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S1D13704 EMBEDDED MEMORY COLOR LCD CONTROLLER

m DESCRIPTION

The S1D13704 is a color/monochrome LCD graphics controller with an embedded 40K Byte SRAM display buffer.
The high integration of the S1D13704 provides a low cost, low power, single chip solution to meet the require-
ments of embedded markets such as Office Automation equipment, Mobile Communications 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 S1D13704.
Virtual and Split Screen are just some of the display modes supported. The above features, combined with the
Operating System independence of the S1D13704, make it the ideal solution for a wide variety of applications.

m FEATURES

Memory Interface
* Embedded 40K byte SRAM display buffer.

Display Modes
* Hardware Portrait Mode: direct hardware rotation
of display image for portrait mode display.

CPU Interface * 1/2/4 bit-per-pixel (bpp), 2/4/16-level grayscale
* Direct support of the following interfaces: display.

Hitachi SH-3. * 1/2/4/8 bit-per-pixel, 2/4/16/256-level color display.

Hitachi SH-4. * Up to 16 shades of gray by FRM on monochrome
Motorola M68K. passive LCD panels.

MPU bus interface with programmable READY.
¢ Direct memory mapping of internal registers.
* CPU write buffer.

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 / TFD interface.
* Register level suport for EL panels.

* Example resolutions:
640x480 at a color depth of 1 bpp
640x240 at a color depth of 2 bpp
320x240 at a color depth of 4 bpp
240x160 at a color depth of 8 bpp

Power Down Modes
* Hardware and software Suspend modes.

* LCD power-down sequencing.

¢ 256 simultaneous of 4096 colors on color passive
and active matrix LCD panels.

* Split screen display for all 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).

Clock Source
* Single clock input for both pixel and memory clocks.
* The S1D13704 clock source can be internally
divided down for a higher frequency clock input.
* Dynamic switching of memory clocks in portrait
mode.

General Purpose 10 Pins
* Five General Purpose Input / Output pins available.

Operating Voltage
® 2.7 volts to 5.5 volts.

Package
¢ 80-pin QFP14 surface mount package.
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1 Introduction

1.1 Scope

Thisisthe Functional Specification for the S1D13704 Embedded Memory LCD Controller
Chip. Included in this document are timing diagrams, AC and DC characteristics, register
descriptions, and power management descriptions. This document is intended for two
audiences: Video Subsystem Designers and Software Developers.

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 S1D13704 is a color / monochrome LCD graphics controller with an embedded 40K
Byte SRAM display buffer. The high integration of the S1D13704 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™ (90°
Hardware Rotate) feature of the S1D13704. Virtual and Split Screen are just some of the
display modes supported. The above features, combined with the Operating System
independence of the S1D13704, make it the ideal solution for awide variety of applica-
tions.
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2 Features

2.1 Integrated Frame Buffer
« Embedded 40K 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 64K byte address space.

The complete 40K byte frame buffer is directly and contiguously available through the
16-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, dua-drive passive displays.
Active Matrix TFT / D-TFD interface

Register level support for EL panels.

Example resolutions:
640x480 at a color depth of 1 bpp
640x240 at a color depth of 2 bpp
320x240 at a color depth of 4 bpp
240x160 at a color depth of 8 bpp

S1D13704 Hardware Functional Specification
X26A-A-001-06 Issue Date: 02/02/01

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/5977136/S1D13704.html

Epson Research and Development Page 11

Vancouver Design Center

2.4 Display Modes

2.5 Clock Source

SwivelView™: direct 90° hardware rotation of display image for portrait mode display.
1/2/4 bit-per-pixel (opp), 2/4/16-level grayshade display.
1/2/4/8 hit-per-pixel, 2/4/16/256-level color display.

Up to 16 shades of gray by FRM on monochrome passive LCD panels; a 16x4 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
16x4 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).

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

2.7 Package

Hardware/Software Video Invert.

Software Power Save mode.

Hardware Power Save mode.

L CD power-down sequencing.

5 Genera Purpose Input/Output pins are available.

» GPIOO isavailableif Hardware Power Save is not required.

* GPIQ[4:1] are availableif upper LCD data pins (FPDAT[11:8]) are not required for
TFT/D-TFD support or Hardware Video Invert.

IO Operates from 3.0 volts to 5.5 volts

Core operates from 3.0 voltsto 3.6 valts.

80 pin QFP14 package.

Hardware Functional Specification S1D13704

Issue Date: 02/02/01

X26A-A-001-06

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/5977136/S1D13704.html

Page 12 Epson Research and Development
Vancouver Design Center

3 Typical System Implementation Diagrams

Oscillator
<
SH-4 ©
BUS
CSn# P CS#
A[15:0] P AB[15:0]
D[15:0] DBJ[15:0] FPDATI70] » ool
WE1# WEL# FPSHIFT P FPSHIFT
BS# » BS# SlD13704 R 8-bit
RD/WRH# RD/WR# FPFRAME » FPFRAME LCD
RD# 5 ro# FPLINE »| FPLINE Display
WEO# WEO# DRDY » mop
RDY# |4 WAIT#
LCDPWR
CKIO »{ BCLK
RESET# RESET#
Figure 3-1: Typical System Diagram (SH-4 Bus)
Oscillator
4
5
SH-3 ©
BUS
CSn# Cs#
A[15:0] P AB[15:0]
D[15:0] (¢ DBJ[15:0] FPDAT20] » ool
WE1# WEL# FPSHIFT P FPSHIFT
BS# » BS# SlD13704 R 4-bit
RD/WRH# RDIWR# FPFRAME » FPFRAME LCD
RD# 5 ro# FPLINE »| FPLINE Display
WEO# WEO# DRDY » mop
WAIT# |4 WAIT#
LCDPWR
CKIO »{ BCLK
RESET# RESET#
Figure 3-2: Typical System Diagram (SH-3 Bus)
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Oscillator
MC68000
BUS 4
FCo, F%iséglz O—’ cs# %
Al15:1] »| AB[15:1]
D[15:0] DB[15:0]
FPDAT[3:0] P D[3:0]
FPSHIFT FPSHIFT
Los# > Agox S1D13704 4-bit
UDSH o weLs FPFRAME FPFRAME LCD
AS# BS# FPLINE P FPLINE Disp|ay
Riw# P RD/WR# DRODY Mob
DTACK# |« WAIT# T
LCDPWR
CLK P BCLK
RESET# RESET#
Figure 3-3: Typical System Diagram (M68K #1 Bus)
Oscillator
MC68030
BUS 4
FCo, ;c[ilég]z O—’ csit §
A[15:0] AB[15:0]
D[31:16] |« » DB[15:0]
FPDAT[7:0] D[7:0]
b o wes FPSHIFT P FPSHIFT
ASH# BS# S1D13704 8-bit
RIW# »| RDMWR# FPFRAME » FPFRAME LCD
siz1 RD# FPLINE > FPLNE  pisplay
$120 b weos DRDY MOD
DSACK1# WAIT#
LCDPWR
CLK BCLK
RESET# P RESET#
Figure 3-4: Typical System Diagram (M68K #2 Bus)
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Oscillator
v
BS# <
GENERIC #1 3
BUS —
csn# » Ccs#
Al15:0] P AB[15:0]
D[15:0] DB[15:0
« [15:0] FPDAT[11:0] » D[11:0]
FPSHIFT P FPSHIFT
WEo# p| weo# S1D13704 12-bit
4 FPFRAME P FPFRAME  TET
WEL# »| WEL# ¢
FPLINE FPLINE f
RDO# P RD Display
DRDY » DRDY
RD1# P RD/WR#
WAIT# |4 WAIT# T
LCDPWR
BCLK » BCLK
RESET# RESET#

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

Oscillator

v
—‘—— BSH# é
ISA " ReFrEsH |—
BUS saisg |y Decoder O cst
SA[15:0] P AB[15:0]
SDI[15:0] DB[15:0]
FPDAT[8:0] P D[8:0]
SMEMW# » WEO# FPSHIFT FPSHIFT
9-bit
SMEMR# » RD# SlD13704
FPFRAME FPFRAME  TET
FPLINE » :
SBHE# » WE1# FPLINE Display
DRDY DRDY
IOCHRDY [« WAIT# T
LCDPWR
BCLK »{ BCLK
RESET 4|>O—> RESET#

Figure 3-6: Typical System Diagram (Generic #2 Bus - e.g. | SA Bus)
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4 Functional Block Diagram

20k x 16-bit SRAM
T X 0
| y |
| Memory | Power Save
Register | Controller |
N | A |
| | Clocks
y | |
| | LCD » LCD
Generic MPU h
MC68K Host | | J|owF
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
memory and internal registers.

4.1.2 Memory Controller

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

4.1.3 Sequence Controller

The Sequence Controller controls dataflow from the Memory Controller through the L ook-
Up Table and to the LCD Interface. It a so generates memory addresses for display refresh
accesses.
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4.1.4 Look-Up Table

The Look-Up Table contains three 16x4 Look-Up Tables or palettes, one for each primary
color. In monochrome mode only one of these Look-Up Tablesis 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.
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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<00000-4K0Q
wwmmmmmm<l—wzzzzzg'|)0:uo
CCEERERGOZTITITITILSCR
© ms =2
z
py) g
61 o 40
—— COREVDD VSS 29
62| gs FPFRAME —>—
63| Ag7 FPLINE %
L FPDATO —>—
651 aBs FPDAT1 —zg
96 | B4 FPDAT2 [~
% AB3 FPDATS [~
—— AB2 FPDAT4 ——
69 32
20| "Bt FPDATS [ —
L~ I ABO FPDAT6 [+~
30
—;; BCLK S1D13704 FPDAT7 — =
? VSS IO0VDD BTE
—, | RESET# FPSHIFT ———
—— Ccs# VSS I~
75 I gs# FPDAT8 ——
18| ro# FPDATY |22
7—; WEO# FPDAT10 %
78 wes FPDAT11 |-==—
9 | RovR# GPIOO %
80 1yss o COREVDD |——
O 2
MEoovoooo_ O
> < <
SSEEERR RS PR R R B0
O wNMPrRPoOoOOUO o~ b wNEL OO
‘1 ‘2 ‘3 ‘4 ‘5 ‘6 ‘7 ‘8 ‘9 ‘10‘11‘12‘13‘14‘15‘16‘17‘18‘19‘20
Figure 5-1: Pinout Diagram
Note
Package type: 80 pin surface mount QFP14
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5.2 Pin Description

Key:

COx
TSx
TSxD

CNXx

5.2.1 Host Interface

Input

Output

Bi-Directional (Input/Output)
Power pin

CMOS level input
CMOS level input with pull down resistor (typical values of 100KQ/180KQ at 5V/3.3V respectively)
CMOS level Schmitt input
CMOS output driver, x denotes driver type (1=3/-1.5mA, 2=6/-3mA, 3=12/-6mA)
Tri-state CMOS output driver, x denotes driver type (1=3/-1.5mA, 2=6/-3mA, 3=12/-6mA)

Tri-state CMOS output driver with pull down resistor (typical values of 100KQ/180KQ at 5V/3.3V
respectively), x denotes driver type (1=3/-1.5mA, 2=6/-3mA, 3=12/-6mA)

CMOS low-noise output driver, x denotes driver type (1=3/-1.5mA, 2=6/-3mA, 3=12/-6mA)

Pin Names Type Pin # Cell RESET# Description
State
This pin has multiple functions.
e For SH-3/SH-4 mode, this pin inputs system address bit
0 (A0).
e For MC68K #1, this pin inputs the lower data strobe
(LDS#).
ABO | 70 CSs Input » For MC68K #2, this pin inputs system address bit 0 (A0).
« For Generic #1, this pin inputs system address bit 0
(A0).
« For Generic #2, this pin inputs system address bit 0
(A0).
See “Host Bus Interface Pin Mapping” for summary.
53, 54, 55,
56, 57, 58, o .
AB[15:1] | 59 62, 63, C Input ;I':[elzelg]))lns input the system address bits 15 through 1
64, 65, 66, U
67, 68, 69
These pins have multiple functions.
e For SH-3/SH-4 mode, these pins are connected to
[D15:0].
g' g ?161; « For MC68K #1, these pins are connected to D[15:0].
. R High * For MC68K #2, these pins are connected to D[31:16] for
DB[15:0] VO 1 13,14,15, | CITS2 | | hedance a 32-bit device (e.g. MC68030) or D[15:0] for a 16-bit
16, 1179 18, device (e.g. MC68340).
« For Generic #1, these pins are connected to D[15:0].
» For Generic #2, these pins are connected to D[15:0].
See “Host Bus Interface Pin Mapping” for summary.
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Pin Names Type Pin # Cell

RESET#
State

Description

WEO# | 7 (O]

Input

This pin has multiple functions.

See

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

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

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

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

“Host Bus Interface Pin Mapping” for summary.

WE1# | 78 CS

Input

This pin has multiple functions.

See

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#).

“Host Bus Interface Pin Mapping” for summary.

CS# | 74 C

Input

This pin inputs the chip select signal.

BCLK | 71 C

Input

This pin inputs the system bus clock.

BS# | 75 Cs

Input

This pin has multiple functions.

See

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 Vgs.

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

“Host Bus Interface Pin Mapping” for summary.

RD/WR# | 79 CS

Input

This pin has multiple functions.

See

For SH-3/SH-4 mode, this pin inputs the RD/WR# signal.
The S1D13704 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.

“Host Bus Interface Pin Mapping” for summary.
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. . RESET# -
Pin Names Type Pin # Cell State Description

This pin has multiple functions.

e For SH-3/SH-4 mode, this pin inputs the read signal
(RD#).

For MC68K #1, this pin must be tied to 10 Vpp.

For MC68K #2, this pin inputs the bus size bit 1 (SIZ1).

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

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

RD# | 76 cs Input

See “Host Bus Interface Pin Mapping” for summary.

This pin has multiple functions.

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

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

High For MC68K #1, this pin outputs the data transfer
Impedance 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#).

WAIT# (0] 2 TS2

See “Host Bus Interface Pin Mapping” for summary.

Active low input to set all internal registers to the default state

RESET# 3 €S 0 and to force all signals to their inactive states.

5.2.2 LCD Interface

RESET#
Pin N T Pin # Cell D ipti
in Name ype in e State escription

30, 31, 32,
FPDATI[7:0] (0] 33,34,35,| CN3 0 Panel Data
36, 37

These pins have multiple functions.
» Panel Data bits [10:8] for TFT/D-TFD panels.
24,25,26 | CN3 Input » General Purpose Input/Output pins GPIO[3:1].

These pins should be connected to 10 Vpp when unused.
See “LCD Interface Pin Mapping” for summary.

O,

FPDAT[10:8] o

This pin has multiple functions.
» Panel Data bit 11 for TFT/D-TFD panels.
23 CN3 Input » General Purpose Input/Output pin GP104.

FPDAT11 . .
/0 * Inverse Video select pin.

This pin should be connected to 10 Vpp when unused. See
“LCD Interface Pin Mapping” for summary.

FPFRAME (@] 39 CN3 0 Frame Pulse
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. . RESET# I
Pin Name Type Pin # Cell State Description
FPLINE 0] 38 CN3 0 Line Pulse
FPSHIFT (0] 28 CN3 0 Shift Clock
OifCNF4=1
LCDPWR 0] 43 Co1 1if CNF4 = 0 LCD Power Control
This pin has multiple functions.
e TFT/D-TFD Display Enable (DRDY).
DRDY (0] 42 CN3 0 » LCD Backplane Bias (MOD).
* Second Shift Clock (FPSHIFT?2).
See “LCD Interface Pin Mapping” for summary.
5.2.3 Clock Input
Pin Name Type Pin # Driver Description
CLKI I 51 C Input Clock
5.2.4 Miscellaneous
. . RESET# I
Pin Name Type Pin # Cell State Description
These inputs are used to configure the S1D13704 - see
CNF[4:0] | 45,46,47, | As setby |symmary of Configuration Options on page 22.
’ 48, 49 hardware )
Must be connected directly to 10 Vpp or Vgs.
/o cs/ This pin has multiple functions - see REG[03h] bit 2.
GPIO0 | ' 22 Ts1 Input * General Purpose Input/Output pin.
« Hardware Power Save.
TESTEN I 44 CD High Test Enable input. This input must be connected to Vgg.
Impedance
5.2.5 Power Supply
Pin Name Type Pin # Driver Description
COREVDD P L Zél 4L, P Core Vpp
I0VDD P 10, 29, 52 P 10 Vpp
20, 27, 40,
VSS P 50, 60, 72, P Common Vgg
80
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5.3 Summary of Configuration Options
Table 5-1: Summary of Power On/Reset Options

Configuration
Pin

1

Power On/Reset State

0

CNF4

Active high (On) LCDPWR polarity

Active low (On) LCDPWR polarity

CNF[3:0]

Select host bus interface as follows:

CNF3

OFRPORFRPXXOFRrXOFr XOoOProrr

0

PR RPRRPRPRPRRPRPRRPROOOOOO

CNF2 CNF1

CNFO B
0 0

PR RPRPRPPRPOOORRRLROOO
PR RPRPOORRORRORREO

H*

Host Bus

reserved

reserved
reserved

reserved

reserved
reserved

reserved

PRPOORPOXXXXXXXXXX(M0

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

:iD,\}:;Zi SH-3 SH-4 MC68K #1 MC68K #2 Generic #1 Generic #2
ABJ[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1]
ABO A0 A0 LDS# A0 A0 A0
DB[15:0] D[15:0] D[15:0] D[15:0] D[31:16] D[15:0] D[15:0]
WE1# WE1# WE1# UDS# DS# WE1# BHE#
CS# CSn# CSn# External Decode | External Decode | External Decode | External Decode
BCLK CKIO CKIO CLK CLK BCLK BCLK
BS# BS# BS# ASH# ASH 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 SIz0 WEO# WE#
WAIT# WAIT# RDY# DTACK# DSACK1# WAIT# WAIT#
RESET# RESET# RESET# RESET# RESET# RESET# RESET#
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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
S1D13704 . . . 8-bit 8-bit
Pin Name S‘::;Ite S?:glte 8-bit Dual S‘i‘:;re 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 O DO LDO driven O DO DO LDO R2 R3
FPDAT1 driven O D1 LD1 driven O D1 D1 LD1 R1 R2
FPDAT2 driven O D2 LD2 driven O D2 D2 LD2 RO R1
FPDAT3 driven 0 D3 LD3 driven 0 D3 D3 LD3 G2 G3
FPDAT4 DO D4 ubDO DO D4 D4 uDO Gl G2
FPDATS D1 D5 uD1 D1 D5 D5 uD1 GO Gl
FPDAT6 D2 D6 ubD2 D2 D6 D6 ubD2 B2 B3
FPDAT7 D3 D7 uD3 D3 D7 D7 ubD3 Bl B2
FPDATS8 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 BO B1
FPDAT9 GPIO2 GPIO2 GPIO2 GPIO2 GPIO2 GPIO2 GPIO2 GPIO2 RO
FPDAT10 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GO
GPIO4/ GPIO4/ GPI104/ GPIO4/ GPIO4/ GPI10O4/ GPIO4/
FPDAT11 | HW Video | HW Video | HW Video | HW Video | HW Video | HW Video | HW Video GPIO4 BO
Invert Invert Invert Invert Invert Invert Invert
Note
1. Unused GPIO pins must be connected to 10 Vpp.
2. Hardware Video Invert is enabled on FPDAT11 by REG[02h] bit 1.
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6 D.C. Characteristics

Table 6-1: Absolute Maximum Ratings

Symbol Parameter Rating Units
Core Vpp Supply Voltage Vgg-0.3104.6 \Y,
10 Vpp Supply Voltage Vgg - 0.3106.0 \Y,
VN Input Voltage Vgs - 0.3t0 10 Vpp + 0.5 \Y,
VouTt Output Voltage Vgg-0.3t0 10 Vpp + 0.5 \Y,
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
Symbol Parameter Condition Min Typ Max Units
Core Vpp Supply Voltage Vgg =0V 3.0 3.3 3.6 \Y
10 Vpp Supply Voltage Vgg=0V 3.0 3.3/5.0 55 \Y
VN Input Voltage Vssg 10 Vpp \Y
Torr Operating Temperature -40 25 85 °C
Table 6-3: Input Specifications
Symbol Parameter Condition Min Typ Max Units
Vi Low Leve(I:’I\;guSt _Voltage IOVpp= 3.3 0.8 \Y
inputs 5.0 1.0 \%
Vig High Lev?:ll\l/lng;t_Voltage IOVpp= 33 2.0 \Y,
inputs 5.0 3.5 \%
Vo, Positive-going Threshcl)ld. IOVpp= 33 11 24 \Y,
CMOS Schmitt inputs 5.0 2.0 4.0 \%
Vr. Negative-going Threshol_d IOVpp= 3.3 0.6 1.8 \%
CMOS Schmitt inputs 5.0 0.8 3.1 \%
Vpp = Max
liz Input Leakage Current Viu = Vpp -1 1 MA
ViL=Vss
Cin Input Pin Capacitance 10 pF
HRpp Pull Down Resistance V,=Vpp 50 100 300 kQ
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Table 6-4: Output Specifications
Symbol Parameter Condition Min Typ Max Units
Low Level Output Voltage
Type 1-TS1, CO1 loL = 3mA
Vo Type 2- TS2, CO2 loL = 6MA 0.4 v
Type 3-TS3, CO3 loL = 12mA
High Level Output Voltage
Type 1-TS1, CO1 loL =-1.5mA i
Vor Type 2- TS2, CO2 loL = -3 MA 10 Vpp - 0.4 v
Type 3-TS3, CO3 loL =-6 MA
VDD = MAX
loz Output Leakage Current Von = Vop -1 1 MA
VoL = Vss
Cout Output Pin Capacitance 10 pF
CeriD Bidirectional Pin Capacitance 10 pF
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7 A.C. Characteristics

Conditions: 10 Vpp =3.3V £ 10% or IO Vpp =5V + 10%
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 ; Iﬁ AN N % ANV NNV VA
t4 t5
A[16:0], M/R#
RD/WR# X
t6, 17,
BS# ]
t8
[ —
CSn#
9 ’ t10 ‘ M1
WEnN# | N 7|
RD#
t13
W2 P 4
RDY# 4[ | A
< o 116
. >
D[15:0] Hi-Z J Hi-Z
(write)
t17 t18
> «—>
D[15:0] Hi-Z ‘ Hi-Z
(read) VALID
Figure 7-1: SH-4 Timing
Note
The SH-4 Wait State Control Register for the areain which the S1D13704 resides must be set to
a non-zero value. The SH-4 read-to-write cycle transition must be set to a non-zero value (with
reference to BUSCLK).
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Table 7-1: SH-4 Timing

Symbol Parameter Min Max Units
fekio Bus Clock frequency 0 50 MHz
Tckio Bus Clock period lfckio

t2 Clock pulse width high 17 ns
t3 Clock pulse width low 16 ns
t4 A[15:0], RD/WR# setup to CKIO 0 ns
t5 A[15:0], 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 tl ns
t12 Falling edge CSn# to RDY# driven 20 ns
t13 CKIO to RDY# low 20 ns
t14 Rising edge CSn# to RDY# high 20 ns
t15 DB[15:0] setup to 2"4 CKIO after BS# (write cycle) ns
t16 DB[15:0] hold (write cycle) 0 ns
t17 RDY# falling edge to DB[15:0] valid (read cycle) 14 ns
18 Rising edge RD# to DB[15:0] high impedance (read cycle) 10 ns

Note

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

BCLK Between Accesses’ on page 87
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7.1.2 SH-3 Interface Timing

Tekio | 2 3
CKIO ; j:j N L JQV L/ S
t4 t5
A[16:0], M/R#
RD/WR# :
PRCRIRIN
BS# J
t8
S
CSn#
PRLLIN t10 A«
WEn# | * >
RD#
t12 113
N ‘ < >
WAIT# Hi-Z Hi-Z
e t14 , s
D[15:0] Hi-z Hi-Z
(write)
use b
D[15:0] 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 S1D13704 resides must
be set to a non-zero value.
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Table 7-2: SH-3 Bus Timing

Symbol Parameter Min Max? | Units
fekio Bus Clock frequency 0 50 MHz
Tekio Bus Clock period Ufckio

t2 Clock pulse width high 17 ns
t3 Clock pulse width low 16 ns
t4 A[15:0], RD/WR# setup to CKIO 0 ns
t5 A[15:0], 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
t12 Falling edge CSn# to WAIT# driven 15 ns
t13 CKIO to WAIT# delay 20 ns
t14 DB[15:0] setup to 2" CKIO after BS# (write cycle) ns
t15 DBJ[15:0] hold from rising edge of WEn# (write cycle) ns
t16 RDY# falling edge to DB[15:0] valid (read cycle) 7 ns
t17 Rising edge RD# to DB[15:0] high impedance (read cycle) 10 ns

2 One Software WAIT State Required

Note

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

BCLK Between Accesses’ on page 87.
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7.1.3 Motorola M68K #1 Interface Timing

Teik

CLK L W
A[16:1]

cS# VALID

R/W#

t1 12
AS#
UDSH#, LDS# INVALID l}
< 5 q
PELE PR « L >
, ) D t6 iy
DTACK# Hi-Z /L }
t9
< 18 N D

D[15:0] Hi-Z ) Hi-Z

(write VALID

t10 t11 o 12
P

D[15:0] i i

(read) Hi-2 ‘_T‘ k VALID H-Z

Figure 7-3: M68K #1 Bus Timing (MC68000)
Table 7-3: M68K #1 Bus Timing (MC68000)

Symbol Parameter Min Max Units
foLk Bus Clock Frequency 0 33 MHz
Telk Bus Clock period oLk

t1 A[15:1], CS# valid before AS# falling edge 0 ns
t2 A[15:1], 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 Teok
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 be turned off (held low) between accesses - see Section 13.5, “ Turning Off
BCLK Between Accesses’ on page 87
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7.1.4 Motorola M68K #2 Interface Timing

Teik
A[16:0]
CS# VALID
SIZ0, SIz1
RIW# tl t2
AS#
DS#
t3 < LS > t7 N
<—>‘ DINIA ‘e >
i «— > i
DSACK1# Hi-Z | /) J( . Hi-2
t8 t9
<4—P|
D[31:16] Hi-z ‘ Hi-Z
(write) VALID
t10 - t11
D[31:16] Hi-Z Wiz
(read) /D[‘_’ VALID

Figure 7-4: M68K #2 Timing (MC68030)

Table 7-4: M68K #2 Timing (MC68030)

Symbol Parameter Min Max Units
foLk Bus Clock frequency 0 33 MHz
Telk Bus Clock period ok

t1 A[15:0], CS#, S1Z0, SIZ1 valid before AS# falling edge 0 ns

t2 A[15:0], CS#, SIZ0, SIZ1 hold from AS#, DS# rising edge 0 ns

t3 AS# low to DSACKZ1# driven high 22 ns

t4 CLK to DSACK1# low 18 ns

t5 CLK to AS#, DS# high 1Tcik

t6 AS# high to DSACK1# high 26 ns

t7 AS# high to DSACK1# high impedance Tk

t8 DS# falling edge to D[31:16] valid (write cycle) Tok! 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 87
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7.1.5 Generic #1 Interface Timing

TecLk
k Wawa V4 /N N\
A[16:0] VALID
CS#
i L2
WEO#,WE1#
RDO#, RD1#
« B t5
D[15:0] Hi-Z
(write) VALID
t4 <« 16 « t7 R
D[15:0] Hi-Z Hi-Z
(read) VALID
t8 t9 . t10 N
WAIT# Hi-Z ‘ 0 \ Hi-Z

Figure 7-5: Generic #1 Timing

Table 7-5: Generic #1 Timing

Symbol Parameter Min Max Units
fecLk Bus Clock frequency 0 50 MHz
TeecLK Bus Clock period 1ffgcLk MHz

1 A[1|5:)0], CS# valid to WEO#, WE1# low (write cycle) or RD0#, RD1# low (read 0 ns
cycle
WEO#, WE1# high (write cycle) or RDO#, RD1# high (read cycle) to A[15:0],
t2 . . 0 ns
CS# invalid
t3 WEO#, WE1# low to D[15:0] valid (write cycle) TeeLK
t4 RDO#, RD1# low to D[15:0] driven (read cycle) 17 ns
t5 WEO#, WE1# high to D[15:0] invalid (write cycle) 0 ns
t6 D[15:0] valid to WAIT# high (read cycle) 0 ns
t7 RDO#, RD1# high to D[15:0] high impedance (read cycle) 10 ns
8 WEO#, WE1# low (write cycle) or RDO#, RD1# low (read cycle) to WAIT# 16 ns
driven low
t9 BCLK to WAIT# high 16 ns
WEO#, WE1# high (write cycle) or RDO#, RD1# high (read cycle) to WAIT#
t10 A 11 ns
high impedance
t11 WAIT# high to WEO#, WE1#, RDO#, RD1# high 1TgcLk
Note
BCLK may be turned off (held low) between accesses - see Section 13.5, “ Turning Off
BCLK Between Accesses’ on page 87
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7.1.6 Generic #2 Interface Timing

TacLk j
BCLK \ : \ / \ / \ o/ / / AN
A[16:0]
BHE# VALID
CS#
4*» | 2
WE#,RD#
B ta
Hi-Z <
D[15:0] VALID
(write)
B «> 16 PR >
Hi-Z VALID Hi-Z
D[15:0]
(read)
8 o 19 _tlo
WAIT# Hi-Z / w ‘ \|_ Hi-Z
Figure 7-6: Generic #2 Timing
Table 7-6: Generic #2 Timing
Symbol Parameter Min Max Units
fecLk Bus Clock frequency 0 50 MHz
TecLK Bus Clock period 1/fgcLk
t1 A[15:0], BHE#, CS# valid to WE#, RD# low 0 ns
t2 WE#, RD# high to A[15:0], 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 16 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 87
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7.2 Clock Input Requirements

Clock Input Waveform
tpwH g PWL >
90%
ViH
Vi
10% ‘
t, —> -« —> L tf
) Tewki >
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) 0 50 MHz
TCLKI Input Clock period (CLKI) 1/fC|_KI ns
town Input Clock Pulse Width High (CLKI) 8 ns
towl Input Clock Pulse Width Low (CLKI) 8 ns
t Input Clock Fall Time (10% - 90%) ns
t Input Clock Rise Time (10% - 90%) ns
Note
When CLKI is> 25MHz the Input Clock Divide bit (REG[02h] bit 4) must be set to 1.
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Clock Input Waveform
' tpwH 4 tpwi >
90% |
ViH
Vi
10% |
) e - L Y
* TacLk >
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) 0 50 MHz
TBCLK Input Clock period (BCLK) 1/fcu<| ns
town Input Clock Pulse Width High (BCLK) 8 ns
towt 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
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7.3 Display Interface

7.3.1 Power On/Reset Timing

RESET#

REG[03h] bits [1:0] / 00 11

LCDPWR
(CNF4 = 1)

LCDPWR
(CNF4 = 0)

FPLINE
FPSHIFT ACTIVE
FPDAT

FPFRAME tl 2

DRDY

A
v

Figure 7-9: LCD Panel Power On/Reset Timing

Symbol Parameter Min Typ Max Units

REG[03h] to FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY
t1 active TEPFRAME ns
FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY active to 0 Frames
LCDPWR

t2

Note
Where TreperamE IS the period of FPFRAME and Tpgy  isthe period of the pixel clock.
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7.3.2 Power Down/Up Timing

LCDPWR Override
(REGJ[03h] bit 3)
HW Power Save
or
Software Power Save
REG[03h] bits [1:0] _ 11 00 11 00 11
t1 t2
FP Signals Active Inactive Active Inactive Active
3 —» t4 —» |« t5 —» |l t6 — t7
~ LCDPWR Active Inactive Active Inactive Active
(polarity set by CNF4)
Figure 7-10: Power Down/Up Timing
Table 7-9: Power Down/Up Timing
Symbol Parameter Min Typ Max Units
1 HW Power Save active to FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY 1 Erame
inactive - LCDPWR Override = 1
2 HW Power Save inactive to FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY 1 Frame
active - LCDPWR Override = 1
3 HW Power Save active to FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY 1 Frame
inactive - LCDPWR Override =0
" LCDPWR low to FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY inactive 197 Frame
- LCDPWR Override =0
5 HW Power Save inactive to FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY, 0 Erame
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
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7.3.3 Single Monochrome 4-Bit Panel Timing

y VDP o VNOP
| ] |
FPFRAME o
FPLINE ]| I | I N I ]l I N I I 1N
DRDY (MOD) -
FPDAT[7:4] LINEL X LINE2 X LINE3 X LINE4 ¥ — -XLINE239XLINE240 LINE1 X LINE2
FPLINE [ [
DRDY (MOD) ¥ - o
| | HNDP |
K >e >
FPSHIFT
SN R IS I
FPDAT7 o L 11 X 15 L — — X X X X 1317 o £ X
FPDAT6 o 1-2 1-6 (R m >< 1318 oo _/<:><
FPDAT5 B {13 ¥ 17 £ — — X X X130y X
FPDAT4 o 14 ) 18 £ — — X X Y 1320 e
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 320x240 panel
For this timing diagram Mask FPSHIFT, REG[01h] bit 3, is set to 1

VDP =
VNDP =
HDP =
HNDP =

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

Vertical Display Period
Vertical Non-Display Period
Horizontal Display Period

Horizontal Non-Display Period

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

= REGJ[0ANh] bits 5-0 Lines

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

= (REG[08h] + 4) x 8Ts
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t1 t2
Sync Timing
Frame Pulse
NP t3 R
Line Pulse %
t5
DRDY (MOD)
Data Timing
Line Pulse
t6
: t7
Shift Pulse -
FPDAT[7:4]
Note: For this timing diagram Mask FPSHIFT, REG[01h] bit 3, is set to 1
Figure 7-12: Single Monochrome 4-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
tl 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. 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 + 2]Ts
5. t7min = [(REG[08h] bits 4-0) x 8 + 11]Ts
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7.3.4 Single Monochrome 8-Bit Panel Timing

5 VDP ., VNDP
D T 'l
FPFRAME - [—
FPLINE | H ] ] I ] .l ] 1 ] ] ] I
DRDY (MOD) X - X
FPDAT[7:0] __ LINEL XLINE2 X LINE3 X LINE4 X — -XLINE479XLINE48O LINEL X LINE2
A
- ‘
FPLINE [ — — 1
DRDY (MOD) X o -
| HDP | HNDP ‘
< > P
FPSHIFT 1L 7L L N
FPDAT7 o 11 X 19 X — — ¥ 1-633 o { X
FPDATE () % — — X e X
FPDAT5 o 13 ¥ 111 X X X — — 9 X X X Wiesy L X
FPDAT4 - EEED GETYED GHID SR G G G G € N G ¢
FPDAT3 o 15 ) 113 —_ ¥ 1637 . £ X
FPDAT2 . A 16 X 1-14 X X - — — X X X X 1-638 £ X
FPDAT1 . 17 ¥ 115 — — X ¥ 1639 A Y
FPDATO o A 18 X 1-16 X X v — — X X X X ¥ 1640 A X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
For this timing diagram Mask FPSHIFT, REG[01h] bit 3, is set 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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t1 2
Sync Timing
Frame Pulse
|t 3 >
Line Pulse y—\
5
MOD
Data Timing
Line Pulse
t6
p 17
Shift Pulse __/
FPDATI[7:0]
Note: For this timing diagram Mask FPSHIFT, REG[01h] bit 3, is set to 1
Figure 7-14: Sngle 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 FPDATI[7:0] setup to Shift Pulse falling edge 4 Ts
t13 FPDATI[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. 6,y = [(REG[08h] bits 4-0) x 8 + 4]Ts
5. t7min  =[(REG[0O8h] bits 4-0) x 8 + 13]Ts
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7.3.5 Single Color 4-Bit Panel Timing

| VDP , VNDP |
[ 0 "
FPFRAME - -
FPLINE I ] I I I 1 I I I 1 1 I
DRDY (MOD) o
FPDAT[7:4] LINEL X LINE2 X LINE3 X LINE4 —  XLINE479 X LINE480Q LiNEr X LINE2 X
FPLINE — —
DRDY (MOD) o
e HDP . HNDP
FPSHIFT S N O N T B I
FPDAT7 LR} 1-G2 )} 1-B3 ) X X w — — o { X
FPDATG  [wot) 162y iRe —— I G
FPDATS  [re1)(1Rs)( 164 _ X
FPDAT4 . ARy 163y 184 — — (e, AL X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-15: Sngle Color 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 = ((REG[04h] bits 6-0) + 1) x 8Ts

HNDP =  Horizontal Non-Display Period = (REG[08h] + 4) x 8Ts
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L t1 t2
Sync Timing " |
Frame Pulse
|t t3
Line Pulse }/j
15
DRDY (MOD)
Data Timing
Line Pulse
t6
< 18 > < 19 >
« t7 LN ML 110
Shift Pulse  _ i
t12 | u3
FPDAT[7:4] 1 }< 2 X
Figure 7-16: Single Color 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 + 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 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 + 0.5]Ts
5. t7min = [(REG[08h] bits 4-0) x 8 + 9.5]Ts
Hardware Functional Specification S1D13704

Issue Date: 02/02/01

Downloaded from Elcodis.com electronic components distributor

X26A-A-001-06


http://elcodis.com/parts/5977136/S1D13704.html

Page 44 Epson Research and Development
Vancouver Design Center

7.3.6 Single Color 8-Bit Panel Timing (Format 1)

VDP L VNDP
0

FPFRAME [ - I

FPLINE | 1 1 I I I 1l I | I 1 I [

A

_vY

FPDAT[7:0] LINE1 LINE2 X LINE3 X LINE4 — —ALINE479 X LINE480Q LINE1 X LINE2

FPLINE [ ] _ [
FPSHIFT ] \ \ \ | | o _I L
5 HDP . HNDP
FPSHIFT2 LT
FPDAT7 1RLY 1:GL Y 1Ge X 186 Y1BILY 1Rz} — — X ¥ Yimessy L X
FPDAT6 181 Y 1R2 Y 1R7 X 167 Y1612 1Bl — — ¥ X umessy 0 L X
FPDATS 1-G2 ¥ 182 X 187 Y 1R Y1R1BY 1613 — — ¥ X Yween LY
FPDAT4 N 1R3 Y 1:G3Y 1.GeY 188 Y 1B1BY 1RUX- — — X X YwRes®), L X
FPDAT3 o 183 X 1R4 Y 1RO X 1:Go X164 Y 1Bl — — ¥ X e, ¥
FPDAT2 B 164 )Y 184 Y 189 X LRIOYIRISY 1G15Y- — — Y X Ywees\ A X
FPDAT1 N 1R5 }(1-G5 ¥ 1-GIO)Y 1BLOY 1815 Y 1-R16%- — — ¥} Yimreaop L X
FPOATO /rm)(am(amp(rem(mem et — — e, L X

* 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 = 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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Sync Timing PR | S -y P—
Frame Pulse
t4 t3
Line Pulse
Data Timing )
Line Pulse
t6a
. t6h R
< >l t8 t9
< t7a N <t14 N t11 t10
Shift Pulse 2 /
a J t7b .

Shift Pulse /7 /7 j

‘t12 t13 t12 tlS‘

FPDAT[7:0] @k_z @_> <7

Figure 7-18: 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
t6b 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 FPDAT([7:0] setup to Shift Pulse 2, Shift Pulse falling edge 1 Ts
t13 FPDAT](7:0] hold to Shift Pulse 2, 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 = t3min -9Ts
3. t3min = [((REG[04h] bits 6-0)+1) x 8 + ((REG[08h] bits 4-0) + 4) x 8]Ts
4. t6ayni, = [(REG[08h] bits 4-0) x 8 +t13 - t10]Ts
5. t6bnin = [(REG[08h] bits 4-0) x 8 + t13]Ts
6. t7amin = [(REG[08h] bits 4-0) x 8 + 11]Ts
7. t7bpin = [(REG[0O8h] bits 4-0) x 8 + 11] - t10]Ts
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7.3.7 Single Color 8-Bit Panel Timing (Format 2)

L VDP J VNDP
~ g =l
FPFRAME - -
O N 1 N | N N | Y | O | U 1 | N N | NN 1
DRDY (MOD) X . X
FPDAT([7:0] LINEL X LINE2 X LINE3 X LINE4 ¥ — -XLINE479XLINE480Q LINE1 X LINE2
\
FPLINE [ 1 — = [
DRDY (MOD) X — N
I HDP . HNDP ’
|« > »
FPSHIFT
S e _ I
FPDAT7 o 1-R1 Y 1-B3 Y 1-G6 — — X X M1Ge38) £ X
FPDAT6 . ALE X R4 X 1B6 X X X r — — 18638 o [ X
FPDATS (1B & Y iR X X r — — X X KLR69 AL X
FPDAT4 o 1-R2 X 1-B4 X 1-G7 ¥ — — 9 1-G639, o £ X
FPDAT3__ (1@ (1R ( 187 XX — — A e L X
FPDAT2 [ 1B2) 16 X 1-R8 X — — o A by
FPDAT1 o 1-R3 X 1-B5 ¥ 1-G8 X X — — Y Xrced0) £ X
FPDATO o 1-G3 Y 1-R6 X 1-B8 - — 18640\ [ X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-19: Sngle 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 = 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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Sync Timing n 2 e
Frame Pulse
|t | t3 R
Line Pulse F_\ ‘
t5
DRDY (MOD)
Data Timing
Line Pulse
- ®
) B8, o
t7 t14 ti1 | t10
< > > >« »>
Shift Pulse _/
t12 | t13
D E—
FPDAT[7:0] ! 2
Figure 7-20: Single Color 8-Bit Panel A.C. Timing (Format 2)

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 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 = t3min -9Ts

3. t3min = [((REG[04h] bits 6-0)+1) x 8 + ((REG[08h] bits 4-0) + 4) x 8]Ts

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

5. t7min = [(REG[08h] bits 4-0) x 8 + 10]Ts
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7.3.8 Dual Monochrome 8-Bit Panel Timing

i‘ VDP =i< VNDP ;i
FPFRAME o - I S

FPLINE | I I M I I | — N I I I I 1N

DRDY (MOD) N

FPDAT[7:0] e v X e 22 Y e 3200 X une azan Yo — -Yane zasrars{ane 2avae) tne 2 Y e ez
.

FPLINE [ - — 1

DRDY (MOD) -

e HDP e HNDP )

FPSFT _ _ miormirurl L e
FPDAT7 b s XX % — — X X Nae L X
FPDAT6 12 )\ 16 — — XX wess ) L X
FPDAT5 13 ) 17 X — — 9 e9) (¥
FPDAT4 e Y18 - = 7 20D N — S
FPDAT3 2ar1)(2a15 ) X — — A XX emesy L X
FPDAT2 2412 2416 — — X 241-638 o _/<:><
FPDATL 241-3 ) 2417 — — 7 ZIE N G
FPDATO ) EXTEY G — = X X emead 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 = REGJ[0ANh] bits 5-0 Lines

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

HNDP =  Horizontal Non-Display Period = (REG[08h] + 4) x 8Ts
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Sync Timing n 2 e
Frame Pulse
_ % 3
Line Pulse P—\ ‘
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Shift Pulse /
t12 | 113
<+——>
1 2
FPDAT[7:0]
Figure 7-22: 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 + 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 FPDATI[7:0] setup to Shift Pulse falling edge 4 Ts
t13 FPDATI[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. 83mn = [((REG[04h] bits 6-0)+1) x 8 + ((REG[08h] bits 4-0) + 4) x 8) x 2]Ts
5. t6, = [((REG[08h] bits 4-0) x 2)x 8 + 20]Ts
6. t7min = [((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
« »>< >
FPFRAME
FPLINE ]l I I I I I 1l 1 I 1 H s
DRDY (MOD) ¥ - ¥
FPDAT[7.0] LINE 1/241 XL\NE2/242>< >< - %<L\NE239/479><L|NE 240/480; LINE 1/241>< _
/ !
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DRDY (MOD) - =
e HDP L HNDP
< >« <
FPSHIFT S U I N I O O L
FPDAT7 o Lemivez)(wes Yams Yoo Y wer ) — — A X Dsesp L X
FPDAT6 o 1e1) 182 X 1Ra Y 165 X 186 Y 1Re - — — X meso) £ X
FPDAT5 o 1-81 X _1-R3 X 1-64 X 185 X 1-R7 X 1-G8 — — X5 o e
FPDAT4 Y €LY GEX) §EY) GETY EEID ELD b G S A X
FPDAT3  jestriarcaaareafzarreearcey2aier- — — (X W ZHEN { X
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FPDATO o 241-R2)(241-G3(241-B4)(241-R6Y241-G7Y 24188} — — X ) ( 3a% ) o { W
* 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
VNDP = Vertical Non-Display Period
HDP = Horizontal Display Period

HNDP =  Horizontal Non-Display Period

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

= REGJ[0ANh] bits 5-0 Lines

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

= (REG[08h] + 4) x 8Ts
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Figure 7-24: Dual Color 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+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. t6in = [((REG[08h] bits 4-0) x 2)x 8 + 17]Ts
6. t7nin = [((REG[08h] bits 4-0) x 2)x 8 + 26]Ts
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7.3.10 9/12-Bit TFT/D-TFD Panel Timing

L VNDP, L VDP . VNDP, N
¥ Lgh Lah »|
FPFRAME J N \—
FUNE [ ] I I 1 ] I I [ T
FPDAT[11:0] vuNE4s0) LINEL [ — X LINE480
DRDY [ e
FPLINE —\—I— ”””
’ HNDP, e HDP ye HNDPy
FPSHIFT L 1L LT 1 [ T O D S Ly
DRODY ] L
FPDAT[9]
FPDAT[2:0] . X - = aee)
FPDAT[10] 1 Y 12 Y — — — X160
FPDAT[4:3) — "~ (o K2 o — — — Hase)
FPDAT[1] — - - @ - — 6400
FPDAT(8:6]
Note: DRDY is used to indicate the first pixel
Example Timing for 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 = REGJ[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 = ((REGJ[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 = ((REGJ07h] bits4-0) x 8) +16Ts

HNDP2=  Horizontal Non-Display Period 2 = (((REG[08h] bits4-0) - (REG[07h] bits 4-0)) x 8) +16Ts
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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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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
t4 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
t11 Line Pulse setup to Shift Pulse falling edge 0.5 Ts
112 Z(rjagr;\ep:;slzed:?flélrnegni(ejge to Line Pulse falling 6 - 18Ts
t13 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
t17 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. tl7min = [(REG[08h] bits 4-0) - (REG[07]) x 8 + 16] Ts
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8 Registers

8.1 Register Mapping

The S1D13704 registers are located in the upper 32 bytes of the 64K byte S1D13704
address range. The registers are accessible when CS# = 0 and AB[15:0] are in the range
FFEOhN through FFFFh.

8.2 Register Descriptions

Unless specified otherwise, all register bits are reset to 0 during power up.

REG[00h] Revision Code Register
Address = FFEOh 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
000110.
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 = FFE1h 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 mode is selected. If TFT/D-TFD panel modeis selected, Dual/Single (REG[01h] bit
6) and Color/Mono (REG[01h] bit5) are ignored. See Table 8-1: “Panel Data Format”
below.
bit 6 Dual/Single
When thishit = 0, Single LCD panel driveis selected. When this bit = 1, Dual LCD panel
driveis selected. See Table 8-1: “Panel Data Format” below.
bit 5 Color/Mono

When this bit = 0, Monochrome LCD panel drive is selected. When this bit = 1, Color
LCD panel driveis selected. See Table 8-1: “Panel Data Format” below.
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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 thisbit = 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 thisbit = 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] bit2) = 1
bits 1-0 Data Width Bits [1:0]
These bits select the display data format. See Table 8-1: “Panel Data Format” below.
Table 8-1: Panel Data Format
. Data Width | Data Width
cecotnion7 | ectoinoms | recomia| Bt | B0
REG[01h] bit 1 | REG[01h] bit O
0 0 Mono Single 4-bit passive LCD
0 1 Mono Single 8-bit passive LCD
0 reserved
! 1 reserved
0 0 reserved
0 1 Mono Dual 8-bit passive LCD
! 0 reserved
! 1 reserved
0 0 0 Color Single 4-bit passive LCD
1 Color Single 8-bit passive LCD format 1
0 0 reserved
1 ! 1 Color Single 8-bit passive LCD format 2
0 reserved
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
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REG[02h] Mode Register 1
Address = FFE2h Read/Write.
. . . . . Input Clock Hardware
| P aro | perormance | dvide | DisplayBlank | g S08 | video Invert | ;0ciTE
(CLKI/2) P Enable
bits 7-6 Bit-Per-Pixel Bits[1:0]
These bits select the color or gray-shade depth (Display Mode).
Table 8-2: Gray Shade/Color Mode Selection
Color/Mono Bit-Per-Pixel Bit 1 Bit-Per-Pixel Bit 0 .
: ) ) Display Mode
REG[01h] bit 6 REG[02h] bit 7 REG[02h] bit 6
0 0 2 Gray shade 1 bit-per-pixel
o 1 4 Gray shade 2 bit-per-pixel
1 0 16 Gray shade | 4 bit-per-pixel
1 reserved
o 0 2 Colors 1 bit-per-pixel
1 1 4 Colors 2 bit-per-pixel
1 0 16 Colors 4 hit-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

o 0 MCIk = PCIk/8 | 1 hit-per-pixel
0 1 MCIk = PCIk/4 | 2 bit-per-pixel
1 0 MCIk = PCIk/2 | 4 hit-per-pixel
1 MCIk = 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 performancein 1, 2, 4 bit-per-pixel modes, but
also increases power consumption. This bit can be set to 1 just before amajor 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 69 for SwivelView
mode clock selection.
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bit 4

bit 3

bit 2

bit 1

bit 0

Input Clock Divide
When thisbit = 0, the operating clock(CLK) is same as the input clock (CLKI). When this
bit =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 8-9:
“Selection of PCLK and MCLK in SwivelView Mode,” on page 70.

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 = 0, the display is enabled.

Frame Repeat (EL support)

Thisfeature is used to improve Frame Rate Modulation of EL panels. When thisbit = 1,
an interna frame counter runs from 0 to 3FFFFh. When the frame counter rolls over, the
modulated image pattern is repeated (every 1 hour when the framerate is 72Hz). When
this bit = 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 via the
FPDAT11 pin. When thisbit = 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 thishit = 1, Inverse video mode is selected. When this bit = 0, standard video mode
is 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 Sdlect Options

. Software Video FPDAT11
Hardware Video Invert . .
. (Passive Panels | Video Data
Invert Enable (Passive and only)
Active Panels) y
0 0 X Normal
0 1 X Inverse
1 X 0 Normal
1 X 1 Inverse
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REG[03h] Mode Register 2
Address = FFE3h Read/Write
Look-Up LCDPWR Hardware Software Software
Table Bypass n/a n/a n/a Override Power Save Power Save Power Save
yp Enable Bit 1 Bit 0

bit 7

bit 3

bit 2

bits 1-0

Look-Up Table Bypass

When the Look-Up Table Bypass bit = 0, the Green Look-Up Table is used for display
dataoutput in gray shade modes. When this bit = 1, the Look-Up Table is bypassed for dis-
play data output in gray shade modes (for power save purposes). See “Look-Up Table
Architecture” on page 73.

Thereis no effect on changing this bit in color modes. In color display mode the Look-Up
Table cannot be bypassed.

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.

Hardware Power Save Enable
When thisbit = 1 GPIOO0 is used as the Hardware Power Save input pin. When thisbit=0
GPIOO operates normally.

Table 8-5: Hardware Power Save/GPIO0 Operation

Hardware Power . GPIO0
RESET# Save Enable GPIOO Cor\flg Status/Control GPIOO0 Operation
State ) REG[18h] bit 0 )
REG[03h] bit 2 REG[19h] bit 0
0 X X X
. GPIOO0 Input
1 0 0 reads pin status (high impedance)
0 GPIOO0 Output =0
0 1 1 GPIOO Output =1
Hardware Power Save
L L X X Input (active high)

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 Selection

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

Refer to Power Save Modes on page 85 for a complete description.

Hardware Functional Specification

Issue Date: 02/02/01

S1D13704
X26A-A-001-06

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/5977136/S1D13704.html

Page 60

Epson Research and Development
Vancouver Design Center

REG[04h] Horizontal Panel Size Register
Address = FFE4h 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. Thisregister must be pro-
grammed with avalue calculated as follows:

Horizontal Panel SizeRegister = (

Thisregister must not be set to avalue less than 03h.

Horizontal Panel Resol uti on(pixel s)) _1
8

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

Address = FFE5h 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 = FFE6h 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

Vertical Panel Size Bits[9:0]

This 10-bit register determines the vertical resolution of the panel. This register must be
programmed with avalue calculated as follows:

REG[06h] bits 1-0

Vertical Panel SizeRegister = Vertical PanelResolution(lines) — 1

3FFh isthe maximum value of this register for avertical resolution of 1024 lines.
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REG[07h] FPLINE Start Position
Address = FFE7h 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 effective in TFT/D-TFD mode
only (REG[01h] hit 7 = 1). This register 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 = FFE8h 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 0
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 = FFE9h Read/Write
FPFRAME FPFRAME FPFRAME FPFRAME FPFRAME FPFRAME
n/a n/a Start Position | Start Position | Start Position | Start Position | Start Position | Start Position
Bit 5 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).

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[0Ah] Bits5:0
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REG[0Ah] Vertical Non-Display Period
Address = FFEAh 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.
VerticalNonDisplayPeriod(lines) = REG[0Ah] Bits5:0
Note
This register should be set only once, on power-up during initialization.
REG[0Bh] MOD Rate Register
Address = FFEBh Read/Write
n/a n/a MOD Rate MOD Rate MOD Rate MOD Rate MOD Rate MOD Rate
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
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 value in this register + 1 specifies the number of FPLINES between
toggles of the MOD output signal. These hits are for passive LCD panels only.

REG[0Ch] Screen 1 Start Address Register (LSB)

Address = FFECh 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 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

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

Address = FFEDh 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[0ODHh] bit
REG[0OCH] bit

REG[0ODh] bit

6-0
7-0

Screen 1 Start Address Bits[14:0]
These bits determine the word address of the start of Screen 1 in landscape modes or the

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

7

Screen 1 Start Address Bit 15

Thisbit isfor Swivel View mode only and has no effect in Landscape mode.
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REG[OFh] Screen 2 Start Address Register (LSB)

Address = FFEFh 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[10h] Screen 2 Start Address Register (MSB)

Address = FFFOh 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[10h] bit
REG[OFH] bit

REG[10h] bit

6-0
7-0

Screen 2 Start Address Bits[14:0]
These bits determine the wor d address of the start of Screen 2 in landscape modes or the

byte address of the start of Screen 2 in SwivelView modes.

7

Screen 2 Start Address Bit 15

Thishit isfor Swivel View mode only and has no effect in Landscape mode.

REG[12h] Memory Address Offset Register
Address = FFF2h 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 avirtual image by setting a word offset between the last
address of oneline and the first address of the following line. If thisregister isnot equal to
zero, then avirtual image is formed. The displayed image is awindow into the larger vir-
tual image. See Figure 8-1: “ Screen-Register Relationship, Split Screen,” on page 65.

Thisregister has no effect in Swivel View modes. See “REG[1Ch] Line Byte Count Regis-
ter for SwivelView Mode” on page 70.
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REG[13h] Screen 1 Vertical Size Register (LSB)

Address = FFF3h 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[14h] Screen 1 Vertical Size Register (MSB)

Address = FFF4h 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[14h] bits 1-0 Screen 1 Vertical Size Bits[9:0]
REG[13h] bits 7-0 This register is used to implement the Split Screen feature of the S1D13704. These bits
determine the height (in lines) of Screen 1. On reset this register is set to Oh.

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 “SwivelView™" on page 80.
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(REG[0ODh], REG[0Ch]) Words Line 0 Last Pixel Address=((REG[0Dh], REG[OCh]) +
Line O Last Pixel Address + REG[12h] Words (8(REG[04h]+1) X BPP/16))
- Words
<11 ] Line 0 [¥
> Line 1 |
|
|
Image 1 |
| ((REG[06h], REG[05])+1) Lines
|
Line=(REG[14h], REG[13h]) |
"] |
Image 2 |
(REG[10h], REG[OFh]) Words
- 4
8(REG[04h]+1) Pixels REG[12h] Words
Where: Virtual Image

(REG[0Dh], REG[OCh]) is the Screen 1 Start Word Address
BPP is Bits-per-Pixel as set by REG[02h] bits 7:6
REGJ[12h] is the Address Pitch Adjustment in Words
(REG[10h], REG[OFh]) is the Screen 2 Start Word Address
(REGI[14h], REG[13h]) is the Screen 1 Vertical Size
(REG[06h], REG[05h]) is the Vertical Panel Size

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

Consider an example where REG[14h], REG[13h]= 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.
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REG[15h] Look-Up Table Address Register
Address = FFF5h

Read/Write

n/a

n/a

RGB Index
Bit 1

RGB Index
Bit 0

Look-Up
Table
Address
Bit 3

Look-Up
Table
Address
Bit 2

Look-Up
Table
Address
Bit 1

Look-Up
Table
Address
Bit 0

The S1D13704 has three 16-position, 4-bit wide Look-Up Tables, one each for red, green,
and blue. Refer to “ Look-Up Table Architecture” for details. This register selects which
Look-Up Table position is read/write accessible through the L ook-Up Table Data Register
(REG[17h]).

RGB Index Bits[1:0]

These bits select between the Red, Green, and Blue Look-Up Tables, and Auto-Increment
mode. The Green Look-Up Table is used in monochrome mode with these bits set to 10b.
See Note below.

Look-Up Table Address Bits [3:0]
These 4 bits select one of the 16 positionsin the selected Look-Up Table. These bits are
automatically changed as the Look-Up Table Data Register is accessed. See Note below.

bits 5-4

bits 3-0

Note
Accessesto the Look-Up Table Data Register automatically increment a pointer into the
RGB Look-Up Tables. The pointer sequence varies as shown in the table below.

Table 8-7: Look-Up Table Access

REG[01h] REG[15h]
bit 5 bit 5 bit 4

Look-Up Table
Selected

Pointer Sequence

Green/Gray Look-Up
Table

Auto-Increment
Red Look-Up Table

Green/Gray Look-Up
Table

Blue Look-Up Table

0 1 0 GIn), G[n+1], G[n+2]....

R[n], G[n], B[n], R[n+1], G[n+1],...
R[n], R[n+1], R[n+2],...

G[n], G[n+1], G[n+2],...

B[n], B[n+1], B[n+2],...

In Auto-Increment mode, writing the Look-Up Table Address Register automatically
sets the pointer to the Red Look-Up Table. For example, writing a value 03 into the
Look-Up Table Address Register selects Auto-Increment mode and sets the pointer to
R[3]. Subsequent accesses to the Look-Up Table Data Register move the pointer onto
G[3], B[3], R[4], €tc.
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REG[16h] Look-Up Table Bank Select Register
Address = FFF6h

Read/Write

n/a

n/a

Red Bank
Select
Bit 1

Red Bank
Select
Bit 0

Green Bank
Select
Bit 1

Green Bank
Select
Bit 0

Blue Bank
Select
Bit 1

Blue Bank
Select
Bit 0

bits 7-6
bits 5-4

bits 3-2

bit 1-0

n/a

Red Bank Select Bits[1:0]

In 1 bit-per-pixel (bpp) color mode the lower 8 positions of the Red Look-Up Tableis
arranged into four banks, each with two positions. These two bits select which bank is
used for display data.

In 2 bpp color mode the 16 position Red Look-Up Table is arranged into four banks, each
with four positions. These two bits select which bank is used for display data.

These bits have no effect in 4 bpp color/gray modes.

In 8 bpp color mode the 16 position, Red Look-Up Tableis arranged into two banks, each
with eight positions. Red Bank Select bit 0 selects which bank is used for display data.

Green Bank Select Bits[1:0]

In 1 bit-per-pixel (bpp) color/gray mode the lower 8 positions of the Green Look-Up Table
is arranged into four banks, each with two positions. These two bits select which bank is
used for display data.

In 2 bpp color/gray mode, the 16 position Green Look-Up Table is arranged into four
banks, each with four positions. These two bits select which bank is used for display data.

These bits have no effect in 4 bpp color/gray modes.

In 8 bpp color mode, the 16 position Green Look-Up Table is arranged into two banks,
each with eight positions. Green Bank Select bit 0 selects which bank is used for display
data.

Blue Bank Select Bits[1:0]

In 1 bit-per-pixel (bpp) color mode the lower 8 positions of the Blue Look-Up Tableis
arranged into four banks, each with two positions. These two bits select which bank is
used for display data.

In 2 bpp color mode, the 16 position Blue Look-Up Table isarranged into four banks, each
with four positions. These two bits select which bank is used for display data.

These bits have no effect in 4 bpp color/gray modes.

In 8 bpp color mode, the 16 position Blue Look-Up Tableisarranged into four banks, each
with four positions. These two bits select which bank is used for display data.
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REG[17h] Look-Up Table Data Register
Address = FFF7h Read/Write
Look-Up Look-Up Look-Up Look-Up
n/a n/a n/a n/a Table Data Table Data Table Data Table Data
Bit 3 Bit 2 Bit 1 Bit 0
bits 3-0 Look-Up Table Data Bits[3:0]

This register is used to read/write the RGB Look-Up Tables. Thisregister is an aperture
into the three 16-position Look-Up Tables. The Look-Up Table Address Register
(REG[16h]) selects which Look-Up Table position is accessible. See REG[16h] Look-Up
Table Bank Select Register on page 67.

REG[18h] GPIO Configuration Control Register
Address = FFF8h Read/Write
n/a n/a n/a GPIO4 Pin IO | GPIO3 Pin IO | GPIO2 Pin IO | GPIO1 Pin 1O | 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 GPIOn Pin 10 Configuration bit = 0, the corresponding GPIOn pin is configured as
an input. The input can be read at the GPIOn Status/Control Register bit. See REG[19h]
below.

When 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). All unused GPIO pins must be tied to
10 Vpp.

REG[19h] GPIO Status/Control Register
Address = FFF9h Read/Write
na n/a n/a GPIO4 Pin 10 | GPIO3 Pin IO | GPIO2 Pin 10 | GPIO1 Pin 10 | GPIOO Pin 10
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 pinis configured as an output, the corresponding GPIO Status bit is used
to control the pin output.
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REG[1Ah] Scratch Pad Register

Address = FFFAh 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 = FFFBh 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
Bit 1 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 Modeis selected. When this hit = 1, Alternate
SwivelView Mode is selected. See Section 12, “ Swivel View™” on page 80 for further
information on SwivelView Mode.
The following table shows the selection of SwivelView Mode.
Table 8-8: Selection of Swivel View 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
bit 2 reserved

reserved bits must be set to 0.
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bits 1-0 SwivelView Mode Pixel Clock Select Bits[1:0]
These two bits 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 Swivel View Mode - see Section 12, “Swivel View™” on page 80 for details.

Table 8-9: 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] bit 7) | (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 = FFFCh Read/Write
Line Byte Line Byte Line Byte Line Byte Line Byte Line Byte Line Byte Line Byte
Count bit 7 Count bit 6 Count hit 5 Count bit 4 Count bit 3 Count hit 2 Count bit 1 Count bit O

bits 7-0 Line Byte Count Bits[7:0]

This register isthe 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 SwivelView mode.

REG[1Eh] and REG[1Fh]
REG[1Eh] and REG[1Fh] are reserved for factory S1D13704 testing and should not be

written. Any value written to these registers may result in damage to the S1D13704 and/or
any panel connected to the S1D13704.
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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

Where: fPCLK
HDP

fPCLK
(HDP+HNDP) x (VDP + VNDP)

FrameRate =

= PCIk frequency (Hz)
= 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[OAh] bits 5-0) Lines

Passive Dual-Panel mode

f
FrameRate = PCLK
2 x (HDP + HNDP) x (V2P+VNDP)
Where:  fpo 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[OA] bits 5-0) Lines
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1-bpp: . .
bit 7 bit 0 PoP1P,P3P,P5PgP;
Byte 0 S Ao | AL [ As | As | Ay | As | Ag | A7 [TTTTTT]
Pn=(An)
Panel Display
Host Address Display Memory
2-bpp: bit 7 bit 0 PoP1P2P3P,PsPg Py
HEEEEEN
Byte 0 » Ao [ Bo | AL [B1 | Az | By | Az | B3
Byte 1 » Ay | B4 | As | Bs | Ag | Bg | A7 | By
Pn = (An, Bp)
Panel Display
Host Address Display Memory
4-bpp:
bit 7 bit 0 PoP1P,P3P,PsPsP;
Byte O » Ao [Bo | Co Do | AL |B1 | Cy|Dg LT L]
Byte 1 » A2 | B2 | Co | Dy | A3 | B3 | C3| D3
P, = (A B, C,, D
Byte 2 » Ay | By [Cs | Dy |As | Bs | Cs | Dsg n = (An, Bp, Cp, D)
Panel Display
Host Address Display Memory
8-bpp: 3-3-2 RGB
bit 7 bit 0 PoP1P2P3P,PsPgP;
Byte 0 "Ro? |Rot |Re® [Go? | Got |Go® [Bot [Bo® [P TT]
Byte 1 MR,2 (R [R%[G;? |G, |Gy By |By°
P, =[R20 G, 20 B 10
Byte 2 ‘R22 R21 R2° G22 G21 G20 le Bzo 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

Table 11-1: Look-Up Table Configurations

Display Mode 4-bit wide Look-Up Table
RED GREEN BLUE
2-level gray 4 banks of 2
4-level gray 4 banks of 4
16-level gray 1 bank of 16
2 color 4 bank of 2 4 bank of 2 4 bank of 2
4 color 4 banks of 4 4 banks of 4 4 banks of 4
16 color 1 bank of 16 1 bank of 16 1 bank of 16
256 color 2 banks of 8 2 banks of 8 4 banks of 4

Indicates the Look-Up Table is not used for that display mode

The following figures are intended to show the display data output path only. The CPU
R/W access to the individual Look-Up Tables is not affected by the various ‘ banking’
configurations.

11.1 Gray Shade Display Modes

2-Level Gray Shade Mode

2 Gray Data Format:
Green Look-Up Table ‘ 716]5/4]3 ‘ 2|1 ‘ 0
o ‘AO Al|A2|A3 A4‘A5 AG‘AY
1-bit pixel data . gy—y—y—y—‘ , See Section 10
I B
~——/—» 2 >
3 Bank
Select 4-bit display data output R
Logic
al [T 7] R
7 s
»6 N
7 ]
A
Green Bank Select 1
REGJ16h] bits [3:2]
Figure 11-1: 2-Level Gray-Shade Mode Look-Up Table Architecture
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4-Level Gray Shade Mode
4 Gray Data Format:

7/6|5|4|3[2/1]0
AO|[BO|Al|B1|A2|B2|A3|B3 Green Look-Up Table

See Section 10
Bank O
2-bit pixel data 2
> 2
3
Bank 1
0
1
"ﬁ;’ 2 Bank
3 Select 4-bit display data output
Bank 2 Logic
0
2
3
Bank 3
0
, 1
2
3
A
Green Bank Select

REG[16h] bits [3:2]

Figure 11-2: 4-Level Gray-Shade Mode Look-Up Table Architecture

16-Level Gray Shade Mode
16 Gray Data Format:
7/6|5(4(3|2|1]0

A0|BO|CO|DO|A1|{B1|C1|D1 Green Look-Up Table 16x4
See Section 10

WNRFRO

4-bit pixel data 4-bit display data output

mmaooOn

Figure 11-3: 16-Level Gray-Shade Mode Look-Up Table Architecture
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Look-Up Table Bypass Mode

Look-Up Tables

1 bit pixel data (Ap) 1 bit display data output (A,,)
2 bit pixel data (A, By) 4 bit display data output (A, B, Ap, Bp)
4 bit pixel data (A, By, Cp, Dp) 4 bit display data output (A, By, Cp, D)

Figure 11-4: Look-Up Table Bypass Mode Architecture

Note
In 1 bit-per-pixel display mode, Look-Up Table Bypass mode will turn off the FRM
circuitry and place the S1D13704 in Black-and-White mode.

In 2 bit-per-pixel mode the Display Data Output valuesare 0, 5, A, and F (in hex).
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11.2 Color Display Modes

2-Level Color Mode

2 Color Data Format:
Red Look-Up Table 706/5/4/3/2/1/0]
1-bit pixel data ol T T T 1 R AO|Al|A2|A3 ‘ A4 ‘ A5 | A6 ‘ A7 ‘
4 g .
1 See Section 10
2 ,
»+> >
<] I Bank 4-bit ‘Red’ display data output
Select
4 .| Logic
»ﬁgr : >
,
oﬁgr g >
Red Bank Select
REG[16h] bits [5:4] T
Green Look-Up Table
>
ll+> (]:-) >
ll+> 2 >
sl [ [ T | Bank 4-bit ‘Green’ display data output
Select >
4 .| Logic
»ﬁgr 5 >
>
»+> g >
Green Bank Select
REG[16h] bits [3:2] T
Blue Look-Up Table
,
‘,ﬁ;, 2 >
> /52
¢ >
sl L [ T | Bank 4-bit ‘Blue’ display data output
Select
.| Logic
S A - — °
»6 >
7 ]
Blue Bank Select %
REG[16h] bits [1:0]

Figure 11-5: 2-Level Color Look-Up Table Architecture

S1D13704 Hardware Functional Specification
X26A-A-001-06 Issue Date: 02/02/01

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Epson Research and Development
Vancouver Design Center

Page 77

4-Level Color Mode

Red Look-Up Table

Red Bank Select
REGJ16h] bits [5:4]

4 Color Data Format:
7/6|5(4|(3|2|1/|0
AO|BO|A1|B1|A2|B2|A3 B3
See Section 10

4-bit ‘Red’ display data output

v

Bank O
2-bit pixel data (f
> 2
3
Bank 1
i
> 5 Bank
3 Select
Bank 2 Logic
0
oﬁ;» 1
2
3
Bank 3
0
, 1
T2
3

P

Green Look-Up Table
Bank 0

A
WNRO

Bank 1

Green Bank Select
REG[16h] bits [3:2]

WNFRO

A
WNRO

Bank 2

Bank
Select

4-bit ‘Green’ display data output

Logic

Bank 3

v
WNFRO

o

Blue Look-Up Table

Blue Bank Select
REG[16h] bits [1:0]

4-bit ‘Blue’ display data output

v

Bank O
0
, 1
T2
3
Bank 1
/ i
¢ 2 Bank
3 Select
Bank 2 Logic
0
»+» 1
2
3
Bank 3
0
, 1
T2
3

P

Figure 11-6: 4-Level Color Mode Look-Up Table Architecture
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16-Level Color Mode

16 Color Data Format:

‘7654

3‘2

1‘0

‘AO BO|CO DO

Al‘Bl

Cl‘Dl

See Section 10

4-bit pixel data

Red Look-Up

Table 16x4

WN RO

mmaoo

Green Look-Up Table 16x4

WN RO

Tmmaoo

Blue Look-Up

Table 16x4

WNFR O

mmaoon

4-bit ‘Red’ display data output

4-bit ‘Green’ display data output

4-bit ‘Blue’ display data output

Figure 11-7: 16-Level Color Mode Look-Up Table Architecture
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256-Level Color Mode
256 Color Data Format: Red Look-Up Table
7654321‘0 Bank O
R2/R1|R0|G2|G1|GO Bl‘BO 9
; 2
See Section 10 3-bit pixel data 3
T4
5
9 Bank
Select R
Bank 1 Logic
0
1
2
ﬁ;» 3
40 1 [ [ ]
5
6
7
Red Bank Select
REG[16h] bit 4
Green Look-Up Table
Bank O
0
1
3-bit pixel data %
> 4
5
9 Bank
Select
Bank 1 Logic >
0
1
2
ﬁ;» 3
4
5
6
7
Green Bank Select
REG[16h] bit 2 T
Blue Look-Up Table
Bank 0
2-bit pixel data 2
T2
3
Bank 1
1
"+’ 2 Bank
3 Select ,
Bank 2 Logic
0
o+> 1
2
3
Bank 3
0
, 1
T2
3
A
Blue Bank Select
REG[16h] bits [1:0]
Figure 11-8: 256-Level Color Mode Look-Up Table Architecture
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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. This rotation can be done by software
a the expense of performance or, as with the S1D13704, it can be done by hardware with
no CPU penalty.

There are two SwivelView modes; Default Swivel View and Alternate SwivelView.

12.1 Default SwivelView Mode

Default SwivelView Mode requires the portrait image width be a power of two, e.g. a 240-
line panel 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 < 40k bytes), as it consumes less power than the Alternate
SwivelView mode.

For example, the panel sizeis 320x240 and the display mode is 4 bit-per-pixdl. The virtual
image size is 320x256 which can be contained within the 40k 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

is displayed. The application image is written to the S1D13704 in the following sense:
A-B—C-D. Thedisplay is refreshed by the S1D13704 in the following sense: B-D-A-C.

physical
memory
start \< 256 >
address A 51~ _E—; |r"” ———————— —; a
| | |
| A
o SwivelView | @ = ©
S i s 0
window | display S 2 o | °
| start o 2 N
| address S =
n ®)
| < v v
C D
v - — - P 320 -
240 b "
image seen by programmer image refreshed by S1D13704
= image in display buffer

Figure 12-1: Relationship Between The Screen Image and the Image Refreshed by S1D13704
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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 240x320x4 bpp image:

» Select Default SwivelView Mode: REG[1Bh] bit 7=1and bit6=0

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

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

= AddressOfPixel A + (240 'zi;; 4b ) .

AddressOfPixelA + 77h

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 virtual-image
width in bytes, i.e.

256 256
REG[1Ch] = ——————— = =— = 128 = 80h
[1CN} = Tabpb) = (4bpp) ~ 2

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 twice the value in the Line Byte Count register to pan verti-
cally by two lines, e.g. add 100h to pan by two lines in the example above.

Note
Vertica panning by asinglelineis 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 40kByte integrated frame buffer. For
example, the panedl size is 240x160 and the display mode is 8 bit-per-pixel. The minimum
virtual image size for Default SwivelView Mode would be 240x256 which requires 60K
bytes. Alternate Swivel View Moderequiresapanel size of only 240x 160 which needs only
38,400 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. Because of this, the power
consumption in Alternate SwivelView Mode is higher than in Default SwivelView Mode.

Thefollowing figure shows how the programmer sees a 240x 160 image and how theimage
is being displayed. The application image is written to the S1D13704 in the following
sense: A—B—C-D. The display isrefreshed by the S1D13704 in the following sense: B-D-
A-C.

physical

memory
start

address

A A B
0 a A
= SwivelView z
S .
window display S 3 o
start T2 ©
address % S
< © v
C D
v P 240 R
160 ) "
image seen by programmer image refreshed by S1D13704
= image in display buffer

Figure 12-2: Relationship Between The Screen Image and the Image Refreshed by S1D13704

S1D13704

X26A-A-001-06

Hardware Functional Specification
Issue Date: 02/02/01

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Epson Research and Development Page 83
Vancouver Design Center

12.2.1 How to Set Up Alternate SwivelView Mode

Thefollowing describes the register settings needed to set up Alternate SwivelView Mode
for a 160x240x8 bpp image.

» Select Alternate SwivelView Mode:
REG[1Bh] bit7=1and hit6=1

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

REG[0ODh], REG[0Ch]= AddressOfPixelB
= (AddressOfPixel A + ByteOffset)

= AddressOfPixel A +(160 '2%;; 8b )—l

AddressOfPixel A + 9Fh

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

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

160 = 160 _ 160 = AOK

RECECN = Tebpb) + @bpp) 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 the valuein the Line Byte Count register to pan vertically by
oneling, e.g. add AOh to pan by one line in the example above
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12.3 Comparison Between Default and Alternate SwivelView Modes

Table 12-1: Default and Alternate 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
160x240x8bpp image would normally
require only 38,400 bytes - possible
within the 40K byte address space, but
the virtual image is 256x240x8bpp
which needs 61,440 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. is that split screen
operation is not supported.
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13 Power Save Modes

Two Power Save Modes have been incorporated into the S1D13704 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 Sdlection

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

Not Configured or O

Mode

Software Power Save Mode

Not Configured or 0 reserved

Not Configured or 0 reserved

Not Configured or 0 Normal Operation

X|r|rR|O|O
X|rRr|O|R,|O

Configured and 1 Hardware Power Save Mode

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

* 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

* LCD outputs are forced low
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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
Sequence Controller Running? No No Yes
Display Active? No No Yes
LCDPWR Inactive Inactive Active
FPDATI[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 IO Vpp or GND - see Table 5-3: “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 signals
follow apower on/off sequence shown below. Thissequenceisessential to prevent damage
to the LCD pandl.
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RESET#

REG[03h] bits [1:0] 00 11

or |

Hardware Power Save \

LCDPWR
(CNF4 = Low)

Software Power Save
11 >< 00
|
|
|
|

LCDPWR
(CNF4 = Hi)

______/_><

|
|
| Power Save Mode
|
|
|

Panel Interface
Output Signals

(except LCDPWR)

—> [ < >

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 therest of the panel interface output signals are
held ‘low’. Softwareinitializesthe chip (i.e. programsthe registers) and then - asalast step
set - programs REG[03h] bits[1:0] to 11. This starts the power-up sequence as shown. The
power-up/power-down sequence delay is 127 frames.

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 accessesiif the following rules are observed:
1. BCLK must be turned off/on in aglitch free manner

2. BCLK must continue for aperiod equal to [8Tgc k + 12Ty k] @fter the end of the
access (RDY # asserted or WAIT# deasserted).

3. BCLK must be present for at least one Tgc k before the start of an access.
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13.6 Clock Requirements

The following table shows what clock is required for which function in the S1D13704.
Table 13-5: S1D13704 Internal Clock Requirements

Function

BCLK

CLKI

Register Read/Write

Is required during register accesses. BCLK
can be shut down between accesses: allow
eight BCLK pulses plus 12 MCLK pulses
(8TgcLk + 12T cLk) after the last access
before shutting BCLK off. Allow one BCLK
pulse after starting up BCLK before the next
access

Not Required

Memory Read/Write

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

Required

Software Power Save

Required

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

Hardware Power Save

Not Required

Can be stopped after 128 frames from
entering Hardware Power Save
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14 Mechanical Data

QFP14 - 80 pin Unit: mm
\< 14.0 +0.4
12.0*01
60 41 ,
NN
61— —40
— —J
— —
— —J
— —J
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— —J
— —
— — Ll <
| — 1 o | o
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| — I— —
— —J
— —
—] Index —
— —
— —
— —J
80 L 121
Innm UHU L
J \L
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—
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T v '
T 0~10°
3 T o5%0z t f
—»
1.0
Figure 14-1: Mechanical Drawing QFP14
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15 Sales and Technical Support

Japan
Seiko Epson Corporation

Electronic Devices Marketing Division

421-8, Hino, Hino-shi
Tokyo 191-8501, Japan
Tel: 042-587-5812

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

Hong Kong

Epson Hong Kong Ltd.
20/F., Harbour Centre

25 Harbour Road
Wanchai, Hong Kong

Tel: 2585-4600

Fax: 2827-4346
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://www.epson.com.sg/
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1 Introduction

Thisguide describeshow to program variousfeatures of the S1D13704 Embedded Memory
Color LCD controller. The demonstrationsinclude descriptions of how to calcul ate register
values and explanations of how or why you might want to do certain procedures.

This guide also introduces the Hardware Abstraction Layer (HAL), which is designed to
simplify the programming of the S1D13704. Most S1D1350x, S1D1370x, and 1380x
products support the HAL allowing OEM s to switch chips with relative ease.
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2 Initialization

This section describesthe register settings and steps needed to initialize the S1ID13704. The
first step toward initializing the S1D13704 isto set the control registers. The S1D13704
then generates the proper control signalsfor the display. After setting the control registers,
the Look-up Table must be programmed with meaningful values. This section does not
cover setting Look-Up Table values. See Section 4 on page 14 of thismanual for Look-up
Table programming details.

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

This example writes to all the control registers. In practice, it may be possible to write to
only asubset of the registers. When the S1D13704 isfirst powered up all registers, unless
noted otherwise in the specification, are set to zero. This exampl e programs these registers
to zero to establish a known state.

Theinitiaization enables the S1D13704 to control a panel with the following specifica-
tions:

» 320x240 color dual passive panel at 75Hz.
* Color Format 2, 8-bit data interface.

* 4 bit-per-pixel (bpp) - 16 colors.

e 25 MHz input clock (CLKI).

Table 2-1: S1ID13704 Initialization Sequence

Register

Value (hex)

Notes

See Also

[01]

0010 0000 (20)

Select an passive, Single, Color panel with a data width of 4-bits

[02]

1010 0000 (BO)

Select 4-bpp color depth and high performance.

(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)

[06]

0000 0000 (00)

Vertical display size = Reg[06][05] + 1
=00000000 11101111 +1 =239 +1 = 240 lines

[07]

0000 0000 (00)

FPLINE start position (not used by STN)

(08]

0001 1110 (1E)

Horizontal non-display period = (Reg[08] + 4) * 8
= (30 + 4) * 8 = 272 pixels

Frame Rate Calculation

[09]

0000 0000 (00)

FPFRAME start position (not used by STN)

[0A]

0010 0110 (26)

Vertical non-display period = REG[0A] = 38 lines

Frame Rate Calculation

[0B]

0000 0000 (00)

MOD rate - not required for this panel

[0C]

0000 0000 (00)

[0D]

0000 0000 (00)

Screen 1 Start Address - set to O for initialization

Split Screen on page 30
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Table 2-1: S1D13704 Initialization Sequence (Continued)

Register Value (hex)

Notes See Also

[OF] 0000 0000 (00)

Screen 2 Start Address - set to 0 for initialization

[10] 0000 0000 (00)

[12] 0000 0000 (00) |Memory Address offset - not virtual setup so set to 0

[13] 1111 1111 (FF)

[14] 0000 0011 (03)

Set the vertical size to the maximum value. Split Screen on page 30

[15] 0000 0000 (00)

[16] 0000 0000 (00) |SetLUT control registers to 0 for this example.

Look-Up Table (LUT) on
page 14

[17] 0000 0000 (00)

[18] 0000 0000 (00)

[19] 0000 0000 (00)

GPIO control and status registers - set to “0”

[1A] 0000 0000 (00) |Set the scratch pad bits to “0”.

[1B] 0000 0000 (00) |We are not setting up SwivelView mode so set this register to “0”".

[1C] 0000 0000 (00) |Line Byte Count is only required for SwivelView mode.

[1E],[1F]| 0000 0000 (00) |These registers are reserved and should not be written to.

2.1 Frame Rate Calculation

The system the S1D 13704 isbeing configured for dictates certain physical constraints such
as the width and height of the panel and the video system input clock.

The following are the formulae for determining the frame rate of a pandl. The framerate
for asingle passive or TFT panel is calculated as follows:

PCLK

FrameRate =
(HDP+HNDP) x (VDP + VNDP)

for adual passive panel the formulais:

PCLK

2 x (HDP + HNDP) X(\%E+VNDP)

FrameRate =

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 = Vertical Non-Display Period (in lines)

To achieve the desired frame rate the HNDP and VNDP values can be manipulated. The
example below is a generic routine to calculate HNDP and VNDP from a desired frame
rate.
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Thisroutinefirst performs aformularearrangement so that HNDP or VNDP can be solved
for. 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 asatisfactory framerate still can’t be
reached - return an error.

In C the code looks like the following snip:

for (int loop = 0; loop < 2; |oop++)

{
for (VNDP = 2; VNDP < Ox3F; VNDP += 3)
{
/1 Solve for HNDP
HNDP = (PCLK / (FrameRate * (VDP + VNDP))) - HDP
if ((HNDP >= 32) && (HNDP <= 280))
{
/1l Solve for VNDP.
VNDP = (PCLK / (FrameRate * (HDP + HNDP))) - VDP;
/1 1f we have satisfied VNDP then we're done.
if ((VNDP >= 0) && (VNDP <= 0x3F))
got o DoneCal c;
}
}
/1 Divide Akl and try again.
/1 (Reg[02] allows us to dived CLKI by 2)
PCLK /= 2;
}
/1 1f we still can't hit the frane rate - throw an error
if ((VNDP < 0) || (VNDP > Ox3F) || (HNDP < 32) || (HNDP > 280))
{
sprintf("ERROR Unable to set the desired frame rate.\n");
exit(1l);
}
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3 Memory Models

The S1D13704 is capable of operating at four different color depths. The data format for
each color depth is packed pixel. S1D13704 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 data memory may be envisioned as a stream of data. Pixelsfill this stream
with one pixel packed in adjacent to the next. If a pixel requires four bits then 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 the
immediate right are located in the following byte, etc.

3.1 Display Buffer Location

The S1D13704 contains 40 kilobytes of internal display memory. External support logic
must be employed to determinethe starting addressfor thisdisplay memory in CPU address
space. On the S5U13704B00C PC platform evaluation boards the addressis usually fixed
at DOOOOh.

3.1.1 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".

With color panelsthe two colors are derived by indexing into positions 0 and 1 of the L ook-
Up Table. For monochrome panels the two gray shades are generated by indexing into the
first two elements of the green component of the Look-Up Table (LUT).

If thefirsttwo 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 asablack pixel and each "1" bit will display as
awhite pixel. Thetwo LUT entries can be set to any desired colors, for instance red/green

or cyan/yellow.
Bit 7 Bit 6 Bit 5 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: Pixd Sorage for 1 Bpp (2 Colors/Gray Shades) in One Byte of Display Buffer
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3.1.2 2 Bit-Per-Pixel (4 Colors/Gray Shades)

2-bit 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".

For color panels the four colors are derived by indexing into positions 0 through 3 of the
Look-Up Table. For monochrome panels the four gray shades are generated by indexing
into the first four elements of the green component of the Look-Up Table.

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: Pixel Sorage for 2 Bpp (4 Colors/Gray Shades) in One Byte of Display Buffer

3.1.3 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".

For color panels the 16 colors are derived by indexing into the first 16 positions of the
L ook-Up Table. For monochrome panel sthe gray shades are generated by indexing into the
first 16 elements of the green component of the Look-Up Table.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Pixel O Pixel O Pixel O Pixel O Pixel 1 Pixel 1 Pixel 1 Pixel 1
Bit 3 Bit 2 Bit 1 Bit 0 Bit 3 Bit 2 Bit 1 Bit 0
Figure 3-3: Pixel Sorage for 4 Bpp (16 Colors/Gray Shades) in One Byte of Display Buffer
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3.1.4 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.

Each byte of display memory consists of three pointers into the Look-Up Table. The three
most significant bits form anindex into the first eight red values. The next three bitsare an
index into thefirst eight green values. Thelast two bitsform anindex into thefirst four blue
Look-Up Table entries.

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: Pixdl 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 (LUT) architecture
foundinthe S1D13704 Hardware Functional Specification. Covered hereisareview of the
LUT registers, recommendations for the color and monochrome LUT values, and
additional programming considerations for the LUT.

The S1D13704 Look-Up Table consists of sixteen 4-hit wide entries for each of red, green
and blue. The Look-Up Tableis controlled by three registers. REG[15h] forms the index
into the table. REG[ 16h] determines which bank is active during display. REG[17h] isthe
register where the Look-Up Table datais read and written.

The currently configured color depth affects how many indices will be used for image
display. In color modes, pixel values are used as indices to an RGB value stored in the
Look-Up Table. In monochrome modes only the green component of the LUT is used.

4.1 Look-Up Table Registers

REG[15h] Look-Up Table Address Register

Read/Write

n/a

n/a

RGB Index RGB Index LUT Address |LUT Address |LUT Address |LUT Address
bit 1 bit 0 Bit 3 Bit 2 Bit 1 Bit 0

RGB Index

The RGB Index bits determine how the S1D13704 will handle automatic LUT Address
updates.

When the RGB Index is set to auto-increment (00) then three consecutive accesses of
REG[17h] will read/write the red, green, and then the blue elements at the Look-Up Table
index specified by the LUT Address. After three accesses of REG[17h] the LUT Address
isincremented. The next access of REG[17h] will be the red element from the new L ook-
Up Table address.

By altering the RGB Index the sequence can be changed such that three accesses of
REG[17h] will affect just the reds or just the greens or just the blues at three different LUT
addresses.

When configured for monochrome panels the mechanism in which writes are handled is
dightly different. Onetothreereadsare still required to updatethe LUT Addressdepending
on the setting of the RGB Index hits. If the RGB Index bits are set to auto-increment then
three writesto REG[17h] are required to bump the LUT Address. Only the last write will
affect the display appearance; it is copied across all three RGB elements. If the RGB Index
is set to accessjust red, just green or just blue then asingle write to REG[17h] is copied to
the red, green and blue elements of the lookup address and the LUT Addressisincre-
mented.
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Look-Up Table Address

The Look-Up Table (LUT) consists of 16 indexed entries each consisting three 4-hit
elements (red, green, blue). The LUT Address bits select which of the 16 entriesis
accessed. Upon setting the LUT Address an internal pointer is set to the red element.
Dependent on the RGB Index setting one to three accesses of the Look-Up Table Data
register cause the LUT Address to automatically increment to the next index.

REG[16h] Look-Up Table Bank Select Register Read/Write
n/a n/a Red Bank Red Bank Green Bank Green Bank Blue Bank Blue Bank
Select bit 1 Select bit 0 Select bit 1 Select bit 0 Select bit 1 Select bit0

Look-Up Table Bank Select
The Look-Up Table Bank Select register affects displayed colors.

Depending on the color mode, not al of the sixteen Look-Up Table (LUT) entries are
required. This register determines which entries will be displayed.

At 1-bpp only the lower eight Look-Up Table addresses are used. These are further divided
into four banks of two colors. The bank selects determine which of the four red, green and
blue banks the displayed colors will come from. For instance: Assume the Look-Up Table
Bank Select register was set to 18h (0001 1000 b). Red pixelswould come from the 2nd red
lookup bank (red LUT Addresses2 and 3). Green would betaken from the 3rd green lookup
bank (green LUT addresses 4 and 5). Blue pixels would be taken from the 1st blue lookup
bank (blue LUT addresses 0 and 1).
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At 2-bpp, sixteen Look-Up Table addresses are used. The Look-Up Tableisanow arranged
into four banks of four colors each. Aswith 1-bpp, the bank select bits determinetheinitial
offset into the Look-Up Table. Incrementing a bank select by one bumps the Look-Up

Table offset by four.

Table 4-1: 2 Bpp Banking Scheme

Bank Red LUT Green LUT Blue LUT
Addresses Addresses Addresses
0 0 0
1 1 1
0
2 2 2
3 3 3
4 4 4
5 5 5
1
6 6 6
7 7 7
8 8 8
9 9 9
2
A A A
B B B
C C C
D D D
3
E E E
F F F
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At 4-bpp the pixel dataisadirect index to the color to be displayed. At this color depth the
Look-Up Table Bank Select bits have no effect on the display colors. For instance: If the
datawas 7Bh then thefirst pixel color would be from the RGB values of the 8th Look-Up
Table address. The second pixel would be the colored by the RGB value at the 12th (0Bh)
Look-Up Table address.

Table 4-2: 4 Bpp Banking Scheme

Red LUT Green LUT Blue LUT
Addresses Addresses Addresses
0 0 0
1 1 1
2 2 2
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 8 8
9 9 9
A A A
B B B
C C C
D D D
E E E
F F F
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At 8-bpp the lookup scheme gets alittle more complicated. Each byte of display data
contains 3 hits of red lookup, 3 bits of green lookup and 2 bits of blue lookup. The 16
addresses of the Look-Up Table are divided into 2 eight-element banks for the red and
green components and 4 four-element banks for the blue component.

Table 4-3: 8 Bpp Banking Scheme

Red/Green Red LUT Green LUT Blue Blue LUT
Bank Addresses Addresses Bank Addresses
0 0 0
1 1 1
0
2 2 2
3 3 3
0
4 4 4
5 5 5
1
6 6 6
7 7 7
8 8 8
9 9 9
2
A A A
B B B
1
C C C
D D D
3
E E E
F F F
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REG[17h] Look-Up Table Data Register Read/Write
n/a n/a n/a n/a LUT Data LUT Data LUT Data LUT Data
Bit 3 Bit 2 Bit 1 Bit O
LUT Data

This register is where the 4-bit red/green/blue data value is written/read. With each
successive read or write the internal RGB selector isincremented. Depending on the RGB
Index setting, one to three access of this register will result in the Look-Up Table Address
incrementing.

4.2 Look-Up Table (LUT) Organization

Color and monochrome operation is dightly different. Both Look-Up Table schemes are
described here.

» The Look-Up Tabletreatsthe value of apixel asan index into an array of colors or gray
shades. For example, a pixel value of zero would point to the first LUT entry; a pixel
value of 7 would point to the eighth LUT entry.

» Thevalueinside each LUT entry represents the intensity of the given color or gray
shade. Thisintensity can range in value between 00 and OFh.
The following table shows how many elements from each Look-Up Table index are used
at the different color depths.
Table 4-4: Look-Up Table Configurations

) 4-Bit Wide Look-Up Table
Display Mode
Red Green Blue

1 Bpp Gray 4 banks of 2

2 Bpp Gray 4 banks of 4

4 Bpp Gray 1 bank of 16

1 Bpp Color 4 banks of 2 4 banks of 2 4 banks of 2
2 Bpp Color 4 banks of 4 4 banks of 4 4 banks of 4
4 Bpp Color 1 bank of 16 1 bank of 16 1 bank of 16
8 Bpp Color 2 banks of 8 2 banks of 8 4 banks of 4

Indicates the Look-Up Table is not used for that display mode
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Color Modes
1 Bpp Color
When the S1D13704 is configured for 1 bit-per-pixel color mode, only thefirst two colors
from the active bank are displayed. The two entries can be set to any color but aretypically
set to black and white.
Each bytein the display buffer contains 8 bits, each bit represents an individual pixel. A bit
value of "0" resultsin the Look-Up Table 0 value being displayed. A bit set to "1" results
in the Look-Up Table index 1 value displayed.

The following table shows the recommended values for 1 bpp on acolor pand.

Table 4-5: Recommended LUT Values for 1 Bpp Color Mode

Index Red Green Blue
00 00 00 00
01 OF OF OF
02 00 00 00
00 00 00
OF 00 00 00

Normally unused entries

2 Bpp Color

When the S1D13704 is configured for 2 bit-per-pixel color mode, only thefirst four colors
from the active bank are displayed. The four entries can be set to any color.

Each byte in the display buffer contains 4 adjacent pixdls. Each pair of bitsin the byte are
used as an index into the LUT. The following table shows example values for 2 bpp color

mode.
Table 4-6: LUT Values for 2 Bpp Color Mode
Index Red Green Blue

00 00 00 OF

01 OF 00 00

02 00 OF 00

03 OF OF OF

04 00 00 00

00 00 00

OF 00 00 00

Normally unused entries
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4 Bpp Color

When the S1D13704 is configured for 4 bit-per-pixel operation all sixteen Look-Up Table
entriesare used. Each bytein the display buffer containstwo adjacent pixels. The upper and

lower nibbles of the byte are used asindicesinto the LUT.

Thefollowing table shows LUT values that simulate those of aVVGA operating in 16 color

mode.

Table 4-7: Suggested LUT Valuesto Smulate VGA Default 16 Color Palette

Index Red Green Blue
00 00 00 00
01 00 00 0A
02 00 OA 00
03 00 0A 0A
04 0A 00 00
05 0A 00 0A
06 0A 0A 00
07 0A 0A 0A
08 00 00 00
09 00 00 OF
0A 00 OF 00
0B 00 OF OF
0C OF 00 00
0D OF 00 OF
OE OF OF 00
OF OF OF OF
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8 Bpp Color

When the S1D13704 is configured for 8 bit-per-pixel color mode, 8 colors from red and
green and 4 colors from the blue active banks are displayed. The eight red, eight green and
four blue entries can be set to any color.

The S1D13704 LUT hasfour bits (16 levels) of intensity control per primary color whilea
standard VGA RAMDAC has six bits (64 levels). This four to one difference has to be
considered when attempting to match colors between aVGA RAMDAC and the S1D13704
LUT. (i.e. VGA levels0- 3 mapto LUT level 0, VGA levels4 - 7 mapto LUT leve 1...
etc.).

Thefollowing table shows LUT valuesthat approximate the default 256 color VGA palette.
Table 4-8: Suggested LUT Values to Smulate VGA Default 256 Color Palette

Index Red Green Blue
00 00 00 00
01 02 02 05
02 04 04 0A
03 06 06 OF
04 09 09 00
05 0B 0B 00
06 0D 0D 00
07 OF OF 00
08 00 00 00
. 00 00 00
OF 00 00 00

Normally unused entries
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Gray Shade Modes

1 Bpp Gray Shade (Black-and-White)

In 1 bpp gray shade mode only the first two entries of the green LUT are used. All other
LUT entries are unused.

Table 4-9: Recommended LUT Values for 1 Bpp Gray Shade

Address Red Green Blue
00 00 00 00
01 OF OF OF
02 00 00 00
00 00 00
OF 00 00 00

Normally unused entries

2 Bpp Gray Shade

In 2 bpp gray shade mode the first four green elements are used to provide values to the
panel. The remaining indices are unused.

Table 4-10: Suggested Values for 2 Bpp Gray Shade

Index Red Green Blue

0 00 00 00
1 05 05 05
2 0A OA 0A
3 OF OF OF
4 00 00 00

00 00 00
F 00 00 00

Normally unused entries
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4 Bpp Gray Shade

The 4 bpp gray shade mode uses all 16 LUT elements.

Table 4-11: Suggested LUT Values for 4 Bpp Gray Shade

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

Normally unused entries
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5 Advanced Techniques

This section contains information on 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 40960 bytes of
display memory by the number of byteson each line (i.e. at 1 bpp with a 320x240 panel set
for avirtual width of 640x480 there is enough memory for 512 lines).

Figure 5-1: “Viewport Inside a Virtual Display,” depictsatypical use of avirtual display.
The display pandl 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[12h] Memory Address Offset Register
Memory Memory Memory Memory Memory Memory Memory Memory
Address Address Address Address Address Address Address Address
Offset Offset Offset Offset Offset Offset Offset Offset
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

Figure 5-2: Memory Address Offset Register

REG[12h] forms an 8-bit value called the Memory Address Offset. This offset isthe
number of additional bytes on each line of the display. If the offset is set to zero thereisno
virtua 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.

5.1.2 Examples

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 byte is 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[12h], will have to be set to 28h to satisfy the
above condition.
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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 linesthe S1D13704 is capable of.
total_lines = memory / bytes per_line = 40960 / 160 = 256

The the maximum number of lines which can be accommodated by our image can contain
is256. Thisexample will not “fit” in available display memory. We must reduce either the
color depth or the virtual image size.

5.2 Panning and Scrolling

Panning and scrolling describe the actions of appearing to move the image in avirtual
display so that all the image can be viewed. After correctly setting up avirtual display (see
above) and loading animageinto display memory, panning and scrolling allow viewing the
entire image a portion at atime.

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 slide to 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 slide down.

Both panning and scrolling are performed by modifying the start address register. Start
address refers to the word offset in the display buffer where the image will start being
displayed from. The start address registersin the S1D13704 are an offset to the first word
to be displayed in the top left corner of every frame.

Keep in mind that the start address is aword offset. Changing the start address by one
means a change of one words worth of pixels. 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 thereareeight pixds, at 4 bit-per-pixel therearefour pixelsand at 8 bit-per-pixel there
are two pixels. The number of pixelsin each word represent the finest panning step the
S1D13704 is capable of. (i.e. at 4 bit-per-pixel the display will move sideways by four
pixels for each change to the start address registers)

When SwivelView mode (see SwivelView™ on page 36) is enabled the start address
registers become offsets to bytes. In this mode the step rate for the start address registersif
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)
reserved Start Addr Start Addr Start Addr Start Addr Start Addr Start Addr Start Addr
Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

Figure 5-3: Screen 1 Sart Address Registers

In landscape mode these two registers form the offset to the word in display memory to be
displayed in the upper left corner of the screen. Screen 1 is always the top of adisplay
frame, starting in the upper left corner and descending downward. Changing these registers
by one will shift the display 2 to 16 pixels, depending on the current color depth.

In SwivelView mode these registers form the offset to the byte in display memory from
where screen 1 will start displaying. Changing these registersin SwivelView 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

Landscape Mode
Number of Pixels Panned

SwivelView Mode

Color Depth (bpp) Number of Pixels Panned

Pixels per Word

1 16 16 8
2 8 8 4
4 4 4 2
8 2 2 1

5.2.2 Examples

For the following examples assume the display system has been set up to view a 320x240
4 bpp image in a 256x64 viewport. Refer to Section 2, “Initialization” on page 8 and
Section 5.1, “Virtual Display” on page 25 for assistance with these settings. The examples
are shown in 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 SwivelView
mode, the display will jJump by more than one pixel asaresult of changing the start address
registers.

S1D13704

Programming Notes and Examples
X26A-G-002-03

Issue Date: 01/02/12

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Epson Research and Development Page 29
Vancouver Design Center

Panning to theright.

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

Panning to the left.

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

Example 4: Scrolling (Up and Down)

To scroll down, increase the value in the Screen 1 Display Start Address Register by the
number of words in one virtual scan line. To scroll up, decrease the value in the Screen 1
Display Start Address Register by the number of wordsin one virtual scan line.

Step 1. Determine the number of words in one virtual scanline.
bytes per_line = pixels per_line/ pixels per byte=320/2= 160
words_per_line = bytes per line/2=160/2=280

Step 2: Scroll up or down

To scroll up.

StartWord = Get Start Address();
StartWord -= words_per _|Iine;
if (StartWword < 0)

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

To scroll down.

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

| ong Get St art Address (void)
{

}
void SetStart Address (Il ong StartWrd)

return (REGOD] * 256 +RE(F 0C];

REF 0C] = StartWrd & OxFF;
REG OD] = StartWird / 256;
}
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5.3 Split Screen

Occasionally the need arises to display two different but related images. For example, a
game where the main play arearequires rapid updates and game status displayed at the
bottom of the screen. The status area updates far less often than the main play area.

The Split Screen feature of the S1D13704 allows a programmer to setup a display for such
an application. The figure below illustrates setting a 320x240 panel to have Image 1
displaying from scan line 0 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 can occur anywhere on 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 5-4: 320x240 Sngle Pand For Split Screen

In split screen operation “Image 1" is taken from the display memory location pointed to
by the Screen 1 Start Addressregistersand awaysislocated at thetop of the screen. “Image
2" istaken from the display memory location pointed to by the Screen 2 Start Address
registers and begins after Screen 1 Vertical Size lines.
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5.3.1 Registers

The other registers required for split screen operations, REG[0Ch] through REG[0Dh]
(Screen 1 Start Word Address) and REG[OFh] through REG[10h] (Screen 2 Start Word
Address) are described in Section 5.2.1 on page 28.

REG[13] Screen 1 Vertical Size (LSB)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

REG[14] Screen 1 Vertical Size (MSB)

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

Figure 5-5: Screen 1 Vertical Sze

These two registers form aten bit value which determines the size of screen 1. When the
vertical sizeis equal to or greater than the physical number of lines being displayed there
isno visible effect on the display. When the vertical size value is less than the number of
physically displayed lines, display operation works like this:

1. From the end of vertical non-display (beginning of aframe) to the number of linesin-
dicated by vertical size the display datawill come from the memory pointed to by the
Screen 1 Display Start Address.

2. After vertical size lines have been displayed the system will begin displaying data
from Screen 2 Display Start Address memory.

Screen 1 memory isalwaysdisplayed at the top of the screen followed by screen 2 memory.
The start address for the screen 2 image may be lower in memory than that of screen 1 (i.e.
screen 2 could be coming from offset 0 in the display buffer while screen 1 was coming
from an offset located several thousand bytes into the display buffer). While not particu-
larly useful, it is even possible to set screen 1 and screen 2 to the same address.
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REG[OFh] 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[10h] Screen 2 Display Start Address 0 (LSB)
reserved Start Addr Bit | Start Addr Bit | Start Addr Bit | Start Addr Bit | Start Addr Bit | Start Addr Bit | Start Addr Bit
14 13 12 11 10 9 8

Figure 5-6: Screen 2 Sart Address Registers

In landscape mode these two registers form the offset to the word in display memory to be
displayed immediately after the screen 1 area of display memory. Changing these registers
by one will shift the display 2 to 16 pixels, depending on the current color depth.

Split screen operation is not supported in SwivelView mode, leaving this register un-used.
Refer to Table 5-1:, “Number of Pixels Panned Using Start Address,” on page 28 to seethe
minimum number of pixels affected by a change of one to these registers

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[13h], with C8h and Vertical Size MSB, REG[14h],
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.
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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 hereis ensure that both the LSB and MSB 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

6.2 Registers

L CD Power Sequencing allowsthe LCD power supply to discharge prior to shutting down
the LCD logic signals. Power sequencing is required to prevent long term damage to the
panel and to avoid unsightly “lines’ on power-down and power-up.

The S1D 13704 performsautomatic power sequencing when the LCD isenabled or disabled
through the Power Save bitsin REG[03h] or in response to a hardware power save request.
For most applications the internal power sequencing is the appropriate choice.

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.

One frame after a power save mode has been enabled the S1D 13704 disables LCD power.
One hundred and twenty seven frameslater the LCD logic signals are disabled. There may
be situations where the internal time delay is insufficient to discharge the LCD power
supply before the LCD signals are shut down. This section details the sequences to
manually power-up and power-down the LCD interface.

During the power up sequence the LCD power should not be applied before the LCD logic
signals. Usually the power and logic can begin at the sametime. There may be times when
the LCD logic signals must begin before LCD power is applied.

REG[03h] Mode Register 2

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

The LCD Power (LCDPWR) Override bit forces LCD power to inactive one frame after
being toggled. The LCD logic signalsto the panel are till active and are controlled by
enabling or disabling a power save mode. After enabling a power save mode there are still
128 frames before LCD logic signals are disabled.

The Hardware Power Save Enable bit must be set in order for a hardware power save
reguest (on GPIO0) to have any affect. Without enabling this bit toggling GPIO0 will have
no power save effect.

The Software Power Save bits are used to set the software power save mode. Thetwo valid
states are "00" for power save and "11" for normal operation.
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6.3 LCD Enable/Disable

The descriptions below cover manually powering the LCD panel up and down. Use them
only if the power supply connected to the panel requires more than 127 framesto discharge
on power-down or if the panel requires starting the LCD logic well in advance of enabling
LCD power.

Power On/Enable Sequence

The following is the recommended sequence for manually powering-up an LCD panel.
These steps would be used if LCD power had to be applied later than LCD logic.

1. Set REG[03h] bit 3, LCDPWR Override, to "1" (ensures that LCD power is disabled).

2. Enable LCD logic. Thisisdone by either setting GPIOO0 to 0 for hardware power save
mode and/or by setting REG[03h] bits 1-0, software power save, to "11".

3. Count "x" Vertica Non-Display Periods.
"x" corresponds the length of time LCD logic must be enabled before LCD power-up,
converted to the equivaent vertical non-display periods. For example, at 72 HZ count-
ing 36 non-display periods results in aone half second delay.

4. Set REG[03h] bit 3to "0" (enable LCD Power).

Power Off/Disable Sequence

The following is the recommended sequence for manually powering-down an LCD panel.
These steps would be used if power supply timing requirements were larger than the
timings built into the S1D13704 power disable sequence.

1. Set REG[03h] bit 3, LCDPWR Override, to "1" (disables LCD Power).

2. Count "x" Vertical Non-Display Periods.

"x" corresponds to the power supply discharge time converted to the equivaent verti-
cal non-display periods.

3. Disablethe LCD logic by setting the software power save in REG[03h] or setting
hardware power save via GPIO0.
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7 SwivelView™

7.1 Introduction To SwivelView

Many of todays applications use the LCD panel in a portrait orientation. In this case it
becomes necessary to “rotate” the displayed image. Thisrotation can be done by software
at the expense of performance or, as with the S1D13704, it can be done by hardware with
no performance penalty.

There are two hardware rotated modes: Default Swivel View Mode and Alternate
SwivelView Mode.

7.2 Default SwivelView Mode

Default SwivelView Mode requires the portrait image width be a power of two, e.g. a 240-
line panel 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 < 40k bytes), as it consumes less power than the Alternate
SwivelView mode.

For example, the panel sizeis 320x240 and the display mode is 4 bit-per-pixdl. The virtual
image size is 320x256 which can be contained within the 40k Byte display buffer.

Default Swivel View Mode also requires memory clock (MCLK) = pixel clock (PCLK).
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Thefollowing figures show how the programmer sees a 240x320 image and how theimage
isdisplayed. The application image is written to the S1D 13704 in the following sense:
A-B-C-D. The display isrefreshed by the S1D13704 in the following sense: B-D-A-C.

physical
memory
start \: 256 >
address A4 5 — —E—; ;_LIJ ________ _; N
| | |
|
o SwivelView | @ o ©
& window q% = «Q
| display S B =
= 5 <
| start 5 2 N
address § S
: < N o il
D
v L& — — - 320
‘ 240 < >
image seen by programmer image refreshed by S1D13704
= image in display buffer

Figure 7-1: Relationship Between The Screen Image and the Image Refreshed by S1D13704

7.3 Alternate SwivelView Mode

Alternate SwivelView Mode may be used when the virtual image size of Default
SwivelView Mode cannot be contained in the 40k Byte integrated frame buffer. For
example, when the panel size is 240x160 and the display mode is 8 bit-per-pixel the
minimum virtual image size for Default SwivelView Mode would be 240x256 which
requires 60K bytes. Alternate SwivelView Maode requires a pandl size of only 240x160
which needs only 38,400 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.

Because of this, the power consumption in Alternate SwivelView Mode is higher than in
Default SwivelView Mode.

Thefollowing figure shows how the programmer sees a 240x 160 image and how theimage
isbeing displayed. The application image is written to the S1D13704 in the following
sense: A-B—-C-D. The display isrefreshed by the S1D13704 in the following sense: B-D-
A-C.
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Figure 7-2: Relationship Between The Screen Image and the Image Refreshed by S1D13704
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7.4 Registers

This section describes the registers used to set SwivelView 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

reserved bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8

The start address registers must be set for SwivelView mode. In SwivelView mode the
offset contained in the start address pointsto a byte.

REG[1Ch] Line Byte Count Register

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0

The line byte count register informs the S1D13704 of the stride, in bytes, between two
consecutive lines of display in SwivelView mode. The Line Byte Count register only
affects SwivelView mode operation. The contents of this register are ignored when the
S1D13704 isin landscape display mode.

REG[1Bh] SwivelView Mode Register
SwivelView SwivelView
SwivelView SwivelView n/a n/a n/a reserved Mode Pixel Mode Pixel
Mode Enable | Mode Select Clock Select | Clock Select
Bit 1 Bit 0

The Swivel View mode register contains several items for SwivelView mode support.

Thefirst is the SwivelView Mode Enable bit. When thisbit is“0” the SID13704 isin
landscape mode and the remainder of the settingsin this register as well asthe Line Byte
Count in REG[1Ch] areignored. When thisbitisa“1” SwivelView mode is enabled.

There are two Swivel View mode display schemes available. The SwivelView maode select
bit selects between the“Default Mode” and the"Alternate Mode” . The default mode offers
the lowest power consumption with some display mode limitations. The alternate mode
uses more power but offers greater display flexibility.
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In return for using less power the default Swivel View imposes the restriction that the
SwivelView display width must be a power of two (e.g. 64, 128, 256, 512). The physical
display does not need to be a power of two wide. The difference can be treated as a virtual
width. In addition, scrolling in default Swivel View mode is restricted to two lines.

Alternate SwivelView mode requires more power as the internal clocks are run faster. In
return for a higher power consumption the "power of two" width-restriction is removed.
Also, the display can be scrolled one line at atime. One benefit to removing the power of
two width restriction is that panels which might not have been able to be used in
SwivelView mode due to alack of memory may now be used.

Clocking for the S1D13704 works as follows:

An external clock source supplies CLKI, theinput clock. CLKI isrouted through the Input
Clock Dividefrom Mode Register 1 (REG[02h] bit 4) and iseither divided by two or passed
on. Thissignal is now the Operating Clock (CLK) from which PCLK and MCLK are
derived. In SwivelView mode the CLK signal may be divided down by 0, 2, 4, or 8 before
PCLK and MCLK are derived.

SwivelView mode offers additional clocking control over landscape mode. One reason for
the additional support isto maintain aregister set that was backward compatible with
previous Epson LCD controllers.

When setting SwivelView mode, it is possible that the horizontal and vertical non-display
time must be recalculated as aresult of PCLK changing in response to the SwivelView
mode selected or the clock selection method.
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7.5 Limitations

The only limitation to using SwivelView mode on the S1D13704 isthat split screen
operation is not supported.

A comparison of the two SwivelView modesis as follows:
Table 7-1: Default and Alternate Swivel View Mode Comparison

ltem Default SwivelView Mode Alternate SwivelView Mode

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 160x240x8bpp
image would normally require only 38,400
bytes - possible within the 40K byte
address space, but the virtual image is
256x240x8bpp which needs 61,440 bytes -
not possible.

Memory Requirements Does not require a virtual image.

MCLK, and hence CLK, need to be 2x PCLK.
For example, if the panel requires a 3MHz

CLK need only be as fast as the required | o~ \« "0 ¢ K must be 6MHz. Note that

Clock Requirements

PCLK. 25MHz is the maximum CLK, so PCLK cannot
be higher than 12.5MHz in this mode.
Power Consumption Lowest power consumption. Typically 20% higher than Default Mode.
Panning Vertical panning in 2-line increments. Vertical panning in 1-line increments.
Performance Nominal performance. Slightly higher performance than Default Mode.
Programming Notes and Examples S1D13704
Issue Date: 01/02/12 X26A-G-002-03

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Page 42 Epson Research and Development
Vancouver Design Center

7.6 Examples
Example 6: Enable default SwivelView mode for a 320x240 panel at 4 bpp.

Before switching to SwivelView 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 the garbled image would be visiblefor ashort period
of time if video memory is not cleared.

Inthisexamplewewill bypass having to recal cul ate the horizontal and vertical non-display
times (frame rate) by selecting the default Swivel View mode scheme.

1. Caculate 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 Swivel View 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 Q0h.

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 SwivelView mode.

This example uses the default Swivel View mode scheme. |f we do not change the
SwivelView Mode Pixel Clock Select bits then we will not have to recal culate the non-
display timings to correct the frame rate.

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

Thedisplay isnow configured for Swivel View mode use. Offset zero into display memory
will corresponds to the upper left corner of the display. The only thing to keep in mind is
that the count from thefirst pixel of onelineto thefirst pixel of the next line (refered to as
the "stride") is 128 bytes.
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Example 7: Enable alternate SwivelView mode for a 320x240 panel at 4 bpp.

Note
Aswe have to 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 a16 MHz in-
put clock.

Asinthepreviousexample, before switching to SwivelView mode, display memory should
be cleared. Images in display memory are not rotated automatically by hardware and the
garbled image would be visible for a short period of timeif video memory is not cleared.

1. Cadculate 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 00h.

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 SwivelView mode.

This example uses the alternate Swivel View mode scheme. We will not change the
Pixel Clock Select settings.

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

4. Recaculate the frame rate dependents.

This example assumes the alternate SwivelView mode scheme. In this scheme, without
touching the Pixel Clock Select bits the PCLK value will be equal to CLK/2.

Note
These examples don't use the Pixel Clock Select bits. The ability to divide the PCLK
value down further than the default values was added to the S1D 13704 to support
SwivelView mode on very small panels.

ThePixd Clock value has changed so we must cal culate horizontal and vertical non-display
times to reach the desired frame rate. Rather than perform the frame rate calculations here
I 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
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Plugging the values into the frame rate calculations yields:

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[0Ah]) 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 aternate Swivel View 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 cal culations for landscape display mode).

No other registers need to be altered.

The display is now configured for Swivel View mode use. Offset zero of display memory
corresponds to the upper left corner of the display. Display memory is accessed exactly as
it was for landscape mode.

Asthisisthe alternate SwivelView mode the power of two stride issue encountered with
the default SwivelView modeis no longer an issue. The stride is the same as the
SwivelView mode width. In this case 120 bytes.
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Example 8: Pan the above SwivelView 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. Caculate the amount to 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 writen to the start address register will be 81h (7Fh + 2 = 81h)

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

1. Calculate the amount 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 Word Address reg-

ister pair.

Set Screenl Display Start Word Address LSB (REG[0Ch]) to 81h and Screenl Display
Start Word Address MSB (REG[0Dh]) to 02h.
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8 ldentifying the S1D13704

Asthere are several similar productsin the 1350X and 1370X LCD controller families,
which can for the most part share the same code base. It may be important for a program to
identify between products at run time.

Identification of the S1D13704 can be performed any time after the system has been
powered up by reading REG[00h], the Revision Code register. 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 S1D13704 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 S1D13704 is 018h.
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9 Hardware Abstraction Layer (HAL)

9.1 Introduction

TheHAL isaprocessor independent programming library provided by Epson with support
for several different computing platforms. The HAL was developed to aid implementation
of internal test programs and provides an easy, consistent method of programming
S1D1350x, S1D1370x, and S1D1380x products on different processor platforms.

The HAL keeps sample code simpler, although end programmers may find the HAL
functions to be limited in their scope, and may wish to ignore the HAL.

9.2 API for 13704HAL

The following is a description of the HAL library. Updates and revisionsto the HAL may
include new functions not included in the following documentation.

The original design philosophy of the HAL wasthat function return values would be status
of the call. Most functions simple return ERR_OK. If avalue had to be returned then a
pointer of the appropriate type was passed to the function.

9.2.1 |Initialization

The following section describes the HAL functions dealing with S1D13704 initialization.
Typically aprogrammer has only to concern themselves with calls to seRegisterDevice()
and seSetlnit().

int seRegisterDevice(const LPHAL_STRUC IpHalinfo, int * pDevID)

Description:  Registersthe S1D13704 device parameterswiththe HAL library. The device param-
eters have been configured with address range, register values, desired frame rate,
etc., and have been saved in the HAL_STRUCT structure pointed to by IpHalInfo.

Parameters: IpHallnfo - pointer to HAL_STRUCT information structure
pDevice - pointer to the integer to receive the device ID

Return Value: ERR_OK - operation completed with no problems
ERR_UNKNOWN_DEVICE - the HAL was unable to find an S1D13704.

Note
No S1D13704 registers are changed by calling seRegisterDevice().
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seSetlnit(int DevID)

Description:

Parameters:
Return Value:

Note

Configuresthe S1D13704 for operation. Thisfunction setsall the S1D13704 control
registersto their default values.

Initialization of the S1D13704 was made a stand-al one step to accommodate those
programs (e.g. 13704PLAY .EXE) which needed the ability to start and examine the
system before changing register contents.

DeviD - registered device ID

ERR_OK - operation completed with no problems

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

type.

int selnitHal(void)

Description:

Parameters:

Return Value:

This function initializes variables used by the HAL library. Call this function once
when the application starts.

Normally, programmerswill never need to call selnitHal (). On PC platforms, seReg-
isterDevice() automatically calls selnitHal (). Consecutive calls to seRegister-
Device() will not call selnitHal() again. On non-PC platforms the start-up code,
supplied by Seiko, will call selnitHal(). If support code for anew CPU platform is
written the programmer must ensure that selnitHAL () is called prior to calling other
HAL functions.

None

ERR _OK - operation completed with no problems
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9.2.2 Miscellaneous HAL Support

Functionsin this group do not fit into any specific category of support. They provide a
miscellaneous range of support for working with the S1D13704

int seGetld(int DevID, int * pld)

Description: Readsthe S1D13704 revision code register to determine the chip product and
revisions. The interpreted valueisreturned in pID.

Parameters. DevID - registered device ID
pld - pointer to an integer which will receive the controller I1D.

S1D13704 valuesreturned in plD are:
- 1D_S1D13704

- ID_S1D13704F00A

- 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 information. Thereturn valuesare ASCII strings.
A typical returnwould be: “1.01 B 5" - HAL version 1.01, 'B' isthe beta designator,
this example would be Beta 5. If pStatusis NULL then pStatusRevision should be

NULL too.
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
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int seSetBitsPerPixel(int DevID, int BitsPerPixel)

Description:

Parameter:

Return Value:

This routine sets the color depth the S1D13704 displaysin.

After performing validity checks to ensure the requested video mode can be set the
appropriate registers are changed and the Look-Up table is set its default values
appropriate to the color depth.

Thiscall is similar to amode set call on astandard VGA.

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

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 S1D13704.

int seGetBitsPerPixel(int DevID, int * pBitsPerPixel)

Description:

Parameters:

Return Value:

Thisfunction reads the S1D 13704 registers to determine the current color depth and
returns the result in pBitsPerPixel.

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

ERR _OK - operation completed with no problems

int seGetBytesPerScanline(int DevID, int * pBytes)

Description:

Parameters:

Return Value:

Returns the number of bytes use by each scan linein the integer pointed to by
pBytes. The number of bytes per scanlinewill include the number of non-displayed
bytes, if applicable.

Prior to calling seGetBytesPer Scanling() the S1D13704 control registers must have
been correctly initialized.

DeviD - registered device ID
pBytes - pointer to an integer to receive the number of bytes per scan line

ERR_OK - operation completed with no problems
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int seGetScreenSize(int DevID, int * Width, int * Height)

Description:

Parameters:

Return value:

Retrievesthe width 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.

When the display isin Swivel View mode the dimensions will be swapped. (i.e. a
640x480 display in Swivel View mode will return awidth and height of 480 and
height of 640.

DeviD - registered device ID
Width - pointer to an integer to receive the display width
Height - pointer to an integer to receive the display height

ERR_OK - the operation completed successfully

int seDelay(int MilliSeconds)

Description:

Parameters:

Return Value:

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

Thisfunction wasoriginally 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 S1D13704 registers must be initialized 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.

DeviD - registered device ID
MilliSeconds- time to delay in seconds

ERR _OK - operation completed with no problems
ERR_FAILED- returned on non-PC platforms when the S1D13704 registers have
not beeinitialized

int seGetLastUsableByte(int DevID, long * plLastByte)

Description:

Parameters:

This functions returns a pointer, as along integer, to the last byte of usable display
memory.

Thisfunction is aholdover from 1350X products which support different amounts
of memory.

DevIiD - registered device ID
plLastByte - pointer to along integer to receive the offset to the last byte of
display memory
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Return Value: ERR_OK - operation completed with no problems

int seSetHightPerformance(int DevID, BOOL OnOff)

Description:  Thisfunction call enables or disable the high performance bit of the S1D13704.
When high performance is enabled then MClk equals PCIk for all video display
resolutions. In the high performance state CPU to video memory performance is
improved at the cost of higher power consumption.

When high performanceisdisabled then M Clk ranges from PCIk/1 at 8 bit-per-pixel

to PCIk/8 at 1 bit-per-pixel. Without high performance CPU to video memory
accessed speeds are slower but the S1D13704 uses less power.

Parameters. DeviD - registered device ID
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

9.2.3 Advanced HAL Functions

Advanced HAL functions include 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 seSetHWRotate(int DevID, int Rotate)

Description:  Thisfunction sets the rotation scheme according to the value of 'Rotate’. When
Swivel View mode is selected as the display rotation the scheme selected isthe 'non-

X2' scheme.
Parameters. DeviD - registered device ID
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 compl ete.
Themost likely reason for failing to set a SwivelView modeisan inability to set the
desired frame rate when setting the mode. Other factors which can cause afailure
include having configured for a0 Hz frame rate or specifying something other than
LANDSCAPE or PORTRAIT for the rotation scheme.
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int seSplitlnit(int DevID, WORD Scrn1Addr, WORD Scrn2Addr)

Description:  Thisfunction preparesthe system for split screen operation. In order for split screen
to function the starting address in 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. DevID - registered device ID
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 properly initialized prior to calling seSplitlnit().

int seSplitScreen(int DevID, int Screen, int VisibleScanlines)

Description:  Changes the relevant registersto 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
S1D13704 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. DevID - registered device ID
Screen - must be set to 1 or 2 (or use the constants SCREEN1 or SCREEN2)
VisibleScanlines- number of linesto 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
seSplitInit() must be called before calling seSplitScreen()
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int seVirtlnit(int DevID, DWORD VirtX, DWORD * VirtY)

Description:  Thisfunction prepares the system for virtual screen operation. The programmer
passes the desired virtual width, in pixels, as VirtX. When the routine returns VirtY
will contain the maximum number of line that can be displayed at the requested

virtual width.
Parameter: DeviD - registered device ID
VirtxX - 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 properly initialized prior to calling seVirtlnit()

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

Description:  Thisroutine pans and scrolls the display after avirtual display has bee setup. In the
case where split screen operation is being used the WhichScreen argument specifies
which screento move. Thex and y parameters specify, in pixels, the starting location
in the virtual image for the top left corner of the applicable display.

Parameter:  DeviD - registered device ID
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 thisreturn value:
1) WhichScreen is not SCREEN1 or SCREENZ2.
2) the y argument is greater than the last available line less the screen height.

Note
seVirtlnit() must be been caled before calling seVirtMove().
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9.2.4 Register / Memory Access

The Register/Memory Access functions provide access to the S1D13704 registers and
display buffer through the HAL.

int seGetReg(int DevID, int Index, BYTE * pValue)

Description:  Readsthe value in the register specified by index.

Parameters. DevID - registered device ID
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 DevlID, int Index, BYTE Value)

Description:  Writes value specified in Value to the register specified by Index.

Parameters. DevID - registered device ID
Index - register index to set
Vaue - value to write to the register

Return Value: ERR_OK - operation completed with no problems

int seReadDisplayByte(int DeviD, DWORD Offset, BYTE *pByte)

Description: Reads a byte from the display buffer at the specified offset and returns the value in

pByte.

Parameters. DevID - registered device ID
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 40 kb
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int seReadDisplayWord(int DevIiD, DWORD Offset, WORD *pWord)

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

pWord.

Parameters. DeviD - registered device ID
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 40 kb.

int seReadDisplayDword(int DevID, DWORD Offset, DWORD *pDword)

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

in pDword.

Parameters. DevID - registered device ID
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 40 kb.

int seWriteDisplayBytes(int DevID, DWORD Offset, BYTE Value,
DWORD Count)

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

Parameters. DevID - registered device ID
Offset - offset from start of the display buffer to start writing at
Value - BYTE value to 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 40 kb.

S1D13704 Programming Notes and Examples
X26A-G-002-03 Issue Date: 01/02/12

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Epson Research and Development Page 57
Vancouver Design Center

int seWriteDisplayWords(int DevID, 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 one is specified all WORDS will have the same value.

Parameters. DevID - registered device ID
Offset - offset from start of the display buffer
Value - WORD valueto 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

40 kb.

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

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

Parameters. DevID - registered device ID
Offset - offset from start of the display buffer
Vaue - DWORD value to write
Count - number of dwords to write

Return Value: ERR_OK - operation completed with no problems
ERR_HAL _BAD_ARG - if thevalue for Addr or if Addr plus Count is greater than

40 kb.
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9.2.5 Power Save

This section covers the HAL functions dealing with the Power Save features of the
S1D13704.

int seSetPowerSaveMode(int DevID, int PwrSaveMode)
Description:  Thisfunction sets on the S1D13704' s software sel ectable power save modes.

Parameters. DeviD - aregistered device ID
PwrSaveM ode - integer value specifying the desired power save mode.

Acceptable values for PwrSaveM ode 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

9.2.6 Drawing
The Drawing routines cover HAL functions that deal with displaying pixels, lines and
shapes.
int seDrawLine(int DevID, int x1, int y1, int X2, int y2, DWORD Color)
Description:  Thisroutine draws aline 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. Device - registered device ID.
(x1,y1) - first endpoint of the linein 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
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int seDrawRect(int DevID, 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. DevID - registered device ID
x1,yl - 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.

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

int seSetLut(int DevID, BYTE *pLut, int Count)

Description:  Thisroutine writes one or more LUT entries. The writes always start with Look-Up
Tableindex 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 least significant bits of each byte.

Parameters. DevID - registered device ID
pLut - pointer to an array of BY TE lut[16][3]
[ut[x][0] == RED component
lut[X][1] == GREEN component
lut[x][2] == BLUE component
Count - the number of LUT entries to write.

Return Value: ERR_OK - operation completed with no problems
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int seGetLut(int DevID, 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 least significant bits of each byte.

Parameters. DeviD - registered device ID
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

int seSetLutEntry(int DevID, int Index, BYTE *pEntry)

Description:  Thisroutine writesone LUT entry. Unlike seSetL ut, the LUT entry indicated by
'Index' can be any value from 0 to 15.

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

Parameters. DeviD - registered device ID
Index -index to LUT entry (0 to 15)
pLUT - pointer to an array of three bytes.

Return Value: ERR_OK - operation completed with no problems

int seGetLutEntry(int DevID, 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 least significant bits of each byte.

Parameters. DeviD - registered device ID
Index - index to LUT entry (0 to 15)
pEntry - pointer to an array of three bytes

Return Value: ERR_OK - operation completed with no problems
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10 Sample Code

10.1 Introduction

Included in the sample code section are two examples of programing the S1D13704. The
first sample uses the HAL to draw ared square, wait for user input then rotates to
SwivelView mode and draws a blue square. The second sample code performs the same
procedures but directly accessestheregisters of the S1D13704. These code samplesarefor
example purposes only.

10.1.1 Sample code using the S1D13704 HAL API
/*

R ————————————

** SAMPLELl. C - Sanpl e code denmonstating a program using the S1D13704 HAL.
** Created 1998, Vancouver Design Centre

** Copyright (c) 1998 Epson Research and Devel opnent, Inc.

** Al Rights Reserved.

** The HAL APl code is configured for the follow ng:

** 320x240 Single Color 8-bit STN (format 2)
** 4 bpp - 70 Hz Frane Rate (25 MHz CLKi)
** Hi gh Perfornance enabl ed

*/

#i ncl ude <coni o. h>

#i ncl ude <stdio. 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. */
/* __________________________________________________________________________ */
voi d mai n(voi d)
{
i nt Chipld;
i nt Devi ce;
/*

** |nitialize the HAL.

** The call to seRegisterDevice() actually prepares the HAL library
** for use. The S1D13704 is not accessed.

*/

if (ERR_OK != seRegi sterDevice(&Hal | nfo, &Device))
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{
printf("\nERROR Could not register S1D13704 device.");
exit(1l);

}

/*

** Get the product code to verify this is an S1D13704.
** NOTE: If the S1D13704 design is nodified then the

** product identification change. Additional |Ds
* wi Il have to be checked for.
*/

seCet | d(Devi ce, &Chipld);
if (1D_S1D13704F00A ! = Chipld)

{
printf("\nERROR Did not detect an S1D13704.");
exit(1);

}

/*

** |nitialize the S1D13704.
** This step prograns the registers with values taken from
** the HallInfo struct in appcfg.h.

*/

if (ERR.OK != seSetlnit(Device))

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

}

/*

** The default initialization cleared the display.

** Draw a 100x100 red rectangle in the upper left corner (0,0)
** of the display.

*/

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

/*

** Pause here.
*/

getch();

/*

** Clear the display. Do this by witing 40960 bytes
*/

seWiteD spl ayBytes(Device, 0, 0, FORTY_K);

/ *

** Setup Sw vel Vi ew node.

*/
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seSet HWRot at e( Devi ce, PORTRAIT);

/*

** 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.

*/

seDr awRect ( Devi ce, 110, 70, 210, 170, 2, TRUE);

/ *

** Done!

*/

exit(0);
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10.1.2 Sample code without using the S1D13704 HAL API

This second sampl e demonstrates exactly the same sequence asthefirst howerver the HAL
is not used, all manipulation is done by manually adjusting the registers.

** SAMPLE2. C - Sanpl e code denpnstating a direct access of the S1D13704.
** Created 1998, Vancouver Design Centre

** Copyright (c) 1998 Epson Research and Devel oprment, Inc.

** Al Rights Reserved.

** The sanple code using direct S1D13704 access
** will configure for the follow ng:

** 320x240 Single Color 8-bit STN (format 2)
** 4 bpp - 70 Hz Frame Rate (25 MHz CLKi)
** Hi gh Perfornmance enabl ed

** Not es:

** 1) This code is pseudo-C code intended to show techni que.

*x It is assunmed that pointers can access the relevant nenory addresses.
** 2) Register setup is done with discreet wites rather than being table
*x driven. This allows for clearer commenting. 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 1374CFG EXE is i ncl uded
*x here. | used the values directly rather than refer to the register
*x array in the sanple code.

* %

P mmm e e e e e e e e e e e ———
*/

#i ncl ude <coni o. h>

/ *
** Look-up table for 4 bpp color.
*/
unsi gned char Col or _4BPP[ 16*3] =
{
0x00, 0x00, 0x00,/* BLACK */
0x00, 0x00, OxOA,/* BLUE */
0x00, Ox0A, 0x00,/* GREEN */
0x00, OxO0A, OxOA,/* CYAN */
O0x0A, 0x00, 0x00,/* RED */
O0x0A, 0x00, OxOA,/* PURPLE */
Ox0A, Ox0A, 0x00,/* YELLOW */
0x0A, Ox0A, OxOA,/* WHI TE */
0x00, 0x00, 0x00,/* BLACK */
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0x00, 0x00, OxOF,/* LT BLUE */
0x00, OxOF, 0x00,/* LT GREEN */
0x00, OxOF, OxOF,/* LT CYAN */
OxOF, 0x00, 0x00,/* LT RED */
OxOF, 0x00, OxOF,/* LT PURPLE */
OxOF, OxOF, 0x00,/* LT YELLOW */
OxOF, OxOF, OxOF/* LT WHITE */
1
/*
** Register data for the configuratin described above.
** These val ues were generated using 1374CFG. EXE.
** The sanpl e code uses these val ues but does not refer to this array.
*/
unsi gned char Reg[ 0x20] = {
0x00, 0x23, O0xB0O, 0x03, 0x27, OxEF, 0x00, 0x00,
Ox1E, 0x00, 0x3B, 0x00, 0x00, 0x00, 0x00, 0x00,
0x00, 0x00, O0x00, OxFF, 0x03, 0x00, O0x00, 0x00,
0x00, 0x00, O0x00, 0x00, 0x00, 0x00, O0x00, 0x00,
1
/*
** Useful definitions, constants and macros to neke the sanple code
** easier to follow
*/
#def i ne MEM OFFSET 0x01374B0B /* Location is platform dependent */
#defi ne REG OFFSET MEM OFFSET + OxFFEO/* Menory of fset + 64K - 0x20 */
#defi ne MEM SI ZE 0xA000 /* 40 kb display buffer. */
t ypedef unsi gned char BYTE; /* Some useful e typedefs */
t ypedef BYTE far * LPBYTE;
t ypedef unsi gned short WORD;
#defi ne LOBYTE(W) ((BYTE) (w))
#defi ne H BYTE(wW) ((BYTE) (((WORD) (W) >> 8) & OxFF))
#define SET_REGEidx, val) (*(LPBYTE)(REG OFFSET + idx)) = (val)
/* _______________________________________________________________________ */
voi d mai n(voi d)
{
LPBYTE pRegs = (LPBYTE) REG_OFFSET,;
LPBYTE pMem = (LPBYTE) MEM OFFSET;
LPBYTE pLUT;
i nt LUTcount, RGBcount;
int x, y, tnp;
int BitsPerPixel = 4;
int Wdth = 320;
i nt Hei ght = 240;
i nt OFfsetBytes;
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/ *
** Check the revision code. Exit if we don't find an S1D13704.
*/
if (0x18 != *pRegs)
return;
/ *
** |nitialize the chip.
** Each register is individually programmed to rmake comments cl earer.
*/
/ *
** Register 01h: Mdde Register 0 - Color, 8-bit format 2
*/
SET_REGQ(0x01, 0x23);
/ *
** Register 02h: Mdde Register 1 - 4BPP, High Performance, CLKi/2
*/
SET_REGQ0x02, 0xBO0);
/ *
** Register 03h: Mdde Register 2 - Nornal power node
*/
SET_REGQ0x03, 0x03);
/ *
** Regi ster 04h: Horizontal Panel Size - 320 pixels - (320/8)-1 = 39 = 27h
*/
SET_REQ 0x04, 0x27);
/ *
** Register 05h: Vertical Panel Size LSB - 240 pixels
** Regi ster 06h: Vertical Panel Size MBB - (240 - 1) = 239 = EFh
*/
SET_REQ 0x05, OxEF);
SET_REGQ0x06, 0x00);
/ *
** Register 07h - FPLINE Start Position - not used by STN
*/
SET_REQ 0x07, 0x00);
/ *
** Register 08h - Horizontal Non-Display Period

HNDP and VNDP
desired frane

are calculated to achi eve the
rate accordi ng to:

PCLK
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* %

Frame Rate = ---------------------~-~-~----
* (HDP + HNDP) * (VDP + VNDP)
*/

SET_REG 0x08, Ox1E);

/*
** Register 09h -
*/
SET_REG0x09, 0x00);

FPFRAME Start Position - not used by STN

/*
** Register 0Ah - Vertical Non-Di splay Register
- CAlculated in conjunction with register 08h (HNDP) to

achi eve the desired franme rate.

* %

* %

*/
SET_REGQ 0x0A, 0x3B);

/*

** Register OBh - MOD Rate - not used by this panel
*/

SET_REG0x0B, 0x00);

/*

** Register OCh - Screen 1 Start Wrd Address LSB

** Register ODh - Screen 1 Start Wrd Address MSB

** - Start address should be set to O
*/

SET_REGQ 0x0C, 0x00);

SET_REGQ 0x0D, 0x00);

/*

** Register OFh - Screen 2 Start Wrd Address LSB

** Register 10h - Screen 2 Start Wrd Address MSB

* - Set this start address to 0 too

*/
SET_REQ 0x0F, 0x00);
SET_REG0x10, 0x00);

/*

** Register 12h - Menory Address O f set

** - Used for setting nenory to a width greater than the
** di splay size. Usually set to O during initialization
*x and programred to desired value later.

*/

SET_REG( 0x12, 0x00);

/*
** Register 13h - Screen 1 Vertical Size LSB
** Register 14h - Screen 1 Vertical Size NMSB
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** - Set to maximum (i.e. Ox3FF). This register is used
** for split screen operation and should be set to O
** during initialization.

*/

SET_REQ 0x13, OxFF);
SET_REQ0x14, 0x03);

/*

** Look-Up Tabl e

** |n this exanple the LUT will be programmed in the register sequence.
** |n practice the LUT would probably be done after the other registers.
*

/

/*

** Register 15h - Look-Up Tabl e Address

*x - Set to 0 to start RGB sequencing at the first LUT entry.
*

/

SET_REQ 0x15, 0x00);

/*

** Register 16h - Look-Up Tabl e Bank Sel ect

* ok - Set all the banks to O.

** - At 4BPP this nakes no difference however it will affect
** appearance at ot her col or depths.

*/

SET_REG( 0x16, 0x00);

/*

** Register 17h - Look-Up Table Data

** - Wite 16 RGB triplets to setup the LUT for 4BPP operation.
** - The LUT is 16 el enents deep, 4BPP uses all the idices.

*/

pLUT = Col or _4BPP;
for (LUTcount = 0; LUTcount < 16; LUTcount ++)

{
for (R@&count = 0; RGBcount < 3; RGBcount ++)
{
SET_REQ 0x17, *pLUT);
pLUT++;
}
}
/*
** Register 18h - GPIO Configuration - set to O
*x - '0" configures the GPIO pins for input (power on default)
*/
SET_REGQ 0x18, 0x00);
/*
** Register 19h - GPIO Status - set to O
** - This step has no reason other than it prograns the GPI O
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** val ues | ow should the pins get configured as outputs.
*/
SET_REG(0x19, 0x00);

/*

** Register 1Ah - Scratch Pad - set to O
*

/

SET_REG(0x1A, 0x00);

/*

** Register 1Bh - Swivel View Mode - set to O - disable Sw vel Vi ew node
*/

SET_REGQ 0x1B, 0x00);

/*

** Register 1Ch - Line Byte Count - set to O - Not used by | andscape node
*/

SET_REGQ 0x0C, 0x00);

/*

** Register 1Fh - TestMbde - set to O
*/

SET_REQ 0x1F, 0x00);

/*
** 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.
* Pointer = MEM OFFSET + (Y * Line_Wdth * BPP / 8) + (X * BPP / 8)
*/
pMem = (LPBYTE) MEM OFFSET + (y * 320 * BitsPerPixel / 8) + O;
for (x = 0; x < 100; x+=2)
{
*pMem = 0x44; /* Draws 2 pixels with LUT color 4 */
pMemt+;
}
}
/*
** Pause here.
*/
getch();
/*

** (Clear the display, and all of video nmenmory, by witing 40960 bytes of O.
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** This is done because an inmge in display nenory is not rotated with the
** switch to Swivel Vi ew node we are about to nake.

*/

pMem = (LPBYTE) MEM OFFSET;
do {

*pMem = O;

pMemt+;

} while (pMem < (LPBYTE) (MEM OFFSET + MEM S| ZE));

/*

** Swi vel Vi ew node.

*/

/*

** W will use the default Sw vel View node schenme so we have to adj ust

** the ROTATED wi dth to be a power of 2.
** (NOTE: current height will becone the rotated w dth)

*/
tmp = 1;
while (Height > (1 << tnmp))

trrp++;
Height = (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.
** (in Swivel View node the start address registers point to bytes)

*/

SET_REGQ 0x1C, (BYTE) O fsetBytes);

O fsetBytes--;

SET_REQ 0x0C, LOBYTE(O fsetBytes));

SET_REGQ 0x0D, HI BYTE(O fsetBytes));

/*

** Set Sw vel Vi ew node.

** Use the non-X2 (default) scheme so we don't have to re-calc the frame
** rate. MCLK will be <= 25 MHz so we can | eave auto-sw 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++)
{
/ *
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** Set the nenory pointer at the start of each line.
* Pointer = MEM OFFSET + (Y * Line_ Wdth * BPP / 8) + (X * BPP / 8)

** NOTICE that in Swi vel View node we will use a val ue of 256
** for the line width value (not 240).

*/

x = 110;

pMem = (LPBYTE) MEM OFFSET + (y * 256 * BitsPerPixel / 8) +
(x * BitsPerPixel / 8);
for (x = 110; x < 210; x+=2)

{
*pMem = 0x11; /* Draws 2 pixels in LUT color 1 */
pMemt+;
}
}
}
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10.1.3 Header Files

The header filesincluded here are the required for the HAL sample to compile correctly.

** HAL.H - Typical

HAL header file for
use the S1D13704 HAL.

use with prograns witten to

** Created 1998, Vancouver

* % Copy
* % All

Desi gn Centre

right (c) 1998 Epson Research and Devel opnent,
Ri ghts Reserved

*/
#i f ndef
#def i ne

_HAL_H_
_HAL_H_

#pragma war ni ng(di sabl e: 4001)
#i ncl ude "hal _regs. h"

typedef unsigned char BYTE;
t ypedef unsi gned short WORD,
typedef unsigned | ong DWORD
typedef unsigned int Ul NT
t ypedef i nt BOOL;
#i fdef | NTEL
typedef BYTE far *LPBYTE;
typedef WORD far *LPWORD,
typedef U NT far *LPUI NT;
typedef DWORD far *LPDWORD
#el se
typedef BYTE * LPBYTE;
t ypedef WORD * LPWORD,
t ypedef Ul NT *LPUI NT
typedef DWORD * LPDWORD
#endi f
#i f ndef LOBYTE
#def i ne LOBYTE(W) ((BYTE) (W)
#endi f
#i f ndef H BYTE
#def i ne H BYTE(w)
#endi f

#i f ndef LOWORD
#defi ne LONORD( 1)

#endi f
#i f ndef HI
#define H
#endi f

WORD
WORD( | )

/1 Disable the 'single |line comment

((BYTE) (((UINT)(w) >> 8) & OxFF))

((VORD) (DWORD) (1))

((WORD) ((((DWORD) (1)) >> 16) & OxFFFF))

war ni ng.
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#i f ndef MAKEWORD

#defi ne MAKEWORD(l o, hi) ((WORD)(((WORD)(l10)) | (((WORD)(hi)) << 8)) )
#endi f

#i f ndef MAKELONG

#defi ne MAKELONG 1 o, hi) ((long) (((WORD)(10)) | (((DWORD) ((WORD) (hi))) << 16)))
#endi f

#i f ndef TRUE

#defi ne TRUE 1

#endi f

#i f ndef FALSE

#define FALSE O

#endi f

#define OFF O

#define ON 1

#defi ne SCREEN1 1

#defi ne SCREEN22

/*

** Constants for HWrotate support
*/

#def i ne DEFAULTO

#def i ne LANDSCAPE 1
#def i ne PORTRAI T2

#i f ndef NULL

#i fdef __cpl uspl us

#def i ne NULL 0

#el se

#defi ne NULL ((void *)0)
#endi f

#endi f

/*

** SIZE 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")
*/

#defi ne Sl ZE_VERSI ON5

#defi ne Sl ZE_STATUS 2

#define Sl ZE_REVI S| ON3

#i fdef ENABLE DPF /* Debug_printf() */

#defi ne DPF(exp) printf(#exp "\n")

#defi ne DPFl(exp) printf(#exp " = %@\n", exp)

#def i ne DPF2(expl, exp2) printf(#expl "=% " #exp2 "=%l\n", expl, exp2)
#defi ne DPFL(exp) printf(#exp " = W\ n", exp)

#el se

#def i ne DPF(exp) ((void)O0)
#defi ne DPF1l(exp) ((void)O0)
#defi ne DPFL(exp) ((void)O0)

#endi f
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/ K o o e e e e e e e e e e e e e e e e e ——— -

enum

{
ERR OK = 0,
ERR_FAI LED,
ERR_UNKNOWN_DEVI CE,
ERR_| NVALI D_PARAVMETER,
ERR HAL_ BAD ARG,
ERR_TOOVANY DEVS

b

/* No error, call was successful. */

/* General purpose failure. */

[* */

/* Function was called with invalid parameter. */

/*******************************************

* Definitions for seGetld()

*******************************************/

#defi ne PRODUCT_I D 0x18

enum
{

| D_UNKNOWN,

| D_S1D13704,

| D_S1D13704F00A
b

#defi ne MAX_MEM ADDR 40960 -1
#def i ne FORTY_K

#define MAX DEVICE 10

#defi ne SE_RSVD

/*

40960

** DetectEndian is used to determ ne whether the nbst significant
** and | east significant bytes are reversed by the given conpiler.

*/
#defi ne ENDI AN 0x1234
#def i ne REV_ENDI AN 0x3412

/*******************************************

* Definitions for Internal cal cul ati ons.

*******************************************/

#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

/*******************************************

* Definitions for seSet Font

*******************************************/

enum

{
HAL_ STDOUT,
HAL_STDI N,
HAL_DEVI CE_ERR

H

#defi ne FONT_NORMAL 0x00
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#define FONT_DOUBLE WDTH  0x01
#define FONT_DOUBLE_HEI GHT  0x02

enum

{
RED,
GREEN,
BLUE

b

/*************************************************************************/

t ypedef struct tagHal Struct

{
char szldString[16];
WORD wDet ect Endi an;

WORD WwSi ze;

BYTE Reg[ MAX_REG + 1];

DWORD dwdCl Kl ; /[* Input Cock Frequency (in kHz) */
DWORD dwDi spMem [* *]

WORD wFr anmeRat e; [* */

} HAL_STRUCT;

t ypedef HAL_STRUCT * PHAL_STRUCT;

#i fdef | NTEL

typedef HAL_STRUCT far * LPHAL_ STRUCT;
#el se

t ypedef HAL_STRUCT * LPHAL_STRUCT;
#endi f

R e Initialization ----------------------------- */
i nt seRegi sterDevice( const LPHAL_STRUCT | pHal I nfo, int *Device );

int seSetlnit( int device );

i nt selnitHal ( void );

R M scellaneous ----------------------------- */
int seGetld( int nDeviD, int *pld );

voi d seGet Hal Versi on( const char **pVersion, const char **pStatus, const char **pSta-
t usRevi sion );

int seSetBitsPerPixel ( int nDevlD, int nBitsPerPixel );

int seGetBitsPerPixel ( int nDevlD, int *pBitsPerPixel );

i nt seCGetBytesPerScanline( int nDevlD, int *pBytes );

int seGetScreenSize( int nDevliD, int *width, int *height );
void seDelay( int nMIIiSeconds );

i nt seCetlLastUsabl eByte( int nDevliD, |ong *LastByte );

i nt seSet Hi ghPerformance( int nDevliD, BOOL OnOff );

A e Advanced ------------ - i */

int seSetHWRotate( int nDevlD, int nhbde );
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nt seSplitinit( int nDevlD, WORD ScrnlAddr, WORD Scrn2Addr );

nt seSplitScreen( int nDevlD, int \WichScreen, int VisibleScanlines );
nt seVirtlnit( int nDevliD, int xVirt, long *yVirt );

nt seVirthMve( int nDevlD, int nWichScreen, int x, int vy );

R R R Regi ster/ Menory ACCESS ------------mmmmommomma */
nt seGetReg( int nDevlD, int index, BYTE *pVal ue );

nt seSet Reg( int nDevlD, int index, BYTE value );

nt seReadDi spl ayByte( int nDevl D, DWORD of fset, BYTE *pByte );

nt seReadDi spl ayWord( int nDevl D, DWORD of fset, WORD *pWrd );

nt seReadDi spl ayDword( int nDevl D, DWORD offset, DWORD *pDword );

nt seWiteDi splayBytes( int nDevlD, DWORD addr, BYTE val, DWORD count );

nt seWiteDi splayWrds( int nDevlD, DWORD addr, WORD val, DWORD count );

nt seWiteDi splayDwords( int nDeviD, DWORD addr, DWORD val, DWORD count );

e e Power Save -----------------"---------- */
i nt seHWsuspend( int nDeviD, BOOL val );
i nt seSet Power SaveMbde( int nDevlD, int PowerSaveMde );

I e Drawing -----------------mmmm oo */
[l int seSetPixel( int nDeviD, int x, int y, DWORD color );

[l int seGetPixel( int nDeviD, int x, int y, DWRD *pVal );

int seDrawLine( int nDevlD, int x1, int yl1, int x2, int y2, DWORD color );

int seDrawRect( int nDevlD, int x1, int yl, int x2, int y2, DWORD color, BOOL Solid-

fill );

/1 int seDrawCircle( int nDeviD, int xCenter, int yCenter, int radius, DWORD col or,

BYTE SolidFill );

R e TeXt mmmmmmm e */
[l int seDrawText( int nDevlD, char *fnt, ... );

/1 int seSetCursor( int row, int col);

/1 int seSetCol or( DWORD foreground, DWORD background);

/1 int seSetFont( BYTE FontSize, BYTE FontAttr);

I e ColOr - - m i m e */

int seSetLut( int nDevlD, BYTE *pLut );
int seGetLut( int nDevlD, BYTE *pLut );
int seSetLutEntry( int nDevlD, int index, BYTE *pEntry );
int seGetLutEntry( int nDevlD, int index, BYTE *pEntry );

#endi f /* HAL_H */

** Created 1998, Vancouver Design Centre
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** Copyright (c) 1998 Epson Research and Devel opnent, Inc.
** Al Rights Reserved.

** The data in this file was generated using 1374CFG. EXE.
** The configureation paraneters chosen were:
** 320x240 Single Color 8-bit STN (format 2)

** 4 bpp - 70 Hz Frane Rate (25 MHz CLKi)
** Hi gh Performance enabl ed

/**************************************************************/

/* 1374 HAL HDR (do not renove) */
/* HAL_STRUCT Infornmation generated by 1374CFG EXE */
/* Copyright (c) 1998 Sei ko Epson Corp. Al rights reserved. */
/* */
/* Include this file ONCE in your primary source file */

/**************************************************************/

HAL_STRUCT Hal I nfo =

{
"1374 HAL EXE", /* 1D string */
0x1234, /* Detect Endian */
si zeof (HAL_STRUCT), /* Size */

0x00, 0x23, O0xBO, 0x03, 0x27, OxEF, 0x00, 0x00,
Ox1E, 0x00, O0x3B, 0x00, 0x00, 0x00, 0x00, 0x00,
0x00, 0x00, O0x00, OxFF, 0x03, 0x00, 0x00, 0x00,
0x00, 0x00, 0Ox00, O0x00, O0x00, 0x00, 0x00, 0x00,

25000, /* dkl (kHz) */

0xD0000, /* Display Address */

70, ** Panel Frame Rate (Hz) */
b
/* __________________________________________________________________________ */
/*
**:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
**  HAL_REGS. H

**  Created 1998, Epson Research & Devel opnent

** Vancouver Design Center.

**  Copyright(c) Seiko Epson Corp. 1998. All rights reserved.
**:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
*/

#ifndef = HAL REGS H
#define _ HAL REGS H

/ *
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*/

#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
/*

** WARNI NG !'! MAX REG nust be the |last available register!!

*/

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

1374 regi ster names

REG_REVI SI ON_CODE
REG_MODE_REG STER 0
REG_MODE_REG STER 1
REG_MODE_REG STER 2

REG HORZ_PANEL_SI ZE

REG VERT_PANEL_S| ZE_LSB
REG VERT_PANEL_S| ZE_NMSB
REG_FPLI NE_START_POS
REG_HORZ_NONDI SP_PERI CD
REG FPFRAME_START POS
REG_VERT_NONDI SP_PERI CD
REG_MOD_RATE

REG SCRN1_START_ADDR_LSB
REG SCRN1_START_ADDR_NMSB
REG RESERVED_1
REG_SCRN2_START_ADDR_LSB
REG_SCRN2_START_ADDR_MSB
REG RESERVED 2

REG_PI TCH_ADJUST

REG SCRNL_VERT S| ZE_LSB
REG SCRNL_VERT S| ZE_NMSB
REG_LUT_ADDR
REG_LUT_BANK_SELECT
REG_LUT_DATA

REG GPI O_CONFI G

REG GPI O_STATUS
REG_SCRATCHPAD
REG_PORTRAI T_MODE

REG_LI NE_BYTE_COUNT

REG_NOT_PRESENT 1

REG_FRAM NG
REG TEST_MODE

#defi ne MAX REG
#endi f

/* __HAL_REGS H__ */

0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x07
0x08
0x09
Ox0A
0x0B
0ox0C
0x0D
Ox0E
OxO0F
0x10
Ox11
0x12
0x13
0Ox14
0x15
0x16
0x17
0x18
0x19
Ox1A
0x1B
0Ox1C
0x1D
Ox1E
Ox1F

Ox1F
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Appendix A Supported Panel Values

A.1 Introduction

Future versions of this document will supply example tables for programming the
S1D13704 for different pands.
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13704CFG

13704CFG is an interactive Windows® program that calcul ates register values for a user-
defined S1D13704 configuration. The configuration information can be used to directly
alter the operating characteristics of the S1D13704 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.

Note
This program is a Windows desktop application suitable for configuring software for a
given implementation of an Epson LCD controller. However, it is not adisplay driver
for any Windows desktop operating system. Epson does not provide display drivers for
any of the Windows desktop operating systems.

S1D13705 Supported Evaluation Platforms

13704CFG runs on PC system running Windows 9x/ME/XP/NT/2000 and can modify
Win32 .exefiles.

13704CFG Configuration Program S1D13704
Issue Date: 02/03/11 X26A-B-001-03
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Installation
Create adirectory for 13704cfg.exe and the S1D13704 utilities. Copy thefiles
13704cfg.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 13704cfg.exe.
Usage
To start 13704CFG from the Windows desktop, double-click onthe My Computer icon and
run the program 13704cfg.exe from the installed directory.
To start 13704CFG from a Windows command prompt, change to the directory
13704cfg.exe was installed to and type the command 13704cfg.
The basic procedure for using 13704CFG is:
1. Start 13704CFG as described above.
2. Open an exigting file to serve as a starting reference point (this step is optional).
3. Madify the configuration. For specific information on editing the configuration, see
“13704CFG Configuration Tabs’ on page 7.
4. Savethe new configuration. The configuration information can be saved in two ways;
asan ASCII text file or by modifying an executable image on disk.
Several ASCII text file formats are supported. Most are formatted C header files used
to build display drivers or standalone applications.
Utility files based on the Hardware Abstraction Layer (HAL) can be modified directly
by 13704CFG.
S1D13704 13704CFG Configuration Program
X26A-B-001-03 Issue Date: 02/03/11
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13704CFG Configuration Tabs

13704CFG 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 S1D13704 operation.

The tabs are |abeled “ General”, “ Preference”, “ Clocks’, “Panel”, “ Panel Power”, and
“Registers’. The following sections describe the purpose and use of each of the tabs.

General Tab

4 51013704 Configuration Utility

Register Address [~

The General tab contains S1D13704 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.

13704CFG Configuration Program S1D13704
Issue Date: 02/03/11 X26A-B-001-03
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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-
tions as used by the Epson S1D13704 evaluation board.
If your hardware implementation differs from the
addresses used, select 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 S5U13704B00C Rev. 2 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 S1D13704 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 32-bit Windows Device Driver Installa-
tion Guide, document number X 00A -E-003-xXx.

S1D13704
X26A-B-001-03
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Preferences Tab

4 51013704 Configuration Utility

| Clocks | Panel | PanelPower| Regivers|

| SwivelView Enable

Color Depth
alternatiee b ode
Alternative Mode

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 S1D13704 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. The SwivelView feature can berun
in two different modes. Default mode requires avirtual
display which requires more memory but uses less
power.

Enable When this box is checked SwivelView is enabled and
the LCD display is rotated 90° in a counter-clockwise
direction.

13704CFG Configuration Program S1D13704
Issue Date: 02/03/11 X26A-B-001-03
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Alternative Mode When alternate mode is selected, SwivelView requires
no virtual display but consumes more power.

For details see the S1D13705 Hardware Functional
Fecification, document number X27A-A-001-xx.

Clocks Tab

4 51013704 Configuration Utility

LKI

The Clockstab 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 S1ID13704 Hardware Functional Specification, document number
X26A-A-001-xXx.

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.

S1D13704

13704CFG Configuration Program
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The S1D13704 uses one clock input known as CLKI. The pixel clock (PCLK) and the
memory clock (MCLK) are both derived directly from CLKI.

CLKI

CLKI1/2

PCLK

Source
Divide

Timing

MCLK

Source
Divide

Timing

This setting establishesthe frequency 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 CLKI frequency used for configurationisdisplayed
in blue in the Actual section.

Selecting thisbox dividestheinput clock, CLKI, in half
for internal S1D13704 operations.

These settings confirm the signal source and input clock
divisor for the pixel clock (PCLK).

The PCLK sourceis CLKI.
Thedivideratio for the clock source signal is 1:1.

This field showsthe 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 source is CLKI.
Thedivideratio for the clock source signal is 1:1.

Thisfield shows the actual MCLK frequency used by
the configuration process.

13704CFG Configuration Program
Issue Date: 02/03/11
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Panel Tab

Dual Panel _ FPFRAME
Mask FPSHIFT Polari

e Single
Panel Type ™| Format 2 - [ Dal

r Frame
L

YR
mEpEal

AL
o
=
m
0
©
®
=

The S1D13704 supports many panel types. Thistab 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 thistab after the Panel Typeis
changed.

S1D13704 13704CFG Configuration Program
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Format 2

Frame Repeat

Data Width

Panel Color

Mask FPSHIFT

Dual Panel

Polarity

FPLINE Polarity

FPFRAME Polarity

Selects color STN panel format 2. This option is specif-
ically for configuring 8-bit color STN panels.

Seethe S1D 13704 Hardwar e Functional Specification,
document number X26A-A-001-xx, for description of
format 1/ format 2 data formats. Most new panels use
the format 2 data format.

Selects Frame Repeat feature for use with EL panels.

Seethe S1D 13704 Hardwar e Functional Specification,
document number X26A-A-001-xx, for description of
Frame Repeat.

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.

When selected causes the signal FPSHIFT to be
masked. When color or TFT panel is selected this
option is disabled.

Selects between single or dual panel.

When the panel typeis TFT, “Single” 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.

13704CFG Configuration Program
Issue Date: 02/03/11

Downloaded from Elcodis.com electronic components distributor

S1D13704
X26A-B-001-03


http://elcodis.com/parts/5977136/S1D13704.html

Page 14

Epson Research and Development
Vancouver Design Center

Panel Dimensions

Non-Display Periods

Timings

Frame Rate

Pixel Clock

TFT/FPLINE

Start Pos

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 widths must be multiples of 8 pixels.
If avalueis entered that does not match these require-
ments, a notification box appears and 13704CFG
rounds up the value to the next allowable width.

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.

These settings show the Frame Rate and Pixel Clock
timings.

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 PCLK frequencies.

The pixd clock used for the LCD panel isdisplayedin
thisfield. The pixel clock is dependent on the CLKI
source.

Specifiesthe delay (in pixels) from the start of the
horizontal non-display period to the leading edge of the
FPLINE pulse. This setting is only available when the
selected pand typeis TFT.

Refer to S1D13704 Hardware Functional Specifi-
cation, document number X26A-A-001-xx for a
complete description of the FPLINE pul se settings.

S1D13704
X26A-B-001-03
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TFT/FPFRAME

Start Pos

Predefined Panels

Specifies the 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 S1D13704 Hardware Functional Specifi-
cation, document number X26A-A-001-xx, for a
compl ete description of the FPFRAME pulse settings.

13704CFG uses afile (panels.def) which lists various
panel manufacturers recommended settings. If the file
panels.def is present in the same directory as
13704cfg.exe, the settings for a number of predefined
panels are available in the drop-down list. If apanel is
selected from the list, 13704CFG loads the predefined
settings contained in thefile.

13704CFG Configuration Program
Issue Date: 02/03/11
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Panel Power Tab

4 51013704 Configuration Utility

Hardware Power

ave Enable Power Down

The S5U13704B00C evaluation board is designed to use the GPIOO0 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
GPIOO0 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 pandl is powered-off and when the S1D13704
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 S5U13704B00C evaluation board.

S1D13704 13704CFG Configuration Program
X26A-B-001-03 Issue Date: 02/03/11
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Power Up Time Delay This setting controls the time delay between when the
S1D13704 control signas are turned on and the LCD
panel is powered-on. This setting must be configured
according to the specification for the panel being used.

Thisvaueisonly used by Epson evaluation software
designed for the S5U13704B00C evaluation board.

Registers Tab

w} §1D13704 Configuration Ulility =] |

File Help

REG | Hex | Binany | D ecimal | Hegister Mame -

00k 00k OO0000006 0 Revision Code Reagister

Mk 80k 100000000 128 Mode Register 0 Register

02h 20k 007000000 32  Mode Register 1 Register

03k 0Fh 0000077116 ¥ Maode Register 2 Reaister

04h 2Fh 0010017116 33  Horizontal Fanel Size Reagister

05k EFh 1110117116 2339 Verical Panel Size Reqister [LSE]

0Eh 00k  O0000000b 0 “ertical Panel Size Register [MSE]

07h 00k OOO0OO000R 0 FFLIME Start Pasition Register

03k 00k OO000000R 0 Harizontal Mon-Digplay Period B egizter T
03h  01h 00000007 b 1 FPFRAKE Start Position Register

04k 02k 0000007100 2 Mertical Non-Display Pernod Register

0Bk 00k OOOOO000R 0 MOD Rate Reqgister

ICh 00k OO0000006 0 Screen 1 Start Addrezs Register [LSE]

00k 00k OO0000006 0 Screen 1 Start Address Register [MSE]

0Ek 00k OOO0QOO000R 0 MatUszed

OFk 00k OO000000k 0 Screen 2 Start Addrezs Begister [LSE]

10k 00k OO0000006 0 Screen 2 Start Addresz Register [MSE] ;l

Presz Enter or double click on a line to modify a register.

Diagnostics

=
hd

The Registerstab allows viewing and direct editing the S1D13704 register values.

Scroll up and down the list of registers and view their configured values based on the
settings in the previous tabs. Individual 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 S1D13704 Hardware Functional Specification, document number
X26A-A-001-xx be referred to before making an manual register settings.

Manually entered values may be changed by 13704CFG if further configuration changes
are made on the other tabs. In this case, the user is notified.

13704CFG Configuration Program S1D13704
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Note
Manual changes to the registers may have unpredictable results if incorrect values are
entered.

13704CFG Menus

The following sections describe each of the options in the File and Help menus.

Open...
From the Menu Bar, select “File”, then “Open...” to display the Open File Dialog Box.
e EREEEE
13704bmp.exe [ 13704vitt exe
13704 cig. exe
13704play. exe
137 04pwr exe
13704 zhow. exe
13704zplt exe
File narne: | |ﬂ|
Files of twpe: I.-ﬁ-.ll Configurable Files [.e:-:e;.sEl;.idp;.elf;.lvb;.pj Cancel L{
o
The Open option alows 13704CFG to open files containing HAL configuration infor-
mation. When 13704CFG 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 S1D13704 HAL library information block.
13704CFG supports avariety of executable file formats. Select thefile type(s) 13704CFG
should display inthe Files of Type drop-down list and then select the filename from the list
and click on the Open button.
Note
13704CFG 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 13704CFG expects the Open will fail and an error message is displayed. This may
happen if the version of 13704CFG is substantially older, or newer, than the file being
opened.
S1D13704 13704CFG Configuration Program
X26A-B-001-03 Issue Date: 02/03/11
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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
13704cfg.exe can be configured by making a copy of the file 13704cfg.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 it [ 3 51013704 =] Eil
13704bmp.eve  [113704vitt exe
13704 cf g exe
13704play. exe
13704 prar. exe
13704zhow. exe
13704 zplt. exe
File nanne: 370dctfg. ex Save I
Save as ype: |E><E Filez j Cancel |
&
“Saveas’ isvery similar to Save except adiaog 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.
13704CFG Configuration Program S1D13704
Issue Date: 02/03/11 X26A-B-001-03
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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
13704CFG window.

Configure Multiple |

Select files to configure: Selected files:

Tﬁﬂ-ﬁlbmp.exe S Add »
1370dcfg. exe
13704play . exe LIS
13704pwr . exe < Bemove
13704=zhow . exe =
13704splt . exe o M'

13704virt  exe

[..] ¢ Show all files

[-&-] @ Show canf.

[-C-] - fil=z only

I o T o "
C:A51013704 Close

[ Preserve physical addresses

Theleft pane listsfiles 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.

Sdecting “ Show all files” displays all filesin the selected directory, whereas selecting
“Show conf. filesonly” will display only files that can be configured using 13704CFG.

The configuration values can be saved only to specific files. The file must have been
compiled using the 13704 HAL library.

Checking “Preserve Physical Addresses’ instructs 13704CFG 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 several
programsfor various hardware platforms at 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. This featureis primarily intended for the test lab where multiple
hardware configurations exist and are being tested.

S1D13704 13704CFG Configuration Program
X26A-B-001-03 Issue Date: 02/03/11

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Epson Research and Development Page 21

Vancouver Design Center

Export

After determining the desired configuration, “ Export” permits the user to save the register
information as avariety of ASCI| text file formats. The followingisalist and description
of the currently supported output formats:

a C header filefor 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.

acomma delimited text file containing an offset, a value, and a description for each
S1D13704 register.

E xport |
C Header File for 510713704 HAL-B azed Applications [appicfa.h] Export £z, I
C Header File Defining a Map of 51013704 Registers [chip. k]
i Header File for 51013704 'WinCE Divers [model. h Close |
- Header File for 5101 3704 Generic Drivers [21d13704.h] =
Caomma-Delimited File Containing Current Configuratian [=1d13704. cav]
51013704 Regizter Quick Reference [=1d13704. htrl]

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 S1D13704 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:

Mode Number

WwinCE Header File Export Options

selects the mode number for

use in the header file

Mode numl:uer:>| 0 j Ok I
Cancel |

13704CFG Configuration Program S1D13704
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Enable Tooltips

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.

ERD on the Web

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 S1D13704 is available at this
website.

About 13704CFG

Selecting the “ About 13704CFG” option from the “Help” menu displays the about dialog
box for 13704CFG. The about dialog box contains version information and the copyright
notice for 13704CFG.

Comments

» On any tab particular options may be grayed out if selecting them would violate the
operational specification of the S1D13704 (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.

» 13704CFG allows manually altering register values. The manual changes may violate
memory and L CD timings as specified in the SLD13704 Hardware Functional Specifi-
cation, document number X26A-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.

S1D13704 13704CFG Configuration Program
X26A-B-001-03 Issue Date: 02/03/11
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13704SHOW

13704SHOW demonstrates S1D13704 display capabilities by drawing a pattern image at
different pixel depths (1, 2, 4, and 8 bits-per-pixel) on the display.

13704SHOW must be configured to work with each different hardware platform. Consult
documentation for the program 13704CFG.EXE which can be used to configure
13704SHOW.

This software is designed to work in avariety of embedded and personal computer (PC)
environments. For embedded environments the model employed isthat of host-target. Itis
assumed that the system has a means of downloading software from the host to the target
platform. Typically thisis done by a serial communication link. Alternative methods
include EPROM, parallel port connection or network connection. It is beyond the scope of
this document to provide support for target/host configurations.

S1D13704 Supported Evaluation Platforms

13704SHOW has been tested with the following S1D13704 supported evaluation
platforms:

» PC system with an Intel 80x86 processor.

* M68332BCC (Business Card Computer) board, revision B, with a Motorola MC68332
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 S1D13704
Programming Notes and Examples manual, document number X 26A-G-002-xx.

Installation
PC platform: copy the file 13704SHOW.EXE to adirectory that isin the DOS path on
your hard drive.
Embedded platform: download the program 13704SHOW to the system.
13704SHOW Demonstration Program S1D13704
Issue Date: 01/02/08 X26A-B-002-02
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Usage
PC platform: at the prompt, type:
13704show [/a][b=n][/1][/p][/vertical][/noinit][/?]

Embedded platform: execute 13704showand at the prompt, type the command line

argument(s).
Where: /a automatically cycle through all video modes.
b= starts 13704SHOW at a user specified
bit-per-pixel (bpp) level, where ? can be:
1,2,48.
/1 set landscape mode.
/p set portrait mode.
/vertical displays vertical line pattern.
/ noi ni t bypass register initialization and use

values which are currently in the registers.

/? displays the help screen.

Program Messages

ERROR: Too nmany devi ces registered.

There are too many display devices attached to the HAL. The HAL currently can manage only one
device.

ERROR: Coul d not register 13704 devi ce.

A 13704 device was not found at the configured addresses. Check the configuration address using
the 13704CFG configuration program.

ERROR: Did not find a 13704 devi ce.

TheHAL wasunableto read the revision code register on the S1D13704. Ensure that the S1D13704
hardware isinstalled and that the hardware platform has been set up correctly.

ERROR: Could not initialize device.
The HAL failed to initialize the registers.

S1D13704 13704SHOW Demonstration Program
X26A-B-002-02 Issue Date: 01/02/08

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

EPSON

S1D13704 Embedded Memory Color LCD Controller

13704SPLT Display Utility

Document No. X26A-B-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. All other Trademarks are the property of their respective owners

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Page 2 Epson Research and Development
Vancouver Design Center

THIS PAGE LEFT BLANK

S1D13704 13704SPLT Display Utility
X26A-B-003-02 Issue Date: 01/02/08

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Epson Research and Development Page 3
Vancouver Design Center

13704SPLT

13704SPLT demonstrates S1D 13704 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 €l apsed time, theline compare register value
is changed to adjust the amount of display areataken up by each screen.

13704SPLT must be configured to work with each different hardware platform. Consult
documentation for the program 13704CFG.EXE which can be used to configure
13704SPLT.

This softwareis designed to work with avariety of embedded and personal computer (PC)
environments. For embedded environments the model employed isthat of host-target. Itis
assumed that the system has a means of downloading software from the host to the target
platform. Typically thisis done by a serial communication link. Alternative methods
include EPROM, parallel port connection or network connection. It is beyond the scope of
this document to provide support for target/host configurations.

S1D13704 Supported Evaluation Platforms

13704SPLT has been tested with the following S1D13704 supported evaluation platforms:
» PC system with an Intel 80x86 processor.

* M68332BCC (Business Card Computer) board, revision B, with a Motorola M C68332
Processor.

* M68ECO000IDP (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 S1D13704
Programming Notes and Examples manual, document number X26A-G-002-xx.

Installation
PC platform: Copy thefile 13704SPLT.EXE to adirectory that isin the DOS path on your
hard drive.
Embedded platform: Download the program 13704SPLT to the system.
13704SPLT Display Utility S1D13704
Issue Date: 01/02/08 X26A-B-003-02
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Usage

PC platform: at the prompt, type 13704SPL T [/a] [/I] [/p] [/?]

Embedded platform: execute 13704spl t and at the prompt, type the command line

argument.
Where:

no ar gument

enables manual split screen operation

enables automatic split screen operation
(atimer is used to move screen 2)

display the help screen

After starting 13704SPLT the following keyboard commands are available.

Manual mode;

Automatic mode: any key

Both modes;

13704SPLT Example

move Screen 2 up
move Screen 2 down
covers Screen 1 with Screen 2

displays only Screen 1

change the direction of split screen movement
(for PC only)

changes the color depth (bits-per-pixel)
exits 13704SPLT

1. Type*“13704splt /a’ to automatically move the split screen.

Press“b” to change the color depth from 1 bit-per-pixel to 2 bit-per-pixel.

2
3. Repeat step 2 for the remaining color depths (4 and 8 bit-per-pixel).
4

Press <ESC> to exit the program.

S1D13704
X26A-B-003-02
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Program Messages

ERROR: Too nmany devi ces registered.

There are too many display devices attached to the HAL. The HAL currently can manage only one
device.

ERROR: Coul d not register 13704 device.

A 13704 device was not found at the configured addresses. Check the configuration address using
the 13704CFG configuration program.

ERROR. Did not detect 13704.

TheHAL was unableto read the revision code register on the S1D13704. Ensure that the S1D13704
hardware isinstalled and that the hardware platform has been set up correctly.

13704SPLT Display Utility S1D13704
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13704VIRT

13704VIRT demonstrates the virtual display capability of the S1D13704. 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.

13704VIRT must be configured to work with each different hardware platform. Consult
documentation for the program 13704CFG.EXE which can be used to configure
13704VIRT.

This softwareis designed to work with avariety of embedded and personal computer (PC)
environments. For embedded environments the model employed isthat of host/target. It is
assumed that the system has a means of downloading software from the host to the target
platform. Typically thisis done by a serial communication link. Alternative methods
include EPROM, parallel port connection or network connection. It is beyond the scope of
this document to provide support for target/host configurations.

S1D13704 Supported Evaluation Platforms

13704VIRT has been tested with the following S1D13704 supported evaluation platforms:
* PC system with an Intel 80x86 processor.

* M68332BCC (Business Card Computer) board, revision B, with a Motorola MC68332
processor.

» M68ECO000IDP (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 S1D13704
Programming Notes and Examples manual, document number X 26A-G-002-xx.

Installation
PC platform: copy thefile 13704VIRT.EXE to adirectory that isin the DOS path on your
hard drive.
Embedded platfor m: download the program 13704VIRT to the system.
13704VIRT Display Utility S1D13704
Issue Date: 01/02/08 X26A-B-004-02
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Usage

PC platform: at the prompt, type 13704virt [/a] [/ w=??7?].

Embedded platform: execute 13704vi rt and at the prompt, type the command line

argument.

Where: no argument

/a

[ w=??7

panning and scrolling is performed manually
(defaults to virtual width = = physical width x 2
and maximum virtual height)

panning and scrolling is performed automatically

specifiesthevirtual display width which includes
both on-screen and off-screen size

the maximum virtual display width for each
display modeis:

1 bpp — 4096 pixels

2 bpp — 2048 pixels

4 bpp — 1024 pixels

8 bpp — 512 pixels

The following keyboard commands are for navigation within the program.

Manual mode; 1

1

«—

—

HOVE

END

Automatic mode: any key

Both modes; b
ESC

scrolls up
scrolls down
pans to the | eft
pans to the right

movesthedisplay screen so that the upper right of
the virtual screen shows in the upper right of the

display

moves the display screen so that the lower left of
the virtual screen showsin the lower left of the

display

changes the direction of screen

changes the color depth (bits-per-pixel)
exits 13704VIRT

S1D13704
X26A-B-004-02
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13704VIRT Example

1. Type*“13704virt /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.

Program Messages

ERROR: Too nmany devi ces registered.
There are too many display devices attached to the HAL. The HAL currently can manage only one

device.

ERROR: Coul d not register 13704 device.

A 13704 device was not found at the configured addresses. Check the configuration address using
the 13704CFG configuration program.

ERROR: Did not detect 13704.

The HAL wasunableto read the revision code register on the S1D13704. Ensure that the S1D13704
hardware isinstalled and that the hardware platform has been set up correctly.

13704VIRT Display Utility S1D13704
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13704PLAY

13704PLAY isautility which allowsthe user to easily read/write the S1D13704 registers,
Look-up Table and display memory.

Theuser interfacefor 13704PLAY issimilar to the DOS DEBUG program; commands are
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 1/O.

13704PLAY commands can be entered interactively using akeyboard/monitor or they can
be executed from a script file. Scripting is a powerful feature which allows command
sequences played back from afile thus avoiding having to retype lengthy sequences.

13704PLAY must be configured to work with each different hardware platform. Consult
documentation for the program 13704CFG.EXE which can be used to configure
13704PLAY.

This softwareis designed to work with avariety of embedded and personal computer (PC)
environments. For embedded environments the model employed isthat of host.target. It is
assumed that the system has a means of downloading software from the host to the target
platform. Typically thisis done by aserial communication link. Alternative methods
include EPROM, parallel port connection or network connection. It is beyond the scope of
this document to provide support for target/host configurations.

S1D13704 Supported Evaluation Platforms

13704PLAY has been tested with the following S1D13704 supported eval uation platforms:
» PC system with an Intel 80x86 processor.

* M68332BCC (Business Card Computer) board, revision B, with a Motorola M C68332
Processor.

* M68ECO000IDP (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 S1D13704
Programming Notes and Examples manual, document number X26A-G-002-xx.

13704PLAY Diagnostic Utility S1D13704
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Installation

PC platform: copy thefile 13704PLAY .EXE to adirectory that isin the DOS path on your

hard drive.

Embedded platform: download the program 13704PLAY to the system.

Usage

PC platform: at the prompt, type 13704pl ay [/ ?].

Embedded platform: execute 13704pl ay and at the prompt, type the command line

argument.

Where: / ? displays program revision information.

The following commands are valid within the 13704PLAY program.

X index [data] 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: 1red, 1 green, 1

blue. and range in value from 0x00 to OxOF.

LA Reads all LUT values.

FIW addrl 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 4fillsaddress0 to 0x20
with arepeating pattern of 1 2 3 4).

RIW addr [count] Reads " count” of bytes or words from the address
specified by “addr”. If “count” is not specified,
then 16 bytes/words are read.

WW addr data . Writes bytes or words of datato address specified
by “addr”. Data can be multiple values
eg.WO0 1 2 3 4 writesthe bytevalues
12 3 4 starting at address 0).

| Initializes the chip with user specified
configuration.

S1D13704 13704PLAY Diagnostic Utility
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M [ bpp] Returns information about the current mode.
If “bpp” is specified then set the requested
color depth.

P O|1]2 Sets software power save mode 0-2.

Power save mode 0 is normal operation.

H [lines] 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.
Q Quits this utility.
? Displays Help information.

13704PLAY Example

1. Type“13704PLAY” to start the program.
Type"?" for help.

Type"i" toinitialize the registers.

2
3
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 0a000 aa' tofill 40k bytes of display memory.

9. Type"r Off" toread the first 100 hex bytes of display memory.

10. Type"q" to exit the program.

13704PLAY Diagnostic Utility S1D13704
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Scripting
13704PLAY 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 filewith one 13704PLAY command per line. All scripts must
endwitha“q" (quit) command in order to return control to the operating system. The semi-
colon is used as acomment delimitor. Everything on aline after the semi-colon will be
ignored.
On aPC platform, atypica script command lineis: “13704PLAY < 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 S1D13704 and reads the registers
i ; Initialize the registers.
xa . Dump all the registers
la ;And the LUT
q ; Exit
Comments
« 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.
S1D13704 13704PLAY Diagnostic Utility
X26A-B-005-03 Issue Date: 01/02/08
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Program Messages

ERROR: Too nmany devi ces registered.

There are too many display devices attached to the HAL. The HAL currently can manage only one
device.

ERROR: Coul d not register 13704 device.

A 13704 device was not found at the configured addresses. Check the configuration address using
the 13704CFG configuration program.

WARNI NG Di d not detect 13704.
The HAL did not detect an S1D13704, however 13704PLAY will continue to function.

13704PLAY Diagnostic Utility S1D13704
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13704BMP

13704BMP demonstrates S1D13704 display capabilities by rendering bitmap images on
the display.

The 13704BMP display utility is designed to operate in a personal computer DOS
environment and must be configured to work with your display hardware. Consult
documentation for the program 13704CFG.EXE which can be used to configure
13704BMP.

13704BMP is not supported on non-PC platforms.

Installation
Copy thefile 13704BMP.EXE to a directory that isin the DOS path on your hard drive.
Usage
At the prompt, type:
13704brp bnp file [/a[time]] [/1] [/p] [/7].
Where:  bnp_file the name of the file to display
[a[tinme] automatic mode returns to the operating system after “time” seconds.
If timeis not specified the default is 5 seconds. Thisoptionisintended
for use with batch files to automate displaying a series of images.
/1 override default configuration settings and set |andscape display mode.
/p override default configuration settings and set portrait display mode.
/? displaysthe Help screen
Comments
e 13704BMP currently views only Windows BMP format images.
13704BMP Demonstration Program S1D13704
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Program Messages

ERROR: Too nmany devi ces registered.
There are too many display devices attached to the HAL . The HAL currently can manage only one

device.

ERROR: Coul d not register 13704 devi ce.

A 13704 device was not found at the configured addresses. Check the configuration address using
the 13704CFG configuration program.

ERRCR: Did not detect 13704.

The HAL was unableto read the revision code register on the S1D13704. Ensure that the S1D13704
hardware isinstalled and that the hardware platform has been set up correctly.

S1D13704 13704BMP Demonstration Program
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13704PWR

The 13704PWR 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 S1D13704 Programming Notes and
Examples manual, document number X 26A-G-002-xx, and the S1D13704 Functional
Hardware Specification, document number X26A-A-001-xx for further information.

The 13704PWR utility must be configured and/or compiled to work with your hardware
platform. Consult documentation for the program 13704CFG.EXE which can be used to
configure 13704PWR.

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.

S1D13704 Supported Evaluation Platforms
13704PWR has been designed to work with the following S1D 13704 supported eval uation
platforms:
» PC system with an Intel 80x86 processor.

* M68332BCC (Business Card Computer) board, revision B, with a Motorola MC68332
processor.

» M68ECO000IDP (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 S1D13704
“Programming Notes and Examples’ manual, document number X26A-G-002-xX.

Installation
PC platform: copy thefile 13704PWR.EXE to adirectory that isin the DOS path on your
hard drive.
Embedded platform: download the program 13704PWR to the system.
13704PWR Power Save Utility S1D13704
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Usage
PC platform: at the prompt, type 13704pw [sO0] [s1] [hO] [h1].

Embedded platform: execute 13704pwr 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] hit 2)

[ ?  displaysthis usage message
Program Messages

ERROR: Unknown command |ine argunent.
Aninvalid command line argument was entered. Enter avalid command line argument.

ERROR: Too nmany devi ces registered.

There are too many display devices attached to the HAL. The HAL currently can manage only one
device.

ERROR: Coul d not register 13704 devi ce.

A 13704 device was not found at the configured addresses. Check the configuration address using
the 13704CFG configuration program.

ERROR: Did not detect 13704.

TheHAL wasunableto read the revision code register on the S1D13704. Ensure that the S1D13704
hardware isinstalled and that the hardware platform has been set up correctly.

S1D13704 13704PWR Power Save Utility
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WINDOWS® CE 2.x DISPLAY DRIVERS

The Windows CE display driver isdesigned to support the S1D13704 Embedded Memory
L CD Controller running under the Microsoft Windows CE 2.x operating system. Thedriver
is capable of: 4 and 8 bit-per-pixel landscape modes (no rotation), and 4 bit-per-pixel
SwivelView™ 270 degree mode.

This document and the source code for the Windows CE driversare 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.
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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
S5U13704B00C evaluation board, follow the instructions below:

1. Install Microsoft Windows NT v4.0 or 2000.

2. Install Microsoft Visual C/C++ version 5.0 or 6.0.

3. Install 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
“DEMOY” project included with the ETK v2.0. Follow the steps below to create a
“X86 DEMO7” shortcut on the Windows NT v4.0 desktop which uses the current
“DEMO7” project:

a
b

® 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 DEMOL1" onto the desktop using the right mouse button.
Click on“Copy Here".

Renametheicon “X86 DEMOL1" 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 DEMO7 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 S1D13704 under x:\wince\platform\cepc\drivers\dis-
play.

6. Copy the source code to the S1D13704 subdirectory.

S1D13704
X26A-E-001-03
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7.

10.

Edit the file x:\wince\platform\cepc\drivers\display\dirs and add S1D13704 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.dll  $(_FLATRELEASEDIR)\ddi_vga2.dll  NK SH
ENDIF
IF CEPC_DDI_VGAB8BPP
ddi.dil  $( FLATRELEASEDIR)\ddi_vga8.dl  NK SH
ENDIF
IF CEPC_DDI_VGAZ2BPP!
IF CEPC_DDI_VGAS8BPP!
ddi.dil  $( FLATRELEASEDIR)\ddi_s364.dll  NK SH
ENDIF
ENDIF
with thisline:
ddi.dll  $( FLATRELEASEDIR)\EPSON.dII NK SH

The file MODEOQ.H (located in x:\wince\platform\cepc\drivers\display\S1D13704)
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 13704CFG to generate the header file. For information on how to use
13704CFG, refer to the 13704CFG Configuration Program User Manual, document
number X 26A-B-001-xx, available at www.erd.epson.com

After selecting the desired configuration, export the file asa“ C Header File for
S1D13704 WinCE Drivers’. Save the new configuration as MODEO.H in
x:\wince\platform\cepc\drivers\display\S1D 13704, 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: 01/05/25
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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\S1D13704]
"Width"=dword:140

"Height"=dword:F0

"Bpp"=dword:4

“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?).

13. Type BLDDEMO <ENTER> at the command prompt of the X86 DEMO7 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. Install Microsoft Windows NT v4.0 or 2000.

2. Instal Microsoft Visual C/C++ version 5.0 or 6.0.

3. Install Platform Builder 2.1x by running SETUP.EXE from compact disk #1.

4. 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 Minshell for x86" onto the desktop using the right mouse
button.

S1D13704 Windows® CE 2.x Display Drivers
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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.

5. 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 thefile:
@echo on
set CEPC_DDI_S1D13704=1
@echo off

6. Makean S1D13704 directory under x:\wince\platform\cepc\drivers\display, and copy
the S1D13704 driver source code into x:\wince\platform\cepc\drivers\dis-
play\S1D13704.

7. Edit the file x:\wince\platform\cepc\drivers\display\dirs and add S1D13704 into the
list of directories.

8. Edit the file x:\wince\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_S1D13704
ddi.dll  $(_FLATRELEASEDIR)\epson.dil NK SH
ENDIF
Find the section shown below, and insert the lines as marked:
IF CEPC_DDI_S1D13704 ! Insert thisline
IF CEPC_DDI_S3VIRGE!
IF CEPC_DDI_CT655X !
IF CEPC_DDI_VGAS8BPP!

Windows® CE 2.x Display Drivers
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ddi.dll  $(_FLATRELEASEDIR)\ddi_s364.dl| NK SH
ENDIF
ENDIF
ENDIF
ENDIF Insert thisline

9. Thefile MODEO.H (located in x:\wince\platform\cepc\drivers\display\S1D13704)
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 13704CFG to generate the header file. For information on how to use
13704CFG, refer to the 13704CFG Configuration Program User Manual, document
number X 26A-B-001-xx, available at www.erd.epson.com

After selecting the desired configuration, export the file asa* C Header File for
S1D13704 WinCE Drivers'. Save the new configuration as MODEO.H in
x:\wince\platform\cepc\drivers\display\S1D 13704, replacing the original configura-
tionfile.

10. 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:\wincé\platform\cepc\files.

For example, the display driver section of PLATFORM.REG should be as follows
when using a 320x240 L CD panel with acolor depth of 8 bpp in SwivelView 0°
(landscape) mode:

; Default for EPSON Display Driver

; 320240 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\S1D13704]
"Width"=dword:140

"Height"=dword:FO0

"Bpp"=dword:4

“ActiveDisp”=dword: 1

“Rotation”=dword:0

11. Delete dl thefilesin \wince\release directory and delete x:\wince\platform\cepc\* .bif

S1D13704 Windows® CE 2.x Display Drivers
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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 S1D13704
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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.

S1D13704
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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 S1D13704 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 display driver may test against this option to support different WinCE
version-specific features.
Windows® CE 2.x Display Drivers S1D13704
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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 13704CFG.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 13704CFG 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 table in 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\S1D13704]

“Width” =dword:140
“Height” =dword:FO0
“Bpp”=dword:4
“Rotation” =dword:0
“RefreshRate” =dword: 3C
“Fags’=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 adifferent 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 available upon the next rel ease of the
display driver; preliminary alphacode is available by special request.

S1D13704 Windows® CE 2.x Display Drivers
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Comments

» Thedisplay driver is CPU independent, allowing use of the driver for severa Windows
CE Platform Builder supported platforms.

» When using 13704CFG.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.
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Linux Console Driver

The Linux console driver for the S1D13704 Embedded Memory Color 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
thisdriver allowing the Linux GUI the ability to update the display.

The console driver is designed around a common configuration include file called
s1d13704.h, whichis generated by the configuration utility 13704CFG. Thisdesign allows
for easy customization of display type, clocks, decode addresses, rotation, etc. by OEMs.
For further information on 13704CFG, see the 13704CFG Configuration Program User
Manual, document number X 26A-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 Devel opment 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.
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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
S1D13704 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 S1D13704 reference driver requires Linux kernel 2.2.x. The example S1D13704
reference driver available on www.erd.epson.com was built using Red Hat Linux 6.1,
kernel version 2.2.17.

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 13704, 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 S1D13704 archive to atemporary directory. (e.g.
/tmp)

When completed the files:
s1d13xxxfb.c
s1d13704.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/s1d13704.h

to the directory /usr/src/linux/driversivideo.

Copy the remaining source files
ftmp/Config.in
/tmp/fbmem.c
/tmp/fbcon-cfb4.c, and
ltmp/Makefile
into the directory /usr/src/linux/drivers/video replacing the files of the same name.
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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.

4. Modify s1d13704.h

Thefile s1d13704.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 s1d13704.h for
the default settings of the console driver. If the default does not match the configura-

tion you are building for then s1d13704.h will have to be regenerated with the correct
information.

Use the program 13704CFG to generate the required header file. For information on
how to use 13704CFG, refer to the 13704CFG Configuration Program User Manual,
document number X26A-B-001-xx, available at www.erd.epson.com

After selecting the desired configuration, choose “ File->Export” and select the“C

Header File for S1D13704 Generic Drivers’ option. Save the new configuration as
s1d13704.h in the /usr/src/linux/drivers/video, replacing the original configuration

file.

5. 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”
“S1D13704 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.

6. Compileandinstall the kernel

Build the kernel with the following sequence of commands:
make dep
make clean
make bzlmage
[shin/lilo (if running lilo)
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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 S1D13704 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
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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
S1D13704 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 S1D13704 reference driver requires Linux kernel 2.4.x or greater. The example
S1D13704 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 S1D13704, 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 S1D13704 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
s1d13704.h
should be located in a sub-directory called epson within the temporary directory
(/tmp/epson).

3. Copy the console driver filesto the build directory. Make the directory
{usr/src/linux/drivers/video/epson.

Copy thefiles
/tmp/epson/s1d13xxxfb.c
/tmp/epson/s1d13704.h
ftmp/epson/M akefile

to the directory /usr/src/linux/drivers/video/epson.
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Copy the remaining source files
/tmp/Config.in
/tmp/fbmem.c
/tmp/fbcon-cfb4.c
ltmp/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.

4. Modify s1d13704.h

Thefile s1d13704.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 s1d13704.h for
the default settings of the console driver. If the default does not match the configura-

tion you are building for then s1d13704.h will have to be regenerated with the correct
information.

Use the program 13704CFG to generate the required header file. For information on
how to use 13704CFG, refer to the 13704CFG Configuration Program User Manual,
document number X26A-B-001-xx, available at www.erd.epson.com

After selecting the desired configuration, choose “ File->Export” and select the“C

Header File for S1D13704 Generic Drivers’ option. Save the new configuration as
s1d13704.h in the /usr/src/linux/drivers/video, replacing the origina configuration

file.

5. 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 S1D13704 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.
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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 S1D13704 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
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WINDOWS® CE 3.x DISPLAY DRIVERS

The Windows CE 3.x display driver is designed to support the S1D13704 Embedded
Memory LCD Controller running the Microsoft Windows CE operating system, version
3.0. Thedriver is capable of: 4 and 8 bit-per-pixel landscape modes (no rotation), and 4 bit-
per-pixel SwivelView™ 270 degree mode.

This document and the source code for the Windows CE driversare 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 S1D13704
Issue Date: 01/05/24 X26A-E-006-01

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Page 4 Epson Research and Development
Vancouver Design Center

Example Driver Builds

The following sections describe how to build the Windows CE display driver for:
1. Windows CE Platform Builder 3.00 using the GUI interface.

2. 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.

2. Install Windows CE Platform Builder 3.00.

3. Start Platform Builder by double-clicking on the Microsoft Windows CE Platform
Builder icon.

4. Create anew project.
a. Select File| New.
b. Inthediaog box, select the Platforms tab.

c. Inthe platforms diaog 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 Minimal OS (MinKern).
h. Click the Finish button.

i. Inthediaog box “New Platform Information”, click the OK button.

—h

5. 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.

6. Add the environment variable CEPC_DDI_S1D13X0X.
a. From the Platform menu, select “ Settings”.

b. Seect the“Environment” tab.
c. IntheVariable box, type“CEPC_DDI_S1D13X0X".
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d. IntheValuebox, type“1".
e. Click the Set button.
f. Click the OK button.

7. Create anew directory S1D13704, under x:\wince300\platform\cepc\drivers\display,
and copy the S1D13704 driver source code into this new directory.

8. Add the S1D13704 driver component.
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\S1D13704\sources.

d. Inthe“User Component Target File” dialog box, select browse and then select the
path and the file name of “sources’.

9. Delete the component “ddi_flat”.
a. Inthe Workspace window, select the ComponentView tab.

b. Show thetreefor MYPLATFORM components by clicking onthe‘+' sign at the
root of the tree.

c. Right-click ontheddi_flat component.
d. Select “Delete”.
e. From the File menu, select “ Save Workspace”.

10. From the Workspace window, click on ParameterView Tab. Show thetree 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 the file the PLATFORM .BIB file and make thefol-
lowing two changes:

a Insert thefollowing 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 S1D13704
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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 MODEOQ.H (located in x:\wince300\pl atform\cepc\drivers\display\S1D 13704)
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 13704CFG to generate the header file. For information on how to use
13704CFG, refer to the 13704CFG Configuration Program User Manual, document
number X 26A-B-001-xx, available at www.erd.epson.com

After selecting the desired configuration, export the file as a“C Header File for
S1D13704 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=0xF0
[HKEY_LOCAL_MACHINE\Drivers\Display\S1D13704]

“Width” =dword: 140

“Height” =dword:F0

“Bpp”=dword:8

S1D13704 Windows® CE 3.x Display Drivers
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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:\myprojectimyplatform\rel dir\x86_release\nk.hin.

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 later.

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 S1D13704 under x:\wince300\platform\cepc\drivers\dis-
play, and copy the S1D13704 driver source code into x:\wince300\platform\cepc\driv-
ers\display\S1D13704.

Edit the file x:\wince300\platform\cepc\drivers\display\dirs and add S1D13704 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_VGAB8BPP!
IF CEPC_DDI_S3TRIO64 !
IF CEPC_DDI_ATI !
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ddi.dll  $(_FLATRELEASEDIR)\ddi_flat.dll NK SH
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF ;Insert thisline
ENDIF

8. Modify MODEO.H.

Thefile MODEOQ.H (located in x:\wince300\pl atform\cepc\drivers\display\S1D 13704)
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 13704CFG to generate the header file. For information on how to use
13704CFG, refer to the 13704CFG Configuration Program User Manual, document
number X 26A-B-001-xx, available at www.erd.epson.com

After selecting the desired configuration, export the file as a“C Header File for
S1D13704 WinCE Drivers’. Save the new configuration as MODEO.H in the
\wince300\platform\cepc\drivers\display, replacing the original configuration file.

9. Edit thefile 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 bits/pixel, LCD display, no rotation

; Useful Hex Values

; 1024=0x400, 768=0x300 640=0x280 480=0x 1EO 320=140 240=0xF0
[HKEY_ _LOCAL_MACHINE\Drivers\Display\S1D13704]

“Width” =dword: 140

“Height”=dword:F0

“Bpp”=dword:8

“ActiveDisp”=dword:1

“Rotation” =dword:0
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10. Delete dl the filesin 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.
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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.
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Configuration

There are several issues to consider when configuring the display driver. Theissues 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 S1D13704 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.

EnablePreferVmem

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.

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, asthey 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
require the debug monitor.

Windows® CE 3.x Display Drivers S1D13704
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GrayPalette
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.

Mode File

The MODE tables (contained in files MODEQO.H, MODE1.H, MODE2.H . . .) contain
register information to control the desired display mode. The MODE tables must be
generated by the configuration program 13704CFG.EXE. The display driver comes with
example MODE tables.

By default, only MODEOQ.H is used by the display driver. New mode tables can be created
using the 13704CFG 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\S1D13704]

“Width”=dword:140
“Height”=dword:F0
“Bpp” =dword:8
“Rotation” =dword:0
“RefreshRate” =dword:3C
“Fags’=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 agai nst 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 adifferent 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 available upon the next rel ease of the
display driver; preliminary alpha code is available by special request.

S1D13704 Windows® CE 3.x Display Drivers
X26A-E-006-01 Issue Date: 01/05/24
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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. Theseissuesrequirethe OEM balancefactorssuch as: systemvs. 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 hasafunctional 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 system is designed. If display
memory loses power, al 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, slider 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.

2. 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\pl atform\cepc\driv-
ers\display\S1D13704\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

3. Inthefile PROJECT.REG under CE 3.0, thereis 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 bel ow:

a. PORepaint=0

e Thismode tells Windows CE not to save or restore display memory on sus-
pend or resume.

Windows® CE 3.x Display Drivers S1D13704
Issue Date: 01/05/24 X26A-E-006-01
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Since display datais not saved and not repainted, thisis the 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.

b. 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 fil€), or new OEM-specific
code must be added to the display driver to save off-screen data to 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.

c. 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 is insuffi-

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.

S1D13704
X26A-E-006-01
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Simple Display Driver Configuration

The following display driver configuration should work with most platforms running
Windows CE. This configuration disables the use of off-screen display memory and forces
the system to redraw the main display upon power-on.

1. Thisstep disables the use of off-screen display memory.
Edit the file x:\wince300\pl atf orm\cepc\drivers\display\S1D 13704\sources and
changetheline

CDEFINES=$(CDEFINES) -DEnablePreferVmem
to

#CDEFINES=$(CDEFINES) -DEnablePreferVmem

2. Thisstep causes the system to redraw the main display upon power-on. Thisstepis
only required if display memory loses power when Windows CE is shut down. If dis-
play memory is kept powered up (set the S1D13704 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 S1D13704
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Comments

» Thedisplay driver is CPU independent, allowing use of the driver for severa Windows
CE Platform Builder supported platforms.

* If you are running 13704CFG.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.

S1D13704 Windows® CE 3.x Display Drivers
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1 Introduction

Thismanual describes the setup and operation of the S5U13704B00C Rev. 1.0 Evaluation
Board. Implemented using the S1D13704 Embedded Memory Color LCD Controller, the
S5U13704B00C board is designed for the 16-bit I SA bus environment. To accommodate
other bus architectures, the S5U13704B00C board also provides CPU/Bus interface
connectors.

For more information regarding the S1D13704, refer to the S1D13704 Hardware
Functional Specification, document number X 26A-A-001-xx.

1.1 Features
 80-pin QFP14 package.
» 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 5.0V LCD panel support.

* Oscillator support for CLKI (up to 50MHz with internal clock divide or 25MHz with no
internal clock divide).

» Embedded 40K 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 (-14V to -24V).
» 16-bit ISA bus support.

» CPU/Bus interface header strips for non-1SA bus support.

S5U13704B00C Rev. 1.0 ISA Bus Evaluation Board User Manual S1D13704
Issue Date: 01/02/12 X26A-G-005-03
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2 Installation and Configuration

The S1D13704 hasfive configuration inputs, CNF[4:0], which are read on therising edge
of RESET# and are fully configurable on this evaluation board. One six-position DIP
switch is provided on the board to configure these five configuration inputs and to

enabl e/disable hardware power save mode.

The following settings are recommended when using the S5U13704B00C with the ISA

bus.
Table 2-1: Configuration DIP Switch Settings
Switch Signal Closed (0 or low) Open (1 or high)
SW1-1 CNFO
SW1-2 CNF1 See “Host Bus Selection” table below |See “Host Bus Selection” table below
SW1-3 CNF2
SwWi-4 CNF3 Little Endian Big Endian
SW1-5 CNF4 Active low LCDPWR signal Active high LCDPWR signal
SW1-6 GPIOO Hardware Suspend Disable Hardware Suspend Enable

[__I=recommended settings (configured for ISA bus support)

Table 2-2: Host Bus Sdlection

n
=
N
n
=

1

us]
2
H*

Host Bus Interface

SH-4 bus interface

SH-3 bus interface

reserved

MC68K bus interface #1, 16-bit

reserved

MC68K bus interface #2, 16-bit

reserved

reserved

Generic #1, 16-bit

(9)]
Plr|lRr|r|P|r|lojo|o|o]|r
w

RlRr|(Rr|Pr|lOo|lO|lrR|R|O|O
R|lRr|lo|lOo|r|O|lR|O|rR]|O

RP|lO|R|O| X|X|X|X]|X|X

Generic #2, 16-bit

[ I=recommended settings (configured for ISA bus support)
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Table 2-3: Jumper Settings

Description 1-2 2-3
JP1 |IOVDD Selection 5.0V I0VDD 3.3V I0VDD
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 |5.0V LCD Panel 3.3V LCD Panel

[__I=recommended settings (configured for ISA bus support)

S5U13704B00C Rev. 1.0 ISA Bus Evaluation Board User Manual S1D13704
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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# 1 pit | s-bit |Alternate| 4bit | 8bit | 8bit | 8bit | 9bit | 12-bit
Format
BFPDATO 1 DO DO DO LDO LDO R2 R3
BFPDAT1 3 D1 D1 D1 LD1 LD1 R1 R2
BFPDAT2 5 D2 D2 D2 LD2 LD2 RO R1
BFPDAT3 7 D3 D3 D3 LD3 LD3 G2 G3
BFPDAT4 9 DO D4 D4 DO D4 uDO uDO Gl G2
BFPDAT5 11 D1 D5 D5 D1 D5 uD1 uD1 GO Gl
BFPDAT6 13 D2 D6 D6 D2 D6 ubD2 ubD2 B2 B3
BFPDAT7 15 D3 D7 D7 D3 D7 uD3 uD3 B1 B2
BFPDAT8 17 BO Bl
BFPDAT9 19 RO
BFPDAT10| 21 GO
BFPDAT11| 23 BO
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 (-18V to -23V)
LCDVCC 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 (+24V to +38V)
BDRDY 38 MOD MOD MOD MOD MOD MOD DRDY DRDY

BLCDPWR 40 LCDPWR | LCDPWR | LCDPWR | LCDPWR | LCDPWR | LCDPWR | LCDPWR | LCDPWR | LCDPWR

S1D13704 S5U13704B00C Rev. 1.0 ISA Bus Evaluation Board User Manual
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4 CPU/Bus Interface Connector Pinouts

Table 4-1: CPU/BUS Connector (H1) Pinout

Cor.mector C.PU/BUS Comments
Pin No. Pin Name

1 SDO Connected to DBO of the S1D13704
2 SD1 Connected to DB1 of the S1D13704
3 SD2 Connected to DB2 of the S1D13704
4 SD3 Connected to DB3 of the S1D13704
5 GND Ground
6 GND Ground
7 SD4 Connected to DB4 of the S1D13704
8 SD5 Connected to DB5 of the S1D13704
9 SD6 Connected to DB6 of the S1D13704
10 SD7 Connected to DB7 of the S1D13704
11 GND Ground
12 GND Ground
13 SD8 Connected to DB8 of the S1D13704
14 SD9 Connected to DB9 of the S1D13704
15 SD10 Connected to DB10 of the S1D13704
16 SD11 Connected to DB11 of the S1D13704
17 GND Ground
18 GND Ground
19 SD12 Connected to DB12 of the S1D13704
20 SD13 Connected to DB13 of the S1D13704
21 SD14 Connected to DB14 of the S1D13704
22 SD15 Connected to DB15 of the S1D13704
23 RESET# | Connected to the RESET# signal of the S1D13704
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 S1D13704
30 WAIT# Connected to the WAIT# signal of the S1D13704
31 Cs# Connected to the CS# signal of the S1D13704
32 NC Not connected
33 WE1# Connected to the WE1# signal of the S1D13704
34 NC Not connected
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Table 4-2: CPU/BUS Connector (H2) Pinout
Cor.mector C.PU/BUS Comments
Pin No. Pin Name
1 SAO0 Connected to ABO of the S1D13704
2 SAl Connected to AB1 of the S1D13704
3 SA2 Connected to AB2 of the S1D13704
4 SA3 Connected to AB3 of the S1D13704
5 SA4 Connected to AB4 of the S1D13704
6 SA5 Connected to AB5 of the S1D13704
7 SA6 Connected to AB6 of the S1D13704
8 SA7 Connected to AB7 of the S1D13704
9 GND Ground
10 GND Ground
11 SA8 Connected to AB8 of the S1D13704
12 SA9 Connected to AB9 of the S1D13704
13 SA10 Connected to AB10 of the S1D13704
14 SAll Connected to AB11 of the S1D13704
15 SA12 Connected to AB12 of the S1D13704
16 SA13 Connected to AB13 of the S1D13704
17 GND Ground
18 GND Ground
19 SA14 Connected to AB14 of the S1D13704
20 SA15 Connected to AB14 of the S1D13704
21 SA16 Connected to AB16 of the S1D13704
22 SA17 Connected to AB17 of the S1D13704
23 SA18 Connected to AB18 of the S1D13704
24 SA19 Connected to AB19 of the S1D13704
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 S1D13704
30 BS# Connected to the BS# signal of the S1D13704
31 BUSCLK | Connected to the BCLK signal of the S1D13704
32 RD# Connected to the RD# signal of the S1D13704
33 NC Not connected
34 NC Not connected
S1D13704 S5U13704B00C 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

S.lDl3704 SH-3 SH-4 MC68K #1 MC68K #2 Generic Bus #1 | Generic Bus #2
Pin Names
AB[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1]
ABO AO AO LDS# AO AO AO
DB[15:0] D[15:0] D[15:0] D[15:0] D[15:0] 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 BCLK BCLK BCLK BCLK
BS# BS# BS# ASH ASH Connect to Vg CO““\fCt 10
DD
RD/WR# RD/WR# RD/WR# RIW# RIW# RD1# CO““\fCt 1o
DD
RD# RD# RD# Co””\?d 010 siz1 RDO# RD#
DD
WEO# WEO# WEO# CO””\fCt 1o SIZ0 WEO# WE#
DD
WAIT# WAIT# RDY# DTACK# DSACK1# WAIT# WAIT#
RESET# RESET# RESET# RESET# RESET# RESET# RESET#
S5U13704B00C Rev. 1.0 ISA Bus Evaluation Board User Manual S1D13704
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6 Technical Description

6.1 ISA Bus Support

This board has been designed to support the 16-bit ISA bus environment and can be used
in conjunction with either aVVGA or a monochrome display adapter card.

There are 5 configuration inputs associated with the Host Interface (CNF[3:0] and BS#).

Refer to Table 2-3: “ Jumper Settings’ and Table 5-1: “Host Bus Interface Pin Mapping”
for complete details.

6.1.1 Display Adapter Card Support

When using the S5U13704B00B in conjunction with another primary Display Adapter
(VGA or Monochrome) the following applies:

ISA or VL Bus VGA Display Adapter

When the S5U13704B00B board is used with an ISA or VL BusV GA display adapter, the
VGA card must have a 16-bit BIOS to prevent conflicts during 16-bit accesses
(MEMCS16#). If an 8-bit VGA adapter card isinstalled in the system being used, it must
be removed and the screen display routed through a COM port to aterminal display device.
PCl Bus VGA Display Adapter

All PCI based VGA display adapters can be used in conjunction with the S5U13704B00C
board.

Monochrome Display Adapter

All monochrome display adapters can be used in conjunction with the S5U13704B00C
board.

6.1.2 Expanded Memory Manager

If amemory manager is being used for system memory, the address range DO00Oh to
DFFFFh must be excluded from use as this range is used by the S5U13704B00C.
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6.2 Non-ISA Bus Support

The S5U13704B00C board is specifically designed to support the standard 16-bit | SA bus;
however, the S1D13704 directly supports many other host businterfaces. Header stripsH1
and H2 are provided and contain all the necessary 10 pins to 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.

When using the header strips to provide the bus interface observe the following:

» All 10 signals on the I SA bus card edge must be isolated from the |SA bus (do not plug
the card into a computer). Voltage lines are provided on the header strips.

» U7,aTIBPAL16L8-15 PAL, is currently used to provide the S1D13704 CS# (pin 74),
RESET# (pin 73) and other decode logic signals for ISA bus use. This functionality
must now be provided externally; remove the PAL from its socket to eliminate conflicts
resulting from two different outputs driving the same input. Refer to Table 5-1: “Host
Bus Interface Pin Mapping” for connection details.

Note
When using a 3.3V host businterface, IOVDD 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.

6.3 Embedded Memory Support

The S1D13704 contains 40K bytes of 16-bit SRAM used for the display buffer. The SRAM
starting addressis set at DO00Oh. Starting at this address, the board design decodes a 64K
byte segment accommodating both the 40K byte display buffer and the S1D13704 internal
register set.

The S1D13704 registers are mapped into the upper 32 bytes of the 64K byte segment
(DFFEON to DFFFFh).

6.4 Decode Logic

All therequired decodelogic is provided through a TIBPAL16L 8-15 PAL (U7, socketed).
This PAL contains the following eguations.

I'CS = (Address >= "hD0000) & (Address <= "hDFFFF) & REFRESH & ! RESET;
I MEMCS16= ( Addressl >= ~“h0C0000) & (Addressl <= “hODFFFF);
RESET = ! RESET;
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6.5 Clock Input Support

Theinput clock (CLKI) frequency can be up to 50.0MHz for the S1D13704 if the internal
clock divide by 2 is set. If the clock divide is not used, the maximum CLKI frequency is
25MHz.

A 25.0MHz oscillator (U2, socketed) is provided as the default clock source.

6.6 LCD Panel Voltage Setting

The S5U13704B00C board supports both 3.3V and 5.0V LCD panels through the single
L CD connector J5. The voltage 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.

6.7 Monochrome LCD Panel Support

The S1D13704 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 S1D13704 directly supports 4 and 8, dual and single, color passive LCD panéls. All
the 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.

6.9 Color TFT/D-TFD LCD Panel Support

The S1D13704 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 alternated with grounds to reduce crosstalk and noise.

Refer to Table 3-1: “LCD Signal Connector (J5) Pinout,” on page 10 for connection infor-
mation.
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6.10 Power Save Modes

The S1D 13704 supports one hardware and one software power save mode. These modes
are controlled by the utility 13704PWR. The hardware power save mode needs to be
enabled by 13704PWR and then activated by DIP switch SW1-6. See Table 2-1: “ Config-
uration DIP Switch Settings,” on page 8 for details on setting this switch.

6.11 Adjustable LCD Panel Negative Power Supply

Most monochrome passive LCD panels require a negative power supply to provide
between -18V and -23V (1,,=45mA). For ease of implementation, such apower supply has
been provided as an integral part of this design. The VLCD power supply can be adjusted
by R21 to give an output voltage from -14V to -23V, and is enabled/disabled by the
S1D13704 control signal LCDPWR.

LCDPWR isan S1D 13704 output signal which is configurable as active high or active low
by the CNF4 signal status on therising edge of the RESET# signal. For the proper operation
of the VLCD power supply, LCDPWR must be configured as active low.

Determine the panel’ s specific power requirements and set the potentiometer accordingly
before connecting the panel.

6.12 Adjustable LCD Panel Positive Power Supply

M ost color passive LCD panelsand most single monochrome 640x480 passive LCD panels
require apositive power supply to provide between +23V and +40V (1,,;=45mA). For ease
of implementation, such apower supply hasbeen provided asan integral part of thisdesign.
The Vppn power supply can be adjusted by R15 to provide an output voltage from +23V

to +40V and is enabled/disabled by the S1D13704 control signal LCDPWR.

LCDPWR isan S1D 13704 output signal which is configurable as active high or active low
by the CNF4 signal status on therising edge of the RESET# signal. For the proper operation
of the VDDH power supply, LCDPWR must be configured as active low.

Determine the panel’ s specific power requirements and set the potentiometer accordingly
before connecting the panel.
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6.13 CPU/Bus Interface Header Strips

All of the CPU/Bus interface pins of the S1D13704 are connected to the header strips H1
and H2 for easy interface to a CPU/Bus other than I SA.

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 S1D13704. When
another host bus interfaceis selected by CNF[3:0] and BS#, appropriate external decode
logic MUST be used to access the S1D13704. Refer to Table 5-1: “Host Bus Interface
Pin Mapping,” on page 13 for connection details.
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7 Parts List

Iltem # | Qty/board Designation Part Value Description
1 13 C1-C11, C15,C16 0.1uF, 5%, 50V 0805 ceramic capacitor
2 1 C12 1uF, 10%, 16V Tantalum capacitor size A
3 2 C13,C14 10uF, 10%, 25V Tantalum capacitor size D
4 2 C17, C21 47uF, 10%, 16V Tantalum capacitor size D
5 3 C18-C20 4.7uF, 10%, 50V Tantalum capacitor size D
6 1 Cc22 56uF, 20%, 63V Electrolytic, radial, low ESR
7 2 H1,H2 CONB34A Header 0.1" 17x2 header, PTH
8 4 JP1-JP4 HEADER 3 0.1"” 1x3 header, PTH
9 1 J1 AT CON-A ISA Bus gold-fingers
10 1 J2 AT CON-B ISA Bus gold-fingers
11 1 J3 AT CON-C ISA Bus gold-fingers
12 1 J4 AT CON-D ISA Bus gold-fingers
13 1 J5 CON40A Shrouded header 2x20, PTH, center key
14 1 L1 1pH MCI-1812 inductor
15 3 L2-L4 Ferrite bead Philips BDS3/3/8.9-4S2
16 1 Q1 2N3906 PNP signal transistor, SOT23
17 1 Q2 2N3903 NPN signal transistor, SOT23
18 6 R1-R6 15K, 5% 0805 resistor
19 7 R7-R13 10K, 5% 0805 resistor
20 1 R14 470K, 5% 0805 resistor
21 1 R15 200K 200K Trim POT Spectrol 63S204T607 (or equivalent)
22 1 R16 14K, 1% 0805 resistor
23 2 R17, R18 1K, 5% 0805 resistor
24 2 R19, R20 100K, 5% 0805 resistor
25 1 R21 100K 100K Trim POT Spectrol 63S104T607 (or equivalent)
26 1 S1 SW DIP-6 6 position DIP switch
27 1 Ul S1D13704F00A QFP14-80, 80 pin, SMT
28 1 uz2 25.0 MHz oscillator FOX 25MHz oscillator or equiv., 14 pin DIP socketed
29 3 U3-U5 74AHC?244 S0-22, TIT4AAHC?244
30 1 U6 LT1117CM-3.3 Linear Technology 5V to 3.3V regulator, 800mA
31 1 u7 TIBPAL16L8-15 TI PAL, 20 Pin DIP, socketed.
32 1 us 74ALS125 S0-20, TI74ALS125
33 1 U9 RD-0412 Xentek RD-0412, positive PS
34 1 u10 EPNO01 Xentek EPNOO1 negative PS
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1 Introduction

Thismanual describes the setup and operation of the S5U13704B00C Rev. 2.0 Evaluation
Board. The board is designed as an evaluation platform for the S1D13704 Embedded
Memory LCD Controller.

This user manual is updated as appropriate. Please check the Epson Research and Devel-
opment Website at 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.
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2 Features

Following are some features of the S5U13704B00C Rev. 2.0 Evaluation Board:

80-pin TQFP S1D13704F00A Embedded Memory LCD Controller with 40K bytes of
embedded SRAM.

Headers for connecting to various Host Bus Interfaces.

Configuration options.

Adjustable positive LCD bias power supply from +23V to +40V.
Adjustable negative LCD bias power supply from -23V to -14V.

4/8-bit 3.3V or 5V single monochrome or color passive LCD panel support.
9/12-bit 3.3V or 5V active matrix TFT LCD panel support.

Software and hardware initiated power save mode.

Selectable clock source for bus clock and CLKI.

External oscillator for CLKI (up to 50MHz with internal clock divider or 25M Hz with
no internal clock divider) and BUSCLK.

S1D13704
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3 Installation and Configuration

The S5U13704B00C is designed to support as many platforms as possible. The
S5U13704B00C incorporates a DIP switch and six jumpers which allow both evaluation
board and S1D13704 LCD controller to be configured for a specified evaluation platform.

3.1 Configuration DIP Switches

The S1D13704 has configuration inputs (CNF[4:0]) and BS# input, which are read on the
rising edge of RESET#. In order to configure the S1D13704 for multiple Host Bus Inter-
facesasix-position DIP switch (SW1) isrequired. The following figure showsthelocation
of DIP switch SW1 on the S5U13704B00C.

§§§§§! D gh “

2 Mﬂ

SEO EPSON CORPORATON

VAN EFDEPSONCOU
SSUI3704/5B00C REV, 20
©mor L]

— DIP Switch - SW1

Figure 3-1: Configuration DIP Switch (SW1) Location

S5U13704B00C Rev. 2.0 Evaluation Board User Manual S1D13704
Issue Date: 2002/09/16 X26A-G-014-02

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Page 10 Epson Research and Development
Vancouver Design Center

The S1D13704 has 5 configuration inputs (CONF[4:0]) and BS# input, which are read on
the rising edge of RESET#. All S1D13704 configuration inputs and BS# input are fully
configurable using a six position DIP switch as described below and a jumper for BS#.

Table 3-1: Configuration DIP Switch Settings

Switch S1D13704 Value on this pin at rising edge of RESET# is used to configure:
Signal Open (Off/1) | Closed (On/0)
Select host bus interface as follows:
CNF2 CNF1 CNFO Host Bus Interface
0 0 0 SH-4
0 0 1 SH-3
0 1 0 Reserved
SW1-[3:1] CNF[2:0] 0 1 1 MC68K #1
1 0 0 Reserved
1 0 1 MC68K #2
1 1 0 Reserved
1 1 1 Generic #1/Generic #21
Note: The host bus interface is 16-bit.
SwWi-4 CNF3 Big Endian bus interface Little Endian bus interface
SW1-5 CNF4 Active High LCDPWR signal Active Low LCDPWR signal
SW1-6 GPIO0 Hardware Suspend Enable Hardware Suspend Disable

I:l = Required settings when used with PCI Bridge FPGA

Note
1 The selection between Generic #1 and Generic #2 is made with JP3.
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3.2 Configuration Jumpers

The S5U13704B00C has six jumper blocks which configure various setting on the board.
The jumper positions for each function are shown below.

Table 3-2: Jumper Summary

Jumper Function Position 1-2 Position 2-3 No Jumper
JP1 I0VDD Selection +3.3V I0VDD +5.0V I0VDD n/a
JP2 Bus Clock Selection External Oscillator (U7) From Host CPU n/a
. . Pulled Down to GND (for | Pulled High to IOVDD (for |For SH-3, SH-4, MC68k #1
JP3 BS# Signal Selection Generic #1 Interfacé) Generig #2 Interface() and MC68K #2 bus
JP4 LCD Panel Voltage Selection +3.3V LCDVCC +5.0V LCDVCC n/a
JP5 PCI Bridge FPGA Disabled for non-PCI host n/a Enabled for PCI host
JP7 CLKI Selection External Oscillator (U2) BCLK n/a

I:lz Required settings when used with PCI Bridge FPGA

JP1 - IOVDD Selection

JP1 selects the IOV DD voltage for S1D13704.

When the jumper isin position 1-2, IOVDD is 3.3V. This settings must be used for a3.3V
host CPU system.

When the jumper isin position 2-3, IOVDD is5.0V. This setting must be used for a 5.0V
host CPU system.

Note
For PCI host, JP1 can be set in either position.

JP1
b
(o o[ Oe e
3.3 Volt 5.0 Volt
IOVDD IOVDD

Figure 3-2: Configuration Jumper (JP1) Location
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JP2 - Bus Clock Selection

JP2 selects the source for BCLK input on S1D13704.

When the jumper isin position 1-2, the BCLK source is the external oscillator U7. This
position must be used for PCI-host.

When the jumper isin position 2-3, the BCLK must be provided by the host CPU. This
setting may be used for non-PCl host.

. L —  OF
=nj —
—
R o D External BC!_K
Oscillator (U7) Provided
by Host

Figure 3-3: Configuration Jumper (JP2) Location

JP3 - BS# Signal Selection

JP3isused to pull up or down BS# input of S1D13704 for selection of Generic #1 or
Generic #2 interface.
When the jumper isin position 1-2, BS# is pulled down to select Generic #1 interface.

When the jumper isin position 2-3, BS# is pulled high to IOVDD, to select Generic #2
interface.

For SH-3, SH-4, MC68K #1 and MC68K #2 buses, which use BS# line, the jumper should
not be installed.

JP3
. Qe e XXe]
- D BS# BS#
Pulled Low Pulled High

Figure 3-4: Configuration Jumper (JP3) Location
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JP4 - LCD Panel Voltage Selection

JP4 selects voltage level to the LCD panel.
When the jumper isin position 1-2, the voltage level is set to 3.3V.
When the jumper isin position 2-3, the voltage level is set to 5.0V.

B — JP4
@ A M »
— " [] U U XJe]
nwm‘m# i 3 LCD VDD LCD VDD

Figure 3-5: Configuration

JP5 - PCI Bridge FPGA

Jumper (JP4) Location

JP5 is used to enable or disable the PCI bridge FPGA.
When the jumper isin position 1-2, the PCI bridge FPGA is disabled. This position must

be used for non-PCI host.

When the jumper is off, the PCI bridge FPGA is enabled. The jumper must not be present

for PCI host.

T I G =

. %D o
=70* Il

| L 1y

SEKO EPSIN CORPORATIN
WHWERDEPSOHLCOM
U1 3704/3800C REV. 20
@

e

JP5
x [e]e]
FPGA FPGA
Disabled Enabled

Figure 3-6: Configuration

Jumper (JP5) Location
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JP7 - CLKI Selection

JP7 selects the source for CLKI input on S1D13704.
When the jumper isin position 1-2, CLKI signal is provided by external oscillator U2
When the jumper isin position 2-3, CLKI signal isthe same as BCLK signal

85820 N B
”E%D:Eé“ 3p7
ey '%g"  —
XXe] Qe o
I ~ T | 2|
e D External CLKI
Oscillator (U2) Same as

BCLK

Figure 3-7: Configuration Jumper (JP7) Location
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4 CPU Interface

4.1 CPU Interface Pin Mapping

Table 4-1: CPU Interface Pin Mapping

f’llr?Jl\-l:Z:g Generic #1 Generic #2 Hitachi SH-3 | Hitachi SH-4 ’\'/\lﬂgégfz &Ag(tsg:(oifz
ABJ[16:1] A[16:1] A[16:1] A[16:1] A[16:1] A[16:1] A[16:1]
ABO A0 A0 A0 A0 LDS# A0
DB[15:0] D[15:0] D[15:0] D[15:0] D[15:0] D[15:0] D[15:0]
CS# External Decode CSn# CSn# External Decode
BCLK BCLK BCLK CKIO CKIO CLK CLK
BS# Connect to VSS Connect to IOVDD BS# BS# ASH ASH
RD/WR# RD1# Connect to IOVDD RD/WR# RD/WR# R/W# R/W#
RD# RDO# RD# RD# RD# Connect to IOVDD Siz1
WEO# WEO# WE# WEO# WEO# Connect to IOVDD SIZ0
WE1# WE1# BHE# WE1# WE1# UDS# DS#
WAIT# WAIT# WAIT# WAIT# RDY# DTACK# DSACK1#
RESET# RESET# RESET# RESET# RESET# RESET# RESET#
Note

L If the target MC68K bus is 32-bit, then these signals should be connected to D[31:16].
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4.2 CPU Bus Connector Pin Mapping

Table 4-2: CPU Bus Connector (H1) Pinout

Cormector Comments
Pin No.

1 Connected to DBO of the S1D13704
2 Connected to DB1 of the S1D13704
3 Connected to DB2 of the S1D13704
4 Connected to DB3 of the S1D13704
5 Ground
6 Ground
7 Connected to DB4 of the S1D13704
8 Connected to DB5 of the S1D13704
9 Connected to DB6 of the S1D13704
10 Connected to DB7 of the S1D13704
11 Ground
12 Ground
13 Connected to DB8 of the S1D13704
14 Connected to DB9 of the S1D13704
15 Connected to DB10 of the S1D13704
16 Connected to DB11 of the S1D13704
17 Ground
18 Ground
19 Connected to DB12 of the S1D13704
20 Connected to DB13 of the S1D13704
21 Connected to DB14 of the S1D13704
22 Connected to DB15 of the S1D13704
23 Connected to RESET# of the S1D13704
24 Ground
25 Ground
26 Ground
27 +12 volt supply
28 +12 volt supply
29 Connected to WEO# of the S1D13704
30 Connected to WAIT# of the S1D13704
31 Connected to CS# of the S1D13704
32 Not connected
33 Connected to WE1# of the S1D13704
34 Connected to IOVDD
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Table 4-3. CPU Bus Connector (H2) Pinout

Cor_mector Comments
Pin No.

1 Connected to ABO of the S1D13704
2 Connected to AB1 of the S1D13704
3 Connected to AB2 of the S1D13704
4 Connected to AB3 of the S1D13704
5 Connected to AB4 of the S1D13704
6 Connected to AB5 of the S1D13704
7 Connected to AB6 of the S1D13704
8 Connected to AB7 of the S1D13704
9 Ground
10 Ground
11 Connected to AB8 of the S1D13704
12 Connected to AB9 of the S1D13704
13 Connected to AB10 of the S1D13704
14 Connected to AB11 of the S1D13704
15 Connected to AB12 of the S1D13704
16 Connected to AB13 of the S1D13704
17 Ground
18 Ground
19 Connected to AB14 of the S1D13704
20 Connected to AB15 of the S1D13704
21 Not connected
22 Not connected
23 Not connected
24 Not connected
25 Ground
26 Ground
27 +5 volt supply
28 +5 volt supply
29 Connected to RD/WR# of the S1D13704
30 Connected to BS# of the S1D13704
31 Connected to BCLK of the S1D13704
32 Connected to RD# of the S1D13704
33 Not connected
34 Not connected
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5 LCD Interface Pin Mapping

Table 5-1: LCD Signal Connector (J5)

Monochrome Passive Color Passive Panel
Pin Name Connector Pin Single Dual single Dual Color TFT Panel
No. Format 1 | Format 2
4-bit 8-bit 8-bit 4-bit 8-bit 8-bit 8-Bit 9-bit 12-bit
BFPDATO 1 driven 0 DO LDO driven 0 | DO (B5)! | DO (G3)! | LDO (R2)! R2 R3
BFPDAT1 3 driven 0 D1 LD1 driven 0 | D1(R5) | D1(R3)' | LD1(B1)* R1 R2
BFPDAT2 5 driven 0 D2 LD2 driven 0 | D2 (G4)! | D2(B2)' | LD2 (IG1)* RO R1
BFPDAT3 7 driven 0 D3 LD3 driven 0 | D3 (B3)! | D3(G2)! | LD3 (R1)?! G2 G3
BFPDAT4 9 DO D4 UDO DO (R2)! | D4(R3)! | D4 (R2)! | UDO (UR2)! G1 G2
BFPDAT5 11 D1 D5 uD1 D1 (B1)! | D5(G2)! | D5(B1)! | UD1 (UB1)! GO G1
BFPDAT6 13 D2 D6 uD2 D2 (G1)! | D6 (B! | D6 (G1)! | UD2 (UG1): B2 B3
BFPDAT7 15 D3 D7 uD3 D3 (R | D7 (R | D7 (R1)! | UD3 (UR1L)! B1 B2
BFPDATS 17 GPIO1 BO B1
BFPDAT9 19 GPIO2 RO
BFPDAT10 21 GPIO3 GO
BFPDAT11 23 GPIO4 BO
BFPSHIFT 33 FPSHIFT
BDRDY 35 & 38 MOD FPSHIFT2 MOD DRDY
BFPLINE 37 FPLINE
BFPFRAME 39 FPFRAME
GND 2-26 (Even Pins) GND
VLCD 30 Adjustable -24V to -14V negative LCD bias
LCDvCC 32 LCDVCC (3.3V/5.0V)
+12V 34 +12V
VDDH 36 Adjustable +23V to +40V positive LCD bias
BLCDPWR 40 LCDPWR? (for controlling on-board LCD bias power supply on/off)
Note
These pin mappings use signal names commonly used for each panel type, however
signal names may differ between panel manufacturers. The values shown in brackets
represent the color components as mapped to the corresponding FPDATXxx signals at
thefirst valid edge of FPSHIFT. For further FPDATxx to LCD interface mapping, see
S1D13704 Hardware Functional Specification, document number X26A-A-001-xXx.
2LCDPWR polarity can be set by DIP switch SW1-5.
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6 Technical Description

6.1 PCI Bus Support

The S1D13704 doesnot have on-chip PCI businterface support. The S1D13704B00C uses
the PCI Bridge FPGA to support the PCI bus. When using the PCI Bridge FPGA, a
Windows device driver is required, see Section 7, “ Software” on page 22 for further infor-
mation on available software and drivers.

6.2 Direct Host Bus Interface Support

The S5U13704B00C is specifically designed to work using the PCI Bridge FPGA in a
standard PCI bus environment. However, the S1D13704 directly supports many other host
bus interfaces. Connectors H1 and H2 provide the necessary 1O pins to interface to these
host buses. For further information on the host bus interfaces supported, see “CPU
Interface” on page 15.

Note
The PCI Bridge FPGA must be disabled using JP5 in order for direct host bus interface
to operate properly.

6.3 S1D13704 Embedded Memory

The S1D13704 has 40K bytes of embedded SRAM. The 40K byte display buffer address
space is directly and contiguously available through the 16-bit address bus.

The S1D13704 registers are located in the upper 32 bytes of the 64K byte address range of
S1D13704.

6.4 Adjustable LCD Panel Positive Power Supply (VDDH)

For those LCD panels requiring a positive power supply to provide between +23V and
+40V (lout = 45mA) a power supply has been provided as an integral part of this design.
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 LCDPWR control signal of
S1D13704 and inverted externally.

Determine the panel’ s specific power requirements and set the potentiometer accordingly
before connecting the panel.

S5U13704B00C Rev. 2.0 Evaluation Board User Manual S1D13704
Issue Date: 2002/09/16 X26A-G-014-02

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/5977136/S1D13704.html

Page 20 Epson Research and Development
Vancouver Design Center

6.5 Adjustable LCD Panel Negative Power Supply (VLCD)

For those LCD panels requiring a negative power supply between -23V and -14V (lout =
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 is
enabled and disabl ed by the active high LCDPWR control signal of S1D13704 and inverted
externaly.

Determine the panel’ s specific power requirements and set the potentiometer accordingly
before connecting the panel.

6.6 Passive/Active LCD Panel Support

The S1D13704 directly supports:

* 4/8-bit, single and dual, monochrome passive panels.
* 4/8-bit, single and dual, color passive panels.

e 9/12-hit, TFT active matrix panels.

All the necessary signals are provided on the 40-pin LCD connector J5. For connection
information, refer to Table 5-1: “LCD Signal Connector (J5)” on page 18.

The buffered LCD connector (J5) provides the same LCD panel signals as those directly
from S1D13704, but with voltage-adapting buffers selectable to 3.3V or 5.0V. Pin 32 on
this connector provides avoltage level of 3.3V or 5.0V to the LCD panel logic (see*JP4 -
LCD Panel Voltage Selection” on page 13 for information on setting the panel voltage).

6.7 Power Save Modes

The S1D13704 supports one hardware and one software power save mode. The hardware
power save mode needs to be enabled by setting REG[02h] bitl to 1 and then can be
activated by DIP switch SW1-6. See Table 3-1: “ Configuration DI P Switch Settings’ on

page 10.

S1D13704 S5U13704B00C Rev. 2.0 Evaluation Board User Manual
X26A-G-014-02 Issue Date: 2002/09/16

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/5977136/S1D13704.html

Epson Research and Development Page 21
Vancouver Design Center

6.8 Clock Options

The input clock (CLKI) frequency can be up to 50MHz for the S1D13704 if the internal
divide-by-2 modeis set. If the clock divider is not used, the maximum CLKI frequency is
25MHz. Thereisno minimum input clock frequency.

A 6.0MHz oscillator (U2, socketed) is provided as the input clock source. However,
depending on the LCD resolution, desired frame rate and power consumption budget, a
lower frequency clock may be required.

A jumper, JP7 is provided to allow CLKI input to be the same as BCLK input, for systems
in which isdesired to use only one clock signal for both BCLK and CLKI.

The bus clock (BCLK) is selectable and can be provided by a 50MHz oscillator (U7,
socketed) or the host CPU (for non-PCI host).
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7 Software

This evaluation board, when used with the PCI Bridge FPGA adapter, requires driversto
work in the 32-bit Windows environment. See the S1ID13XXX 32-Bit Windows Device
Driver Installation Guide, document number X 00A-E-003-xx for more information.

Test utilities and display drivers are also available for the S1D13704. Full source codeis
available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called
13704CFG, or by directly modifying the source. The display drivers can be customized by
the OEM for different panel types, resolutions and color depths only by modifying the
source.

The S1D13704 test utilities and drivers are available from your sales support contact or on
the internet at www.erd.epson.com.
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9 Parts List
Item | Quantity Reference Part Description
1 15 C1-Cl, Cé(23,5C17, C24, 0.1uF, 20%, 50V 1206 pckg., ceramic capacitor
2 1 C12 10uF, 10%, 25V Tantalum capacitor size D
3 2 C22, C18 47uF, 10%, 16V Tantalum capacitor size D
4 3 C19, C20, C21 4.7uF, 10%, 50V Tantalum capacitor size D
5 1 Cc23 56uF, 20%, 35V, Low ESR Electrolytic, radial, low ESR
6 2 C36, C33 33uF, 10%, 20V Tantalum capacitor size D
7 3 C34, C35, C37 68uF, 10%, 10V Tantalum capacitor size D
8 9 C38-C46 0.22uF, 5%, 50V X7R, 1206 pckg
9 2 H2, H1 HEADER 17X2 0.1", 17x2, unshrouded header
10 5 JP1, JP2, JP3, JP4, JP7 |HEADER 3 0.1", 3x1, unshrouded header
11 1 JP5 HEADER 2 0.1", 2x1, unshrouded header
12 1 35 CON40A 0.1", 20x2, 0.025" sq. shrouded
header, center key, t/h
RCD MCI-1812 inductor 1uH MT or
13 1 L1 1uH MSI-1812 1uH MT
14 L2,L3,L4 Ferrite Bead Philips BDS3/3/8.9-4S2
15 Q1 MMBT3906 Generic MMBT3906
16 Q2 MMBT3904 Generic MMBT3904
R1-R6, R10, R11, R33 .
) ) ) ) o
17 13 R36-R39 15K, 5% 1206 resistor
18 R7, R9, R41 OR 1206 resistor, 0 ohms
19 R14 475K, 1% 1206 resistor
20 1 R15 200K Pot. 200K Trlm POT Spectrol 635204T607
or equiv.
21 R16 14K, 1% 1206 resistor
22 R18, R17 10K, 5% 1206 resistor
23 R19, R20, R32 100K, 5% 1206 resistor
24 1 R21 100K Pot. 100K Trlm POT Spectrol 635104T607
or equiv.
25 3 R34, R35, R40 1K, 5% 1206 resistor
26 1 SwWi1i SW DIP-6 6 position DIP switch
27 1 Ul S1D13704
28 1 u2 14-pin DIP socket Machined socket, 14-pin
Fox 6.0MHz oscillator or equiv., 14-pin
29 L vz 6MHz DIP pckg, socketed
30 3 U3,U4,U5 74AHC244 S0-22, TIT4AHC244 or equivalent
31 1 U6 LT1117CM-3.3 Linear Technology 5V t0.3.3V
regulator, 800mA or equiv.
32 1 u7 14-pin DIP socket Machined socket, 14-pin
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Item |Quantity Reference Part Description

Fox 50.0MHz oscillator or equiv., 14-

34 ! u7 S0MHz pin DIP pckg, socketed

35 us 74AHC04/SO SO-14, 74AHC04

36 1 U9 74HCT86/SO SO-14, 74HCT86

37 1 U10 RD-0412 Xentek RD-0412, positive power
supply

38 1 U1l EPNOO1 Xentek EPN001, negative power
supply

39 1 ui4 EPF6016TC144-2 Altera EPF6016TC144-2

40 1 (UNES 8-pin DIP socket Machined socket, 8-pin

41 1 ui15 EPC1441PC8 Altera EPC1441PC8, socketed

42 5 JP1, JP2, JP3, JP4, JP7 |Jumper shunt for 0.1" header
Computer Bracket, Blank - PCI,

43 ! Bracket Keystone - Cat. No. 9203

44 2 Scew Pan Head, #4-40 x 1/4"

S5U13704B00C Rev. 2.0 Evaluation Board User Manual
Issue Date: 2002/09/16

Downloaded from Elcodis.com electronic components distributor

S1
X26A-G

D13704
-014-02


http://elcodis.com/parts/5977136/S1D13704.html

T z T T T v T 5

T
[N Fa | 007 21 159010 "Repsaupem =g

<0 _

Vancouver Design Center

Epson Research and Development

Joquiny wewnoog | _azig]
4D VOOLET SNQ 10d - D00BYOLETNSS
oﬁ_ € ¥3avaH
V0dp2£103S
SSA
- - ssA
OSIOOHVYL = OSwOOHVYL = Son
ssA
SSA
SSA
EQ) avn SSh
aanol aanol
anto anto anto
n ) B
1T - -
OSIOOHVYL = OSwOOHVYL = O aanol
aAzoo = = = =
QaAZH00 ﬁ anto anto anto anto
QanzH00 i) € ) ©
1T 1T - -
v ovn AANIHOD | O AcE
aanol aanol (ud somod 12d T) siowoeded ssed-Ag
———————] 00ld®
[EFES _
[~ paTeindod 10N | IL OSIOOHVYL =
STav 50 ] NALs3L \Tll_l
L - £u3avaH v
" ALIVA s
vaNo 0 & 2 [T M avn
T o T aanol
—a
—E ] N IO z
JRS—C R Y € o8
8 I, £ 3avaH
[ —— sy
z TTLVAdd $OIdO/TTLYAdd #1ISTY |y #1135 sv
z 0T1¥0dH & 7 £0Id9/0TLVAdH
z 61vadd 201d96Lvadd #88 fer (¢ 458 s
z 81v0dH & 5 TOIdO/BLVAd: #ay [ #9822 way s
#oam #0IM s
HTIM [ #TIM s
RINGY [ #UNCS s
s >mosng
staa
STaq
L1vadd 180
T o1vaad €190 [+ v aanol
= S1vadd 2190 =
d 1vadd 180
4] £ivddd oraa T
a z1vadd 680 [ o
T1vadd 290
vasd T 1 oivaas ey s sad
0Ivad saa [0 pi]
T EE]
z (0:1vadd saa
uganere) waa [ 2T 560
faa [T vaa
saa [T T80
z Aada | Aaua Taa [ ]
z 14IHS A3 & LAIHSd 080 |7 ]
z 3N & ENa 08a
z NV LN e
o'stlaa s
€2 MO 5 mdaon 1Ot fost
= R . —
= o
1Ay e
saons e ——
)
otay
4N ¢ ONIISTS g L o9
v: 6av
0 i} ey [ B 6o
7 gl 58
av
5 Pl ) P
2 ¥ sav [ KL
T i )
v g 73
eav [
v L =
ST ST ST ST ST ST Mmu 5T g
o ES] v B S T T o8
—— lootlay Ead
™
aanol
T T z T T T v T 5

10 Schematics

Page 26

Issue Date: 2002/09/16

S5U13704B00C Rev. 2.0 Evaluation Board User Manual

S1D13704B00C Schematics (1 of 5)

Figure 10-1

X26A-G-014-02

S1D13704
Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Epson Research and Development Page 27
Vancouver Design Center

E) T ) 3 [ T <
B
—
1
£
8 K
alzz H 3
Sl138 S E
S5 H E
° 9
In g E
" g
— 5 .
3 E
3
§
o
N
EENE
2l | |28 PR PP E
EREEE 2
1A £

I i ‘ sazany i

BEPLINE
BEPFRAME

SELECTABLE 3.3V / 5.0V COLORIMONO LCD CONNECTOR

ssesgees ge sugssges 8o S8SEEs ge
HHHHHHHH ez nannaaaa 9% Znunnraaa 93
§ § §
B B ]
g g 2
o 3 = 3 u 3
o 3 203 &8 N o
I
13| il
AR AR
o w 9
027 E wi g
gecd I
Tk Ix28 3
5883 FL5E g
2gge 283% 9
[ 3333 e&kE
P4
i
2 N
[ A < g3
§ 3
id Plog2
Q aa
e 88
£b 27
) b 23
£ b @
g o ~ o
3
g A
£ 8
H g
a 9
< 9 3 > <|
I o
g
‘ —|*H||
'
| 2
& -
5 3
2 B
H — o o H
g <l cav ||.
3
9
4z
P EE
o o
H
83
% 2
&
S
) T 5} T [ T <

Figure 10-2: S1D13704B00C Schematics (2 of 5)

S5U13704B00C Rev. 2.0 Evaluation Board User Manual S1D13704
Issue Date: 2002/09/16 X26A-G-014-02

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Epson Research and Development

Page 28

Vancouver Design Center

T I z T T T B T S
T I | TO0E T TS070 eSS EE
ot <0a> | @ = = =
8 Jaquiny wawnsoq |z
sayddng Jamod 0271 :Sn4 19d- J00BYOLETNSS OSIBLOHYL = Os/9BLOHYL = OSI9BLOHYL =
] TJ'@ JIQ
As+ NS+ NG+ =
AV "
90NSd O T—0 A5+
€
10d %001 AAN0ISd Oz AAAST—0 danol
ws3mot nseinos [+ T2 a1
0 TN
vOGELBNIN
) Aotz S
aon o 2 ¥
20nsd
oo LSS i _m—ﬂ
ozy 9 9 zzzz 00 < 99
00t 01 8 & 3388 22 & 88
M ony b o 85 ¢ G
- N
S S H
20ns:
ot ToONT
aosetann \| 0
£ T
x AL
aanSisd
ST
T “
@ MG osiaLOHYL
K wmaaon 2T
AT g ravo .
104 5002
BN
osiansy e osianzy e nosranzy e
o T 02 ¥ 610 ~L novany
T 10 s+
sl
Hot T
HAOA © A +—0 09nsd
m _ﬂ ¢ EbRbEEE *
o < z 000000Q 2 T
8 5 & 2222222 7 B8
D < [SASACACACRCRS] = 2
o S 3 =
El m -
TR
omn
T T z T T T B T S

Figure 10-3: S1D13704B00C Schematics (3 of 5)

S5U13704B00C Rev. 2.0 Evaluation Board User Manual

S1D13704

Issue Date: 2002/09/16

X26A-G-014-02

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Page 29

Epson Research and Development

Vancouver Design Center

T T T I 2 I S
T 2 eiE | 00 7T 1500150 TepSIUpom e
ot <000> 8
= 15qunN WawIN20g oz
10123UU0D SN 1SOH 8N [0 - D00RYOLETNSS
anl

2z uid vid 01 95019 898 Id

293 19 uid g10d 01 95019 898 Id

9% g ud gpd 01 85010 90E g

Aot ngg L nozres | novnes | notnes L
180 H‘ 980 T 0 H‘ veo 7
p netr Ao N
= a10d v-10d =
Ao+ Ag+
Ao+ s+
=  our¥aavm = 01 wrosiov avodaw [
—d e e o—x ] onar onne o
ST #a x® 1 108 T L oav
ST #sa 0 ez £ wamay st Tav ano zav 0av
8z @ el eav ano cav
= sp—] o sav vav -
x—qr  fj—x > e sav [ 7
“—qdz 1wl o Lav neer [ s °av
oz 6o 9T8Y. L sav #0380 #0380
STav a vTav 5av
£18Y. v €T <18V, = N 60V [
110y 2t 113 111314 T rig orav ano T 6av
eav L do 6 jo— v o | zrav tiav [ 7 o
8 L T aNo etav [0
L8V 9 s 98V o viav rees Loy £1av
S8Y v € Yav #1381 rIav | #1380 stav [
£8v z T 2av ] AEE avd L S1av. uvd
T8y =T 08y #4y3S 2 #AU3S ans 2
Q o S reEr woas [ 725
A+ Ase #u3d] T #ad 3NOTS [ e
o] #1001 neer [0 %
) 07I8Y ST T ane #doLS #dols
0:9tlav. #13SA30 #13SA30 ans
o nee HAQML #AQUL
#AqHI o #AaH ans [
o ano v [ AV
wz3er #2380 neer [0
L Ltav otav
a1 ey NEE 810v | v
- e1av ano
= L1272 T wav ozav [ 7
L TZav oo v e
Aoz nge 57| ceav reee [ ZZav
g0+ #€38)1 £eay T #E38/0 a3sal J3sal
] ree- veav
e 7 szav ANO [ veav
e Seqv T Lzav 9zav
Leav ano szav mwmu
ezav reer
= ) ooy
= s
=  oury3qva = H ano ano [T
aaroip e e o #Tam s N o o o L5
“—qzE 1 T‘MM #50 s H ano sy 27 w15
ST #LVM e 62 o #03M ST N 3N QNS [
&
L do  szjo— .
| dw e #1353y st zrinSHd aanuasas |
z | aanasay onne [
S180 oz et Y180 ~—— TiNsHd aanuzsay [
etad b der 2T jo—eg zrea ] o s+
o a1 —p] N s [T
118 vT £1 orag As+ AN Ly
680 b deoao mo—4 88a ns+ As+
o 6 >—p oaL o [7
480 8 Lo 98a ane SWL [
B L do s fo— vea X—g] 0L 2T+
v € et #1SUL
50 v ¢ 750 ] T
18a 08a =} 1810d TVIOd =
™ 1S 2SH N S
et Adt
lostaa st ) S
ToSTaa s K
3 I I I v I S

Figure 10-4: S1D13704B00C Schematics (4 of 5)

S1D13704
X26A-G-014-02

S5U13704B00C Rev. 2.0 Evaluation Board User Manual

Issue Date: 2002/09/16

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Page 30 Epson Research and Development
Vancouver Design Center

B T T 3 © T <
B
b
33
io—”—'h- o
> S o g 8=
’ >
3 S o
| i z o so—Hir o
|l
J g - -
w 3o . s ]
Qoo c H]
00328 8 g
ge25(8 S go—{Hr So—{HIr g |
e |l ® M 2 ] E
i s & K
o 2% L8 2 5 <3 i &
RS g g ] 8 K 3|
5| 5848|5 % 88 . &8 2 3
8 8 el |3
BREE < 3 @ > | v |8 °}
N @ g 9 |2
] o h gE |3
- g8 12 |3
w 3 2 E A E
3 2233 88 g R 5|2
N Go—ANV 385¢ 8 . o5 g [5s 2
] 3 S B g |58
gx ¥ ¢
r B
Fo—AAn 3 FERPPRF
- K1 3 =
wl g a
B
sees wwes % H
3 1 3 o
BRI ME R BE ] 3
2yl FEREREE
EEEE F/ |
4353
BEEE 2%
o 2 i 3z28 3 2 o i o
E 28 ¢
S
g .
28 3
&
2 % |
4 E Al °
5% 3
28 2
5
85 Al < e
g8 g -
8% 5
W\-—|||- 22 = g
gV S
I Il' @ L
¢
T
\
( \
ul 4444 34 § 8|3|5]
y EEEEREERE: 229
8
Y I
o Is| |
4 i 8 1
9 g E 44
E = £ EEEEEEE dddddd 4444 4
ElE g EEEEEEEEEEEEEEEEEEEE
o g g o
3 5 Sw8ECE28858838528088588323888R8EORER
] G854 85z55888238388252°8885888888585260066
orsg—or] sor0® 88§ Z 2088 EEE2222 $5 °28pogoeRe §86000
\TET—Tr OFI0! u' ol | o
] 11101 z o0 [
ST 21101 8 6901 [ o2 -
cti0l 8901
¥reo—Tr| oTT
ULLLE o] 2901 [ 72 ki
Yrer—rr] S11O! 9901 e T
Yre—orr] 910! S901 e =TT
e ]
T v T
o 61101 2901 [ 7
oztol teor 77
H ] 1eon ocor [ L
zz101 6501
T
o
8
g
v
T
< Tav .
ToT
vea
T
toT
vea
av
<[ o< 2|3(& 8I5[8
EEE EEE g5
N 2O b
<
o bdimsssissEas
5 333 58 EE
. g GEiisEgciisgy
x 2 2 288zRRopEE 2o
3 2 g 0~0g=Fz%awn OO
3 2 2 i
= T ) L o I <

Figure 10-5: S1D13704B00C Schematics (5 of 5)

S1D13704 S5U13704B00C Rev. 2.0 Evaluation Board User Manual
X26A-G-014-02 Issue Date: 2002/09/16

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Epson Research and Development
Vancouver Design Center

Page 31

11 Board Layout

Ynm frondd
25 68865863 e
(044
JP3 o
T = B
w1
U T, o}
o o O

% o RO
(S —
ci7 c7
L
§B % @8@ .

~
~
Q

L
J—‘ ’_‘:Pfa
QU Uu

SEIKO EPSON CORPORATION
WWW.ERD.EPSON.COM

S5U13704/5B00C REV. 2.0
© 2001

— Rao[_ :D

C43

Cc40

C44
U4

T
ZL © [Fas] © Gl
F RO e Tl
B% 2 3 3 QQ&ﬁRm u1o ’—‘ §
8 o Ui [ “ris
DLCDVCCJM Lo U S
© o C °°
OBEQ fovon . - ’—”—‘
voow T L
e °
JJWD::ICW u m EU:|
9 o u C c19:|
Il ©
L1 1 o o
L2 L3 L4

uis

S5U13704B00C Rev. 2.0 Evaluation Board User Manual

Issue Date: 2002/09/16

Downloaded from Elcodis.com electronic components distributor

S1D13704
X26A-G-014-02


http://elcodis.com/parts/5977136/S1D13704.html

Page 32 Epson Research and Development
Vancouver Design Center

12 Technical Support

12.1 EPSON LCD Controllers (S1D13704)

Japan
Seiko Epson Corporation

Electronic Devices Marketing Division

421-8, Hino, Hino-shi
Tokyo 191-8501, Japan
Tel: 042-587-5812

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

Hong Kong

Epson Hong Kong Ltd.
20/F., Harbour Centre

25 Harbour Road
Wanchai, Hong Kong

Tel: 2585-4600

Fax: 2827-4346
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://www.eea.epson.com/

Europe

Epson Europe Electronics GmbH
Riesstrasse 15

80992 Munich, Germany

Tel: 089-14005-0

Fax: 089-14005-110
http://lwww.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://www.epson.com.sg/
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1 Introduction

This application note describes the hardware and software environment required to provide an
interface between the S1D 13704 Embedded Memory Color Graphics LCD Controller and the
Toshiba MIPS TX3912 Processor.

For further information on the S1D13704, refer to the S1D13704 Hardware Functional Specifi-
cation, document number X26A-A-001-xx.

For further information on the TX3912, contact Toshiba or refer to the Toshiba website under
semiconductors at http://www.toshiba.com/taec/nonflash/indexproducts.html.

For further information on the ITE IT8368E, refer to the IT8368E PC Card / GPIO Buffer Chip
Soecification.

1.1 General Description

The Toshiba MIPS TX 3912 processor supports up to two PC Card (PCMCIA) dlots. It is through
this host bus interface that the S1D13704 connects to the TX3912 processor.

The S1D13704 can be successfully interfaced using one of two configurations:

« Direct connection to TX3912 (see Section 2, “ Direct Connection to the Toshiba TX3912" on
page 8).

» System design using one ITE IT8368E PC Card/GPIO buffer chip (see Section 3, “ System
Design Using the ITE IT8368E PC Card Buffer” on page 10).

Interfacing to the Toshiba MIPS TX3912 Processor S1D13704
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2 Direct Connection to the Toshiba TX3912

2.1 General Description
In this example implementation, the S1D13704 occupies the TX3912 PC Card slot #1.
The S1D13704 iseasily interfaced to the TX3912 with minimal additional logic. The address bus of
the TX3912 PC Card interface is multiplexed and can be demultiplexed using an advanced CMOS
latch (e.g., 74ACT373). Thedirect connection approach makes use of the S1D13704 inits“ Generic

Interface #2” configuration.

The following diagram demonstrates a typical implementation of the interface.

S1D13704
+3.3V
812 T |10 Vpp, CORE Vpp
RD* » RD#
WE* » WE#

CARDI1CSL*

CARD1CSH* o BHE#
IOVppr | BSH#
10Voor | RD/WR#

ENDIAN System RESET —» RESET#
%77 Latch
ALE N L) > Cst
A[12:0] * » » AB[15:13]
T » AB[12:0]
D[31:24] » DBJ[7:0]
D[23:16] » DB[15:8]
Voo pull-up
CARD1WAIT* _1 WAIT#
DCLKOUT See text CLKI
—>
» Clock divider ——» O Oscillator » BCLK

Figure 2-1: S1D13704 to TX3912 Direct Connection

The“Generic #2" host interface control signals of the S1D13704 are asynchronous with respect to
the S1D13704 bus clock. This gives the 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.

e maximum S1D13704 clock frequencies.

The S1D13704 aso hasinternal clock dividers providing additional flexibility.
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2.2 Memory Mapping and Aliasing

The S1D13704 requires an addressing space of 64K bytes. The on-chip display memory occupies
the range O through 9FFFh. The registers occupy the range FFEOh through FFFFh. The TX3912
demultiplexed addresslines A16 and above areignored, thusthe S1D13704 is aliased 1024 times at
64K byte intervals over the 64M byte PC Card slot #1 memory space. In this example
implementation, the TX3912 control signal CARDREG* isignored, the S1D13704 also takesup the
entire PC Card slot 1 configuration space.

Note
If dliasing is undesirable, additional decoding circuitry must be added.

2.3 S1D13704 Configuration and Pin Mapping

The S1D13704 is configured at power up by latching the state of the CNF[4:0] pins. Pin BS# also
playsarolein host businterface configuration. For details on configuration, refer to the S1D13704
Hardware Functional Specification, document number X26A-A-001-xx.

The table below shows those configuration settings relevant to the direct connection approach.

Table 2-1: S1D13704 Configuration for Direct Connection

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

I:l = configuration for Toshiba TX3912 host bus interface

When the S1D13704 is configured for “ Generic #2” interface, the host interface pins are mapped as
in the table below.

Table 2-2: S1D13704 Generic #2 Interface Pin Mapping

Pin Name Pin Function

WE1# BHE#

BS# Connectto 10 Vpp

RD/WR# | Connectto 10 Vpp

RD# RD#

WEO# WE#
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3 System Design Using the ITE IT8368E PC Card Buffer

If the system designer uses the ITE IT8368E PC Card and multiple-function I/O buffer, the
S1D13704 can beinterfaced so that it 'shares' a PC Card dot. The S1D13704 is mapped to ararely-
used 16M byte portion of the PC Card slot buffered by the IT8368E. This makes the S1D13704
virtually transparent to PC Card devices that use the same slot.

3.1 Hardware Description

The ITE8368E has been specially designed to support EPSON LCD controllers. The ITE I T8368E
provides eleven Multi-Function | O pins (MFIO). Configuration registers may be used to allow these
MFIO pins to provide the control signals required to implement the S1D13704 CPU interface.

The TX3912 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.

S1D13704
+3.3V
TX3912 10 VDD' CORE VDD
HA[12:0] » AB[12:0]
ENDIAN ?7 » AB[15:13]
HD[31:24] l« » DBJ[7:0]
HD[23:16] |« » DB[15:8]
System RESET —» RESET#
Vop pull-up
CARDXWAIT* l¢ -l WAIT#
DCLKOUT See text
or — CLKI
IT8368E » Clock divider > Oscillator » BCLK
LHA[23]/MFIO[10] » WELl#
LHA[22]/MFIO[9] » WEO#
LHA[21]/MFIO[8] » RD1#
LHA[20)/MFIO[7] » RDO#
LHA[19])/MFIO[6] » CS#
LHA[15:13]/
MFIO[2:0] BS#

Figure 3-1: S1D13704 to TX3912 Connection Using an I T8368E
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The“Generic #1” host interface control signals of the S1D13704 are asynchronous with respect to
the S1D13704 bus clock. This gives the system designer full flexibility to choose the appropriate
source (or sources) for CLK I 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 S1D13704 respective clock frequencies. Also, internal
S1D13704 clock dividers provide additional flexibility.

3.2 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 S1D13704 host bus interface, and a 16M byte portion of the system
PC Card attributeand 10 spaceisall ocated to addressthe S1D13704. When accessing the S1D 13704
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 3-1: “S1D13704 to TX 3912 Connection Using an IT8368E,” on page 10. For further
information on the IT8368E, refer to the ITB368E PC Card/GPIO Buffer Chip Specification.

Note
When a second I T8368E is used, that circuit should not be set in VGA mode.

Interfacing to the Toshiba MIPS TX3912 Processor S1D13704
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3.3 Memory Mapping and Aliasing

When the TX 3912 accesses the PC Card slots without the ITE IT8368E, its system memory is
mapped asin Table 3-1:, “TX3912 to Unbuffered PC Card Slots System Address Mapping”.

Note

Bits CARD1IOEN and CARD2IOEN need to be set in TX3912 Memory Configuration
Register 3.

Table 3-1: TX3912 to Unbuffered PC Card Slots System Address Mapping

. Function Function
TX3912 Address Size (CARDNIOEN=0) (CARDNIOEN=1)
0800 0000h 64M byte Card 1 Attribute Card 110
0CO00 0000h 64M byte Card 2 Attribute Card 210
6400 0000h 64M byte Card 1 Memory
6400 0000h 64M byte Card 2 Memory

When the TX 3912 accessesthe PC Card dots buffered through the I TE I T8368E, bits CARD1IOEN
and CARD2IOEN are ignored and the attribute/lO space of the TX3912 is divided into Attribute,
1/0 and S1D13704 access. Table 3-2:, “TX3912 to PC Card Slots Address Remapping Using the
IT8368E" provides all details of the Attribute/l O address reallocation by the IT8368E.

Table 3-2: TX3912 to PC Card Slots Address Remapping Using the IT8368E

IT8368E Uses PC Card Slot # TX3912 Address Size Function
0800 0000h 16M byte Card 110
1 0900 0000h 16M byte S1D13704 (aliased 256 times at 64K byte intervals)
0A00 0000h 32M byte Card 1 Attribute
6400 0000h 64M byte Card 1 Memory
0C00 0000h 16M byte Card 210
: 0DO00 0000h 16M byte S1D13704 (aliased 256 times at 64K byte intervals)
OE00 0000h 32M byte Card 2 Attribute
6800 0000h 64M byte Card 2 Memory
S1D13704 Interfacing to the Toshiba MIPS TX3912 Processor
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3.4 S1D13704 Configuration

The S1D13704 is configured at power up by latching the state of the CNF[4:0] pins. Pin BS# also
playsarolein host businterface configuration. For details on configuration, refer to the S1D13704
Hardware Functional Specification, document number X26A-A-001-xx.

The table below shows those configuration settings relevant to this specific interface.

Table 3-3: SID13704 Configuration Using the ITS368E

S1D13704 Value hard wired on this pin is used to configure:
Configuration
Bin 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

When the S1D13704 is configured for “ Generic #1” interface, the host interface pins are mapped as

in the table below.
Table 3-4: S1D13704 Generic #1 Interface Pin Mapping
Pin Name | Pin Function
WE1# WE1#
BS# connect to Vgg
RD/WR# RD1#
RD# RDO#
WEO# WEO#
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4 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13704. Full source
code isavailable 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 S1D13704 test utilities and Windows CE v2.0 display drivers are available from your sales
support contact or www.erd.epson.com.

S1D13704 Interfacing to the Toshiba MIPS TX3912 Processor
X26A-G-004-02 Issue Date: 01/02/12

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

EPSON Research and Development

Vancouver Design Center

Page 15

5 Technical Support

5.1 EPSON LCD Controllers (S1D13704)

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

Fax: 089-14005-110

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

Fax: 2827-4346

5.2 Toshiba MIPS TX3912 Processor

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

http://www.toshiba.com/taec/nonflash/indexproducts.html

5.3 ITEIT8368E

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
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1 S1D13704 Power Consumption

S1D13704 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 S1D13704. The higher CLK is, the higher the
frame fate, performance, and power consumption.

» CPU interface: the S1D13704 current consumption depends on the BUSCLK fregquency, data
width, number of toggling pins, and other factors — the higher the BUSCLK, the higher the CPU
performance and power consumption.

* Vpp Voltagelevels (Core and 10): the voltage level of the Core and 1O sectionsin the S1D13704
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 S1D13704: Software and Hardware Power Save. The power
consumption of these modes is 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. Aninactive bus (e.g. BUSCLK = low, Addr =low etc.)
reduces overall system power consumption.

e CLKI state during Power Save: disabling the CLKI during Power Save has substantial power
savings.

Power Consumption S1D13704
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1.1 Conditions

Table 1-1: “S1D13704 Total Power Consumption” below gives an example of a specific
environment and its effects on power consumption.

Table 1-1: S1D13704 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 | 5.29mW | 0.3mW | 5.59mW
LCD Panel = 320x240 4-bit Single 4 Gray Shades | 6.86mW | 0.43mW | 7.29mW | 1.58mw?! | 1.19mw?
Monochrome 16 Gray Shades | 8.15mW | 0.55mW | 8.70mwW
Input Clock = 6MHz 2 Colors 6.82mwW | 1.13mW | 7.95mW
LCD Panel = 320x240 4-bit Single Color | 4 Colors 7.58mW | 2.29mW | 9.86mW | 1.58mw? 1.19mwW?2

16 Colors 8.98mW | 2.25mW | 11.23mW

Input Clock = 25MHz
LCD Panel = 640x480 8-hit Single Black-and-White | 21.38mW | 0.92mW | 22.30mW | 3.09mW! | 2.71mw?
Monochrome
Input Clock = 25MHz 1 2
LCD Panel = 640x480 8-bit Single Color 2 Colors 23.66mW | 2.40mW | 26.07mW | 3.09mW 2.71mwW
Input Clock = 25MHz
LCD Panel = 640x480 8-bit Dual Black-and-White | 20.93mW | 0.88mW | 21.81mW | 3.09mW! | 2.71mw?
Monochrome
Input Clock = 25MHz
LCD Panel = 640x480 8-bit Dual Color | 2 Colors 23.78mW | 1.93mW | 25.72mW | 3.09mw? 2.71mw?2
Input Clock = 25MHz
LCD Panel = 640x480 9-bit TFT 2 Colors 16.48mW | 8.07mW | 24.55mW | 3.09mW?! | 2.71mw?

Note

1. Conditionsfor Software Power Save:
« CPU interface active (signals toggling)
* CLKI active

2. Conditions for Hardware Power Save:
« CPU interface inactive (high impedance)
* CLKI active
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2 Summary

The system design variablesin Section 1, “ S1D13704 Power Consumption” and in Table 1-1:
“S1D13704 Total Power Consumption” show that S1D13704 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 S1D 13704 can be configured to be an extremely power-efficient
LCD Controller with high performance and flexibility.
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1 Introduction

This application note describes the hardware required to provide an interface between the
S1D13704 Embedded Memory LCD Controller and the M otorola M C68328 “ Dragonbal |
Microprocessor. By implementing a dedicated display refresh memory, the S1D13704 can
reduce system power consumption, improve image quality, and increase system perfor-
mance 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 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
techpubs@erd.epson.com.
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2 Interfacing to the MC68328

2.1 The MC68328 System Bus

The MC68328 is an integrated controller for handheld products, based upon the

M C68EC000 microprocessor core. It implementsa 16-bit databusand a32-bit addressbus.
The bus interface consists of al the standard M C68000 bus interface signals, plus some
new signals intended to simplify the task of interfacing to typical memory and peripheral
devices.

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 atypical memory device.

The S1D13704 implements the MC68000 bus interface using its “M C68K #1" mode, so
this mode may be used to connect the MC68328 directly to the S1D13704 with no glue
logic. However, several of the MC68000 bus control signals are multiplexed with 10 and
interrupt signals on the MC68328, and in many applications it may be desirable to make
these pins available for these alternate functions. This reguirement may be accommodated
through use of the Generic #1 interface mode on the S1D13704.

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 O through 6 wait states internally, or allow the memory or periphera 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 aboot EPROM device. Groups C and D have a minimum block
size of 4K hytes, so they are well-suited to controlling peripheral devices. Chip select D3
is associated with the MC68328 on-chip PCMCIA control logic.
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3 S1D13704 Host Bus Interface

This section isasummary of the host bus interface modes available on the S1D13704 and
offers some detail on the Generic #1 and MC68K #1 host bus interfaces that may be used
to implement the interface to the M C68328.

3.1 Bus Interface Modes

The S1D13704 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. Six businterface modes are supported:

Hitachi SH-4.
Hitachi SH-3

Motorola M C68000 (using Upper Data Strobe/L ower Data Strobe).
Motorola M C68020/M C68030/M C683xx (using Data Strobe/DSA CKXx).
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).

The S1D13704 latches CNF[2:0] and BS# to allow selection of the host businterface on
the rising edge of RESET#. After releasing reset, the bus interface signals assume their
selected configuration. The following table shows the functions of each host bus interface

signal.
Table 3-1: Host Bus Interface Pin Mapping
:iD’\T:;Oe‘; SH-3 SH-4 MC68K #1 MC68K #2 Generic #1 Generic #2
ABJ[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1]
ABO A0 A0 LDS# A0 A0 A0
DB[15:0] D[15:0] D[15:0] D[15:0] D[31:16] D[15:0] D[15:0]
WE1# WE1# WE1# UDS# DS# WE1# BHE#
CS# CSn# CSn# External Decode | External Decode | External Decode | External Decode
BCLK CKIO CKIO CLK CLK BCLK BCLK
BS# BS# BS# ASH ASH 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 SIz0 WEOQ# WE#
WAIT# WAIT# RDY# DTACK# DSACK1# WAIT# WAIT#
RESET# RESET# RESET# RESET# RESET# RESET# RESET#
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Two other configuration options (CNF[4:3]) are also made at time of hardware reset:
« endian mode setting (big endian or little endian).
* polarity of the LCDPWR signal.

The capability to select the endian mode independent of the host bus interface offers more
flexibility in configuring the S1D13704 with other CPUs.

For details on configuration, refer to the SID13704 Hardware Functional Specification,
document number X 26A-A-001-xXx.

3.2 Generic #1 Interface Mode

Generic #1 interface mode is the most genera and least processor-specific interface mode
on the S1D13704. The Generic # 1 interface mode was chosen for this interface due to the
simplicity of itstiming.

The interface requires the following signals:

* BUSCLK isaclock input which is required by the S1D13704 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 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-hit 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 sel ect the proper
IO 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 S1D13704. These signals
must be generated by external hardware based on the control outputs from the host CPU.

* 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 S1D13704. These signals
must be generated by external hardware based on the control outputs from the host CPU.

 WAIT#isasignal output from the S1D13704 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 S1D13704 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the S1D13704 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.

e The Bus Status (BS#) signal is not used in the bus interface for Generic #1 mode.
However, BS# is used to configure the S1D13704 for Generic #1 mode and should be
tied low (connected to GND).
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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
S1D13704. It isseparate from the input clock (CLKI) and istypically driven by the host
CPU system clock.

The address inputs AB1 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 linesto select the proper
1O or 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 S1D13704. These must

be generated by external decode hardware based upon the control outputs from the host
CPU.

RD/WR# is the read/write signal that is driven low when the CPU writes to the
S1D13704 and is driven high when the CPU is doing a read from the S1D13704. This
signal must be generated by external decode hardware based upon the control output
from the host CPU.

WAIT#isasigna which isoutput from the S1D13704 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 13704 may occur asynchronously to the display update, it is
possible that contention may occur in accessing the S1D13704 internal registers and/or
refresh memory. The WAIT# line resolves these contentions by forcing the host to wait
until the resource arbitration is complete.

The Bus Status (BS#) signal indicates that the address on the address busisvalid. This
signal must be generated by external decode hardware based upon the control outputs
from the host CPU.

The WEO# signal is not used in the bus interface for MC68K #1 and must be tied high
(tled to 10 VDD)'
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4 MC68328 To S1D13704 Interface

4.1 Hardware Description

Theinterface between the MC68328 and the S1D13704 can be implemented using either

the MC68K #1 or Generic #1 host bus interface of the S1D13704.

4.1.1 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
asbus control pins, then the S1D13704 interface isastraightforward implementation of the
“MC68K #1" host businterface. For further information on this host businterface, refer to

the SLD 13704 Hardware Functional Specification, document number

X26A-A-001-xx.

The following diagram shows atypical implementation of the MC68328 to S1D13704
using the MC68K #1 host bus interface.

MC68328

A[15:0]

S1D13704

D[15:0]

CSB3

DTACK

<
o
o

o

470

AS

ubs

LDS

R/W

CLKO

Vce

RESET

L

i

AB[15:1]

DB[15:0]
cs#

WAIT#
BS#
WE1#

ABO

RD/WR#
RD#

BUSCLK

RESET#

Figure 4-1: Typical Implementation of MC68328 to S1LD13704 Interface - MC68K #1
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4.1.2 Using The Generic #1 Host Bus Interface

If UDS and/or LDS are required for their alternate 10 functions, then the MC68328 to
S1D13704 interface may be implemented using the S1D13704 Generic #1 host bus
interface. Note that in either case, the DTACK signal must be made available for the
S1D13704, 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
MC68328 architecture. A single resistor is used to speed up the rise time of the WAIT#
(DTACK) signal when

terminating the bus cycle.

The following diagram shows a typical implementation of the MC68328 to S1D13704
using the Generic #1 host bus interface.

MC68328 S1D13704
A[15:0] AB[15:0]
D[15:0] DB[15:0]

CSB3 cSs#
Vcc
470
DTACK { WAIT#
UWE WE1#
LWE WEO#
OE RD/WR#
RD#
CLKO BUSCLK
RESET RESET#

Figure 4-2: Typical Implementation of MC68328 to SLD13704 Interface - Generic #1
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4.2 S1D13704 Hardware Configuration

The S1D13704 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 S1D13704 Hardware
Functional Specification, document number X26A-A-001-xx for details.

The tables below show those configuration settings important to the MC68K #1 and
Generic #1 host businterfaces.

Table 4-1: Summary of Power-On/Reset Options

S1D13704 | value on this pin at the rising edge of RESET# is used to configure: (1/0)

Pin Name 0 1
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 MC68328 support

Table 4-2: 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

4.3 MC68328 Chip Select Configuration

The S1D13704 requires a 64K byte address space for the display buffer and itsinternal
registers. To accommodate this block size, it is preferable (but not required) to use one of
the chip sdlects from groups A or B. Virtually any chip select other than CSAO or CSD3
would be suitable for the S1D13704 interface.

In the example interface, chip select CSB3 is used to control the S1D13704. A 64K byte
address space is used with the S1D13704 control registers mapped into the top 32 bytes of
the 64K byte block and the 40K 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, and the WAIT field
(Wait states) should be set to 111b to allow the S1D13704 to terminate bus cycles exter-
nally.
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13704. 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
13704CFG, 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 S1D13704 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.erd.epson.com.
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7 Technical Support

7.1 EPSON LCD Controllers (S1D13704)

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 MC68328 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 provide an interface between the
S1D13704 Embedded Memory LCD Controller and the NEC Vr4102 Microprocessor
(uPD30102). The NEC Vr4102 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 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
techpubs@erd.epson.com.
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2 Interfacing to the NEC VR4102

2.1 The NEC VR4102 System Bus

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, the VR4102 offersahighly
integrated solution for portabl e systems. This section isan overview of the operation of the
CPU bus to establish interface requirements.

2.1.1 Overview

The NEC VR4102 is designed around the RISC architecture developed by MIPS. This
microprocessor is designed around the 66MHz VR4100 CPU core which supports 64-hit
processing. The CPU communicates with the Bus Control Unit (BCU) with itsinternal
SysAD bus. The BCU inturn communicates with external deviceswithits ADD and DAT
buses that can be dynamically sized to 16 or 32-bit operation.

The NEC VR4102 has direct support for an external LCD controller. Specific control
signals are assigned for an external LCD controller that provide an easy interface to the
CPU. A 16M byte block of memory is assigned for the LCD controller with its own chip
select and ready signals available. Word or byte accesses are controlled by the system high
byte signal, SHB#.
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2.1.2 LCD Memory Access Cycles

Figure 2-1: “NEC VR4102 Read/Write Cycles,” on page 9 showsthe read and write cycles
to the LCD Controller Interface.

Once an addressin the LCD block of memory is placed on the external address bus,
ADD[25:0], the LCD chip select, LCDCS#, isdriven low. Theread or writeenablesignals,
RD# and WR#, are driven low for the appropriate cycleand LCDRDY isdriven low to
insert wait statesinto the cycle. The high byte enableisdriven low for 16-bit transfersand
high for 8-bit transfers.

TCLK M
ADD[25:0] >< VALID ><

SHB#

LCDCS#

WR#,RD#

D[15:0] VALID ><

(write)

D[15:0] Hi-Z Hiz

(read) ) VALID

LCDRDY

Figure 2-1: NEC VR4102 Read/Write Cycles
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3 S1D13704 Host Bus Interface

This section is a summary of the host bus interface modes available on the S1D13704 and
offers some detail on the Generic #2 host bus interface used to implement the interface to
the VR4102.

3.1 Bus Interface Modes

TheS1D13704 implementsa 16-bit interfaceto the host microprocessor which may operate
in one of several modes compatible with most of the popular embedded microprocessor
families. Six bus interface modes are supported:

Hitachi SH-4.
Hitachi SH-3

M otorola MC68000 (using Upper Data Strobe/L ower Data Strobe).
M otorola M C68020/M C68030/M C683xx (using Data Strobe/DSA CKx).
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).

The S1D13704 latches CNF[2:0] and BS# to alow selection of the host bus interface on
the rising edge of RESET#. After releasing reset, the bus interface signals assume their
selected configuration. The following table shows the functions of each host bus interface

signal.
Table 3-1: Host Bus Interface Pin Mapping
F?I::']D’j':;oei SH-3 SH-4 MC68K #1 MCG68K #2 Generic #1 Generic #2
AB[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1]
ABO A0 A0 LDS# A0 A0 A0
DB[15:0] D[15:0] D[15:0] D[15:0] D[31:16] D[15:0] D[15:0]
WE1# WE1# WE1# UDS# DS# WE1# BHE#
CS# CSn# CSn# External Decode | External Decode | External Decode | External Decode
BCLK CKIO CKIO CLK CLK BCLK BCLK
BS# BS# BS# ASH ASH connect to Vgg | connect to 10 Vpp
RD/WR# RD/WR# RD/WR# R/W# R/W# RD1# connectto 10 Vpp
RD# RD# RD# connectto 10 Vpp SIz1 RDO# RD#
WEO# WEO# WEO# connect to 10 Vpp SIZ0 WEO# WE#
WAIT# WAIT# RDY# DTACK# DSACK1# WAIT# WAIT#
RESET# RESET# RESET# RESET# RESET# RESET# RESET#
S1D13704 Interfacing to the NEC VR4102™ Microprocessor
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Two other configuration options (CNF[4:3]) are also made at time of hardware reset:
« endian mode setting (big endian or little endian).

* polarity of the LCDPWR signal.

The capability to select the endian mode independent of the host bus interface offers more
flexibility in configuring the S1D13704 with other CPUs.

For details on configuration, refer to the SID13704 Hardware Functional Specification,
document number X 26A-A-001-xXx.

3.2 Generic #2 Interface Mode

Generic #2 interface mode is agenera and non-processor-specific interface mode on the
S1D13704. The Generic # 2 interface mode was chosen for this interface due to the
simplicity of itstiming and compatibility with the VR4102 control signals.

The interface requires the following signals:

» BUSCLK isaclock input which synchronizes transfers between the host CPU and the
S1D13704. It is separate from the input clock (CLKI) and istypically driven by the host
CPU system clock.

» The addressinputs 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 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 linesto select the proper
1O or memory address space.

» WE1# is the high byte enable for both read and write cycles and WEG# 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, to be driven low when the host CPU is
reading data from the S1D13704. RD# must be generated by external decode hardware
based upon the control outputs from the host CPU.

* WAIT#isasigna which isoutput from the S1D13704 to the host CPU that indicates
when dataisready (read cycle) or accepted (write cycle) on the host bus. Since host
CPU accesses to the S1D 13704 may occur asynchronously to the display update, it is
possible that contention may occur in accessing the 13704 internal registers and/or
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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#) and Read/Write (RD/WR#) signas are not used in the bus inter-
face for Generic #2 mode. However, BS#is used to configure the S1D13704 for
Generic #2 mode and should be tied high (connected to 1O Vpp). RD/WR# should also
be tied high.
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Page 13

4 VR4102 to S1D13704 Interface

4.1 Hardware Description

The NEC Vr4102 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, only one inverter is required to change the polarity of the
system reset signal to active low. A pull-up resistor is attached to WAIT# to speed up its
rise time when terminating a cycle.

The following diagram shows atypical implementation of the VR4102 to S1D13704

interface.

NEC VR4102 S1D13704
WR# WEO#
SHB# WE1#
RD# RD#

LCDCS# CS#
Pull-up
LCDRDY WAIT#
RSTOUT > RESET#
ADD[15:0] AB[15:0]
DATA[15:0] DB[15:0]
BUSCLK BUSCLK
Vce
T BS#
Vce
T RD/WR#

Figure 4-1: Typical Implementation of VR4102 to S1D13704 Interface
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4.2 S1D13704 Hardware Configuration

The S1D13704 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 S1D13704 Hardware
Functional Specification, document number X26A-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
CNF4 Active low LCDPWR signal Active high LCDPWR signal

I:l = configuration for NEC VR4102 support

Table 4-2: Host Bus Selection

CNF2

CNF1 CNFO

[os)
)
B:S

Host Bus Interface

o

o

0 SH-4 interface

SH-3 interface

reserved

MC68K #1, 16-bit

reserved

MC68K #2, 16-bit

reserved

reserved

Generic #1, 16-bit

PlRr|Rr|R|R|~|olo|lo

RP|lRr|lR|[R|O|O|FR|R|O
Rr|lRr|lo|lOo|rRr|O|lrR|O|R
RP|lO|R|O| X|X|X]|X]|X| X

Generic #2, 16-bit

|:| = configuration for NEC VR4102 support
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4.3 NEC VR4102 Configuration

The NEC Vr4102 provides the 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 S1D13704 supportsup to 40K bytes of display buffer memory and 32 bytesfor internal
registers. Therefore, the S1D13704 will be shadowed over the entire 16M byte memory
range at 64K byte segments. The starting address of the display buffer is 0A000000h and
register O of the S1D13704 (REG[00h]) resides at 0AOOFFEOh.

The NEC Vr4102 has a 16-bit internal register named BCUCNTREG2 located at address
0B000002h. It must be set to the value of 0001h to indicate that LCD controller accesses
use a non-inverting data bus.

The 16-hit interna 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.
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13704. 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
13704CFG, 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 S1D13704 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.erd.epson.com.
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7 Technical Support

7.1 Epson LCD Controllers (S1D13704)

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

S1D13704 Interfacing to the NEC VR4102™ Microprocessor
X26A-G-008-05 Issue Date: 01/02/12

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

EPSON

SAVING
EPSON

S1D13704 Embedded Memory Color LCD Controller

Interfacing to the PC Card Bus

Document Number: X26A-G-009-03

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. All other trademarks are the property of their respective owners.

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Page 2 Epson Research and Development
Vancouver Design Center

THIS PAGE LEFT BLANK

S1D13704 Interfacing to the PC Card Bus
X26A-G-009-03 Issue Date: 01/02/12

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Epson Research and Development Page 3
Vancouver Design Center
Table of Contents
1 Introduction . . . . . . . . e 7
Interfacingtothe PCCardBus . . . . . . . . . . . . . . . . ... 8
2.1 ThePC Card System Bus . e e e e .8
211 PCCadOverview . .. . . . . . . e 8
21.2 Memory AccessCyCles . . . . . . . o e e 8
S1D13704 Bus Interface . . . . . . . . .. e 10
3.1 Buslnterface Modes . 10
3.2 Generic #1 Interface Mode 11
PC Card to S1D13704 Interface . . . . . . . . . . . . . 12
4.1 Hardware Connections . .. 12
4.2 S1D13704 Hardware Configuration . 13
4.3 PAL Equations . . 14
4.4 Register/Memory Mapping 14
Software . . . . . e e e 15
References . . . . . . . . e e 16
6.1 Documents 16
6.2 Document Sources 16
7 Technical Support . . . . . . . e e e 17
7.1 EPSON LCD Controllers (S1D13704) . . . 17
7.2 PC Card Standard . 17
Interfacing to the PC Card Bus S1D13704

Issue Date: 01/02/12

Downloaded from Elcodis.com electronic components distributor

X26A-G-009-03


http://elcodis.com/parts/5977136/S1D13704.html

Page 4 Epson Research and Development
Vancouver Design Center

THIS PAGE LEFT BLANK

S1D13704 Interfacing to the PC Card Bus
X26A-G-009-03 Issue Date: 01/02/12

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Epson Research and Development Page 5
Vancouver Design Center

List of Tables

Table3-1: Host BusiInterface PinMapping. . . . . . . . . . . . .. ... ... . ... 10
Table4-1: Summary of Power-On/Reset Options. . . . . . . . . . . . . i it 13
Table4-2: Host Businterface Selection. . . . . . . .. . .. . .. ... ... 13

List of Figures

Figure2-1: PCCardRead Cycle . . . . . . . . . . . . . . e e e e e 9

Figure2-2. PCCardWriteCycle. . . . . . . . . . . e 9

Figure4-1: Typical Implementation of PC Card to S1ID13704 Interface. . . . . . .. ... .. ... 12
Interfacing to the PC Card Bus S1D13704
Issue Date: 01/02/12 X26A-G-009-03

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Page 6 Epson Research and Development
Vancouver Design Center

THIS PAGE LEFT BLANK

S1D13704 Interfacing to the PC Card Bus
X26A-G-009-03 Issue Date: 01/02/12

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5977136/S1D13704.html

Epson Research and Development Page 7
Vancouver Design Center

1 Introduction

This application note describesthe hardware and software environment required to provide
an interface between the S1D13704 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 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
techpubs@erd.epson.com.
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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 aswell 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 lines which allow
accesstothree 64M byte addressranges. These rangesare used for common memory space,
1O 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. 1O 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 micro-processors, the high bit isthe 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 16.

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 alows 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 AO specifies
whether the even or odd data byte appears on databuslines D[ 7:Q]. If both CE1# and CE2#
are driven low, a 16-bit word transfer takes place. If only CE2# isdriven low, an odd byte
transfer occurs on data lines D[15:8].
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During aread cycle, OE# (output enable) isdriven 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

CE1l#
CE2#

OE#

WAIT#

D[15:0] Hi-Z iz

‘ DATA VALID

Transfer Start ‘ Transfer Complete

Figure 2-1. PC Card Read Cycle

A[25:0]

REG# ADDRESS VALID

\

|

CE1# |
CE2# \
\

|

[

\

OE#

WE#

WAIT#

|
EFATA VALID ‘

D[15:0] Hi-Z

‘ Transfer Complete

Figure 2-2: PC Card Write Cycle
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3 S1D13704 Bus Interface

This section is a summary of the host bus interface modes available on the S1D13704 and
offers some detail on the Generic #1 host bus interface used to implement the interface to
the PC Card bus.

3.1 Bus Interface Modes

TheS1D13704 implementsa 16-bit interfaceto the host microprocessor which may operate
in one of several modes compatible with most of the popular embedded microprocessor
families. Six bus interface modes are supported:

Hitachi SH-4.
Hitachi SH-3

M otorola MC68000 (using Upper Data Strobe/L ower Data Strobe).
M otorola M C68020/M C68030/M C683xx (using Data Strobe/DSA CKx).
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).

The S1D13704 latches CNF[2:0] and BS# to alow selection of the host bus interface on
the rising edge of RESET#. After releasing reset, the bus interface signals assume their
selected configuration. The following table shows the functions of each host bus interface

signal.
Table 3-1: Host Bus Interface Pin Mapping
Fii-]Dl\::-:;O:s SH-3 SH-4 MC68K #1 MCG68K #2 Generic #1 Generic #2
AB[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1]
ABO A0 A0 LDS# A0 A0 A0
DB[15:0] D[15:0] D[15:0] D[15:0] D[31:16] D[15:0] D[15:0]
WE1# WE1# WE1# UDS# DS# WE1# BHE#
CS# CSn# CSn# External Decode | External Decode | External Decode | External Decode
BCLK CKIO CKIO CLK CLK BCLK BCLK
BS# BS# BS# ASH ASH connect to Vgg | connect to 10 Vpp
RD/WR# RD/WR# RD/WR# R/W# R/W# RD1# connectto 10 Vpp
RD# RD# RD# connectto 10 Vpp SIz1 RDO# RD#
WEO# WEO# WEO# connect to 10 Vpp SIZ0 WEO# WE#
WAIT# WAIT# RDY# DTACK# DSACK1# WAIT# WAIT#
RESET# RESET# RESET# RESET# RESET# RESET# RESET#
S1D13704 Interfacing to the PC Card Bus
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Two other configuration options (CNF[4:3]) are also made at time of hardware reset:
« endian mode setting (big endian or little endian).

* polarity of the LCDPWR signal.

The capability to select the endian mode independent of the host bus interface offers more
flexibility in configuring the S1D13704 with other CPUs.

For details on configuration, refer to the SID13704 Hardware Functional Specification,
document number X 26A-A-001-xXx.

3.2 Generic #1 Interface Mode

Generic #1 interface mode is the most general and least processor-specific interface mode
on the S1D13704. The Generic # 1 interface mode was chosen for this interface due to the
simplicity of itstiming.

The interface requires the following signals:

* BUSCLK isaclock input which isrequired by the S1D13704 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 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 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 linesto select the proper
IO 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 S1D13704. These signals
must be generated by externa hardware based on the control outputs from the host CPU.

» RD# and RD/WR# are read enablesfor the low-order and high-order bytes, respectively,
to be driven low when the host CPU is reading data from the S1D13704. These signals
must be generated by externa hardware based on the control outputs from the host CPU.

 WAIT#isasigna output from the S1D13704 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 S1D13704 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the S1D13704 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 S1D13704 for Generic #1 mode and should be
tied low (connected to GND).
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4 PC Card to S1D13704 Interface

4.1 Hardware Connections

The S1D13704 isinterfaced to the PC Card interface with aminimal amount of gluelogic.
A PAL isused to decode the write and read signals of the PC Card bus to generate RD#,
RD/WR#, WEO#, WE1#, and CS# for the S1D13704. The PAL also invertsthereset signal
of the PC card sinceit is active high and the S1D13704 uses an active low reset. For PAL
equations for thisimplementation refer to Section 4.3, “PAL Equations’ on page 14.

In this implementation, the address inputs (AB[15:0]) and data bus (DB[15:0] connect
directly to the CPU address (A[15:0]) and data bus (D[15:0]).

The PC Card interface does not provide a bus clock, so one must be supplied for the
S1D13704. 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 #1 mode but is used to configure the S1D13704 for
Generic #1 and should betied low (connected to GND).

The following diagram shows atypical implementation of the PC Card to S1D13704

interface.

» RD#
OE# " » RD/WR#
WE#
CE1# > WEO#
CE2# > > WE1#
REGH# * CS#
RESET q
> RESET#
A[15:0] » AB[15:0]
D[15:0] » DBJ[15:0]
15K pull-up
WAIT# . WAIT#
» BUSCLK
Oscillator » CLKI

Figure 4-1: Typical Implementation of PC Card to S1D13704 Interface
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4.2 S1D13704 Hardware Configuration

The S1D13704 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 S1D13704 Hardware
Functional Specification, document number X26A-A-001-xx for details.

Thetables below show only those configuration settings important 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
CNF4 Active low LCDPWR signal Active high LCDPWR signal

= configuration for PC Card host bus interface

Table 4-2: Host Bus Interface Selection

CNF2 CNF1 CNFO 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 MCG68K bus interface #1, 16-bit
1 0 0 X reserved
1 0 1 X MCG68K 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

= configuration for PC Card host bus interface
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4.3 PAL Equations

The PAL equations for the implementation presented in this document are as follows.

PAL device ‘16L8’;

CE PI' N
VE PI' N
CE1 PI' N
CE2 PI' N
REG PI' N
PCRESET PI' N
RESET PI' N
VEO PI' N
WEL PI' N
RD PI' N
RDVR PI' N
Cs PI' N
equati ons

'WEO = 'VEE & I CE1 & REG
'VWEL = 'VEE & | CE2 & REG

SarwNR

14,

16;
17;
18;
19;

ICS = REG & (!RD # | RDWR # | W\WEO # ! WE1);

!RD = ICE & | CE1 & REG
'RDWR = I CE & ! CE2 & REG
! RESET = PCRESET,;

4.4 Register/Memory Mapping

The S1D13704 is a memory mapped device. The S1D13704 memory may be addressed
starting at 0000h, or on consecutive 64K byte blocks, and itsinternal registers are located
in the upper 32 bytes of the 64K byte block (i.e. REG[0] = FFEOh).

While the PC Card socket provides 64M bytes of address space, the S1D13704 only needs
a 64K byte block of memory to accommodate its 40K byte display buffer and its 32 byte
register set. For thisreason only address bits A[15:0] are used while A[25:16] are ignored.
Because the entire 64M bytes of memory is available, the S1ID13704's memory and
registers will be aliased every 64K bytes for atota of 1024 times.

Note

If aliasing is not desirable, the upper addresses must be fully decoded.
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13704. Full source
code isavailable for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called 13704CFG, 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 S1D13704 test utilities and Windows CE v2.0 display drivers are available from your sales
support contact or on the internet at http://www.erd.epson.com.
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6 References

6.1 Documents

e PC Card (PCMCIA) Standard March 1997

» Epson Research and Development, Inc., S1D13704 Embedded Memory Color LCD
Controller Hardware Functional Specification; Document Number X 26A-A-001-xx.

» Epson Research and Development, Inc., S5U13704B00C Rev. 1.0 |SA Bus Evaluation
Board User Manual; Document Number X 26A-G-005-xX.
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7 Technical Support
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Tel: 2585-4600 Fax: 089-14005-110

Fax: 2827-4346

7.2 PC Card Standard
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2635 North First Street, Suite 209
San Jose, CA 95134

Tel: (408) 433-2273

Fax: (408) 433-9558
http://www.pc-card.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
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Tel: 337-7911
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1 Introduction

This application note describesthe hardware and software environment required to provide
an interface between the S1D13704 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 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
techpubs@erd.epson.com.
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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.
Thisistypically 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 A0 and DO, while the least significant bits are A31 and D31.

The MPC8xx uses both a 32-hit address and databus. 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 @l other datatransfers.

S1D13704 Interfacing to the Motorola MPC821 Microprocessor
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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 atypica memory read cycle on
the Power PC system bus.

SYSCLK | | |
s\, ‘ N
TA ‘

A0:31] | I X

RD/WR ‘ ‘ ‘

TSIZ[0:1], AT[0:3] ‘ ‘

prors11 X000 XXX Sarmpled wnen T low

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.

SO\ i NEVAN
TA ‘
AR31 X X
ROWR 0\ /XXX
TSIZIo:A], AT[0:3] X | X
D[0:31] A 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 abus 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-hit transfers, data lines DO through D7 are used and all
address lines (A[0:31]) are used.

Note
This assumes that the Power PC core is operating in big endian mode (typically the case

for embedded systems).

2.2.2 Burst Cycles
Burst memory cyclesare used to fill on-chip cache memory and to carry out certain on-chip
DMA operations. They are very similar to normal bus cycleswith thefollowing exceptions.
» Always 32-hit.
» Always attempt to transfer four 32-bit words sequentially.
 Always address longword-aligned memory (i.e. A30 and A31 are dways 0:0).

» Do not increment address bits A28 and A 29 between successive transfers; the addressed
device must increment these address bits internally.
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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 data memory.
They are normally not used for transfers to/from 1O peripheral devices such asthe
S1D13504, 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 S1D13504 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.

» Upto 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.
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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 genera -purpose output lines on the MPC821. Up to 64 pattern locations are
available, each 32 bits wide. Separate patterns may be programmed for normal accesses,
burst accesses, refresh (timer) events, and exception conditions. This flexibility allows
amost 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 S1D13504 and it is desirable to leave the UPM free to
handle other interfacing duties, such as EDO DRAM.
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3 S1D13704 Host Bus Interface

This section isasummary of the host bus interface modes available on the S1D13704 and
offers some detail on the Generic #1 host bus interface used to implement the interface to

the MPC821 bus.

3.1 Host Bus Interface Modes

The S1D13704 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. Six host bus interface modes are supported:

* Hitachi SH-4.
* Hitachi SH-3

» Motorola MC68000 (using Upper Data Strobe/L ower Data Strobe).
» Motorola M C68020/M C68030/M C683xx (using Data Strobe/DSACKX).
» 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).

The S1D13704 latches CNF[2:0] and BS# to allow selection of the host businterface on
therising edge of RESET#. After releasing reset, the host businterface signalsassumetheir
selected configuration. The following table shows the functions of each host bus interface

signal.
Table 3-1: Host Bus Interface Pin Mapping
:iD’j:;Oei SH-3 SH-4 MC68K #1 MC68K #2 Generic #1 Generic #2
ABJ[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1]
ABO A0 A0 LDS# A0 A0 A0
DB[15:0] D[15:0] D[15:0] D[15:0] D[31:16] D[15:0] D[15:0]
WE1# WE1# WE1# UDS# DS# WE1# BHE#
CS# CSn# CSn# External Decode | External Decode | External Decode | External Decode
BCLK CKIO CKIO CLK CLK BCLK BCLK
BS# BS# BS# ASH ASH 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 SIz0 WEOQ# WE#
WAIT# WAIT# RDY# DTACK# DSACK1# WAIT# WAIT#
RESET# RESET# RESET# RESET# RESET# RESET# RESET#
Interfacing to the Motorola MPC821 Microprocessor S1D13704
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Two other configuration options (CNF[4:3]) are also made at time of hardware reset:
« endian mode setting (big endian or little endian).

* polarity of the LCDPWR signal.

The capability to select the endian mode independent of the host bus interface offers more
flexibility in configuring the S1D13704 with other CPUs.

For details on configuration, refer to the SID13704 Hardware Functional Specification,
document number X 26A-A-001-xXx.

3.2 Generic #1 Host Bus Interface Mode

Generic#1 host businterface modeisthe most general and least processor-specific host bus
interface mode on the S1D13704. The Generic # 1 host bus interface mode was chosen for
this interface due to the simplicity of itstiming.

The host bus interface requires the following signals:

* BUSCLK isaclock input which is required by the S1D13704 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 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-hit 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 sel ect the proper
IO 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 S1D13704. These signals
must be generated by external hardware based on the control outputs from the host CPU.

* 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 S1D13704. These signals
must be generated by external hardware based on the control outputs from the host CPU.

 WAIT#isasignal output from the S1D13704 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 S1D13704 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the S1D13704 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.

e The Bus Status (BS#) signal is not used in the bus interface for Generic #1 mode.
However, BS# is used to configure the S1D13704 for Generic #1 mode and should be
tied low (connected to GND).
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4 MPC821 to S1D13704 Interface

4.1 Hardware Description

The interface between the S1D13704 and the MPC821 requires minimal glue logic. One
inverter is required to change the polarity of the WAIT# signa (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 S1D13704 during non-S1D13704 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 S1D13704
interface.
MPC821 S1D13704
A[16:31] AB15-AB0
D[0:15] DB[15:D0]
csa cs#
Vcc
470
A f | WAITH
WEO WE1#
WE1 WEO#
OE RD/WR#
RD#
SYSCLK BUSCLK
RESET RESET#

Figure 4-1: Typical Implementation of MPC821 to SLD13704 Interface
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4.2 Hardware Connections

The following table details the connections between the pins and signals of the MPC821

and the S1D13704.
Table 4-1: List of Connections from MPC8214DS to SID13704
MPC821 Signal Name MPC821ADS Connector and Pin Name S1D13704 Signal Name
Vce P6-Al, P6-B1 Vce
Al6 P6-B24 SA15
Al7 P6-C24 SA14
Al18 P6-D23 SA13
Al19 P6-D22 SA12
A20 P6-D19 SA1l
A21 P6-A19 SA10
A22 P6-D28 SA9
A23 P6-A28 SA8
A24 P6-C27 SA7
A25 P6-A26 SA6
A26 P6-C26 SA5
A27 P6-A25 SA4
A28 P6-D26 SA3
A29 P6-B25 SA2
A30 P6-B19 SA1l
A3l P6-D17 SAO
DO P12-A9 SD15
D1 P12-C9 SD14
D2 P12-D9 SD13
D3 P12-A8 SD12
D4 P12-B8 SD11
D5 P12-D8 SD10
D6 P12-B7 SD9
D7 P12-C7 SD8
D8 P12-A15 SD7
D9 P12-C15 SD6
D10 P12-D15 SD5
D11 P12-Al4 SD4
D12 P12-B14 SD3
D13 P12-D14 SD2
D14 P12-B13 SD1
D15 P12-C13 SDO
SRESET P9-D15 RESET#
SYSCLK P9-C2 BUSCLK
Cs4 P6-D13 CS#
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Table 4-1: List of Connections from MPC821ADS to SID13704 (Continued)

MPC821 Signal Name MPC821ADS Connector and Pin Name S1D13704 Signal Name

TA P6-B6 to inverter enabled by CS# WAIT#
WEO P6-B15 WE1#
WE1 P6-Al4 WEO#

OE P6-B16 RD/WR#, RD#

P12-Al1, P12-B1, P12-A2, P12-B2,

P12-A3, P12-B3, P12-A4, P12-B4,

P12-A5, P12-B5, P12-A6, P12-B6,
P12-A7

GND Vss

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 next isA1, A2, etc.
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4.3 S1D13704 Hardware Configuration

The S1D13704 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 S1D13704 Hardware
Functional Specification, document number X26A-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
CNF4 Active low LCDPWR signal Active high LCDPWR signal

= configuration for MPC821 host bus interface

Table 4-3: Host Bus 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

l:l = configuration for MPC821 host bus interface

S1D13704
X26A-G-010-03
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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
S1D13704 is addressed starting at 40 0000h. The S1D13704 uses a 64K byte segment of
memory starting at this address, with the first 40K bytes used for the display buffer and the
upper 32 bytes of this memory block used for the S1D13704 internal registers.

Chip select 4 isused to control the S1D13704. The following options are selected in the
base address register (BR4):

BA (0:16) = 0000 0000 0100 0000 0 — set starting address of S1D13704 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; S1D13704
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 S1D13704 generates an external transfer acknowledge using the
WAIT#line

TRLX =0 —normal timing
EHTR =0 - normal timing
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45 Test Software

Thetest software to exercise thisinterfaceisvery simple. It configures chip select 4 on the
MPC821 to map the S1D13704 to an unused 64k byte block of address space and loads the
appropriate valuesinto the option register for CS4. At that point the software runsin atight
loop reading the 13704 Revision Code Register REG[00h], which all ows monitoring of the
bustiming 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 S1D13704 start
addr ess
RevCodeReg equ FFEO ; address of Revision Code Regis-
ter
Start nf spr ril, 1 MVR ; get base address of interna
registers

andi s. ri,rl, $ffff ; clear lower 16 bits to O

andi s. r2,r0,0 ; clear r2

oris r2,r2, Menttart ; Wwite base address

ori r2,r2,$0801 ; port size 16 bits; select GPCM
enabl e

stw r2,BR4(r1) ; Wwite 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 Y%
cl ock;

; inhibit burst

stw r2,OR4(rl) ; Wite to option register

andi s. ri1,r0,0 ; clear rl

oris ri, rl, Menttart ; point rl to start of S1D13704
nmem space
Loop | bz r0, RevCodeReg(r1l) ; read revision code into ril

b Loop ; branch forever
end
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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
S1D13704 memory block is tagged as non-cacheable, to ensure that accesses to the
S1D13704 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 S1D13704 or its display buffer.
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13704. 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
13704CFG, 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 S1D13704 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.erd.epson.com.
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7 Technical Support

7.1 EPSON LCD/CRT Controllers (S1D13704)

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.

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

* Loca Motorola sales office or authorized distributor.
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1 Introduction

This application note describes the hardware required to provide an interface between the
S1D13704 Embedded Memory LCD Controller and the Motorola M CF5307 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 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
techpubs@erd.epson.com.
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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. Thissection 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
a software-sel ectable 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 10 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 hitsin
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 atypica memory read cycle onthe MCF5307 system bus, and Figure
2-2 illustrates amemory write cycle.
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BCLKO

TS
TA
TIP

Ao X | X
RIW I I XXX

siz[1:0], TT[1:0] X | | X

D[31:0] ><><><>< Sampled when TA low

Transfer Start Wait States . Transfer ,  Next Transfer

Complete Starts

Figure 2-1: MCF5307 Memory Read Cycle

BCLKO

TS

TA
TIP

A[31:0] : : X
RIW ' ' ‘

SIZ[1:0], TT[L:0]

D[31:0] SO0 valid : | XXX

Transfer Start . Wait States . Transfer . Next Transfer
Complete Starts

Figure 2-2: MCF5307 Memory Write Cycle

2.1.3 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 linefill from program or data memory; they are typically not used for transfers
toor from 10 peripheral devices such asthe S1D13704. The M CF5307 chip selects provide
amechanism to disable burst accesses for peripheral devices which are not able to support
them.
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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 (WE) signals
compatiblewith most memory and x86-style peripherals. The M CF5307 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 islikewise typically used to control alarge static or
dynamic RAM block.

Chip sdlects 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 hits), 0-15 wait
states or external acknowledge, address space type, burst or non-burst cycle support, and
write protect.
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3 S1D13704 Bus Interface

This section isasummary of the host bus interface modes available on the S1D13704 and
offers some detail on the Generic #1 host bus interface used to implement the interface to
the MCF5307.

3.1 Bus Interface Modes

The S1D13704 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. Six businterface modes are supported:

* Hitachi SH-4.

* Hitachi SH-3

» Motorola MC68000 (using Upper Data Strobe/L ower Data Strobe).

» Motorola M C68020/M C68030/M C683xx (using Data Strobe/DSACKX).

» 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).

The S1D13704 latches CNF[2:0] and BS# to allow selection of the host businterface on
the rising edge of RESET#. After releasing reset, the bus interface signals assume their
selected configuration. The following table shows the functions of each host bus interface

signal.
Table 3-1: Host Bus Interface Pin Mapping
:iD’j:;Oe‘; SH-3 SH-4 MC68K #1 MC68K #2 Generic #1 Generic #2
ABJ[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1]
ABO A0 A0 LDS# A0 A0 A0
DB[15:0] D[15:0] D[15:0] D[15:0] D[31:16] D[15:0] D[15:0]
WE1# WE1# WE1# UDS# DS# WE1# BHE#
CS# CSn# CSn# External Decode | External Decode | External Decode | External Decode
BCLK CKIO CKIO CLK CLK BCLK BCLK
BS# BS# BS# ASH ASH 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 SIz0 WEOQ# WE#
WAIT# WAIT# RDY# DTACK# DSACK1# WAIT# WAIT#
RESET# RESET# RESET# RESET# RESET# RESET# RESET#
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Two other configuration options (CNF[4:3]) are also made at time of hardware reset:
« endian mode setting (big endian or little endian).

* polarity of the LCDPWR signal.

The capability to select the endian mode independent of the host bus interface offers more
flexibility in configuring the S1D13704 with other CPUs.

For details on configuration, refer to the SID13704 Hardware Functional Specification,
document number X 26A-A-001-xXx.

3.2 Generic #1 Interface Mode

Generic #1 interface mode is the most genera and least processor-specific interface mode
on the S1D13704. The Generic # 1 interface mode was chosen for this interface due to the
simplicity of itstiming.

The interface requires the following signals:

* BUSCLK isaclock input which is required by the S1D13704 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 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-hit 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 sel ect the proper
IO 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 S1D13704. These signals
must be generated by external hardware based on the control outputs from the host CPU.

* 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 S1D13704. These signals
must be generated by external hardware based on the control outputs from the host CPU.

 WAIT#isasignal output from the S1D13704 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 S1D13704 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the S1D13704 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.

e The Bus Status (BS#) signal is not used in the bus interface for Generic #1 mode.
However, BS# is used to configure the S1D13704 for Generic #1 mode and should be
tied low (connected to GND).
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4 MCF5307 To S1D13704 Interface

4.1 Hardware Description

The S1D13704 isinterfaced to the MCF5307 with aminimal amount of glue logic. One
inverter is required to change the polarity of the WAIT# signal, which isan active low
signal to insert wait states in 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 S1D13704 during non-S1D13704 bus cycles. A single
resistor is used to speed up the rise time of the WAIT# (TA) signal when terminating the

bus cycle.

The following diagram shows atypical implementation of the MCF5307 to S1D13704

interface.
MCF5307 S1D13704
A[16:31] AB[15:0]
D[0:15] DB[15:0]
Cs4 CSt#t
Vcc
470
TA { WAIT#
WE3 WE1#
WE2 WEO#
OE RD/WR#
RD#
BCLKO BUSCLK
RESET RESET#

Figure 4-1: Typical Implementation of MCF5307 to S1D13704 Interface
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4.2 S1D13704 Hardware Configuration

The S1D13704 uses CNFO through CNF4 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 S1D13704 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)
4 Pin
Name 0 !

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 MFC5307 support

Table 4-2: Host Bus Interface Selection

CNF2 CNF1 CNFO 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 MC68K bus interface #1, 16-bit
1 0 0 X reserved
1 0 1 X MC68K 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

|:| = configuration for MFC5307 support
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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 sdects, CS2 through CS7, is required to address the entire
address space of the S1D13704. These O chip sdlects have afixed, 2M byte block size. In
the example interface, chip select 4 is used to control the S1D13704. The S1D13704 only
uses a64K byte block with its 40K byte display buffer residing at the start of this 64K byte
block and itsinterna registers occupying the last 32 bytes of this block. This 64K byte
block 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 S1D13704

C/l =1 - disable CPU space access to the S1D13704

SC =1 - disable Supervisor Code space access to the S1D13704

SD =0 - enable Supervisor Data space access to the S1D13704
UC =1 - disable User Code space access to the S1D13704

UD =0 - enable User Data space access to the S1D13704
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 S1D13704
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13704. 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
13704CFG, 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 S1D13704 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.erd.epson.com.
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7 Technical Support

7.1 EPSON LCD Controllers (S1D13704)
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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
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Epson Electronics America, Inc.
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San Jose, CA 95134, USA

Tel: (408) 922-0200

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

Europe

Epson Europe Electronics GmbH
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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
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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 provide an
interface between the S1D 13704 Embedded Memory Color Graphics LCD Controller and the
Philips MIPS PR31500/PR31700 Processor.

For further information on the S1D13704, refer to the S1D13704 Hardware Functional Specifi-
cation, document number X26A-A-001-xx.

For further information on the PR31500/PR31700, contact Philips or refer to the Philips website at
http://www.philips.com.

For further information on the ITE IT8368E, refer to the IT8368E PC Card / GPIO Buffer Chip
Soecification.

1.1 General Description

The Philips MIPS PR31500/PR31700 processor supports up to two PC Card (PCMCIA) dots. Itis
through this host bus interface that the S1D13704 connects to the PR31500/PR31700 processor.

The S1D13704 can be successfully interfaced using one of two configurations:

« Direct connection to PR31500/PR31700 (see Section 2, “ Direct Connection to the Philips
PR31500/PR31700" on page 8).

» System design using one ITE IT8368E PC Card/GPIO buffer chip (see Section 3, “ System
Design Using the ITE IT8368E PC Card Buffer” on page 10).

Interfacing to the Philips MIPS PR31500/PR31700 Processor S1D13704
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2 Direct Connection to the Philips PR31500/PR31700

2.1 General Description
In this example implementation the S1D13704 occupies the PR31500/PR31700 PC Card slot #1.
The S1D13704 is easily interfaced to the PR31500/PR31700 with minimal additional logic. The
address bus of the PR31500/PR31700 PC Card interface is multiplexed and can be demultiplexed
using an advanced CMOS latch (e.g., 74ACT373). The direct connection approach makes use of the
S1D13704 in its“ Generic Interface #2” configuration.

The following diagram demonstrates a typical implementation of the interface.

S1D13704
+3.3V
PR31500/PR31700 10 Vg, CORE Vg,
IRD » RD#
IWE » WE#
/CARD1CSL
/CARD1CSH » BHE#
OVopr | psy
0Voor | Rp/WR#
ENDIAN System RESET — » RESET#
%77 Latch
ALE N L) > Cst
A[12:0] * » » AB[15:13]
T » AB[12:0]
D[31:24] » DBJ[7:0]
D[23:16] » DB[15:8]
Voo pull-up
/CARD1IWAIT _1 WAIT#
DCLKOUT See text CLKI
e
» Clock divider ——» O Oscillator » BCLK

Figure 2-1: S1D13704 to PR31500/PR31700 Direct Connection

The“Generic #2" host interface control signals of the S1D13704 are asynchronous with respect to
the S1D13704 bus clock. This gives the 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.

e maximum S1D13704 clock frequencies.

The S1D13704 aso hasinternal clock dividers providing additional flexibility.
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2.2 Memory Mapping and Aliasing

The S1D13704 requires an addressing space of 64K bytes. The on-chip display memory occupies
the range O through 9FFFh. The registers occupy the range FFEOh through FFFFh. The
PR31500/PR31700 demultiplexed address lines A16 and above are ignored, thus the S1D13704 is
aliased 1024 times at 64K byte intervals over the 64M byte PC Card ot #1 memory space. In this
example implementation, the PR31500/PR31700 control signal /CARDREG is ignored, the
S1D13704 also takes up the entire PC Card slot 1 configuration space.

Note
If dliasing is undesirable, additional decoding circuitry must be added.

2.3 S1D13704 Configuration and Pin Mapping

The S1D13704 is configured at power up by latching the state of the CNF[4:0] pins. Pin BS# also
playsarolein host businterface configuration. For details on configuration, refer to the S1D13704
Hardware Functional Specification, document number X26A-A-001-xx.

The table below shows those configuration settings relevant to the direct connection approach.

Table 2-1: S1D13704 Configuration for Direct Connection

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

I:l = configuration for Philips PR31500/PR31700 host bus interface

When the S1D13704 is configured for “ Generic #2” interface, the host interface pins are mapped as
in the table below.

Table 2-2: S1D13704 Generic #2 Interface Pin Mapping

Pin Name Pin Function

WE1# BHE#

BS# Connectto 10 Vpp

RD/WR# | Connectto 10 Vpp

RD# RD#
WEO# WE#
Interfacing to the Philips MIPS PR31500/PR31700 Processor S1D13704
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3 System Design Using the ITE IT8368E PC Card Buffer

If the system designer uses the ITE IT8368E PC Card and multiple-function I/O buffer, the
S1D13704 can beinterfaced so that it 'shares' a PC Card dot. The S1D13704 is mapped to ararely-
used 16M byte portion of the PC Card slot buffered by the IT8368E. This makes the S1D13704
virtually transparent to PC Card devices that use the same slot.

3.1 Hardware Description

The ITE8368E has been specially designed to support EPSON LCD controllers. The ITE I T8368E
provides eleven Multi-Function | O pins (MFIO). Configuration registers may be used to allow these
MFIO pins to provide the control signals required to implement the S1D13704 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 IT8368E' s MFIO pins can
be configured to provide this latched address.

S1D13704
+3.3V
PR31500/PR31700 10 Vpp, CORE Vpp
HA[12:0] » AB[12:0]
ENDIAN ? » AB[15:13]
HD[31:24] l¢ » DB[7:0]
HD[23:16] |« » DB[15:8]
System RESET —» RESET#
Vop pull-up
/CARDXWAIT ¢ -1 WAIT#
DCLKOUT See text
or —» CLKI
IT8368E » Clock divider > Oscillator » BCLK
LHA[23]/MFIO[10] » WEL#
LHA[22]/MFIO[9] » WEO#
LHA[21]/MFIO[8] » RD1#
LHA[20/MFIO[7] » RDO#
LHA[19]/MFIO[6] » CS#
LHA[15:13)/
MFIO[2:0] BS#

Figure 3-1: S1D13704 to PR31500/PR31700 Connection Using an I T8368E
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The“Generic #1” host interface control signals of the S1D13704 are asynchronous with respect to
the S1D13704 bus clock. This gives the system designer full flexibility to choose the appropriate
source (or sources) for CLK I 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.
e part count.

* maximum S1D13704 clock frequencies.

The S1D13704 aso hasinternal clock dividers providing additional flexibility.

3.2 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 S1D13704 host bus interface, and a 16M byte portion of the system
PC Card attributeand 10 spaceisall ocated to addressthe S1D13704. When accessing the S1D 13704
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 3-1: “S1D 13704 to PR31500/PR31700 Connection Using an IT8368E,” on page 10. For
further information on the IT8368E, refer to the ITB368E PC Card/GPIO Buffer Chip Specification.

Note
When a second I T8368E is used, that circuit should not be set in VGA mode.

Interfacing to the Philips MIPS PR31500/PR31700 Processor S1D13704
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3.3 Memory Mapping and Aliasing

When the PR31500/PR31700 accesses the PC Card slots without the ITE IT8368E, its system
memory is mapped asin Table 3-1:, “PR31500/PR31700 to Unbuffered PC Card Slots System
Address Mapping”.

Note
Bits CARD1IOEN and CARD2IOEN need to be set in PR31500/PR31700 Memory
Configuration Register 3.

Table 3-1: PR31500/PR31700 to Unbuffered PC Card Slots System Address Mapping

Philips Address Size (CA'F:QLE)nn(itOI(I)ErI]\hO) (CA;LE)nnClgoET\le)
0800 0000h 64M byte Card 1 Attribute Card 110
0CO00 0000h 64M byte Card 2 Attribute Card 210
6400 0000h 64M byte Card 1 Memory
6400 0000h 64M byte Card 2 Memory

When the PR31500/PR31700 accesses the PC Card slots buffered through the I TE I T8368E, bits
CARD1IOEN and CARD2IOEN areignored and the attribute/l O space of the PR31500/PR31700is
divided into Attribute, I/0 and S1D13704 access. Table 3-2:, “PR31500/PR31700 to PC Card Slots
Address Remapping Using the IT8368E” providesall details of the Attribute/l O addressreal location
by the IT8368E.

Table 3-2: PR31500/PR31700 to PC Card Slots Address Remapping Using the IT8368E

IT8368E Uses PC Card Slot # Philips Address Size Function
0800 0000h 16M byte Card 110
1 0900 0000h 16M byte S1D13704 (aliased 256 times at 64K byte intervals)
0A00 0000h 32M byte Card 1 Attribute
6400 0000h 64M byte Card 1 Memory
0CO00 0000h 16M byte Card 2 10
: 0DO00 0000h 16M byte S1D13704 (aliased 256 times at 64K byte intervals)
OE00 0000h 32M byte Card 2 Attribute
6800 0000h 64M byte Card 2 Memory
S1D13704 Interfacing to the Philips MIPS PR31500/PR31700 Processor
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3.4 S1D13704 Configuration

The S1D13704 is configured at power up by latching the state of the CNF[4:0] pins. Pin BS# also
playsarolein host businterface configuration. For details on configuration, refer to the S1D13704
Hardware Functional Specification, document number X26A-A-001-xx.

The table below shows those configuration settings relevant to this specific interface.

Table 3-3: SID13704 Configuration Using the ITS368E

S1D13704 Value hard wired on this pin is used to configure:
Configuration
Bin 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

When the S1D13704 is configured for “ Generic #1” interface, the host interface pins are mapped as

in the table below.
Table 3-4: S1D13704 Generic #1 Interface Pin Mapping
Pin Name | Pin Function
WE1# WE1#
BS# connect to Vgg
RD/WR# RD1#
RD# RDO#
WEO# WEO#
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4 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13704. Full source
code isavailable 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 S1D13704 test utilities and Windows CE v2.0 display drivers are available from your sales
support contact or www.erd.epson.com.
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5 Technical Support

5.1 EPSON LCD Controllers (S1D13704)

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

Fax: 089-14005-110

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

Fax: 2827-4346

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

5.2 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

5.3 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
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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 X 26A-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, thereis 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) slotson the 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.
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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 5-1inthe S1D13704 or S1D13705 Hardware
Functional Specification details the values needed for the configuration pins and BS# to
select the desired mode.
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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 addressinputs 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 linesto 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
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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 |10 Vpp, CORE Vpp
RD* » RD#
WE* » WE10#
CARD1CSL*
CARD1CSH* » WE1#
33Ver __ Ips
33t RD/MWRH#
ENDIAN System RESET —» RESET#
Latch
% ALE R L) > Cst

A[12:0] T » AB[15:13]

» AB[12:0]

D[31:24] \« » DB[7:0]

D[23:16] [« » DB[15:8]

33V 10K pull-up

CARDIWAIT* . WAIT#

DCLKOUT T_’ Clock/dzivider | » or.. | Oscillator » CLKI
Clock divider i » BUSCLK
/2

Figure 3-1: S1D13704 to TMPR3912/22U Interface
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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 S1D13704 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# also 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 connectionsto 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
Bin 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 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# Connectto 10 Vpp

RD/WR# | Connectto 10 Vpp

RD# RD#

WEO# WE#
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4 CPU Module Description

This section will describe the various parts of the CPU module that pertain to the
S1D13704/5 LCD Controller.

4.1 Clock Signals

4.1.1 BUSCLK

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.

4.1.2 CLKI

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 CLKI1/2 isn'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
dividersfor 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.

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 a 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 module 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
S1D 13704 and is set active high on the S1D 13705, afacility must be provided toinvert this
signal if it isactive high so that LCDON will betheright polarity to turn on the 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 slot #1
is accessed, whether it be memory space or attribute space.
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1 Introduction

This application note describes the hardware environment required to provide an interface
between the S1D13704 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 Electronics America Website 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.
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2 Interfacing to an 8-bit Processor

2.1 The Generic 8-bit Processor System Bus

Although the S1D13704 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 minimal CPU and
system control signals. To connect a memory mapped device such as the S1D13704, only
the write, read, and wait control signals, as well as the data and address lines, need to be
interfaced. Since the S1D13704 is a 16-bit device, some external logic is required.
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3 S1D13704 Bus Interface

This section isasummary of the host bus interface modes available on the S1D13704 and
offers some detail on the Generic #2 Host Bus Interface used to implement the interface to
an 8-bit processor.

The S1D13704 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 (thisbusinterface is ISA-like and can easily be modified to support an 8-bit
CPU).

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

Fii]Dl\?:r:]oei Generic #2 Description
AB[15:1] A[15:1] Address [15:1]
ABO AO 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#

For details on configuration, refer to the SID13704 Hardware Functional Specification,
document number X 26A-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
S1D13704 that isideally suited to interface to an 8-bit processor bus.

The interface requires the following signals:

» BUSCLK isaclock input which synchronizes transfers between the host CPU and the
S1D13704. 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 addressinputs ABO through AB15, 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.

Note
In an 8-bit environment D[7:0] must also be connected to D[15:8] respectively
(see Figure 4-1: “Typical Implementation of an 8-bit Processor to the S1D13704 Gener-
ic #2 Interface” )

» Chip Select (CS#) isdriven by decoding the high-order address linesto select the proper
memory address space.

* BHE# (WE1#) is the high byte enable for both read and write cycles.

Note
In an 8-bit environment, thissignal isdriven by inverting addressline AQ thusindicating
that odd addresses are to be R/W on the high byte of the data bus.

« WEG# isthe enable signal for awrite access, to be driven low when the host CPU is
writing the 13704 memory or registers.

* RD# isthe read enable for the S1D13704, to be driven low when the host CPU is
reading data from the S1D13704.

 WAIT#isasigna which is output from the S1D13704 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 may occur asynchronously to the display update, it is
possible that contention may occur in accessing the 13704 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#) 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 S1D13704 for
Generic #2 mode and should be tied high (connected to 10 V pp). RD/WR# should also
be tied high.
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4 8-Bit Processor to S1D13704 Interface

4.1 Hardware Description

Theinterface between the S1D13704 and an 8-bit processor requiresminimal gluelogic. A
decoder is used to generate the chip select for the S1D13704 based on wherethe S1D13704
ismapped into memory. Alternatively, if the processor supports achip select module, it can
be programmed to generate a chip select for the S1D13704 without the need of an address
decoder.

Aninverter inverts A0 to generate the Byte High Enable signal for the S1D13704. 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 to S1D13704 interface.

Generic 8-bit Bus S1D13704
A[15:0] » AB[15:0]
D[7:0] « T » DBJ[7:0]
DB[15:8]

Decoder | | cs#

WAIT# WAIT#
WE# » WEO#
RD# » RD#
A0 4I>o—> BHE# (WE1#)
10 Vpp
RD/WR#
- BS#
BUSCLK » BUSCLK

System RESET —» RESET#

Note:

When connecting the S1D13704 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13704 (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 S1D13704 Generic #2 Interface
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4.2 S1D13704 Hardware Configuration

The S1D13704 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 S1D13704 Hardware
Functional Specification, document number X26A-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 S1D13704 needs a 64K byte block of memory to accommodate its 40K byte display
buffer and its 32 byte register set. The starting memory addressis located at 0000h of the
64K byte memory block while theinternal registers arelocated in the upper 32 bytes of this
memory block. (i.e. REG[0]= FFEOh).

An external decoder can be used to decode the address lines and generate a chip select for
the S1D 13704 whenever the selected 64K byte memory block isaccessed. If the processor
supports ageneral chip select module, itsinternal registers can be programmed to generate
achip sdlect for the S1D13704 whenever the S1D13704 memory block is accessed.
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13704. 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
13704CFG, 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 S1D13704 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.
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» Epson Research and Development, Inc., SLD13704 Embedded Memory LCD Controller
Hardware Functional Specification; Document Number X26A-A-002-xX.

» Epson Research and Development, Inc., S5U13704B00C Rev. 1.0 ISA Bus Evaluation
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7 Technical Support

7.1 Epson LCD/CRT Controllers (S1D13704)

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

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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