileisnot there, install it asdescribed in
the SID13X XX 32-Bit Windows Device Driver Installation Guide, document number X 00A-E-003-
XX.

ERROR: An | OCTL error occurred

This message indicates an error at the 10 control layer occurred. The usua cause for thisisan
incorrect hardware configuration.

ERROR: The HAL returned an unknown error
This message should never be displayed, it indicates that 13705SOLT is unable to determine the
cause of an error returned from the HAL.

Not enough memory for www x hhh x bpp!!

This message is displayed if there is insufficient display memory to contain two complete images
with awidth of www pixels, aheight of hhh pixels, and a color depth of bpp bit-per-pixel. In this
case the mode is skipped and the next display mode is attempted.

13705SPLT Display Utility S1D13705
Issue Date: 01/02/12 X27A-B-003-02
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13705VIRT

13705VIRT demonstrates the virtual display capability of the S1D13705. A virtual display
iswhere the image to be displayed is larger than the physical display device. The display
surface is used a viewing window. The entire image can be seen only by panning and
scrolling.

The 13705VIRT display utility must be configured and/or compiled to work with your
hardware platform. The program 13705CFG.EXE can be used to configure 13705VIRT.
Consult the 13705CFG users guide, document number X27A-B-001-xx, for more infor-
mation on configuring S1D13705 utilities.

This software is designed to work in both embedded and personal computer (PC) environ-
ments. For the embedded environment, it is assumed that the system has a means of
downloading software from the PC to the target platform. Typically, thisis done by serial
communications. The PC uses aterminal program to send control commands and infor-
mation to thetarget processor. Alternatively, the PC can program an EPROM, whichisthen
placed in the target platform. Some target platforms can also communicate with the PC via
aparallel port connection, or an Ethernet connection.

S1D13705 Supported Evaluation Platforms

13705VIRT has been tested with the following S1D13705 supported evaluation platforms:
» PC system with an x86 processor.

» MG68ECO000IDP (Integrated Devel opment Platform) board, revision 3.0, with aMotorola
M68ECO000 processor.

» SH3-LCEVB board, revision B, with an Hitachi SH-3 HD6417780 processor.

If the platform you are using is different from the above, please see the S1D13705
Programming Notes and Examples manual, document number X26A-G-002-xXx.

13705VIRT Display Utility
Issue Date: 01/02/12
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Installation
PC Intel Platform
For 16-Bit Program Version: copy the file 13705VIRT.EXE to a directory that isin the
DOS path on your hard drive.
For 32-Bit Program Version: install the 32-bit Windows device driver SID13X0X.VXD
as described in the SID13X0X 32-Bit Windows Device Driver Installation Guide,
document number X 00A-E-003-xx. Copy thefile 13705VIRT.EXE to adirectory that isin
the DOS path on your hard drive.
Embedded Platform
Download the program 13705V IRT to the system.
Usage
PC platform: at the prompt, type 13705virt [/a] [/1] [/p] [/alt]
[/ w=?727].
Embedded platform: execute 13705vi rt and at the prompt, type the command line
argument.
Where: no argunent panning and scrolling is performed manually
(defaults to virtual width = = physical width x 2
and maximum virtual height)
/a panning and scrolling is performed automatically
/1 Force landscape display mode to be set
/p Force portrait display mode to be set
/alt Enable alternate portrait mode. Selecting this
option implies/p
[ wW=?7?? specifiesthevirtual display width which includes
both on-screen and off-screen size
the maximum virtual width, not including display
area, for each display modeis:
1 bpp — 4096 pixels
2 bpp — 2048 pixels
4 bpp — 1024 pixels
8 bpp — 512 pixels
S1D13705 13705VIRT Display Utility
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The following keyboard commands are for navigation within the program.
Manual mode: 1 scrolls up
! scrolls down
- pans to the left
- pans to the right
HOVE movesthedisplay screen so that the upper right of
the virtual screen shows in the upper right of the
display
END moves the display screen so that the lower left of
the virtual screen showsin the lower left of the
display
Automatic mode: any key changes the direction of screen
Both modes: b changes the color depth (bits-per-pixel)
ESC exits 13705VIRT
13705VIRT Example
1. Type“13705virt /a’ to automatically pan and scroll.
2. Press"b" to change the bits-per-pixel from 1 bit-per-pixel to 2 bits-per-pixel.
3. Repeat steps 1 and 2 for the remaining color depths (4 and 8 bit-per-pixel).
4. Press <ESC> to exit the program.
13705VIRT Display Utility S1D13705
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Program Messages

ERROR: Did not find a 13705 devi ce.

The HAL was unableto read the revision code register on the S1D13705. Ensure that the S1D13705
hardware isinstalled and that the hardware platform has been configured correctly. Also check that
the display memory address has been configured correctly.

ERROR: Unable to | ocate/l oad S1D13XXX. VXD

13705PLAY was unable to load arequired driver. Thefile SID13XXX.V XD should be located in
X\WINDOWS\SY STEM or in x\WINNT\SY STEM. If thefileisnot there, install it asdescribed in
the S1ID13X XX 32-Bit Windows Device Driver Installation Guide, document number X 00A-E-003-
XX.

ERROR: An | OCTL error occurred

This message indicates an error at the |O control layer occurred. The usua cause for thisisan
incorrect hardware configuration.

ERROR: The HAL returned an unknown error

This message should never be displayed, it indicates that 13705V IRT is unable to determine the
cause of an error returned from the HAL.

Unableto usevirtual mode at xx BPP

This message is displayed if there isinsufficient display memory to show acomplete virtual image.
Specifically, the maximum number of lines for the image is cal culated using the current virtua
width. If the number of possible linesislessthan the physical display sizethismessageisdisplayed.
Try restarting the program and manually specify a smaller virtual width.

S1D13705
X27A-B-004-02
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13705PLAY

13705PLAY isautility which allowsthe user to easily read/write the S1D13705 registers,
Look-Up Table and display memory.

Theuser interfacefor 13705PLAY issimilar to the DOS DEBUG program; commandsare
received from the standard input device, and output is sent to the standard output device
(console for Intel and terminal for embedded platforms). This utility requires the target
platform to support standard 10.

13705PLAY commands can be entered interactively using a keyboard/monitor or they can
be executed from a script file. Scripting is a powerful feature which alows command
sequences played back from afile thus avoiding having to retype lengthy sequences.

The 13705PLAY display utility must be configured and/or compiled to work with your
hardware platform. The program 13705CFG.EXE can be used to configure 13705PLAY .
Consult the 13705CFG users guide, document number X27A-B-001-xx, for more infor-
mation on configuring S1D13705 utilities.

This software is designed to work in both embedded and personal computer (PC) environ-
ments. For the embedded environment, it is assumed that the system has a means of
downloading software from the PC to the target platform. Typically, thisis done by serial
communications. The PC uses aterminal program to send control commands and infor-
mation to thetarget processor. Alternatively, the PC can program an EPROM, whichisthen
placed in the target platform. Sometarget platforms can also communicate with the PC via
aparallel port connection, or an Ethernet connection.

S1D13705 Supported Evaluation Platforms

13705PLAY has been tested with the following S1D 13705 supported eval uation platforms:
» PC system with an x86 processor. Both 16-bit and 32-bit code is supported.

» MG68ECO000IDP (Integrated Devel opment Platform) board, revision 3.0, with aMotorola
M6BECO000 processor.

» SH3-LCEVB board, revision B, with an Hitachi SH-3 HD6417780 processor.

If the platform you are using is different from the above, please see the S1D13705
Programming Notes and Examples manual, document number X26A-G-002-xx.

13705PLAY Diagnostic Utility S1D13705
Issue Date: 01/07/04 X27A-B-005-04
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Installation
PC Intel Platform
For 16-Bit Program Version: copy thefile 13705PLAY .EXE to adirectory that isin the
DOS path on your hard drive.
For 32-Bit Program Version: install the 32-bit Windows device driver SID13XXX.VXD
as described in the SID13X XX 32-Bit Windows Device Driver Installation Guide,
document number X 00A-E-003-xx. Copy the file 13705PLAY .EXE to a directory that is
in the DOS path on your hard drive.
Embedded Platform
Download the program 13705PLAY to the system.
Usage
PC platform: at the prompt, type 13705pl ay [/?].
Embedded platform: execute 13705pl ay and at the prompt, type the command line
argument.
Where: / ? displays program revision information.
The following commands are valid within the 13705PLAY program.
X i ndex [ dat a] Reads/writes the registers.
Writes data to the register specified by the index
when “data” is specified; otherwisetheregisteris
read.
XA Reads all registers.
L index [datal data2 data3] Reads/writes Look-Up Table (LUT) values.
Writes datato the LUT index when “data’ is
specified; otherwise the LUT index is read.
Datamust consist of 3 bytes: 1 red, 1 green, 1
blue. and range in value from 0x00 to OxOF.
LA Reads all LUT values.
FIW addr1 addr2 data . . . Fills bytes or words from address 1 to address 2
with data. Data can be multiple values
(eg.F 0 20 1 2 3 4fillsaddress0to 0x20
with arepeating pattern of 12 3 4).
S1D13705 13705PLAY Diagnostic Utility
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RIW addr [count]

WW addr data .

M [ bpp]

PO|1]2

H [lines]

13705PLAY Example

Reads* count” of bytes or words from the address
specified by “addr”. If “count” is not specified,
then 16 bytes/words are read.

Writes bytes or words of datato address specified
by “addr”. Data can be multiple values

eg. W0 1 2 3 4 writesthebytevaues

12 34 starting at address 0).

Initializes the chip with user specified
configuration.

Returns information about the current mode.
If “bpp” is specified then set the requested
color depth.

Sets software power save mode 0-2.
Power save mode 0 is normal operation.

Halts after specified lines of display.
This feature halts the display during long
read operations to prevent

data from scrolling off the display.

Set O to disable.

Quits this utility.

Displays Help information.

1. Type“13705PLAY” to start the program.

2. Type"?" for help.

3. Type"i" toinitialize the registers.

4. Type"xa' to display the contents of the registers.

5. Type"x 5" toread register 5.

6. Type"x 310" to write 10 hex to register 3.

7. Type"f 0400 aa" to fill the first 400 hex bytes of display memory with AA hex.

8. Type"f 014000 aa' to fill 80k bytes of display memory with AA hex.

9. Type"r Off" toread the first 100 hex bytes of display memory.

10. Type"q" to exit the program.

13705PLAY Diagnostic Utility
Issue Date: 01/07/04

S1D13705
X27A-B-005-04



Page 6

Epson Research and Development
Vancouver Design Center

Scripting

Comments

13705PLAY can be driven by ascript file. Thisis useful when:
* thereisno standard display output to monitor command entry and results.
* various registers must be quickly changed faster than can achieved by typing.

» The same series of keystrokes is being entered time and again.

A script fileisan ASCII text file with one 13705PLAY command per line. All scripts must
endwitha“qg” (quit) command in order to return control to the operating system. The semi-
colon is used as a comment delimitor. Everything on aline after the semi-colon will be
ignored.

On aPC platform, atypical script command lineis: “13705PLAY < dumpregs.scr >
results’.

This causes the script file “ dumpregs.scr” to be interpreted and the results to be sent to the
file“results.”

Example 1: The script file “dumpregs.scr” can be created with and text editor and will look
like the following:

; This file initializes the S1D13705 and reads the registers
i ; Initialize the registers.

xa ; Dump all the registers

la ; And the LUT

q ; Exit

¢ All numeric values are considered to be hexadecimal unless identified otherwise. For
example, 10 = 10h = 16 decimal; 10t = 10 decimal; 010b = 2 decimal.

* Redirecting commands from a script file (PC platform) allows those commands to be
executed as though they were typed.

S1D13705
X27A-B-005-04
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Program Messages

>>> WARNI NG DI D NOT DETECT S1D13705 <<<

TheHAL wasunableto read the revision code register on the S1D13705. Ensure that the S1D13705
hardware isinstalled and that the hardware platform has been configured correctly. Also check that
the display memory address has been configured correctly.

ERROR: Unable to | ocate/l oad S1D13XXX. VXD

13705PLAY was unable to load a required driver. The file SID13XXX.V XD should be located in
X \WINDOWS\SY STEM or in x\WINNT\SY STEM. If thefileisnot there, install it asdescribed in
the SID13X XX 32-Bit Windows Device Driver Installation Guide, document number X 00A-E-003-
XX.

ERROR: An | OCTL error occurred

This message indicates an error at the 10 control layer occurred. The usua cause for thisisan
incorrect hardware configuration.

ERROR: The HAL returned an unknown error

This message should never be displayed, it indicates that 13705SHOW is unable to determine the
cause of an error returned from the HAL.

13705PLAY Diagnostic Utility
Issue Date: 01/07/04
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13705BMP

Installation

Usage

Comments

13705BMP is a demonstration program for the S1D13705 which can read and display
.BMP format (Windows bitmap) files.

The 13705BMP display utility is designed to operate on an x86 based personal computer.
There are both 16-bit and 32-bit versions of 13705BMP. The 16-bit versionisfor use under
DOS when the S1D13705 evaluation board has been configured for DO000. The 32-bit
version isintended for use under Win32. Before use 13705BM P must be configured for the
display system. Consult documentation for the program 13705CFG.EXE which can be
used to configure 13705BMP.

13705BMP is not supported on non-PC platforms.

For 16-Bit Program Version: copy thefile 13705BMP.EXE to adirectory that isin the
DOS path on your hard drive.

For 32-Bit Program Version: install the 32-bit Windows device driver SID13X0X.VXD
as described in the S1D13X0X 32-Bit Windows Device Driver Installation Guide,
document number X 00A-E-003-xx. Copy the file 13705BMP.EXE to adirectory that isin
the DOS path on your hard drive.

At the prompt, type:
13705bnp brmp_file [/a[tine]] [/1] [/p] [/noinit] [/7?].
Where: bnp_fil e thename of thefileto display
[a[time] automatic mode returnsto the operating system after “time” seconds. If time
is not specified the default is 5 seconds. This option isintended for use with
batch files to automate displaying a series of images.
/1 override default configuration settings and set landscape display mode.

/p override default configuration settings and set portrait display mode.

/noinit bypassthe register initialization and use the current setup
use this option to override changes that take place to the timing registers

/? displays the Help screen

» 13705BMP currently views only Windows BMP format images.

13705BMP Demonstration Program S1D13705

Issue Date: 01/02/12

X27A-B-006-03



Page 4

Epson Research and Development
Vancouver Design Center

Program Messages

ERROR: Did not find an S1D13705 device.

The HAL was unable to locate an S1D13705 at the configured address. Check that the correct
physical address was configured into 13705BMP.EXE

ERROR: Unableto locate/load SID13XXX.VXD

Thefile SID13XXX.V XD isrequired by the 32-bit version of the 13705BMP. Check that the .V XD
fileisin c\WINDOWS\SY STEM. If thefileis not there, install it as described in the SID13XX X
32-Bit Windows Device Driver Installation Guide, document number X 00A-E-003-xXx.

ERROR: AnIOCTL error occurred.

The device driver SID13XXX.VXD was unable to assign memory. Check that the PC hardwareis
configured correctly and that 13705BM P has been configured with the correct memory location.

ERROR: TheHAL returned an unknown error.

This error message should never bee seen. Contact ERD.
ERROR: Could not initialize device.

The HAL failed to initialize the S1D13705.
Failed to open .BMP file'?.....7"
13705BM P was unable to open the .BMP file ?.....? specified on the command line.

?....71isnot avalid bitmap file.

or is of an unsupported format.

ERROR: Unableto set a suitable display mode.

13705BMP was unable to set a display mode to view the image with.
ERROR: Currently unableto processimages greater than 8 bpp.

13705BMP can decode images of 8BPP or less color depth. Try reducing the color depth of your
image.

ERROR: Imagelarger than display memory size.

The amount of memory required by thisimage is more than the amount of memory available to the
S1D13705. Try choosing a smaller image.

ERROR: Unableto allocate enough memory to decode the image.

In order to decode a .BMP image 13705BM P needs to allocate some additional system memory.
This message is seen if the call to allocate additional memory fails.

S1D13705
X27A-B-006-03
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13705PWR

The 13705PWR Power Save Utility isatool to assist in the testing of the software and
hardware power save modes.

Refer to the section titled “ Power Save Modes” in the S1D13705 Programming Notes and
Examples manual, document number X27A-G-002-xx, and the S1D13705 Functional
Hardware Specification, document number X27A-A-001-xx for further information.

The 13705PWR utility must be configured and/or compiled to work with your hardware
platform. Consult documentation for the program 13705CFG.EXE which can be used to
configure 13705PWR.

This software is designed to work in both embedded and personal computer (PC) environ-
ments. For the embedded environment, it is assumed that the system has a means of
downloading software from the PC to the target platform. Typically thisis done by serial
communications, where the PC uses aterminal program to send control commands and
information to the target processor. Alternatively, the PC can program an EPROM, which
isthen placed in the target platform. Sometarget platforms can also communicate with the
PC viaaparallel port connection, or an Ethernet connection.

S1D13705 Supported Evaluation Platforms
13705PWR has been designed to work with the following S1D 13705 supported eval uation
platforms:
» PC system with an x86 processor. Both 16-bit and 32-bit code is supported.

* MG68ECO000IDP (Integrated Devel opment Platform) board, revision 3.0, with aMotorola
M6BECO000 processor.

e SH3-LCEVB board, revision B, with an Hitachi SH-3 HD6417780 processor.

If the platform you are using is different from the above, please see the S1D13705
“Programming Notes and Examples’ manual, document number X27A-G-002-xXx.

13705PWR Power Save Utility S1D13705
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Installation

Usage

PC Platform

For 16-Bit Program Version: copy the file 13705PWR.EXE to a directory that isin the
DOS path on your hard drive.

For 32-Bit Program Version: install the 32-bit Windows device driver SID13XXX.VXD
as described in the SID13X XX 32-Bit Windows Device Driver Installation Guide,
document number X00A-E-003-xx. Copy thefile 13705PWR.EXE to adirectory that isin
the DOS path on your hard drive.

Embedded Platform

Download the program 13705PWR to the system.

PC platform: at the prompt, type 13705pwr [sO0] [s1] [hO] [h1].

Embedded platform: execute 13705pwr and at the prompt, type the command line
argument.

Where: s0  resets software power save mode
sl setssoftware power save mode
hO  resets(disables) hardware power save mode (REG[03h] bit 2)

hl sets(enables) hardware power save mode (REG[03h] bit 2)

[ ? displaysthis usage message

S1D13705
X27A-B-007-03
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Program Messages

ERROR: Did not find a 13705 device.

The HAL was unableto read the revision code register on the S1D13705. Ensure that the S1D13705
hardware isinstalled and that the hardware platform has been configured correctly. Also check that
the display memory address has been configured correctly.

ERROR: Unableto locate/load SID13XXX.VXD

13705PLAY was unable to load a required driver. The file SID13XXX.V XD should be located in
X \WINDOWS\SY STEM or in x\WINNT\SY STEM. If thefileisnot there, install it asdescribed in
the SID13X XX 32-Bit Windows Device Driver Installation Guide, document number X 00A-E-003-
XX.

ERROR: An IOCTL error occurred

This message indicates an error at the 1O control layer occurred. The usual cause for thisisan
incorrect hardware configuration.

ERROR: TheHAL returned an unknown error

This message should never be displayed, it indicates that 13705SHOW is unable to determine the
cause of an error returned from the HAL.

Softwar e Power Save M ode set.

Thismessageisaconfirmation that the register setting to enable software power save mode has been
set.

Softwar e Power Save M ode reset.

Thismessageisaconfirmation that the register setting to disable software power save mode hasbeen
Set.

Har dwar e Power Save Modeisnow Enabled.

This message confirms that hardware initiated power save mode has been enabled. The S1D13705
will enter a hardware power save mode upon application of the appropriate logic level to the
hardware power save mode input pin.

Har dwar e Power Save M odeis now Disabled.

This message confirms that the register setting to disable hardware initiated power save mode has
been set. In this state the S1D 13705 should ignore the state of the hardware power save mode input

pin.

13705PWR Power Save Utility S1D13705
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WINDOWS® CE 2.x DISPLAY DRIVERS

The Windows CE display driver isdesigned to support the S1D13705 Embedded Memory
L CD Controller running under the Microsoft Windows CE 2.x operating system. Thedriver
iscapable of: 4 and 8 bit-per-pixel landscape modes (no rotation), and 4 and 8 bit-per-pixel
SwivelView™ 270 degree mode.

This document and the source code for the Windows CE drivers are updated as appropriate.
Before beginning any development, please check the Epson Electronics America Website
at www.eea.epson.com or the Epson Research and Development Website at
www.erd.epson.com for the latest revisions.

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

S1D13705
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Example Driver Builds

The following sections describe how to build the Windows CE display driver for:

1. Windows CE 2.0 using acommand-line interface.

2. Windows CE Platform Builder 2.1x using a command-line interface.

In all examples“x:” refersto the drive letter where Platform Builder isinstalled.

Build for CEPC (X86) on Windows CE 2.0 using a Command-Line Interface

To build aWindows CE v2.0 display driver for the CEPC (X86) platform using a
S5U13705B00C evaluation board, follow the instructions bel ow:

1. Install Microsoft Windows NT v4.0 or 2000.

2. Install Microsoft Visual C/C++ version 5.0 or 6.0.

3. Ingall the Microsoft Windows CE Embedded Toolkit (ETK) by running SETUP.EXE
from the ETK compact disc #1.

4. Create anew project by following the procedure documented in “ Creating a New
Project Directory” from the Windows CE ETK v2.0. Alternately, use the current
“DEMOT7” project included with the ETK v2.0. Follow the steps below to create a
“X86 DEMQ7” shortcut on the Windows NT v4.0 desktop which uses the current
“DEMOT” project:

o o

o o

j.

Right click on the “ Start” menu on the taskbar.

Click on theitem “Open All Users’ and the “ Start Menu” window will come up.
Click on theicon “Programs’.

Click on theicon “Windows CE Embedded Devel opment Kit”.

Drag theicon “X86 DEM Q1" onto the desktop using the right mouse button.
Click on“Copy Here".

Renametheicon “X86 DEMO1” on the desktop to “X86 DEMO7” by right click-
ing on theicon and choosing “rename”.

Right click on theicon “X86 DEMO7” and click on “Properties’ to bring up the
“X86 DEMOY Properties’” window.

Click on “ Shortcut” and replace the string “DEMOL” under the entry “ Target”
with “DEMO7".

Click on “OK” to finish.

5. Create a sub-directory named S1D 13705 under x:\wince\platform\cepc\drivers\dis-
play.

6. Copy the source code to the S1D13705 subdirectory.

S1D13705
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7.

10.

Edit the file x:\wince\platform\cepc\drivers\display\dirs and add S1D13705 into the
list of directories.

Edit thefile PLATFORM.BIB (located in x:\wince\platform\cepc\files) to set the de-
fault display driver to the file EPSON.DLL (EPSON.DLL will be created during the
build in step 13).

Replace or comment out the following linesin PLATFORM.BIB:
IF CEPC_DDI_VGA2BPP
ddi.dl  $( FLATRELEASEDIR)\ddi_vga2.dil NK SH
ENDIF
|F CEPC_DDI_VGAB8BPP
ddi.dll  $( FLATRELEASEDIR)\ddi_vga8.dll NK SH
ENDIF
IF CEPC_DDI_VGA2BPP!
IF CEPC_DDI_VGA8BPP!
ddi.dil  $( FLATRELEASEDIR)\ddi_s364.dl  NK SH
ENDIF
ENDIF
with thisline:

ddi.dl  $(_FLATRELEASEDIR)\EPSON.dII NK SH

The file MODEOQ.H (located in x:\wince\platf orm\cepc\drivers\display\S1D13705)
contains the register values required to set the screen resolution, color depth (bpp),
display type, active display (LCD/CRT/TV), display rotation, etc.

Before building the display driver, refer to the descriptionsin the file MODEOQ.H for
the default settings of the driver. If the default does not match the configuration you
are building for then MODEOQ.H will have to be regenerated with the correct informa-
tion.

Use the program 13705CFG to generate the header file. For information on how to use
13705CFG, refer to the 13705CFG Configuration Program User Manual, document
number X27A-B-001-xx, available at www.erd.epson.com

After selecting the desired configuration, export the file asa“C Header File for
S1D13705 WinCE Drivers’. Save the new configuration as MODEOQO.H in
x:\wince\platform\cepc\drivers\display\S1D 13705, replacing the origina configura-
tionfile.

Edit the file PLATFORM .REG to match the screen resolution, color depth (bpp), ac-
tive display (LCD/CRT/TV) and rotation informationin MODE.H. PLAT-
FORM.REG is

located in x:\wince\platform\cepc\files.

Windows® CE 2.x Display Drivers
Issue Date: 01/06/07
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For example, the display driver section of PLATFORM.REG should be as follows
when using a 320x240 L CD panel with a color depth of 8 bpp in SwivelView 0°
(landscape) mode:

; Default for EPSON Display Driver

; 320x240 at 8 hits/pixel, LCD display, no rotation

; Useful Hex Values

; 1024=0x400, 768=0x300 640=0x280 480=0x1E0 320=140 240=0xFO0
[HKEY_LOCAL_MACHINE\Drivers\Display\S1D13705]
"Width"=dword:140

"Height"=dword:F0

"Bpp"=dword:8

“ActiveDisp”=dword: 1

“Rotation”=dword:0

11. Delete dl thefilesin the x:\wince\release directory, and delete x:\wince\plat-

form\cepc\* .bif

12. Generate the proper building environment by double-clicking on the sample project

icon (i.e. X86 DEMO?7).

13. Type BLDDEMO <ENTER> at the command prompt of the X86 DEM O7 window to

generate a Windows CE image file (NK.BIN).

Build for CEPC (X86) on Windows CE Platform Builder 2.1x using a Command-Line Interface

Throughout this section 2.1x refersto either 2.11 or 2.12 as appropriate.

1

2
3.
4

Install Microsoft Windows NT v4.0 or 2000.
Install Microsoft Visual C/C++ version 5.0 or 6.0.
Install Platform Builder 2.1x by running SETUP.EXE from compact disk #1.

Follow the steps below to create a“Build Epson for x86” shortcut which uses the
current “Minshell” project icon/shortcut on the Windows desktop.

a. Right click on the “ Start” menu on the taskbar.

b. Click on theitem “Explore”, and “Exploring -- Start Menu” window will come
up.

c. Under “x:\winnt\profiles\all users\start menu\programs\microsoft windows ce
platform builder\x86 tools’, find the icon “Build Minshell for x86”.

d. Dragtheicon “Build Minshdll for x86” onto the desktop using the right mouse
button.

S1D13705
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Choose “Copy Here".

Rename the icon “Build Minshell for x86” to “Build Epson for x86” by right
clicking on the icon and choosing “rename”.

Right click on theicon “Build Epson for x86” and click on “Properties’ to bring
up the “Build Epson for x86 Properties’ window.

Click on “ Shortcut” and replace the string “Minshell” under the entry “ Target”
with “Epson”.

Click on “OK” to finish.

Create an EPSON project.

a

b.

Make an Epson directory under x:\wince\public.
Copy MAXALL and its sub-directories (x:\wince\public\maxall) to the Epson di-
rectory.
xcopy /s/e x:\wincé\public\maxall\* .* \wince\public\epson
Rename x:\wince\public\epson\maxall.bat to epson.bat.
Edit EPSON.BAT to add the following lines to the end of the file:
@echo on
set CEPC_DDI_S1D13705=1
@echo off

Make an S1D13705 directory under x:\wince\platform\cepc\drivers\display, and copy
the S1D 13705 driver source code into x:\wince\platform\cepc\drivers\dis-
play\S1D13705.

Edit the file x:\wince\platform\cepc\drivers\display\dirs and add S1D13705 into the
list of directories.

Edit the file x:\wince\platform\cepc\files\platform.bib and make the following two
changes:

a

Insert the following text after the line “IF ODO_NODISPLAY !”:
IF CEPC_DDI_S1D13705
ddi.dll  $(_FLATRELEASEDIR)\epson.dll NK SH
ENDIF
Find the section shown below, and insert the lines as marked:
IF CEPC_DDI_S1D13705'! Insert thisline
IF CEPC_DDI_S3VIRGE !
IF CEPC_DDI_CT655X !
IF CEPC_DDI_VGAS8BPP!

Windows® CE 2.x Display Drivers
Issue Date: 01/06/07
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0.

10.

11.

ddi.dll  $(_FLATRELEASEDIR)\ddi_s364.dl| NK SH
ENDIF
ENDIF
ENDIF
ENDIF Insert thisline

The file MODEQO.H (located in x:\wince\platform\cepc\drivers\display\S1D13705)
contains the register values required to set the screen resolution, color depth (bpp),
display type, active display (LCD/CRT/TV), display rotation, etc.

Before building the display driver, refer to the descriptionsin the file MODEOQ.H for
the default settings of the driver. If the default does not match the configuration you
are building for then MODEO.H will have to be regenerated with the correct informa-
tion.

Usethe program 13705CFG to generate the header file. For information on how to use
13705CFG, refer to the 13705CFG Configuration Program User Manual, document
number X27A-B-001-xx, available at www.erd.epson.com

After selecting the desired configuration, export the file as a“C Header File for
S1D13705 WinCE Drivers'. Save the new configuration as MODEO.H in
x:\wince\platform\cepc\drivers\display\S1D 13705, replacing the original configura-
tionfile.

Edit the file PLATFORM .REG to match the screen resolution, color depth (bpp), ac-
tive display (LCD/CRT/TV) and rotation information in MODE.H. PLAT-
FORM.REG islocated in x:\wince\platform\cepcfiles.

For example, the display driver section of PLATFORM.REG should be as follows
when using a 320x240 LCD panel with acolor depth of 8 bpp in SwivelView 0°
(landscape) mode:

; Default for EPSON Display Driver

; 320x240 at 8 bits/pixel, LCD display, no rotation

: Useful Hex Values

; 1024=0x400, 768=0x300 640=0x280 480=0x1E0 320=140 240=0xFO0
[HKEY_LOCAL_MACHINE\Drivers\Display\S1D13705]
"Width"=dword: 140

"Height"=dword:FO0

"Bpp"=dword:8

“ActiveDisp”=dword:1

“Rotation”=dword:0

Delete al the files in \wince\release directory and del ete x:\wince\platform\cepc\* .bif

S1D13705
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12. Generate the proper building environment by double-clicking on the Epson project
icon --"Build Epson for x86".

13. Type BLDDEMO <ENTER> at the command prompt of the “Build Epson for x86"
window to generate a Windows CE image file (NK.BIN).

Windows® CE 2.x Display Drivers S1D13705
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Installation for CEPC Environment

Once the NK.BIN fileis built, the CEPC environment can be started by booting either from a
floppy or hard drive configured with a Windows 9x operating system. The two methods are
described below.

1. To start CEPC after booting from afloppy drive:

a

b.

e.
f.

Create a bootable floppy disk.

Edit CONFIG.SY S on the floppy disk to contain only the following line:
device=a:\himem.sys

Edit AUTOEXEC.BAT on the floppy disk to contain the following lines:

mode com1:9600,n,8,1
loadcepc /B:9600 /C:1 c:\nk.bin

Copy LOADCEPC.EXE and HIMEM.SY Sto the bootabl e floppy disk. Search for
the loadCEPC utility in your Windows CE directories.

Copy NK.BIN to c:\.
Boot the system from the bootable floppy disk.

2. To start CEPC after booting from a hard drive:

a

Copy LOADCEPC.EXE to C:\. Search for the loadCEPC utility in your Windows
CE directories.

Edit CONFIG.SY S on the hard drive to contain only the following line:
device=c:\himem.sys
Edit AUTOEXEC.BAT on the hard drive to contain the following lines:

mode com1:9600,n,8,1
loadcepc /B:9600 /C:1 c:\nk.bin

Copy NK.BIN and HIMEM.SY Sto c:\.
Boot the system.

S1D13705
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Configuration

Compile Switches

WINCEVER

There are several issues to consider when configuring the display driver. The issues cover
debugging support, register initialization values and memory allocation. Each of these
issuesis discussed in the following sections.

There are several switches, specific to the S1D13705 display driver, which affect the
display driver.

The switches are added or removed from the compile options in the file SOURCES.

Thisoptionisautomatically set to the numerical version of WinCE for version 2.12 or | ater.
If the environment variable, WINCEOSVER is not defined, then WINCEVER will
default 2.11. The display driver may test against this option to support different WinCE
version-specific features.

DEBUG_MONITOR

TEST_BITMAP

This option enables the use of the debug monitor. The debug monitor can be invoked when
the display driver isfirst loaded and can be used to view registers, and perform afew
debugging tasks. The debug monitor is still under development and is untested.

This option should remain disabled unlessyou are performing specific debugging tasksthat
reguire the debug monitor.

This option allows the debug monitor to display atest bitmap. This bitmap is big and will
make the display driver considerably larger. The flag DEBUG_MONITOR must also be
enabled for this option to work.

This option should be disabled unless the image is required for debugging.

Windows® CE 2.x Display Drivers S1D13705
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Mode File

A second variablewhich will affect the finished display driver istheregister configurations
contained in the mode file.

The MODE tables (contained in files MODEO.H, MODE1.H, MODE2.H . . .) contain
register information to control the desired display mode. The MODE tables must be
generated by the configuration program 13705CFG.EXE. The display driver comes with
example MODE tables.

By default, only MODEQ.H isused by the display driver. New mode tables can be created
using the 13705CFG program. Edit the #include section of MODE.H to add the new mode
table.

If you only support a single display mode, you do not need to add any information to the

WinCE registry. If, however, you support more that one display mode, you should create
registry values (see below) that will establish theinitial display mode. If your display driver
contains multiple mode tables, and if you do not add any registry values, the display driver
will default to the fir st mode tablein your list.

To select which display mode the display driver should use upon boot, add the following
lines to your PLATFORM.REG file:

[HKEY LOCAL_MACHINE\Drivers\Display\S1D13705]

“Width”=dword:140
“Height” =dword:FO0
“Bpp” =dword:8
“Rotation” =dword:0
“RefreshRate” =dword:3C
“Flags’=dword: 1

Note that all dword values are in hexadecimal, therefore 140h = 320, FOh = 240, and 3Ch
=60. Thevauefor “Flags’ should be 1 (LCD). When the display driver starts, it will read
thesevaluesin theregistry and attempt to match amode table against them. All values must
be present and valid for a match to occur, otherwise the display driver will default to the
FIRST modetablein your list.

A WinCE desktop application (or control panel applet) can change these registry values,
and the display driver will select a different mode upon warmboot. This allows the display
driver to support different display configurations and/or orientations. An example appli-
cation that controlstheseregistry valueswill be made avail abl e upon the next rel ease of the
display driver; preliminary alphacode is available by special request.

S1D13705
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Comments

» Thedisplay driver is CPU independent, allowing use of the driver for several Windows
CE Platform Builder supported platforms.

» When using 13705CFG.EXE to produce multiple MODE tables, make sure you change
the Mode Number in the WinCE tab for each mode table you generate. The display
driver supports multiple mode tables, but only if each mode table has a unique mode
number.

» At thistime, the drivers have been tested on the x86 CPUs and have been run with
version 2.0 of the ETK, Platform Builder v2.1x.

Windows® CE 2.x Display Drivers S1D13705
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wind River WindML v2.0 DISPLAY DRIVERS

TheWind River WindML v2.0 display driversfor the S1D 13705 Embedded Memory LCD
Controller areintended as “reference” source code for OEMs devel oping for Wind River's
WindML v2.0. The driver package provides support for 8 bit-per-pixel color depth. The
source code iswritten for portability and contains functionality for most features of the
S1D13705. Source code modification isrequired to provide asmaller, more efficient driver
for mass production (e.g. SwivelView™ support may be removed for products not
requiring display rotation).

The WindML display drivers are designed around a common configuration include file
called mode0.h which is generated by the configuration utility 13705CFG. This design
allows for easy customization of clocks, decode addresses, rotation, etc. by OEMs. For
further information on 13705CFG, see the 13705CFG Configuration Program User
Manual, document number X27A-B-001-xx.

Note
The WindML display drivers are provided as “reference” source code only. They arein-
tended to provide a basis for OEMs to develop their own drivers for WindML v2.0.
These drivers are not backwards compatible with UGL v1.2. For information on the
UGL v1.2 display drivers, see Wind River UGL v1.2 Display Drivers, document number
X27A-E-003-xX.

This document and the source code for the WindML display driversis updated as appro-
priate. Please check the Epson Electronics Americawebsite at http://www.eea.epson.com
or the Epson Research and Devel opment website at http://www.erd.epson.com for thelatest
revisions before beginning any development.

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

Wind River WindML v2.0 Display Drivers S1D13705
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Building a WindML v2.0 Display Driver

Thefollowing instructions produce abootable disk that automatically startsthe UGL demo
program. These instructions assume that Wind River’'s Tornado platform is already
installed.

Note
For the example steps where the drive letter is given as “x:”. Substitute “x” with the
drive letter that your devel opment environment is on.

1. Create aworking directory and unzip the WindML display driver into it.
From a command prompt or GUI interface create anew directory (e.g. x:\13705).

Unzip thefile 13705windml.zip to the newly created working directory. Thefileswill
be unzipped to the directory “x:\13705\8bpp”.

2. Configure for the target execution model.

This example build creates a VxWorks image that fits onto and boots from a single
floppy diskette. In order for the VxWorks image to fit on the disk certain modifica-
tions are required.

Replace the file “x:\Tornado\target\config\pcPentium\config.h” with the file
“x:\13705\8bpp\File\config.h”. The new config.h file removes networking compo-
nents and configures the build image for booting from afloppy disk.

Note
Rather than simply replacing the original config.h file, rename it so the file can be kept
for reference purposes.

3. Build aboot ROM image.

From the Tornado tool bar, select Build -> Build Boot ROM. Select “pcPentium” as
the BSP and “bootrom_uncmp” as the image.

4. Createabootable disk (in drive A:).

From a command prompt change to the directory “x:\Tornado\host\x86-win32\bin”
and run the batch file torvars.bat. Next, change to the directory “x:\Tornado\tar-
get\config\pcPentium” and type:

mkboot a: bootrom_uncmp

5. If necessary, generate anew modeQ.h configuration file.

Thefile mode0.h containsthe register values required to set the screen resolution, col-
or depth (bpp), display type (passive or active matrix), rotation, etc. The mode0.h file
included with the drivers, may not contain applicable values and must be regenerated.
The configuration program 13705CFG can be used to build a new modeQ.h file. If

building for 8 bpp, place the new mode0.h file in the directory “x:\13705\8bpp\File”.

S1D13705
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Note
ModeO.h should be created using the configuration utility 13705CFG. For more infor-
mation on 13705CFG, see the 13705CFG Configuration Program User Manual, docu-
ment number X27A-B-001-xx available at www.erd.epson.com.

6.

10.

11.

Build the WindML v2.0 library.

From a command prompt change to the directory “x:\Tornado\host\x86-win32\bin”
and run the batch file tor var s.bat. Next, change to the directory “x:\Tornado\tar-
get\src\ugl” and type the command:

make CPU=PENTIUM ug|

Open the S1D13705 workspace.

From the Tornado tool bar, select File->Open Workspace...->Existing->Browse... and
select the file “x:\13705\8bpp\13705.wsp”.

Add support for single line comments.

The WindML v2.0 display driver source code uses single line comment notation, “//”,
rather than the ANSI conventional comments, “/*...*/".

To add support for single line comments follow these steps:
a. Inthe Tornado “Workspace Views’ window, click on the “Builds’ tab.

b. Expand the “8bpp Builds’ view by clicking on the “+" next to it. The ex-
panded view will contain the item “default”. Right-click on “default” and
select “Properties...”. A “Properties:” window will appear.

c. Select the“C/C++ compiler” tab to display the command switches used in
the build. Remove the “-ansi” switch from the line that contains “-g -mpen-
tium -ansi -nostdinc -DRW_MULTI_THREAD".

(Refer to GNU ToolKit user's guide for details)

Compile the VxWorks image.
Select the “Builds’ tab in the Tornado “Workspace Views’ window.

Right-click on “8bpp files” and select “Dependencies...”. Click on “OK” to regenerate
project file dependencies for “All Project files’.

Right-click on “8bpp files” and select “ReBuild All(vxWorks)” to build VxWorks.

Copy the VxWorks file to the diskette.

From a.command prompt or through the Windows interface, copy thefile
“x:\13705\8bpp\default\ivxWorks' to the bootable disk created in step 4.

Start the VxWorks demo.

Boot the target PC with the VxWorks bootabl e diskette to run the UGLDEMO auto-
matically.

Wind River WindML v2.0 Display Drivers S1D13705

Issue Date: 01/04/06

X27A-E-002-03



Page 6 Epson Research and Development
Vancouver Design Center

THIS PAGE LEFT BLANK

S1D13705 Wind River WindML v2.0 Display Drivers
X27A-E-002-03 Issue Date: 01/04/06



SAVING
EPSON

S1D13705 Embedded Memory LCD Controller

Wind River UGL v1.2 Display Drivers

Document Number: X27A-E-003-02

Copyright © 2001 Epson Research and Development, Inc. All Rights Reserved.

Information in this document is subject to change without notice. You may download and use this document, but only for your own use in
evaluating Seiko Epson/EPSON products. You may not modify the document. Epson Research and Development, Inc. disclaims any
representation that the contents of this document are accurate or current. The Programs/Technologies described in this document may contain
material protected under U.S. and/or International Patent laws.

EPSON is a registered trademark of Seiko Epson Corporation. Microsoft and Windows are registered trademarks of Microsoft Corporation.
All other trademarks are the property of their respective owners.




Page 2 Epson Research and Development
Vancouver Design Center

THIS PAGE LEFT BLANK

S1D13705 Wind River UGL v1.2 Display Drivers
X27A-E-003-02 Issue Date: 01/02/13



Epson Research and Development Page 3
Vancouver Design Center

Wind River UGL v1.2 Display Drivers

The Wind River UGL v1.2 display drivers for the S1D13705 Embedded Memory LCD
Controller areintended as “reference” source code for OEMs devel oping for Wind River's
UGL v1.2. The drivers provide support for 8 bit-per-pixel color depth. The source codeis
written for portability and containsfunctionality for most features of the S1D13705. Source
code modification is required to provide a smaller, more efficient driver for mass
production.

The UGL display drivers are designed around a common configuration include file called
mode0.h which isgenerated by the configuration utility 13705CFG. Thisdesign allowsfor
easy customization of display type, clocks, addresses, rotation, etc. by OEMs. For further
information on 13705CFG, see the 13705CFG Configuration Program User Manual,
document number X27A-B-001-xx.

This document and the source code for the UGL display drivers are updated as appropriate.
Please check the Epson Electronics Americawebsite at http://www.eea.epson.com or the
Epson Research and Devel opment website at http://www.erd.epson.com for the latest
revisions before beginning any development.

We appreciate your comments on our documentation. Please contact us viae-mail at
documentation@erd.epson.com.

Wind River UGL v1.2 Display Drivers S1D13705
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Building a UGL v1.2 Display Driver

Thefollowing instructions produce abootable disk that automatically startsthe UGL demo
software. These instructions assume that the Wind River Tornado platform is correctly
installed.

Note
For the example steps where the drive letter is given as “x:”. Substitute “x” with the
drive letter that your devel opment environment is on.

1. Create aworking directory and unzip the UGL display driver into it.

Using acommand prompt or GUI interface create a new directory (e.g. x:\13705).

Unzip the file 13705ugl.zip to the newly created working directory. The fileswill be
unzipped to the directory “x:\13705\8bpp”.

2. Configure for the target execution model.

This example build creates a VxWorks image that fits onto and boots from a single
floppy diskette. In order for the VxWorks image to fit on the disk certain modifica-
tions are required.

Replace the file “x:\Tornado\target\config\pcPentium\config.h” with the file
“x:\13705\8bpp\File\config.h”. The new config.h file removes networking compo-
nents and configures the build image for booting from afloppy disk.

Note
Rather than simply replacing the original config.h file, rename it so the file can be kept
for reference purposes.

3. Build aboot ROM image.

From the Tornado tool bar, select Build -> Build Boot ROM. Select “pcPentium” as
the BSP and “bootrom_uncmp” as the image.

4. Createabootable disk (in drive A:).

From a command prompt in the directory “x:\Tornado\target\config\pcPentium” type
mkboot a: bootrom_uncmp

5. If necessary, generate anew mode0.h configuration file.

Thefile mode0.h containsthe register values required to set the screen resolution, col-
or depth (bpp), display type, rotation, etc. The mode0.h, included with the drivers,
sets the display for 256x64 190 Hz output to an LCD display.

If this setting is inappropriate then mode0.h must be regenerated. The configuration
program 13705CFG can be used to build a new mode0.h file. Place the new mode0.h
filein “x:\13705\8bpp\File”.

S1D13705
X27A-E-003-02

Wind River UGL v1.2 Display Drivers
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Note
M ode0.h should be created using the configuration utility 13705CFG. For more infor-
mation on 13705CFG, see the 13705CFG Configuration Program User Manual, docu-
ment number X27A-B-001-xx available at www.erd.epson.com.

6. Open the S1D13705 workspace.

From the Tornado tool bar, select File->Open Workspace...->Existing->Browse... and
select the file “x:\13705\8bpp\13705.wsp”.

7. Add support for single line comments.

The UGL v1.2 display driver source code uses single line comment notation, “//”,
rather than the ANSI conventional comments, “/* ... */".

To add support for single line comments follow these steps:
a Inthe Tornado “Workspace” window, click on the “Builds’ tab.

b. Expand the“8bpp Builds’ view by clicking onthe “+” nexttoit. The
expanded view will contain the item “default”. Right-click on “de-
fault” and select “Properties...”. A properties window will appear.

c. Select the“C/C++ compiler” tab to display the command switches
used in the build. Remove the “-ansi” switch from the line that con-
tains “-g -mpentium -ansi -nostdinc -DRW_MULTI_THREAD".
(Refer to GNU ToolKit user's guide for details)

8. Compilethe VxWorksimage.
Select the “Files’ tab in the Tornado “Workspace” window.

Right-click on “8bpp files’” and select “ Dependencies...”. Click on “OK” to regenerate
project file dependencies for “All Project files’.

Right-click on “8bpp files” and select “ReBuild All(vxWorks)” to build VxWorks.

9. Copy the VxWorksfile to the diskette.

From a command prompt or through the Windows interface, copy thefile
“x:\13705\8bpp\default\vxWorks’ to the bootable disk created in step 4.

10. Start the VxWorks demo.

Boot the target PC with the VxWorks bootabl e diskette to run the UGLDEMO auto-
maticaly.

Wind River UGL v1.2 Display Drivers S1D13705
Issue Date: 01/02/13 X27A-E-003-02
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Linux Console Driver

The Linux console driver for the S1D 13705 Embedded Memory LCD Controller is
intended as “reference” source code for OEMs developing for Linux, and supports 4 and 8
bit-per-pixel color depths.

A Graphical User Interface (GUI) such as Ghome can obtain the frame buffer addressfrom
this driver allowing the Linux GUI the ability to update the display.

The console driver is designed around a common configuration include file called
s1d13705.h, whichis generated by the configuration utility 13705CFG. Thisdesign allows
for easy customization of display type, clocks, decode addresses, rotation, etc. by OEMs.
For further information on 13705CFG, see the 13705CFG Configuration Program User
Manual, document number X27A-B-001-xx.

Note
The Linux console driver is provided as “reference”’ source code only. The driver isin-
tended to provide a basis for OEMs to develop their own drivers for Linux.

This document and the source code for the Linux console drivers are updated as appro-
priate. Please check the Epson Research and Development website at
http://www.erd.epson.com for the latest revisions or before beginning any devel opment.

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

Linux Console Driver
Issue Date: 01/09/19
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Building the Console Driver for Linux Kernel 2.2.x

Follow the steps below to construct a copy of the Linux operating system using the
S1D13705 as the console display device. These instructions assume that the GNU devel-
opment environment isinstalled and the user isfamiliar with GNU and the Linux operating
system.

1. Acquirethe Linux kernel source code.

Y ou can obtain the Linux kernel source code from your Linux supplier or download
the source from: ftp://ftp.kernel.org.

The S1D 13705 reference driver requires Linux kernel 2.2.x or greater. The example
S1D13705 reference driver available on www.erd.epson.com was built using Red Hat
Linux 6.1, kerndl version 2.2.17.

For information on building the kernd refer to the readmefile at:
ftp://ftp.linuxberg.com/pub/linux/kernel/README

Note
Before continuing with modificationsfor the S1D 13705, you should ensure that you can

build and start the Linux operating system.

2. Unzip the console driver files.

Using azip file utility, unzip the S1D13705 archive to atemporary directory. (e.g.
/tmp)

When completed the files:
s1d13xxxfb.c
s1d13705.h
Config.in
fbmem.c
fbcon-cfb4.c, and
Makefile
should be located in the temporary directory.

3. Copy the console driver filesto the build directory.

Copy thefiles
/tmp/s1d13xxxfb.c and
/tmp/s1d13705.h

to the directory /usr/src/linux/driversivideo.

Copy the remaining source files
/tmp/Config.in
ftmp/fbmem.c
/tmp/fbcon-cfb4.c, and
ltmp/Makefile
into the directory /usr/src/linux/drivers/video replacing the files of the same name.

S1D13705
X27A-E-004-02

Linux Console Driver
Issue Date: 01/09/19



Epson Research and Development Page 5

Vancouver Design Center

If your kernel version isnot 2.2.17 or you want to retain greater control of the build
process then use atext editor and cut and paste the sections dealing with the Epson
driver in the corresponding files of the same names.

Modify s1d13705.h

Thefile s1d13705.h contains the register values required to set the screen resolution,
color depth (bpp), display type, display rotation, etc.

Before building the console driver, refer to the descriptionsin the file s1d13705.h for
the default settings of the console driver. If the default does not match the configura-

tion you are building for then s1d13705.h will have to be regenerated with the correct
information.

Use the program 13705CFG to generate the required header file. For information on
how to use 13705CFG, refer to the 13705CFG Configuration Program User Manual,
document number X27A-B-001-xx, available at www.erd.epson.com

After selecting the desired configuration, choose * File->Export” and select the “C

Header File for S1D13705 Generic Drivers’ option. Save the new configuration as
s1d13705.h in the /usr/src/linux/drivers/video, replacing the original configuration

file.

Configure the video options.

From the command prompt in the directory /usr/src/linux run the command:
make menuconfig

Thiscommand will start atext based interface which allows the selection of build time
parameters. From the text interface under “ Console drivers’ options, select:

“Support for frame buffer devices”
“Epson LCD/CRT controllers support”
“S1D13705 support”

“Advanced low level driver options”
“xBpp packed pixels support” *

* where x is the color depth being compile for.

Once you have configured the kernel options, save and exit the configuration utility.

Compile and install the kernel

Build the kernel with the following sequence of commands:
make dep
make clean
make bzlmage
[shin/lilo (if running lilo)

Linux Console Driver
Issue Date: 01/09/19
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7. Boot to the Linux operating system

If you areusing lilo (Linux Loader), modify the lilo configuration file as discussed in
the kernel build README file. If there were no errors during the build, from the com-
mand prompt run:

lilo
and reboot your system.

Note
In order to use the S1D13705 console driver with X server, you need to configure the X
server to use the FBDEV device. A good place to look for the necessary files and in-
structions on this processis on the Internet at www . xfree86.org

S1D13705 Linux Console Driver
X27A-E-004-02 Issue Date: 01/09/19
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Building the Console Driver for Linux Kernel 2.4.x

Follow the steps below to construct a copy of the Linux operating system using the
S1D13705 as the console display device. These instructions assume that the GNU devel-
opment environment isinstalled and the user isfamiliar with GNU and the Linux operating
system.

1. Acquirethe Linux kernel source code.

Y ou can obtain the Linux kernel source code from your Linux supplier or download
the source from: ftp://ftp.kernel.org.

The S1D 13705 reference driver requires Linux kernel 2.4.x or greater. The example
S1D13705 reference driver available on www.erd.epson.com was built using Red Hat
Linux 6.1, kernel version 2.4.5.

For information on building the kernel refer to the readme file at:
ftp://ftp.linuxberg.com/pub/linux/kernel/README

Note
Before continuing with modifications for the S1D 13705, you should ensure that you can
build and start the Linux operating system.

2. Unzip the console driver files.

Using azip file utility, unzip the S1D13705 archive to atemporary directory. (e.g.
/tmp)

When completed thefiles:
Config.in
fbmem.c
fbcon-cfb4.c
Makefile
should be located in the temporary directory (/tmp), and the files:
Makefile
s1d13xxxfb.c
s1d13705.h
should be located in a sub-directory called epson within the temporary directory
(/tmp/epson).

3. Copy the console driver files to the build directory. Make the directory
lusr/src/linux/drivers/video/epson.

Copy thefiles
/tmp/epson/s1d13xxxfb.c
ltmp/epson/s1d13705.h
ftmp/epson/M akefile

to the directory /usr/src/linux/drivers/video/epson.

Linux Console Driver
Issue Date: 01/09/19
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Copy the remaining source files
/tmp/Config.in
ftmp/fbmem.c
/tmp/fbcon-cfb4.c
ftmp/Makefile
into the directory /usr/src/linux/drivers/video replacing the files of the same name.

If your kernel version is not 2.4.5 or you want to retain greater control of the build
process then use a text editor and cut and paste the sections dealing with the Epson
driver in the corresponding files of the same names.

Modify s1d13705.h

The file s1d13705.h contains the register values required to set the screen resolution,
color depth (bpp), display type, display rotation, etc.

Before building the console driver, refer to the descriptionsin the file s1d13705.h for
the default settings of the console driver. If the default does not match the configura-

tion you are building for then s1d13705.h will have to be regenerated with the correct
information.

Use the program 13705CFG to generate the required header file. For information on
how to use 13705CFG, refer to the 13705CFG Configuration Program User Manual,
document number X27A-B-001-xx, available at www.erd.epson.com

After selecting the desired configuration, choose * File->Export” and select the“C

Header File for S1D13705 Generic Drivers’ option. Save the new configuration as
s1d13705.h in the /usr/src/linux/drivers/video, replacing the original configuration

file.

Configure the video options.

From the command prompt in the directory /usr/src/linux run the command:
make menuconfig

Thiscommand will start atext based interface which allows the selection of build time
parameters. From the options presented select:

“Code maturity level” options
“Prompt for development and/or incomplete drivers’
“Console drivers’ options
“Frame-buffer support”
“Support for frame buffer devices (EXPERIMENTAL)”
“EPSON LCD/CRT/TV controller support”
“EPSON S1D13705 Support”
“Advanced low-level driver options”
“xbpp packed pixels support” *

* where x isthe color depth being compilefor.

Once you have configured the kernel options, save and exit the configuration utility.

S1D13705
X27A-E-004-02
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6. Compileand install the kernel

Build the kernel with the following sequence of commands:
make dep
make clean
make bzlmage
[shin/lilo (if running lilo)

7. Boot to the Linux operating system

If you are using lilo (Linux Loader), modify the lilo configuration file as discussed in
the kernel build README file. If there were no errors during the build, from the com-
mand prompt run:

lilo
and reboot your system.

Note
In order to use the S1D13705 console driver with X server, you need to configure the X
server to use the FBDEV device. A good place to look for the necessary files and in-
structions on this process is on the Internet at www.xfree86.org

Linux Console Driver S1D13705
Issue Date: 01/09/19 X27A-E-004-02
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QNX Photon v2.0 Display Driver

The Photon v2.0 display drivers for the S1D13705 Color LCD Controller are intended as
“reference” source code for OEMs developing for QNX platforms. The driver package
provides support for 8 bit-per-pixel color depths. The source code iswritten for portability
and contains functionality for most features of the S1D13705. Source code modificationis
required to provide a smaller driver for mass production.

The current revision of the driver is designed for use with either QNX RTP or QN X4 from
the latest product CD (Dec. 99).

The Photon v2.0 display driver is designed around a common configuration include file
called S1D13705.h, whichisgenerated by the configuration utility 13705CFG. Thisdesign
allowsfor easy customization of display type, clocks, decode addresses, etc. by OEMs. For
further information on 13705CFG, see the 13705CFG Configuration Program User
Manual, document number X27A-B-001-xx.

Note
The QNX display drivers are provided as “reference” source code only. They are intend-
ed to provide abasis for OEMs to develop their own drivers for QNX Photon v2.0.

This document and the source code for the QN X display drivers are updated as appropriate.
Please check the Epson Electronics Americawebsite at http://www.eea.epson.com or the
Epson Research and Development website at http://www.erd.epson.com for the latest
revisions before beginning any development.

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

QNX Photon v2.0 Display Driver S1D13705
Issue Date: 01/09/10 X27A-E-005-01
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Building the Photon v2.0 Display Driver

The following steps build the Photon v2.0 display driver and integrate it into the QNX
operating system. These instructions assume the QN X developer environment is correctly
installed and the developer is familiar with building for the QNX operating system.

Unpack the Graphics Driver Development Kit Archive

1. Ingtal the QNX ddk package using the Package Manager utility.

For information about the Drivers Development Kit contact QNX directly.

2. Oncethe ddk packageisinstalled, copy the directory tree /usr/src/gddk_v1.0 into the
Project directory.

3. Change directory to Project/gddk_1.0/devg.

4. Unpack the display driver files using the commands:
#gunzip S1D13705.tar.gz
#tar —xvf S1D13705.tar
This unpacks the files into the directory Project/gddk_1.0/devg/S1D13705.
Configure the Driver

Thefile s1d13705_8.h contains register values required to set the screen resolution, color
depth (bpp), display type, etc. The s1d13705.h file included with the drivers may not
contain applicable values and must be regenerated. The configuration program 13705CFG
can be used to build new s1d13705_8.h files.

Note
S1d13705.h should be created using the configuration utility 13705CFG. For more in-
formation on 13705CFG, see the 13705CFG Configuration Program User Manual,
document number X27A-B-001-xx available at www.erd.epson.com.

Build the Driver

Thefirst timethe driver is built, the following command ensures that all drivers and
required libraries are built. At the root of the Project source tree, type make.

Note
To build driversfor X86 NTO type ‘OSLIST=nto CPULIST=x86 make'.

Further buildsdo not requireall librariesto be re-built. To build only the S1D13705 display
driver, change to the directory gddk_1.0/devg/S1D13705 and type make.

S1D13705
X27A-E-005-01
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Installing the Driver

The build step produces two library images:

« lib/disputil/nto/x86/so/libdisputil .so

« lib/ffb/nto/x86/so/libffb.so

For the loader to locate them, the files need to be renamed and copied to the lib directory.
1. Rename libdisputil.so to libdisputil.s0.1 and libffb.so to libffb.so.1.

2. Copy thefiles new files libdisputil.so.1 and libffb.so.1 to the directory /ust/lib.

3. Copy thefile devg-S1D13705.s0 to the /lib/dll directory.

Note
To locate the file devg-S1D13705.s0, watch the output of the ‘true’ command during the
makefile build.

4. Modify thetrap file graphics-modes in the /etc/system/config directory by inserting
the following lines at the top of thefile.

io-graphics -dldevg-S1D13705.s0 -g320x240x8 -10 -d0x0,0x0;#320,240,8 Epson

Run the Driver

Note
For the remaining steps the S5U13705B00C evaluation board must be installed on the
test platform.

Note
Because thisis an | SA board, a memory hole must be created in the 15 megabyte range.
Thisisdonein the BIOS settings.

It isrecommended that the driver be verified before starting QNX with the S1D13705 as
the primary display. To verify the driver:

1. Copy the datafile from the services/graphics/tests/bench directory to the current di-
rectory. Use test8.raw for 8-bpp.

QNX Photon v2.0 Display Driver S1D13705
Issue Date: 01/09/10 X27A-E-005-01
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2. Typethefollowing command at the root of the Project source tree (gddk_v1.00 direc-
tory):

services/graphi cs/tests/bench/nto/x86/o/bench -dlhardware/devg/S1D 13705/
nto/x86/dll/devg-S1D13705.s0 -mW,H,C,F -d0x0,0x0

Where:
W is the configured width of the display
H isthe configured height of the display
C isthe color depth in bpp (i.e. 8)
F isthe configured frame rate

This command starts the bench utility which will initialize the driver as the secondary
display and exercise the drivers main functions. If the display appears satisfactory, restart
QNX Photon and the restart will result in the S1D13705 display driver becoming the
primary display device.

Comments

» To restore the display driver to the default, comment out changes made to the trap file
graphics-trapfile.

S1D13705 QNX Photon v2.0 Display Driver
X27A-E-005-01 Issue Date: 01/09/10
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S1D13XXX 32-Bit Windows Device Driver
Installation Guide

This manual describestheinstallation of the Windows 9x/ME/NT 4.0/2000 device drivers
for the S5U13xxxB00x series of Epson Evaluation Boards.

Thefile SID13XXX.VXD isrequired for using the Epson supplied Intel 32 evaluation and
test programs for the S1D13xxx family of LCD controllers with Windows 9x/ME.

The file SID13XXX.SY Sisrequired for using the Epson supplied Intel 32 evaluation and
test programs for the S1D13xxx family of LCD controllers with Windows NT 4.0/2000.

The file SID13XXX.INF istheinstall script.

For updated drivers, ask your Sales Representative or visit Epson Electronics Americaon
the World Wide Web at www.eea.epson.com.

Driver Requirements

Installation

Video Controller : S1D13xxx

Display Type . N/A

BIOS : N/A

DOS Program : No

Dos Version : N/A

Windows Program . Yes, Windows 9X/ME/NT 4.0/2000 device driver
Windows DOS Box : N/A

Windows Full Screen : N/A

0S/2 . N/A

Windows NT Version 4.0

All evaluation boards require the driver to be installed as follows.

1
2.

Install the evaluation board in the computer and boot the computer.

Copy the files SID13XXX.INF and S1D13X X X.SY Sto adirectory on alocal hard
drive.

Right click your mouse on the file SID13XXX.INF and select INSTALL from the
menu.

Windows will install the device driver and ask you to restart.

S1D13XXX 32-Bit Windows Device Driver Installation Guide
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Windows 2000

All PCl Bus Evaluation Cards

0.

o o ~ w

Install the evaluation board in the computer and boot the computer.

Windows will detect the new hardware as anew PCl Device and bring up the FOUND
NEW HARDWARE dialog box.

Click NEXT.
The New Hardware Wizard will bring up the dialog box to search for asuitable driver.
Click NEXT.

When Windows does not find the driver it will allow you to specify the location of it.
Typethedriver location or select BROWSE to find it.

Click NEXT.

Windows 2000 will open the installation file and show the option EPSON PCI Bridge
Card. Select thisfile and click OPEN.

Windows then shows the path to the file. Click OK.

10. Click NEXT.

11. Click FINISH.

All ISA Bus Evaluation Cards

1
2.

© N o O

Install the evaluation board in the computer and boot the computer.

Go to the CONTROL PANEL and select ADD/REMOVE HARDWARE, click
NEXT.

Select ADD/TROUBLESHOOT A DEVICE, and click NEXT. Windows 2000 will
attempt to detect any new plug and play device and fail.

The CHOOSE HARDWARE DEVICE dialog box appears. Select ADD NEW
HARDWARE and click NEXT.

Select NO | WANT TO SELECT FROM A LIST and click NEXT.
Select OTHER DEVICE from thelist and click NEXT.
Click HAVE DISK.

Specify the location of the driver files, select the SLD13XXX INF file and click
OPEN.

Click OK.

X00A-E-003-04

S1D13XXX 32-Bit Windows Device Driver Installation Guide
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Windows 98/ME

All PCI Bus Evaluation Cards
1. Install the evaluation board in the computer and boot the computer.

2. Windows will detect the new hardware as a new PCI Device and bring up the ADD
NEW HARDWARE dialog box.

3. Click NEXT.

4, Windows will look for the driver. When Windows does not find the driver it will al-
low you to specify the location of it. Type the driver location or select BROWSE to
find it.

5. Click NEXT.
6. Windowswill open the installation file and show the option EPSON PCI Bridge Card.

7. Click FINISH.

All ISA Bus Evaluation Cards
1. Install the evaluation board in the computer and boot the computer.

2. Gotothe CONTROL PANEL and double-click on ADD NEW HARDWARE to
launch the ADD NEW HARDWARE WIZARD. Click NEXT.

3. Windows will attempt to detect any new plug and play device and fail. Click NEXT.

4. Windows will ask you to let it detect the hardware, or allow you to select from alist.
Select NO, | WANT TO SELECT THE HARDWARE FROM A LIST and click
NEXT.

5. Fromthelist select OTHER DEVICES and click NEXT.

6. Click HAVE DISK and type the path to the driver files, or select browse to find the
driver.

7. Click OK.
8. Thedriver will beidentified as EPSON PCI Bridge Card. Click NEXT.

9. Click FINISH.

S1D13XXX 32-Bit Windows Device Driver Installation Guide
Issue Date: 01/04/17 XO00A-E-003-04
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Windows 95 OSR2

All PCl Bus Evaluation Cards

1

2.

Install the evaluation board in the computer and boot the computer.

Windows will detect the card as a new PCI Device and launch the
UPDATE DEVICE DRIVER wizard.

If The Driver is on Floppy Disk

3.

4.
5.
6.

Place the disk into drive A: and click NEXT.
Windows will find the EPSON PCI Bridge Card.
Click FINISH to install the driver.

Windows will ask you to restart the system.

If The Driver is not on Floppy Disk

3.

4.

© © N o

11.
12.
13.
14.
15.
16.

17.

Click NEXT, Windows will search the floppy drive and fail.
Windows will attempt to load the new hardware as a Standard V GA Card.

Click CANCEL. The Driver must be loaded from the CONTROL PANEL under
ADD/NEW HARDWARE.

Select NO for Windowsto DETECT NEW HARDWARE.
Click NEXT.
Select OTHER DEVICES from HARDWARE TY PE and Click NEXT.

Click HAVE DISK.

. Specify the location of the driver and click OK.
Click OK.
EPSON PCI Bridge Card will appear in thelist.
Click NEXT.
Windows will install the driver.
Click FINISH.

Windows will ask you to restart the system.

Windows will re-detect the card and ask you to restart the system.

X00A-E-003-04

S1D13XXX 32-Bit Windows Device Driver Installation Guide
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All ISA Bus Evaluation Cards

© © N o o M w N B

Install the evaluation board in the computer and boot the computer.
Go to the CONTROL PANEL and select ADD NEW HARDWARE.
Click NEXT.

Select NO and click NEXT.

Select OTHER DEVICES and click NEXT.

Click Have Disk.

Specify the location of the driver filesand click OK.

Click Next.

Click Finish.

Previous Versions of Windows 95

All PCl Bus Evaluation Cards

1

> w0 DN

Install the evaluation board in the computer and boot the computer.

Windows will detect the card.

Select DRIVER FROM DISK PROVIDED BY MANUFACTURER.

Click OK.

Specify a path to the location of the driver files.
Click OK.

Windows will find the SID13XXX.INF file.
Click OK.

Click OK and Windows will install the driver.

S1D13XXX 32-Bit Windows Device Driver Installation Guide

Issue Date: 01/04/17
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All ISA Bus Evaluation Cards

Install the evaluation board in the computer and boot the computer.
Go to the CONTROL PANEL and select ADD NEW HARDWARE.
Click NEXT.

Select NO and click NEXT.

Select OTHER DEVICES from the HARDWARE TYPES list.

Click HAVE DISK.

Specify the location of the driver files and click OK.

Select the file SID13XXX.INF and click OK.

© © N o o & w N B

Click OK.

=
o

. The EPSON PCI Bridge Card should be sdlected in the list window.

=
=

. Click NEXT.

IRy
N

. Click NEXT.

[iny
w

. Click Finish.

S1D13XXX 32-Bit Windows Device Driver Installation Guide
X00A-E-003-04 Issue Date: 01/04/17
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1 Introduction

This manual describes the setup and operation of the S5U13705B00C Rev. 1.0 Evaluation
Board. Implemented using the S1D13705 Embedded Memory Color LCD Controller, the
S5U13705B00C board is designed for the 16-bit I SA bus environment. To accommodate
other bus architectures, the S5U13705B00C board also provides CPU/Bus interface
connectors.

For more information regarding the S1D13705, refer to the S1D13705 Hardware
Functional Specification, document number X27A-A-001-xx.

1.1 Features
* 80-pin QFP14 package.
e SMT technology for all appropriate devices.
* 4/8-bit monochrome and color passive LCD panel support.
e 9/12-bit LCD TFT/D-TFD panel support.
» Selectable 3.3V or 5V LCD panel support.

* Oscillator support for CLKI (up to 50MHz with internal clock divider or 25MHz with
no internal clock divider).

» Embedded 80K byte SRAM display buffer for 1/2/4 bit-per-pixel (bpp), 2/4/16-level
gray shade display and 1/2/4/8 bpp, 2/4/16/256 level color display.

* Support for software and hardware power save modes.

» On-board adjustable LCD bias positive power supply (+23V to +40V).
» On-board adjustable LCD bias negative power supply (-23V to -14V).
* 16-bit ISA bus support.

» CPU/Bus interface header strips for non-1SA bus support.

S5U13705B00C Rev. 1.0 ISA Bus Evaluation Board User Manual S1D13705
Issue Date: 01/02/13 X27A-G-005-03
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2 Installation and Configuration

The S1D13705 has four configuration inputs, CNF[3:0], which are read on the rising edge
of RESET# and are fully configurable on this evaluation board. One six-position DIP
switch is provided on the board to configure the four configuration inputs, select the
S5U13705B00C memory/register start address, and enable/disable hardware power save
mode.

The following settings are recommended when using the S5U13705B00C with the ISA
bus.

Table 2-1: Configuration DIP Switch Settings

Switch Signal Closed (0 or low) Open (1 or high)
S1-1 CNFO
S1-2 CNF1 See “Host Bus Selection” table below See “Host Bus Selection” table below
S1-3 CNF2
S1-4 CNF3 Little Endian Big Endian
S1-5 ADDR Memory/Register Start Address = C0000h |Memory/Register Start Address = FO0000h
S1-6 GPIOO Hardware Suspend Disable Hardware Suspend Enable

[ 1= recommended settings (configured for ISA bus support)

Table 2-2: Host Bus Sdlection

S1-3 S1-2 S1-1 BS# Host Bus Interface
0 0 0 X SH-4 bus interface
0 0 1 X SH-3 bus interface
0 1 0 X reserved
0 1 1 X MCB68K bus interface #1, 16-bit
1 0 0 X reserved
1 0 1 X MCB68K bus interface #2, 16-bit
1 1 0 0 reserved
1 1 0 1 reserved
1 1 1 0 Generic #1, 16-bit
1 1 1 1 Generic #2, 16-bit

[ 1= recommended settings (configured for ISA bus support)

S1D13705
X27A-G-005-03
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Table 2-3: Jumper Settings

Description 1-2 2-3
JP1 IOVDD Selection 5.0V IOVDD 3.3V IOVDD
JP2 RD/WR# Signal Selection Pulled up to IOVDD No Connection
JP3 BS# Signal Selection Pulled up to IOVDD No Connection
JP4 LCD Panel Voltage Selection |5V LCD Panel 3.3V LCD Panel
JP6 LCDPWR polarity Active low (‘LCDPWR#') Active high (LCDPWR’)

[ 1= recommended settings (JP1 through JP3 configured for ISA bus support)

S5U13705B00C Rev. 1.0 ISA Bus Evaluation Board User Manual

Issue Date: 01/02/13
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3 LCD Interface Pin Mapping

Table 3-1: LCD Sgnal Connector (J5) Pinout

Connector Single Passive Panel Dual Passive Panel
Color TFT/D-TFD
Color Mono Color Mono
. . 8-bit
PinName | PIn#\ 4 bit | sbit |Alternate| 4-bit | sbit | 8bit | 8&bit | 9-bit | 12-bit
Format

BFPDATO 1 driven O DO LDO driven 0 DO DO LDO R2 R3
BFPDAT1 3 driven O D1 LD1 driven 0 D1 D1 LD1 R1 R2
BFPDAT2 5 driven O D2 LD2 driven O D2 D2 LD2 RO R1
BFPDAT3 7 driven O D3 LD3 driven 0 D3 D3 LD3 G2 G3
BFPDAT4 9 DO D4 ubDO DO D4 D4 uDO Gl G2
BFPDATS 11 D1 D5 uD1 D1 D5 D5 uD1 GO Gl
BFPDAT6 13 D2 D6 ubD2 D2 D6 D6 ubD2 B2 B3
BFPDAT7 15 D3 D7 ubD3 D3 D7 D7 uD3 B1 B2
BFPDATS8 17 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 BO B1

BFPDAT9 | 19 GPIO2 GPI10O2 GPI102 GPIO2 | GPIO2 GPI102 GPIO2 GPIO2 RO
BFPDAT10| 21 GPIO3 GPIO3 GPIO3 GPIO3 | GPIO3 GPIO3 GPIO3 GPIO3 GO

GPIO4/ | GPIO4/ | GPIO4/ | GPIO4/ | GPIO4/ | GPIO4/ | GPIO4/
BFPDAT11| 23 Inverse Inverse Inverse Inverse Inverse Inverse Inverse GPIO4 BO
Video Video Video Video Video Video Video

BFPSHIFT | 33 |FPSHIFT | FPSHIFT | FPSHIFT | FPSHIFT | FPSHIFT | FPSHIFT | FPSHIFT | FPSHIFT | FPSHIFT
BFPSHIFT2 35 FPSHIFT2
BFPLINE | 37 | FPLINE | FPLINE | FPLINE | FPLINE | FPLINE | FPLINE | FPLINE | FPLINE | FPLINE
BFPFRAME 39 FPFRAME | FPFRAME | FPFRAME | FPFRAME | FPFRAME | FPFRAME | FPFRAME | FPFRAME | FPFRAME

2-26
GND (Even | GND GND GND GND GND GND GND GND GND
Pins)
N/C 28
VLCD 30 LCD panel negative bias voltage (-24V to -14V)
LCDvVCC 32 +3.3V or +5V (selectable with JP4)
+12V 34 +12V +12V +12V | +12V | +12V | +12V | +12V | +12V +12V
VDDH 36 LCD panel positive bias voltage (+23V to +40V)
BDRDY 38 MOD MOD MOD MOD MOD MOD DRDY DRDY

BLCDPWR 40 LCDPWR | LCDPWR | LCDPWR | LCDPWR | LCDPWR | LCDPWR | LCDPWR | LCDPWR | LCDPWR

Note
1. Un-used GPIO pins must be connected to 1O V pp.
2. InverseVideoisenabled on FPDAT11 by REG[02h] bit 1.

S1D13705 S5U13705B00C Rev. 1.0 ISA Bus Evaluation Board User Manual
X27A-G-005-03 Issue Date: 01/02/13



Epson Research and Development
Vancouver Design Center

Page 11

4 CPU/Bus Interface Connector Pinouts

Table 4-1: CPU/BUS Connector (H1) Pinout

Cormector C.PU/BUS Comments
Pin No. Pin Name

1 SDO Connected to DBO of the S1D13705
2 SD1 Connected to DB1 of the S1D13705
3 SD2 Connected to DB2 of the S1D13705
4 SD3 Connected to DB3 of the S1D13705
5 GND Ground
6 GND Ground
7 SD4 Connected to DB4 of the S1D13705
8 SD5 Connected to DB5 of the S1D13705
9 SD6 Connected to DB6 of the S1D13705
10 SD7 Connected to DB7 of the S1D13705
11 GND Ground
12 GND Ground
13 SD8 Connected to DB8 of the S1D13705
14 SD9 Connected to DB9 of the S1D13705
15 SD10 Connected to DB10 of the S1D13705
16 SD11 Connected to DB11 of the S1D13705
17 GND Ground
18 GND Ground
19 SD12 Connected to DB12 of the S1D13705
20 SD13 Connected to DB13 of the S1D13705
21 SD14 Connected to DB14 of the S1D13705
22 SD15 Connected to DB15 of the S1D13705
23 RESET# | Connected to the RESET# signal of the S1D13705
24 GND Ground
25 GND Ground
26 GND Ground
27 +12V 12 volt supply
28 +12V 12 volt supply
29 WEO# Connected to the WEO# signal of the S1D13705
30 WAIT# Connected to the WAIT# signal of the S1D13705
31 CS# Connected to the CS# signal of the S1D13705
32 NC Not connected
33 WE1# Connected to the WE1# signal of the S1D13705
34 IOVDD Connected to the IOVDD supply of the S1D13705

S5U13705B00C Rev. 1.0 ISA Bus Evaluation Board User Manual

Issue Date: 01/02/13
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Table 4-2: CPU/BUS Connector (H2) Pinout
Cormector C.PU/BUS Comments
Pin No. Pin Name
1 SAO0 Connected to ABO of the S1D13705
2 SAl Connected to AB1 of the S1D13705
3 SA2 Connected to AB2 of the S1D13705
4 SA3 Connected to AB3 of the S1D13705
5 SA4 Connected to AB4 of the S1D13705
6 SA5 Connected to AB5 of the S1D13705
7 SA6 Connected to AB6 of the S1D13705
8 SA7 Connected to AB7 of the S1D13705
9 GND Ground
10 GND Ground
11 SA8 Connected to AB8 of the S1D13705
12 SA9 Connected to AB9 of the S1D13705
13 SA10 Connected to AB10 of the S1D13705
14 SAll Connected to AB11 of the S1D13705
15 SA12 Connected to AB12 of the S1D13705
16 SA13 Connected to AB13 of the S1D13705
17 GND Ground
18 GND Ground
19 SA14 Connected to AB14 of the S1D13705
20 SA15 Connected to AB14 of the S1D13705
21 SA16 Connected to AB16 of the S1D13705
22 SA17 Connected to SA17 of the ISA bus connector
23 SA18 Connected to SA18 of the ISA bus connector
24 SA19 Connected to SA19 of the ISA bus connector
25 GND Ground
26 GND Ground
27 VCC 5 volt supply
28 VCC 5 volt supply
29 RD/WR# | Connected to the R/W# signal of the S1D13705
30 BS# Connected to the BS# signal of the S1D13705
31 BUSCLK | Connected to the BCLK signal of the S1D13705
32 RD# Connected to the RD# signal of the S1D13705
33 NC Not connected
34 CLKI Connected to the CLKI signal of the S1D13705
S1D13705 S5U13705B00C Rev. 1.0 ISA Bus Evaluation Board User Manual
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5 Host Bus Interface Pin Mapping

Table 5-1: Host Bus Interface Pin Mapping

:i‘DNl:;Oei SH-3 SH-4 MC68K #1 MC68K #2 Generic Bus #1 | Generic Bus #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[15:0] D[15:0] D[15:0]
WE1# WE1# WE1# uUDS# DS# WE1# BHE#
Cs# CSn# CSn# External Decode | External Decode | External Decode | External Decode
BCLK CKIO CKIO BCLK BCLK BCLK BCLK
BS# BS# BS# ASH AS# Connect to Vgg | Connect to 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 SI1Z0 WEO# WE#
WAIT# WAIT# RDY# DTACK# DSACK1# WAIT# WAIT#
RESET# RESET# RESET# RESET# RESET# RESET# RESET#
S1D13705
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6 Technical Description

6.1 Embedded Memory Support

The S1D13705 contains 80K bytes of embedded, 16-bit, SRAM used for the display buffer
and a 32 byte internal register set.

Since the S1D13705 does not distinguish between memory and register accesses, both the
80K bytedisplay buffer and the 32 byteregister set must be memory mapped into the host’s
memory space.

When using the S5U13705B00C board on an | SA bus system, the board can be configured
to map the S1D 13705 to one of two memory blocks.

The SRAM start address is determined by a DIP switch setting. See Table 2-1:; “ Configu-
ration DIP Switch Settings,” on page 8.

1. When switch S1-5isin the closed position, the S1D13705 is mapped into segments
0C0000h and 0D0O00Oh.

This memory spaceisin the first 1M byte of ISA bus memory and should be used if
these segments are not taken up by other devices such as network adapters, SCSI
cards, or other peripherals.

Note
Since VGA and VGA compatible video adapters use address 0C8000, these cards can-
not be used while using the S5U13705B00C board at this memory address. A mono-
chrome display adapter, aterminal, or anon-VGA compatible display adapter must be
used.

2. When switch S1-5 isin the open position, the S1D13705 is mapped into the upper

megabyte of |SA bus memory, starting address of FO0000h. To use this memory on an
I SA bus system, the system BIOS has to be configured to set amemory ‘hol€’ starting
at this address. Some systems allow the user to configure the size of this hole and the
starting address of where it begins while others just allow a 1M byte hole at the top of
the 16M byte memory space. This memory hole is configured by entering the system
CMOS Setup Utility. Thismemory space should be used if segments 0Dh and OEh are
being used by other devices or if aVGA display adapter is needed.

Starting at the SRAM start address, the board design decodes a 128K byte segment accom-
modating both the 80K byte display buffer and the S1D13705 internal register set. The
S1D13705 registers are mapped into the upper 32 bytes of the 128K byte segment (1FFEOh
to 1FFFFh).

When using the S5U13705B00C board on a non-1SA bus system, system or external
decode logic must map the S1D13705 into an appropriate memory space.

S1D13705
X27A-G-005-03
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6.2 ISA Bus Support

The S5U13705B00C board has been designed to directly support the 16-bit ISA bus
environment and can be used in conjunction with either aVVGA or a monochrome display
adapter card.

There are 4 configuration inputs associated with the Host Interface (CNF[2:0] and BS#).
Refer to Table 2-3: “ Jumper Settings,” on page 9 and Table 5-1: “Host Bus Interface Pin
Mapping,” on page 13 for complete details.

6.2.1 Display Adapter Card Support

When using the S5U13705B00C in conjunction with another primary Display Adapter
(VGA or Monochrome) the following applies:

VGA Display Adapter

All VGA display adapters can be used with the S5U13705B00C board if the S1D13705 is
mapped to the upper 1M Byte of ISA bus memory, address FOO000-F1FFFF. If the
S1D13705 is mapped to the address range 0C0000-0D0000, then no VGA or VGA
compatible display adapters can be used with the S5U13705B00C board. See Embedded
Memory Support on page 14.

Monochrome Display Adapter

The S5U13705B00C board can be used with monochrome display adapters at both memory
addresses.

6.2.2 Expanded Memory Manager Support

If amemory manager is being used for system memory, the address range selected for the
SRAM start address must be excluded from use or memory conflicts will arise.

6.3 Non-ISA Bus Support

The S5U13705B00C board is specifically designed to support the standard 16-bit | SA bus.
However, the S1D13705 directly supports many other host businterfaces. Header stripsH1
and H2 are provided and contain all the necessary 10 pinsto interface to these host buses.
See CPU/Bus Interface Connector Pinouts on page 11; Table 2-1: “ Configuration DIP
Switch Settings,” on page 8; and Table 2-3: “ Jumper Settings,” on page 9 for details.

S5U13705B00C Rev. 1.0 ISA Bus Evaluation Board User Manual S1D13705
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When using the header strips to provide the bus interface observe the following:

« All signalsonthe ISA bus card edge must be isolated from the | SA bus (do not plug the
card into a computer). Power must be provided through the headers.

« U7, aPLD of type 22V10-15, is used to provide the S1D13705 CS# (pin 74) and other
decoding logic signals for ISA bus mode. For non-1SA applications, this functionality
must be provided externally. Remove the PAL from its socket to eliminate conflicts
driving S1D13705 control signals. Refer to Table 5-1: “Host Bus Interface Pin
Mapping” for connection details.

Note
When using a 3.3V host businterface, 10 Vpp must be set to 3.3V by setting jumper
(JPL) to the 2-3 position. Refer to Table 2-3: “ Jumper Settings,” on page 9.

6.4 Decoding Logic

All therequired decode logic is provided through aPLD of type 22V 10-15 (U7, socketed).
This PAL contains the following equations.

I CS = (Address >= ~hC0000) & (Address <= "hDFFFF) & ! ADDR & REFRESH & ENAB
# (Addressl >= AhF00000) & (Addressl <= "hF1FFFF) & ADDR & REFRESH & ENAB;

| MEMCS16 = (Addressl >= Ah0C0000) & (Addressl <= "hODFFFF) & ! ADDR & !CS
# (Addressl >= "hF00000) & (Addressl <= "hF1FFFF) & ADDR & !CS;

I EO

('CS & 'ADDR & ! SMEMN # (! CS & ADDR & ! NEMW;

' RD

(1CS & ! ADDR & ! SMEMR) # (! CS & ADDR & ! MEMR) ;

Note
ADDR = Switch S1-5 (see Table 2-1:, “Configuration DIP Switch Settings,” on page 8).

6.5 Clock Input Support

Theinput clock (CLKI) frequency can be up to 50MHz for the S1D13705 if the internal
clock divide-by-2 mode is set. If the clock divider is not used, the maximum CLKI
frequency is 25MHz. There is no minimum input clock frequency.

A 25.0MHz oscillator (U2, socketed) is provided as the input clock source. However,
depending on the LCD resolution , desired frame rate, and power consumtion budget, a
lower frequency clock may be required.

S1D13705 S5U13705B00C Rev. 1.0 ISA Bus Evaluation Board User Manual
X27A-G-005-03 Issue Date: 01/02/13
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6.6 LCD Panel Voltage Setting

The S5U13705B00C board supports both 3.3V and 5V LCD panels through the LCD
connector J5. Thevoltage level is selected by setting jumper J4 to the appropriate position.
Refer to Table 2-3: “ Jumper Settings,” on page 9 for setting this jumper.

Although not necessary for signal buffering, buffers have been implemented in the board
design to provide flexibility in handling 3 and 5 volt panels.

6.7 Monochrome LCD Panel Support

The S1D13705 directly supports 4 and 8-bit, dual and single, monochrome passive LCD
panels. All necessary signals are provided on the 40-pin ribbon cable header J5. The
interface signals on the cable are alternated with grounds to reduce crosstalk and noise.

Refer to Table 3-1: “LCD Signal Connector (J5) Pinout,” on page 10 for specific
connection information.

6.8 Color Passive LCD Panel Support

The S1D13705 directly supports4 and 8-bit, dual and single, color passive LCD panels. All
the necessary signals are provided on the 40-pin ribbon cable header J5. The interface
signals on the cable are aternated with grounds to reduce crosstalk and noise.

Refer to Table 3-1: “LCD Signal Connector (J5) Pinout,” on page 10 for specific
connection information.

6.9 Color TFT/D-TFD LCD Panel Support

The S1D13705 directly supports 9 and 12-bit active matrix color TFT/D-TFD panels. All
the necessary signals can also be found on the 40-pin LCD connector J5. The interface
signals on the cable are aternated with grounds to reduce crosstalk and noise.

Refer to Table 3-1: “LCD Signal Connector (J5) Pinout,” on page 10 for connection infor-
mation.

6.10 Power Save Modes

The S1D13705 supports hardware and software power save modes. These modes are
controlled by the utility 13705PWR. The hardware power save made needs to be enabled
by 13705PWR and then activated by DIP switch S1-6. See Table 2-1: “ Configuration DIP
Switch Settings,” on page 8 for details on setting this switch.

S5U13705B00C Rev. 1.0 ISA Bus Evaluation Board User Manual
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6.11 Adjustable LCD Panel Negative Power Supply

For those LCD panels requiring a negative power supply to provide between -23V and -
14V (I,=25mA) a power supply has been provided as an integral part of thisdesign. The
VLCD power supply can be adjusted by R21 to give an output voltage from -23V to -14V,
and isenabled and disabled by the active high S1D 13705 control signal LCDPWR, inverted
externaly.

Determine the panel’ s specific power requirements and set the potentiometer accordingly
before connecting the panel.

6.12 Adjustable LCD Panel Positive Power Supply

For those LCD panels requiring a positive power supply to provide between +23V and
+40V (1,,+=45mA) apower supply has been provided asan integral part of thisdesign. The
VDDH power supply can be adjusted by R15 to provide an output voltage from +23V to
+40V and is enabled and disabled by the active high S1D13705 control signal LCDPWR,
inverted externally.

Determine the panel’ s specific power requirements and set the potentiometer accordingly
before connecting the panel.

6.13 CPU/Bus Interface Header Strips

All of the CPU/Bus interface pins of the S1D13705 are connected to the header strips H1
and H2 for easy interface to a CPU/Bus other than ISA.

Refer to Table 4-1: “CPU/BUS Connector (H1) Pinout,” on page 11 and Table 4-2:
“CPU/BUS Connector (H2) Pinout,” on page 12 for specific settings.

Note
These headers only provide the CPU/bus interface signals from the S1D13705. When
another host bus interfaceis selected by CNF[3:0] and BS#, appropriate external decod-
ing logic MUST be used to access the S1D13705. Refer to Table 5-1: “Host Bus Inter-
face Pin Mapping,” on page 13 for connection details.

S1D13705 S5U13705B00C Rev. 1.0 ISA Bus Evaluation Board User Manual
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7 Parts List
Item # | Qty/board Designation Part Value Description

1 15 C1-C11, C15-17,C24 |0.1uF, 20%, 50V 0805 ceramic capacitor
2 3 Cl2-14 10uF, 10%, 25V Tantalum capacitor size D
3 2 C18, C22 47uF, 10%, 16V Tantalum capacitor size D
4 3 C19-C21 4.7uF, 10%, 50V Tantalum capacitor size D
5 1 c23 56uF, 20%, 63V Electrolytic, radial, low ESR
6 2 H1,H2 CONB34A Header 0.1" 17x2 header, PTH
7 5 JP1-JP4, JP6 HEADER 3 0.1” 1x3 header, PTH
8 1 Ji AT CON-A ISA Bus gold fingers
9 1 J2 AT CON-B ISA Bus gold fingers
10 1 J3 AT CON-C ISA Bus gold fingers
11 1 J4 AT CON-D ISA Bus gold fingers
12 1 J5 CONA40A Shrouded header 2x20, PTH, center key
13 1 L1 1pH MCI-1812 inductor
14 2 L3, L4 Ferrite bead Philips BDS3/3/8.9-4S2
15 1 Q1 2N3906 PNP signal transistor, SOT23
16 1 Q2 2N3904 NPN signal transistor, SOT23
17 6 R1-R6 15K, 5% 0805 resistor
18 9 R7-R13, R17, R18 10K, 5% 0805 resistor
19 1 R14 475K, 1% 0805 resistor
20 1 R15 200K Pot. 200K Trim POT Spectrol 63S204T607 (or equivalent)
21 1 R16 14K, 1% 0805 resistor
22 3 R19, R20, R22 100K, 5% 0805 resistor
23 1 R21 100K Pot. 100K Trim POT Spectrol 63S104T607 (or equivalent)
24 1 S1 SW DIP-6 6 position DIP switch
25 1 Ul S1D13705F00A QFP14-80, 80 pin, SMT
26 1 u2 25.0 MHz oscillator FOX 25MHz oscillator or equiv., 14 pin DIP socketed
27 3 U3-Us 7T4AHC244 S0-22, TI7T4AHC244
28 1 ué6 LT1117CM-3.3 Linear Technology 5V to 3.3V regulator, 800mA
29 1 u7 PLD22V10-15 PLD type 22V10-15, 20 Pin DIP, socketed
30 1 us 74ALS125 SO-14, 74ALS125
31 1 U9 74HCTO04 SO-14, 74HCT04
32 1 u10 RD-0412 Xentek RD-0412, positive PS
33 1 Ull EPNOO1 Xentek EPN0OO1 negative PS
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WINDOWS® CE 3.x DISPLAY DRIVERS

The Windows CE 3.x display driver is designed to support the S1D13705 Embedded
Memory LCD Controller running the Microsoft Windows CE operating system, version
3.0. Thedriver iscapable of: 4 and 8 bit-per-pixel landscape modes (no rotation), and 4 and
8 bit-per-pixel SwivelView™ 270 degree mode.

This document and the source code for the Windows CE drivers are updated as appropriate.
Before beginning any development, please check the Epson Electronics America Website
at www.eea.epson.com or the Epson Research and Development Website at
www.erd.epson.com for the latest revisions.

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

Windows® CE 3.x Display Drivers S1D13705
Issue Date: 01/05/25 X27A-E-006-01
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Example Driver Builds

The following sections describe how to build the Windows CE display driver for:

1
2.

Windows CE Platform Builder 3.00 using the GUI interface.

Windows CE Platform Builder 3.00 using the command-line interface.

In all examples“x:” refersto the drive letter where Platform Builder isinstalled.

Build for CEPC (X86) on Windows CE Platform Builder 3.00 using the GUI Interface

1

Install Microsoft Windows 2000 Professional, or Windows NT Workstation version
4.0 with Service Pack 5 or later.

Install Windows CE Platform Builder 3.00.

Start Platform Builder by double-clicking on the Microsoft Windows CE Platform
Builder icon.

Create anew project.
a.  Select File | New.
b. Inthedialog box, select the Platforms tab.

c. Inthe platforms dialog box, select “WCE Platform”, set alocation for the project
(such as x:\myproject), set the platform name (such as myplatform), and set the
Processorsto “Win32 (WCE x86)”.

d. Click the OK button.

e. Inthediaog box “WCE Platform - Step 1 of 2", select CEPC.

Click the Next button.

g. Inthediaog box “WCE Platform - Step 2 of 2", select Minima OS (MinKern).
h. Click the Finish button.

i. Inthediaog box “New Platform Information”, click the OK button.

—

Set the active configuration to “Win32 (WCE x86) Release”.
a. From the Build menu, select “ Set Active Configuration”.
b. Select “MYPLATFORM - Win32 (WCE x86) Release”.
c. Click the OK button.

Add the environment variable CEPC_DDI_S1D13X0X.

a.  From the Platform menu, select “ Settings”.

b. Select the “Environment” tab.

c. IntheVariable box, type“CEPC_DDI_S1D13X0X".

S1D13705
X27A-E-006-01

Windows® CE 3.x Display Drivers
Issue Date: 01/05/25
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d. IntheValuebox, type“1".
e. Click the Set button.
f. Click the OK button.

Create anew directory S1D13705, under x:\wince300\platform\cepc\drivers\display,
and copy the S1D13705 driver source code into this new directory.

8. Add the S1D13705 driver component.

10.

a. From the Platform menu, select “Insert | User Component”.
b. Set“Filesof type:” to “All Files (*.*)".
c. Select the file x:\wince300\platform\cepc\drivers\display\S1D13705\sources.

d. Inthe“User Component Target File” dialog box, select browse and then select the
path and the file name of “sources”’.

Delete the component “ddi_flat”.
a. Inthe Workspace window, select the ComponentView tab.

b. Show thetree for MYPLATFORM components by clicking on the ‘+' sign at the
root of the tree.

c. Right-click ontheddi_flat component.
d. Select“Delete’.

e. From the File menu, select “ Save Workspace'”.

From the Workspace window, click on ParameterVView Tab. Show the tree for MY -
PLATFORM Parameters by clicking onthe‘+’ sign at the root of the tree. Expand the
the WINCES300 tree and then click on “Hardware Specific Files” and then double
click on“PLATFORM.BIB”. Edit thefile the PLATFORM .BIB file and make the fol-
lowing two changes:

a. Insert the following text after the line“IF ODO_NODISPLAY !”:
IF CEPC_DDI_S1D13X0X
ddi.dll  $(_FLATRELEASEDIR)\S1D13X0X.dll NK SH
ENDIF
b. Find the section shown below, and insert the lines as marked:
IF CEPC_DDI_FLAT!
IF CEPC_DDI_S1D13X0X! ;Insert thisline
IF CEPC_DDI_S3VIRGE !
IF CEPC_DDI_CT655X !
IF CEPC_DDI_VGAS8BPP!
IF CEPC_DDI_S3TRIO64 !
IF CEPC_DDI_ATI !

Windows® CE 3.x Display Drivers
Issue Date: 01/05/25
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ddi.dll  $(_FLATRELEASEDIR)\ddi_flat.dll NK SH
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF ;Insert thisline
ENDIF

11. Modify MODEO.H.

Thefile MODEO.H (located in x:\wince300\pl atform\cepc\drivers\di splay\S1D 13705)
contains the register values required to set the screen resolution, color depth (bpp),
display type, display rotation, etc.

Before building the display driver, refer to the descriptionsin the file MODEOQ.H for
the default settings of the console driver. If the default does not match the configura-
tion you are building for then MODEOQ.H will have to be regenerated with the correct
information.

Use the program 13705CFG to generate the header file. For information on how to use
13705CFG, refer to the 13705CFG Configuration Program User Manual, document
number X27A-B-001-xx, available at www.erd.epson.com

After selecting the desired configuration, export the file as a“C Header File for
S1D13705 WinCE Drivers’. Save the new configuration as MODEO.H in the
\wince300\platform\cepc\drivers\display, replacing the original configuration file.

12. From the Platform window, click on ParameterView Tab. Show the tree for MY -
PLATFORM Parameters by clicking onthe‘+’ sign at the root of the tree. Expand the
the WINCES300 tree and click on “Hardware Specific Files’, then double click on
“PLATFORM.REG". Edit the file PLATFORM.REG to match the screen resolution,
color depth, and rotation information in MODE.H.

For example, the display driver section of PLATFORM .REG should be as follows
when using a 320x240 L CD panel with a color depth of 8 bpp and a SwivelView
mode of 0° (landscape):

; Default for EPSON Display Driver

; 320x240 at 8 bits/pixel, LCD display, no rotation

; Useful Hex Values

; 1024=0x400, 768=0x300 640=0x280 480=0x1EQ 320=140 240=0xFO0
[HKEY_LOCAL_MACHINE\Drivers\Display\S1D13705]

“Width” =dword: 140

“Height” =dword:FO

“Bpp” =dword:8

S1D13705 Windows® CE 3.x Display Drivers
X27A-E-006-01 Issue Date: 01/05/25
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“ActiveDisp”=dword:1
“Rotation” =dword:0

13. From the Build menu, select “Rebuild Platform” to generate a Windows CE image file
(NK.BIN) in the project directory x:\myproject\myplatform\reldir\x86_release\nk.bin.

Build for CEPC (X86) on Windows CE Platform Builder 3.00 using the Command-Line Interface

1.

Install Microsoft Windows 2000 Professional, or Windows NT Workstation version
4.0 with Service Pack 5 or | ater.

Install Windows CE Platform Builder 3.00.

Create a batch file called x:\wince300\cepath.bat. Put the following in cepath.bat:
X:

cd \wince300\public\common\oak\misc

call wince x86 1486 CE MINSHELL CEPC

set IMGNODEBUGGER=1

set WINCEREL=1

set CEPC_DDI_S1D13X0X=1

Generate the build environment by calling cepath.bat.

Create anew folder called S1D13705 under x:\wince300\platform\cepc\drivers\dis-
play, and copy the S1D 13705 driver source code into x:\wince300\platform\cepc\driv-
ers\display\S1D13705.

Edit the file x:\wince300\platf orm\cepc\drivers\display\dirs and add S1D13705 into
the list of directories.

Edit the file x:\wince300\platform\cepc\files\platf orm.bib and make the following two
changes:
a. Insert the following text after theline“IF ODO_NODISPLAY !":
IF CEPC_DDI_S1D13X0X
ddi.dll  $(_FLATRELEASEDIR)\S1D13X0X.dll NK SH
ENDIF
b. Find the section shown below, and insert the lines as marked:
IF CEPC_DDI_FLAT!
IF CEPC_DDI_S1D13X0X! ;Insert thisline
IF CEPC_DDI_S3VIRGE !
IF CEPC_DDI_CT655X !
IF CEPC_DDI_VGAS8BPP!
IF CEPC_DDI_S3TRIO64 !
IF CEPC_DDI_ATI !
ddi.dll $ FLATRELEASEDIR)\ddi flat.dll NK SH

Windows® CE 3.x Display Drivers

Issue Date: 01/05/25
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ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF ;Insert thisline
ENDIF
8. Modify MODEO.H.
Thefile MODEO.H (located in x:\wince300\pl atform\cepc\drivers\di splay\S1D13705)
contains the register values required to set the screen resolution, color depth (bpp),
display type, display rotation, etc.
Before building the display driver, refer to the descriptionsin the file MODEOQ.H for
the default settings of the display driver. If the default does not match the configura-
tion you are building for then MODEOQ.H will have to be regenerated with the correct
information.
Use the program 13705CFG to generate the header file. For information on how to use
13705CFG, refer to the 13705CFG Configuration Program User Manual, document
number X27A-B-001-xx, available at www.erd.epson.com
After selecting the desired configuration, export the file as a“C Header File for
S1D13705 WinCE Drivers’. Save the new configuration as MODEO.H in the
\wince300\platform\cepc\drivers\display, replacing the original configuration file.
Edit the file PLATFORM .REG to match the screen resolution, color depth, and rota-
tion information in MODE.H. PLATFORM.REG is located in x:\wince300\pl at-
form\cepcifiles.
For example, the display driver section of PLATFORM.REG should be as follows
when using a 320x240 L CD panel with a color depth of 8 bpp and a SwivelView
mode of 0° (landscape):
; Default for EPSON Display Driver
; 320x240 at 8 hits/pixel, LCD display, no rotation
; Useful Hex Values
; 1024=0x400, 768=0x300 640=0x280 480=0x1E0 320=140 240=0xFO0
[HKEY_LOCAL_MACHINE\Drivers\Display\S1D13705]
“Width"=dword: 140
“Height”=dword:F0
“Bpp”=dword:8
“ActiveDisp”=dword:1
“Rotation” =dword:0
S1D13705 Windows® CE 3.x Display Drivers
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10. Delete dl thefilesin the x:\wince300\rel ease directory and delete the file
x:\wince300\platform\cepc\* .bif

11. Type BLDDEMO <ENTER> at the command prompt to generate a Windows CE image
file. The file generated will be x:\wince300\rel ease\nk.bin.

Windows® CE 3.x Display Drivers S1D13705
Issue Date: 01/05/25 X27A-E-006-01
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Installation for CEPC Environment

Once the NK.BIN fileis built, the CEPC environment can be started by booting either from a
floppy or hard drive configured with a Windows 9x operating system. The two methods are
described below.

1. To start CEPC after booting from afloppy drive:

a

b.

e.
f.

Create a bootable floppy disk.

Edit CONFIG.SY S on the floppy disk to contain only the following line:
device=a:\himem.sys

Edit AUTOEXEC.BAT on the floppy disk to contain the following lines:

mode com1:9600,n,8,1
loadcepc /B:9600 /C:1 c:\nk.bin

Copy LOADCEPC.EXE and HIMEM.SY Sto the bootabl e floppy disk. Search for
the loadCEPC utility in your Windows CE directories.

Copy NK.BIN to c:\.
Boot the system from the bootable floppy disk.

2. To start CEPC after booting from a hard drive:

a

Copy LOADCEPC.EXE to C:\. Search for the loadCEPC utility in your Windows
CE directories.

Edit CONFIG.SY S on the hard drive to contain only the following line:
device=c:\himem.sys
Edit AUTOEXEC.BAT on the hard drive to contain the following lines:

mode com1:9600,n,8,1
loadcepc /B:9600 /C:1 c:\nk.bin

Copy NK.BIN and HIMEM.SY Sto c:\.
Boot the system.

S1D13705
X27A-E-006-01
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Configuration

There are several issues to consider when configuring the display driver. The issues cover
debugging support, register initialization values and memory allocation. Each of these
issuesis discussed in the following sections.

Compile Switches

There are several switches, specific to the S1D13705 display driver, which affect the
display driver.

The switches are added or removed from the compile options in the file SOURCES.

WINCEVER

Thisoptionisautomatically set to the numerical version of WinCE for version 2.12 or | ater.
If the environment variable, WINCEOSVER is not defined, then WINCEVER will
default 2.11. The S1D display driver may test against this option to support different
WinCE version-specific features.

EnablePreferVvmem

This option enables the use of off-screen video memory. When this option is enabled,
WinCE can optimize some BLT operations by using off-screen video memory to store
images. Y ou may need to disable this option for systems with limited off-screen memory.

EpsonMessages

This debugging option enables the display of EPSON-specific debug messages. These
debug message are sent to the serial debugging port. This option should be disabled unless
you are debugging the display driver, as they will significantly impact the performance of
the display driver.

DEBUG_MONITOR

This option enables the use of the debug monitor. The debug monitor can be invoked when
the display driver isfirst loaded and can be used to view registers, and perform afew
debugging tasks. The debug monitor is still under development and is UNTESTED.

Thisoption should remain disabled unlessyou are performing specific debugging tasksthat
reguire the debug monitor.

Windows® CE 3.x Display Drivers S1D13705
Issue Date: 01/05/25 X27A-E-006-01
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GrayPalette

Mode File

This option isintended for the support of monochrome panels only.

The option causes palette colors to be grayscaled for correct display on a mono panel. For
use with color panels this option should not be enabled.

The MODE tables (contained in files MODEQ.H, MODE1.H, MODE2.H . . .) contain
register information to control the desired display mode. The MODE tables must be
generated by the configuration program 13705CFG.EXE. The display driver comes with
example MODE tables.

By default, only MODEQ.H is used by the display driver. New mode tables can be created
using the 13705CFG program. Edit the #include section of MODE.H to add the new mode
table.

If you only support a single display mode, you do not need to add any information to the

WinCE registry. If, however, you support more that one display mode, you should create
registry values (see below) that will establish theinitial display mode. If your display driver
contains multiple mode tables, and if you do not add any registry values, the display driver
will default to the first mode tablein your list.

To select which display mode the display driver should use upon boot, add the following
lines to your PLATFORM.REG file:

[HKEY _LOCAL_MACHINE\Drivers\Display\S1D13705]

“Width”=dword:140
“Height”=dword:FO
“Bpp” =dword:8
“Rotation” =dword:0
“RefreshRate” =dword:3C
“Flags’=dword: 1

Note that all dword values are in hexadecimal, therefore 140h = 320, FOh = 240, and 3Ch
=60. Thevauefor “Flags’ should be 1 (LCD). When the display driver starts, it will read
thesevaluesin theregistry and attempt to match amode table against them. All values must
be present and valid for amatch to occur, otherwise the display driver will default to the
first mode tablein your list.

A WinCE desktop application (or control panel applet) can change these registry values,
and the display driver will select a different mode upon warmboot. This allows the display
driver to support different display configurations and/or orientations. An example appli-
cation that controlstheseregistry valueswill be made avail abl e upon the next rel ease of the
display driver; preliminary alpha code is available by special request.

S1D13705
X27A-E-006-01
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Resource Management Issues

The Windows CE 3.0 OEM must deal with certain display driver issues relevant to
Windows CE 3.0. Theseissuesrequire the OEM balancefactors such as: system vs. display
memory utilization, video performance, and power off capabilities.

The section “Simple Display Driver Configuration” on page 15 provides a configuration
which should work with most Windows CE platforms. This section is only intended as a
means of getting started. Once the developer has afunctional system, it isrecommended to
optimize the display driver configuration as described below in “Description of Windows
CE Display Driver Issues’.

Description of Windows CE Display Driver Issues

Thefollowing are someissuesto consider when configuring the display driver to work with
Windows CE:

1

When Windows CE enters the Suspend state (power-off), the LCD controller and dis-
play memory may lose power, depending on how the OEM sets up the system. If dis-
play memory loses power, all images stored in display memory are lost.

If power-off/power-on features are required, the OEM has several options:

» If display memory power isturned off, add code to the display driver to save any
images in display memory to system memory before power-off, and add code to
restore these images after power-on.

» If display memory power isturned off, instruct Windows CE to redraw all images
upon power-on. Unfortunately it is not possible to instruct Windows CE to redraw
any off-screen images, such asicons, dider bars, etc., so in this case the OEM
must also configure the display driver to never use off-screen memory.

» Ensurethat display memory never loses power.

Using off-screen display memory significantly improves display performance. For ex-
ample, slider bars appear more smooth when using off-screen memory. To enable or
disable the use of off-screen memory, edit the file: x:\wince300\platform\cepc\driv-
ers\display\S1D13705\sources. In SOURCES, there is a line which, when uncom-
mented, will instruct Windows CE to use off-screen display memory (if sufficient
display memory is available):

CDEFINES=$(CDEFINES) -DEnablePreferVmem

In the file PROJECT.REG under CE 3.0, there is akey called PORepaint (search the
Windows CE directories for PROJECT.REG). PORepaint is relevant when the Sus-
pend state is entered or exited. PORepaint can be set to 0, 1, or 2 as described below:
a. PORepaint=0

¢ Thismode tells Windows CE not to save or restore display memory on sus-
pend or resume.

Windows® CE 3.x Display Drivers
Issue Date: 01/05/25
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Since display datais not saved and not repainted, thisisthe FASTEST mode.

Main display datain display memory must NOT be corrupted or lost on sus-
pend. The memory clock must remain running.

Off-screen datain display memory must NOT be corrupted or lost on sus-
pend. The memory clock must remain running.

This mode cannot be used if power to the display memory is turned off.

PORepaint=1

Thisis the default mode for Windows CE.

This mode tells Windows CE to save the main display data to the system
memory on suspend.

Thismodeisused if display memory power is going to be turned off when the
system is suspended, and there is enough system memory to save the image.

Any off-screen datain display memory is LOST when suspended. Therefore
off-screen memory usage must either be disabled in the display driver (i.e:
EnablePreferVmem not defined in SOURCES file), or new OEM-specific
code must be added to the display driver to save off-screen datato system
memory when the system is suspended, and restored when resumed.

If off-screen datais used (provided that the OEM has provided code to save
off-screen data when the system suspends), additional code must be added to
the display driver’s surface allocation routine to prevent the display driver
from allocating the “main memory save region” in display memory. When
WinCE OS attempts to allocate a buffer to save the main display data, WinCE
OS marks the alocation request as preferring display memory. We believe
thisisincorrect. Code must be added to prevent this specific allocation from
being allocated in display memory - it MUST be allocated from system mem-
ory.

Since the main display datais copied to system memory on suspend, and then
simply copied back on resume, thismodeis FAST, but not as fast as mode 0.

PORepaint=2

This mode tells WinCE to not save the main display data on suspend, and
causes WinCE to REPAINT the main display on resume.

Thismodeisused if display memory power is going to be turned off when the
system is suspended, and there is not enough system memory to save the im-

age.
Any off-screen datain display memory is LOST, and since there isinsuffi-

cient system memory to save display data, off-screen memory usage MUST
be disabled.

When the system is resumed, WinCE instructs all running applicationsto re-
paint themselves. Thisisthe SLOWEST of the three modes.

S1D13705
X27A-E-006-01

Windows® CE 3.x Display Drivers
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Simple Display Driver Configuration

The following display driver configuration should work with most platforms running
Windows CE. This configuration disablesthe use of off-screen display memory and forces
the system to redraw the main display upon power-on.

1

This step disables the use of off-screen display memory.
Edit the file x:\wince300\platform\cepc\drivers\display\S1D 13705\sources and
changetheline

CDEFINES=$(CDEFINES) -DEnablePreferVmem
to

#CDEFINES=$(CDEFINES) -DEnablePreferVmem

This step causes the system to redraw the main display upon power-on. Thisstep is
only required if display memory loses power when Windows CE is shut down. If dis-
play memory is kept powered up (set the S1D13705 in powersave mode), then the dis-
play datawill be maintained and this step can be skipped.

Search for the file PROJECT.REG in your Windows CE directories, and inside
PROJECT.REG find the key PORepaint. Change PORepaint as follows:

“PORepaint” =dword:2

Windows® CE 3.x Display Drivers
Issue Date: 01/05/25

S1D13705
X27A-E-006-01



Page 16 Epson Research and Development
Vancouver Design Center

Comments

» Thedisplay driver is CPU independent, allowing use of the driver for several Windows
CE Platform Builder supported platforms.

« If you are running 13705CFG.EXE to produce multiple MODE tables, make sure you
change the Mode Number in the WinCE tab for each mode table you generate. The
display driver supports multiple mode tables, but only if each mode table has a unique
mode number.

* At thistime, the drivers have been tested on the x86 CPUs and have been built with Plat-
form Builder v3.00.

S1D13705 Windows® CE 3.x Display Drivers
X27A-E-006-01 Issue Date: 01/05/25
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1 Introduction

This application note describes the hardware required to interface the S1D13705
Embedded Memory LCD Controller and the Toshiba MIPS TMPR3912 Processor. The
pairing of these two devices results in an embedded system offering impressive display
capability with very low power consumption.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics Americawebsite at http://www.eea.epson.com for the
latest revision of this document before beginning any devel opment.

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

Interfacing to the Toshiba MIPS TMPR3912 Microprocessor S1D13705
Issue Date: 01/02/13 X27A-G-004-02
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2 Interfacing to the TMPR3912

The Toshiba MIPS TMPR3912 processor supports up to two PC Card (PCMCIA) dlots. It
isthrough this host bus interface that the S1D13705 connects to the TMPR3912 processor.

The S1D13705 can be successfully interfaced using one of two configurations:

« Direct connection to TMPR3912.
e System design using one ITE IT8368E PC Card/GPIO buffer chip.

S1D13705 Interfacing to the Toshiba MIPS TMPR3912 Microprocessor
X27A-G-004-02 Issue Date: 01/02/13
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3 S1D13705 Host Bus Interface

This section isasummary of the host businterface modes available on the S1D13705 that
would be used to interface to the TMPR3912.

The S1D13705 implements a 16-bit interface to the host microprocessor which may operate
in one of several modes compatible with most of the popular embedded microprocessor
families. The interface modes used for the TMPR3912 are:

» Generic #1 (Chip Select, plusindividual Read Enable/Write Enable for each byte).

» Generic #2 (External Chip Select, shared Read/Write Enable for high byte, individual
Read/Write Enable for low byte).

3.1 Host Bus Pin Connection

The following table shows the functions of each host bus interface signal.

Table 3-1: Host Bus Interface Pin Mapping

:i\DJ:;(;SS Generic #1 Generic #2
AB[15:1] A[15:1] A[15:1]
ABO A0 AO
DB[15:0] D[15:0] D[15:0]
WE1# WE1# BHE#
Cs# External Decode | External Decode
BCLK BCLK BCLK
BS# connect to Vgg | connect to 10 Vpp
RD/WR# RD1# connect to 10 Vpp
RD# RDO# RD#
WEO# WEO# WE#
WAIT# WAIT# WAIT#
RESET# RESET# RESET#

For configuration details, refer to the S1D13705 Hardware Functional Specification,
document number X27A-A-001-xx.

Interfacing to the Toshiba MIPS TMPR3912 Microprocessor S1D13705
Issue Date: 01/02/13 X27A-G-004-02
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3.2 Generic #1 Interface Mode

Generic #1 interface mode is the most general and least processor-specific interface mode
on the S1D13705. The Generic # 1 interface mode was chosen for thisinterface dueto the
simplicity of itstiming.

Theinterface requires the following signals:

» BUSCLK isaclock input which is required by the S1D13705 host interface. It is sepa-
rate from the input clock (CLKI) and is typically driven by the host CPU system clock.

* The address inputs ABO through AB16, and the data bus DBO through DB15, connect
directly to the CPU address and data bus, respectively. On 32-bit big endian architec-
tures such as the Power PC, the data bus would connect to the high-order data lines; on
little endian hosts, or 16-bit big endian hosts, they would connect to the low-order data
lines. The hardware engineer must ensure that CNF3 selects the proper endian mode
upon reset.

» Chip Select (CS#) isdriven by decoding the high-order address linesto select the proper
register and memory address space.

» WEO# and WE1# are write enables for the low-order and high-order bytes, respectively,
to be driven low when the host CPU is writing data to the S1D13705. These signals
must be generated by external hardware based on the control outputs from the host CPU.

» RD# and RD/WR# are read enables for the low-order and high-order bytes, respectively,
to be driven low when the host CPU is reading data from the S1D13705. These signals
must be generated by external hardware based on the control outputs from the host CPU.

« WAIT#isasignal output from the S1D13705 that indicates the host CPU must wait
until dataisready (read cycle) or accepted (write cycle) on the host bus. Since host CPU
accessesto the S1D13705 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the S1D13705 internal registers and/or refresh
memory. The WAIT# line resolves these contentions by forcing the host to wait until the
resource arbitration is complete. Thissignal is active low and may need to be inverted if
the host CPU wait state signal is active high.

» The Bus Status (BS#) signal is not used in the bus interface for Generic #1 mode.
However, BS# is used to configure the S1D13705 for Generic #1 mode and should be
tied low (connected to GND).

S1D13705 Interfacing to the Toshiba MIPS TMPR3912 Microprocessor
X27A-G-004-02 Issue Date: 01/02/13
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3.3 Generic #2 Interface Mode

Generic #2 interface mode is agenera and non-processor-specific interface mode on the
S1D13705. The Generic # 2 interface mode was chosen for this interface due to the
simplicity of itstiming and compatibility with the TMPR3912 control signals.

The interface requires the following signals:

BUSCLK isaclock input which synchronizes transfers between the host CPU and the
S1D13705. It is separate from the input clock (CLKI) and istypically driven by the host
CPU system clock.

The address inputs ABO through AB16, and the data bus DBO through DB 15, connect
directly to the CPU address and data bus, respectively. On 32-bit big endian architec-
tures such as the Power PC, the data bus would connect to the high-order data lines; on
little endian hosts, or 16-bit big endian hosts, they would connect to the low-order data
lines. The hardware engineer must ensure that CNF3 selects the proper endian mode
upon reset.

Chip Select (CS#) isdriven by decoding the high-order address lines to select the proper
register and memory address space.

WEZ# is the high byte enable for both read and write cycles for the S1D13705, to be
driven low when the host CPU accesses the S1D13705.

WEDO# is the write enable for the S1D13705, to be driven low when the host CPU is
reading data from the S1D13705.

RD# is the read enable for the S1D13705, to be driven low when the host CPU is
reading data from the S1D13705.

WAIT#isasigna which isoutput from the S1D13705 to the host CPU that indicates
when datais ready (read cycle) or accepted (write cycle) on the host bus. Since host
CPU accesses to the S1D 13705 may occur asynchronously to the display update, it is
possible that contention may occur in accessing the 13705 internal registers and/or
refresh memory. The WAIT# line resolves these contentions by forcing the host to wait
until the resource arbitration is complete. This signal is active low and may need to be
inverted if the host CPU wait state signal is active high.

The Bus Status (BS#) and Read/Write (RD/WR#) signals are not used in the bus inter-
face for Generic #2 mode. However, BS# is used to configure the S1D13705 for
Generic #2 mode and should be tied high (connected to 1O Vpp). RD/WR# should also
betied high.

Interfacing to the Toshiba MIPS TMPR3912 Microprocessor S1D13705
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4 Direct Connection to the Toshiba TMPR3912

4.1 General Description
In this example implementation, the S1D13705 occupies the TMPR3912 PC Card slot #1.
The S1D13705 is easily interfaced to the TMPR3912 with minimal additional logic. The
address bus of the TMPR3912 PC Card interface is multiplexed and must be demultiplexed
using an advanced CMOS latch (e.g., 74AHC373). The direct connection approach makes
use of the S1ID13705 in its “Generic Interface #2" configuration.

The following diagram demonstrates a typical implementation of the interface.

S1D13705
+3.3V
TMPR3912 110 Vpp, CORE Vpp
CARDIORD* » RD#
CARDIOWR* » WEO#
CARD1CSL*
CARD1CSH* » WE1#
+3.3V ¢ BS#
+33v - | RD/WR#
ENDIAN System RESET —» RESET#
%; Latch
ALE > j ) > Cs#
A[12:0] T » AB[16:13]
» AB[12:0]
D[31:24] |« » DB[7:0]
D[23:16] « » DB[15:8]
Vop pull-up
CARDI1WAIT* .l WAIT#
DCLKOUT See text
— CLKI
» Clock divider ——» O | Oscillator » BCLK
Note:
When connecting the S1D13705 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13705 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: S1D13705 to TMPR3912 Direct Connection

Note
See Section 3.1 on page 9 and Section 3.3 on page 11 for Generic #2 pin descriptions.

S1D13705 Interfacing to the Toshiba MIPS TMPR3912 Microprocessor
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The “Generic #2" host interface control signals of the S1D13705 are asynchronous with
respect to the S1D13705 bus clock. Thisgivesthe system designer full flexibility to choose
the appropriate source (or sources) for CLKI and BCLK. The choice of whether both clocks
should be the same, and whether to use DCLKOUT (divided) as clock source, should be
based on the desired:

* pixel and framerates.
* power budget.
* part count.

» maximum S1D13705 clock frequencies.

The S1D13705 also hasinternal clock dividers providing additional flexibility.

4.2 Memory Mapping and Aliasing

In this example implementation the TMPR3912 control signal CARDREG* isignored;
therefore the S1D13705 takes up the entire PC Card slot 1.

The S1D13705 requires an addressing space of 128K bytes. The on-chip display memory
occupies the range 0 through 13FFFh. The registers occupy the range 1FFEOh through
1FFFFh. The TMPR3912 demulltiplexed addresslines A17 and above areignored, thusthe
S1D13705 isaliased 512 times at 128K byte intervals over the 64M byte PC Card slot #1
memory space.

Note
If aliasing is undesirable, additional decoding circuitry must be added.

4.3 S1D13705 Configuration

The S1D13705 is configured at power up by latching the state of the CNF[3:0] pins. Pin
BS# also playsarolein host businterface configuration. For details on configuration, refer
to the S1D13705 Hardware Functional Specification, document number X27A-A-001-xx.

The table below shows those configuration settings relevant to the direct connection
approach.

Table 4-1: S1D13705 Configuration for Direct Connection

S1D13705 Value hard wired on this pin is used to configure:
Configuration
Pin 1 (10 Vpp) 0 (Vss)
BS# Generic #2 Generic #1
CNF3 Big Endian Little Endian
CNF[2:0] 111: Generic #1 or #2

: = configuration for Toshiba TMPR3912 host bus interface

Interfacing to the Toshiba MIPS TMPR3912 Microprocessor S1D13705

Issue Date: 01/02/13
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5 Using the ITE IT8368E PC Card Buffer

If the system designer usesthe I TE IT8368E PC Card and multiple-function 1/O buffer, the
S1D13705 can be interfaced so that it “shares’” a PC Card slot. The S1D13705 is mapped

to ararely-used 16M byte portion of the PC Card slot buffered by the IT8368E, making the
S1D13705 virtually transparent to PC Card devices that use the same dot.

5.1 Hardware Description

The ITE8B368E has been specially designed to support EPSON LCD controllers and
provides eleven Multi-Function 10 pins (MFIO). Configuration registers may be used to
allow these MFIO pinsto provide the control signals required to implement the S1D13705
CPU interface.

The TMPR3912 processor only provides addresses A[12:0], therefore devices requiring
more address space must use an external deviceto latch A[25:13]. The IT8368E s MFIO
pins can be configured to provide this latched address.

S1D13705 Interfacing to the Toshiba MIPS TMPR3912 Microprocessor
X27A-G-004-02 Issue Date: 01/02/13
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S1D13705
+3.3V
TMPR3912 T 10 Vpp, CORE Vpp
A[12:0] » AB[12:0]
ENDIAN i » AB[16:13]
D[31:24] |« » DBJ[7:0]
D[23:16] l« » DBJ[16:8]
System RESET —» RESET#
Voo pull-up
CARDXWAIT* l¢ .l WAIT#
DCLKOUT See text
or — CLKI
IT8368E » Clock divider > Oscillator » BCLK
LHA[23])/MFIO[10] WE1#
LHA[22]/MFIO[9] WEO#
LHA[21]/MFIO[8] RD/WR#
LHA[20)/MFIO[7] RD#
LHA[19])/MFIO[6] CcSs#
LHA[16:13]/
MFIO[3:0] BS#
Note:
When connecting the S1D13705 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13705 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 5-1: S1D13705 to TMPR3912 Connection Using an I T8368E

Note
See Section 3.1 on page 9 and Section 3.2 on page 10 for Generic #1 pin descriptions.

The “Generic #1” host interface control signals of the S1D13705 are asynchronous with
respect to the S1D13705 bus clock. Thisgivesthe system designer full flexibility to choose
the appropriate source (or sources) for CLKI and BCLK. The choice of whether both clocks
should be the same, and whether to use DCLKOUT (divided) as clock source, should be
based on pixel and frame rates, power budget, part count and maximum S1D13705
respective clock frequencies. Also, internal S1D13705 clock dividers provide additional
flexibility.

Interfacing to the Toshiba MIPS TMPR3912 Microprocessor S1D13705
Issue Date: 01/02/13 X27A-G-004-02
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5.2 IT8368E Configuration

The IT8368E provides eleven multi-function 10 pins (MFIO). The IT8368E must have
both “Fix Attribute/lO” and “VGA” modes on. When both these modes are enabled, the
MFIO pins provide control signals needed by the S1D13705 host businterface, and a 16M
byte portion of the system PC Card attribute and 10 space is alocated to address the
S1D13705. When accessing the S1D13705 the associated card-side signals are disabled in
order to avoid any conflicts.

For mapping details, refer to section 3.3: “Memory Mapping and Aliasing.” For connection
details see Figure 5-1: “S1D13705 to TMPR3912 Connection Using an IT8368E,” on page
15. For further information on the I T8368E, refer to the IT8368E PC Card/GPIO Buffer
Chip Specification.

Note
When asecond IT8368E is used, that circuit should not be set in VGA mode.

5.3 Memory Mapping and Aliasing

When the TMPR3912 accesses the PC Card slots without the ITE IT8368E, its system
memory is mapped asin Table 5-1: TMPR3912 to PC Card Slots Address Mapping With
and Without the IT8368E.

Note
Bit CARD1IOEN or CARD2IOEN, depending on which card slot isused, must to be set
to 0 in the TMPR3912 Memory Configuration Register 3.

When the TMPR3912 accesses the PC Card slots buffered through the ITE I T8368E, hits
CARD1IOEN and CARD2IOEN areignored and the attribute/| O space of the TMPR3912
isdivided into Attribute, 1/0 and S1D13705 access. Details of the Attribute/|O address
reallocation by the IT8368E are foundin Table 5-1: TMPR3912 to PC Card Slots Address
Mapping With and Without the IT8368E.

Table 5-1: TMPR3912 to PC Card Sots Address Mapping With and Without the I T8368E
PC Card | TMPR3912 . . Direct Connection, Direct Connection,
Slot# | Address | “'2° Using the ITE IT8368E CARDNIOEN=0 CARDRIOEN=1
0800 0000h | 16M byte Card 110
S1D13705 (aliased 128 S1D13705
0900 0000h | 16M byte times (aliased 512 times Card 110
1 at 128K bhyte intervals) at 128K bhyte intervals)
0AO00 0000h | 32M byte Card 1 Attribute
6400 0000h | 64M byte Card 1 Memory S1D13705 (aliased 512 times at 128K byte intervals)
S1D13705

X27A-G-004-02
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Table 5-1: TMPR3912 to PC Card Sots Address Mapping With and Without the I T8368E

PC Card | TMPR3912 . . Direct Connection, Direct Connection,
Slot# | Address | ¢ Using the ITE IT8368E CARDNIOEN=0 CARDNIOEN=1
0CO00 0000h | 16M byte Card 210
S1D13705 (aliased 128 S1D13705
0DO00 0000h | 16M byte times (aliased 512 times Card 210
2 at 128K byte intervals) at 128K byte intervals)
OEO0 0000h | 32M byte Card 2 Attribute
6800 0000h | 64M byte Card 2 Memory S1D13705 (aliased 512 times at 128K byte intervals)

5.4 S1D13705 Configuration
The S1D13705 is configured at power up by latching the state of the CNF[3:0] pins. Pin
BS# also playsarolein host businterface configuration. For details on configuration, refer
to the S1LD13705 Hardware Functional Specification, document number X26A-A-001-xx.

The table below shows those configuration settings relevant to this specific interface.

Table 5-2: S1D13705 Configuration Using the I T8368E

S1D13705 Value hard wired on this pin is used to configure:
Configuration
Pin 1 (10 Vpp) 0 (Vss)
BS# Generic #2 Generic #1
CNF3 Big Endian Little Endian
CNF[2:0] 111: Generic #1 or #2

\:’ = configuration for connection using ITE IT8368E

Interfacing to the Toshiba MIPS TMPR3912 Microprocessor S1D13705
Issue Date: 01/02/13 X27A-G-004-02
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6 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13705. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called
1357CFG, or by directly modifying the source. The Windows CE v2.0 display drivers can

be customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13705 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or www.eea.epson.com.

S1D13705 Interfacing to the Toshiba MIPS TMPR3912 Microprocessor
X27A-G-004-02 Issue Date: 01/02/13
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7 Technical Support

7.1 EPSON LCD Controllers (S1D13705)

Japan North America

Seiko Epson Corporation Epson Electronics America, Inc.
Electronic Devices Marketing Division 150 River Oaks Parkway
421-8, Hino, Hino-shi San Jose, CA 95134, USA
Tokyo 191-8501, Japan Tel: (408) 922-0200

Tel: 042-587-5812 Fax: (408) 922-0238

Fax: 042-587-5564 http://www.eea.epson.com
Europe Hong Kong

Epson Europe Electronics GmbH Epson Hong Kong Ltd.

Riesstrasse 15 20/F., Harbour Centre

80992 Munich, Germany 25 Harbour Road
Tel: 089-14005-0 Wanchai, Hong Kong

Fax: 089-14005-110 Tel: 2585-4600
Fax: 2827-4346

7.2 Toshiba MIPS TMPR3912 Processor

http://www.toshiba.com/taec/nonflash/indexproducts.html

7.3 ITE IT8368E

Integrated Technology Express, Inc.
Sales & Marketing Division

2710 Walsh Avenue

Santa Clara, CA 95051, USA

Tel: (408) 980-8168

Fax: (408) 980-9232
http://www.iteusa.com

Taiwan, R.O.C.

Epson Taiwan Technology

& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan, R.O.C.
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

Interfacing to the Toshiba MIPS TMPR3912 Microprocessor
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1 S1D13705 Power Consumption

S1D13705 power consumption is affected by many system design variables.

* Input clock frequency (CLKI): the CLKI frequency and the internal clock divide register deter-
mine the operating clock (CLK) frequency of the S1D13705. The higher CLK is, the higher the
frame fate, performance, and power consumption.

» CPU interface: the S1D13705 current consumption depends on the BUSCLK frequency, data
width, number of toggling pins, and other factors — the higher the BUSCLK, the higher the CPU
performance and power consumption.

* Vpp Vvoltage levels (Core and | O): the voltage level of the Core and IO sectionsin the S1D13705
affects power consumption — the higher the voltage, the higher the consumption.

« Display mode: the resolution, panel type, and color depth affect power consumption. The higher
the resolution/color depth and number of LCD panel signals, the higher the power consumption.
Note

If the High Performance option is turned on, the power consumption increases to that of
8 hit-per-pixel mode for all color depths.

There are two power save modesin the S1D13705: Software and Hardware Power Save. The power
consumption of these modes s affected by various system design variables.

» CPU bus state during Power Save: the state of the CPU bus signals during Power Save has a
substantial effect on power consumption. An inactive bus (e.g. BUSCLK =low, Addr = low etc.)
reduces overall system power consumption.

» CLKI state during Power Save: disabling the CLKI during Power Save has substantial power
savings.

Power Consumption
Issue Date: 01/02/13
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1.1 Conditions

Table 1-1: “S1D13705 Total Power Consumption” below gives an example of a specific
environment and its effects on power consumption.

Table 1-1: S1D13705 Total Power Consumption

Test Condition Power Consumption

Gray Shades /

Core Vpp = 3.3V, 10 Vpp = 3.3V Colors Active Power Save Mode

BUSCLK = 8.33MHz Core 10 Total Software Hardware
Input Clock = 6MHz Black-and-White | 4.29mW | 0.52mW | 4.81mW

1 | LCD Panel = 320x240 4-bit Single 4 Gray Shades 4.99mW | 0.76mW | 5.75mW | 1.44mw! 1.21mwW?
Monochrome 16 Gray Shades | 6.13mW | 0.75mW | 6.88mW
2 Colors 4.64mW | 0.73mW | 5.37mwW
= 4 Colors 5.30mW | 1.51mW | 6.81mW

2 | Input Clock = 6MHz 1.44mwWt | 1.22mw?2
LCD Panel = 320x240 4-hit Single Color | 16 Colors 6.58mW | 1.57mW | 8.15mW
256 Colors 8.65mW | 1.52mW | 10.16mW

Input Clock = 25MHz

3 | LCD Panel = 640x480 8-bit Single Black-and-White | 13.97mW | 1.10mW | 15.07mW

1 2
4 Gray Shades | 16.75mW | 2.08mw | 18.83mw| 2>3MW" | 2.32mW

Monochrome
Input Clock = 25MHz 2 Colors 15.53mW| 2.64mW | 18.17mW 1 2
41 LCD Panel = 640x480 8-bit Single Color | 4 Colors 18.30mW | 7.16mW | 25.47mw | 2O3MW | 2.32mW

Input Clock = 25MHz
5 | LCD Panel = 640x480 8-bit Dual
Monochrome

Black-and-White | 13.84mW | 1.08mW | 14.93mW

1 2
4 Grey Shades | 20.38mW | 2.07mW | 22.45mw| 223MW" | 2.32mW

Input Clock = 25MHz

_ . 2 Colors 15.82mW | 2.62mW | 18.44mW 1 2

6 | LCD Panel = 640x480 8-bit Dual Color 4 Colors 23.31mw | 7.01mw | 30 32mw 2.53mW 2.32mwW
Input Clock = 25MHz

_ . 2 Colors 11.42mW | 7.40mW | 18.82mW 1 2

7 | LCD Panel = 640x480 9-bit TFT 4 Colors 19 74mw | 20.96mw | 40.70mw 2.53mwW 2.32mw

Note
1. Conditions for Software Power Save:
» CPU interface active (signals toggling)
e CLKI active

2. Conditions for Hardware Power Save:
« CPU interface inactive (high impedance)
¢ CLKI active

S1D13705 Power Consumption
X27A-G-006-02 Issue Date: 01/02/13
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2 Summary

The system design variables in Section 1, “ S1D13705 Power Consumption” and in Table 1-1:
“S1D13705 Total Power Consumption” show that S1D13705 power consumption depends on the
specific implementation. Active Mode power consumption depends on the desired CPU perfor-
mance and L CD frame-rate, whereas Power Save M ode consumption depends on the CPU Interface
and Input Clock state.

Inatypical design environment, the S1D13705 can be configured to be an extremely power-efficient
LCD Controller with high performance and flexibility.

Power Consumption
Issue Date: 01/02/13
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1 Introduction

This application note describes the hardware required to interface the S1D13705
Embedded Memory LCD Controller and the Motorola “ Dragonball” family of micropro-
cessors. Each “Dragonball” microprocessor, the MC68328, the MC68EZ328, and the
MC68V 2328, will be described in their own sections.

By implementing an embedded display refresh buffer, the S1D13705 can reduce system
power consumption, improveimage quality, and increase system performance as compared
to the Dragonball’s on-chip LCD controller.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics Americawebsite at http://www.eea.epson.com for the
latest revision of this document before beginning any development.

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

Interfacing to the Motorola ‘Dragonball’ Family of Microprocessors S1D13705
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2 Interfacing to the MC68328

2.1 The MC68328 System Bus

The MC68328 is the first generation of Motorola s Dragonball microprocessors. The
MC68328 is an integrated controller for handheld products, based upon the MC68EC000
microprocessor core. It implements a 16-bit data bus and a 32-bit address bus. The bus
interface consists of all the standard M C68EC000 bus interface signals, plus some new
signals intended to simplify the task of interfacing to typical memory and peripheral
devices.

The M C68ECO000 bus control signalsarewell documented in Motorola’ suser manuals, and
will not be described here. A brief summary of the new signals appears below:

« Output Enable (OE) is asserted when aread cycleisin process; it isintended to connect
to the output enable control of atypical static RAM, EPROM, or Flash EPROM device.

» Upper Write Enable and L ower Write Enable (UWE / LWE) are asserted during
memory write cycles for the upper and lower bytes of the 16-bit data bus; they may be
directly connected to the write enable inputs of a typical memory device.

The S1D 13705 implements the MCB68ECO000 bus interface using its MC68K #1 mode, so
this mode may be used to connect the MC68328 directly to the S1D13705 with no glue
logic. However, several of the MCG68ECO000 bus control signals are multiplexed with 1O
and interrupt signals on the MC68328, and in many applications it may be desirable to
make these pins available for these aternate functions. This requirement may be accommo-
dated through the use of the Generic #1 interface mode on the S1D13705.

2.2 Chip-Select Module

The MC68328 can generate up to 16 chip select outputs, organized into four groups, “A”
through “D".

Each chip select group has a common base address register and address mask register, to
set the base address and block size of the entire group. In addition, each chip select within
agroup hasits own address compare and address mask register, to activate the chip select
for asubset of the group’s address block. Finally, each chip select may be individually
programmed to control an 8 or 16-hit device, and each may be individually programmed to
generate from 0 through 6 wait statesinternally, or allow the memory or peripheral device
to terminate the cycle externally through use of the standard MC68000 DTACK signal.

Groups A and B can have aminimum block size of 64K bytes, so these are typically used
to control memory devices. Chip select AO is active immediately after reset, soitis
typically used to control a boot EPROM device. Groups C and D have a minimum block
size of 4K bytes, so they are well-suited to controlling peripheral devices. Chip select D3
is associated with the MC68328 on-chip PCMCIA control logic.

S1D13705
X27A-G-007-04
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2.3 S1D13705 Host Bus Interface

2.3.1 Host Bus Pin Connection

» MotorolaMC68K #1 (using Upper Data Strobe / Lower Data Strobe).

The following table shows the functions of each host bus interface signal.

Table 2-1: Host Bus Interface Pin Mapping

:ﬁD’j’:;ii MC68K #1 Generic #1
AB[15:1] A[15:1] A[15:1]
ABO LDS A0
DB[15:0] D[15:0] D[15:0]
WE1# uDsS WE1#
CS# External Decode | External Decode
BCLK CLK BCLK
BS# AS connect to Vgg
RD/WR# RIW RD1#
RD# connect to 10 Vpp RDO#
WEO# connect to 10 Vpp WEO#
WAIT# DTACK WAIT#
RESET# RESET# RESET#

This section isa summary of the host bus interface modes available on the S1D13705 that
may be used to interface to the MC68328.

The S1D13705 implements a 16-bit interface to the host microprocessor which may operate

in one of several modes compatible with most of the popular embedded microprocessor
families. The two interface modes that may be used for the MC68328 are:

» Generic #1 (Chip Select, plusindividual Read Enable/Write Enable for each byte).

For details on configuration, refer to the SID13705 Hardware Functional Specification,
document number X27A-A-001-xx.

Interfacing to the Motorola ‘Dragonball’ Family of Microprocessors
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2.3.2 Generic #1 Interface Mode

Generic #1 interface mode is the most general and least processor-specific interface mode
on the S1D13705. The Generic # 1 interface mode was chosen for thisinterface dueto the
simplicity of itstiming.

Theinterface requires the following signals:

BUSCLK isaclock input which is required by the S1D13705 host interface. It is sepa-
rate from the input clock (CLKI) and istypically driven by the host CPU system clock.

The address inputs ABO through AB16, and the data bus DBO through DB15, connect
directly to the CPU address and data bus, respectively. On 32-hit big endian architec-
tures such as the Power PC, the data bus would connect to the high-order data lines; on
little endian hosts, or 16-bit big endian hosts, they would connect to the low-order data
lines. The hardware engineer must ensure that CNF3 selects the proper endian mode
upon reset.

Chip Select (CS#) isdriven by decoding the high-order address linesto select the proper
register and memory address space.

WEO# and WE1# are write enables for the low-order and high-order bytes, respectively,
to be driven low when the host CPU is writing data to the S1D13705. These signals
must be generated by external hardware based on the control outputs from the host CPU.

RD# and RD/WR# are read enables for the low-order and high-order bytes, respectively,
to be driven low when the host CPU is reading data from the S1D13705. These signals
must be generated by external hardware based on the control outputs from the host CPU.

WAIT#isasignal output from the S1D13705 that indicates the host CPU must wait
until datais ready (read cycle) or accepted (write cycle) on the host bus. Since host CPU
accesses to the S1D13705 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the S1D13705 internal registers and/or refresh
memory. The WAIT# line resolves these contentions by forcing the host to wait until the
resource arbitration is complete. Thissignal is active low and may need to be inverted if
the host CPU wait state signal is active high.

The Bus Status (BS#) signal is not used in the bus interface for Generic #1 mode.
However, BS# is used to configure the S1D13705 for Generic #1 mode and should be
tied low (connected to GND).

S1D13705
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2.3.3 MC68K #1 Interface Mode

The MC68K #1 Interface Mode can be used to interface to the MC68328 microprocessor
if the previously mentioned, multiplexed, bus signals will not be used for other purposes.

The interface requires the following signals:

BUSCLK isaclock input which synchronizes transfers between the host CPU and the
S1D13705. It is separate from the input clock (CLKI) and istypically driven by the host
CPU system clock.

The address inputs AB1 through AB16, and the data bus DBO through DB 15, connect
directly to the CPU address and data bus, respectively. On 32-bit big endian architec-
tures such as the Power PC, the data bus would connect to the high-order datalines; on
little endian hosts, or 16-bit big endian hosts, they would connect to the low-order data
lines. The hardware engineer must ensure that CNF3 selects the proper endian mode
upon reset.

Chip Select (CS#) isdriven by decoding the high-order address lines to select the proper
register and memory address space.

A0 and WE1# are the enables for the low-order and high-order bytes, respectively, to be
driven low when the host CPU is reading or writing data to the S1D13705.

RD/WR# is the read/write signal that is driven low when the CPU writes to the
S1D 13705 and is driven high when the CPU is doing a read from the S1D13705.

WAIT#isasigna which isoutput from the S1D13705 to the host CPU that indicates
when datais ready (read cycle) or accepted (write cycle) on the host bus. Since host
CPU accesses to the S1D 13705 may occur asynchronously to the display update, it is
possible that contention may occur in accessing the S1D13705 internal registers and/or
refresh memory. The WAIT# line resolves these contentions by forcing the host to wait
until the resource arbitration is compl ete.

The Bus Status (BS#) signal indicates that the address on the address busis valid.

The WEO# and RD# signalsis not used in the bus interface for MC68K #1 and must be
tied high (tied to 1O Vpp).

Interfacing to the Motorola ‘Dragonball’ Family of Microprocessors S1D13705
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2.4 MC68328 To S1D13705 Interface

2.4.1 Hardware Description

The interface between the MC68328 and the S1D13705 can be implemented using either
the MC68K #1 or Generic #1 host bus interface of the S1D13705.

Using The MC68K #1 Host Bus Interface

The MC68328 multiplexes dual functions on some of its bus control pins (specifically
UDS, LDS, and DTACK). Inimplementations where all of these pins are available for use
asbuscontrol pins, then the S1D13705 interfaceisastraightforward implementation of the
“MC68K #1” host businterface.

The following diagram shows atypical implementation of the MC68328 to S1D13705
using the MC68K #1 host businterface. For further information onthe MC68K #1 host bus
interface and AC Timing, refer to the SID13705 Hardware Functional Specification,
document number X27A-A-001-xx.

MC68328 S1D13705
Al16:0] > AB[16:1]
D[15:0] | » DB[15:0]
CSB3 » CS#

Vce
% 1K
DTACK | : WAIT#
AS BS#
ubs » WE1#
DS » ABO
RIW » RD/WR#
Vcc ——» RD#
Vece ——» WEO##
CLKO » BUSCLK
System RESET-—» RESET#

1 i

Note: - _
When connecting the S1D13705 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13705 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 2-1: Typical Implementation of MC68328 to S1D13705 Interface - MC68K #1

S1D13705 Interfacing to the Motorola ‘Dragonball’ Family of Microprocessors
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Using The Generic #1 Host Bus Interface

If UDS and/or LDS arerequired for their alternate 10 functions, then the MC68328 to
S1D13705 interface may be implemented using the S1D13705 Generic #1 host bus
interface. Note that in either case, the DTACK signal must be made available for the
S1D13705, since it inserts a variable number of wait states depending upon CPU/LCD
synchronization and the LCD panel display mode. WAIT# must be inverted (using an
inverter enabled by CS#) to make it an active high signal and thus compatible with the
M C68328 architecture. A single resistor is used to pull up the WAIT# (DTACK) signd
when terminating the bus cycle.

The following diagram shows a typical implementation of the MC68328 to S1D13705
using the Generic #1 host businterface. For further information on the Generic #1 host bus
interface and AC Timing, refer to the SLD 13705 Hardware Functional Specification,
document number X27A-A-001-xx.

Note:

MC68328 S1D13705
A[16:0] » AB[16:0]
D[15:0] § , DB[15:0]
CSB3 . o CS#
Vee L— BS#
1K
DTACK WAIT#
UWE o] WE1#
LWE WEO#
OE ,| RD/WR#
» RD#
CLKO ,, BUSCLK
System RESET—»| RESET#
When connecting the S1D13705 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13705 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 2-2: Typical Implementation of MC68328 to SLD13705 Interface - Generic #1

Interfacing to the Motorola ‘Dragonball’ Family of Microprocessors S1D13705
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2.4.2 S1D13705 Hardware Configuration

The S1D13705 uses CNF3 through CNFO and BS# to allow sdlection of the bus mode and
other configuration data on the rising edge of RESET#. Refer to the SID13705 Hardware
Functional Specification, document number X27A-A-001-xx for details.

The tables below show those configuration settings important to the MC68K #1 and
Generic #1 host businterfaces.

Table 2-2: Summary of Power-On/Reset Options

S1D1370 | value on this pin at the rising edge of RESET# is used to configure: (1/0)
5
Pin Name

0 1

CNFO

CNF1

See Table 2-3: “Host Bus Interface Selection”

CNF2

CNF3

Little Endian |Big Endian

|:| = configuration for MC68328 support

Table 2-3: Host Bus Interface Selection

CNF2 CNF1 CNFO BS# Host Bus Interface

0 0 0 X SH-4 interface

0 0 1 X SH-3 interface

0 1 0 X reserved

0 1 1 X MC68K #1, 16-hit

1 0 0 X reserved

1 0 1 X MC68K #2, 16-hit

1 1 0 0 reserved

1 1 0 1 reserved

1 1 1 0 Generic #1, 16-bit

1 1 1 1 Generic #2, 16-bit
= configuration for MC68328 using Generic #1 host bus interface
= configuration for MC68328 using MC68K #1 host bus interface

2.4.3 MC68328 Chip Select Configuration

The S1D13705 requires a 128K byte address space for the display buffer and its internal
registers. To accommodate this block size, it is preferable (but not required) to use one of
the chip selects from groups A or B. Virtually any chip select other than CSAO or CSD3
would be suitable for the S1D13705 interface.

In the example interface, chip select CSB3 is used to control the S1D13705. A 128K byte
address space is used with the S1D13705 control registers mapped into the top 32 bytes of
the 128K byte block and the 80K bytes of display buffer mapped to the starting address of
the block. The chip select should have its RO (Read Only) bit set to 0, its BSW (Bus Data

S1D13705
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Width) set to 1 for a 16-bit bus, and the WS (Wait states) bit should be set to 111b to allow
the S1D13705 to terminate bus cycles externally. Enable DTACK pin function with
Register FFFFF433, Port G Select Register, bit 0.

Interfacing to the Motorola ‘Dragonball’ Family of Microprocessors S1D13705
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3 Interfacing to the MC68EZ328

3.1 The MC68EZ328 System Bus

The MC68EZ328 is Motorola' s second generation Dragonball microprocessor. The
DragonballEZ is an integrated controller for handheld products, based upon the

M C68EC000 microprocessor core. The Dragonbal|EZ differs from its predecessor mainly
inthat it has increased speed, a DRAM controller, infrared communication, and an in-
circuit emulator. The businterface has al so been simplified; it implements a 16-bit databus
and a 24-bit address bus. The bus interface is based on the standard M C68ECO000 bus
interface signals although the data bus byte lane control signals of the MC68EC000 bus
interface (UDS and LDS - upper and lower data strobes) have been replaced by some new
signals intended to simplify the task of interfacing to typical memory and peripheral
devices.

The MC68EC000 bus control signalsarewell documented in M otorola suser manuals, and
will not be described here. A brief summary of the new signals appears below:

« Output Enable (OE) is asserted when aread cycleisin process; it isintended to connect
to the output enable control of atypical static RAM, EPROM, or Flash EPROM device.

» Upper Write Enable and Lower Write Enable (UWE / LWE) are asserted during
memory write cycles for the upper and lower bytes of the 16-bit data bus; they may be
directly connected to the write enable inputs of atypical memory device.

The S1D 13705 implements the MC68000 bus interface using its MC68K #1 mode but this
mode requires the MC68ECO000 control signalsUDS and LDS so this mode cannot be used
to connect the MC68EZ328 directly to the S1D13705. However, the Generic #1 interface
mode on the S1D13705 is well suited to interface to the MC68EZ328.

3.2 Chip-Select Module

The MC68EZ328 can generate up to 8 chip select outputs, organized into four groups*A”
through “D".

Each chip select group has a common base address register and address mask register, to
set the base address and block size of the entire group. In addition, each chip select within
agroup hasits own address compare and address mask register, to activate the chip select
for asubset of the group’ s address block. Finally, each chip select may be individually
programmed to control an 8 or 16-bit device, and each may be individually programmed to
generate from 0 through 6 wait statesinternally, or allow the memory or allow the memory
or peripheral deviceto terminatethe cycle externally through use of the standard M C68000
DTACK signal.

Groups A and B are used to control ROM, SRAM, and Flash memory devices and have a
block size of 128K bytesto 16M bytes. Chip select AOisactiveimmediately after reset and
isaglobal chip-select so it istypically used to control a boot EPROM device. This chip

S1D13705
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select ceases to decode globally once this chip-select’ s registers are programmed. Groups
C and D are special in that they can aso control DRAM interfaces. These last two groups
have block size of 32K bytesto 4M bytes.

3.3 S1D13705 Host Bus Interface

This section isasummary of the host businterface modes available on the S1D13705 that
may be used to interface to the MC68EZ328.

The S1D13705 implements a 16-bit interface to the host microprocessor which may operate
in one of several modes compatible with most of the popular embedded microprocessor
families. The interface mode that may be used for the MC68EZ328 is:

» Generic #1 (Chip Select, plusindividual Read Enable/Write Enable for each byte).

3.3.1 Host Bus Pin Connection

The following table shows the functions of each host bus interface signal.

Table 3-1: Host Bus Interface Pin Mapping

:i}D’\:IL:;%z Generic #1
AB[15:1] A[15:1]
ABO AO
DB[15:0] D[15:0]
WE1# WE1#

CS# External Decode

BCLK BCLK
BS# connect to Vgg
RD/WR# RD1#
RD# RDO#
WEO# WEO#
WAIT# WAIT#
RESET# RESET#

For details on configuration, refer to the SID13705 Hardware Functional Specification,
document number X27A-A-001-xx.

Interfacing to the Motorola ‘Dragonball’ Family of Microprocessors S1D13705
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3.3.2 Generic #1 Interface Mode

Generic #1 interface mode is the most general and least processor-specific interface mode
on the S1D13705. The Generic # 1 interface mode was chosen for thisinterface dueto the
simplicity of itstiming.

Theinterface requires the following signals:

BUSCLK isaclock input which is required by the S1D13705 host interface. It is sepa-
rate from the input clock (CLKI) and istypically driven by the host CPU system clock.

The address inputs ABO through AB16, and the data bus DBO through DB15, connect
directly to the CPU address and data bus, respectively. On 32-hit big endian architec-
tures such as the Power PC, the data bus would connect to the high-order data lines; on
little endian hosts, or 16-bit big endian hosts, they would connect to the low-order data
lines. The hardware engineer must ensure that CNF3 selects the proper endian mode
upon reset.

Chip Select (CS#) isdriven by decoding the high-order address linesto select the proper
register and memory address space.

WEO# and WE1# are write enables for the low-order and high-order bytes, respectively,
to be driven low when the host CPU is writing data to the S1D13705. These signals
must be generated by external hardware based on the control outputs from the host CPU.

RD# and RD/WR# are read enables for the low-order and high-order bytes, respectively,
to be driven low when the host CPU is reading data from the S1D13705. These signals
must be generated by external hardware based on the control outputs from the host CPU.

WAIT#isasignal output from the S1D13705 that indicates the host CPU must wait
until datais ready (read cycle) or accepted (write cycle) on the host bus. Since host CPU
accesses to the S1D13705 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the S1D13705 internal registers and/or refresh
memory. The WAIT# line resolves these contentions by forcing the host to wait until the
resource arbitration is complete. Thissignal is active low and may need to be inverted if
the host CPU wait state signal is active high.

The Bus Status (BS#) signal is not used in the bus interface for Generic #1 mode.
However, BS# is used to configure the S1D13705 for Generic #1 mode and should be
tied low (connected to GND).

S1D13705
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3.4 MC683EZ28 To S1D13705 Interface

3.4.1 Hardware Description

The interface between the MC68328 and the S1D13705 can be implemented using the
Generic #1 host bus interface of the S1D13705.

The DTACK signal must be made available for the S1D13705, sinceit inserts avariable
number of wait states depending upon CPU/LCD synchronization and the LCD panel
display mode. WAIT# must be inverted (using an inverter enabled by CS#) to make it an
active high signal and thus compatible with the M C68EZ328 architecture. A singleresistor

isused to pull up WAIT# (DTACK) signal when terminating the bus cycle.

The following diagram shows a typical implementation of the MC68EZ328 to S1D13705
using the Generic #1 host businterface. For further information on the Generic #1 host bus
interface and AC Timing, refer to the SLD13705 Hardware Functional Specification,

document number X27A-A-001-xx.

MCG68EZ328

A[16:0]

CSBO

DTACK

- C
o £ 2

CLKO

D[15:0]

S1D13705

v

v

v

>
»

>

—

Note:

>
»

System RESET——»

—

AB[16:0]

DB[15:0]
cs#

BS#

WAIT#

WE1#
WEO#
RD/WR#
RD#

BUSCLK

RESET#

When connecting the S1D13705 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13705 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 3-1: Typical Implementation of MC68EZ328 to S1LD13705 Interface - Generic #1

Interfacing to the Motorola ‘Dragonball’ Family of Microprocessors

Issue Date: 01/02/13

S1D13705
X27A-G-007-04



Page 20

Epson Research and Development
Vancouver Design Center

3.4.2 S1D13705 Hardware Configuration

The S1D13705 uses CNF3 through CNFO and BS# to allow sdlection of the bus mode and
other configuration data on the rising edge of RESET#. Refer to the SID13705 Hardware
Functional Specification, document number X27A-A-001-xx for details.

The tables below show those configuration settings important to the Generic #1 host bus
interface.

Table 3-2: Summary of Power-On/Reset Options

5

S1D1370 | value on this pin at the rising edge of RESET# is used to configure: (1/0)

Pin Name

0 1

CNFO

CNF1

See Table 2-3: “Host Bus Interface Selection”

CNF2

CNF3

Little Endian |Big Endian

|:| = configuration for MC68EZ328 support

Table 3-3: Host Bus Interface Selection

CNF2 CNF1 CNFO BS# Host Bus Interface

0 0 0 X SH-4 interface

0 0 1 X SH-3 interface

0 1 0 X reserved

0 1 1 X MC68K #1, 16-hit
1 0 0 X reserved

1 0 1 X MC68K #2, 16-hit
1 1 0 0 reserved

1 1 0 1 reserved

1 1 1 0 Generic #1, 16-bit
1 1 1 1 Generic #2, 16-bit

\:| = configuration for MC68EZ328 using Generic #1 host bus interface

3.4.3 MC68EZ328 Chip Select Configuration

The S1D13705 requires a 128K byte address space for the display buffer and its internal
registers. To accommodate this block size, it is preferable (but not required) to use one of
the chip selects from groups A or B. Groups A and B can have a size range of 128K bytes
to 16M bytes and groups C and D have a size range of 32K bytesto 16M bytes. Therefore,
any chip select other than CSAO would be suitable for the S1D13705 interface.

In the example interface, chip select CSBO is used to control the S1D13705. A 128K byte
address space is used with the S1D13705 control registers mapped into the top 32 bytes of
the 128K byte block and the 80K bytes of display buffer mapped to the starting address of
the block. The chip select should have its RO (Read Only) bit set to O, its BSW (Bus Data

S1D13705
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Width) set to 1 for a 16-bit bus, and the WS (Wait states) bit should be set to 111b to allow
the S1D13705 to terminate bus cycles externally with DTACK. Enable DTACK pin
function with Register FFFFF433, Port G Select Register, bit 0.
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4 Interfacing to the MC68VZ328

4.1 The MC68VZ328 System Bus

The MC68VZ328 is Motorola’ s third generation Dragonball microprocessor. The Dragon-
ballVZ isan integrated controller for handheld products, based upon the FL X68000 micro-
processor core with an external 24-bit address bus and 16-bit data bus. The DragonballVZ
differsfrom its predecessor mainly in that it has increased speed, and support for SDRAM
has been added to the DRAM controller. The bus interface consists of al the standard
MC68000 businterface signals except AS, plus some new signals intended to simplify the
task of interfacing to typical memory and peripheral devices. The 68000 signals are multi-
plexed with IrDA, SPI and LCD controller signals.

The MC68000 bus control signals are well documented in Motorola s user manuals, and
will not be described here. A brief summary of the new signals appears below:

« Output Enable (OE) is asserted when aread cycleisin process; it isintended to connect
to the output enable control of atypical static RAM, EPROM, or Flash EPROM device.

» Upper Write Enable and Lower Write Enable (UWE / LWE) are asserted during
memory write cycles for the upper and lower bytes of the 16-bit data bus; they may be
directly connected to the write enable inputs of a typical memory device.

The S1D 13705 implements the MC68000 bus interface using its MC68K #1 mode. This
mode may be used to interface the S1D 13705 to the Dragonbal |V Z if external logicisused
to generate AS. The Generic #1 interface mode on the S1D13705 is also well suited to
interface to the MC68V Z2328.

4.2 Chip-Select Module

The MC68V 2328 can generate up to 8 chip select outputs, organized into four groups, “A”
through “D".

Each chip select group has a common base address register and address mask register, to
set the base address and block size of the entire group. In addition, each chip select within
agroup hasits own address compare and address mask register, to activate the chip select
for asubset of the group’s address block. Finally, each chip select may be individually
programmed to control an 8 or 16-hit device, and each may be individually programmed to
generate from 0 through 6 wait statesinternally, or allow the memory or periphera device
to terminate the cycle externally through use of the standard MC68000 DTACK signal.

Groups A and B are used to control ROM, SRAM, and Flash memory devices and have a
block size of 128K bytesto 16M bytes. Chip select AO isactiveimmediately after reset and
isaglobal chip-select so it istypically used to control a boot EPROM device. This chip
select ceases to decode globally once this chip-select’ s registers are programmed. Groups
C and D are specia in that they can al'so control DRAM interfaces. These last two groups
have block size of 32K bytesto 4M bytes.
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4.3 S1D13705 Host Bus Interface

This section isa summary of the host bus interface modes available on the S1D13705 that
may be used to interface to the MC68V Z328.

The S1D13705 implements a 16-bit interface to the host microprocessor which may operate
in one of several modes compatible with most of the popular embedded microprocessor
families. The two interface modes that may be used for the MC68VZ328 are:

» MotorolaMC68K #1 (using Upper Data Strobe / Lower Data Strobe).
» Generic #1 (Chip Select, plusindividual Read Enable/Write Enable for each byte).

4.3.1 Host Bus Pin Connection

The following table shows the functions of each host bus interface signal.

Table 4-1: Host Bus Interface Pin Mapping

:ﬁD’j’:;ii MC68K #1 Generic #1
AB[15:1] A[15:1] A[15:1]
ABO LDS A0
DB[15:0] D[15:0] D[15:0]
WE1# uDsS WE1#
CS# External Decode | External Decode
BCLK CLK BCLK
BS# AS connect to Vgg
RD/WR# RIW RD1#
RD# connect to 10 Vpp RDO#
WEO# connect to 10 Vpp WEO#
WAIT# DTACK WAIT#
RESET# RESET# RESET#

For details on configuration, refer to the SID13705 Hardware Functional Specification,
document number X27A-A-001-xx.
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4.3.2 Generic #1 Interface Mode

Generic #1 interface mode is the most general and least processor-specific interface mode
on the S1D13705. The Generic # 1 interface mode was chosen for thisinterface dueto the
simplicity of itstiming.

Theinterface requires the following signals:

BUSCLK isaclock input which is required by the S1D13705 host interface. It is sepa-
rate from the input clock (CLKI) and istypically driven by the host CPU system clock.

The address inputs ABO through AB16, and the data bus DBO through DB15, connect
directly to the CPU address and data bus, respectively. On 32-hit big endian architec-
tures such as the Power PC, the data bus would connect to the high-order data lines; on
little endian hosts, or 16-bit big endian hosts, they would connect to the low-order data
lines. The hardware engineer must ensure that CNF3 selects the proper endian mode
upon reset.

Chip Select (CS#) isdriven by decoding the high-order address linesto select the proper
register and memory address space.

WEO# and WE1# are write enables for the low-order and high-order bytes, respectively,
to be driven low when the host CPU is writing data to the S1D13705. These signals
must be generated by external hardware based on the control outputs from the host CPU.

RD# and RD/WR# are read enables for the low-order and high-order bytes, respectively,
to be driven low when the host CPU is reading data from the S1D13705. These signals
must be generated by external hardware based on the control outputs from the host CPU.

WAIT#isasignal output from the S1D13705 that indicates the host CPU must wait
until datais ready (read cycle) or accepted (write cycle) on the host bus. Since host CPU
accesses to the S1D13705 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the S1D13705 internal registers and/or refresh
memory. The WAIT# line resolves these contentions by forcing the host to wait until the
resource arbitration is complete. Thissignal is active low and may need to be inverted if
the host CPU wait state signal is active high.

The Bus Status (BS#) signal is not used in the bus interface for Generic #1 mode.
However, BS# is used to configure the S1D13705 for Generic #1 mode and should be
tied low (connected to GND).

S1D13705
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4.3.3 MC68K #1 Interface Mode

The MC68K #1 Interface Mode can be used to interface to the MC68V 2328 micropro-
cessor if the previously mentioned, multiplexed, bus signals will not be used for other
purposes.

The interface requires the following signals:

BUSCLK isaclock input which synchronizes transfers between the host CPU and the
S1D13705. It isseparate from the input clock (CLKI) and istypically driven by the host
CPU system clock.

The address inputs AB1 through AB16, and the data bus DBO through DB 15, connect
directly to the CPU address and data bus, respectively. On 32-bit big endian architec-
tures such as the Power PC, the data bus would connect to the high-order datalines; on
little endian hosts, or 16-bit big endian hosts, they would connect to the low-order data
lines. The hardware engineer must ensure that CNF3 sel ects the proper endian mode
upon reset.

Chip Select (CS#) isdriven by decoding the high-order address lines to select the proper
register and memory address space.

A0 and WE1# are the enabl es for the low-order and high-order bytes, respectively, to be
driven low when the host CPU is reading or writing data to the S1D13705.

RD/WR# is the read/write signal that is driven low when the CPU writes to the
S1D 13705 and is driven high when the CPU is doing a read from the S1D13705.

WAIT#isasigna which isoutput from the S1D13705 to the host CPU that indicates
when datais ready (read cycle) or accepted (write cycle) on the host bus. Since host
CPU accesses to the S1D 13705 may occur asynchronously to the display update, it is
possible that contention may occur in accessing the S1D13705 internal registers and/or
refresh memory. The WAIT# line resolves these contentions by forcing the host to wait
until the resource arbitration is compl ete.

The Bus Status (BS#) signal indicates that the address on the address busis valid.

The WEO# and RD# signalsis not used in the bus interface for MC68K #1 and must be
tied high (tiedto 1O Vpp).

Interfacing to the Motorola ‘Dragonball’ Family of Microprocessors S1D13705
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4.4 MC68VZ328 To S1D13705 Interface

4.4.1 Hardware Description

The interface between the MC68V 2328 and the S1D13705 can be implemented using
either the MC68K #1 or Generic #1 host bus interface of the S1D13705.

Using The MC68K #1 Host Bus Interface

The MC68V 2328 multiplexes dual functions on some of its bus control pins (specifically
UDS, LDS, and DTACK). Inimplementations where all of these pins are available for use
asbuscontrol pins, then the S1D13705 interfaceisastraightforward implementation of the
“MCB8K #1” host businterface. Since ASis not provided by the DragonballVZ, CSB1is
connected to BS# and indicates that a valid address is on the bus.

The following diagram shows atypical implementation of the MC68V 2328 to S1D13705
using the MC68K #1 host businterface. For further information on the MC68K #1 host bus
interface and AC Timing, refer to the SID13705 Hardware Functional Specification,
document number X27A-A-001-xx.

MC68VvZ328 S1D13705
Al16:0] > AB[16:1]
D[15:0] 4 » DB[15:0]
CsB1 o »  CS#
T—» BS#
Vcce
% 1K
DTACK | L WAIT#
uDS » WE1Ll#
LDS » ABO
RIW » RD/WR#
Vcc —— » RD#
Vee ———» WEO##
CLKO » BUSCLK
System RESET—» RESET#
Note: T —
When connecting the S1D13705 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13705 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of MC68VZ328 to S1D13705 Interface - MC68K #1

S1D13705
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Using The Generic #1 Host Bus Interface

The DTACK signal must be made available for the S1D13705, sinceit inserts avariable
number of wait states depending upon CPU/LCD synchronization and the LCD panel
display mode. WAIT# must be inverted (using an inverter enabled by CS#) to make it an
active high signal and thus compatible with the MC68V 2328 architecture. A singleresistor
isused to pull up the WAIT# (DTACK) signal when terminating the bus cycle.

The following diagram shows atypical implementation of the MC68V 2328 to S1D13705
using the Generic #1 host businterface. For further information on the Generic #1 host bus
interface and AC Timing, refer to the SLD13705 Hardware Functional Specification,

document number X27A-A-001-xXx.

MC68VZ328

A[16:0]
D[15:0]
csB1

DTACK

- C
o £ 2

CLKO

S1D13705

Vcc

1K

v

>

3

Note:

When connecting the S1D13705 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13705 (e.g. CPU reset can be asserted during wake-up

||P‘

>

System RESET——»

AB[16:0]

DB[15:0]
cs#

BS#

WAIT#

WE1#
WEO#
RD/WR#
RD#

BUSCLK

RESET#

L

from power-down modes, or during debug states).

Figure 4-2: Typical Implementation of MC68VZ328 to S1LD13705 Interface - Generic #1
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4.4.2 S1D13705 Hardware Configuration

The S1D13705 uses CNF3 through CNFO and BS# to allow sdlection of the bus mode and
other configuration data on the rising edge of RESET#. Refer to the SID13705 Hardware
Functional Specification, document number X27A-A-001-xx for details.

The tables below show those configuration settings important to the MC68K #1 and

Generic #1 host bus interfaces.

Table 4-2: Summary of Power-On/Reset Options

S1D1370
5
Pin Name

value on this pin at the rising edge of RESET# is used to configure: (1/0)

0

1

CNFO

CNF1

CNF2

See Table 2-3: “Host Bus Interface Selection”

CNF3

Little Endian

|Big Endian

|:| = configuration for MC68VZ328 support

Table 4-3: Host Bus Interface Selection

CNF2 CNF1 CNFO BS# Host Bus Interface

0 0 0 X SH-4 interface

0 0 1 X SH-3 interface

0 1 0 X

0 1 1 X MC68K #1, 16-bit

1 0 0 X

1 0 1 X MC68K #2, 16-bit

1 1 0 0

1 1 0 1

1 1 1 0 Generic #1, 16-bit

1 1 1 1 Generic #2, 16-bit
= configuration for MC68VZ328 using Generic #1 host bus interface
= configuration for MC68VZ328 using MC68K #1 host bus interface

S1D13705
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4.4.3 MC68VZ328 Chip Select and Pin Configuration

The S1D13705 requires a 128K byte address space for the display buffer and its internal
registers. To accommodate this block size, it is preferable (but not required) to use one of
the chip selects from groups A or B. Groups A and B can have asize range of 128K bytes
to 16M bytes and groups C and D have asize range of 32K bytesto 16M bytes. Therefore,
any chip select other than CSAO would be suitable for the S1D13705 interface.

In the example interface, chip select CSB1 is used to control the S1D13705. A 128K byte
address space is used with the S1D13705 control registers mapped into the top 32 bytes of
the 128K byte block and the 80K bytes of display buffer mapped to the starting address of
the block. The chip select should have its RO (Read Only) bit set to 0, its BSW (Bus Data
Width) set to 1 for a 16-bit bus, and the WS (Wait states) bit should be set to 111b to allow
the S1D13705 to terminate bus cycles externally with DTACK. Enable DTACK pin
function with Register FFFFF433, Port G Select Register, bit 0.

Additional registers must be configured if the M68K #1 host bus interfaceis used. LDS,
UDS and R/W must be enabled by setting register FFFFFF443h bits 1, 2, and 3 to zero to
enabl e the internal 68000 pin functions.

Interfacing to the Motorola ‘Dragonball’ Family of Microprocessors S1D13705
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5 Software

Test utilities and Windows® CE display drivers are available for the S1D13705. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called
13705CFG, or by directly modifying the source. The Windows CE display drivers can be
customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13705 test utilities and Windows CE display drivers are available from your sales
support contact or on the internet at http://www.eea.epson.com.

S1D13705 Interfacing to the Motorola ‘Dragonball’ Family of Microprocessors
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7 Technical Support

7.1 EPSON LCD Controllers (S1D13705)
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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://lwww.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://lwww.eea.epson.com

Europe

Epson Europe Electronics GmbH
Riesstrasse 15

80992 Munich, Germany

Tel: 089-14005-0

Fax: 089-14005-110

7.2 Motorola Dragonball Processors

« Motorola Design Line, (800) 521-6274.

* Loca Motorola sales office or authorized distributor.

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

This application note describes the hardware required to interface the S1D13705
Embedded Memory LCD Controller and the NEC VR4102/VR4111 Microprocessor
(uPD30102). The NEC VR4102/VR4111 Microprocessor is specifically designed to
support an external LCD controller and the pairing of these two devicesresultsin an
embedded system offering impressive display capability with very low power
consumption.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics Americawebsite at http://www.eea.epson.com for the
latest revision of this document before beginning any devel opment.

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

Interfacing to the NEC VR4102/VR4111 Microprocessor S1D13705
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2 Interfacing to the NEC VR4102/VR4111

2.1 The NEC VR4102/VR4111 System Bus

2.1.1 Overview

The VR-Series family of microprocessors features a high-speed synchronous system bus
typical of modern microprocessors. Designed with external LCD controller support and
Windows CE-based embedded consumer applicationsin mind, theVR4102/VR4111 offers
ahighly integrated solution for portable systems. This section is an overview of the
operation of the CPU bus to establish interface requirements.

The NEC VR4102/VR4111 isdesigned around the RISC architecture developed by MIPS.
This microprocessor is designed around the 66MHz VVR4100 CPU core which supports 64-
bit processing. The CPU communicates with the Bus Control Unit (BCU) with itsinternal
SysAD bus. The BCU in turn communicates with external deviceswithits ADD and DAT
buses that can be dynamically sized to 16 or 32-bit operation.

The NEC VR4102/VR4111 has direct support for an external LCD controller. Specific
control signalsare assigned for an external LCD controller that provide an easy interfaceto
the CPU. A 16M byte block of memory isassigned for the LCD controller with itsown chip
select and ready signals available. Word or byte accesses are controlled by the system high
byte signal, SHB#.

S1D13705
X27A-G-008-02
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2.1.2 LCD Memory Access Cycles

Once an addressin the LCD block of memory is placed on the external address bus,
ADDI25:0], the LCD chip select, LCDCS#, isdriven low. Theread or write enable signals,
RD# and WR#, are driven low for the appropriate cycle. LCDRDY isdriven low by the

S1D13705 to insert wait states into the cycle. The high byte enableisdriven low for 16-bit
transfers and high for 8-bit transfers.

Figure 2-1: “NEC VR4102/VR4111 Read/Write Cycles,” on page 9 shows the read and
write cyclesto the LCD Controller Interface.

TCLK M

ADD[25:0] VALID

SHB#

LCDCS#

WR#,RD#

D[15:0]
(write) VALID

D[15:0] Hi-Z

Hi-Z
(read) ) VALID

LCDRDY

Figure 2-1: NEC VR4102/VR4111 Read/Write Cycles

Interfacing to the NEC VR4102/VR4111 Microprocessor S1D13705
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3 S1D13705 Host Bus Interface

This section is a summary of the host bus interface modes available on the S1D13705 that
would be used to interface to the VR4102/VR4111.

The S1D13705 implementsa 16-hit interfaceto the host microprocessor which may operate
in one of several modes compatible with most of the popular embedded microprocessor
families. The interface mode used for the VR4102/VR4111 is:

» Generic #2 (External Chip Select, shared Read/Write Enable for high byte, individual
Read/Write Enable for low byte).

3.1 Host Bus Pin Connection

The following table shows the functions of each host businterface signal.

Table 3-1: Host Bus Interface Pin Mapping

;i‘D’\T:;%i Generic #2
AB[15:1] A[15:1]
ABO AO
DB[15:0] D[15:0]
WE1# BHE#
Cs# External Decode
BCLK BCLK
BS# connect to 10 Vpp

RD/WR# | connect to 10 Vpp

RD# RD#
WEO# WE#
WAIT# WAIT#
RESET# RESET#

For details on configuration, refer to the S1ID13705 Hardware Functional Specification,
document number X27A-A-001-xx.

S1D13705 Interfacing to the NEC VR4102/VR4111 Microprocessor
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3.2 Generic #2 Interface Mode

Generic #2 interface mode is agenera and non-processor-specific interface mode on the
S1D13705. The Generic # 2 interface mode was chosen for this interface due to the
simplicity of itstiming and compatibility with the VR4102/VR4111 control signals.

The interface requires the following signals:

BUSCLK isaclock input which synchronizes transfers between the host CPU and the
S1D13705. It is separate from the input clock (CLKI) and istypically driven by the host
CPU system clock.

The address inputs ABO through AB16, and the data bus DBO through DB 15, connect
directly to the CPU address and data bus, respectively. On 32-bit big endian architec-
tures such as the Power PC, the data bus would connect to the high-order data lines; on
little endian hosts, or 16-bit big endian hosts, they would connect to the low-order data
lines. The hardware engineer must ensure that CNF3 selects the proper endian mode
upon reset.

Chip Select (CS#) isdriven by decoding the high-order address lines to select the proper
register and memory address space.

WEZ# is the high byte enable for both read and write cycles.

WEO# is the write enable for the S1D 13705, to be driven low when the host CPU is
writing data to the S1D13705.

RD# is the read enable for the S1D13705, to be driven low when the host CPU is
reading data from the S1D13705.

WAIT#isasigna which isoutput from the S1D13705 to the host CPU that indicates
when datais ready (read cycle) or accepted (write cycle) on the host bus. Since host
CPU accesses to the S1D 13705 may occur asynchronously to the display update, it is
possible that contention may occur in accessing the 13705 internal registers and/or
refresh memory. The WAIT# line resolves these contentions by forcing the host to wait
until the resource arbitration is complete. This signal is active low and may need to be
inverted if the host CPU wait state signal is active high.

The Bus Status (BS#) and Read/Write (RD/WR#) signals are not used in the bus inter-
face for Generic #2 mode. However, BS# is used to configure the S1D13705 for
Generic #2 mode and should be tied high (connected to 1O Vpp). RD/WR# should also
betied high.

Interfacing to the NEC VR4102/VR4111 Microprocessor S1D13705
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4 VR4102/VR4111 to S1D13705 Interface

4.1 Hardware Description

The NEC VR4102/VR4111 Microprocessor is specifically designed to support an external

LCD controller by providing the internal address decoding and control signals necessary.

By using the Generic # 2 interface, no gluelogic isrequired to interface the S1D 13705 and
the NEC VR4102/VR4111. A pull-upresistor isattached to WAIT#to speed upitsrisetime
when terminating a cycle.

The following diagram shows atypical implementation of the VR4102/VR4111 to
S1D13705 interface.

NEC VR4102/VR4111 S1D13705
WR# WEO#
SHB# WE1#
RD# RD#
LCDCS# CS#
Pull-up
LCDRDY WAIT#

System RESET — RESET#
ADD[16:0] AB[16:0]
DATA[15:0] DB[15:0]
BUSCLK BUSCLK
Vce
T—— BS#
Vce
T——— RD/WR#

Note:
When connecting the S1D13705 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13705 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of VR4102/VR4111 to S1D13705 Interface

S1D13705
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4.2 S1D13705 Hardware Configuration

The S1D 13705 uses CNF3 through CNFO and BS# to allow selection of the bus mode and
other configuration data on the rising edge of RESET#. Refer to the SID13705 Hardware
Functional Specification, document number X27A-A-001-xx for details.

The tables below show those configuration settings important to the Generic #2 host bus

interface.

Table 4-1: Summary of Power-On/Reset Options

Signal

value on this pin at the rising edge of RESET# is used to configure: (0/1)

0

1

CNFO

CNF1

CNF2

See “Host Bus Selection” table below

See “Host Bus Selection” table below

CNF3

Little Endian

Big Endian

\:’ = configuration for NEC VR4102/VR4111 support

Table 4-2: Host Bus Selection

CNF2

CNF1

CNFO

BS#

Host Bus Interface

1

1

1

1

Generic #2, 16-bit

|:| = configuration for NEC VR4102/VR4111 support
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4.3 NEC VR4102/VR4111 Configuration

The NEC VR4102/VR4111 providesthe internal address decoding necessary to map to an
external LCD controller. Physical address 0A000000h to OAFFFFFFh (16M bytes) is
reserved for an external LCD controller.

The S1D13705 supports up to 80K bytes of display buffer memory and 32 bytesfor internal
registers. Therefore, the S1D13705 will be shadowed over the entire 16M byte memory
range at 128K byte segments. The starting address of the display buffer is 0A000000h and
register O of the S1D13705 (REG[00h]) resides at OAO1FFEOh.

The NEC VR4102/VR4111 hasa 16-bit internal register named BCUCNTREG2 |ocated at
address 0B000002h. It must be set to the value of 0001h to indicate that LCD controller
accesses use a hon-inverting data bus.

The 16-bit internal register named BCUCNTREGL, located at address 0BO0O0000h, must
have bit D[13] (ISA/LCD hit) set to O to reserve the 16M bytes space, 0A000000h to
OAFFFFFFh, for LCD use and not as | SA bus memory space.

S1D13705
X27A-G-008-02
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13705. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different pandl types using a program called
13705CFG, or by directly modifying the source. The Windows CE v2.0 display driverscan
be customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13705 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.eea.epson.com.

Interfacing to the NEC VR4102/VR4111 Microprocessor S1D13705
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6 References

6.1 Documents

* NEC VR4102/VR4111 64/32-bit Microprocessor Preliminary User's Manual.

* Epson Research and Development, Inc., S1D13705 Embedded Memory Color LCD
Controller Hardware Functional Specification; Document Number X27A-A-001-xx.

» Epson Research and Development, Inc., S5U13705B00C Rev. 1.0 ISA Bus Evaluation
Board User Manual; Document Number X 27A-G-005-xx.

» Epson Research and Development, Inc., SLD13705 Programming Notes and Examples,
Document Number X27A-G-002-xx.

6.2 Document Sources

* NEC website: http://www.nec.com.

» Epson Electronics America website: http://www.eea.epson.com
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7 Technical Support

7.1 Epson LCD Controllers (S1D13705)

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://lwww.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

7.2 NEC Electronics Inc.

NEC Electronics Inc. (U.S.A))

Santa Clara
California

Tel: (800) 366-9782
Fax: (800) 729-9288
http://www.nec.com

North America

Epson Electronics America, Inc.
150 River Oaks Parkway

San Jose, CA 95134, USA

Tel: (408) 922-0200

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

Europe

Epson Europe Electronics GmbH
Riesstrasse 15

80992 Munich, Germany

Tel: 089-14005-0

Fax: 089-14005-110

Taiwan, R.O.C.

Epson Taiwan Technology

& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan, R.O.C.
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

This application note describes the hardware and software environment required to
interface the S1D13705 Embedded Memory LCD Controller and the PC Card (PCMCIA)
bus.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics Americawebsite at http://www.eea.epson.com for the
latest revision of this document before beginning any devel opment.

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

Interfacing to the PC Card Bus S1D13705
Issue Date: 01/02/13 X27A-G-009-02
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2 Interfacing to the PC Card Bus

2.1 The PC Card System Bus

PC Card technology has gained wide acceptance in the mobile computing field as well as
in other markets due to its portability and ruggedness. This section is an overview of the
operation of the 16-bit PC Card interface conforming to the PCMCIA 2.0/JEIDA 4.1
Standard (or later).

2.1.1 PC Card Overview

The 16-bit PC Card provides a 26-bit address bus and additional control lineswhich allow
accesstothree 64M byte addressranges. Theseranges are used for common memory space,
IO space, and attribute memory space. Common memory may be accessed by ahost system
for memory read and write operations. Attribute memory is used for defining card specific
information such as configuration registers, card capabilities, and card use. 10 space
maintains software and hardware compatibility with hosts such as the Intel x86
architecture, which address peripherals independently from memory space.

Bit notation follows the convention used by most microprocessors, the high bit is the most
significant. Therefore, signals A25 and D15 are the most significant bitsfor the addressand
data bus respectively.

Support is provided for on-chip DMA controllers. To find further information on these
topics, refer to Section 6, “ References’ on page 15.

PC Card bus signals are asynchronous to the host CPU bus signals. Bus cycles are started
with the assertion of either the CE1# and/or the CE2# card enable signals. The cycle ends
once these signals are de-asserted. Bus cycles can be lengthened using the WAIT# signal.

Note
The PCMCIA 2.0/JEIDA 4.1 (and later) PC Card Standard support the two signals
WAIT# and RESET which are not supported in earlier versions of the standard. The
WAIT# signal allows for asynchronous data transfers for memory, attribute, and 10 ac-
cess cycles. The RESET signal allows resetting of the card configuration by the reset
line of the host CPU.

2.1.2 Memory Access Cycles

A datatransfer isinitiated when the memory addressis placed on the PC Card bus and one,
or both, of the card enable signals (CE1# and CE2#) are driven low. REG# must be kept
inactive. If only CE1# isdriven low, 8-bit data transfers are enabled and A0 specifies
whether the even or odd data byte appears on databuslines D[ 7:0]. If both CE1# and CE2#
aredriven low, a 16-bit word transfer takes place. If only CE2# is driven low, an odd byte
transfer occurs on data lines D[15:8].

S1D13705 Interfacing to the PC Card Bus
X27A-G-009-02 Issue Date: 01/02/13
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During aread cycle, OE# (output enable) is driven low. A write cycleis specified by
driving OE# high and driving the write enable signal (WE#) low. The cycle can be
lengthened by driving WAIT# low for the time needed to compl ete the cycle.

Figure 2-1: and Figure 2-2: illustrate typical memory access cycles on the PC Card bus.

A[25:0]

REG# ADDRESS VALID

CE1#
CE2#

OE#

WAIT#

D[15:0] Hi-Z .

DATA VALID /

Transfer Start Transfer Complete

Figure 2-1: PC Card Read Cycle

A[25:0]

REG# ADDRESS VALID

CE1#
CE2#

OE#

WE#

WAIT#

/

|
1

DATA VALID
!

D[15:0] Hi-Z Hiz

Transfer Start

Transfer Complete

Figure 2-2: PC Card Write Cycle

Interfacing to the PC Card Bus S1D13705
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3 S1D13705 Bus Interface

This section is a summary of the host bus interface modes available on the S1D13705 that
would be used to interface to the PC Card bus.

The S1D13705 implementsa 16-hit interfaceto the host microprocessor which may operate
in one of several modes compatible with most of the popular embedded microprocessor
families. The interface mode used for the PC Card busis:

» Generic #2 (External Chip Select, shared Read/Write Enable for high byte, individual
Read/Write Enable for low byte).

3.1 Host Bus Pin Connection

The following table shows the functions of the host bus interface signals.

Table 3-1: Host Bus Interface Pin Mapping

;i‘D’\T:;%i Generic #2
AB[15:1] A[15:1]
ABO AO
DB[15:0] D[15:0]
WE1# BHE#
Cs# External Decode
BCLK BCLK
BS# connect to 10 Vpp

RD/WR# | connect to 10 Vpp

RD# RD#
WEO# WE#
WAIT# WAIT#
RESET# RESET#

For details on configuration, refer to the S1ID13705 Hardware Functional Specification,
document number X27A-A-001-xx.

S1D13705 Interfacing to the PC Card Bus
X27A-G-009-02 Issue Date: 01/02/13
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3.2 Generic #2 Interface Mode

Generic #2 interface mode is agenera and non-processor-specific interface mode on the
S1D13705. The Generic # 2 interface mode was chosen for this interface due to the
simplicity of itstiming and compatibility with the PC Card bus control signals.

The interface requires the following signals:

BUSCLK isaclock input which synchronizes transfers between the host CPU and the
S1D13705. It is separate from the input clock (CLKI) and istypically driven by the host
CPU system clock.

The address inputs ABO through AB16, and the data bus DBO through DB 15, connect
directly to the CPU address and data bus, respectively. On 32-bit big endian architec-
tures such as the Power PC, the data bus would connect to the high-order data lines; on
little endian hosts, or 16-bit big endian hosts, they would connect to the low-order data
lines. The hardware engineer must ensure that CNF3 selects the proper endian mode
upon reset.

Chip Select (CS#) isdriven by decoding the high-order address lines to select the proper
register and memory address space.

WEZ# is the high byte enable for both read and write cycles.

WEO# is the write enable for the S1D 13705, to be driven low when the host CPU is
writing data to the S1D13705.

RD# is the read enable for the S1D13705, to be driven low when the host CPU is
reading data from the S1D13705.

WAIT#isasigna which isoutput from the S1D13705 to the host CPU that indicates
when datais ready (read cycle) or accepted (write cycle) on the host bus. Since host
CPU accesses to the S1D 13705 may occur asynchronously to the display update, it is
possible that contention may occur in accessing the 13705 internal registers and/or
refresh memory. The WAIT# line resolves these contentions by forcing the host to wait
until the resource arbitration is complete. This signal is active low and may need to be
inverted if the host CPU wait state signal is active high.

The Bus Status (BS#) and Read/Write (RD/WR#) signals are not used in the bus inter-
face for Generic #2 mode. However, BS# is used to configure the S1D13705 for
Generic #2 mode and should be tied high (connected to 1O Vpp). RD/WR# should also
betied high.

Interfacing to the PC Card Bus
Issue Date: 01/02/13
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4 PC Card to S1D13705 Interface

4.1 Hardware Connections

The S1D13705 is interfaced to the PC Card bus with a minimal amount of glue logic. In
thisimplementation, the addressinputs (AB[16:0]) and databus (DB[15:0] connect directly
to the CPU address (A[16:0]) and data bus (D[15:0]).

The PC Card interface does not provide a bus clock, so one must be supplied for the
S1D13705. Sincethe bus clock frequency isnot critical, nor doesit have to be synchronous
to the bus signals, it may be the same as CLKI.

BS# (bus start) is not used by Generic #2 mode but is used to configure the S1D13705 for
either Generic #1 or Generic #2 bus and should be tied high (connected to 10 V pp).

RD/WR#isalso not used by Generic #2 bus and should betied high (connectedto 10 Vpp).

The following diagram shows atypical implementation of the PC Card to S1D13705

interface.
PC Card socket S1D13705
OE# » RD#
WE# > WEO#
CE1#
CE2# WE1#

RESET {>O » RESET#

'OVoo -~ | rpwRs
IOVpp | BS#

L) cs#

A[16:0] »[ AB[16:0]
D[15:0] » DB[15:0]
15K pull-up
WAIT# o WAIT#
» BUSCLK
Oscillator CLKI

Note:

When connecting the S1D13705 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13705 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of PC Card to S1ID13705 Interface

S1D13705 Interfacing to the PC Card Bus
X27A-G-009-02 Issue Date: 01/02/13
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4.2 S1D13705 Hardware Configuration

The S1D 13705 uses CNF3 through CNFO and BS# to allow selection of the bus mode and
other configuration data on the rising edge of RESET#. Refer to the SID13705 Hardware
Functional Specification, document number X27A-A-001-xx for details.

Thetables below show only those configuration settingsimportant to the PC Card host bus
interface.

Table 4-1: Summary of Power-On/Reset Options

Signal

Low High

CNFO

CNF1

See “Host Bus Selection” table below |See “Host Bus Selection” table below

CNF2

CNF3

Little Endian Big Endian

= configuration for PC Card host bus interface

Table 4-2: Host Bus Interface Salection

CNF2

CNF1 CNFO BS# Host Bus Interface

1

1 1 1 Generic #2, 16-bit

= configuration for PC Card host bus interface

4.3 Register/Memory Mapping

The S1D13705 is a memory mapped device. The S1D13705 memory may be addressed
starting at 0000h, or on consecutive 128K byte blocks, and itsinternal registers are located
in the upper 32 bytes of the 128K byte block (i.e. REG[0] = 1FFEQh).

While the PC Card socket provides 64M bytes of memory address space, the S1D13705
only needs a 128K byte block of memory to accommodate its 80K byte display buffer and
its 32 byte register set. For this reason only address bits A[16:0] are used while A[25:17]
areignored. Becausetheentire 64M bytes of memory isavailable, the SID13705' smemory
and registerswill be aliased every 128K bytes for atotal of 512 times.

Note
If aliasing is not desirable, the upper addresses must be fully decoded.

Interfacing to the PC Card Bus S1D13705
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13705. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called
13705CFG, or by directly modifying the source. The Windows CE v2.0 display driverscan

be customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13705 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.eea.epson.com.

S1D13705
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1 Introduction

This application note describes the hardware and software environment required to
interface the S1D13705 Embedded Memory LCD Controller and the Motorola MPC821
Processor.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics Americawebsite at http://www.eea.epson.com for the
latest revision of this document before beginning any devel opment.

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

Interfacing to the Motorola MPC821 Microprocessor S1D13705
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2 Interfacing to the MPC821

2.1 The MPC8xx System Bus

The MPC8xx family of processorsfeature a high-speed synchronous system bustypical of
modern RISC microprocessors. This section provides an overview of the operation of the
CPU bus in order to establish interface requirements.

2.2 MPC821 Bus Overview

The MPC8xx microprocessor family uses a synchronous address and data bus. All 10O is
synchronous to a square-wave reference clock called MCLK (Master Clock). This clock
runs at the machine cycle speed of the CPU core (typicaly 25 to 50 MHz). Most outputs
from the processor change state on the rising edge of this clock. Similarly, most inputsto
the processor are sampled on the rising edge.

Note
The external bus can run at one-half the CPU core speed using the clock control register.
Thisistypicaly used when the CPU core is operated above 50 MHz.

The MPC821 can generate up to eight independent chip select outputs, each of which may
be controlled by one of two types of timing generators: the General Purpose Chip Select
Module (GPCM) or the User-Programmable Machine (UPM). Examples are given using
the GPCM.

It should be noted that all Power PC microprocessors, including the MPC8xx family, use
bit notation opposite from the convention used by most other microprocessor systems. Bit
numbering for the MPC8xx always starts with zero as the most significant bit, and incre-
ments in value to the least-significant bit. For example, the most significant bits of the
address bus and data bus are AO and DO, while the least significant bits are A31 and D31.

The MPC8xx uses both a 32-hit address and data bus. A parity bit is supported for each of
thefour byte lanes on the data bus. Parity checking is done when datais read from external
memory or peripherals, and generated by the MPC8xx bus controller on write cycles. All

IO accesses are memory-mapped meaning there is no separate 10 space in the Power PC

architecture.

Support is provided for both on-chip (DMA controllers) and off-chip (other processorsand
peripheral controllers) bus masters. For further information on thistopic, refer to Section
6, “References’ on page 23.

The bus can support both normal and burst cycles. Burst memory cycles are used to fill
on-chip cache memory, and for certain on-chip DMA operations. Normal cycles are used
for al other data transfers.

S1D13705 Interfacing to the Motorola MPC821 Microprocessor
X27A-G-010-02 Issue Date: 01/02/13
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2.2.1 Normal (Non-Burst) Bus Transactions

A datatransfer isinitiated by the bus master by placing the memory address on address
lines AO through A31 and driving TS (Transfer Start) low for one clock cycle. Several
control signals are also provided with the memory address:

e TSIZ[0:1] (Transfer Size) -- indicates whether the bus cycleis 8, 16, or 32-hit.

» RD/WR -- set high for read cycles and low for write cycles.

o AT[0:3] (Address Type Signals) -- provides more detail on the type of transfer being
attempted.

When the peripheral device being accessed has completed the bus transfer, it asserts TA
(Transfer Acknowledge) for one clock cycle to complete the bus transaction. Once TA has
been asserted, the MPC821 will not start another bus cycle until TA has been de-asserted.
The minimum length of a bustransaction is two bus clocks.

Figure 2-1: “Power PC Memory Read Cycle” illustrates atypical memory read cycle on
the Power PC system bus.

TSIZ[0:1], AT[0:3] ! !

SYSCLK

TS

TA ‘
AJ0:31] j | X

RDWR )X/

o311 KXOOLROCKXXCKKXOCTXNN XN sarmpied when T8 ow

Transfer Start | Wait States . Transfer . Next Transfer
Complete Starts

Figure 2-1: Power PC Memory Read Cycle
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Figure 2-2: “Power PC Memory Write Cycle” illustrates atypical memory write cycle on
the Power PC system bus.

TS1Z[0:1], AT[0:3] | : X

SYSCLK

TS

TA
A[0:31] j : X

ROWR J)0\ ' /RO

D[0:31] ‘X Valid
Transfer Start | Wait States . Transfer . Next Transfer
Complete Starts

Figure 2-2: Power PC Memory Write Cycle

If an error occurs, TEA (Transfer Error Acknowledge) is asserted and the bus cycle is
aborted. For example, a peripheral device may assert TEA if a parity error is detected, or
the MPC821 bus controller may assert TEA if no peripheral device responds at the
addressed memory location within a bus time-out period.

For 32-bit transfers, all datalines (D[0:31]) are used and the two low-order address lines
A30 and A31 areignored. For 16-bit transfers, datalines DO through D15 are used and
addressline A30 isignored. For 8-bit transfers, data lines DO through D7 are used and all
address lines (A[0:31]) are used.

Note
This assumes that the Power PC coreis operating in big endian mode (typically the case
for embedded systems).

2.2.2 Burst Cycles

Burst memory cyclesare used tofill on-chip cache memory and to carry out certain on-chip
DMA operations. They arevery similar to normal bus cycleswith thefollowing exceptions:

o Always 32-hit.
« Always attempt to transfer four 32-bit words sequentially.
 Always address longword-aligned memory (i.e. A30 and A31 are aways 0:0).

* Do not increment address bits A28 and A 29 between successive transfers; the addressed
device must increment these address bits internally.

S1D13705
X27A-G-010-02
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If a peripheral is not capable of supporting burst cycles, it can assert Burst Inhibit (BI)
simultaneously with TA, and the processor will revert to normal bus cycles for the
remaining data transfers.

Burst cyclesare mainly intended to facilitate cachelinefills from program or datamemory.
They are normally not used for transfers to/from 1O peripheral devices such asthe
S1D13705, therefore the interfaces described in this document do not attempt to support
burst cycles. However, the example interfaces include circuitry to detect the assertion of
BDIPand respond with Bl if caching is accidently enabled for the S1D13705 address space.

2.3 Memory Controller Module

2.3.1 General-Purpose Chip Select Module (GPCM)

The General-Purpose Chip Select Module (GPCM) is used to control memory and
peripheral deviceswhich do not require special timing or address multiplexing. In addition
to the chip select output, it can generate active-low Output Enable (OE) and Write Enable
(WE) signals compatible with most memory and x86-style peripherals. The MPC821 bus
controller also provides a Read/Write (RD/WR) signal which is compatible with most 68K
peripherals.

The GPCM iscontrolled by the values programmed into the Base Register (BR) and Option
Register (OR) of the respective chip select. The Option Register sets the base address, the
block size of the chip select, and controls the following timing parameters:

» The ACShit field allows the chip select assertion to be delayed with respect to the
address bus valid, by 0, ¥4, or % clock cycle.

» The CSNT bit causes chip select and WE to be negated ¥ clock cycle earlier than
normal.

» The TRLX (relaxed timing) bit will insert an additional one clock delay between asser-
tion of the address bus and chip select. This accommodates memory and peripherals
with long setup times.

» The EHTR (Extended hold time) bit will insert an additional 1-clock delay on the first
access to achip select.

» Up to 15 wait states may be inserted, or the peripheral can terminate the bus cycle itself
by asserting TA (Transfer Acknowledge).

« Any chip select may be programmed to assert Bl (Burst Inhibit) automatically when its
memory space is addressed by the processor core.

Interfacing to the Motorola MPC821 Microprocessor S1D13705
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2.3.2 User-Programmable Machine (UPM)

The UPM istypically used to control memory types, such as Dynamic RAMSs, which have
complex control or address multiplexing requirements. The UPM is ageneral purpose
RAM-based pattern generator which can control address multiplexing, wait state gener-
ation, and five general-purpose output lines on the MPC821. Up to 64 pattern locations are
available, each 32 hits wide. Separate patterns may be programmed for normal accesses,
burst accesses, refresh (timer) events, and exception conditions. This flexibility allows
almost any type of memory or peripheral device to be accommodated by the MPC821.

In this application note, the GPCM isused instead of the UPM, sincethe GPCM has enough
flexibility to accommodate the S1D13705 and it is desirable to leave the UPM free to
handle other interfacing duties, such as EDO DRAM.

S1D13705
X27A-G-010-02
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3 S1D13705 Host Bus Interface

Thissectionisasummary of the host businterface mode used on the S1D13705 to interface
to the MPC821.

The S1D13705 implements a 16-bit interface to the host microprocessor which may operate

in one of several modes compatible with most of the popular embedded microprocessor
families. The interface mode used for the MPC821 is:

» Generic #1 (Chip Select, plusindividual Read Enable/Write Enable for each byte).

3.1 Host Bus Interface Modes

Table 3-1: Host Bus Interface Pin Mapping

Iii\DljaS;Oei Generic #1
AB[15:1] A[15:1]
ABO AO
DB[15:0] D[15:0]
WE1# WE1#
Cs# External Decode
BCLK BCLK
BS# connect to Vgg
RD/WR# RD1#
RD# RDO#
WEO# WEO#
WAIT# WAIT#
RESET# RESET#

For details on configuration, refer to the SID13705 Hardware Functional Specification,
document number X27A-A-001-xx.

Interfacing to the Motorola MPC821 Microprocessor S1D13705
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3.2 Generic #1 Host Bus Interface Mode

Generic#1 host businterface modeisthe most general and | east processor-specific host bus
interface mode on the S1D13705. The Generic # 1 host bus interface mode was chosen for
thisinterface due to the simplicity of its timing.

The host bus interface requires the following signals:

» BUSCLK isaclock input which is required by the S1D13705 host interface. It is sepa-
rate from the input clock (CLKI) and is typically driven by the host CPU system clock.

* The address inputs ABO through AB16, and the data bus DBO through DB15, connect
directly to the CPU address and data bus, respectively. On 32-bit big endian architec-
tures such as the Power PC, the data bus would connect to the high-order data lines; on
little endian hosts, or 16-bit big endian hosts, they would connect to the low-order data
lines. The hardware engineer must ensure that CNF3 selects the proper endian mode
upon reset.

» Chip Select (CS#) isdriven by decoding the high-order address linesto select the proper
1O or memory address space.

» WEO# and WE1# are write enables for the low-order and high-order bytes, respectively,
to be driven low when the host CPU is writing data to the S1D13705.

* RD# and RD/WR# areread enablesfor thelow-order and high-order bytes, respectively,
to be driven low when the host CPU is reading data from the S1D13705.

 WAIT#isasignal output from the S1D13705 that indicates the host CPU must wait
until dataisready (read cycle) or accepted (write cycle) on the host bus. Since host CPU
accesses to the S1D13705 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the S1D13705 internal registers and/or refresh
memory. The WAIT# line resol ves these contentions by forcing the host to wait until the
resource arbitration is complete. Thissignal is active low and may need to be inverted if
the host CPU wait state signal is active high.

e The Bus Status (BS#) signal is not used in the bus interface for Generic #1 mode.
However, BS# is used to configure the S1D13705 for Generic #1 mode and should be
tied low (connected to GND).

S1D13705
X27A-G-010-02
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4 MPC821 to S1D13705 Interface

4.1 Hardware Description

The interface between the S1D13705 and the MPC821 requires minimal glue logic. One
inverter is required to change the polarity of the WAIT# signal (an active low signal) to
insert wait states in the bus cycle. The MPC821 Transfer Acknowledge signal (TA) isan
active low signa which ends the current bus cycle. The inverter is enabled using CS# so
that TA isnot driven by the S1D13705 during non-S1D13705 bus cycles. A single resistor
is used to speed up therise time of the WAIT# (TA) signal when terminating the bus cycle.

BS# (bus start) is not used in thisimplementation and should be tied low (connected to

GND).
The following diagram shows a typical implementation of the MPC821 to S1D13705
interface.
MPC821 S1D13705
A[15:31] » AB[16:0]
D[0:15] | » DB[15:0]
Cs4 » CS#
Vcce
‘ J_— BS#
- % 470 -
TA \/
< WAIT#
WEO » WE1#
WE1 » WEO#
OE » RD/WR#
\—v RD#
SYSCLK » BUSCLK
System RESET ——» RESET#
Note:
When connecting the S1D13705 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13705 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of MPC821 to SLD13705 Interface

Interfacing to the Motorola MPC821 Microprocessor S1D13705
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4.2 MPC821ADS Evaluation Board Hardware Connections

The following table details the connections between the pins and signals of the MPC821

and the S1D13705.

Table 4-1: List of Connections from MPC821ADSto S1D13705

MPC821 Signal Name MPCB821ADS Connector and Pin Name S1D13705 Signal Name
Vce P6-Al, P6-B1 Vce
Al5 P6-D20 Al6
Al16 P6-B24 A15
Al7 P6-C24 Al4
A18 P6-D23 A13
Al9 P6-D22 Al2
A20 P6-D19 A1l
A21 P6-A19 Al0
A22 P6-D28 A9
A23 P6-A28 A8
A24 P6-C27 A7
A25 P6-A26 A6
A26 P6-C26 A5
A27 P6-A25 Ad
A28 P6-D26 A3
A29 P6-B25 A2
A30 P6-B19 Al
A3l P6-D17 A0

DO P12-A9 D15
D1 P12-C9 D14
D2 P12-D9 D13
D3 P12-A8 D12
D4 P12-B8 D11
D5 P12-D8 D10
D6 P12-B7 D9
D7 P12-C7 D8
D8 P12-A15 D7
D9 P12-C15 D6
D10 P12-D15 D5
D11 P12-A14 D4
D12 P12-B14 D3
D13 P12-D14 D2
D14 P12-B13 D1
D15 P12-C13 DO
SRESET P9-D15 RESET#
SYSCLK P9-C2 BUSCLK

S1D13705
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Table 4-1: List of Connections from MPC821ADSto S1D13705 (Continued)

MPC821 Signal Name MPC821ADS Connector and Pin Name S1D13705 Signal Name
Cs4 P6-D13 CS#
TA P6-B6 to inverter enabled by CS# WAIT#
WEOQ P6-B15 WE1#
WE1 P6-Al14 WEO#
OE P6-B16 RD/WR#, RD#
P12-A1, P12-B1, P12-A2, P12-B2,
GND P12-A3, P12-B3, P12-A4, P12-B4, Vss
P12-A5, P12-B5, P12-A6, P12-B6,
P12-A7

Note

The bit numbering of the Power PC bus signalsis reversed from the normal convention,

e.g.: the most significant address bit is AQ, the nextisA1, A2, etc.

Interfacing to the Motorola MPC821 Microprocessor
Issue Date: 01/02/13

S1D13705
X27A-G-010-02



Page 18

Epson Research and Development
Vancouver Design Center

4.3 S1D13705 Hardware Configuration

The S1D13705 uses CNF3 through CNFO and BS# to allow selection of the bus mode and
other configuration data on the rising edge of RESET#. Refer to the SID13705 Hardware
Functional Specification, document number X27A-A-001-xx for details.

The tables below show only those configuration settings important to the MPC821
interface. The settings are very similar to the ISA bus with the following exceptions:

» the WAIT# signal is active high rather than active low.

 the Power PC is big endian rather than little endian.

Table 4-2: Configuration Settings

Signal Low High
CNFO
CNF1 See “Host Bus Selection” table below |See “Host Bus Selection” table below
CNF2
CNF3 Little Endian Big Endian

= configuration for MPC821 host bus interface

Table 4-3: Host Bus Selection

CNF2

CNF1

CNFO

BS#

Host Bus Interface

1

1

1

0

Generic #1, 16-bit

|:| = configuration for MPC821 host bus interface

S1D13705
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4.4 MPC821 Chip Select Configuration

The DRAM on the MPC821 ADS board extends from address 0 through 3F FFFFh, so the
S1D13705 is addressed starting at 40 0000h. The S1D13705 uses a 128K byte segment of
memory starting at this address, with the first 80K bytes used for the display buffer and the
upper 32 bytes of this memory block used for the S1D13705 internal registers.

Chip select 4 isused to control the S1D13705. The following options are selected in the
base address register (BR4):

BA (0:16) = 0000 0000 0100 0000 0 — set starting address of S1D13705 to 40 0000h
AT (0:2) = 0 —ignore address type bits

PS (0:1) = 1:0 — memory port size is 16 bits

PARE = 0 —disable parity checking

WP = 0 — disable write protect

MS (0:1) = 0:0 — select General Purpose Chip Select module to control this chip select
V =1 —set valid bit to enable chip select

The following options were selected in the option register (OR4):

AM (0:16) = 1111 1111 1100 0000 0 — mask all but upper 10 address bits; S1D13705
consumes 4M byte of address space

ATM (0:2) = 0—ignore address type bits

CSNT = 0 — norma CS/WE negation

ACS (0:1) = 1:1 —delay CS assertion by ¥ clock cycle from address lines
Bl = 1 —assert Burst Inhibit

SCY (0:3) = 0 —wait state selection; thisfield isignored since external transfer
acknowledgeis used; see SETA below

SETA =1 —the S1D13705 generates an external transfer acknowledge using the
WAIT#line

TRLX =0 - normal timing
EHTR =0 - normal timing

Interfacing to the Motorola MPC821 Microprocessor S1D13705
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45 Test Software

Thetest software to exercise thisinterfaceisvery simple. It configures chip select 4 on the
MPC821 to map the S1D13705 to an unused 128k byte block of address space and loads

the appropriate values into the option register for CS4. At that point the software runsin a
tight loop reading the 13705 Revision Code Register REG[00h], which allows monitoring

of the bus timing on alogic analyzer.

The source code for thistest routine is as follows:

BR4 equ $120 ; CS4 base register
OR4 equ $124 ; CS4 option register
Mentt ar t equ $40 ; upper word of S1D13705 start address
RevCodeReg equ 1FFEO ; address of Revision Code Register
Start nf spr ri, I MVR ; get base address of internal registers
andi s. ri,r1, $ffff ; clear lower 16 bits to O
andi s. r2,r0,0 ; clear r2
oris r2,r2, Menstart ; Wwite base address
ori r2,r2,%0801 ; port size 16 bits; select GPCM enable
stw r2, BR4a(r1) ; wite value to base register
andi s. r2,r0,0 ; clear r2
oris r2,r2,$ffco ; address mask — use upper 10 bits
ori r2,r2,%0708 ; normal CS negation; delay CS % cl ock;
; inhibit burst
stw r2, OR4(rl) ; Wite to option register
andi s. ri, r0,0 ; clear rl
oris ri,rl, Menttart ; point rl to start of S1D13705 nem space
Loop | bz r0, RevCodeReg(rl) ; read revision code intorl
b Loop ; branch forever
end
S1D13705 Interfacing to the Motorola MPC821 Microprocessor
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This code was entered into the memory of the MPC821ADS using the line-by-line
assembler in MPC8BUG, the debugger provided with the ADS board. It was executed on
the ADS and alogic analyzer was used to verify operation of the interface hardware.

Note
MPC8BUG does not support comments or symbolic equates; these have been added for
clarity.

It isimportant to note that when the MPC821 comes out of reset, its on-chip caches and
MMU are disabled. If the data cache is enabled, then the MM U must be set up so that the
S1D13705 memory block is tagged as non-cacheable, to ensure that accesses to the
S1D13705 will occur in proper order, and a so to ensure that the MPC821 does not attempt
to cache any dataread from or written to the S1D13705 or its display buffer.

Interfacing to the Motorola MPC821 Microprocessor S1D13705
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13705. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called
13705CFG, or by directly modifying the source. The Windows CE v2.0 display driverscan

be customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13705 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.eea.epson.com.

S1D13705 Interfacing to the Motorola MPC821 Microprocessor
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7 Technical Support

7.1 EPSON LCD/CRT Controllers (S1D13705)

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://lwww.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://lwww.eea.epson.com

Europe

Epson Europe Electronics GmbH
Riesstrasse 15

80992 Munich, Germany

Tel: 089-14005-0

Fax: 089-14005-110

7.2 Motorola MPC821 Processor
« Motorola Design Line, (800) 521-6274.

* Loca Motorola sales office or authorized distributor.

Taiwan, R.O.C.

Epson Taiwan Technology

& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan, R.O.C.
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

This application note describes the hardware required to interface the S1D13705
Embedded Memory LCD Controller and the M otorolaM CF5307 Processor. The pairing of
these two devices results in an embedded system offering impressive display capability
with very low power consumption.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics Americawebsite at http://www.eea.epson.com for the
latest revision of this document before beginning any devel opment.

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

Interfacing to the Motorola MCF5307 "ColdFire" Microprocessor S1D13705
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2 Interfacing to the MCF5307

2.1 The MCF5307 System Bus

The MCF5200/5300 family of processors feature a high-speed synchronous system bus
typical of modern microprocessors. This section isan overview of the operation of the CPU
bus to establish interface requirements.

2.1.1 Overview

The MCF5307 microprocessor family uses a synchronous address and data bus, very
similar in architecture to the MC68040 and M PC8xx. All outputs and inputs are timed with
respect to a square-wave reference clock called BCLKO (Master Clock). Thisclock runs at
asoftware-selectable divisor rate from the machine cycle speed of the CPU core, typically
20 to 33 MHz. Both the address and the data bus are 32 bitsin width. All 10 accesses are
memory-mapped; there is no separate O space in the Coldfire architecture.

The bus can support two types of cycles, normal and burst. Burst memory cycles are used
tofill on-chip cache memories, and for certain on-chip DMA operations. Normal cyclesare
used for all other data transfers.

2.1.2 Normal (Non-Burst) Bus Transactions

A datatransfer isinitiated by the bus master by placing the memory address on address
lines A31 through A0 and driving TS (Transfer Start) low for one clock cycle. Several
control signals are also provided with the memory address:

SIZ[1:0] (Transfer Size), which indicate whether the bus cycle is 8, 16, or 32 bitsin
width.

» R/W, which is high for read cycles and low for write cycles.

A set of transfer type signals (TT[1:0]) which provide more detail on the type of transfer
being attempted.

 TIP (Transfer In Progress), which is asserted whenever abus cycle s active.

When the peripheral device being accessed has completed the bus transfer, it asserts TA
(Transfer Acknowledge) for one clock cycle, completing the bus transaction. Once TA has
been asserted, the M CF5307 will not start another bus cycle until TA has been de-asserted.
The minimum length of a bus transaction is two bus clocks.

Figure 2-1illustrates atypical memory read cycle on the M CF5307 system bus, and Figure
2-2 illustrates amemory write cycle.

S1D13705 Interfacing to the Motorola MCF5307 "ColdFire" Microprocessor
X27A-G-011-02 Issue Date: 01/02/13
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Figure 2-1: MCF5307 Memory Read Cycle
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2.1.3

Figure 2-2: MCF5307 Memory Write Cycle

Burst Cycles

Burst cycles are very similar to normal cycles, except that they occur as a series of four
back-to-back, 32-bit memory reads or writes, with the TIP (Transfer In Progress) output
asserted continuously through the burst. Burst memory cycles are mainly intended to facil-
itate cache line fill from program or data memory; they are typically not used for transfers
toor from 10 peripheral devices such asthe S1D13705. The M CF5307 chip selects provide
amechanism to disable burst accesses for peripheral deviceswhich are not able to support

them.

Interfacing to the Motorola MCF5307 "ColdFire" Microprocessor
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2.2 Chip-Select Module

In addition to generating eight independent chip-select outputs, the MCF5307 Chip Select
Module can generate active-low Output Enable (OE) and Write Enable (BWE) signals
compatiblewith most memory and x86-style peripherals. The MCF5307 bus controller also
provides a Read/Write (R/W) signal which is compatible with most 68K peripherals.

Chip selects 0 and 1 can be programmed independently to respond to any base address and
block size. Chip select 0 can be active immediately after reset, and istypically used to
control aboot ROM. Chip select 1 is likewise typically used to control alarge static or
dynamic RAM block.

Chip selects 2 through 7 have fixed block sizes of 2M bytes each. Each has a unique, fixed
offset from a common, programmable starting address. These chip selects are well-suited
to typical 10 addressing requirements.

Each chip select may beindividually programmed for port size (8/16/32 bits), 0 to 15 wait
states or external acknowledge, address space type, burst or non-burst cycle support, and
write protect.

S1D13705
X27A-G-011-02
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3 S1D13705 Bus Interface

Thissectionisasummary of the host businterface mode used on the S1D13705 to interface
to the MCF5307.

The S1D13705 implements a 16-bit interface to the host microprocessor which may operate

in one of several modes compatible with most of the popular embedded microprocessor
families. The interface mode used for the MCF5307 is:

» Generic #1 (Chip Select, plusindividual Read Enable/Write Enable for each byte).

3.1 Host Bus Pin Connection

Table 3-1: Host Bus Interface Pin Mapping

Iii\DljaS;Oei Generic #1
AB[15:1] A[15:1]
ABO AO
DB[15:0] D[15:0]
WE1# WE1#
Cs# External Decode
BCLK BCLK
BS# connect to Vgg
RD/WR# RD1#
RD# RDO#
WEO# WEO#
WAIT# WAIT#
RESET# RESET#

For details on configuration, refer to the SID13705 Hardware Functional Specification,
document number X27A-A-001-xx.

Interfacing to the Motorola MCF5307 "ColdFire" Microprocessor
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3.2 Generic #1 Interface Mode

Generic #1 interface mode is the most general and least processor-specific interface mode
on the S1D13705. The Generic # 1 interface mode was chosen for thisinterface dueto the
simplicity of itstiming.

Theinterface requires the following signals:

BUSCLK isaclock input which is required by the S1ID13705 host interface. It is sepa-
rate from the input clock (CLKI) and is typically driven by the host CPU system clock.

The address inputs ABO through AB16, and the data bus DBO through DB15, connect
directly to the CPU address and data bus, respectively. On 32-bit big endian architec-
tures such as the Power PC, the data bus would connect to the high-order data lines; on
little endian hosts, or 16-bit big endian hosts, they would connect to the low-order data
lines. The hardware engineer must ensure that CNF3 selects the proper endian mode
upon reset.

Chip Select (CS#) isdriven by decoding the high-order address linesto select the proper
register and memory address space.

WEO# and WE1# are write enables for the low-order and high-order bytes, respectively,
to be driven low when the host CPU is writing data to the S1D13705.

RD# and RD/WR# are read enables for the low-order and high-order bytes, respectively,
to be driven low when the host CPU is reading data from the S1D13705.

WAIT#isasignal output from the S1D13705 that indicates the host CPU must wait
until dataisready (read cycle) or accepted (write cycle) on the host bus. Since host CPU
accesses to the S1D13705 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the S1D13705 internal registers and/or refresh
memory. The WAIT# line resol ves these contentions by forcing the host to wait until the
resource arbitration is complete. Thissignal is active low and may need to be inverted if
the host CPU wait state signal is active high.

The Bus Status (BS#) signal is not used in the bus interface for Generic #1 mode.
However, BS# is used to configure the S1D13705 for Generic #1 mode and should be
tied low (connected to GND).

S1D13705
X27A-G-011-02
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4 MCF5307 To S1D13705 Interface

4.1 Hardware Description

The S1D13705 isinterfaced to the MCF5307 with aminimal amount of glue logic. One
inverter is required to change the polarity of the WAIT# signal, which is an active low
signal to insert wait statesin the bus cycle, while the MCF5307’ s Transfer Acknowledge
signal (TA) isan active low signal to end the current bus cycle. The inverter is enabled by
CS# so that TA is not driven by the S1D 13705 during non-S1D 13705 bus cycles. A single
resistor is used to speed up the rise time of the WAIT# (TA) signal when terminating the
buscycle.

The following diagram shows a typical implementation of the MCF5307 to S1D13705

interface.
MCF5307 S1D13705
A[16:0] .| AB[16:0]
D[31:16] ,| DB[15:0]
CS4 » CS#
V‘cc _1__ BS#
% 470
TA \ WAIT#
BWE1 | wE1s
BWEO | WEO#
OE ,| RD/WR#
\—, RD#
BCLKO ,| BUSCLK
System RESET ——»| RESET#
Note:
When connecting the S1D13705 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13705 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of MCF5307 to S1D13705 Interface

Interfacing to the Motorola MCF5307 "ColdFire" Microprocessor S1D13705
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4.2 S1D13705 Hardware Configuration

The S1D13705 uses CNF3 through CNFO and BS# to allow selection of the bus mode and
other configuration data on the rising edge of RESET#. Table 4-1: “ Summary of Power-
On/Reset Options” and Table 4-2: “Host Bus Interface Selection” shows the settings used

for the S1D13705 in thisinterface.

Table 4-1: Summary of Power-On/Reset Options

S1D1370

value on this pin at the rising edge of RESET# is used to configure: (0/1)

5 Pin
Name

0

1

CNFO
CNF1
CNF2

See “Host Bus Selection” table below

See “Host Bus Selection” table below

CNF3

Little Endian

Big Endian

\:’ = configuration for MFC5307 support

Table 4-2: Host Bus Interface Salection

CNF2

CNF1

CNFO

BS#

Host Bus Interface

1

1

1

0

Generic #1, 16-bit

|:| = configuration for MFC5307 support

S1D13705
X27A-G-011-02
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4.3 MCF5307 Chip Select Configuration

Chip Selects 0 and 1 have programmable block sizes from 64K bytes through 2G bytes.
However, these chip selects would normally be needed to control system RAM and ROM.
Therefore, one of the 10 chip selects CS2 through CS7 is required to address the entire
address space of the S1D13705. These IO chip selects have afixed, 2M byte block size. In
the example interface, chip select 4 is used to control the S1D13705. The S1D13705 only
uses a 128K byte block with its 80K byte display buffer residing at the start of this 128K
byte block and itsinternal registers occupying the last 32 bytes of this block. Thisblock of
memory will be shadowed over the entire 2M byte space. The CSBAR register should be
set to the upper 8 bits of the desired base address.

The following options should be selected in the chip select mask registers (CSMR4/5):
» WP = 0 —disable write protect
* AM =0 - enable aternate bus master access to the S1D13705

C/l =1 - disable CPU space access to the S1D13705

SC =1 - disable Supervisor Code space access to the S1D13705
SD =0 - enable Supervisor Data space access to the S1D13705
UC =1 - disable User Code space access to the S1D13705

UD =0 - enable User Data space access to the S1D13705
V =1 - global enable (“Valid”) for the chip select

The following options should be selected in the chip select control registers (CSCR4/5):
* WS0-3 =0- nointerna wait state setting

* AA =0 - no automatic acknowledgment

PS (1:0) = 1:0 — memory port size is 16 bits

BEM = 0 — Byte enable/write enable active on writes only
BSTR =0 —disable burst reads
BSTW = 0 —disable burst writes

Interfacing to the Motorola MCF5307 "ColdFire" Microprocessor S1D13705
Issue Date: 01/02/13 X27A-G-011-02
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13705. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called
13705CFG, or by directly modifying the source. The Windows CE v2.0 display driverscan

be customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13705 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.eea.epson.com.

S1D13705 Interfacing to the Motorola MCF5307 "ColdFire" Microprocessor
X27A-G-011-02 Issue Date: 01/02/13
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7 Technical Support

7.1 EPSON LCD Controllers (S1D13705)

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://lwww.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://lwww.eea.epson.com

Europe

Epson Europe Electronics GmbH
Riesstrasse 15

80992 Munich, Germany

Tel: 089-14005-0

Fax: 089-14005-110

7.2 Motorola MCF5307 Processor
« Motorola Design Line, (800) 521-6274.

* Loca Motorola sales office or authorized distributor.

Taiwan, R.O.C.

Epson Taiwan Technology

& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan, R.O.C.
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

This application note describes the hardware required to interface the S1D13705
Embedded Memory LCD Controller and the Philips MI1PS PR31500/PR31700 Processor.
The pairing of these two devicesresultsin an embedded system offering impressive display
capability with very low power consumption.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics Americawebsite at http://www.eea.epson.com for the
latest revision of this document before beginning any devel opment.

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

Interfacing to the Philips MIPS PR31500/PR31700 Processor S1D13705
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2 Interfacing to the PR31500/PR31700

The Philips MIPS PR31500/PR31700 processor supports up to two PC Card (PCMCIA)
dots. It isthrough this host bus interface that the S1D13705 connects to the
PR31500/PR31700 processor.

The S1D 13705 can be successfully interfaced using one of two configurations.

« Direct connection to PR31500/PR31700 (see Section 4, Direct Connection to the
Philips PR31500/PR31700 on page 12).

e System design using one ITE IT8368E PC Card/GPIO buffer chip (see Section 5, Using
the ITE IT8368E PC Card Buffer on page 15).

S1D13705 Interfacing to the Philips MIPS PR31500/PR31700 Processor
X27A-G-012-02 Issue Date: 01/02/13
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3 S1D13705 Host Bus Interface

This section isasummary of the host businterface modes available on the S1D13705 that
would be used to interface to the PR31500/PR31700.

The S1D13705 implements a 16-bit interface to the host microprocessor which may operate
in one of several modes compatible with most of the popular embedded microprocessor
families. The interface modes used for the PR31500/PR31700 are:

» Generic #1 (Chip Select, plusindividual Read Enable/Write Enable for each byte).

» Generic #2 (External Chip Select, shared Read/Write Enable for high byte, individual
Read/Write Enable for low byte).

3.1 Host Bus Pin Connection

The following table shows the functions of each host bus interface signal.

Table 3-1: Host Bus Interface Pin Mapping

:i\DJ:;(;SS Generic #1 Generic #2
AB[15:1] A[15:1] A[15:1]
ABO A0 AO
DB[15:0] D[15:0] D[15:0]
WE1# WE1# BHE#
Cs# External Decode | External Decode
BCLK BCLK BCLK
BS# connect to Vgg | connect to 10 Vpp
RD/WR# RD1# connect to 10 Vpp
RD# RDO# RD#
WEO# WEO# WE#
WAIT# WAIT# WAIT#
RESET# RESET# RESET#

For details on configuration, refer to the SID13705 Hardware Functional Specification,
document number X27A-A-001-xx.

Interfacing to the Philips MIPS PR31500/PR31700 Processor S1D13705
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3.2 Generic #1 Interface Mode

Generic #1 interface mode is the most general and least processor-specific interface mode
on the S1D13705. The Generic # 1 interface mode was chosen for thisinterface dueto the
simplicity of itstiming.

Theinterface requires the following signals:

» BUSCLK isaclock input which is required by the S1D13705 host interface. It is sepa-
rate from the input clock (CLKI) and is typically driven by the host CPU system clock.

* The address inputs ABO through AB16, and the data bus DBO through DB15, connect
directly to the CPU address and data bus, respectively. On 32-bit big endian architec-
tures such as the Power PC, the data bus would connect to the high-order data lines; on
little endian hosts, or 16-bit big endian hosts, they would connect to the low-order data
lines. The hardware engineer must ensure that CNF3 selects the proper endian mode
upon reset.

» Chip Select (CS#) isdriven by decoding the high-order address linesto select the proper
register and memory address space.

» WEO# and WE1# are write enables for the low-order and high-order bytes, respectively,
to be driven low when the host CPU is writing data to the S1D13705. These signals
must be generated by external hardware based on the control outputs from the host CPU.

» RD# and RD/WR# are read enables for the low-order and high-order bytes, respectively,
to be driven low when the host CPU is reading data from the S1D13705. These signals
must be generated by external hardware based on the control outputs from the host CPU.

« WAIT#isasignal output from the S1D13705 that indicates the host CPU must wait
until dataisready (read cycle) or accepted (write cycle) on the host bus. Since host CPU
accessesto the S1D13705 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the S1D13705 internal registers and/or refresh
memory. The WAIT# line resolves these contentions by forcing the host to wait until the
resource arbitration is complete. Thissignal is active low and may need to be inverted if
the host CPU wait state signal is active high.

» The Bus Status (BS#) signal is not used in the bus interface for Generic #1 mode.
However, BS# is used to configure the S1D13705 for Generic #1 mode and should be
tied low (connected to GND).

S1D13705 Interfacing to the Philips MIPS PR31500/PR31700 Processor
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3.3 Generic #2 Interface Mode

Generic #2 interface mode is agenera and non-processor-specific interface mode on the
S1D13705. The Generic # 2 interface mode was chosen for this interface due to the
simplicity of itstiming and compatibility with the PR31500/PR31700 control signals.

The interface requires the following signals:

BUSCLK isaclock input which synchronizes transfers between the host CPU and the
S1D13705. It is separate from the input clock (CLKI) and istypically driven by the host
CPU system clock.

The address inputs ABO through AB16, and the data bus DBO through DB 15, connect
directly to the CPU address and data bus, respectively. On 32-bit big endian architec-
tures such as the Power PC, the data bus would connect to the high-order data lines; on
little endian hosts, or 16-bit big endian hosts, they would connect to the low-order data
lines. The hardware engineer must ensure that CNF3 selects the proper endian mode
upon reset.

Chip Select (CS#) isdriven by decoding the high-order address lines to select the proper
register and memory address space.

WEZ# is the high byte enable for both read and write cycles.

WEOQ# is the write enable signal for the S1D13705, to be driven low when the host CPU
iswriting data from the S1D13705.

RD# is the read enable for the S1D13705, to be driven low when the host CPU is
reading data from the S1D13705.

WAIT#isasigna which isoutput from the S1D13705 to the host CPU that indicates
when datais ready (read cycle) or accepted (write cycle) on the host bus. Since host
CPU accesses to the S1D 13705 may occur asynchronously to the display update, it is
possible that contention may occur in accessing the 13705 internal registers and/or
refresh memory. The WAIT# line resolves these contentions by forcing the host to wait
until the resource arbitration is complete. This signal is active low and may need to be
inverted if the host CPU wait state signal is active high.

The Bus Status (BS#) and Read/Write (RD/WR#) signals are not used in the bus inter-
face for Generic #2 mode. However, BS# is used to configure the S1D13705 for
Generic #2 mode and should be tied high (connected to 1O Vpp). RD/WR# should also
betied high.

Interfacing to the Philips MIPS PR31500/PR31700 Processor S1D13705
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4 Direct Connection to the Philips PR31500/PR31700

4.1 General Description

In this example implementation the S1D13705 occupies the PR31500/PR31700 PC Card
sot #1.

The S1D13705iseasily interfaced to the PR31500/PR31700 with minimal additional logic.
The address bus of the PR31500/PR31700 PC Card interface is multiplexed and must be
demultiplexed using an advanced CMOS latch (e.g., 74AHC373). The direct connection
approach makes use of the S1D13705 in its “ Generic #2” interface configuration.

The following diagram demonstrates a typical implementation of the interface.

S1D13705
+3.3V
PR31500/PR31700 i 10 Vpp, CORE Vpp
/CARDIOREAD » RD#
/CARDIOWR » WEO#
/CARD1CSL
/CARD1CSH » WE1#
+3.3V ¢ BS#
+33V ] RD/WR#
ENDIAN System RESET —» RESET#
Latch E
ALE » L CS#
A[12:0] T > » AB[16:13]
» AB[12:0]
D[31:24] « » DBJ[7:0]
D[23:16] « » DB[15:8]
Voo pull-up
/CARD1IWAIT j« .l WAIT#
DCLKOUT See text
—> CLKI
» Clock divider ——» O | Oscillator » BCLK
Note:
When connecting the S1D13705 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13705 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: S1D13705 to PR31500/PR31700 Direct Connection

Note
See Section 3.1 on page 9 and Section 3.3 on page 11 for Generic #2 pin descriptions.

S1D13705
X27A-G-012-02

Interfacing to the Philips MIPS PR31500/PR31700 Processor
Issue Date: 01/02/13
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The “Generic #2" host interface control signals of the S1D13705 are asynchronous with
respect to the S1D13705 bus clock. Thisgivesthe system designer full flexibility to choose
the appropriate source (or sources) for CLKI and BCLK. The choice of whether both clocks
should be the same, and whether to use DCLKOUT (divided) as clock source, should be
based on the desired:

* pixel and framerates.
* power budget.
* part count.

» maximum S1D13705 clock frequencies.

The S1D13705 also hasinternal clock dividers providing additional flexibility.

4.2 Memory Mapping and Aliasing

The S1D13705 requires an addressing space of 128K bytes. The on-chip display memory
occupies the range 0 through 13FFFh. The registers occupy the range 1FFEOh through
1FFFFh. The PR31500/PR31700 demultiplexed address lines A17 and above areignored,
thusthe S1D13705 isaliased 512 times at 128K byte intervals over the 64M byte PC Card
slot #1 memory space. In this example implementation, the PR31500/PR31700 control
signal /CARDREG isignored; thereforethe S1D13705 also takes up the entire PC Card slot
1 configuration space.

Note
If aliasing is undesirable, additional decoding circuitry must be added.

Interfacing to the Philips MIPS PR31500/PR31700 Processor S1D13705
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4.3 S1D13705 Configuration and Pin Mapping

The S1D13705 is configured at power up by latching the state of the CNF[3:0] pins. Pin
BS# dso playsarolein host businterface configuration. For details on configuration, refer
to the SLD 13705 Hardware Functional Specification, document number X27A-A-001-xx.

The table below shows those configuration settings relevant to the direct connection
approach.

Table 4-1: S1D13705 Configuration for Direct Connection

S1D13705 Value hard wired on this pin is used to configure:
Configuration
Pin 1 (10 Vpp) 0 (Vss)
BS# Generic #2 Generic #1
CNF3 Big Endian Little Endian
CNF[2:0] 111: Generic #1 or #2

l:’ = configuration for Philips PR31500/PR31700 host bus interface

S1D13705 Interfacing to the Philips MIPS PR31500/PR31700 Processor
X27A-G-012-02 Issue Date: 01/02/13
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5 Using the ITE IT8368E PC Card Buffer

If the system designer usesthe I TE I T8368E PC Card and multiple-function 1/O buffer, the
S1D13705 can beinterfaced so that it “shares” a PC Card slot. The S1D13705 is mapped

toararely-used 16M byte portion of the PC Card slot buffered by the IT8368E. This makes
the S1D13705 virtually transparent to PC Card devices that use the same slot.

5.1 Hardware Description

The ITES368E has been specialy designed to support EPSON LCD controllers. The ITE
IT8368E provides eleven Multi-Function 10 pins (MFIO). Configuration registers may be
used to allow these MFIO pins to provide the control signals required to implement the
S1D13705 CPU interface.

The PR31500/PR31700 processor only provides addresses A[12:0]; therefore devices
requiring more address space must use an external deviceto latch A[25:13]. The | T8368E’s
MFIO pins can be configured to provide this latched address.

Interfacing to the Philips MIPS PR31500/PR31700 Processor S1D13705
Issue Date: 01/02/13 X27A-G-012-02
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S1D13705
+3.3V
PR31500/PR31700 T——— 10 Vpp, CORE Vpp
HA[12:0] » AB[12:0]
ENDIAN ? » AB[16:13]
HD[31:24] |« » DB[7:0]
HD[23:16] « » DBJ[15:8]
System RESET —» RESET#
Voo pull-up
/CARDXWAIT ¢ ° WAIT#
DCLKOUT See text
or — CLKI
IT8368E » Clock divider > Oscillator » BCLK
LHA[23]/MFIO[10] » WE1#
LHA[22]/MFIO[9] » WEO#
LHA[21])/MFIO[8] » RD/WR#
LHA[20)/MFIO[7] » RD#
LHA[19])/MFIO[6] » CS#
LHA[16:13)/
MFIO[3:0] BS#
Note:
When connecting the S1D13705 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13705 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 5-1: S1D13705 to PR31500/PR31700 Connection Using an | T8368E

Note
See Section 3.1 on page 9 and Section 3.2 on page 10 for Generic #1 pin descriptions.

The“Generic #1” host interface control signals of the S1D13705 are asynchronous with
respect to the S1D13705 bus clock. This givesthe system designer full flexibility to choose
the appropriate source (or sources) for CLKI and BCLK. The choice of whether both clocks
should be the same, and whether to use DCLKOUT (divided) as clock source, should be
based on the desired:

* pixel and frame rates.
* power budget.
* part count.

» maximum S1D13705 clock frequencies.

The S1D13705 also hasinternal clock dividers providing additional flexibility.

S1D13705 Interfacing to the Philips MIPS PR31500/PR31700 Processor
X27A-G-012-02 Issue Date: 01/02/13
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5.2 IT8368E Configuration

The IT8368E provides eleven multi-function 10 pins (MFIO). The IT8368E must have
both “Fix Attribute/lO” and “VGA” modes on. When both these modes are enabled, the
MFIO pins provide control signals needed by the S1D13705 host businterface, and a16M
byte portion of the system PC Card attribute and 1O space is allocated to address the
S1D13705. When accessing the S1D13705 the associated card-side signals are disabled in
order to avoid any conflicts.

For mapping details, refer to section 3.3: “Memory Mapping and Aliasing.” For connection
details see Figure 5-1: “S1D13705 to PR31500/PR31700 Connection Using an IT8368E,”
on page 16. For further information on the IT8368E, refer to the IT8368E PC Card/GPIO
Buffer Chip Specification.

Note
When a second I T8368E is used, that circuit should not be set in VGA mode.

5.3 Memory Mapping and Aliasing

When the PR31500/PR31700 accesses the PC Card slots without the I TE IT8368E, its
system memory ismapped asin Table 5-1: PR31500/PR31700 to PC Card Slots Address
Mapping With and Without the IT8368E.

Note
Bit CARD1IOEN or CARD2IOEN, depending on which card dot is used, must to be set
to 0 in the PR31500/PR31700 Memory Configuration Register 3.

When the PR31500/PR31700 accesses the PC Card slots buffered through the ITE
IT8368E, bits CARD1IOEN and CARD2IOEN are ignored and the attribute/l O space of
the PR31500/PR31700 is divided into Attribute, I/0 and S1D13705 access. Table 5-1:
PR31500/PR31700 to PC Card Slots Address Mapping With and Without the IT8368E
provides all details of the Attribute/I O address reallocation by the | T8368E.

Table 5-1: PR31500/PR31700 to PC Card Sots Address Mapping With and Without the I T8368E

PC Card TX3912 . . Direct Connection, Direct Connection,
Slot# | Address | “'2° Using the ITE IT8368E CARDRIOEN=0 CARDRIOEN=1
0800 0000h | 16M byte Card 110
- - S1D13705
0900 0000h | 16M byte | S1P13705 (aliased 128 times | o0 1’515 times Card 110
1 at 128K byte intervals) )
at 128K byte intervals)
0AO00 0000h | 32M byte Card 1 Attribute
6400 0000h | 64M byte Card 1 Memory S1D13705 (aliased 512 times at 128K byte intervals)
0CO00 0000h | 16M byte Card 210 101370
- - 1D13705
0D00 0000h | 16M byte | SP13705 (aliased 128 times | 0 04 515 times Card 2 10
2 at 128K byte intervals) )
at 128K byte intervals)
0E00 0000h | 32M byte Card 2 Attribute
6800 0000h | 64M byte Card 2 Memory S1D13705 (aliased 512 times at 128K byte intervals)
Interfacing to the Philips MIPS PR31500/PR31700 Processor S1D13705
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5.4 S1D13705 Configuration

The S1D13705 is configured at power up by latching the state of the CNF[3:0] pins. Pin
BS# dso playsarolein host businterface configuration. For details on configuration, refer
to the SLD 13705 Hardware Functional Specification, document number X27A-A-001-xx.

The table below shows those configuration settings relevant to this specific interface.

Table 5-2: S1ID13705 Configuration Using the I T8368E

S1D13705 Value hard wired on this pin is used to configure:
Configuration
Pin 1 (10 Vpp) 0 (Vss)
BS# Generic #2 Generic #1
CNF3 Big Endian Little Endian
CNF[2:0] 111: Generic #1 or #2

I:l = configuration for connection using ITE IT8368E

S1D13705 Interfacing to the Philips MIPS PR31500/PR31700 Processor
X27A-G-012-02 Issue Date: 01/02/13
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6 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13705. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different pandl types using a program called
1357CFG, or by directly modifying the source. The Windows CE v2.0 display drivers can
be customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13705 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or www.eea.epson.com.

Interfacing to the Philips MIPS PR31500/PR31700 Processor S1D13705
Issue Date: 01/02/13 X27A-G-012-02
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7 Technical Support

7.1 EPSON LCD Controllers (S1D13705)

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

Europe

Epson Europe Electronics GmbH

Riesstrasse 15
80992 Munich, Germany
Tel: 089-14005-0

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

Hong Kong

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

Taiwan, R.O.C.

Epson Taiwan Technology

& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan, R.O.C.
Tel: 02-2717-7360

Fax: 02-2712-9164

Singapore

Epson Singapore Pte., Ltd.
No. 1

Temasek Avenue #36-00
Millenia Tower

Singapore, 039192

Fax: 089-14005-110
Tel: 337-7911

Fax: 334-2716

Fax: 2827-4346

7.2 Philips MIPS PR31500/PR31700 Processor

Philips Semiconductors

Handheld Computing Group
4811 E. Arques Avenue
M/S 42, P.O. Box 3409
Sunnyvale, CA 94088-3409
Tel: (408) 991-2313
http://www.philips.com

7.3 ITE IT8368E

Integrated Technology Express, Inc.
Sales & Marketing Division

2710 Walsh Avenue

Santa Clara, CA 95051, USA

Tel: (408) 980-8168

Fax: (408) 980-9232
http://www.iteusa.com

S1D13705 Interfacing to the Philips MIPS PR31500/PR31700 Processor
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1 Introduction

Thismanual describesthe interface between the S1D13704/5 L CD Controller (LCDC) and
the TMPR3912/22U microprocessor as implemented on the Toshiba 3912/22 and
S1D13704/5 CPU Module. Thismoduleis used in conjunction with the Toshiba TX RISC
Reference Platform.

For more information regarding the S1D13704 or S1D13705 refer to their respective
Hardware Functional Specification, document number X26A-A-001-xx and
X27A-A-001-xx respectively.

For more information regarding the TMPR3912/22U, refer to the TM PR3912/22U 32-Bit
MIPS RISC Processor User’s Manual. See the Toshiba website under semiconductors at
http://toshiba.com/taec/nonflash/indexproducts.html.

1.1 General Description

The Toshiba TX RISC Reference Kit consists of 6 boards which include: amain board, a
CPU board, a EPROM board, a FMEM board, a debug board, and an analog board. The
main board acts as the motherboard for al the other add-on boards. In addition to these
boards, there is an LCD module that connects to the CPU board. In order to support the
add-on LCD panel that connects to the LCD module, the CPU board microprocessor must
have an internal LCD controller or the CPU board must have an LCD controller on it that
interfaces to the microprocessor.

For the TMPR3912/22U microprocessor, the S1D13704 or S1D13705 LCDC is used to
provide support for LCD panels. The LCDC is socketed so that it can be interchanged
between the S1D13704 and the S1D13705. These controllers are very similar, with the
main differences being the amount of embedded display memory and the lookup-table
architecture (LUT). The S1D13704 has 40K bytes of display memory and the S1D13705
has 80K bytes.

The Toshiba TMPR3912/22U processor supportstwo PC Card (PCMCIA) slotsonthe TX
RISC Reference Platform. The S1D13704 or S1D13705 LCD controller uses the PC Card
dot 1 to interface to the TMPR3912/22U, therefore, this slot is unavailable for use on the
TX RISC Reference Platform.

S5U13704/5 - TMPR3912/22U CPU Module
Issue Date: 01/03/07 X00A-G-004-02
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2 S1D13704/5 Bus Interface

This section is summary of the bus interface modes available on the S1D13704 and
S1D13705 LCDCs, and offers some detail on the Generic #2 bus mode used to implement
the interface to the TMPR3912/22U.

2.1 Bus Interface Modes

The S1D13704/5 implementsageneral -purpose 16-bit interfaceto the host microprocessor,
which may operate in one of several modes compatible with most of the popular embedded
microprocessor families.

Bus interface mode selections are made during reset by sampling the state of the configu-
ration pins CNF[2:0] and the BS# line. Table 5-1 inthe S1D13704 or S1D13705 Hardware
Functional Specification details the values needed for the configuration pins and BS# to
select the desired mode.

X00A-G-004-02

S5U13704/5 - TMPR3912/22U CPU Module
Issue Date: 01/03/07
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2.2 Generic #2 Interface Mode

Generic #2 interface mode is agenera and non-processor-specific interface mode on the
S1D13704/5. The Generic # 2 interface mode was chosen for this interface dueto its
compatibility with the PC Card interface.

The interface requires the following signals:

» BUSCLK isaclock input which synchronizes transfers between the host CPU and the
S1D13704/5. BUSCLK is separate from the input clock (CLKI) and istypically driven
by the host CPU system clock.

» The address inputs ABO through AB15, and the data bus DBO through DB15, connect
directly to the CPU address and data bus, respectively. On 32-bit big endian architec-
tures such as the Power PC, the data bus would connect to the high-order data lines; on
little endian hosts, or 16-bit big endian hosts, they would connect to the low-order data
lines. The hardware engineer must ensure that CNF3 selects the proper endian mode
upon reset.

» Chip Select (CS#) isdriven by decoding the high-order address lines to select the proper
memory address space.

» WEZ# isthe high byte enable for both read and write cycles and WEO# is the enable
signal for awrite access. These must be generated by external decode hardware based
upon the control outputs from the host CPU.

» RD# istheread enable for the S1D13704/5, to be driven low when the host CPU is
reading data from the S1D13704/5. RD# must be generated by external decode hard-
ware based upon the control outputs from the host CPU.

* WAIT#isasignal which is output from the S1D13704/5 to the host CPU that indicates
when datais ready (read cycle) or accepted (write cycle) on the host bus. Since host
CPU accesses to the S1D13704/5 may occur asynchronously to the display update, it is
possible that contention may occur in accessing the 13704/5 internal registers and/or
refresh memory. The WAIT# line resolves these contentions by forcing the host to wait
until the resource arbitration is complete. This signal is active low and may need to be
inverted if the host CPU wait state signal is active high.

» The Bus Status (BS#) and Read/Write (RD/WR#) signals are not used in the businter-
face for Generic #2 mode. However, BS# is used to configure the S1D13704/5 for
Generic #2 mode and must be tied high (connected to IOVDD = 3.3V). RD/WR# must
also betied high.

S5U13704/5 - TMPR3912/22U CPU Module
Issue Date: 01/03/07 X00A-G-004-02
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3 TMPR3912/22U and S1D13704/5 Interface

3.1 Hardware Connections

The S1D13704/5 occupies the TMPR3912/22U’ s PC Card slot #1. Therefore, this dot
cannot be used for other devices on the main board. The Generic # 2 bus mode of the
S1D13704/5 is used to interface to this PC Card Slot #1.

The S1D13704/5 is interfaced to the TMPR3912/22U with minimal glue logic. Since the
address bus of the TMPR3912/22U is multiplexed, it is demultiplexed using an advanced
CMOS latch (74ACT373) to obtain the higher address bits needed for the S1D13704/5.

The following diagram demonstrates the implementation of the interface.

S1D13704
+3.3V
TMPR3912/22U T 110 Vpp, CORE Vpp
RD* » RD#
WE* » WE10#
CARD1CSL*
CARDI1CSH* » WEIl#

3.3V ¢ BS#

33V RD/WR#
System RESET —» RESET#

ENDIAN
%; Latch
ALE g :‘ } > CS#

A[12:0] . » AB[15:13]
T » AB[12:0]
D[31:24] |« » DBJ[7:0]
D[23:16] « » DB[15:8]
3.3V 10K pull-up
CARDI1WAIT* ° WAIT#

v

A

DCLKOUT F CIOCk/dZiVider |» or... | Oscillator CLKI
Clock divider BUSCLK

/2

Figure 3-1: S1D13704 to TMPR3912/22U Interface

S5U13704/5 - TMPR3912/22U CPU Module
X00A-G-004-02 Issue Date: 01/03/07
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3.2 Memory Mapping and Aliasing

The S1D13704 requires an addressing space of 64K bytes while the S1D13705 requires
128K. The on-chip display memory occupies the range 0 through 9FFFh. The registers
occupy therange FFEOh through FFFFh. The TM PR3912/22U demultiplexed addresslines
A16 and above are ignored if the S1ID13704 is used, thus it is aliased 1024 times at 64K
byte intervals over the 64M byte PC Card slot #1 memory space. If the S1ID13705 is used,
address lines A17 and above are ignored; therefore the S1D13705 is aliased 512 times at
128K byteintervals. The TMPR3912/22U control signal CARDREG# isignored; therefore
the S1D13704 also takes up the entire PC Card slot #1 configuration space.

Note
If aliasing is undesirable, additional decoding circuitry must be added.

3.3 S1D13704/5 Configuration and Pin Mapping

The S1D13704/5 host bus interfaceis configured at power up by latching the state of the
CNF[3:0] pins. Pin BS# d so playsarolein host businterface configuration. One additional

configuration pin for the S1D13704, CNF4, isalso used to set the polarity of the LCDPWR
signal.

The table below shows the configuration pin connections to configure the S1D13704/5 for
use with the TMPR3912/22U microprocessor.

Table 3-1: S1D13704/5 Configuration for Generic #2 Bus Interface

S1D13704 Value hard wired on this pin is used to configure:
Configuration
Pin 1 (10 Vpp) 0 (Vss)
BS# Generic #2 Generic #1
CNF3 Big Endian Little Endian
CNF[2:0] 111: Generic #1 or #2

: = configuration for Toshiba TMPR3912/22U host bus interface

When the S1D13704/5 is configured for Generic #2 bus interface mode, the host interface
pins are mapped as in the table below.

Table 3-2: S1D13704/5 Generic #2 Interface Pin Mapping

Pin Name Pin Function

WE1# BHE#

BS# Connect to 10 Vpp

RD/WR# | Connectto IO Vpp

RD# RD#

WEO# WE#

S5U13704/5 - TMPR3912/22U CPU Module

Issue Date: 01/03/07 X00A-G-004-02
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4 CPU Module Description

4.1 Clock Signals

4.1.1 BUSCLK

4.1.2 CLKI

This section will describe the various parts of the CPU module that pertain to the
S1D13704/5 LCD Controller.

Because the bus clock for the S1D13704/5 does not need to be synchronous with the bus
interface control signals, alot of flexibility is availablein the choice for BUSCLK. Inthis
CPU module, BUSCLK isadivided by two version of the SDRAM clock signal,
DCLKOUT. Since DCLKOUT equals 73.728MHz, BUSCLK = 36.864MHz.

The pixel clock for the S1D13704/5, CLKI, is aso asynchronous with respect to the
interface control signals. This clock is selected based upon panel frame rates, power vs
performance budget, and maximum input frequencies. The maximum CLKI input is
25MHz if theinternal CLKI/2isn't used, and if it is used the maximum input is 50MHz.

On the CPU module, CLKI’ s default input is a divided by four version of DCLKOUT,
which givesa CLKI = 18.432MHZ. Thisfrequency gives good performance for 320x240
resolution panels for both portrait and landscape modes. If power saving is desired, the
CLKI can be reduced by using the internal CLK /2 and the various PCLK and MCLK
dividers for portrait mode.

A socket for an external oscillator isalso provided if adifferent frequency isrequired. This
option is selected by positioning jumper JP8 in the 2 3 position and adding a standard 14-
DIP type oscillator in the socket U10.

4.2 LCD Connectors

4.2.1 50-pin LCD Module Connector, J3

The standard connector used on Toshiba's CPU Modules to connect to the LCD moduleis
included in this CPU module. All twelve LCD datalines, FPDAT[11:0], from the
S1D13704/5, as well asthe five video control signals, FPFRAME, FPSHIFT, FPLINE,
DRDY, LCDPWR, are passed through this connector. Through this connector, the
S1D13704/5 supports monochrome and color STN panels up to aresolution of 640x480 as
well as color TFT/D-TFT up to aresolution of 640x480. All touch panel signals from the
main board have also been routed through this connector.

X00A-G-004-02

S5U13704/5 - TMPR3912/22U CPU Module
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4.2.2 Standard Epson LCD Connector, J4

A shrouded 40-pin header, J4, is al so added to the CPU module to connect to LCD panels.
This header is the standard LCD connector used on Epson Research and Devel opment
eva uation boards and can be used to directly connect LCD panelsto the S1D13704/5
controller. All LCD signals are buffered to allow 3.3V or 5.0V logic LCD panelsto be
connected. Jumper, JP9, selects between these two types of panels.

A positive power supply for panels requiring a positive bias voltage is supplied to header
J4, by the LCD module through the 50-pin LCD modul e connector, J3. No negative power
supply is available on the LCD module, therefore only panels which have their own bias
voltage supply, or those that use a positive supply, can be connected to J4. The LCD
module can only support these panels as well.

Header, J4, and its associated buffers and components have been | eft unpopulated on the
CPU module. These parts can be added by the user if desired.

4.3 LCD Controller

4.3.1 S1D13704 vs. S1D13705

The LCD controller used in conjunction with the TMPR3912/22U microprocessor can
either be aS1D13704 or a S1D13705. If aS1D13704 isused, jumper JP7 must be set to
position 1 2. Thissetting allows CNF4 to be configured for the S1D13704. CNF4 controls
the polarity of the LCDPWR signal and can be set either high or low with jumper, JP11. If
aS1D13705 is used, jumper JP7 must be set to position 2 3. This setting allows pin 45 of
the LCDC to be used as address bit, AB16, which is needed on the S1D13705 to accom-
modate the larger display memory.

4.3.2 LCDPWR Polarity

The power supply on the LCD module used LCDON, an active low signal to turn on the
supply. Thissignal is connected to LCDPWR. Since LCDPWR is configurable on the
S1D13704 and is set active high on the S1D 13705, afacility must be provided toinvert this
signal if itisactive high so that LCDON will betheright polarity to turn onthe LCD power
supply. Jumper, JP10 must be set to position 1 2 if LCDPWR is active low and to position
2 3if LCDPWR isactive high.

4.3.3 S1D13704\75 Chip Select

Minimal glue logic is used on the CPU module to provide the chip select signal, CS#, for
the LCDC. A simple AND gate activates the S1D13704/5 whenever the PC Card dot #1
is accessed, whether it be memory space or attribute space.

S5U13704/5 - TMPR3912/22U CPU Module
Issue Date: 01/03/07 X00A-G-004-02
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1 Introduction

This application note describes the hardware required to interface the S1D13705
Embedded Memory LCD Controller and the NEC VR4181A microprocessor. The NEC
VR4181A microprocessor is specifically designed to support an external LCD controller
and the pairing of these two devices resultsin an embedded system offering impressive
display capability with very low power consumption.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics Americawebsite at http://www.eea.epson.com for the
latest revision of this document before beginning any devel opment.

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

Interfacing to the NEC VR4181A™ Microprocessor S1D13705
Issue Date: 01/02/13 X27A-G-013-02
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2 Interfacing to the NEC VR4181A

2.1 The NEC VR4181A System Bus

2.1.1 Overview

The VR-Series family of microprocessors features a high-speed synchronous system bus
typical of modern microprocessors. Designed with external LCD controller support and
Windows CE based embedded consumer applications in mind, the VR4181A offersa
highly integrated solution for portabl e systems. Thissection isan overview of the operation
of the CPU busto establish interface requirements.

The NEC VR4181A is designed around the RISC architecture developed by MIPS. This
microprocessor is designed around the 100MHz VR4110 CPU core which supports the
MIPS I11 and MIPS16 instruction sets. The CPU communicates with external devicesvia
an ISA interface.

TheNEC VR4181A hasdirect support for an external LCD controller. A 64 to 512-kilobyte
block of memory is assigned to the LCD controller with a dedicated chip select signal.
Word or byte accesses are controlled by the system high byte signal, #UBE.

S1D13705
X27A-G-013-02

Interfacing to the NEC VR4181A™ Microprocessor
Issue Date: 01/02/13
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2.1.2 LCD Memory Access Signals

The S1D13705 requires an addressing range of 128K bytes. When the VR4181A’ s external
LCD controller chip select signal is programmed to awindow of that size, the S1D13705
must reside in the VR4181A physical addressrange of 133E 0000h to 133F FFFFh which
is part of the external ISA memory space.

The signals required for external LCD controller access are listed below and obey 1SA
signalling rules.

* A[16:0] Address bus

» #UBE High byte enable (active low)

» #LCDCS LCD controller (S1D13705) chip select (active low)

* D[15:0] Data bus

* #HMMEMRD Read command (active low)

« #AIMEMWR Write command (active low)

« #MEMCSL16 Sixteen-bit peripheral capability acknowledge (active low)
* |ORDY Ready signal from S1D13705

* SYSCLK Optional, prescalable bus clock

Once an addressin the LCD block of memory isaccessed, the LCD chip select #L.CDCSis
driven low. The read or write enable signals, #fMEMRD or #MEMWR, are driven low for
the appropriate cycle and IORDY isdriven low by the S1D13705 to insert wait statesinto
the cycle. The high byte enableisdrivenlow for 16-bit transfersand high for 8-bit transfers.

Interfacing to the NEC VR4181A™ Microprocessor S1D13705
Issue Date: 01/02/13 X27A-G-013-02
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3 S1D13705 Host Bus Interface

This section is a summary of the host bus interface modes available on the S1D13705 that
would be used to interface to the VR4181A.

The S1D13705 implementsa 16-hit interfaceto the host microprocessor which may operate
in one of several modes compatible with most of the popular embedded microprocessor
families. The interface mode used for the VR4181A is:

» Generic #2 (External Chip Select, shared Read/Write Enable for high byte, individual
Read/Write Enable for low byte).

3.1 Host Bus Pin Connection

Table 3-1: Host Bus Interface Pin Mapping

Iii]Dl\i;?s Generic #2
AB[16:1] A[16:1]
ABO AO
DB[15:0] D[15:0]
WE1# BHE#
CS# External Decode
BCLK BCLK
BS# Connect to 10 Vpp

RD/WR# Connect to 10 Vpp

RD# RD#
WEO# WE#
WAIT# WAIT#
RESET# RESET#

For details on configuration, refer to the S1ID13705 Hardware Functional Specification,
document number X27A-A-001-xx.

S1D13705 Interfacing to the NEC VR4181A™ Microprocessor
X27A-G-013-02 Issue Date: 01/02/13
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3.2 Generic #2 Interface Mode

Generic #2 interface mode is agenera and non-processor-specific interface mode on the
S1D13705. The Generic # 2 interface mode was chosen for this interface due to the
simplicity of itstiming and compatibility with the VR4181A control signals.

The interface requires the following signals:

BUSCLK isaclock input which synchronizes transfers between the host CPU and the
S1D13705. It is separate from the input clock (CLKI) and istypically driven by the host
CPU system clock.

The address inputs ABO through AB16, and the data bus DBO through DB 15, connect
directly to the CPU address and data bus, respectively. On 32-bit big endian architec-
tures such as the Power PC, the data bus would connect to the high-order data lines; on
little endian hosts, or 16-bit big endian hosts, they would connect to the low-order data
lines. The hardware engineer must ensure that CNF3 selects the proper endian mode
upon reset.

Chip Select (CS#) isdriven by decoding the high-order address lines to select the proper
register and memory address space.

WEZ# is the high byte enable for both read and write cycles.

WEOQ# is the write enable signal for the S1D13705, to be driven low when the host CPU
iswriting data from the S1D13705.

RD# is the read enable for the S1D13705, to be driven low when the host CPU is
reading data from the S1D13705.

WAIT#isasigna which isoutput from the S1D13705 to the host CPU that indicates
when datais ready (read cycle) or accepted (write cycle) on the host bus. Since host
CPU accesses to the S1D 13705 may occur asynchronously to the display update, it is
possible that contention may occur in accessing the S1D13705 internal registers or
memory. The WAIT# line resol ves these contentions by forcing the host to wait until the
resource arbitration is complete. Thissignal is active low and may need to be inverted if
the host CPU wait state signal is active high.

The Bus Status (BS#) and Read/Write (RD/WR#) signals are not used in the bus inter-
face for Generic #2 mode. However, BS# is used to configure the S1D13705 for
Generic #2 mode and should be tied high (connected to IOV pp). RD/WR# should also
betied high.

Interfacing to the NEC VR4181A™ Microprocessor S1D13705

Issue Date: 01/02/13
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4 VR4181A to S1D13705 Interface

4.1 Hardware Description

The NEC VR4181A microprocessor is specifically designed to support an external LCD
controller by providing the internal address decoding and control signals necessary. By
using the Generic # 2 interface, agluelessinterfaceis achieved. The diagram below shows
atypical implementation of the VR4181A to S1D13705 interface.

NEC VR4181A S1D13705
#MEMWR WEO#
#UBE WE1#
#MEMRD RD#
#LCDCS CS#
Pull-up
IORDY WAIT#
#MEMCS16
System RESET RESET#
A[16:0] ABJ[15:0]
D[15:0] DBJ[15:0]
Oscillator » BCLK
Vcc
—— BS#
Vce
T——— RD/WR#
Note:
When connecting the S1D13705 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13705 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of VR4181A to S1D13705 Interface

S1D13705
X27A-G-013-02

Interfacing to the NEC VR4181A™ Microprocessor

Issue Date: 01/02/13



Epson Research and Development Page 13

Vancouver Design Center

The host interface control signals of the S1D13705 are asynchronous with respect to the
S1D13705 bus clock. This gives the system designer full flexibility to choose the appro-
priate source (or sources) for CLKI and BCLK. The choice of whether both clocks should
be the same, and whether an external or internal clock divider is needed, should be based
on the desired:

* pixel and framerates.

* power budget.

* part count.

» maximum S1D13705 clock frequencies.

The S1D13705 aso hasinternal clock dividers providing additional flexibility.

4.2 S1D13705 Hardware Configuration

The S1D13705 uses CNF3 through CNFO and BS# to allow selection of the bus mode and
other configuration data on the rising edge of RESET#. Refer to the S1ID13705 Hardware
Functional Specification, document number X27A-A-001-xx for details.

The tables below show those configuration settings important to the Generic #2 host bus
interface.

Table 4-1: Summary of Power-On/Reset Options

Signal

value on this pin at the rising edge of RESET# is used to configure: (0/1)
0 1

CNFO

CNF1

See “Host Bus Selection” table below |See “Host Bus Selection” table below

CNF2

CNF3

Little Endian Big Endian

\:’ = configuration for NEC VR4181A support

Table 4-2: Host Bus Selection

CNF2

CNF1 CNFO BS# Host Bus Interface

1

1 1 1 Generic #2, 16-bit

|:| = configuration for NEC VR4181A support

Interfacing to the NEC VR4181A™ Microprocessor S1D13705

Issue Date: 01/02/13
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4.3 NEC VR4181A Configuration

The NEC VR4181A must be configured through itsinternal registersin order to map the
S1D13705 to the external LCD controller space. The following register values must be set.

Register LCDGPMD at address 0B00 032Eh must be set as follows.

* Bit 7 must be set to 1 to disable theinternal LCD controller and enable the external LCD
controller interface. This also maps pin SHCLK to #LCDCS and pin LOCLK to
#MEMCSI16.

* Bits[1:0] must be set to 01b to reserve 128K bytes of memory address range
133E 0000h to 133F FFFFh for the external LCD controller.

Register GPMD2REG at address 0B00 0304h must be set as follows.

* Bits[9:8] (GP20MD[1:0]) must be set to 11b to map pin GPI020 to #UBE.

 Bits[5:4] (GP18MD[1:0]) must be set to 01b to map pin GPIO18 to IORDY .

S1D13705 Interfacing to the NEC VR4181A™ Microprocessor
X27A-G-013-02 Issue Date: 01/02/13
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13705. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different pandl types using a program called
13705CFG, or by directly modifying the source. The Windows CE v2.0 display driverscan
be customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13705 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.eea.epson.com.

Interfacing to the NEC VR4181A™ Microprocessor S1D13705
Issue Date: 01/02/13 X27A-G-013-02
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7 Technical Support

7.1 Epson LCD Controllers (S1D13705)

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://lwww.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

7.2 NEC Electronics Inc.

NEC Electronics Inc. (U.S.A))

Santa Clara
California

Tel: (800) 366-9782
Fax: (800) 729-9288
http://www.nec.com

North America

Epson Electronics America, Inc.
150 River Oaks Parkway

San Jose, CA 95134, USA

Tel: (408) 922-0200

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

Europe

Epson Europe Electronics GmbH
Riesstrasse 15

80992 Munich, Germany

Tel: 089-14005-0

Fax: 089-14005-110

Taiwan, R.O.C.

Epson Taiwan Technology

& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan, R.O.C.
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

This application note describes the hardware environment required to provide an interface
between the S1D13705 Embedded Memory LCD Controller and a generic 8-bit micropro-

CEessor.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Research and Development Website at http://www.erd.epson.com
for the latest revision of this document before beginning any development.

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

Interfacing to an 8-bit Processor S1D13705
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2 Interfacing to an 8-bit Processor

2.1 The Generic 8-bit Processor System Bus

Although the S1D13705 does not directly support an 8-bit CPU, with minimal external
logic an 8-bit interface can be achieved.

Typically, the bus of an 8-bit microprocessor is straight forward with minima CPU and
system control signals. To connect a memory mapped device such as the S1D13705, only
the write, read, and wait control signals, as well as the data and address lines, need to be
interfaced. Since the S1D13705 is a 16-bit device, some external logic is required.

S1D13705
X27A-G-015-01
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3 S1D13705 Bus Interface

3.1 Host Bus Pin Connection

This section isasummary of the host bus interface modes available on the S1D13705 and
offers some detail on the Generic #2 Host Bus Interface used to implement the interface to

an 8-hit processor.

The S1D13705 provides a 16-bit interface to the host microprocessor which may operate
in one of several modes compatible with most of the popular embedded microprocessor
families. The businterface mode used in this exampleis:

» Generic #2 (this businterface is ISA-like and can easily be modified to support an 8-bit

CPU).

The following table shows the functions of each host bus interface signal.

Table 3-1: Host Bus Interface Pin Mapping

:iDh?:;?s Generic #2 Description
AB[16:1] A[16:1] Address [16:1]
ABO A0 Address AO
DB[15:0] D[15:0] Data
WE1# BHE# Byte High Enable
CS# External Decode | Chip Select
BCLK BCLK Bus Clock
BS# n/c Must be tied to 10 Vpp
RD/WR# n/c Must be tied to 10 Vpp
RD# RD# Read
WEO# WE# Write
WAIT# WAIT#
RESET# RESET#

Note

If the CPU does not have address A16 all 80K Bytes of embedded memory will not be

accessible.

For details on configuration, refer to the SID13705 Hardware Functional Specification,

document number X27A-A-001-xX.
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3.2 Generic #2 Interface Mode

Generic #2 Host Bus Interface is a general, non-processor specific interface mode on the
S1D13705 that isideally suited to interface to an 8-bit processor bus.

Theinterface requires the following signals:

» BUSCLK isaclock input which synchronizes transfers between the host CPU and the
S1D13705. It is separate from the input clock (CLKI) and istypically driven by the host
CPU system clock. If the host CPU bus does not provide this clock, an asynchronous
clock can be provided.

* The address inputs ABO through AB16, and the data bus DBO through DB15, connect
directly to the CPU address and data bus, respectively.

Note
In an 8-bit environment D[7:0] must also be connected to DB[15:8] respectively (i.e. D7
connects to both DB15 and DB7, D6 connects to both DB14 and DB6, D5 connects to
both DB13 and DBS5, €etc.). See Figure 4-1: “Typica Implementation of an 8-bit Proces-
sor to the S1D13705 Generic #2 Interface” .

» Chip Select (CS#) isdriven by decoding the high-order address linesto sel ect the proper
memory address space.

* BHE# (WEL#) is the high byte enable for both read and write cycles.

Note
In an 8-bit environment, thissignal isdriven by inverting addressline AO thusindicating
that odd addresses are to be R/W on the high byte of the data bus.

» WEO# isthe enable signal for awrite access, to be driven low when the host CPU is
writing the 1375 memory or registers.

* RD# isthe read enable for the S1D13705, to be driven low when the host CPU is
reading data from the S1D13705.

* WAIT#isasignal which is output from the S1D13705 to the host CPU that indicates
when datais ready (read cycle) or accepted (write cycle) on the host bus. Since host
CPU accesses to the S1D13705 may occur asynchronously to the display update, it is
possible that contention may occur in accessing the 1375 internal registers and/or
refresh memory. The WAIT# line resolves these contentions by forcing the host to wait
until the resource arbitration is complete. This signal is active low and may need to be
inverted if the host CPU wait state signal is active high.

* The Bus Status (BS#) and Read/Write (RD/WR#) signals are not used in the bus inter-
face for Generic #2 mode. However, BS# is used to configure the S1D13705 for
Generic #2 mode and should be tied high (connected to 1O Vpp). RD/WR# should also
be tied high.

S1D13705
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4 8-Bit Processor to S1D13705 Interface

4.1 Hardware Description

Theinterface between the S1D13705 and an 8-bit processor requires minimal gluelogic. A
decoder isused to generate the chip select for the S1D 13705 based on wherethe S1D13705
ismapped into memory. Alternatively, if the processor supportsachip select module, it can
be programmed to generate a chip select for the S1D13705 without the need of an address
decoder.

Aninverter inverts A0 to generate the Byte High Enable signal for the S1D13705. If the
8-bit host interface has an active high WAIT signal, it must be inverted as well.

In order to support an 8-bit microprocessor with a 16-bit peripheral, the low and high order
bytes of the data bus must be connected together. The following diagram shows a typical
implementation of an 8-bit processor interfaced to the S1D13705.

Generic 8-bit Bus S1D13705
A[0] » ABI[0]
A[16:1] » AB[16:1]
D[7:0] « T » DB[7:0]
DB[15:8]

Decoder [ | csy

WAIT# '« WAIT#
WE# » WEO#
RD# » RD#
{>@ » BHE# (WE1#)
10 Vpp
RD/WR#
I Bs#
BUSCLK » BUSCLK

System RESET —» RESET#

Note:

When connecting the S1D13705 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13705 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

1 i

Figure 4-1: Typical Implementation of an 8-bit Processor to the S1D13705 Generic #2 Interface
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4.2 S1D13705 Hardware Configuration

The S1D13705 uses CNF4 through CNFO and BS# to allow selection of the bus mode and
other configuration data on the rising edge of RESET#. Refer to the SID13705 Hardware
Functional Specification, document number X27A-A-001-xx for details.

The tables below show only those configuration settings important to the 8-bit processor
interface. The endian must be selected based on the 8-bit processor used.

Table 4-1: Configuration Settings

Signal Low High
CNFO
CNF1 See “Host Bus Selection” table below |See “Host Bus Selection” table below
CNF2
CNF3 Little Endian Big Endian
CNF4 Active low LCDPWR signal Active high LCDPWR signal

= configuration for 8-bit processor host bus interface

Table 4-2: Host Bus Selection

CNF2

CNF1 CNFO BS# Host Bus Interface

1

1 1 1 Generic #2, 16-bit

: = required configuration for this application.

4.3 Register/Memory Mapping

The S1D13705 needs a 128K byte block of memory to accommodate its 80K byte display
buffer and its 32 byte register set. The starting memory addressislocated at 00000h of the
128K byte memory block while the internal registers are located in the upper 32 bytes of
this memory block. (i.e. REG[0]= 1FFEOQh).

An external decoder can be used to decode the address lines and generate a chip select for
the S1D 13705 whenever the selected 128K byte memory block isaccessed. If the processor
supports ageneral chip select module, itsinternal registers can be programmed to generate
achip select for the S1D13705 whenever the S1D13705 memory block is accessed.
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5 Software

Test utilities and display drivers are available for the S1D13705. Full source codeis
available for both the test utilities and the drivers.

Thetest utilities are configurable for different pandl types using a program called
13705CFG. The display drivers can be customized by the OEM for different panel types,
resolutions and color depths only by modifying the source.

The S1D13705 test utilitiesand display drivers are available from your sales support
contact or on the internet at http://www.erd.epson.com.

Interfacing to an 8-bit Processor S1D13705
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7 Technical Support

7.1 Epson LCD/CRT Controllers (S1D13705)

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://lwww.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
http://www.epson.com.hk//

North America

Epson Electronics America, Inc.
150 River Oaks Parkway

San Jose, CA 95134, USA

Tel: (408) 922-0200

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

Europe

Epson Europe Electronics GmbH
Riesstrasse 15

80992 Munich, Germany

Tel: 089-14005-0

Fax: 089-14005-110
http://www.epson-electronics.de/

Taiwan

Epson Taiwan Technology
& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan

Tel: 02-2717-7360

Fax: 02-2712-9164
http://www.epson.com.tw/

Singapore

Epson Singapore Pte., Ltd.
No. 1

Temasek Avenue #36-00
Millenia Tower

Singapore, 039192

Tel: 337-7911

Fax: 334-2716
http://lwww.epson.com.sg/

Interfacing to an 8-bit Processor
Issue Date: 01/12/20

S1D13705

X27A-G-015-01



Page 16 Epson Research and Development
Vancouver Design Center

THIS PAGE LEFT BLANK

S1D13705 Interfacing to an 8-bit Processor
X27A-G-015-01 Issue Date: 01/12/20



	S1D13705 TECHNICAL MANUAL
	Customer Support Information
	Comprehensive Support Tools
	Evaluation / Demonstration Board
	Chip Documentation
	Software
	Application Engineering Support


	Product Brief
	FEATURES
	System Block Diagram
	DESCRIPTION
	Memory Interface
	CPU Interface
	Display Support
	Clock Source
	Display Modes
	Power Down Modes
	Operating Voltage
	Package


	Hardware Functional Specification
	Table of Contents
	List of Tables
	List of Figures
	1 Introduction
	1.1 Scope
	1.2 Overview Description

	2 Features
	2.1 Integrated Frame Buffer
	2.2 CPU Interface
	2.3 Display Support
	2.4 Display Modes
	2.5 Clock Source
	2.6 Miscellaneous
	2.7 Package

	3 Typical System Implementation Diagrams
	Figure 3�1: Typical System Diagram (SH-4 Bus)
	Figure 3�2: Typical System Diagram (SH-3 Bus)
	Figure 3�3: Typical System Diagram (M68K #1 Bus)
	Figure 3�4: Typical System Diagram (M68K #2 Bus)
	Figure 3�5: Typical System Diagram (Generic #1 Bus)
	Figure 3�6: Typical System Diagram (Generic #2 Bus - e.g. ISA Bus)

	4 Functional Block Diagram
	Figure 4�1: System Block Diagram Showing Data Paths
	4.1 Functional Block Descriptions
	4.1.1 Host Interface
	4.1.2 Memory Controller
	4.1.3 Sequence Controller
	4.1.4 Look-Up Table
	4.1.5 LCD Interface
	4.1.6 Power Save


	5 Pins
	5.1 Pinout Diagram
	Figure 5�1: Pinout Diagram

	5.2 Pin Description
	Key:
	5.2.1 Host Interface
	5.2.2 LCD Interface
	5.2.3 Clock Input
	5.2.4 Miscellaneous
	5.2.5 Power Supply

	5.3 Summary of Configuration Options
	Table 5�1: Summary of Power On/Reset Options�

	5.4 Host Bus Interface Pin Mapping
	Table 5�2: Host Bus Interface Pin Mapping

	5.5 LCD Interface Pin Mapping
	Table 5�3: LCD Interface Pin Mapping


	6 D.C. Characteristics
	Table 6�1: Absolute Maximum Ratings
	Table 6�2: Recommended Operating Conditions for Core VDD = 3.3V ± 10%
	Table 6�3: Input Specifications
	Table 6�4: Output Specifications

	7 A.C. Characteristics
	7.1 Bus Interface Timing
	7.1.1 SH-4 Interface Timing
	Figure 7�1: SH-4 Timing
	Table 7�1: SH-4 Timing

	7.1.2 SH-3 Interface Timing
	Figure 7�2: SH-3 Bus Timing
	Table 7�2: SH-3 Bus Timing

	7.1.3 Motorola MC68K #1 Interface Timing
	Figure 7�3: MC68K #1 Bus Timing (MC68000)
	Table 7�3: MC68K #1 Bus Timing (MC68000)

	7.1.4 Motorola MC68K #2 Interface Timing
	Figure 7�4: MC68K #2 Timing (MC68030)
	Table 7�4: MC68K #2 Timing (MC68030)

	7.1.5 Generic #1 Interface Timing
	Figure 7�5: Generic #1 Timing
	Table 7�5: Generic #1 Timing

	7.1.6 Generic #2 Interface Timing
	Figure 7�6: Generic #2 Timing
	Table 7�6: Generic #2 Timing


	7.2 Clock Input Requirements
	Figure 7�7: Clock Input Requirements for CLKI
	Table 7�7: Clock Input Requirements for CLKI
	Figure 7�8: Clock Input Requirements for BCLK
	Table 7�8: Clock Input Requirements for BCLK

	7.3 Display Interface
	7.3.1 Power On/Reset Timing
	Figure 7�9: LCD Panel Power On/Reset Timing
	Table 7�9: LCD Panel Power On/Reset Timing

	7.3.2 Power Down/Up Timing
	Figure 7�10: Power Down/Up Timing
	Table 7�10: Power Down/Up Timing

	7.3.3 Single Monochrome 4-Bit Panel Timing
	Figure 7�11: Single Monochrome 4-Bit Panel Timing
	Figure 7�12: Single Monochrome 4-Bit Panel A.C. Timing
	Table 7�11: Single Monochrome 4-Bit Panel A.C. Timing

	7.3.4 Single Monochrome 8-Bit Panel Timing
	Figure 7�13: Single Monochrome 8-Bit Panel Timing
	Figure 7�14: Single Monochrome 8-Bit Panel A.C. Timing
	Table 7�12: Single Monochrome 8-Bit Panel A.C. Timing

	7.3.5 Single Color 4-Bit Panel Timing
	Figure 7�15: Single Color 4-Bit Panel Timing
	Figure 7�16: Single Color 4-Bit Panel A.C. Timing
	Table 7�13: Single Color 4-Bit Panel A.C. Timing

	7.3.6 Single Color 8-Bit Panel Timing (Format 1)
	Figure 7�17: Single Color 8-Bit Panel Timing (Format 1)
	Figure 7�18: Single Color 8-Bit Panel A.C. Timing (Format 1)
	Table 7�14: Single Color 8-Bit Panel A.C. Timing (Format 1)

	7.3.7 Single Color 8-Bit Panel Timing (Format 2)
	Figure 7�19: Single Color 8-Bit Panel Timing (Format 2)
	Figure 7�20: Single Color 8-Bit Panel A.C. Timing (Format 2)
	Table 7�15: Single Color 8-Bit Panel A.C. Timing (Format 2)

	7.3.8 Dual Monochrome 8-Bit Panel Timing
	Figure 7�21: Dual Monochrome 8-Bit Panel Timing
	Figure 7�22: Dual Monochrome 8-Bit Panel A.C. Timing
	Table 7�16: Dual Monochrome 8-Bit Panel A.C. Timing

	7.3.9 Dual Color 8-Bit Panel Timing
	Figure 7�23: Dual Color 8-Bit Panel Timing
	Figure 7�24: Dual Color 8-Bit Panel A.C. Timing
	Table 7�17: Dual Color 8-Bit Panel A.C. Timing

	7.3.10 9/12-Bit TFT/D-TFD Panel Timing
	Figure 7�25: 12-Bit TFT/D-TFD Panel Timing
	Figure 7�26: TFT/D-TFD A.C. Timing
	Table 7�18: TFT/D-TFD A.C. Timing



	8 Registers
	8.1 Register Mapping
	8.2 Register Descriptions
	Table 8�1: Panel Data Format
	Table 8�2: Gray Scale/Color Mode Selection
	Table 8�3: High Performance Selection
	Table 8�4: Inverse Video Mode Select Options
	Table 8�5: Hardware Power Save/GPIO0 Operation
	Table 8�6: Software Power Save Mode Selection
	Figure 8�1: Screen-Register Relationship, Split Screen
	Table 8�7: Selection of SwivelView Mode
	Table 8�8: Selection of PCLK and MCLK in SwivelView Mode


	9 Frame Rate Calculation
	10 Display Data Formats
	Figure 10�1: 1/2/4/8 Bit-Per-Pixel Display Data Memory Organization

	11 Look-Up Table Architecture
	11.1 Monochrome Modes
	1 Bit-per-pixel Monochrome mode
	Figure 11�1: 1 Bit-per-pixel Monochrome Mode Data Output Path

	2 Bit-per-pixel Monochrome Mode
	Figure 11�2: 2 Bit-per-pixel Monochrome Mode Data Output Path

	4 Bit-per-pixel Monochrome Mode
	Figure 11�3: 4 Bit-per-pixel Monochrome Mode Data Output Path


	11.2 Color Modes
	1 Bit-per-pixel Color Mode
	Figure 11�4: 1 Bit-per-pixel Color Mode Data Output Path

	2 Bit-per-pixel Color Mode
	Figure 11�5: 2 Bit-per-pixel Color Mode Data Output Path

	4 Bit-per-pixel Color Mode
	Figure 11�6: 4 Bit-per-pixel Color Mode Data Output Path

	8 Bit-per-pixel Color Mode
	Figure 11�7: 8 Bit-per-pixel Color Mode Data Output Path



	12 SwivelView™
	12.1 Default SwivelView Mode
	Figure 12�1: Relationship Between The Screen Image and the Image Refreshed by S1D13705 in Default...
	12.1.1 How to Set Up Default SwivelView Mode

	12.2 Alternate SwivelView Mode
	Figure 12�2: Relationship Between The Screen Image and the Image Refreshed by S1D13705 in Alterna...
	12.2.1 How to Set Up Alternate SwivelView Mode

	12.3 Comparison Between Default and Alternate SwivelView Modes
	Table 12�1: Default and Alternate SwivelView Mode Comparison

	12.4 SwivelView Mode Limitations

	13 Power Save Modes
	Table 13�1: Power Save Mode Selection
	13.1 Software Power Save Mode
	Table 13�2: Software Power Save Mode Summary

	13.2 Hardware Power Save Mode
	Table 13�3: Hardware Power Save Mode Summary

	13.3 Power Save Mode Function Summary
	Table 13�4: Power Save Mode Function Summary

	13.4 Panel Power Up/Down Sequence
	Figure 13�1: Panel On/Off Sequence

	13.5 Turning Off BCLK Between Accesses
	13.6 Clock Requirements
	Table 13�5: S1D13705 Internal Clock Requirements


	14 Mechanical Data
	Figure 14�1: Mechanical Drawing QFP14

	15 Sales and Technical Support

	Programming Notes and Examples
	Table of Contents
	List of Tables
	List of Figures
	1 Introduction
	2 Initialization
	2.1 Display Buffer Location
	2.2 Register Values
	Table 2�1: S1D13705 Initialization Sequence�

	2.3 Frame Rate Calculation

	3 Memory Models
	3.1 1 Bit-Per-Pixel (2 Colors/Gray Shades)
	Figure 3�1: Pixel Storage for 1 Bpp (2 Colors/Gray Shades) in One Byte of Display Buffer

	3.2 2 Bit-Per-Pixel (4 Colors/Gray Shades)
	Figure 3�2: Pixel Storage for 2 Bpp (4 Colors/Gray Shades) in One Byte of Display Buffer

	3.3 4 Bit-Per-Pixel (16 Colors/Gray Shades)
	Figure 3�3: Pixel Storage for 4 Bpp (16 Colors/Gray Shades) in One Byte of Display Buffer

	3.4 Eight Bit-Per-Pixel (256 Colors)
	Figure 3�4: Pixel Storage for 8 Bpp (256 Colors) in One Byte of Display Buffer


	4 Look-Up Table (LUT)
	4.1 Look-Up Table Registers
	4.2 Look-Up Table Organization
	4.2.1 Color Modes
	Table 4�1: Recommended LUT Values for 1 Bpp Color Mode
	Table 4�2: Example LUT Values for 2 Bpp Color Mode
	Table 4�3: Suggested LUT Values to Simulate VGA Default 16 Color Palette
	Table 4�4: Suggested LUT Values to Simulate VGA Default 256 Color Palette�

	4.2.2 Gray Shade Modes
	Table 4�5: Recommended LUT Values for 1 Bpp Gray Shade
	Table 4�6: Suggested Values for 2 Bpp Gray Shade
	Table 4�7: Suggested LUT Values for 4 Bpp Gray Shade



	5 Advanced Techniques
	5.1 Virtual Display
	Figure 5�1: Viewport Inside a Virtual Display
	5.1.1 Registers
	5.1.2 Examples

	5.2 Panning and Scrolling
	5.2.1 Registers
	Table 5�1: Number of Pixels Panned Using Start Address

	5.2.2 Examples

	5.3 Split Screen
	Figure 5�2: 320x240 Single Panel For Split Screen
	5.3.1 Registers
	5.3.2 Examples


	6 LCD Power Sequencing and Power Save Modes
	6.1 LCD Power Sequencing
	6.2 Registers
	6.3 LCD Enable/Disable

	7 Hardware Rotation
	7.1 Introduction To Hardware Rotation
	7.2 Default Portrait Mode
	Figure 7�1: Relationship Between the Default Mode Screen Image and the Image Refreshed by S1D13705

	7.3 Alternate Portrait Mode
	Figure 7�2: Relationship Between the Alternate Mode Screen Image and the Image Refreshed by S1D13705

	7.4 Registers
	7.5 Limitations
	Table 7�1: Default and Alternate Portrait Mode Comparison

	7.6 Examples

	8 Identifying the S1D13705
	9 Hardware Abstraction Layer (HAL)
	9.1 Introduction
	9.2 Contents of the HAL_STRUCT
	9.3 Using the HAL library
	9.4 API for 13705HAL
	Table 9�1: HAL Functions�
	9.4.1 Initialization
	9.4.2 General HAL Support
	9.4.3 Advanced HAL Functions
	9.4.4 Register / Memory Access
	9.4.5 Power Save
	9.4.6 Drawing
	9.4.7 LUT Manipulation

	9.5 Porting LIBSE to a new target platform
	9.5.1 Building the LIBSE library for SH3 target example
	9.5.2 Building the HAL library for the target example


	10 Sample Code
	10.1 Sample code using the S1D13705 HAL API
	10.2 Sample code without using the S1D13705 HAL API
	10.3 Header Files


	Register Summary
	13705CFG Configuration Program
	Table of Contents
	13705CFG
	S1D13705 Supported Evaluation Platforms
	Installation
	Usage
	13705CFG Configuration Tabs
	General Tab
	Preferences Tab
	Clocks Tab
	Panel Tab
	Panel Power Tab
	Registers Tab

	13705CFG Menus
	Open...
	Save
	Save As...
	Configure Multiple
	Export
	Enable Tooltips
	ERD on the Web
	About 13705CFG

	Comments


	13705SHOW Demonstration Program
	13705SHOW
	S1D13705 Supported Evaluation Platforms
	Installation
	Usage
	Comments
	Program Messages


	13705SPLT Display Utility
	13705SPLT
	S1D13705 Supported Evaluation Platforms
	Installation
	Usage
	13705SPLT Example
	Program Messages


	13705VIRT Display Utility
	13705VIRT
	S1D13705 Supported Evaluation Platforms
	Installation
	Usage
	13705VIRT Example
	Program Messages


	13705PLAY Diagnostic Utility
	13705PLAY
	S1D13705 Supported Evaluation Platforms
	Installation
	Usage
	13705PLAY Example
	Scripting
	Comments
	Program Messages


	13705BMP Demonstration Program
	13705BMP
	Installation
	Usage
	Comments
	Program Messages


	13705PWR Power Save Utility
	13705PWR
	S1D13705 Supported Evaluation Platforms
	Installation
	Usage
	Program Messages


	Windows® CE 2.x Display Drivers
	WINDOWS® CE 2.x DISPLAY DRIVERS
	Example Driver Builds
	Installation for CEPC Environment
	Configuration
	Compile Switches
	Mode File

	Comments


	Wind River WindML v2.0 Display Drivers
	Wind River WindML v2.0 DISPLAY DRIVERS
	Building a WindML v2.0 Display Driver
	1. Create a working directory and unzip the WindML display driver into it.
	2. Configure for the target execution model.
	3. Build a boot ROM image.
	4. Create a bootable disk (in drive A:).
	5. If necessary, generate a new mode0.h configuration file.
	6. Build the WindML v2.0 library.
	7. Open the S1D13705 workspace.
	8. Add support for single line comments.
	a. In the Tornado “Workspace Views” window, click on the “Builds” tab.
	b. Expand the “8bpp Builds” view by clicking on the “+” next to it. The expanded view will contai...
	c. Select the “C/C++ compiler” tab to display the command switches used in the build. Remove the ...

	9. Compile the VxWorks image.
	10. Copy the VxWorks file to the diskette.
	11. Start the VxWorks demo.



	Wind River UGL v1.2 Display Drivers
	Wind River UGL v1.2 Display Drivers
	Building a UGL v1.2 Display Driver
	1. Create a working directory and unzip the UGL display driver into it.
	2. Configure for the target execution model.
	3. Build a boot ROM image.
	4. Create a bootable disk (in drive A:).
	5. If necessary, generate a new mode0.h configuration file.
	6. Open the S1D13705 workspace.
	7. Add support for single line comments.
	a. In the Tornado “Workspace” window, click on the “Builds” tab.
	b. Expand the “8bpp Builds” view by clicking on the “+” next to it. The expanded view will contai...
	c. Select the “C/C++ compiler” tab to display the command switches used in the build. Remove the ...

	8. Compile the VxWorks image.
	9. Copy the VxWorks file to the diskette.
	10. Start the VxWorks demo.



	Linux Console Driver
	Linux Console Driver
	Building the Console Driver for Linux Kernel 2.2.x
	1. Acquire the Linux kernel source code.
	2. Unzip the console driver files.
	3. Copy the console driver files to the build directory.
	4. Modify s1d13705.h
	5. Configure the video options.
	6. Compile and install the kernel
	7. Boot to the Linux operating system

	Building the Console Driver for Linux Kernel 2.4.x
	1. Acquire the Linux kernel source code.
	2. Unzip the console driver files.
	3. Copy the console driver files to the build directory. Make the directory /usr/src/linux/driver...
	4. Modify s1d13705.h
	5. Configure the video options.
	6. Compile and install the kernel
	7. Boot to the Linux operating system



	QNX Photon v2.0 Display Driver
	QNX Photon v2.0 Display Driver
	Building the Photon v2.0 Display Driver
	Unpack the Graphics Driver Development Kit Archive
	Configure the Driver
	Build the Driver
	Installing the Driver
	Run the Driver

	Comments


	S1D13XXX 32-Bit Windows Device Driver Installation Guide
	S1D13XXX 32-Bit Windows Device Driver Installation Guide
	Driver Requirements
	Installation
	Windows NT Version 4.0
	Windows 2000
	Windows 98/ME
	Windows 95 OSR2
	Previous Versions of Windows 95



	S5U13705B00C Rev. 1.0 ISA Bus Evaluation Board User Manual
	Table of Contents
	List of Tables
	List of Figures
	1 Introduction
	1.1 Features

	2 Installation and Configuration
	Table 2�1: Configuration DIP Switch Settings
	Table 2�2: Host Bus Selection
	Table 2�3: Jumper Settings

	3 LCD Interface Pin Mapping
	Table 3�1: LCD Signal Connector (J5) Pinout

	4 CPU/Bus Interface Connector Pinouts
	Table 4�1: CPU/BUS Connector (H1) Pinout
	Table 4�2: CPU/BUS Connector (H2) Pinout

	5 Host Bus Interface Pin Mapping
	Table 5�1: Host Bus Interface Pin Mapping

	6 Technical Description
	6.1 Embedded Memory Support
	6.2 ISA Bus Support
	6.2.1 Display Adapter Card Support
	6.2.2 Expanded Memory Manager Support

	6.3 Non-ISA Bus Support
	6.4 Decoding Logic
	6.5 Clock Input Support
	6.6 LCD Panel Voltage Setting
	6.7 Monochrome LCD Panel Support
	6.8 Color Passive LCD Panel Support
	6.9 Color TFT/D-TFD LCD Panel Support
	6.10 Power Save Modes
	6.11 Adjustable LCD Panel Negative Power Supply
	6.12 Adjustable LCD Panel Positive Power Supply
	6.13 CPU/Bus Interface Header Strips

	7 Parts List
	8 Schematic Diagrams
	Figure 8�1: S1D13705B00C Schematic Diagram (1 of 4)
	Figure 8�2: S1D13705B00C Schematic Diagram (2 of 4)
	Figure 8�3: S1D13705B00C Schematic Diagram (3 of 4)
	Figure 8�4: S1D13705B00C Schematic Diagram (4 of 4)


	Windows® CE 3.x Display Drivers
	WINDOWS® CE 3.x DISPLAY DRIVERS
	Example Driver Builds
	Installation for CEPC Environment
	Configuration
	Compile Switches
	Mode File
	Resource Management Issues

	Comments


	Interfacing to the Toshiba MIPS TMPR3912 Microprocessor
	Table of Contents
	List of Tables
	List of Figures
	1 Introduction
	2 Interfacing to the TMPR3912
	3 S1D13705 Host Bus Interface
	3.1 Host Bus Pin Connection
	Table 3�1: Host Bus Interface Pin Mapping

	3.2 Generic #1 Interface Mode
	3.3 Generic #2 Interface Mode

	4 Direct Connection to the Toshiba TMPR3912
	4.1 General Description
	Figure 4�1: S1D13705 to TMPR3912 Direct Connection

	4.2 Memory Mapping and Aliasing
	4.3 S1D13705 Configuration
	Table 4�1: S1D13705 Configuration for Direct Connection


	5 Using the ITE IT8368E PC Card Buffer
	5.1 Hardware Description
	Figure 5�1: S1D13705 to TMPR3912 Connection Using an IT8368E

	5.2 IT8368E Configuration
	5.3 Memory Mapping and Aliasing
	Table 5�1: TMPR3912 to PC Card Slots Address Mapping With and Without the IT8368E

	5.4 S1D13705 Configuration
	Table 5�2: S1D13705 Configuration Using the IT8368E


	6 Software
	7 Technical Support
	7.1 EPSON LCD Controllers (S1D13705)
	7.2 Toshiba MIPS TMPR3912 Processor
	7.3 ITE IT8368E


	S1D13705 Power Consumption
	1 S1D13705 Power Consumption
	1.1 Conditions
	Table 1�1: S1D13705 Total Power Consumption


	2 Summary

	Interfacing to the Motorola ‘Dragonball’ Family of Microprocessors
	Document Number: X27A-G-007-04
	Table of Contents
	List of Tables
	List of Figures
	1 Introduction
	2 Interfacing to the MC68328
	2.1 The MC68328 System Bus
	2.2 Chip-Select Module
	2.3 S1D13705 Host Bus Interface
	2.3.1 Host Bus Pin Connection
	Table 2�1: Host Bus Interface Pin Mapping

	2.3.2 Generic #1 Interface Mode
	2.3.3 MC68K #1 Interface Mode

	2.4 MC68328 To S1D13705 Interface
	2.4.1 Hardware Description
	Using The MC68K #1 Host Bus Interface
	Figure 2�1: Typical Implementation of MC68328 to S1D13705 Interface - MC68K #1

	Using The Generic #1 Host Bus Interface
	Figure 2�2: Typical Implementation of MC68328 to S1D13705 Interface - Generic #1


	2.4.2 S1D13705 Hardware Configuration
	Table 2�2: Summary of Power-On/Reset Options
	Table 2�3: Host Bus Interface Selection

	2.4.3 MC68328 Chip Select Configuration


	3 Interfacing to the MC68EZ328
	3.1 The MC68EZ328 System Bus
	3.2 Chip-Select Module
	3.3 S1D13705 Host Bus Interface
	3.3.1 Host Bus Pin Connection
	Table 3�1: Host Bus Interface Pin Mapping

	3.3.2 Generic #1 Interface Mode

	3.4 MC683EZ28 To S1D13705 Interface
	3.4.1 Hardware Description
	Figure 3�1: Typical Implementation of MC68EZ328 to S1D13705 Interface - Generic #1

	3.4.2 S1D13705 Hardware Configuration
	Table 3�2: Summary of Power-On/Reset Options
	Table 3�3: Host Bus Interface Selection

	3.4.3 MC68EZ328 Chip Select Configuration


	4 Interfacing to the MC68VZ328
	4.1 The MC68VZ328 System Bus
	4.2 Chip-Select Module
	4.3 S1D13705 Host Bus Interface
	4.3.1 Host Bus Pin Connection
	Table 4�1: Host Bus Interface Pin Mapping

	4.3.2 Generic #1 Interface Mode
	4.3.3 MC68K #1 Interface Mode

	4.4 MC68VZ328 To S1D13705 Interface
	4.4.1 Hardware Description
	Using The MC68K #1 Host Bus Interface
	Figure 4�1: Typical Implementation of MC68VZ328 to S1D13705 Interface - MC68K #1

	Using The Generic #1 Host Bus Interface
	Figure 4�2: Typical Implementation of MC68VZ328 to S1D13705 Interface - Generic #1


	4.4.2 S1D13705 Hardware Configuration
	Table 4�2: Summary of Power-On/Reset Options
	Table 4�3: Host Bus Interface Selection

	4.4.3 MC68VZ328 Chip Select and Pin Configuration


	5 Software
	6 References
	6.1 Documents
	6.2 Document Sources

	7 Technical Support
	7.1 EPSON LCD Controllers (S1D13705)
	7.2 Motorola Dragonball Processors


	Interfacing to the NEC VR4102/VR4111 Microprocessor
	Table of Contents
	List of Tables
	List of Figures
	1 Introduction
	2 Interfacing to the NEC VR4102/VR4111
	2.1 The NEC VR4102/VR4111 System Bus
	2.1.1 Overview
	2.1.2 LCD Memory Access Cycles
	Figure 2�1: NEC VR4102/VR4111 Read/Write Cycles



	3 S1D13705 Host Bus Interface
	3.1 Host Bus Pin Connection
	Table 3�1: Host Bus Interface Pin Mapping

	3.2 Generic #2 Interface Mode

	4 VR4102/VR4111 to S1D13705 Interface
	4.1 Hardware Description
	Figure 4�1: Typical Implementation of VR4102/VR4111 to S1D13705 Interface

	4.2 S1D13705 Hardware Configuration
	Table 4�1: Summary of Power-On/Reset Options
	Table 4�2: Host Bus Selection

	4.3 NEC VR4102/VR4111 Configuration

	5 Software
	6 References
	6.1 Documents
	6.2 Document Sources

	7 Technical Support
	7.1 Epson LCD Controllers (S1D13705)
	7.2 NEC Electronics Inc.


	Interfacing to the PC Card Bus
	Table of Contents
	List of Tables
	List of Figures
	1 Introduction
	2 Interfacing to the PC Card Bus
	2.1 The PC Card System Bus
	2.1.1 PC Card Overview
	2.1.2 Memory Access Cycles
	Figure 2�1: PC Card Read Cycle
	Figure 2�2: PC Card Write Cycle



	3 S1D13705 Bus Interface
	3.1 Host Bus Pin Connection
	Table 3�1: Host Bus Interface Pin Mapping

	3.2 Generic #2 Interface Mode

	4 PC Card to S1D13705 Interface
	4.1 Hardware Connections
	Figure 4�1: Typical Implementation of PC Card to S1D13705 Interface

	4.2 S1D13705 Hardware Configuration
	Table 4�1: Summary of Power-On/Reset Options
	Table 4�2: Host Bus Interface Selection

	4.3 Register/Memory Mapping

	5 Software
	6 References
	6.1 Documents
	6.2 Document Sources

	7 Technical Support
	7.1 EPSON LCD Controllers (S1D13705)
	7.2 PC Card Standard


	Interfacing to the Motorola MPC821 Microprocessor
	Document Number: X27A-G-010-02
	Table of Contents
	List of Tables
	List of Figures
	1 Introduction
	2 Interfacing to the MPC821
	2.1 The MPC8xx System Bus
	2.2 MPC821 Bus Overview
	2.2.1 Normal (Non-Burst) Bus Transactions
	Figure 2�1: Power PC Memory Read Cycle
	Figure 2�2: Power PC Memory Write Cycle

	2.2.2 Burst Cycles

	2.3 Memory Controller Module
	2.3.1 General-Purpose Chip Select Module (GPCM)
	2.3.2 User-Programmable Machine (UPM)


	3 S1D13705 Host Bus Interface
	3.1 Host Bus Interface Modes
	Table 3�1: Host Bus Interface Pin Mapping

	3.2 Generic #1 Host Bus Interface Mode

	4 MPC821 to S1D13705 Interface
	4.1 Hardware Description
	Figure 4�1: Typical Implementation of MPC821 to S1D13705 Interface

	4.2 MPC821ADS Evaluation Board Hardware Connections
	Table 4�1: List of Connections from MPC821ADS to S1D13705 �

	4.3 S1D13705 Hardware Configuration
	Table 4�2: Configuration Settings
	Table 4�3: Host Bus Selection

	4.4 MPC821 Chip Select Configuration
	4.5 Test Software

	5 Software
	6 References
	6.1 Documents
	6.2 Document Sources

	7 Technical Support
	7.1 EPSON LCD/CRT Controllers (S1D13705)
	7.2 Motorola MPC821 Processor


	Interfacing to the Motorola MCF5307 "ColdFire" Microprocessor
	Document Number: X27A-G-011-02
	Table of Contents
	List of Tables
	List of Figures
	1 Introduction
	2 Interfacing to the MCF5307
	2.1 The MCF5307 System Bus
	2.1.1 Overview
	2.1.2 Normal (Non-Burst) Bus Transactions
	Figure 2�1: MCF5307 Memory Read Cycle
	Figure 2�2: MCF5307 Memory Write Cycle

	2.1.3 Burst Cycles

	2.2 Chip-Select Module

	3 S1D13705 Bus Interface
	3.1 Host Bus Pin Connection
	Table 3�1: Host Bus Interface Pin Mapping

	3.2 Generic #1 Interface Mode

	4 MCF5307 To S1D13705 Interface
	4.1 Hardware Description
	Figure 4�1: Typical Implementation of MCF5307 to S1D13705 Interface

	4.2 S1D13705 Hardware Configuration
	Table 4�1: Summary of Power-On/Reset Options
	Table 4�2: Host Bus Interface Selection

	4.3 MCF5307 Chip Select Configuration

	5 Software
	6 References
	6.1 Documents
	6.2 Document Sources

	7 Technical Support
	7.1 EPSON LCD Controllers (S1D13705)
	7.2 Motorola MCF5307 Processor


	Interfacing to the Philips MIPS PR31500/PR31700 Processor
	Table of Contents
	List of Tables
	List of Figures
	1 Introduction
	2 Interfacing to the PR31500/PR31700
	3 S1D13705 Host Bus Interface
	3.1 Host Bus Pin Connection
	Table 3�1: Host Bus Interface Pin Mapping

	3.2 Generic #1 Interface Mode
	3.3 Generic #2 Interface Mode

	4 Direct Connection to the Philips PR31500/PR31700
	4.1 General Description
	Figure 4�1: S1D13705 to PR31500/PR31700 Direct Connection

	4.2 Memory Mapping and Aliasing
	4.3 S1D13705 Configuration and Pin Mapping
	Table 4�1: S1D13705 Configuration for Direct Connection


	5 Using the ITE IT8368E PC Card Buffer
	5.1 Hardware Description
	Figure 5�1: S1D13705 to PR31500/PR31700 Connection Using an IT8368E

	5.2 IT8368E Configuration
	5.3 Memory Mapping and Aliasing
	Table 5�1: PR31500/PR31700 to PC Card Slots Address Mapping With and Without the IT8368E

	5.4 S1D13705 Configuration
	Table 5�2: S1D13705 Configuration Using the IT8368E


	6 Software
	7 Technical Support
	7.1 EPSON LCD Controllers (S1D13705)
	7.2 Philips MIPS PR31500/PR31700 Processor
	7.3 ITE IT8368E


	S5U13704/5 - TMPR3912/22U CPU Module
	Table of Contents
	List of Tables
	List of Figures
	1 Introduction
	1.1 General Description

	2 S1D13704/5 Bus Interface
	2.1 Bus Interface Modes
	2.2 Generic #2 Interface Mode

	3 TMPR3912/22U and S1D13704/5 Interface
	3.1 Hardware Connections
	Figure 3�1: S1D13704 to TMPR3912/22U Interface

	3.2 Memory Mapping and Aliasing
	3.3 S1D13704/5 Configuration and Pin Mapping
	Table 3�1: S1D13704/5 Configuration for Generic #2 Bus Interface
	Table 3�2: S1D13704/5 Generic #2 Interface Pin Mapping


	4 CPU Module Description
	4.1 Clock Signals
	4.1.1 BUSCLK
	4.1.2 CLKI

	4.2 LCD Connectors
	4.2.1 50-pin LCD Module Connector, J3
	4.2.2 Standard Epson LCD Connector, J4

	4.3 LCD Controller
	4.3.1 S1D13704 vs. S1D13705
	4.3.2 LCDPWR Polarity
	4.3.3 S1D13704\75 Chip Select



	Interfacing to the NEC VR4181A™ Microprocessor
	Table of Contents
	List of Tables
	List of Figures
	1 Introduction
	2 Interfacing to the NEC VR4181A
	2.1 The NEC VR4181A System Bus
	2.1.1 Overview
	2.1.2 LCD Memory Access Signals


	3 S1D13705 Host Bus Interface
	3.1 Host Bus Pin Connection
	Table 3�1: Host Bus Interface Pin Mapping

	3.2 Generic #2 Interface Mode

	4 VR4181A to S1D13705 Interface
	4.1 Hardware Description
	Figure 4�1: Typical Implementation of VR4181A to S1D13705 Interface

	4.2 S1D13705 Hardware Configuration
	Table 4�1: Summary of Power-On/Reset Options
	Table 4�2: Host Bus Selection

	4.3 NEC VR4181A Configuration

	5 Software
	6 References
	6.1 Documents
	6.2 Document Sources

	7 Technical Support
	7.1 Epson LCD Controllers (S1D13705)
	7.2 NEC Electronics Inc.


	Interfacing to an 8-bit Processor
	Document Number: X27A-G-015-01
	Table of Contents
	List of Tables
	List of Figures
	1 Introduction
	2 Interfacing to an 8-bit Processor
	2.1 The Generic 8-bit Processor System Bus

	3 S1D13705 Bus Interface
	3.1 Host Bus Pin Connection
	Table 3�1: Host Bus Interface Pin Mapping

	3.2 Generic #2 Interface Mode

	4 8-Bit Processor to S1D13705 Interface
	4.1 Hardware Description
	Figure 4�1: Typical Implementation of an 8-bit Processor to the S1D13705 Generic #2 Interface

	4.2 S1D13705 Hardware Configuration
	Table 4�1: Configuration Settings
	Table 4�2: Host Bus Selection

	4.3 Register/Memory Mapping

	5 Software
	6 References
	6.1 Documents
	6.2 Document Sources

	7 Technical Support
	7.1 Epson LCD/CRT Controllers (S1D13705)



