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Customer Support Information

Comprehensive Support Tools

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

Evaluation / Demonstration Board
« Assembled and fully tested graphics evaluation board with installation guide and schematics.

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

Chip Documentation

» Technical manual includes Data Sheet, Application Notes, and Programmer’s Reference.

Software
OEM Utilities.

User Utilities.

Evaluation Software.

To obtain these programs, contact Application Engineering Support.

Application Engineering Support

Engineering and Sales Support is provided by:

Japan

Seiko Epson Corporation

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

Tokyo 191-8501, Japan

Tel: 042-587-5812

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

Hong Kong

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

Fax: 2827-4346

North America

Epson Electronics America, Inc.
150 River Oaks Parkway

San Jose, CA 95134, USA

Tel: (408) 922-0200

Fax: (408) 922-0238
http://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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m DESCRIPTION

The SED1354 is a low cost, low power, color/monochrome LCD/CRT controller interfacing to a wide range of CPUs
and LCDs. The SED1354 architecture is designed to meet the requirements of embedded markets such as Office
Automation equipment, Mobile Communications devices and Hand-Held PCs where Windows CE may serve as a
primary operating system.

The SED1354 supports LCD interfaces with data widths up to 16-bits. Using Frame Rate Modulation (FRM), it can
display 16 shades of gray on monochrome LCD panels, up to 4096 colors on passive color LCD, and 64K colors on
active matrix TFT LCD panels. CRT support is handled through the use of an external RAMDAC interface allowing
simultaneous display of both the CRT and LCD panel. A 16-bit memory interface supports up to 2M bytes of FPM-
DRAM or EDO-DRAM. Supports flexible operating voltages from 2.7V to 5.5V.

m FEATURES Display Modes
* 1/2/4/8/16 bit-per-pixel (bpp) support on LCD.
Memory Interface * 1/2/4/8 bit-per-pixel (bpp) on CRT.
* 16-bit EDO-DRAM or FPM-DRAM interface.

) ) * Up to 16 shades of gray using FRM on
* Memory size options: monochrome passive LCD panels.

512K bytes using one 256K =16 device. ¢ Up to 4096 colors on passive LCD panels.

2M bytes using one 1Mx16 device. . . .
« Addressable as a single linear address space * Up to 64K colors on active matrix TFT LCD in
ingle pace. 16 bpp modes.

CPU Interface o ) ¢ Split Screen Display: allows two different images to
¢ Supports the following interfaces: be simultaneously displayed

Hitachi SH-3. . . . .
Motorola M68K. * Virtual Display Support: displays images larger
ISA bus. than the panel size through the use of panning.
MPU bus interface with programmable READY. * Double Buffering/multi-pages: provides smooth ani-
i386/486 bus. mation and instantaneous screen update.
Philips MIPS PR31500/31700. * Acceleration of screen updates by allocating full
NEC MIPS VR4102. display buffer bandwidth to CPU.
* CPU write buffer. Clock Source
Display Support * Single clock input for both pixel and memory clocks.
* 4/8-bit monochrome passive LCD interface. * Memory clock can be input clock or (input clock/2),
* 4/8/16-bit color passive LCD interface. providing flexibility to use CPU bus clock as input.
* Single-panel, single-drive displays. * Pixel clock can be memory clock or (memory clock/
« Dual-panel, dual-drive displays. 2), (memory clock/3) or (memory clock/4).
* Direct support for 9/12-bit TFT; 18-bit TFT is sup- Power Down Modes
ported up to 64K color depth (16-bit data). * Two power down modes: one software / one hardware.
* External RAMDAC support using the upper byte of * LCD Power Sequencing.
the LCD data bus for the RAMDAC pixel data bus. General Purpose 10 pins
* Simultaneous display of CRT and 4/8-bit passive * Up to 12 General Purpose IO pins are available.
or 9-bit TFT panels, regardless of resolution. Operating Voltage
* Maximum resolution of 800x600 pixels at a color * 2.7 volts 10 5.5 volts.
depth of 16 bpp. Package

* 128-pin QFP15 surface mount package

X19A-C-002-10
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1 Introduction

1.1 Scope

This is the Functional Specification for the SED1354 Series Color Graphics LCD/CRT Controller
Chip. Included in this document are timing diagrams, AC and DC characteristics, register descrip-
tions, and power management descriptions. This document is intended for two audiences: Video
Subsystem Designers and Software Developers.

1.2 Overview Description

The SED1354 is a low cost, low power color/monochrome LCD/CRT controller interfacing to a
wide range of CPUs and LCDs. The SED1354 architecture is designed to meet the requirements of
embedded markets such as Office Automation equipment, Mobile Communications devices and
Hand-Held PCs where Windows CE may serve as a primary operating system.

The SED1354 supports LCD interfaces with data widths up to 16 bits. Using Frame Rate Modulation
(FRM), it can display 16 shades of gray on monochrome LCD panels, up to 4096 colors on passive
color LCDs, and 64K colors on active matrix TFT LCD panels. CRT support is handled through the
use of an external RAMDAC interface allowing simultaneous display of both the CRT and LCD
panel. A 16-bit memory interface supports up to 2M bytes of FPM-DRAM or EDO-DRAM. Flexible
operating voltages from 2.7V to 5.5V provide for very low power consumption.

Hardware Functional Specification SED1354
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2 Features

2.1 Memory Interface

2.2 CPU Interface

2.3 Display Support

16-bit DRAM interface:

* EDO-DRAM up to 40MHz data rate (80M bytes per second).
* FPM-DRAM up to 25MHz data rate (50M bytes per second).
Memory size options:

» 512K bytes using one 256#6 device.

» 2M bytes using one 1k16 device.

A configuration register can be programmed to enhance performance by tailoring the memory
control output timing to the DRAM device.

Supports the following interfaces:

+ 8/16-bit Hitachi SH-3 bus interface.

 16-hit interface to 16/32-bit Motorola MC68K microprocessors/microcontrollers.

* Philips MIPS PR31500 / PR31700.

* NEC MIPS \R4102.

 8/16-bit generic interface bus.

One-Stage write buffer for minimum wait-state CPU writes.

Registers are memory-mapped; M/R# pin selects between memory and register address space.

The complete 2M byte display buffer address space is directly and contiguously available
through the 21-bit address bus.

4/8-bit monochrome or 4/8/16-bit color passive LCD interface for single-panel, single-drive
displays.

8-bit monochrome or 8/16-bit color passive LCD interface for dual-panel, dual-drive displays.
Direct support for 9/12-bit TFT, 18/24-bit TFT are supported up to 64K color depth (16-bit data).

External RAMDAC support using the upper byte of the LCD data bus for the RAMDAC pixel
data bus.

Simultaneous display of CRT and 4/8-bit passive panel or 9-bit TFT panel:
» Normal mode for cases where LCD and CRT image sizes are identical.

« Line-Doubling mode for simultaneous display of 240-line images on 240-line LCD and 480-
line CRT.

» Even-Scan and interlace modes for simultaneous display of 480-line images on 240-line LCD
and 480-line CRT.

SED1354
X19A-A-002-16
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2.4 Display Modes

2.5 Clock Source

2.6 Miscellaneous

2.7 Package and Pin

1/2/4/8/16 bit-per-pixel modes supported on LCD.
1/2/4/8 bit-per-pixel modes supported on CRT.

Up to 16 shades of gray by FRM on monochrome passive LCD panels; a 16x4 Look-Up Table is
used to map 1/2/4 bit-per-pixel modes into these shades.

Up to 4096 colors on color passive LCD panels; three 16x4 Look-Up Tables are used to map
1/2/4/8 bit-per-pixel modes into these colors, 16 bit-per-pixel mode is mapped directly using the
4 most significant bits of the red, green and blue colors.

Up to 64K colors in 16 bit-per-pixel mode on TFT panels.
Split screen mode — allows two different images to be simultaneously displayed.

Virtual display mode — displays images larger than the panel size through the use of panning and
scrolling.

Double buffering / multi-pages — for smooth animation and instantaneous screen update.

Fast-Update feature — accelerates screen update by allocating full display buffer bandwidth to
CPU (see REG[23h] bit 7).

Single clock input for both pixel and memory clocks.

Memory clock can be input clock or (input clock)/2 — this provides flexibility to use CPU bus
clock as input clock.

Pixel clock can be memory clock, (memory clock)/2, (memory clock)/3 or (memory clock)/4.

The memory data bus MD[15:0], is used to configure the chip at power-on.

Up to 12 General Purpose Input/Output pins are available:

« GPIOO is always available.

» GPIOJ[3:1] are available if upper Memory Address pins are not required for DRAM support.
* GPIOJ[11:4] are available if there is no external RAMDAC.

Suspend power save mode is initiated by hardware or software.

The SUSPEND# pin is used either as an input to initiate Suspend mode, or as a General Purpose
Output that can be used to control the LCD backlight — its power-on polarity is selected by an
MD configuration pin.

Table 2-1: SED1354 Series Package list

Name Package Pin
SED1354F0A QFP15 128
SED1354F1A TQFP15 128
SED1354F2A QFP20 144
Hardware Functional Specification SED1354
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3 Typical System Implementation Diagrams
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Figure 3-1: Typical System Diagram — SH-3 Bus, 1Mx16 FPM/EDO-DRAM
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Figure 3-2: Typical System Diagram — MC68K Bus 1, 1Mx16 FPM/EDO-DRAM (16-Bit MC68000)
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Figure 3-3: Typical System Diagram — MC68K Bus 2, 256Kx16 FPM/EDO-DRAM (32-Bit MC68030)
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Figure 3-4: Typical System Diagram — Generic Bus, 1Mx16 FPM/EDO-DRAM
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4 Block Description

4.1 Functional Block Diagram

16-bit FPM/EDO
DRAM
A
I I
| \
Memory Power Save
Register | Controller ‘
| \
‘ ‘ Clocks
CPU |
B LCD R
] RIW | » LCD
Host Display ) I/E _ DAC
CPU/MPU < > ‘ FIFO N " Data
IIF Look-Up
| \ Table
| \
| \
‘ ‘ . DAC
‘ ‘ ~  Control
| \
| | CRTC
Bus Clock | Memory Clock | Pixel Clock
| |

Figure 4-1: System Block Diagram Showing Datapaths

4.2 Functional Block Descriptions

4.2.1 Host Interface

The Host Interface block provides the means for the CPU/MPU to communicate with the display
buffer and internal registers, via one of the supported bus interfaces.

4.2.2 Memory Controller

The Memory Controller block arbitrates between CPU accesses and display refresh accesses as well
as generates the necessary signals to interface to one of the supported 16-bit memory devices (FPM:
DRAM or EDO-DRAM).

4.2.3 Display FIFO
The Display FIFO block fetches display data from the Memory Controller for display refresh.

Hardware Functional Specification SED1354
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4.2.4 Look-Up Table

The Look-Up Table block contains three 16x4 Look-Up Tables, one for each primary color. In
monochrome mode only one of these Look-Up Tables is selected and used.

425 LCD Interface

The LCD Interface block performs frame rate modulation for passive LCD panels. It also generates
the correct data format and timing control signals for various LCD and TFT panels.

4.2.6 Power Save

The Power Save block contains the power save mode circuitry.

SED1354 Hardware Functional Specification
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5 Pin Out
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Figure 5-1: Pinout Diagram of FOA

Package type: 128 pin surface mount QFP15
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Package type: 128 pin surface mount TQFP15
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5.3 Pinout Diagram for SED1354F2A
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Figure 5-3: Pinout Diagram of F2A
Package type: 144 pin surface mount QFP20
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5.4 Pin Description

CD =
Cs =
COx =
TSx =

TSxD

CNx =

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)

5.4.1 Host Interface

Table 5-1: Host Interface Pin Descriptions

Pin Name

Pin # Reset =
Type Egﬁ F2A Driver 0 Value Description

ABO

This pin has multiple functions.

» For SH-3 mode, this pin inputs system address bit O (AO).

» For MC68K Bus 1, this pin inputs the lower data strobe (LDS#).
I 3 5 Cs Hi-Z « For MC68K Bus 2, this pin inputs system address bit 0 (A0).

» For Generic Bus, this pin inputs system address bit 0 (A0).

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 32 for
summary.

AB[20:1]

111-128{125-142
1,2 3,4

@]

Hi-Z System address bus bits [20:1].

DBI[15:0]

System data bus. Unused data pins should be connected to 10
Vpp.

» For SH-3 mode, these pins are connected to D[15:0].

» For MC68K Bus 1, these pins are connected to D[15:0].

~ ) . » For MC68K Bus 2, these pins are connected to D[31:16] for 32-
© 16-31 1833 |C/TS2 |Hi-Z bit devices (e.g. MC68030) or D[15:0] for 16-bit devices (e.g.
MC68340).

» For Generic Bus, these pins are connected to D[15:0].

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 32 for
summary.

SED1354
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Table 5-1: Host Interface Pin Descriptions (Continued)

Pin #
. . Reset = .
Pin Name | Type Egﬁ F2A Driver 0 Value Description

This pin has multiple functions.

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

* For MC68K Bus 1, this pin inputs the upper data strobe

WE1# | 9 11 CSs Hi-Z (UDS#).

* For MC68K Bus 2, this pin inputs the data strobe (DS#).

« For Generic Bus, this pin inputs the write enable signal for the
upper data byte (WE1#).

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 32.

This input pin is used to select between the memory and register
address spaces of the SED1354. M/R# is set high to access the
M/R# 5 7 c Hi-Z memory and low to access the registers. See Section 8.1,
“Register Mapping” on page 90.

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 32.

Chip select input. See Table 5-9: “Host Bus Interface Pin
Mapping,” on page 32.

System bus clock. See Table 5-9: “Host Bus Interface Pin
Mapping,” on page 32.

CS# I 4 6 C Hi-Z

BUSCLK |l 108 122 C Hi-Z

This pin has multiple functions.

« For SH-3 mode, this pin inputs the bus start signal (BS#).

» For MC68K Bus 1, this pin inputs the address strobe (AS#).
» For MC68K Bus 2, this pin inputs the address strobe (AS#).
» For Generic Bus, this pin must be tied to 10 Vpp,.

BS# 6 8 CS Hi-Z

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 32.

This pin has multiple functions.

e For SH-3 mode, this pin inputs the RD/WR# signal. The
SED1354 needs this signal for early decode of the bus cycle.

e For MC68K Bus 1, this pin inputs the R/W# signal.

e For MC68K Bus 2, this pin inputs the R/W# signal.

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

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 32.

RD/WR# |l 10 12 CSs Hi-Z

This pin has multiple functions.

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

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

RD# 7 9 Cs Hi-Z » For MC68K Bus 2, this pin inputs the bus size bit 1 (SIZ1).

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

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 32.

Hardware Functional Specification SED1354
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Table 5-1: Host Interface Pin Descriptions (Continued)

Pin Name | Type

Pin #

FOA
F1A

F2A

Driver

Reset =
0 Value

Description

WEO# |

10

CS

Hi-Z

This pin has multiple functions.

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

» For MC68K Bus 1, this pin must be tied to 10 Vpp,

* For MC68K Bus 2, this pin inputs the bus size bit 0 (SIZ0).

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

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 32.

WAIT# (0]

13

15

TS2

Hi-Z

The active polarity of the WAIT# output is configurable on the
rising edge of RESET# - see Section 5.5, “Summary of
Configuration Options” on page 31.

This pin has multiple functions.

» For SH-3 mode, this pin outputs the wait request signal
(WAIT#); MD5 must be pulled low during reset by the internal
pull-down resistor.

» For MC68K Bus 1, this pin outputs the data transfer
acknowledge signal (DTACK#); MD5 must be pulled high
during reset by an external pull-up resistor.

» For MC68K Bus 2, this pin outputs the data transfer and size
acknowledge bit 1 (DSACK1#); MD5 must be pulled high
during reset by an external pull-up resistor.

» For Generic Bus, this pin outputs the wait signal (WAIT#); MD5
must be pulled low during reset by the internal pull-down
resistor.

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 32.

RESET#

11

13

Cs

Input O

Active low input to clear all internal registers and to force all
signals to their inactive states.

SED1354
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5.4.2 Memory Interface

Table 5-2: Memory Interface Pin Descriptions

Pin #
. . Reset=0 —
Pin Name | Type FOA FoA Driver Value Description
F1A
This pin has multiple functions.
» For dual CAS# DRAM, this is the column address strobe for
the lower byte (LCAS#).
LCAS# |O 50 56 Cco1 Output 1 |+ For single CAS# DRAM, this is the column address strobe
(CASH).
See Table 5-10: “Memory Interface Pin Mapping,” on page 32
for summary.
This pin has multiple functions.
» For dual CAS# DRAM, this is the column address strobe for
the upper byte (UCAS#).
UCAS# |O 49 55 Cco1 Output 1 |+ For single CAS# DRAM, this is the write enable signal for the
upper byte (UWE#).
See Table 5-10: “Memory Interface Pin Mapping,” on page 32
for summary.
This pin has multiple functions.
» For dual CAS# DRAM, this is the write enable signal (WE#).
For single CAS# DRAM, this is the write enable signal for the
WE# (0] 48 54 Co1 Output 1 lower byte (LWEH).
See Table 5-10: “Memory Interface Pin Mapping,” on page 32
for summary.
RAS# (@) 47 53 COo1 Output 1 |Row address strobe.
67,65, |76,70. These pins have multiple functions.
63,61, |68, 66,  Bi-directional memory data bus.
59,57, |64, 62, « During reset, these pins are inputs and their states at the
. 55, 53, |60, 58, Hi-Z rising edge of RESET# are used to configure the chip.
MD[15:0] |10 52,54, |59, 61, CD2/TS1 (pulled 0) Internal pull-down resistors (typical values of
56, 58, |63, 65, 100KQ/100KQ/120KQ at 5.0V/3.3V/3.0V respectively) pull
60 62. |67. 69 the reset states to 0. External pull-up resistors can be used
64, 66, 75’ 77’ to pull the reset states to 1. See Section 5.5, “Summary of
' ' Configuration Options” on page 31.

Hardware Functional Specification
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Table 5-2: Memory Interface Pin Descriptions (Continued)

Pin #
. . Reset=0 _
Pin Name | Type FOA FoA Driver value Description
F1A
43,41, |46, 44,
39, 37, |42, 40,
MA[8:0] |O 35,34, |41,43, |CO1 Output 0 |[Multiplexed memory address.
36, 38, |45, 47,
40 49
This pin has multiple functions.
» For 2M byte DRAM, this is memory address bit 9 (MA9).
* For asymmetrical 512K byte DRAM, this is memory address
MA9 0 |45 51 crrs1  |HFZ/ | DIt (MA9). o
Output 0~ [«  For symmetrical 512K byte DRAM, this pin can be used as
general purpose 10 (GPIO3).
See Table 5-10: “Memory Interface Pin Mapping,” on page 32
for summary.
This pin has multiple functions.
» For asymmetrical 2M byte DRAM, this is memory address bit
iz / 10 (MA10).
MA10 10 42 48 C/TS1 Oll;t ut ol |® For symmetrical 2M byte DRAM and all 512K byte DRAM,
P this pin can be used as general purpose 10 (GPIO1).
See Table 5-10: “Memory Interface Pin Mapping,” on page 32
for summary.
This pin has multiple functions.
» For asymmetrical 2M byte DRAM, this is memory address bit
iz / 11 (MA11).
MA11 10 44 50 C/TS1 Oll;t ut ol |® For symmetrical 2M byte DRAM and all 512K byte DRAM,
P this pin can be used as general purpose 10 (GPIO2).
See Table 5-10: “Memory Interface Pin Mapping,” on page 32
for summary.

1 When configured as 10 pins.

SED1354
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5.4.3 LCD Interface

Table 5-3: LCDInterface Pin Descriptions

Pin #
. . Reset = _—
Pin Name Type FOA oA Driver 0 Value Description
FIA
FPDAT[8:0] [O 88, 82-75(98, 92-85|CN3 Output 0 |Panel Data

These pins have multiple functions.
e Panel Data for 16-bit panels.
FPDAT[15:9] |O 95-89 105-99 |CN3 Output O |+ Pixel Data for external RAMDAC support.

See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.

FPFRAME |O 69 79 CN3 Output 0 |Frame Pulse
FPLINE (0] 70 80 CN3 Output 0 [Line Pulse
FPSHIFT (0] 73 83 CN3 Qutput 0 |Shift Clock Pulse

LCD power control output. The active polarity of this output
is selected by the state of MD10 at the rising edge of
RESET# - see Section 5.5, “Summary of Configuration

LCDPWR (0] 71 81 co1 Outputl Options” on page 31.

This output is controlled by the power save mode circuitry -
see Section 13, “Power Save Modes” on page 128 for
details.

This pin has multiple functions which are automatically

selected depending on panel type used.

e For TFT panels, this is the display enable output
(DRDY).
For passive LCDs with Format 1 interfaces, this is the
2nd Shift Clock (FPSHIFT2).

« For all other LCD panels, this is the LCD backplane bias
signal (MOD).

See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33 and REG[02h] for details.

DRDY o 72 82 CN3 Output 0

1 Output may be 1 or 0.

5.4.4 Clock Input

Table 5-4: Clock InpuPin Description

Pin #
. . Reset = I
Pin Name | Type Eiﬁ FoA Driver 0 Value Description

Input clock for the internal pixel clock (PCLK) and memory
CLKI 105 119 C Hi-Z clock (MCLK). PCLK and MCLK are derived from CLKI — see
REG[19h] for details.

Hardware Functional Specification SED1354
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5.4.5 CRT and External RAMDAC Interface

Table 5-5: CRT and RAMDAIterface Pin Descriptions

Pin #
Pin Name Type FOA FoA Driver I;?:IL: Description
F1A
This pin has multiple functions.
iz / » Read signal for external RAMDAC support.
DACRD# 10 84 94 C/TS1 Output 11 » General Purpose 10 (GPIOA4).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
This pin has multiple functions.
Hiz / » Write signal for external RAMDAC support.
DACWR# |10 99 113 C/TS1 Output 1* » General Purpose 10 (GPIO7).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
This pin has multiple functions.
iz / » Register Select bit 1 for external RAMDAC support.
DACRS1 10 101 115 C/TS1 Output ol |* General Purpose 10 (GPIO9).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
This pin has multiple functions.
Hi-zZ / » Register Select bit 0 for external RAMDAC support.
DACRSO 10 100 114 C/TS1 Output ol |* General Purpose 10 (GPIOS8).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
This pin has multiple functions.
Hiz / » Pixel Data bit 0 for external RAMDAC support.
DACPO 10 98 112 C/CN3 Output 0* » General Purpose 10 (GPIO6).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
SED1354 Hardware Functional Specification
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Table 5-5: CRT and RAMDAterface Pin Descriptions (Continued)

Pin #
. . Reset = .
Pin Name Type FOA oA Driver 0 Value Description
F1A
This pin has multiple functions.
Hiz | » Horizontal Retrace signal for CRT.
HRTC 10 102 116 C/CN3 Ol;tput ol |° General Purpose |0 (GPI010).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
This pin has multiple functions.
iz / « Vertical Retrace signal for CRT.
VRTC 10 103 117 C/CN3 Olutput ol |* General Purpose 10 (GPIO11).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
This pin has multiple functions.
Hiz / » Blanking signal for DAC.
BLANK# 10 85 95 C/CN3 Oll;tput ol |* General Purpose 10 (GPIO5).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
DACCLK (0] 86 96 C/CN3  |Output 0 |Pixel Clock for RAMDAC.
1 When configured as 10 pins
Hardware Functional Specification SED1354
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5.4.6 Miscellaneous

Table 5-6: MiscellaneouRin Descriptions

Pin #
. . Reset=0 e
Pin Name Type FOA FoA Driver Value Description
F1A

This pin has multiple functions.

e When MD9 = 0 at rising edge of RESET#, this pin is
an active-low input used to place the SED1354 into
suspend mode; see Section 13, “Power Save Modes”

Hi-Z / on page 128 for details.
SUSPEND# (IO 106 120 CS/Ts1 Output!  |* When MD[L0:9] = 01 at rising edge of RESET#, this
pin is an output with a reset state of 0. Its state is
controlled by REG[21h] bit 7.

e When MDJ[10:9] = 11 at rising edge of RESET#, this
pin is an output with a reset state of 1. Its state is
controlled by REG[21h] bit 7.

GPIOO 10 12 14 C/TS1 Hi-Z General Purpose 10 pin 0.
TSTEN | 107 121 cb Hi-Z Test Enable. ThIS in should be connected to Vgg for
(pulled 0) [normal operation.
1,2, 35-
38, 71-
NC - - 74,107- |- - No connect
110,
143, 144

1 When configured as 10 pin. Output may be 1 or 0.

5.4.7 Power Supply

Table 5-7: Power Suppli?in Descriptions

Pin #
Pin Name Type FOA Driver Description
F2A
F1A
COREVDD P 33,97 39, 111 P Core Vpp
14, 46, 16, 52,
IOVDD P 83, 110 93, 124 P 10 Vpp
15, 32, 17, 34,
51, 68, 57,78,
VSS P 74, 87, 84, 97, P Common Vgg
96, 104, (106, 118,
109 123,
SED1354 Hardware Functional Specification
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5.5 Summary of Configuration Options

Table 5-8: Summary of Power On / Reset Options

) value on this pin at rising edge of RESET# is used to configure: (2/0)
Pin Name
1 0
MDO 8-bit host bus interface 16-bit host bus interface
Select host bus interface:
000 = SH-3 bus interface
MDI[3:1] 001 =MC68K bus 1 (e.g. MC68000)
’ 010 =MC68K bus 2 (e.g. MC68030)
011 = Generic bus interface (e.g. Philips MIPS PR31500/PR31700; NEC MIPS VR4102)
1XX =reserved
MD4 Little Endian Big Endian
MD5 WAIT# is active high (1 = insert wait state) WAIT# is active low (0 = insert wait state)
Memory Address/GPIO configuration:
00 =symmetrical 256Kx16 DRAM. MA[8:0] = DRAM address. MA[11:9] = GPIO[2:1] and GPIO3.
MD[7:6] 01 = symmetrical 1IMx16 DRAM. MA[9:0] =DRAM address. MA[11:10] = GPIO[2:1].
10 =asymmetrical 256Kx16 DRAM. MA[9:0] = DRAM address. MA[11:10] = GPIO[2:1].
11 =asymmetrical IMx16 DRAM. MA[11:0] = DRAM address.
Configure DACRD#, BLANK#, DACP0O, DACWR#, | Configure DACRD#, BLANK#, DACPO, DACWR#,
MD8 DACRSO0, DACRS1, HRTC, VRTC as General DACRSO0, DACRS1, HRTC, VRTC as DAC and CRT
Purpose 10 (GPIO[11:4]). outputs.
MD9 SUSPEND# pin configured as GPO output. SUSPEND# pin configured as SUSPEND# input.
MD10 Active low LCDPWR or GPO polarities. Active high LCDPWR or GPO polarities.
MDJ[15:11] Not used.

Hardware Functional Specification
Issue Date: 99/05/18
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5.6 Multiple Function Pin Mapping

Table 5-9: Host Bus Interface Pin Mapping

P?fﬁiisei SH-3 MC68K Bus 1 MC68K Bus 2 Generic MPU
AB[20:1] A[20:1] A[20:1] A[20:1] A[20:1]
ABO A0 LDS# A0 A0
DB[15:0] D[15:0] D[15:0] D[31:16] D[15:0]
WE1# WE1# UDS# DS# WE1#
M/R# External Decode External Decode External Decode External Decode
CS# CSn# External Decode External Decode External Decode
BUSCLK CKIO CLK CLK BCLK
BS# BS# AS# AS# Connect to 10 Vpp
RD/WR# RD/WR# R/W# R/W# RD1#

RD# RD# Connect to 10 Vpp SIZ1 RDO#
WEO# WEOQO# Connect to |10 Vpp SIZ0 WEO#
WAIT# WAIT# DTACK# DSACK1# WAIT#

RESET# RESET# RESET# RESET# RESET#
Table 5-10: Memory Interface Pin Mapping
FPM/EDO-DRAM
P?rllzﬁi?nset Sym 256Kx16 Asym 256Kx16 Sym 1Mx16 Asym 1Mx16
2-CAS#H 2-WE# 2-CAS#H 2-WE# 2-CAS# ‘ 2-WE# 2-CAS# 2-WE#
MD[15:0] DQ[15:0]
MA[8:0] A[8:0]
MA9 GPIO3! A9
MA10 GPIO1! A10
MA11 GPI02! All
UCAS# UCAS# UWE# UCAS# UWE# UCAS# UWE# UCAS# UWE#
LCAS# LCAS# CAS# LCAS# CAS# LCAS# CAS# LCAS# CAS#
WE# WE# LWE# WE# LWE# WE# LWE# WE# LWE#
RAS# RAS#
Note
1. All GPIO pins default to input on reset, and unless programmed otherwise should be
connected to eitherdsor 10 Vpp if not used.
SED1354 Hardware Functional Specification
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Table 5-11: LCD, CRT, RAMDAC Interface Pin Mapping

Monochrg::erasswe Color Passive Panel Color TET Pane
SED1354 - - olor ane
Pin Names Single Dual Single Fsolr:iltel ':Solrr;gil:ez Dual CRT
4-bit | 8-bit | 8-bit | 4-bit 8-bit 8-bit  [g-bit J6-bit 9-bit  1P-bit 1gbit T
FPFRAME FPFRAME Note?
FPLINE FPLINE Note?
FPSHIFT FPSHIFT Note?
DRDY MOD FPSHIFT2 MOD DRDY Note?
FPDATO |driven O DO LDO driven O DO DO LDO LDO R2 R3 R5 Note?
FPDAT1 driven 0 D1 LD1 driven O D1 D1 LD1 LD1 R1 R2 R4 Note?
FPDAT2 driven 0 D2 LD2 driven 0 D2 D2 LD2 LD2 RO R1 R3 Note?
FPDAT3 |driven 0 D3 LD3 driven O D3 D3 LD3 LD3 G2 G3 G5 Note?
FPDAT4 DO D4 ubDo DO D4 D4 ubDO ubO Gl G2 G4 Note?
FPDATS5 D1 D5 uD1 D1 D5 D5 uD1 ubD1 GO Gl G3 Note?
FPDAT6 D2 D6 ubD2 D2 D6 D6 ubD2 ubD2 B2 B3 B5 Note?
FPDAT7 D3 D7 ub3 D3 D7 D7 uD3 uD3 B1 B2 B4 Note?
FPDAT8 |driven O | driven O | driven O |driven O | drivenO | driven O |driven 0| LD4 BO B1 B3 Note?
FPDAT9 |driven O | driven O | driven O | driven O | driven O | driven O (driven 0| LD5 |driven O RO R2 DACP7
FPDAT10 |driven O |driven O | driven O | driven O | driven O | driven O |driven 0| LD6 |driven O|driven O R1 DACP6
FPDAT11 |driven O |driven O | driven O (driven O | driven O | driven O |driven 0| LD7 |driven0| GO G2 DACP5
FPDAT12 |driven O |driven O | driven O |driven O | driven O | driven O |driven 0| UD4 |driven0|driven0O| G1 DACP4
FPDAT13 |driven O |driven O | driven O | driven O | driven O | driven O |driven 0| UD5 |drivenO|drivenO| GO DACP3
FPDAT14 |driven O |driven O | driven O | driven O | driven O | driven O |driven 0| UDG6 |driven O BO B2 DACP2
FPDAT15 |driven O |driven O | driven O |driven O | driven O | driven O |driven 0| UD7 |driven O |driven O B1 DACP1
DACRD# GPI043 DACRD#
BLANK# GPIO5® BLANK#
DACPO GPIO6° DACPO
DACWR# GPIO7® DACWR#
DACRSO GPIO8® DACRSO0
DACRS1 GPI093 DACRS1
HRTC GPI010° HRTC
VRTC GPIO11° VRTC
DACCLK driven 0 DACCLK
Note

1. Although 18-bit TFT panels are supported only 16 data bits (64K colors) are available

- RO and BO are not used.

If no LCD is active these pins are driven low.

3. All GPIO pins default to input on reset, and unless programmed otherwise should be
connected to eitherdgor |0 Vpp if not used.

n
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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 \%
10 Vpp Supply Voltage Vgg - 0.310 6.0 \
VN Input Voltage Vgg-0.3t010 Vpp + 0.5 \Y
Vour Output Voltage Vgg-0.3t010 Vpp + 0.5
Tsto 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 2.7 3.0/3.3 3.6 \Y,
10 Vpp Supply Voltage Vgg=0V 2.7 3.0/3.3/5.0 |55 \Y,
VN Input Voltage Vss 10 Vpp \Y
Toprr Operating Temperature -40 25 85 °C
Table 6-3: Input Specifications
Symbol Parameter Condition Min Typ Max Units
Low Level Input Voltage IOVpp= 3.0 0.8 \Y
Vi CMOS inputs 3.3 0.8 \Y,
5.0 1.0 \Y,
High Level Input Voltage IOVpp= 3.0 1.9 \%
ViH CMOS inputs 3.3 2.0 \
5.0 35 \
Positive-Going Threshold IOVpp= 3.0 1.0 2.3 \Y
V14 CMOS Schmitt inputs 3.3 1.1 2.4 \%
5.0 2.0 4.0 \Y,
Negative-Going Threshold IOVpp= 3.0 0.5 17 \Y,
V. CMOS Schmitt inputs 3.3 0.6 18 \Y
5.0 0.8 31 \
VDD = Max
liz Input Leakage Current Vi =10 Vpp -1 1 HA
ViL=Vss
Cin Input Pin Capacitance 10 pF
V|N = VDD =3.0 60 120 300 kQ
HRpp Pull-down Resistance =3.3 50 100 300 kQ
=50 50 100 300 kQ
SED1354 Hardware Functional Specification

X19A-A-002-16

Issue Date: 99/05/18



Epson Research and Development Page 35
Vancouver Design Center
Table 6-4: Output Specifications
Symbol Parameter Condition Min Typ Max Units
Low Level Output Voltage
v Type 1-TS1, CO1, TS1D loL =3mA 04 Vv
oL Type 2 - TS2, CO2 loL = 6MA '
Type 3-TS3, CO3 loL = 12mA
High Level Output Voltage
Type 1-TS1, CO1, TS1D loL =-1.5mA i
VoH Type 2 - TS2, CO2 loL =-3MA 10 Vpp - 0.4 v
Type 3-TS3, CO3 loL = -6 mMA
10 VDD = Max
loz Output Leakage Current Vou = Vbp -1 1 HA
VoL = Vss
Court Output Pin Capacitance 10 pF
CaiD Bidirectional Pin Capacitance 10 pF
Hardware Functional Specification SED1354
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7 A.C. Characteristics

Conditions: 10 \bp = 2.7V to 5.5V unless otherwise specified
Tp=-40Cto85C
Tise@ndTiy for all inputs must be 5 nsec (10% ~ 90%)
C_ = 50pF (Bus / MPU Interface)
C_ = 100pF (LCD Panel Interface)
C_ = 10pF (Display Buffer Interface)
C_ = 10pF (CRT / DAC Interface)

7.1 CPU Interface Timing
7.1.1 SH-3 Interface Timing

t1 2 3
I e g = S e /N e N e N e
t4 t5
A[20:0], M/R#
RD/WR# ‘
t6 | 17,
BS# J
8| t12
CSn#
t9 t10
—> |
WEn#
RD#
t11 t12
N ‘4_ «
WAIT# |
le t13 t14

D[15:0](write) 4<:J

D[15:0](read)

t15 t16
—» 4—»‘

Figure 7-1: SH-3 Interface Timing

Note
The SH-3 Wait State Control Register for the area in which the SED1354 resides must be set to a
non-zero value.
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Table 7-1: SH-3 Interface Timing

Symbol Parameter Min Max Units
t1 Clock period 25 ns
t2 Clock pulse width high 5 ns
t3 Clock pulse width low 5 ns
t4 A[20:0], M/R#, RD/WR# setup to CKIO 4 ns
t5 A[20:0], M/R#, RD/WR# hold from CS# 0 ns
t6 BS# setup 3 ns
t7 BS# hold 0 ns
t8 CSn# setup 0 ns
t9? Falling edge RD# to D[15:0] driven 3 ns
t10 Rising edge CSn# to WAIT# tri-state 0 4 ns

t11t Falling edge CSn# to WAIT# driven 1 11 ns
t12 CKIO to WAIT# delay 3 15 ns
t13 D[15:0] setup to first CKIO after BS# (write cycle) 0 ns
t14 D[15:0] hold (write cycle) 0 ns
t15 D[15:0] valid to WAIT# rising edge (read cycle) 0 ns
t16 Rising edge RD# to D[15:0] tri-state (read cycle) 2 9 ns

1. Ifthe SED1354 host interface is disabled, the timing for WAIT# driven is relative to the falling
edge of CSn# athe first positive edge of CKIO after A[20:0] and M/R# become valid,
whichever occurs later.

2. Ifthe SED1354 host interface is disabled, the timing for D[15:0] driven is relative to the falling
edge of RD# othe first positive edge of CKIO after A[20:0] and M/R# become valid,
whichever occurs later.

Hardware Functional Specification SED1354
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7.1.2 MCG68K Bus 1 Interface Timing (e.g. MC68000)

t1 2, t3
o N o~
‘ t4 5
¢ <
A[20:1] #L
M/R#
6
CS# L
t16
—>
ASH#
UDS#
LDS#
t7 N t8
R/W# E r
t9 b thr
DTACK# /ﬁ |
) t11 t12
D[15:0](write)
t13 t14 t15
—>| «— >
D[15:0](read)

Figure 7-2: MC68K Bus 1 Interface Timing
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Table 7-2: MC68K Bus 1 Interface Timing

Symbol Parameter Min Max Units
t1 Clock period 30 ns
t2 Clock pulse width high 5 ns
t3 Clock pulse width low 5 ns
ta A[20:1], M/R# setup to first CLK where CS# = 0 AS# = 0, and 4 ns

either UDS#=0 or LDS# =0
t5 A[20:1], M/R# hold from AS# 0 ns
6 CS# hold from AS# 0 ns
t7 R/WH# setup to before to either UDS#=0 or LDS# =0 5 ns
18 R/W# hold from AS# 0 ns
to? AS# = 0 and CS# = 0 to DTACK# driven high 1 ns
t10 AS# high to DTACK# high impedance 1 5 ns
t11 D[15:0] valid to second CLK where CS# = 0 AS# = 0, and either 0 ns
UDS#=0 or LDS# = 0 (write cycle)
t12 D[15:0] hold from falling edge of DTACK# (write cycle) 0 ns
2 Falling edge of UDS#=0 or LDS# = 0 to D[15:0] driven (read
t13 3 ns
cycle)
t14 D[15:0] valid to DTACK# falling edge (read cycle) 0 ns
t15 UDS# and LDS# high to D[15:0] invalid/high impedance (read 2 11 ns
cycle)
t16 AS# high setup to CLK 3 ns

1. Ifthe SED1354 host interface is disabled, the timing for DTACK# driven high is relative to the
falling edge of AS# othe first positive edge of CLK after A[20:1] and M/R# become valid,
whichever occurs later.

2. Ifthe SED1354 host interface is disabled, the timing for D[15:0] driven is relative to the falling
edge of UDS#/LDS# athe first positive edge of CLK after A[20:1] and M/R# become valid,
whichever occurs later.
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7.1.3 MCB68K Bus 2 Interface Timing (e.g. MC68030)
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Figure 7-3: MC68K Bus 2 Interface Timing
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Table 7-3: MC68K Bus 2 Interface Timing

Symbol Parameter Min Max Units
t1 Clock period 30 ns
2 Clock pulse width high 5 ns
t3 Clock pulse width low 5 ns
ta A[20:0], SIZ[1:0], M/R# setup to first CLK where CS# = 0 AS# = 4 ns

0, and either UDS#=0 or LDS# =0
t5 A[20:0], SIZ[1:0], M/R# hold from AS# 0 ns
6 CS# hold from AS# 0 ns
t7 R/W# setup to DS# 5 ns
18 R/W# hold from AS# 0 ns
to? AS# = 0 and CS# = 0 to DSACK1# driven high 1 ns
t10 AS# high to DSACK1# high impedance 1 5 ns
t11 D[31:16] valid to second CLK where CS# =0 AS# = 0, and 0 ns
either UDS#=0 or LDS# = 0 (write cycle)
t12 D[31:16] hold from falling edge of DSACK1# (write cycle) 0 ns
t132 Falling edge of UDS# = 0 or LDS# = 0 to D[31:16] driven (read 3 ns
cycle)
t14 D[31:16] valid to DSACK1# falling edge (read cycle) 0 ns
t15 tJyE():ls:)t and LDS# high to D[31:16] invalid/high impedance (read 2 11 ns
t16 AS# high setup to CLK 3 ns

1. If the SED1354 host interface is disabled, the timing for DSACK1# driven high is relative to
the falling edge of AS# dhe first positive edge of CLK after A[20:0] and M/R# become
valid, whichever occurs later.

2. Ifthe SED1354 host interface is disabled, the timing for D[15:0] driven is relative to the falling
edge of UDS#/LDS# ahe first positive edge of CLK after A[20:1] and M/R# becomes valid,
whichever occurs later.
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7.1.4 Generic MPU Interface Synchronous Timing
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Figure 7-4: Generic MPU Interface Synchronous Timing
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Table 7-4:Generic MPUInterfaceSynchronoudiming

Symbol Parameter Min Max Units
TeeLk Bus clock period 25 ns
t1 A[20:0], M/R#, CS#, RDO#,RD1#,WE0#,WE1# hold time 1 ns
t2 A[20:0], M/R#, CS#, RDO#,RD1#,WEOQ#,WE1# setup time 5 ns
t3 RDO#,RD1#,WEO#,WE1# high to A[20:0], M/R# invalid and CS# high 0 ns
141 RDO#,RD1#,WEOQO# WE1# low and CS# low to WAIT# driven low 1 7 ns
t5 BCLK to WAIT# high 0 15 ns
t6 RDO#,RD1#,WEO#,WE1# high to WAIT# high impedance 1 6 ns
t7 D[15:0] valid to second BCLK where RDO#,RD1#,WE0#,WE1# low and CS# 5 ns
low (write cycle)
t8 D[15:0] hold from WEO#, WE1# high (write cycle) 0 ns
t9° RDO#,RD1# low to D[15:0] driven (read cycle) 3 15 ns
t10 D[15:0] valid to WAIT# high (read cycle) 0
t11 RDO#, RD1# high to D[15:0] high impedance (read cycle) 2 10

1. If the SED1354 host interface is disabled, the timing for WAIT# driven low is relative to the
falling edge of CS# and RDO#, RD1#, WEO#, WE1#he first positive edge of BCLK after
A[20:0] and M/R# become valid, whichever occurs later.

2. Ifthe SED1354 host interface is disabled, the timing for D[15:0] driven is relative to the falling
edge of RD0#, RD1# dhe first positive edge of BCLK after A[20:0] and M/R# become
valid, whichever occurs later.
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7.1.5 Generic MPU Interface Asynchronous Timing

. Teck

A[20:0] . <
M/R# Valid
tL
Cs#
© 3,
RDO#RDI# — +~
WEO# WE1#
5
_ 4 <
Hi-Z < Hi-Z
WAIT#
6, 7,
Hi-Z - Hi-Z
D[15:0](write) Valid
8 9 t10
D[15:0](read) — Hi"Z R_’ valid FH"Z

Figure 7-5: Generic MPU Interface Asynchronous Timing
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Table 7-5:GenericMPU InterfaceAsynchronoudiming
Symbol Parameter Min Max Units
TeeLk Bus clock period 25 ns
t1 RDO#, RD1#, WEO#, WE1# low to CS# low 4 ns
2 A[20:0], M/R# valid to RDO#, RD1#, WEO#, WE1# low 0 ns
t3 RDO#, RD1#, WEO#, WE1# high to A[20:0], CS#, M/R# invalid and CS# high 0 ns
4l CS# low to WAIT# driven low 1 ns
t5 RDO#, RD1#, WEO#, WE1# high to WAIT# high impedance 1 ns
6 WEO#, WE1# low to D[15:0] valid (write cycle) 20 ns
t7 D[15:0] hold from WEO#, WE1# high (write cycle) 0 ns
t8° RDO#, RD1# low to D[15:0] driven (read cycle) 3 15 ns
t9 D[15:0] valid to WAIT# high (read cycle) 0
t10 RDO#, RD1# high to D[15:0] high impedance (read cycle) 2 10

1. If the SED1354 host interface is disabled, the timing for WAIT# driven low is relative to the
falling edge of CS# othe first positive edge of BCLK after A[20:0] and M/R# become valid,

whichever occurs later.

2. Ifthe SED1354 host interface is disabled, the timing for D[15:0] driven is relative to the falling
edge of RD0#, RD1# dhe first positive edge of BCLK after A[20:0] and M/R# become valid,

whichever occurs later.
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7.2 Clock Input Requirements

Clock Input Waveform
'PwWH > tpwiL ’
VIH
Vi
< Tew >
Figure 7-6: Clock Input Requirements
Table 7-6: Clock Input Requirements
Symbol Parameter Min Typ Max Units
TCLKI Input Clock Period (CLKI) 125 ns
TpcLk Pixel Clock Period (PCLK) not shown 25 ns
TmcLK Memory Clock Period (MCLK) not shown 25 ns
town Input Clock Pulse Width High (CLKI) 45% 55% Tewki
towl Input Clock Pulse Width Low (CLKI) 45% 55% Tewki
Note
When CLKI is more than 40MHz, REG[19h] bit 2 must be set to 1 (MCLK = CLKI/2).
There is no minimum frequency for CLKI.
SED1354 Hardware Functional Specification
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7.3 Memory Interface Timing
7.3.1 EDO-DRAM Read Timing
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Figure 7-7: EDO-DRAM Read Timing
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Table 7-7: EDO DRAM Read Timing

Symbol Parameter Min Typ Max Units
t1 Memory clock period 25 ns
Random read or write cycle time (REG[22h] bits [6:5] = 00) 5t1 ns

t2 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3t1 ns

Row address setup time (REG[22h] bits [3:2] = 00) 24511 ns

t3 Row address setup time (REG[22h] bits [3:2] = 01) 211 ns
Row address setup time (REG[22h] bits [3:2] = 10) 14511 ns

“ Row address hold time (REG[22h] bits [3:2] = 00 or 10) 045t1-1 ns
Row address hold time (REG[22h] bits [3:2] = 01) t1-1 ns

t5 Column address setup time 045t1-1 ns
t6 Column address hold time 0.45t1-1 ns
t7 CAS# pulse width 04511 05511 +1 ns
t8 CAS# precharge time 0.45t1-1 0.5511 ns
t9 RAS# hold time 1t1 ns
RAS# precharge time (REG[22h] bits [3:2] = 00) 2t1-1 ns

t10 RAS# precharge time (REG[22h] bits [3:2] = 01) 145t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns

RAS# to CAS# delay time
(REG[22h] bit 4 = 0 and bits [3:2] = 00 or 10)

t11 RAS# to CAS# delay time
(REG[22h] bit 4 = 1 and bits [3:2] = 00 or 10)

RAS# to CAS# delay time (REG[22h] bits [3:2] = 01) 1.45t1-2 15511 ns
Access time from RAS#

2t1-2 2tl ns

1t1-2 1t1 ns

(REG[22h] bit 4 = 0 and bits [3:2] = 00 or 10) 3t-11 ) ns
t12 Access time _from RAS# _ 211 -11 ns

(REG[22h] bit 4 = 1 and bits [3:2] = 00 or 10)

Access time from RAS# (REG[22h] bits [3:2] = 01) 24511-12 ns
113 Access time from CAS# t1-10 ns
t14 Access time from CAS# precharge, column address 1.4511-6 ns
t15 Read Data hold after CAS# low 2 ns
t16 Read Data turn-off delay from RAS# 2 ns

SED1354 Hardware Functional Specification
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7.3.2 EDO-DRAM Write Timing
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Figure 7-8: EDO-DRAM Write Timing
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Table 7-8: EDO DRAM Write Timing

Symbol Parameter Min Typ Max Units
t1 Memory clock period 25 ns
Random read or write cycle time (REG[22h] bits [6:5] = 00) 511 ns

t2 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3tl ns

Row address setup time (REG[22h] bits [3:2] = 00) 24511 ns

t3 Row address setup time (REG[22h] bits [3:2] = 01) 2111 ns
Row address setup time (REG[22h] bits [3:2] = 10) 14511 ns

“ Row address hold time (REG[22h] bits [3:2] = 00 or 10) 0.45t1-1 ns
Row address hold time (REG[22h] bits [3:2] = 01) t1-1 ns

t5 Column address setup time 045t1-1 ns
6 Column address hold time 0.45t1-1 ns
t7 CAS# pulse width 0.45t1 055tL+1 ns
t8 CAS# precharge time 0.45t1-1 0.55t1 ns
t9 RAS# hold time 11 ns
RAS# precharge time (REG[22h] bits [3:2] = 00) 211-1 ns

t10 RAS# precharge time (REG[22h] bits [3:2] = 01) 1.4511-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns
(REG{22] bit 4 0 anl bits 3:2] =00 or 10) 2t-2 2t ns

. ?RAESg[;%rﬁAb?tidzellag:? bits [3:2] = 00 or 10) 1d-2 ta ns
RAS# to CAS# delay time (REG[22h] bits [3:2] = 01) 1.45t1 - 2 1.55t1 ns

t12 Write command setup time 045t1-1 ns
t13 Write command hold time 04511 ns
t14 Write Data setup time 0.45t1-3 ns
t15 Write Data hold time 0.45t1-2 ns

SED1354 Hardware Functional Specification
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7.3.3 EDO-DRAM Read-Write Timing
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Figure 7-9: EDO-DRAM Read-Write Timing
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Table 7-9: EDO DRAM Read-Write Timing

Symbol Parameter Min Typ Max Units
t1 Memory clock period 25 ns
Random read or write cycle time (REG[22h] bits [6:5] = 00) 5t1 ns

t2 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3tl ns

Row address setup time (REG[22h] bits [3:2] = 00) 24511 ns

t3 Row address setup time (REG[22h] bits [3:2] = 01) 2111 ns
Row address setup time (REG[22h] bits [3:2] = 10) 14511 ns

“ Row address hold time (REG[22h] bits [3:2] = 00 or 10) 0.45t1-1 ns
Row address hold time (REG[22h] bits [3:2] = 01) t1-1 ns

t5 Column address setup time 045t1-1 ns
t6 Column address hold time 045t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 00) 2t1-1 ns

t7 RAS# precharge time (REG[22h] bits [3:2] = 01) 145t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns
(REG{221] bit 4 0 and bits [3:2] =00 or 10) 2t-2 2t ns

N (F{RAEsg[éozrlc]At)iid:e?);r?én bits [3:2] = 00 or 10) ta-2 ta ns
RAS# to CAS# delay time (REG[22h] bits [3:2] = 01) 1.4511-2 15511 ns

t9 Read Data turn-off delay from WE# 0 ns
10 Write Data delay from WE# (REG[22h] bit 7 = 0) 14511 ns
Write Data delay from WE# (REG[22h] bit 7 = 1) 0.45t1 ns
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7.3.4 EDO-DRAM CAS Before RAS Refresh Timing
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Figure 7-10: EDO-DRAM CAS Before RAS Refresh Timing

Table 7-10: EDO-DRAM CAS Before RAS Refresh Timing

Symbol Parameter Min Typ Max Units
t1 Memory clock period 25 ns

i RAS# to CAS# precharge time (REG[22h] bits [3:2] = 00) 14511 ns
RAS# to CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 04511 ns

Random read or write cycle time (REG[22h] bits [6:5] = 00) 5t1 ns

t3 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3tl ns

“ CAS# precharge time (REG[22h] bits [3:2] = 00) 211 ns
CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 1t1 ns

5 CAS# setup time (REG[22h] bits [3:2] = 00 or 10) 0.451t1-2 ns
CAS# setup time (REG[22h] bits [3:2] = 01) 1t1-2 ns

RAS# precharge time (REG[22h] bits [3:2] = 00) 2t1-1 ns

t6 RAS# precharge time (REG[22h] bits [3:2] = 01) 145t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns
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7.3.5 EDO-DRAM Self-Refresh Timing
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Figure 7-11: EDO-DRAM Self-Refresh Timing
Table 7-11: EDO-DRAM Self-Refresh Timing
Symbol Parameter Min Typ Max Units
t1 Memory clock period 25 ns
2 RAS# to CAS# precharge time (REG[22h] bits [3:2] = 00) 14511 ns
RAS# to CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 0.45t1 ns
3 CAS# precharge time (REG[22h] bits [3:2] = 00) 211 ns
CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 1t1 ns
“ CAS# setup time (REG[22h] bits [3:2] = 00 or 10) 045t1-2 ns
CAS# setup time (REG[22h] bits [3:2] = 01) 111-2 ns
RAS# precharge time (REG[22h] bits [3:2] = 00) 2t1-1 ns
t5 RAS# precharge time (REG[22h] bits [3:2] = 01) 145t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns
SED1354 Hardware Functional Specification
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7.3.6 FPM-DRAM Read Timing
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Figure 7-12: FPM-DRAM Read Timing
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Table 7-12: FPM DRAM Read Timing

Symbol Parameter Min Typ Max Units
t1 Memory clock 40 ns
Random read or write cycle time (REG[22h] bits [6:5] = 00) 5t1 ns
t2 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3tl ns
Row address setup time (REG[22h] bits [3:2] = 00) 2t1 ns
t3 Row address setup time (REG[22h] bits [3:2] = 01) 1.451t1 ns
Row address setup time (REG[22h] bits [3:2] = 10) 1tl ns
“ Row address hold time (REG[22h] bits [3:2] = 00 or 10) t1-1 ns
Row address hold time (REG[22h] bits [3:2] = 01) 045t1-1 ns
t5 Column address set-up time 045t1-1 ns
6 Column address hold time 0.45t1-1 ns
t7 CAS# pulse width 0.45t1 05511 +1 ns
t8 CAS# precharge time 0.45t1-1 0.55t1 ns
9 RAS# hold time 0.45t1 ns
RAS# precharge time (REG[22h] bits [3:2] = 00) 211-1 ns
t10 RASH# precharge time (REG[22h] bits [3:2] = 01) 145t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns
(RRAEsg[;%hc]ﬁid:eT);:én bits [3:2] = 00 or 10) 145t -2 1551 ns
t11 ?RAESg[;%rﬁAt)?tid=el()a Ynd bis [3:2] = 00 or 10) 245t -2 255t ns
RASH# to CAS# delay time (REG[22h] bit 4 = 1 and bits [3:2] = 01) 1t1-2 1t1 ns
RAS# to CAS# delay time (REG[22h] bit 4 = 0 and bits [3:2] = 01) 2t1-2 211 ns
Access time from RAS# 211-2 ns

(REG[22h] bit 4 = 1 and bits [3:2] = 00 or 10)
t12 ?FSE?[ZS:]] iiftrzrz 5’2‘2’3 bits [3:2] = 00 or 10) 3ul-2 ns
Access time from RAS# (REG[22h] bit 4 = 1 and bits [3:2] = 01) 1.4511-2 ns
Access time from RAS# (REG[22h] bit 4 = 0 and bits [3:2] = 01) 24511 -2 ns
t13 Access time from CAS# 045t1-1 ns
t14 Access time from CAS# precharge 1t1-2 ns
t15 Read Data hold from CAS# or RAS# 2 ns
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7.3.7 FPM-DRAM Write Timing
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Figure 7-13: FPM-DRAM Write Timing
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Table 7-13: FPM-DRAM Write Timing

Symbol Parameter Min Typ Max Units
tl Memory clock 40 ns
Random read or write cycle time (REG[22h] bits [6:5] = 00) 5t1 ns

t2 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3tl ns

Row address setup time (REG[22h] bits [3:2] = 00) 21l ns

t3 Row address setup time (REG[22h] bits [3:2] = 01) 14511 ns
Row address setup time (REG[22h] bits [3:2] = 10) 1tl ns

“ Row address hold time (REG[22h] bits [3:2] = 00 or 10) t1-1 ns
Row address hold time (REG[22h] bits [3:2] = 01) 045t1-1 ns

t5 Column address set-up time 045t1-1 ns
6 Column address hold time 045t1-1 ns
t7 CAS# pulse width 0.451t1 05511 +1 ns
t8 CAS# precharge time 0451t1-1 0.5511 ns
t9 RAS# hold time 0.451t1 ns
RAS# precharge time (REG[22h] bits [3:2] = 00) 2t1-1 ns

t10 RAS# precharge time (REG[22h] bits [3:2] = 01) 1.451t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns
(F{RAEsg[éozrlc]At)iid:e?);r?;n bits [3:2] = 00 or 10) Last-2 155t ns

t11 ?RAESg[;%rﬁAt)iid=elc? Y nd bits [3:2] = 00 or 10) 24511 -2 255t ns
RAS# to CAS# delay time (REG[22h] bit 4 = 1 and bits [3:2] = 01) 1t1-2 1t1 ns

RAS# to CAS# delay time (REG[22h] bit 4 = 0 and bits [3:2] = 01) 2t1-2 2t1 ns

t12 Write command setup time 045t1-1 ns
t13 Write command hold time 0.451t1 ns
t14 Write Data setup time 045t1-3 ns
t15 Write Data hold time 0.45t1-2 ns
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7.3.8 FPM-DRAM Read-Write Timing
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Figure 7-14: FPM-DRAM Read-Write Timing
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Table 7-14: FPM-DRAM Read-Write Timing

Symbol Parameter Min Typ Max Units
t1 Memory clock 40 ns
Random read or write cycle time (REG[22h] bits [6:5] = 00) 511 ns

t2 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3tl ns

Row address setup time (REG[22h] bits [3:2] = 00) 21l ns

t3 Row address setup time (REG[22h] bits [3:2] = 01) 14511 ns
Row address setup time (REG[22h] bits [3:2] = 10) 1tl ns

“ Row address hold time (REG[22h] bits [3:2] = 00 or 10) t1-1 ns
Row address hold time (REG[22h] bits [3:2] = 01) 045t1-1 ns

t5 Column address set-up time 045t1-1 ns
t6 Column address hold time 045t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 0) 2t1-1 ns

t7 RAS# precharge time (REG[22h] bits [3:2] = 01) 145t1-1 ns
RASH# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns
?RAESg[;%rﬁAb?tidzellag:? bits [3:2] = 00 or 10) 145t -2 155t ns

8 (RRAEsg[éozrlc]Abiidzel(? Y nd bits [3:2] = 00 or 10) 245t -2 2551 ns
RAS# to CAS# delay time (REG[22h] bit 4 = 1 and bits [3:2] = 01) 1t1-2 1t1 ns

RAS# to CAS# delay time (REG[22h] bit 4 = 0 and bits [3:2] = 01) 2t1-2 211 ns

t9 Read Data turn-off delay from CAS# 2 ns
t10 Write Data enable delay from WE# 0.451t1 ns
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7.3.9 FPM-DRAM CAS# Before RAS# Refresh Timing

Hardware Functional Specification
Issue Date: 99/05/18

tl
Memory ﬂmmm
Clock
t2 t3 R
RASH# J —/—4
CAS#
t4 15 ]
t6
Figure 7-15: FPM-DRAM CAS# Before RAS# Refresh Timing
Table 7-15: FPM-DRAM CAS# Before RAS# Refresh Timing
Symbol Parameter Min Typ Max Units
t1 Memory clock 40 ns
i RAS# to CAS# precharge time (REG[22h] bits [3:2] = 00) 21l ns
RAS# to CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 1t1 ns
Random read or write cycle time (REG[22h] hits [6:5] = 00) 5t1 ns
t3 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3tl ns
“ CAS# precharge time (REG[22h] bits [3:2] = 00) 211 ns
CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 1t1 ns
t5 CAS# setup time (CAS# before RAS# refresh) 0.451t1-2 ns
© RAS# precharge time (REG[22h] bits [3:2] = 00) 24511-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 145t1-1 ns
SED1354
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7.3.10 FPM-DRAM Self-Refresh Timing

Stopped for Restarted for
1 suspend mode active mode
4P
wemory [ \ / NN
Clock
< 5 »
« t2
RAS#
CAS#
t3 R
Figure 7-16: FPM-DRAM CBR Self-Refresh Timing
Table 7-16: FPM-DRAM CBR Self-Refresh Timing
Symbol Parameter Min Typ Max Units
t1 Memory clock 40 ns
o RAS# to CAS# precharge time (REG[22h] bits [3:2] = 00) 211 ns
RAS# to CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 1t1 ns
3 CAS# precharge time (REG[22h] bits [3:2] = 00) 211 ns
CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 111 ns
t4 CAS# setup time (CAS# before RAS# refresh) 045t1-2 ns
5 RAS# precharge time (REG[22h] bits [3:2] = 00) 24511 -1 ns
RAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 14511 -1 ns
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7.4 Display Interface

7.4.1 Power-On/Reset Timing

RESET#

LCD ENABLE
(REG[ODHh] bit 0)

TRESET#

—>

and FPFRAME active

LCDPWR Inactive Active
FPFRAME Active
FPLINE )/ _
FPSHIFT Active
FPDAT[15:0]
DRDY tl 2
Figure 7-17: LCD Panel Power-On/Reset Timing
Table 7-17: LCD Panel Power-On/Reset Timing
Symbol Parameter Min Typ Max Units
TreseT# | RESET# pulse time 100 us
LCD Enable bit high to FPLINE, FPSHIFT, FPDAT[15:0], DRDY
t active ’ [15:0] TrpFrRAME * 6Tpcik | NS
2 FPLINE, FPSHIFT, FPDAT[15:0], DRDY active to LCDPWR, on 128 Frames

Note

Where Epprameis the period of FPFRAME andsE i is the period of the pixel clock.

Hardware Functional Specification
Issue Date: 99/05/18
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7.4.2 Suspend Timing

SUSPEND#
Software Suspend
“ Note 1
—>
CLKI L// Note 2 r
t2 3
FLPCIZ:I;ZxE Active Inactive Active
t4 5
—> l—p
FBII;{ISE Active Inactive Active
FPSHIFT ; .
FPDAT[15:0] Active Active
6
N t t7
Memory Access Allowed Fﬁ Not Allowed Allowed
Figure 7-18: LCD Panel Suspend Timing
Table 7-18: LCD Panel Suspend Timing
Symbol Parameter Min Typ Max Units
t1 LCDPWR inactive to CLKI inactive 128 Frames
t2 SUSPEND# active to FPFRAME, LCDPWR inactive 0 1 Frames
3 Flrs_t CLKI after SUSPEND# inactive to FPFRAME, LCDPWR 1 Frames
active
ta LCPPWR inactive to FPLINE, FPSHIFT, FPDAT[15:0], DRDY 128 Frames
active
5 First CLKI after SUSPEND# inactive to FPLINE, FPSHIFT, 0 Frames
FPDAT[15:0], DRDY active
t6 LCDPWR inactive to Memory Access not allowed 8 MCLK
t7 First CLKI after SUSPEND# inactive to Memory Access allowed 0 MCLK

Note

1. t3, 15, and t7 are measured from the first CLKI after SUSPEND# inactive.
2. CLKI may be active throughout SUSPEND# active.
3. Where MCLK is the period of the memory clock.

SED1354
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7.4.3 Single Monochrome 4-Bit Panel Timing

‘ VDP _ VNDP
« o g
FPFRAME - - [
FPLINE ]| I | Ml | | Ml I Ml I 1N
MOD 7 7
UDI[3:0], UD[3:0] LINEL X LINE2 X LINE3 X LINE4 ¥~ — -XLINE239XLINE240 LINEL X LINE2 X
FPLINE N [
MOD :: N
HDP | HNDP |
< > >
FPSHIFT
S [ O B
uD3 . 11 X 15 X \ v — — X X X X JE=) { Y
uD2 . L 12 Y 16 X —— A X X1ai8) L X
uD1 . 13 X 17 X - — — X X X X189y, L X
ubo {14 Y 18 X - — — X X X130y L X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 320x240 panel

Figure 7-19: Single Monochrome 4-Bit Panel Timing

VDP = Vertical Display Period = (REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1

VNDP = Vertical Non-Display Period = (REG[0OAh] bits [5:0]) + 1

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

HNDP = Horizontal Non-Display Period = ((REGJ[05h] bits [4:0]) + 1)*8Ts
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tl t2
Sync Timing 7/ >
FPFRAME
t3 t4
FPLINE & /
15
MOD k
Data Timing
FPLINE
t6
t7 18
M 19 | 110 tl | 112
FPSHIFT _J #
13 | 114
UD[3:0] ! 2 ><7
Figure 7-20: Single Monochrome 4-Bit Panel A.C. Timing
Table 7-19:Single Monochrome 4-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE falling edge note 2
2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE pulse width 9 Ts
t4 FPLINE period note 3
t5 MOD delay from FPLINE falling edge note 4
6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPLINE falling edge to FPSHIFT falling edge t14 + 2 Ts
18 FPSHIFT period 4 Ts
t9 FPSHIFT falling edge to FPLINE falling edge note 6
t10 FPLINE falling edge to FPSHIFT rising edge 18 Ts
t11 FPSHIFT pulse width high 2 Ts
t12 FPSHIFT pulse width low 2 Ts
t13 UDI3:0] setup to FPSHIFT falling edge 2 Ts
t14 UD[3:0] hold to FPSHIFT falling edge 2 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlmin = t4min -9Ts
3. t4nin = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] Ts
4. t54in = [((REG[04h] bits [6:0]) + 1)*8 - 1] Ts
5. t6min = [((REG[O5h] bits [4:0]) + 1)*8 - 25] Ts
6. t9min = [((REG[O5h] bits [4:0]) + 1)*8 - 16] Ts
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7.4.4 Single Monochrome 8-Bit Panel Timing

| VDP | VNDP |
[ T '\
FPFRAME -
epLNe ] I I I n I M I I I 1N
MOD . X
UD[30]’ LD[30] LINE1 LINE2 LINE3 LINE4 >§ — LINE479 XLINE480 LINE1 >< LINE2

\‘

FPLINE - 1
MOD - -

HDP (| HNDP |

FPSHIFT 1L ririuri. _ J_\_I_\_I_\_I_\_I_\; - ;l

ub3 o 11 X 19 X ¥ — X X Xess e ¢

uD2 B 12 ) 110 . — X (e A X

uD1 o 13 X 1-11 X X - — — X X X W Wressy L X

uDo B 14 Y 112 — — X X163 L X

LD3 o A 15 ) 113 Y- — X X X 1-637 e ¢

LD2 o 16 X 114 — X Y1638 AL

LD1 B A 17 Y 115 ) — X X 1-639 - AX

LDO o 18 X 116 C— — XX XX Yreao e ¢

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

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

VDP = Vertical Display Period = (REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1

VNDP = Vertical Non-Display Period = (REG[OAh] bits [5:0]) + 1

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

HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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t1
t2
Sync Timing ‘ 7 ’
FPFRAME
t3 t4
FPLINE / L
5
MOD
Data Timing
FPLINE
t6
t7 8,
19 | 110 11 | 12
FPSHIFT _J
13 | 114
UD[3:0]
LD[3:0] ! 2
Figure 7-22: Single Monochrome 8-Bit Panel A.C. Timing
Table 7-20:Single Monochrome 8-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE falling edge note 2
t2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE pulse width 9 Ts
t4 FPLINE period note 3
t5 MOD delay from FPLINE falling edge note 4
t6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPLINE falling edge to FPSHIFT falling edge t14 + 4 Ts
t8 FPSHIFT period 8 Ts
t9 FPSHIFT falling edge to FPLINE falling edge note 6
t10 FPLINE falling edge to FPSHIFT rising edge 18 Ts
t11 FPSHIFT pulse width high 4 Ts
t12 FPSHIFT pulse width low 4 Ts
t13 UD[3:0], LD[3:0] setup to FPSHIFT falling edge 4 Ts
t14 UD[3:0], LD[3:0] hold to FPSHIFT falling edge 4 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlmin = t4min -9Ts
3. t4gin = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] Ts
4. t54in = [((REG[04h] bits [6:0]) + 1)*8 - 1] Ts
5. t6hin = [((REG[O5h] bits [4:0]) + 1)*8 - 23] Ts
6. t9min = [((REG[O5N] bits [4:0]) + 1)*8 - 14] Ts
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7.4.5 Single Color 4-Bit Panel Timing
| VDP U VNDP |
N T ]
FPFRAME — | - - [S—
FPLINE I Il I I Ml | 1 | I I I [
MOD X - X
UD[3;O] LINE1 LINE2 X LINE3 LINE4 >§ — LINE479 X LINE480, A LINE1 X LINE2 X
FPLINE [ ] — — [
MOD _ .
HDP L HNDP N
> >
FPORIFT M e
uD3 - (e (e 0 — — X
up2 N - X
uD1 Y 65D ) GET) — — XX ke L X
UDo - — — X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-23: Single Color 4-Bit Panel Timing
VDP = Vertical Display Period = (REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period = (REG[0Ah] bits [5:0]) + 1
HDP = Horizontal Display Period = ((REG[04h] bits [6:0]) + 1)*8Ts
HNDP = Horizontal Non-Display Period = ((REGJ[05h] bits [4:0]) + 1)*8Ts
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Sync Timing
FPFRAME
FPLINE
t5
MOD
Data Timing
FPLINE

t7

t10

»
q

A

FPSHIFT _/

A 4

UDI[3:0]

I~

13 | t14

¢
< P

1

Figure 7-24: Single Color 4-Bit Panel A.C. Timing

Table 7-21:Single Color 4-Bit Panel A.C. Timing

Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE falling edge note 2
t2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE pulse width 9 Ts
t4 FPLINE period note 3
t5 MOD delay from FPLINE falling edge note 4
t6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPLINE falling edge to FPSHIFT falling edge t14 + 0.5 Ts
t8 FPSHIFT period 1 Ts
t9 FPSHIFT falling edge to FPLINE falling edge note 6
t10 FPLINE falling edge to FPSHIFT rising edge 19 Ts
t11 FPSHIFT pulse width high 0.45 Ts
t12 FPSHIFT pulse width low 0.45 Ts
t13 UD[3:0], setup to FPSHIFT falling edge 0.45 Ts
t14 UD[3:0], hold from FPSHIFT falling edge 0.45 Ts
1. Ts  =pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlgin =t4min-9Ts
3. t4nin = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] Ts
4. t54in = [((REG[04h] bits [6:0])+1)*8 - 1] Ts
5. t6min = [((REG[O5h] bits [4:0]) + 1)*8 - 26] Ts
6. t9min = [((REG[O5N] bits [4:0]) + 1)*8 - 17] Ts
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7.4.6 Single Color 8-Bit Panel Timing (Format 1)
L VDP U VNDP
r T ]
FPFRAME o
FPLINE __| I | | ] I | I | 1 I I [L
UDI[3:0], LD[3:0] LINEL X LINE2 X LINE3 X LINE4 - — -—XLINE479XLINE480\ LINEL Y LINE2 X
FPLINE ] _ [
P HDP . HNDP
) T "
FPSHIFT S I I B B _ L I L
FPSHIFT2 N [ N I A - [
uD3 ) 1RL Y 1:GL Y 1:G6 X_1B6 X 1B11 Y LR12 — X X zRreze\ £ X
uD2 1-B1 Y 1R2 Y 1-R7 X 1-G7 X1-G12 ) 1-B12 e D G € N X
uD1 ) 1-G2 X 1-B2 X 1-B7 X 1-R8 X1-R13 X 1-G13 — XX weesn (Y
uDo 1R3 X 1-63 Y 1-G8)_1-88 X 1B13Y 1-R14 — XX aResy X
LD3 ) 183 Y 1-R4 X 1-R9 X 1-Go X 1-G14 X 1-B14 — XX faBe3x) { X
LD2 1-G4 ) 1-B4 Y 1-B9 ) 1-R10)(1-R15 ) 1-G15 — X X Yuees\ { X
LD1 1R5 ) 1-G5 ) 1-G10X 1-810 Y 1-B15 X 1R16 — X X XaRead) { X
LDO 1-85 ) 1-R6 ) 1-R1LY 1-G11(1-G16 ) 1-B16 (- — m . ( X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-25: Single Color 8-Bit Panel Timing (Format 1)
VDP = Vertical Display Period = (REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period = (REG[OAh] bits [5:0]) + 1
HDP = Horizontal Display Period = ((REG[04h] bits [6:0]) + 1)*8Ts
HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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Sync Timing f o P
FPFRAME 4

Data Timing FPLINE

» 3
FPLINE J/_\

t5a

A
v

t5b

v
-
(2]
—
3

t8a

FPSHIFT _J / ‘\l\;

t8b

FPSHIFT2 | m

t12 t13

UDI[3:0] z . < )
LD[3:0]

A 4

Figure 7-26: Single Color 8-Bit Panel A.C. Timing (Format 1)

Table 7-22: Single Color 8-Bit Panel A.C. Timing (Format 1)

Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE falling edge note 2
t2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE pulse width 9 Ts
t4 FPLINE period note 3
t5a FPSHIFT2 falling edge to FPLINE rising edge note 4
t5b FPSHIFT falling edge to FPLINE rising edge note 5
6 FPLINE falling edge to FPSHIFT2 rising, FPSHIFT falling edge t14 + 2 Ts
t7 FPSHIFT2, FPSHIFT period 4 Ts
t8a FPSHIFT falling edge to FPLINE falling edge note 6
t8b FPSHIFT2 falling edge to FPLINE falling edge note 7
9 FPLINE falling edge to FPSHIFT rising edge 18 Ts
t10 FPSHIFT2, FPSHIFT pulse width high 2 Ts
t11 FPSHIFT2, FPSHIFT pulse width low 2 Ts
t12 UD[3:0], LD[3:0] setup to FPSHIFT2 rising, FPSHIFT falling edge 1 Ts
t13 UD[3:0], LD[3:0] hold from FPSHIFT2 rising, FPSHIFT falling edge 1 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlmin =tmin- 9Ts
3. t4qin = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] Ts
4. t54in = [((REG[05h] bits [4:0]) + 1)*8 - 27]+T11 Ts
5. t5nin = [((REG[O5h] bits [4:0]) + 1)*8 - 27] Ts
6. t8min = [((REG[O5h] bits [4:0]) + 1)*8 - 18] Ts
7. t8min = [((REG[O5h] bits [4:0]) + 1)*8 - 18]+T11 Ts
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7.4.7 Single Color 8-Bit Panel Timing (Format 2)
L VDP U VNDP
= ¢ >
FPFRAME
FPLINE | I I ] 1 I I I ] 1 1 [
MOD X - X
UD[3:0], LD[3:0] LINEL X LINE2 X LINE3 X LINE4 — XLINE479)LINE480) LINEL X LINE2
-_—
] \
FPLINE — [
MOD - -
HDP . HNDP
FPSRFT L e e
uD3 1R1 Y 183 Y 1-G6 — — X X Xrcess) [ X
Up2 16 ) 1R ) 155 — X
up1 ven(ren)(aR)( ) (% — — A ™ X
UDo e S G = W G |
L03 re () N Ok — — F O ™ [
LD2 (38216 Y 18 XX — — A wey L X
D1 , ) (1) GHID D D T G G (= N G |
LY JEEVE VE VD G G SR G G - N
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-27: Single Color 8-Bit Panel Timing (Format 2)
VDP = Vertical Display Period = (REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period = (REG[OAh] bits [5:0]) + 1
HDP = Horizontal Display Period = ((REG[04h] bits [6:0]) + 1)*8Ts
HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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Sync Timing Jt oy 2 r
FPFRAME
it 13
FPLINE P—\
t5
MOD
Data Timing
FPLINE
t6
8 N
t7 t14 t11 110 |
FPSHIFT / i
12 | t13 _
UD[3:0] 1 >‘< 2
LD[3:0]
Figure 7-28: Single Color 8-Bit Panel A.C. Timing (Format 2)
Table 7-23:Single Color 8-Bit Panel A.C. Timing (Format 2)
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE falling edge note 2
t2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD delay from FPLINE falling edge note 4
6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPSHIFT falling edge to FPLINE falling edge note 6
t8 FPLINE falling edge to FPSHIFT falling edge t14 +2
t9 FPSHIFT period 2 Ts
t10 FPSHIFT pulse width low 1 Ts
t11 FPSHIFT pulse width high 1 Ts
t12 UD[3:0], LD[3:0] setup to FPSHIFT falling edge 1 Ts
t13 UD[3:0], LD[3:0] hold to FPSHIFT falling edge 1 Ts
t14 FPLINE falling edge to FPSHIFT rising edge 18 Ts
1. Ts  =pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlpin =t3min-9Ts
3. t3min = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] Ts
4. t55,n =[((REG[04h] bits [6:0])+1)*8 - 1] Ts
5. t6in = [((REG[O5h] bits [4:0]) + 1)*8 - 26] Ts
6. t7min =I[((REG[05h] bits [4:0]) + 1)*8 - 17] Ts
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7.4.8 Single Color 16-Bit Panel Timing

L VDP L VNDP .
<€ ] >
FPFRAME [ - [
FPLINE | I I I I I M.l I I I 1 [
MOD - X
UD[7:0], LD[7:0] _ )\ LINEL X LINE2 X LINE3 X LINE4 —  XLINE479X LINE48Q LINEL X LINE2
]
FPLINE _ [
MOD _ -
’ HDP pie HNDP
L e e s o N g S e
uD7 o A 1Rr1 Y 166 Y1-B11 XX ¥ — — 1-G635 e
UDG D50 60 -0 G G G S X
uD5 Y ET=) €50 €550 G GHED GHED S G G (5. N G
uD4 B A 1R3 Y 1-G8 1813 X — — X X Yemes L X
up3 L mamerew( X X % — — X e X
up2 - Areay(tBoy(aRrsY )} X % — — K X Jres _ A X
uD1 o A 1-Rs Y(1:G10X1-B15 X — — XY Yaeeag A X
UDo _ Oam)EmREes % X
LD7 Y ==Y G0 €5 QI G ¢ — = X
LD6 L ammense () ¥ — — A (e [ X
LD5 o 182 ) 1-R8 ) 1-G13 X Yoo — — X Yaces7 AL X
LD4 o faeEaRa )k — — K X R L X
D3 L meEsy(mm( (O ¢ — — X oms X
LD2 . A8 Y rro vews) X (% — — (e L X
LD1 ey Esm(mRm (O % — — Y O( O X
LDO o A 1R6 Y 1-GL1 X 1B16) X — — XX Yaeag LA X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-29: Single Color 16-Bit Panel Timing
VDP = Vertical Display Period = (REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period = (REG[0Ah] bits [5:0]) + 1
HDP = Horizontal Display Period = ((REGJ[04h] bits [6:0]) + 1)*8Ts
HNDP = Horizontal Non-Display Period = ((REGJ[05h] bits [4:0]) + 1)*8Ts
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Sync Timing
FPFRAME
FPLINE
5
MOD
Data Timing
FPLINE

t8

t14

A

FPSHIFT |

Y

UD[7:0]

t12

13

LD[7:0]

Figure 7-30: Single Color 16-Bit Panel A.C. Timing

Table 7-24: Single Color 16-Bit Panel A.C. Timing

Symbol Parameter Min Typ Max Units
tl FPFRAME setup to FPLINE falling edge note 2
2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD delay from FPLINE falling edge note 4
t6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPSHIFT falling edge to FPLINE falling edge note 6
t8 FPLINE falling edge to FPSHIFT falling edge t14 +3 Ts
t9 FPSHIFT period 5 Ts
t10 FPSHIFT pulse width low 2 Ts
t11 FPSHIFT pulse width high 2 Ts
112 UDI7:0], LD[7:0] setup to FPSHIFT falling edge 2 Ts
113 UD[7:0], LD[7:0] hold to FPSHIFT falling edge 2 Ts
t14 FPLINE falling edge to FPSHIFT rising edge 18 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlgin =t3min- 9Ts
3. t3min = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] Ts
4. t54in = [((REG[04h] bits [6:0])+1)*8 - 1] Ts
5. 6y, = [(REG[05h] bits [4:0]) + 1)*8 - 25] Ts
6. t7min =I[((REG[05h] bits [4:0]) + 1)*8 - 16] Ts
SED1354 Hardware Functional Specification

X19A-A-002-16

Issue Date: 99/05/18




Epson Research and Development Page 77
Vancouver Design Center
7.4.9 Dual Monochrome 8-Bit Panel Timing
L VDP . VNDP R
r T ]
FPFRAME
FPLINE | Il I I I .1l 1 I | Ml 1 1N
MOD - X
UD[3:O]‘ |_D[3:O] LINE 1/241 X LINE 2/242 X LINE 3/243><L\NE 41244 >€ — LINE 239/479) LINE 240/480>\ A UINE 1/241 X LINE 2/242
FPLINE — 1
MOD _
" HDP | HNDP
FPSHIFT S o o s o e e
uD3 ) 11 Y 15 — X ¥ ) 1-637 L X
uD2 ) ) e X Xk — — X (X 1638 Y G
uD1 ) s X 17 — XXX veao ) A X
uDO 1-4 18 — X X X 1-640 A X
LD3 A 241-1 X 241-5 X X >§ — §< X X 241-637) - 7K:><
LD2 i A 2a1-2) 2416 X Y ) — X % Y 241-639 L X
LD]_ A 241-3 X 241-7 X X )% — X X X 241-639 o ﬂ
LDO £ 241-4 ) 241-8 X X X — §< X X 241-640) 7/<:><
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-31: Dual Monochrome 8-Bit Panel Timing
VDP = Vertical Display Period = (REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period = (REG[0OAh] bits [5:0]) + 1
HDP = Horizontal Display Period = ((REGJ[04h] bits [6:0]) + 1)*8Ts
HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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Sync Timing VAN
FPFRAME
ot t3
FPLINE J/—\
t5
MOD
Data Timing
FPLINE
16
8, « o
t7 | 114 t11 | 110
FPSHIFT _ L ‘\l\;
112 t13
UD[3:0] 1 2
LDI[3:0]
Figure 7-32: Dual Monochrome 8-Bit Panel A.C. Timing
Table 7-25:Dual Monochrome 8-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE falling edge note 2
t2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD delay from FPLINE falling edge note 4
t6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPSHIFT falling edge to FPLINE falling edge note 6
8 FPLINE falling edge to FPSHIFT falling edge t14 + 2 Ts
t9 FPSHIFT period 4 Ts
t10 FPSHIFT pulse width low 2 Ts
t11 FPSHIFT pulse width high 2 Ts
t12 UD[3:0], LD[3:0] setup to FPSHIFT falling edge 2 Ts
t13 UDJ3:0], LD[3:0] hold to FPSHIFT falling edge 2 Ts
t14 FPLINE falling edge to FPSHIFT rising edge 10 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlpin =t3nin-9Ts
3. t3min = [((REG[04N] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] Ts
4. t54in = [((REG[04h] bits [6:0])+1)*8 - 1] Ts
5. t6min = [((REG[O5h] bits [4:0]) + 1)*8 - 17] Ts
6. t7min = [((REG[O5N] bits [4:0]) + 1)*8 - 8] Ts
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7.4.10 Dual Color 8-Bit Panel Timing
L VDP ., VNDP
< »e »
FPFRAME ] - o
FPLINE  __J| I I I | | I I Ml | | 1N
MOD X
UD[S.O], LD[S-O] 3 LINE 1/241 L\NE2/242>< — %LINE239/479XLINE240/480 L\NE1/241><—><:
FPLINE [ N 1
MOD -
P HDP . HNDP
FPSHIFT —
SN O I A S
uD3 o 1re X 162 13 Y 1Rrs X 166 X 187 ) — — 5 X Yaeess) (¥
up2 N ror) (e (Ta YRk — — XN em X
up1 e enGes e — — X e X
Upo e (asn(meren (et — — X ey L X
LD3 o 241-R1)(241-G2X241-B3 {241-R5 241—66)(241—B7>§ — —_ o _CX
LD2 o 241-G1 241-B2X241-R4X241-(35)(241-86X241—R8>§ _— m s ¥A X
LD1 o (241-81)(241-R3)241-Ga)241-85)2a1-R7)241-G8)- — — (Y Y 24 L X
LDO o (241-R2)241-G3Y241-B4 )(241-R6X241-G7(241-B8 - — — --% ) _/<:><
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-33: Dual Color 8-Bit Panel Timing
VDP = Vertical Display Period = (REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period = (REG[OAh] bits [5:0]) + 1
HDP = Horizontal Display Period = ((REG[04h] bits [6:0]) + 1)*8Ts
HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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tl t2
Sync Timing 7 (I
FPFRAME
. 13
FPLINE P—\ /
5
MOD
Data Timing
FPLINE
t6
18 < N
t7 LN 11 | t10
FPSHIFT | o i
12 | 113
UD[3:0] 1 2 ><:
LDI[3:0]
Figure 7-34: Dual Color 8-Bit Panel A.C. Timing
Table 7-26: Dual Color 8-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE falling edge note 2
t2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD delay from FPLINE falling edge note 4
t6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPSHIFT falling edge to FPLINE falling edge note 6
18 FPLINE falling edge to FPSHIFT falling edge t14 +1 Ts
9 FPSHIFT period 1 Ts
t10 FPSHIFT pulse width low 0.45 Ts
t11 FPSHIFT pulse width high 0.45 Ts
t12 UD[3:0], LD[3:0] setup to FPSHIFT falling edge 0.45 Ts
t13 UDI[3:0], LD[3:0] hold to FPSHIFT falling edge 0.45 Ts
t14 FPLINE falling edge to FPSHIFT rising edge 11 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlmin = tSmin -9Ts
3. t3in = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] Ts
4. t5,in = [((REG[04h] bits [6:0])+1)*8 - 1] Ts
5. t6min = [((REG[O5h] bits [4:0]) + 1)*8 - 18] Ts
6. t7min = [((REG[O5N] bits [4:0]) + 1)*8 - 9] Ts
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7.4.11 Dual Color 16-Bit Panel Timing

L VDP ., VNDP
FPFRAME B
FPLINE ] I I I I I .1l I I I I I [
MOD - X
UD[7:O], LD[7:O] LINE 1/241 X[ LINE 2/242 X LINE 3/243><L\NE 41244 — LINE 239/479><LINE 240/480 A LINE 17241 ) LINE 2242
]
FPLINE [ L [
MOD - )
B HDP _ HNDP
< g gl
FPSHIFT [ L[ L L L [ AU I
UD7, LD7 B &N XXk — — A X
UDS, LD6 B &N e XXk — — KO e L X
UDS, LD5 N ) Gea ) X — — A X
UD4, LD4 - N &N G G G D S G G - N G
UD3, LD3 N G ED D G G G S G Gl > N G
uD2, LD2 B At st X X — — X RN A X
uD1, LD1 . 2t X 250%s XX X — — (%EEsN A X
uDO, LDO B &N X X X e — — XX e A X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-35: Dual Color 16-Bit Panel Timing
VDP = Vertical Display Period = (REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period = (REG[OAh] bits [5:0]) + 1
HDP = Horizontal Display Period = ((REG[04h] bits [6:0]) + 1)*8Ts
HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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! 2
Sync Timing
FPFRAME
L t3
FPLINE J/_\ W
t5
MOD
Data Timing
FPLINE
t6
t8 t9
. t7 14, t11 110
FPSHIFT | ‘\l\;
12 | 13
UDI[7:0] 1 2 X
LD[7:0]
Figure 7-36: Dual Color 16-Bit Panel A.C. Timing
Table 7-27: Dual Color 16-Bit Panel A.C. Timing
Symbol Parameter Min Typ  Max Units
t1 FPFRAME setup to FPLINE falling edge note 2
2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD delay from FPLINE falling edge note 4
t6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPSHIFT falling edge to FPLINE falling edge note 6
t8 FPLINE falling edge to FPSHIFT falling edge t14 +2
t9 FPSHIFT period 2 Ts
t10 FPSHIFT pulse width low 1 Ts
t11 FPSHIFT pulse width high 1 Ts
t12 UD[7:0], LD[7:0] setup to FPSHIFT falling edge 1 Ts
t13 UD[7:0], LD[7:0] hold to FPSHIFT falling edge 1 Ts
t14 FPLINE falling edge to FPSHIFT rising edge 10 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlmin = tSmin -9Ts
3. t3in = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] Ts
4. t54in = [((REG[04h] bits [6:0])+1)*8 - 1] Ts
5. t6,in = [((REG[O5h] bits [4:0]) + 1)*8 - 18] Ts
6. t7min =I[((REG[05h] bits [4:0]) + 1)*8 - 9] Ts
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7.4.12 16-Bit TFT Panel Timing
5 VNDP v VDP R
FPFRAME \_’7—1
reLNe L) L] I i i U I I
R[Sl], G[SO], B[51] LINE480>\ _____ LINE1 |[X— — —X LINE480
DRDY ’
FPLINE | [ 7
5 HNDP; v
< e
FPSHIFT [ [ L1 LI 1.___. O I SO LT L
DROY | I B
RISH} ) — — — e .
ekl —— =G o
B[Sl] _____ 1-1 12 - S
Note: DRDY is used to indicate the first pixel
Example Timing for 640x480 panel
Figure 7-37: 16-Bit TFT Panel Timing
VDP = Vertical Display Period = (REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period = (REG|[OAh] bits [5:0]) + 1
HDP = Horizontal Display Period = ((REGJ04h] bits [6:0]) + 1)*8Ts
HNDP = Horizontal Non-Display Period =HNDP,; + HNDP, = ((REG[05h] bits [4:0]) + 1)*8Ts
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G[5:0]

FPFRAME
—» t12 0
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FPLINE \_/ D \/ \/ \/
t6
?
FPLINE
< t7 R t15
< ”
t17
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DRDY (¢
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o
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Note: DRDY is used to indicate the first pixel

2 >Q ) 639 640
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A

Figure 7-38: TFT A.C. Timing
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Table 7-28: TFT A.C. Timing

Symbol Parameter Min Typ Max Units
t1 FPSHIFT period 1 Ts (note 1)
t2 FPSHIFT pulse width high 0.45 Ts
t3 FPSHIFT pulse width low 0.45 Ts
t4 data setup to FPSHIFT falling edge 0.45 Ts
t5 data hold from FPSHIFT falling edge 0.45 Ts
t6 FPLINE cycle time note 2
t7 FPLINE pulse width low note 3
t8 FPFRAME cycle time note 4
9 FPFRAME pulse width low note 5
t10 horizontal display period note 6
t11 FPLINE setup to FPSHIFT falling edge 0.45 Ts
t12 FPFRAME falling edge to FPLINE falling edge note 7
phase difference
t13 DRDY to FPSHIFT falling edge setup time 0.45 Ts
t14 DRDY pulse width note 8
t15 DRDY falling edge to FPLINE falling edge note 9
t16 DRDY hold from FPSHIFT falling edge 0.45 Ts
t17 FPLINE Falling edge to DRDY active note 10 250 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. t6in = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0])+1)*8] Ts
3. t7min =[((REG[O7h] bits [3:0])+1)*8] Ts
4. 18 nin = [((REG[09h] bits [1:0], REG[08h] bits [7:0])+1) + ((REG[0Ah] bits [5:0])+1)] lines
5. 9min = [((REG[OCH] bits [2:0])+1)] lines
6. t10in = [((REG[04h] bits [6:0])+1)*8] Ts
7. 124, = [((REG[06h] bits [4:0])+1)*8] Ts
8. t14in = [((REG[04h] bits [6:0])+1)*8] Ts
9. t15.n = [((REG[06N] bits [4:0])+1)*8 - 2] Ts
10. t174, = [((REG[05h] bits [4:0])+1)*8 - ((REG[06h] bits [4:0])+1)*8 + 2]
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7.4.13 CRT Timing

Example Timing for 640x480 CRT

y VNDP e VDP 9
VRTC R
HRTC I i I I I I | [ | R |
DACP[?O] LINE480 o LINE1 - — *>< LINE480

BLANK# S

HRTC |

HNDP, L HDP L HNDP,
[« >ie >le

pacclk L[ L[ LT LT [ L

BLANK# J o L
DACDI[7:0] o 2 - — — Haew0)
Figure 7-39: CRT Timing
VDP = Vertical Display Period = (REGJ[09h] bits [1:0], REG[08h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period = (REG[0Ah] bits [5:0]) + 1
HDP = Horizontal Display Period = ((REG[04h] bits [6:0]) + 1)*8Ts
HNDP = Horizontal Non-Display Period = HNDP, + HNDP, = ((REG[05h] bits [4:0]) + 1)*8Ts
SED1354 Hardware Functional Specification
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Figure 7-40: CRT A.C. Timing
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Table 7-29: CRT A.C. Timing
Symbol Parameter Min Typ Max Units
t1 DACCLK period 1 Ts (note 1)
t2 DACCLK pulse width high 0.45 Ts
t3 DACCLK pulse width low 0.45 Ts
t4 data setup to DACCLK rising edge 0.45 Ts
5 data hold from DACCLK rising edge 0.45 Ts
t6 HRTC cycle time note 2
t7 HRTC pulse width (shown active low) note 3
t8 VRTC cycle time note 4
9 VRTC pulse width (shown active low) note 5
t10 horizontal display period note 6
t11 HRTC setup to DACCLK rising edge 0.45 Ts
t12 VRTC fa_llling edge to FPLINE falling edge note 7
phase difference
t13 BLANK# to DACCLK rising edge setup time 0.45 Ts
t14 BLANK# pulse width note 8
t15 BLANK# falling edge to HRTC falling edge note 9
t16 BLANK# hold from DACCLK rising edge 0.45 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. t6gin = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0])+1)*8] Ts
3. t7min = [((REG[O7h] bits [3:0])+1)*8] Ts
4. 18 min = [((REG[09h] bits [1:0], REG[08h] bits [7:0])+1) + ((REG[0Ah] bits [6:0])+1)] lines
5. 9qin = [((REG[OCh] bits [2:0])+1)] lines
6. t10yi, = [((REG[04h] bits [6:0])+1)*8] Ts
7. t12.in = [((REG[06h] bits [4:0])+1)*8] Ts
8. 114, = [((REG[04h] bits [6:0])+1)*8] Ts
9. 115, = [((REG[06h] bits [4:0])+1)*8 - 2] Ts
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7.4.14 External RAMDAC Read / Write Timing

Read
t1 t2
AB[20:0]
CS#
M/R#
DACRSJ[1:0] >
Valid RD# Command
(depends on CPU bus)
t3 t4

DACRD#

Valid WR# command
(depends on CPU bus)

DACWR#
»”i t6 »
Figure 7-41: Generic Bus RAMDAC Read / Write Timing
Table 7-30:Generic Bus RAMDAC Read / Wrifaning
Symbol Parameter Min Typ Max Units
TecLk Bus clock period 30 ns
tl AB[20:0], CS#, M/R# delay to DACRS[1:0] 10 ns
2 DACRSJ1:0] hold from AB[20:0], CS#, M/R# negated 10 ns
t3 Valid RD# command to DACRS[1:0] delay 8 33 ns
t4 DACRD# hold from valid RD# command negated 3 14 ns
t5 Valid WR# command to DACWR# delay 2 Tgeik ns
t6 DACWR# pulse width low 2.45 Tgcik 2.55 Tge1k ns
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8 Registers

8.1 Register Mapping

The SED1354 registers are all memory mapped. The system must provide the external address
decoding through the CS# and M/R# input pins. When CS# = 0 and M/R# = 0, the registers are
mapped by address bits AB[5:0], e.g. REG[00h] is mapped to AB[5:0] = 000000, REG[01h] is

mapped to AB[5:0] = 000001. See the table below:

Table 8-1: SED1354 Addressing

CS# M/R# Access

Register access:

0 0 * REG[00h] is addressed when AB[5:0] = 0
e REG[01h] is addressed when AB[5:0] = 1
* REG|n] is addressed when AB[5:0] = n

0 1 Memory access: the 2M byte display buffer is addressed by
ABJ[20:0]

1 X SED1354 not selected

8.2 Register Descriptions

Note
Unless specified otherwise, all register bits are reset to 0 during power up. Reserved bits should
be written 0 when programming unless otherwise noted.

8.2.1 Revision Code Register

Revision Code Register
REG[00h] RO
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 Bits [5:0]
This is a read-only register that indicates the product code of the chip. The product code is 000001.
bits 1-0 Revision Code Bits [1:0]
This is a read-only register that indicates the revision code of the chip. The revision code is 00.
SED1354 Hardware Functional Specification
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8.2.2 Memory Configuration Registers

Memory Configuration Register

REG[01h] RW
Refresh Rate |Refresh Rate |Refresh Rate

n/a Bit 2 Bit 1 Bit 0 n/a WE# Control |n/a Memory Type

bits 6-4 DRAM Refresh Rate Select Bits [2:0]

These bits specify the amount of divide from the input clock (CLKI) to generate the DRAM refresh
clock rate, which is equal td¥@!ueOfTheseBits + 6)

Table 8-2: DRAM Refresh Rate Selection

Refresh Rate CLKI Divide Amount Refresh Rate for 33MHz I_DRAM Refresh
Bits [2:0] CLKI Time/256 Cycles
000 64 520 kHz 0.5ms
001 128 260 kHz 1ms
010 256 130 kHz 2ms
011 512 65 kHz 4 ms
100 1024 33 kHz 8 ms
101 2048 16 kHz 16 ms
110 4096 8 kHz 32ms
111 8192 4 kHz 64 ms
bit 2 WE# Control

When this bit = 1, 2-WE# DRAM is selected. When this bit = 0 2-CAS# DRAM is selected.

bit 0 Memory Type
When this bit = 1, FPM-DRAM is selected. When this bit = 0, EDO-DRAM is selected.
This bit should be changed only when there are no read/write DRAM cycles. This condition occurs
when both the Display FIFO is disabled (REG[23h] bit 7 = 1) and the Half Frame Buffer is disabled
(REG[1Bh] bit 0 = 1). For programming information, &€D1354 Programming Notes and
Examplesdocument number X19A-G-002-xx.
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8.2.3 Panel/Monitor Configuration Registers

Panel Type Register
REG[02h] RW
n/a n/a Panel Data Panel Data Panel Data Color/Mono Dual/Single Iggizfg\l/e
Width Bit 1 Width Bit 0 Format Select | Panel Select |Panel Select Select
bits 5-4 Panel Data Width Bits [1:0]
These bits select passive LCD/TFT panel data width size.
Table 8-3: Panel Data Width Selection
Panel Data Width Bits [1:0] Passive L.CD Pgnel Data TFT Panel Data Width Size
Width Size
00 4-bit 9-bit
01 8-bit 12-bit
10 16-bit 16-bit
11 Reserved Reserved
bit 3 Panel Data Format Select
When this bit = 1, 8-bit single color passive LCD panel data format 2 is selected. This bit must be
set to O for all other LCD panel formats.
bit 2 Color/Mono Panel Select
When this bit = 1, color passive LCD panel is selected. When this bit = 0, monochrome passive
LCD panel is selected.
bit 1 Dual/Single Panel Select
When this bit = 1, dual passive LCD panel is selected. When this bit = 0, single passive LCD panel
is selected.
Setting this bit for single panel mode should be done only when the Half Frame Buffer is idle. The
Half Frame Buffer is idle during vertical non-display periods or while in suspend mode. For
programming information, s€eED1354 Programming Notes and ExamptEgument number
X19A-G-002-xx.
bit 0 TFT/Passive LCD Panel Select

When this bit = 1, TFT panel is selected. When this bit = 0, passive LCD panel is selected.

MOD Rate Register

REG[03h] RW

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 0

bits 5-0 MOD Rate Bits [5:0]
For a non-zero value these bits specify the number of FPLINE between toggles of the MOD output
signal. When these bits are all 0's the MOD output signal toggles every FPFRAME. These bits are
for passive LCD panels only.

SED1354 Hardware Functional Specification

X19A-A-002-16

Issue Date: 99/05/18



Epson Research and Development Page 93

Vancouver Design Center

Horizontal Display Width Register

REG[04h] RW
Horizontal Horizontal Horizontal Horizontal Horizontal Horizontal Horizontal

n/a Display Display Display Display Display Display Display
Width Bit 6 Width Bit 5 Width Bit 4 Width Bit 3 Width Bit 2 Width Bit 1 Width Bit 0

bits 6-0 Horizontal Display Width Bits [6:0]

These bits specify the LCD panel and/or the CRT horizontal display width as follows.
Contents of this Register = (Horizontal Display WieltB) - 1

For passive LCD panels the Horizontal Display Width must be divisible by 16, and for TFT LCD
panels/CRTs the Horizontal Display Width must be divisible by 8. The maximum horizontal dis-
play width is 1024 pixels.

Note
This register must be programmed such that REG[84h{32 pixels)

Horizontal Non-Display Period Register

REG[05h] RW
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 Bits [4:0]

These bits specify the horizontal non-display period width in 8-pixel resolution as follows.
Contents of this Register = (Horizontal Non-Display Peti@) - 1

The minimum value which should be programmed into this register is 3 (32 pixels). The maximum
value which can be programmed into this register is 1F, which gives a horizontal non-display period
width of 256 pixels.

Note
This register must be programmed such that
REG[05h]= 3 and (REG[05h] + 13 (REG[06h] + 1) + (REG[07h] bits [3:0] + 1)

HRTC/FPLINE Start Position Register

REG[06h] RW
HRTC/ HRTC/ HRTC/ HRTC/ HRTC/

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 HRTC/FPLINE Start Position Bits [4:0]

For CRTs and TFTs, these bits specify the delay from the start of the horizontal non-display period
to the leading edge of the HRTC pulse and FPLINE pulse respectively.

Contents of this Register = (HRTC/FPLINE Start Positid) - 1
The maximum HRTC start delay is 256 pixels.
Note

This register must be programmed such that
(REG[05h] + 1)= (REG[06h] + 1) + (REG[07h] bits [3:0] + 1)
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HRTC/FPLINE Pulse Width Register
REG[07h] RW
HRTC/ HRTC/ HRTC/ HRTC/
E;Zrcit EZII;H’\:E n/a n/a FPLINE FPLINE FPLINE FPLINE
coloot g Pulse Width | Pulse Width | Pulse Width | Pulse Width
Bit 3 Bit 2 Bit 1 Bit 0
bit 7 HRTC Polarity Select
For CRTSs, this bit selects the polarity of the HRTC. When this bit = 1, the HRTC pulse is active
high. When this bit = 0, the HRTC pulse is active low.
bit 6 FPLINE Polarity Select
This bit selects the polarity of the FPLINE for TFT and passive LCD. When this bit = 1, the
FPLINE pulse is active high for TFT and active low for passive LCD. When this bit = 0, the
FPLINE pulse is active low for TFT and active high for passive LCD.
Table 8-4: FPLINE Polarity Selection
FPLINE Polarity Select Passive LCD FPLINE Polarity TFT FPLINE Polarity
0 active high active low
1 active low active high
bits 3-0 HRTC/FPLINE Pulse Width Bits [3:0]

For CRTs and TFTs, these bits specify the pulse width of HRTC and FPLINE respectively. For pas-
sive LCDs, FPLINE is automatically created and these bits have no effect.

HRTC/FPLINE pulse width (pixels) = (HRTC/FPLINE Pulse Width Bits [3:0] « B)
The maximum HRTC pulse width is 128 pixels.
Note

This register must be programmed such that
(REG[05h] + 1)= (REG[06h] + 1) + (REG[07h] bits [3:0] + 1)

Vertical Display Height Register 0

REG[08h] RW
Vertical Vertical Vertical Vertical Vertical Vertical Vertical Vertical
Display Display Display Display Display Display Display Display
Height Bit 7 Height Bit 6 Height Bit 5 Height Bit 4 Height Bit 3 Height Bit 2 Height Bit 1 Height Bit O

REG[09h]

Vertical Display Height Register 1

RwW

n/a n/a

Vertical Vertical
n/a n/a n/a n/a Display Display
Height Bit 9 Height Bit 8

REG[08h] bits 7-0
REG[09h] bits 1-0

Vertical Display Height Bits [9:0]
These bits specify the LCD panel and/or the CRT vertical display height, in 1-line resolution. For a
dual LCD panel only configuration, this register should be programmed to half the panel size.

Vertical display height in number of lines = (ContentsOfThisRegister) + 1.
The maximum vertical display height is 1024 lines.
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Vertical Non-Display Period Register

REG[0AN] RW
\N/iﬁlfjﬁ!s la Vertical Vertical Vertical Vertical Vertical Vertical
Period S?atﬁs n/a Non-Display | Non-Display |Non-Display |Non-Display |Non-Display |Non-Display
(RO) Period Bit 5 Period Bit 4 Period Bit 3 Period Bit 2 Period Bit 1 Period Bit 0

bit 7

bits 5-0

Vertical Non-Display Period Status
This is a read-only status bit. A “1” indicates that a vertical non-display period is occurring. A “0”
indicates that display output is in a vertical display period.

Note
When configured for a dual panel, this bit will toggle at twice the frame rate.

Vertical Non-Display Period Bits [5:0]

These bits specify the vertical non-display period height in 1-line resolution.

Vertical non-display period height in number of lines = (ContentsOfThisRegister) + 1.
The maximum vertical non-display period height is 64 lines.

Note

This register must be programmed such that
REG[0Ah]= 1 and (REG[0Ah] bits [5:0] + 1} (REG[0Bh] + 1) + (REG[OCh] bits [2:0] + 1)

VRTC/FPFRAME Start Position Register

REG[0Bh] RwW
VRTC/ VRTC/ VRTC/ VRTC/ VRTC/ VRTC/

n/a n/a FPFRAME FPFRAME FPFRAME FPFRAME FPFRAME FPFRAME
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 VRTC/FPFRAME Start Position Bits [5:0]

For CRTs and TFTs, these bits specify the delay in lines from the start of the vertical non-display
period to the leading edge of the VRTC pulse and FPFRAME pulse respectively. For passive LCDs,
FPFRAME is automatically created and these bits have no effect.

VRTC/FPFRAME start position (lines) = VRTC/FPFRAME Start Position Bits [5:0] + 1.
The maximum VRTC start delay is 64 lines.
Note

This register must be programmed such that
(REG[O0AR] bits [5:0] + 1= (REG[0Bh] + 1) + (REG[OCh] bits [2:0] + 1)
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VRTC/FPFRAME Pulse Width Register
REG[0Ch] RW
VRTC/ VRTC/ VRTC/
VRTC Polarity EZE:?ME n/a n/a n/a FPFRAME FPFRAME FPFRAME
Select Selecty Pulse Width | Pulse Width | Pulse Width
Bit 2 Bit 1 Bit 0
bit 7 VRTC Polarity Select
For CRTSs, this bit selects the polarity of the VRTC. When this bit = 1, the VRTC pulse is active
high. When this bit = 0, the VRTC pulse is active low.
bit 6 FPFRAME Polarity Select
This bit selects the polarity of the FPFRAME for TFT and passive LCD. When this bit = 1, the
FPFRAME pulse is active high for TFT and active low for passive LCD. When this bit = 0, the
FRAME pulse is active low for TFT and active high for passive LCD.
Table 8-5: FPFRAME Polarity Selection
FPFRAME Polarity Select Passive LCD FPFRAME TFT FPFRAME Polarity
Polarity
active high active low
active low active high
bits 2-0 VRTC/FPFRAME Pulse Width Bits [2:0]
For CRTs and TFTs, these bits specify the pulse width of VRTC and FPFRAME respectively. For
passive LCDs, FPFRAME is automatically created and these bits have no effect.
VRTC/FPFRAME pulse width (lines) = VRTC/FPFRAME Pulse Width Bits [2:0] + 1.
The maximum VRTC pulse width is 8 lines.
Note
This register must be programmed such that
(REG[0AN] hits [5:0] + 1 (REG[0Bh] + 1) + (REG[0Ch] bits [2:0] + 1)
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8.2.4 Display Configuration Registers

REG[ODh]

Display Mode Register

RW

n/a

Display

Bit 1

Simultaneous | Simultaneous

Option Select | Option Select

Number Of Number Of Number Of
Bits/Pixel Bits/Pixel Bits/Pixel CRT Enable |LCD Enable
Select Bit 2 Select Bit 1 Select Bit 0

Display

Bit0

bits 6-5

Simultaneous Display Option Select Bits [1:0]

These bits are used to select one of four different simultaneous display mode options: Normal, Line
Doubling, Interlace, or Even Scan Only. The purpose of these modes is to manipulate the vertical
resolution of the image so that it fits on both CRT, typically 640 x 480, and LCD. The following
gives descriptions of the four modes using a 640x480 CRT as an example:

Table 8-6: Simultaneous Display Option Selection

Simultaneous Display Option Select Bits [1:0] Simultaneous Display Option

00 Normal

01 Line Doubling

10 Interlace

11 Even Scan Only

Note
1. Line doubling option is not supported with dual panel.
2. Dual Panel Considerations
When configured for a dual panel LCD and using Simultaneous Display,
the Half Frame Buffer Disable, REG[1Bh] bit 0, must be set to 1. This will result in a
lower contrast on the LCD panel, which then may require adjustment.

Normal - the image is the same on both displays, i.e. 640x240. CRT parameters determine the LCD
image. The LCD image will appear to be washed out due to the 1/525 duty cycle of the CRT.

Line Doubling - each line is sent to the CRT twice, giving a 640x480 image which has a long
aspect ratio. The image on the LCD has each line sent twice but only one FPLINE. This gives a
duty cycle of 2/525, which is very close to the LCD only mode duty cycle of 1/242, so the image on
the LCD will have almost the same contrast as that of a single LCD.

Interlace - odd frames receive odd scan lines and even frames receive even scan lines. The
640x480 image on the CRT will be normal while the image on the 640x240 LCD will appear to be
squashed, though text will be readable.

Even Scan Only- the 640x480 image on the CRT is normal. The LCD (640x240) only receives the
even scan lines. The image on the LCD does not flicker, but it may be hard to read text.
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bits 4-2 Number of Bits-Per-Pixel Select Bits [2:0]
These bits select the number of bits-per-pixel (bpp) for the displayed data.

Note
15 and 16-bpp modes bypass the LUT and are supported as 12-bpp on passive panels and 15/16-
bpp on TFT panels. These modes are not supported on CRT. See Figure 10-2: “15/16 Bit-Per-
Pixel Format Memory Organization,” on page 117 for a description of passive panel support.

Table 8-7: Number of Bits-Per-Pixel Selection

Number Of Bits-Per-Pixel Select Bits [2:0] Number of Bits-Per-Pixel
000 1
001 2
010 4
011 8
100 15
101 16
110-111 Reserved
bit 1 CRT Enable

This bit enables the CRT control signals.

Note
REG[02h] bit 1 must = 0 when in CRT only mode.

bit 0 LCD Enable
This bit enables the LCD control signals. Programming this bit from a 0 to a 1 starts the LCD
power-on sequence. Programming this bit from a 1 to a 0 starts the LCD power-off sequence.
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Screen 1 Line Compare Register 0

REGI[O0ENh] RwW
Screen 1 Screen 1 Screen 1 Screen 1 Screen 1 Screen 1 Screen 1 Screen 1

Line Line Line Line Line Line Line Line

Compare Bit 7

Compare Bit 6 | Compare Bit 5 | Compare Bit 4 | Compare Bit 3 | Compare Bit 2 | Compare Bit 1 | Compare Bit 0

REG[OFh]

Screen 1 Line Compare Register 1

RwW

n/a

Screen 1
Line
Compare Bit 8

Screen 1
Line
Compare Bit9

n/a n/a n/a n/a n/a

REG[OEh] bits 7-0
REG[OFh] bits 1-0

Screen 1 Line Compare Bits [9:0]
In split screen mode, the panel is divided into screen 1 and screen 2, with screen 1 above screen 2
This is the 10-bit value that specifies the screen 1 size in 1-line resolution for split screen mode.

Split screen 1 vertical size in number of lines = (ContentsOfThisRegister) + 1.

Where ContentsOfThisRegister is a 10-bit value comprising of these registers. The maximum
screen 1 vertical size is 1024 lines. Screen 2 is visible only if the screen 1 line compare is less than
the vertical panel size. The starting address for screen 1 is given by the Screen 1 Display Start
Address registers. The starting address for screen 2 is given by the Screen 2 Display Start Address
registers. See Section 10:Bnage Manipulation”on page 118 and SED1354 Programming Notes

and Examples, document number X19A-G-002-xx, Section 4 for more details.

Note
For normal operation (no split screen) this register must be set greater than the vertical display
height REG[08h] and REG[09h] (e.g. set to 3FFh).

Screen 1 Display Start Address Register 0

REG[10h] RW

Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Screen 1 Display Start Address Register 1

REG[11h] RW

Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

Screen 1 Display Start Address Register 2

REG[12h] RW

n/a n/a n/a n/a Start Address | Start Address | Start Address | Start Address
Bit 19 Bit 18 Bit 17 Bit 16

REG[10h] bits 7-0
REG[11h] bits 7-0
REG[12h] bits 3-0

Screen 1 Start Address Bits [19:0]

This register forms the 20-bit address for the starting word of the screen 1 image in the display

buffer. Note that this is a word address. An entry of 0000h into these registers represents the first
word of display memory, an entry of 0001h represents the second word of display memory, and so
on. See Section 10isplay Configuration” on page 116 for details.
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Screen 2 Display Start Address Register 0 RW

REG[13h] RW

Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Screen 2 Display Start Address Register 1

REG[14h] RW

Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

Screen 2 Display Start Address Register 2

REG[15h] RW

n/a n/a n/a n/a Start Address | Start Address | Start Address | Start Address
Bit 19 Bit 18 Bit 17 Bit 16

REG[13h] bits 7-0
REG[14h] bits 7-0
REG[15h] bits 3-0

Screen 2 Start Address Bits [19:0]

This register forms the 20-bit address for the starting word of the screen 2 image in the display

buffer. Note that this is a word address. An entry of 0000h into these registers represents the first
word of display memory, an entry of 0001h represents the second word of display memory, and so
on. See Section 10isplay Configuration” on page 116 for details.

Memory Address Offset Register 0

REG[16h] RW

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

Memory Address Offset Register 1

REG[17h] RW
Memory Memory

n/a n/a n/a n/a n/a n/a Address Address
Offset Bit 9 Offset Bit 8

REG[16] bits 7-0
REG[17] bits 1-0

Memory Address Offset Bits [9:0]
These bits are the 10-bit address offset from the starting word of line “n” to the starting word of line

“n + 1". This value is applied to both screen 1 and screen 2.

Note

This value is in words and must be programmd&rEG[04h].

A virtual image can be formed by setting this register to a value greater than the width of the dis-

play. The displayed image is a window into the larger virtual image.

See Section 10DPisplay Configuration” on page 116 for details.
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Pixel Panning Register

REG[18h] RW
Screen 2 Screen 2 Screen 2 Screen 2 Screen 1 Screen 1 Screen 1 Screen 1
Pixel Panning | Pixel Panning | Pixel Panning | Pixel Panning | Pixel Panning | Pixel Panning | Pixel Panning | Pixel Panning
Bit 3 Bit 2 Bit 1 Bit0 Bit 3 Bit 2 Bit 1 Bit 0

This register is used to control the horizontal pixel panning of screen 1 and screen 2. Each screen
can be independently panned to the left by programming its respective Pixel Panning Bits to a non-
zero value. This value represents the number of pixels panned. The maximum pan value is dependent
on the display mode as shown in the table below.

Table 8-8: Pixel Panning Selection

Number of Bits-Per-Pixel Screen 2 Pixel Panning Bits Used
1 Bits [3:0]
2 Bits [2:0]
4 Bits [1:0]
8 Bit 0
15/16

Smooth horizontal panning can be achieved by a combination of this register and the Display Start
Address register. See Section“Misplay Configuration”on page 116 and SED1354 Programming
Notes and Examples, document number X19A-G-002-xx, Section 4 for details.

bits 7-4 Screen 2 Pixel Panning Bits [3:0]
Pixel panning bits for screen 2.
bits 3-0 Screen 1 Pixel Panning Bits [3:0]

Pixel panning bits for screen 1.

8.2.5 Clock Configuration Register

Clock Configuration Register

REG[19h] RW

n/a n/a n/a n/a n/a MCLK Divide |PCLK Divide |PCLK Divide
Select Select Bit 1 Select Bit 0

bit 2 MCLK Divide Select

When this bit = 1 the memory clock (MCLK) frequency is half of the input clock frequency. When
this bit = 0 the memory clock frequency is equal to the input clock frequency.

bits 1-0 PCLK Divide Select Bits [1:0]
These bits determine the amount of divide from the memory clock to generate the pixel clock (PCLK):

Table 8-9: PCLK Divide Selection

PCLK Divide Select Bits [1:0] MCLK/PCLK Frequency Ratio
00 1
01 2
10 3
11 4

See Section 11.2Frame Rate Calculation”on page 120 for selection of PCLK frequency.
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8.2.6 Power Save Configuration Registers

Power Save Configuration Register
REG[1Ah] RW
LCD Power Suspend Suspend Software
n/a n/a n/a n/a Disable Refresh Refresh Suspend
Select Bit 1 Select Bit 0 Mode Enable

bit 3 LCD Power Disable
When this bit = 1 the LCDPWR output is directly forced to the Off state. The LCDPWR “On/Off”
state is configured by MD10 at the rising edge of RESET#. When this bit = 0 the LCDPWR output
is controlled by the panel on/off sequencing logic. See Table 5-8: “Summary of Power On / Reset
Options,” on page 31.

bits 2-1 Suspend Refresh Select Bits [1:0]
These bits specify the type of DRAM refresh to use in Suspend mode.

Table 8-10: Suspend Refresh Selection

Suspend Refresh Select Bits [1:0] DRAM Refresh Type
00 CBR Refresh
01 Self-Refresh
1x No Refresh
Note

These bits should not be changed when suspend mode is enabled.

bit 0 Software Suspend Mode Enable
When this bit = 1 software suspend mode is enabled. When this bit = 0 software suspend mode is disabled.

8.2.7 Miscellaneous Registers

Miscellaneous Disable Register
REG[1Bh] RW
Host
Interface n/a n/a n/a n/a n/a n/a Half Fraf.“e

: Buffer Disable
Disable
bit 7 Host Interface Disable

This bit must be programmed to 0 to enable the Host Interface. This bit goes high on reset. When
this bit is high, all memory and all registers except REG[1Ah] (read-only), REG[28h] through
REG[2Fh], and REG[1Bh] are inaccessible.
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Half Frame Buffer Disable
This bit is used to disable the Half Frame Buffer.
When this bit = 1, the Half Frame Buffer is disabled. When this bit = 0, the Half Frame Buffer is

enabled. When a single panel is selected, the Half Frame Buffer is automatically disabled and this
bit has no hardware effect.

The Half Frame Buffer is needed to fully support dual panels. Disabling the Half Frame Buffer
reduces memory bandwidth requirements and increases the supportable pixel clock frequency, but

results in reduced contrast on the LCD panel. This mode is not normally used except in special
circumstances such as simultaneous display on a CRT and dual panel LCD. See Section 11.2 on

page 120 for detalils.

bit 0

Note
The Half Frame Buffer should be disabled only when idle. The Half Frame Buffer is idle during

vertical non-display periods (i.e. when REG[0Ah] bit 7 = 1), or while in suspend mode. For
programming information, s€@ED1354 Programming Notes and ExamptiEscument number
X19A-G-002-xx.

MD Configuration Readback Register 0

REG[1Ch] RO
MD7 Status MD6 Status MD5 Status MD4 Status MD3 Status MD2 Status MD1 Status MDO Status
MD Configuration Readback Register 1

REG[1Dh] RO
MD15 MD14 MD13 MD12 MD11 MD10 MD9 MD8

Status Status Status Status Status Status Status Status

MD[15:0] Configuration Status
These are read-only status bits for the MD[15:0] pins configuration status at the rising edge of

RESET#.
See Table 5-8: “Summary of Power On / Reset Options,” on page 31.

REG[1Ch] bits 7-0
REG[1Dh] bits 7-0

GPIO Configuration Register 0

REG[1Eh] RW

GPIO7 Pin GPIO6 Pin GPIO5 Pin GPI0O4 Pin GPIO3 Pin GPIO2 Pin GPIO1 Pin GPIOO0 Pin

10 Config. 10 Config. IO Config. 10 Config. 10 Config. IO Config. 10 Config. 10 Config.

bit 7 GPIO7 Pin 10 Configuration
When this bit = 1, GPIO7 is configured as an output. When this bit = 0 (default), GPIO7 is config-
ured as an input. Note the MD8 pin must be high at the rising edge of RESET# to enable GPIO7,
otherwise the DACWR# pin is controlled automatically and this bit will have no effect on hard-
ware.

bit 6 GPIO6 Pin 10 Configuration

When this bit = 1, GPIO6 is configured as an output. When this bit = 0 (default), GP106 is config-
ured as an input. Note the MD8 pin must be high at the rising edge of RESET# to enable GPIO6,
otherwise the DACPO pin is controlled automatically and this bit will have no effect on hardware.
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bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

GPIO5 Pin 10 Configuration

When this bit = 1, GPIO5 is configured as an output. When this bit = 0 (default), GPIO5 is config-
ured as an input. Note the MD8 pin must be high at the rising edge of RESET# to enable GPIO5,
otherwise the BLANK# pin is controlled automatically and this bit will have no effect on hardware.

GPIO4 Pin 10 Configuration

When this bit = 1, GPIO4 is configured as an output. When this bit = 0 (default), GPIO4 is config-
ured as an input. Note the MD8 pin must be high at the rising edge of RESET# to enable GPIO4,
otherwise the DACRD# pin is controlled automatically and this bit will have no effect on hardware.

GPIO3 Pin 10 Configuration

When this bit = 1, GPIO3 is configured as an output. When this bit = 0 (default), GPIO3 is config-
ured as an input. Note the MDJ[7:6] pins must be properly configured at the rising edge of RESET#
to enable GP103, otherwise the MA9 pin is controlled automatically and this bit will have no effect
on hardware.

GPIO2 Pin 10 Configuration

When this bit = 1, GPIO2 is configured as an output. When this bit = 0 (default), GPIO2 is config-
ured as an input. Note the MD[7:6] pins must be properly configured at the rising edge of RESET#
to enable GPI02, otherwise the MA10 pin is controlled automatically and this bit will have no
effect on hardware.

GPIO1 Pin 10 Configuration

When this bit = 1, GPIO1 is configured as an output. When this bit = 0 (default), GPIO1 is config-
ured as an input. Note the MDJ[7:6] pins must be properly configured at the rising edge of RESET#
to enable GPIO1, otherwise the MA11 pin is controlled automatically and this bit will have no
effect on hardware.

GPIOO Pin 10 Configuration
When this bit = 1, GPIOO is configured as an output. When this bit = 0 (default), GPIOO is config-
ured as an input.
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GPIO Configuration Register 1

REG[1Fh] RW

na n/a na na GPIO11Pin |GPIO10 Pin |GPIO9 Pin  |GPIOS8 Pin

10 Config. IO Config. 10 Config. IO Config.

bit 3 GPIO11 Pin 10 Configuration
When this bit = 1, GPIO11 is configured as an output. When this bit = 0 (default), GPIO11 is con-
figured as an input. Note the MD8 pin must be high at the rising edge of RESET# to enable
GPIO11, otherwise the VRTC pin is controlled automatically and this bit will have no effect on
hardware.

bit 2 GPIO10 Pin IO Configuration
When this bit = 1, GP10O10 is configured as an output. When this bit = 0 (default), GPIO10 is con-
figured as an input. Note the MD8 pin must be high at the rising edge of RESET# to enable
GPIO10, otherwise the HRTC pin is controlled automatically and this bit will have no effect on
hardware.

bit 1 GPIO9 Pin IO Configuration
When this bit = 1, GPI09 is configured as an output. When this bit = 0 (default), GP109 is config-
ured as an input.
Note

GPIO9 and GPIO8 must always be set to the same function (both to input or both to output).

The MD8 pin must be high at the rising edge of RESET# to enable GPIO9, otherwise the DACRS1
pin is controlled automatically and this bit will have no effect on hardware.

bit O GPI08 Pin IO Configuration

When this bit = 1, GPI108 is configured as an output. When this bit = 0 (default), GP108 is config-
ured as an input.

Note
GPIO8 and GPIO9 must always be set to the same function (both to input or both to output).

The MD8 pin must be high at the rising edge of RESET# to enable GPIO8, otherwise the DACRS0
pin is controlled automatically and this bit will have no effect on hardware.
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REG[20h]

GPIO Status / Control Register 0

RwW

GPIO7 Pin
IO Status

GPIO6 Pin GPIOS5 Pin GPIO4 Pin GPIO3 Pin GPIO2 Pin GPIOL1 Pin GPIOO Pin

IO Status IO Status 10 Status IO Status IO Status 10 Status

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

GPIO7 Pin 10 Status

When GPIO7 is configured as an output, a “1” in this bit drives GPIO7 to high and a “0” in this bit
drives GPIO7 to low. When GPIO7 is configured as an input, a read from this bit returns the status
of GPIO7. Note the MD8 pin must be high at the rising edge of RESET# to enable GPIO7, other-
wise the DACWR# pin is controlled automatically and this bit will have no effect on hardware.

GPIO6 Pin 10 Status

When GPIO6 is configured as an output, a “1” in this bit drives GPIO6 to high and a “0” in this bit
drives GPIO6 to low. When GPIO6 is configured as an input, a read from this bit returns the status
of GP106. Note the MD8 pin must be high at the rising edge of RESET# to enable GPIO6, other-
wise the DACPO pin is controlled automatically and this bit will have no effect on hardware.

GPIO5 Pin 10 Status

When GPIOS5 is configured as an output, a “1” in this bit drives GPIO5 to high and a “0” in this bit
drives GPIO5 to low. When GPIOS is configured as an input, a read from this bit returns the status
of GPIO5. Note the MD8 pin must be high at the rising edge of RESET# to enable GPIO5, other-
wise the BLANK# pin is controlled automatically and this bit will have no effect on hardware.

GPIO4 Pin 10 Status

When GPIO4 is configured as an output, a “1” in this bit drives GP104 to high and a “0” in this bit
drives GPIO4 to low. When GPIO4 is configured as an input, a read from this bit returns the status
of GP1O4. Note the MD8 pin must be high at the rising edge of RESET# to enable GP104, other-
wise the DACRD# pin is controlled automatically and this bit will have no effect on hardware.

GPIO3 Pin 10 Status

When GPIO3 is configured as an output, a “1” in this bit drives GPIO3 to high and a “0” in this bit
drives GPIO3 to low. When GPIO3 is configured as an input, a read from this bit returns the status
of GPIO3. Note the MD[7:6] pins must be properly configured at the rising edge of RESET# to
enable GPIOS3, otherwise the MA9 pin is controlled automatically and this bit will have no effect on
hardware.

GPIO2 Pin 10 Status

When GPIO2 is configured as an output, a “1” in this bit drives GPIO2 to high and a “0” in this bit
drives GPIO2 to low. When GPIO2 is configured as an input, a read from this bit returns the status
of GPIO2. Note the MD[7:6] pins must be properly configured at the rising edge of RESET# to
enable GPIO2, otherwise the MA11 pin is controlled automatically and this bit will have no effect
on hardware.

GPIO1 Pin 10 Status

When GPIO1 is configured as an output, a “1” in this bit drives GPIO1 to high and a “0” in this bit
drives GPIO1 to low. When GPIO1 is configured as an input, a read from this bit returns the status
of GPIOL1. Note the MD[7:6] pins must be properly configured at the rising edge of RESET# to
enable GPIO1, otherwise the MA10 pin is controlled automatically and this bit will have no effect
on hardware.

GPIOO0 Pin 10 Status

When GPIOO is configured as an output, a “1” in this bit drives GPIOO0 to high and a “0” in this bit
drives GPIOO to low. When GPIOQ is configured as an input, a read from this bit returns the status
of GPIOO0.
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GPIO Status / Control Register 1

REG[21h]

RwW

GPO
Control

n/a

GPIO11 Pin
10 Status

GPIO10 Pin
IO Status

GPIO9 Pin
10 Status

GPIO8 Pin

n/a na IO Status

bit 7

bit 3

bit 2

bit 1

bit O

GPO Control

This bit is used to control the state of the SUSPEND# pin when it is configured as GPO. The SUS-
PEND# pin can be used as a power-down input (SUSPEND#) or as an output (GPO) possibly used
for controlling the LCD backlight power:

* When MD9 = 0 at rising edge of RESET#, SUSPEND# is an active-low Schmitt input used to
put the SED1354 into suspend mode - see SectiotiPb@er Save Modesbn page 128 for
details.

* When MDJ[10:9] = 01 at rising edge of RESET#, SUSPEND# is an output with a reset state of 1.
* When MDJ[10:9] = 11 at rising edge of RESET#, SUSPEND# is an output with a reset state of 0.

When this bit = 0 the GPO output is set to the reset state. When this bit = 1 the GPO output pin is
set to the inverse of the reset state.

GPIO11 Pin IO Status

When GPIO11 is configured as an output, a “1” in this bit drives GP1011 to high and a “0” in this
bit drives GPIO11 to low. When GPIO11 is configured as an input, a read from this bit returns the
status of GPIO11. Note the MD8 pin must be high at the rising edge of RESET# to enable GPIO11,
otherwise the VRTC pin is controlled automatically and this bit will have no effect on hardware.

GPIO10 Pin IO Status

When GPIO10 is configured as an output, a “1” in this bit drives GP1010 to high and a “0” in this
bit drives GP1010 to low. When GPIO10 is configured as an input, a read from this bit returns the
status of GP1O10. Note the MD8 pin must be high at the rising edge of RESET# to enable GPIO10,
otherwise the HRTC pin is controlled automatically and this bit will have no effect on hardware.

GPIO9 Pin IO Status

When GPIO9 is configured as an output, a “1” in this bit drives GPIO9 to high and a “0” in this bit
drives GPIO9 to low. When GPIO9 is configured as an input, a read from this bit returns the status
of GPIO9. Note the MD8 pin must be high at the rising edge of RESET# to enable GPIO9, other-
wise the DACRSL1 pin is controlled automatically and this bit will have no effect on hardware.

GPIO8 Pin IO Status

When GPIO8 is configured as an output, a “1” in this bit drives GPIO8 to high and a “0” in this bit
drives GPIO8 to low. When GPIO8 is configured as an input, a read from this bit returns the status
of GPI08. Note the MD8 pin must be high at the rising edge of RESET# to enable GPIOS8, other-
wise the DACRSO pin is controlled automatically and this bit will have no effect on hardware.
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REG[22h]

Performance Enhancement Register 0

RwW

EDO Read-
Write Delay

RC Timing RC Timing RAS# to
Value Bit 1 Value Bit 0 CAS# Delay

RAS# RAS#
Precharge Precharge n/a Reserved
Timing Bit1 | Timing Bit 0

bit 7

bits 6-5

Note
Changing this register to non-zero value, or to a different non-zero value, should be done only
when there are no read/write DRAM cycles. This condition occurs when both the Display FIFO
is disabled (REG[23h] bit 7 = 1) and the Half Frame Buffer is disabled (REG[1Bh] bit 0 = 1). For
programming information, s€eED1354 Programming Notes and ExamptEsument number
X19A-G-002-xx.

EDO Read-Write Delay

This bit is used for EDO-DRAM to select the delay during the read-write transition. A “0” selects 2
MCLK delay for the read-write transition. A “1” selects 1 MCLK delay for the read-write DRAM.
This bit has no effect for FPM-DRAM which always uses 1 MCLK delay for the read-write transi-
tion. This bit may be programmed to 1 when the MCLK frequency is less than 30MHz.

RC Timing Value (N¢) Bits [1:0]

These bits select the DRAM random-cycle timing paramejgr,Tihese bits specify the number
(Ngo) of MCLK periods () used to creatgt. Ny should be chosen to megttas well as
tras the RAS pulse width. Use the following two formulae to calculggg tNen choose the larger
value. Note, these formulae assume an MCLK duty cycle of 50 +/- 5%.

Nrc = Round-Up & Twm)

NRC = Round—Up (&AdTM + NRP) if NRP: lor2
= Round-Up (kag/Ty + 1.55) if N;jp=1.5

The resultinggc is related to N as follows:

tre = (Nro) Tu
Table 8-11: Minimum Memory Timing Selection

REG[22h] Bits [6:5] N re

Minimum Random Cycle
Width (tgro)

00 5 5Ty

01 4 4Ty

11 Reserved Reserved

bit 4

RAS# to CAS# Delay (Bcp)

This bit selects the DRAM RAS# to CAS# delay parameteiptThis bit specifies the number
(Nrcp) of MCLK periods (T) used to creatgygp. Nrcp must be chosen to satisfy the RAS#
access timeglyc. Note, these formulae assume an MCLK duty cycle of 50 +/- 5%.

NRCD = ROUnd-Up((ﬂQAC + 5)/TM - 1) if EDO and sz lor2
=2 if EDO and Myp= 1.5
= Round-Up({ac/Ty - 1) if FPM and Nyp=1 or 2
= Round-Up(kac/Ty - 0.45) if FPM and Np=1.5
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Note that for EDO-DRAM and pb = 1.5, this bit is automatically forced to 0 to select 2 MCLK for
Nrcp- This is done to satisfy the CAS# address setup tjgge, t

The resulting g is related to N¢p as follows:

tRC = (NRCD) TM if EDO and Nsz lor2
tRC = (15) TM if EDO and Nsz 1.5
tRC = (NRCD + 05) TM if FPM and Nsz lor2
tRC = (NRCD) TM if FPM and Nsz 1.5

Table 8-12: RAS-to-CAS Delay Timing Select

REG[22h] Bit 4 N rco RAS# to CAS# Delay (t rcp)
0 2 2Ty
1 1 1Ty
bits 3-2 RAS# Precharge Timing @ Bits [1:0]
Minimum Memory Timing for RAS precharge
These bits select the DRAM RAS# Precharge timing paramgtefhese bits specify the number
(Ngrp) of MCLK periods () used to creatgp - see the following formulae. Note, these formulae
assume an MCLK duty cycle of 50 +/- 5%.
Nrp =1 if (trp/Tm) < 1
=15 if 1< (trp/Tm) < 1.45
The resultinggc is related to Np as follows:
trc = (Ngrp+ 0.5) Ty if FPM refresh cycle and jp =1 or 2
trc = (Nrp) Ty for all other
Table 8-13: RAS Precharge Timing Select
REG[22h] Bits [3:2] N rp RAS# Precharge Width (t rp)
00 2 2Ty
01 15 15Ty
10 1 1Ty
11 Reserved Reserved
Optimal DRAM Timing
The following table contains the optimally programmed values{ Ngp, and Ny for different
DRAM types, at maximum MCLK frequencies.
Table 8-14: Optimal No, Nrp, and Nycp Values at Maximum MCLK Frequency
DRAM Type DRAM Speed TM NRC NRP NRCD
(ns) (ns) (#MCLK) (#MCLK) (#MCLK)
50 25 4 15 2
EDO 60 30 4 15 2
70 33 5 2 2
60 40 4 15 2
FPM 70 50 3 1.5 1
bit 0 Reserved

Must be set to 0.
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Performance Enhancement Register 1

REG[23h]

Display FIEO Display FIFO |Display FIFO |Display FIFO |Display FIFO |Display FIFO
Disgbli n/a n/a Threshold Threshold Threshold Threshold Threshold
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

bit 7 Display FIFO Disable
When this bit = 1 the display FIFO is disabled and all data outputs are forced to zero (i.e. the screen
is blanked). This allows the SED1354 to be dedicated to service CPU to memory accesses. When
this bit = 0 the display FIFO is enabled.

bits 4-0 Display FIFO Threshold Bits [4:0]

These bits should be set to a value of 10h upon initialization as this provides the best overall perfor-
mance for all display modes.

8.2.8 Look-Up Table Registers

The SED1354 has three internal 16 position, 4-bit wide Look-Up Tables. The 4-bit value
programmed into each table position determines the color weighting of display data; the output gray
shade is derived from the Green Look-Up Table. These tables are bypassed in 15/16-bpp mode.

These three 16 position Look-Up Tables can be arranged in many different configurations to accom-
modate all the gray shade / color display modes.

Look-Up Table Address Register
REG[24h] RW
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
bits 5-4 RGB Index Bits [1:0]

These bits are also used to provide access to the three internal Look-Up Tables (RGB).

Table 8-15: RGB Index Selection

RGB Index Bits [1:0]

Look-Up Table Access Pointer Sequence

00 Auto-Increment R, G, B LUT R[n], G[n], B[n], R[n+1], G[n+1] . ..
01 Auto-Increment Red LUT only R[n], R[n+1], R[n+2] . ..

10 Auto-Increment Green LUT only G[n], G[n+1], G[n+2] . . .

11 Auto-Increment Blue LUT only

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

A write to this register with RGB Index bits = 00 selected will position the internal pointer to the
Red LUT. Each read/write access to the LUT data will increment the counter to point to the next
LUT in order (R to G to B to R...). A read/write access to the Blue LUT will also automatically
increment the LUT address by 1. This provides an efficient method for sequential writing of RGB
data.

When the RGB Index bits = 01, 10, or 11, the internal pointer always points to the respective R, G,
or B LUT. A read/write access to the LUT data will increment the LUT address by 1.
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bits 3-0 LUT Address Bits [3:0]
These 4 bits provide a pointer into the 16 position Look-Up Table currently selected for CPU
read/write access.

The Look-Up Table configuration (e.g. 1/2/4 banks) does not affect the read/write access from the
CPU as all 16 positions can be accessed sequentially.

Look-Up Table Data Register

REG[26h] RW

n/a n/a n/a n/a LUT Data LUT Data LUT Data LUT Data
Bit 3 Bit 2 Bit 1 Bit 0

bits 3-0 LUT Data Bits [3:0]

These 4 bits are the gray shade/color values used for display data output. They are programmed into
the 4-bit Look-Up Table positions pointed to by LUT Address bits [3:0] and RGB Index bits [1:0]
(if in color display modes).

For example: in a 16-level gray shade display mode, a data value of 0001b (4 bits-per-pixel) will
point to Look-Up Table position one and display the 4-bit gray shade corresponding to the value
programmed into that location.

Look-Up Table Bank Select Register
REG[27h] RW

n/a n/a Red Bank Red Bank Blue Bank Blue Bank Green Bank | Green Bank
Select Bit 1 Select Bit 0 Select Bit 1 Select Bit 0 Select Bit 1 Select Bit 0
bit 5-4 Red Bank Select Bits [1:0]

In 2-bpp mode, the 16 position Red LUT is arranged into four, 4 position “banks.” These two bits
control which bank is currently selected.

In 8-bpp mode, the 16 position Red LUT is arranged into two, 8 position “banks.” Only bit 0 of
these two bits controls which bank is currently selected.

These bits have no effect in 1-bpp, 4-bpp, 15/16-bpp mode, or all monochrome modes.

bit 3-2 Blue Bank Select Bits [1:0]
In both 2-bpp and 8-bpp modes, the 16 position Blue LUT is arranged into four 4 position “banks.”
These two bits control which bank is currently selected.

These bits have no effect in 1-bpp, 4-bpp, 15/16-bpp mode, or all monochrome modes.

bits 1-0 Green Bank Select Bits [1:0]
In 2-bpp mode, the 16 position Green LUT is arranged into four, 4 position “banks.” These two bits
control which bank is currently selected.

In 8-bpp mode, the 16 position Green LUT is arranged into two, 8 position “banks.” Only bit O of
these two bits controls which bank is currently selected.

These bits have no effect in 1-bpp, 4-bpp, and 15/16-bpp modes.
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8.2.9

External RAMDAC Control Registers

Note

1. In a Little-Endian architecture, the RAMDAC should be connected to the low byte of the
CPU data bus and the following registers are accessed at the lower address given for
each register (28h, 2Ah, 2Ch, and 2Eh).

In a Big-Endian architecture, the RAMDAC should be connected to the high byte of the
CPU data bus and the following registers are accessed at the higher address given for
each register (29h, 2Bh, 2Dh, and 2Fh).

2. When accessing the External RAMDAC Control registers with either of the architectures
described in note 1, accessing the adjacent unused registers is prohibited.

3. To access the RAMDAC registers the CRT enable bit, REG[0ODh] bit 1, must be set to 1.

RAMDAC Pixel Read Mask Register

REG[28h] or REG[29h] RW
RAMDAC RAMDAC RAMDAC RAMDAC RAMDAC RAMDAC RAMDAC RAMDAC
Data Bit 7 Data Bit 6 Data Bit 5 Data Bit 4 Data Bit 3 Data Bit 2 Data Bit 1 Data Bit 0
bits 7-0 RAMDAC Pixel Read Mask Bits [7:0]

A CPU read or write to this register will generate a DACRD# or DACWR# pulse and DACRS1 =1
and DACRSO = 0 to the external RAMDAC for a pixel read mask register access. The RAMDAC
data must be transferred directly between the system data bus and the external RAMDAC through
either data bus bits [7:0] in a Little-Endian system or data bus bits [15:8] in a Big-Endian system.

RAMDAC Read Mode Address Register
REG[2Ah] or REG[2Bh]

RwW

RAMDAC
Address Bit 7

RAMDAC

Address Bit 6

RAMDAC
Address Bit 1

RAMDAC
Address Bit 0

RAMDAC
Address Bit 5

RAMDAC
Address Bit 4

RAMDAC
Address Bit 3

RAMDAC
Address Bit 2

bits 7-0

RAMDAC Read Mode Address Bits [7:0]

A CPU read or write to this register will generate a DACRD# or DACWR# pulse and DACRS1 =1
and DACRSO = 1 to the external RAMDAC for a read-mode address register access. The RAM-
DAC address must be transferred directly between the system data bus and the external RAMDAC
through either data bus bits [7:0] in a Little-Endian system or data bus bits [15:8] in a Big-Endian
system.

RAMDAC Write Mode Address Register
REG[2Ch] or REG[2Dh]

RW

RAMDAC
Address Bit 7

RAMDAC

Address Bit 6

RAMDAC
Address Bit 1

RAMDAC
Address Bit 0

RAMDAC
Address Bit 5

RAMDAC
Address Bit 4

RAMDAC
Address Bit 3

RAMDAC
Address Bit 2

bits 7-0

RAMDAC Write Mode Address Bits [7:0]

A CPU read or write to this register will generate a DACRD# or DACWR# pulse and DACRS1 =0
and DACRSO = 0 to the external RAMDAC for a write-mode address register access. The RAM-
DAC address must be transferred directly between the system data bus and the external RAMDAC
through either data bus bits [7:0] in a Little-Endian system or data bus bits [15:8] in a Big-Endian
system.
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RAMDAC Palette Data Register
REG[2Eh] or REG[2Fh] RW
RAMDAC RAMDAC RAMDAC RAMDAC RAMDAC RAMDAC RAMDAC RAMDAC
Data Bit 7 Data Bit 6 Data Bit 5 Data Bit 4 Data Bit 3 Data Bit 2 Data Bit 1 Data Bit 0
bits 7-0 RAMDAC Palette Data Bits [7:0]

A CPU read or write to this register will generate a DACRD# or DACWR# pulse and DACRS1 =0
and DACRSO = 1 to the external RAMDAC for a palette data register access. The RAMDAC data
must be transferred directly between the system data bus and the external RAMDAC through either

data bus bits [7:0] in a Little-Endian system or data bus bits [15:8] in a Big-Endian system.
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9 Display Buffer

The system addresses the display buffer through the CS#, M/R#, and AB[20:0] input pins. When
CS# = 0 and M/R# = 1, the display buffer is addressed by bits AB[20:0] as shown in the following
table.

Table 9-1: SED1354 Addressing

CS# M/R# Access

Register access:

0 0 * REG[00h] is addressed when AB[5:0] = 0
* REG[01h] is addressed when AB[5:0] = 1
* REGIn] is addressed when AB[5:0] = n

0 1 Memory access: the 2M byte display buffer is addressed by
AB[20:0]

1 X SED1354 not selected

The display buffer address space is always 2M bytes. However, the physical display buffer may be
either 512K bytes or 2M bytes. See Section BEmmary of Configuration Optionsin page 31

The 512K byte display buffer is replicated in the 2M byte address space as shown below.

512K byte Memory AB[20:0] 2M byte Memory
000000h
Image Buffer
Half-Frame Buffer 07FFFFh
080000h
Image Buffer
Half-Frame Buffer OFFFFFh Image Buffer
100000h
Image Buffer
Half-Frame Buffer 17FFFFh
180000h
Image Buffer
Half-Frame Buffer 1EFEEEh Half-Frame Buffer

Figure 9-1: Display Buffer Addressing

The display buffer will contain an image buffer and may also contain a half-frame buffer.
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9.1 Image Buffer

The image buffer contains the formatted display data - see Sectiorili§day Mode Data
Format” on page 116.
The displayed image(s) may take up only a portion of the image buffer; the remaining area can be

used for multiple images - possibly for animation or general storage. See Sectisglay
Configuration” on page 116 for details on the relationship between the image buffer and the display.

9.2 Half Frame Buffer

In dual panel mode, with the half frame buffer enabled, the top of the display buffer is allocated to
the half-frame buffer. The size of the half frame buffer is a function of the panel resolution and
whether the panel is color or monochrome:

Half Frame Buffer Size (in bytes) = (panel width x panel length) * factor / 16

where factor = 4 for color panel
=1 for monochrome panel

For example, for a 640x480 8 bpp color panel the half frame buffer size is 75K bytes. In a 512K byte
display buffer, the half-frame buffer resides from 6D400h to 7FFFFh. In a 2M byte display buffer,
the half-frame buffer resides from 1ED400h to 1FFFFFh.
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10 Display Configuration

10.1 Display Mode Data Format

bit 7

bit 0

PoP1P2P3P4PsPe Py

Host Address

2-bpp:

Byte O

As

Ag

A7

Display Buffer

bit 7

bit 0

Panel Display

PoP1P2P3P4PsPgP;

Byte 1

B2

Az

B3

Host Address

4-bpp:

Byte O

Be

A7

B7

Display Buffer

bit 7

bit 0

Pn = (An, Bp)

Panel Display

PoP1P2P3P,4PsPs P,

Byte 1

B1

Cy

Dy

Byte 2

B3

Cs

D3

Host Address

8-bpp:

Byte 0

Bs

Cs

Ds

Pn = (An, Bp, Cp, Dp)

Display Buffer

3-3-2 RGB

Panel Display

PoP1P2P3P,4PsPs P,

Byte 1

MRe2 [Ro! [Ro? [Go? | Gyt

Bo!

Byte 2

MR.2 [Ry! [R [Gs2 |Gyt

B,!

Host Address

»R,2 [Ry! [RY [G,2 |Gyt

B,!

Pn= (an-ov Gp z0, Bnl_o)

Display Buffer

Panel Display

Figure 10-1: 1/2/4/8 Bit-Per-Pixel Format Memory Organization

SED1354
X19A-A-002-16

Hardware Functional Specification
Issue Date: 99/05/18



Epson Research and Development Page 117
Vancouver Design Center

15-bpp:
5.5.5 RGB PoP1P,P3P,P5PsP;
bit 7 bit 0 HEEEEEE
Byte 0 Go” [Go® |Go” [Bo® |Bo® [Bo? |Bo® By TFT
" ; s Pn - (RI"IA-O' Gn 4-0’ Bn4-0)
Byte 1 Ro* |Ro® [Ro” |Ro* [Ro” |Go" Go Passive
Byte2 Glz Gll G‘lo Bl4 313 812 Bll Blo Pn:(Rn4_lan 4_17 Bn4_1)
Byte 3 Ri* [R® |Ry2 |Ry! R, [G1* [G,° Panel Display
Host Address Display Buffer
16-bpp:
5-6-5RGB PoP1P2P3P4PsPgP7
bit 7 bit 0 [TTTTTT]
Byte 0 Go? |Go" |Go” [Bo* |Bo® |Bo? [Bo® [Bo? TFT
" " " : ; Pn - (Rn4-0Y Gn 5-0Y Bn4-0)
Byte 1 Ro" [Ro’ [Ro” [Ro" [Ro” |Go® [Go” [Go® Passive
— 4-1 5-2 4-1
Byte 2 612 Gyt Glo Bl4 B,3 812 B,! B,° Pn=Rn" G By )
4 3 2 1 0 5 4 3
Byte 3 R1™ |R1” |R1% |R1™ [Ry” |Gy [G1” |Gy Panel Display
Host Address Display Buffer
Figure 10-2: 15/16 Bit-Per-Pixel Format Memory Organization
Note
1. The Host-to-Display mapping described here assumes that a Little-Endian interface is
being used.
2. For 8/15/16 bit-per-pixel formats,,RG,,, B, represent the red, green, and blue color
components.
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10.2 Image Manipulation

The figure below shows how screen 1 and screen 2 images stored in the image buffer are positioned
on the display. The screen 1 and screen 2 images can be parts of a larger virtual image or images.

* (REG[17h], REG[16h]) defines the width of the virtual image(s).

* (REG[12h], REG[11h], REG[10h]) defines the starting word of the screen 1,
(REG[15h], REG[14h], REG[13h]) defines the starting word of the screen 2.

« REGJ[18h] bits [3:0] define the starting pixel within the starting word for screen 1,
REG[18h] bits[7:4] define the starting pixel within the starting word for screen 2.

« (REG[OFh],REG[OEh]) define the last line of screen 1, the remainder of the display is taken up
by screen 2.

Image Buffer Display

(REG[12h], REG[11h], REG[10h])

REG[18h] bits [3:0]

L[ [«]
((REG[09h], REG[08h])+1) lines
Screen 1
Line 0
\ Line 1
Screen 1
(REG[15h], REG[14h], REG[13h]) Line (REG[OFh], REG[OEh])
REG[18h] bits [7:4]
/ Screen 2
L& [ ]

Screen 2

((REG[04h]+1)*8) pixels

«—— (REG[17h], REG[16h]) ————»

Figure 10-3: Image Manipulation
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11 Clocking

11.1 Maximum MCLK: PCLK Ratios

Table 11-1: Maximum PCLK Frequency with EDO-DRAM

Maximum PCLK Allowed

Clsplay type Nre 1 bpp ‘ 2 bpp ‘ 4 bpp ‘ 8 bpp ‘16 bpp
¢ Single Panel.
* CRT.
¢ Dual Monochrome/Color Panel with Half Frame Buffer
Disabled. 54,3 MCLK

e Simultaneous CRT + Single Panel.

¢ Simultaneous CRT + Dual Monochrome/Color Panel
with Half Frame Buffer Disabled.

¢ Dual Monochrome Panel with Half Frame Buffer
Enabled.

¢ Simultaneous CRT + Dual Monochrome Panel with
Half Frame Buffer Enable.

MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3

MCLK MCLK | MCLK/2 | MCLK/2 | MCLK/2
MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3 | MCLK/3
MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3

* Dual Color Panel with Half Frame Buffer Enabled.

¢ Simultaneous CRT + Dual Color Panel with Half
Frame Buffer Enable.

WOl W[l O

Table 11-2: Maximum PCLK Frequency with FPM-DRAM

Maximum PCLK allowed

Display type Nre 1 bpp ‘ 2 bpp ‘ 4 bpp ‘ 8 bpp ‘16 bpp
» Single Panel.
 CRT.
» Dual Monochrome/Color Panel with Half Frame Buffer
Disabled. 54,3 MCLK

» Simultaneous CRT + Single Panel.

» Simultaneous CRT + Dual Monochrome/Color Panel
with Half Frame Buffer Disabled.

» Dual Monochrome Panel with Half Frame Buffer 5 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
Enabled. 4 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2
* Simultaneous CRT + Dual Monochrome Panel with
Half Frame Buffer Enable. 3 MCLK MCLK MCLK MCLK/2 | MCLK/2
» Dual Color Panel with Half Frame Buffer Enabled. 5 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
» Simultaneous CRT + Dual Color Panel with Half 4 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
Frame Buffer Enable.
3 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2
Hardware Functional Specification SED1354
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11.2 Frame Rate Calculation

The frame rate is calculated using the following formula:

PCLK 4y
(HDP+ HNDP) x (VDP + VNDP)

FrameRate=

Where:
VDP = Vertical Display Period = REG[09h] bits [1:0], REG[08h] bits [7:0] + 1
VNDP = Vertical Non-Display Period = REGJ[0Ah] bits [5:0] + 1
= in table below
HDP = Horizontal Display Period = ((REG[04h] bits [6:0]) + 1) * 8Ts

HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1) * 8Ts
= given in table below
Ts = Pixel Clock =PCLK

Table 11-3: Example Frame Rates

Color Maximum Minimum Maximum Frame
1 .
(SD;A(;'\; ;?r/zge) Display Resolution Depth g;;;l( Panel Rate (H2)
4
(bpp) (MH2) HNDP(Ts) | Panel CRT
« Single Panel. 2 1/2/4/8 32 80 60
800x600
* CRT. 16 56 78 60
» Dual Monochrome/Color Panel
with Half Frame Buffer Disabled.®> | 640x480 1/2/418 32 123 8
 Simultaneous CRT + Single Panel. 16 56 119 85
o Sj 1/2/4/8 32 247 -
50ns '\S/Ilmultaneous CRT + Dual 640x240 40
EDO-DRAM onochrome/Color Panel with Half 16 56 242 .
Frame Buffer Disabled.®
1/2/4/8 32 243 -
MCIk = 40MHz 480x320
Ngc = 4 16 56 232 -
Ngp = 1.5 320x240 1/2/418 32 471 -
_ X
Nrep =2 16 56 441 -
» Dual Color with Half Frame Buffer 800x60023 1/2/4/8 20 32 80 -
X .
Enabled. 16 133 32 53 -
* Dual Mono with Half Frame Buffer 12748 20 32 123
Enabled. 640x480
16 13.3 32 82 -
SED1354 Hardware Functional Specification
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Table 11-3: Example Frame Rates

Color Maximum Minimum Maximum Frame
l .
(SD;?; gsge) Display Resolution Depth g;:zl( Panel Rate (Hz)
4
(bpp) (MH2) HNDP(Ts) | Panel CRT
« Single Panel. 2 1/2/4/8 32 66 55
800x600
* CRT. 16 56 65 55
¢ Dual Mono/Color Panel with Half
Frame Buffer Disabled.® 640x480 1/2/418 32 101 8
» Simultaneous CRT + Single Panel. 16 56 98 8
60ns « Simultaneous CRT + Dual 1/2/4/8 32 203 -
EDO-DRAM | Mono/Color Panel with Half Frame 640x240 16 33 56 200 _
Buffer Disabled.®
1/2/4/8 32 200 -
MClk = 33MHz 480x320
Nor = 4 16 56 196 -
RC
Ngp = 1.5 1/2/4/8 32 388 -
N =2 320x240
RCD 16 56 380 -
» Dual Color with Half Frame Buffer 800x60023 1/2/4/8 16.5 32 66 -
X ,
Enabled. 16 11 32 43 -
¢ Dual Mono with Half Frame Buffer 12748 165 32 103
Enabled. 640x480 '
16 11 32 68 -
« Single Panel. 2 1/2/4/8 32 50 -
800x600
* CRT. 16 56 48 -
¢ Dual Mono/Color Panel with Half
Frame Buffer Disabled.® 640x480 1/2/418 32 ” 60
 Simultaneous CRT + Single Panel. 16 56 [ 60
« Simultaneous CRT + Dual 1/2/4/8 32 142 -
Mono/Color Panel with Half Frame | 640%240 16 25 56 136 _
60NS Buffer Disabled.®
1/2/4/8 32 152 -
FPM-DRAM 480x320
16 56 145 -
MCIlk = 25MHz 1/2/4/8 32 294 -
NRC =4 320x240 16 56 280 )
NRP =15 - >
Ngep=2 | Dual Mono with Half Frame Buffer | 800x600” | 1/2/4/8/16 12.5 32 50 -
Enabled. 640x480 | 1/2/4/8/16 | 125 32 77 -
640x400 | 1/2/4/8/16 125 32 92 -
* Dual Color with Half Frame Buffer 800x60023 1/2/4/8 12,5 32 50 -
X .
Enabled. 16 8.33 32 33 -
1/2/4/8 12.5 32 77 -
640x480
16 8.33 32 51 -

1. Must set M= 4MCLK. See REG[22h], “Performance Enhancement Register 0”.
2. 800x600 @ 16 bpp requires 2M bytes of display buffer for all display types.

3. 800x600 @ 8 bpp on a dual color panel requires 2M bytes of display buffer if the half frame

buffer is enabled.

4. Optimum frame rates for panels range from 60Hz to 150Hz. If the maximum refresh rate is too

high for a panel, MCLK should be reduced or PCLK should be divided down.
5. Half Frame Buffer disabled by REG[1Bh] bit 0.

Hardware Functional Specification
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12 Look-Up Table Architecture

Table 12-1: Look-Up Table Configurations

Display Mode 4-Bit Wide Look-Up Table
RED GREEN BLUE
Black & White 1 bank of 2 entries
4-level gray 4 banks of 4 entries
16-level gray 1 bank of 16 entries
2 color 1 bank of 2 entries 1 bank of 2 entries 1 bank of 2 entries
4 color 4 banks of 4 entries 4 banks of 4 entries 4 banks of 4 entries
16 color 1 bank of 16 entries 1 bank of 16 entries 1 bank of 16 entries
256 color 2 banks of 8 entries 2 banks of 8 entries 4 banks of 4 entries

Indicates the look-up table is not used for that display mode

The following depictions 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.

12.1 Gray Shade Display Modes

1 Bit-Per-Pixel Mode

Green Look-Up Table

—»lo Entry | 4-pit display data output
g ,2 Select Ll Py
Logic
1-bit pixel data T

Figure 12-1: 1 Bit-Per-Pixel 2-Level Gray-Shade Mode Look-Up Table Architecture

SED1354
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2 Bit-Per-Pixel Mode

Green Look-Up Table

Selected Bank

Bank 0
0
1
> 00
3
Bank 1
4
2 01
7 Bank
Bank 2 Select
8 Logic
9
A 10
BL | [ |
Bank 3
C
D
E 11
F
Bank Select bits [1:0] I

REG[27h] bits [1:0]

2-bit pixel data

Entry | 4-pit display data output
Select

Logic

Note: the above depiction is intended to show the display data output path only. The CPU R/W access to the in
Look-Up Tables is not affected by the various “banking” configurations.

dividual

Figure 12-2: 2 Bit-Per-Pixel 4-Level Gray-Shade Mode Look-Up Table Architecture

4 Bit-Per-Pixel Mode

Green Look-Up Table

TMUOWD>O©ONOUTAWN RO

4-bit pixel data

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

Entry

4-bit display data output

Select
Logic

v

Figure 12-3: 4 Bit-Per-Pixel 16-Level Gray-Shade Mode Look-Up Table Architecture
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12.2 Color Display Modes

1 Bit-Per-Pixel Color Mode

1-bit pixel data

Red Look-Up Table

e <
1 —P>

o Entry

i

4-bit Red data output

1 Select
Logic

Green Look-Up Table

s <
1 —»

1

o Entry

4-bit Green data output

1 Select
Logic

Blue Look-Up Table

e <
1 —P>

il

o Entry

4-bit Blue data output

1 Select
Logic

-4

Figure 12-4: 1 Bit-Per-Pixel 2-Level Color Look-Up Table Architecture

SED1354
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2 Bit-Per-Pixel Color Mode

2-bit pixel data

Red Look-Up Table

Bank 0O
(1)
> 00
3
Bank 1
4
2 01
7 Bank
Bank 2 Select
8 Logic
A 10
B
Bank 3
5
E 11
F

Bank Select bits [1:0]

REG[27h] bits [5:4]

Selected Bank

4-bit Red data output

Green Look-Up Table

Bank 0
(1)
2 00
3
Bank 1
5
8 01
7 Bank
Bank 2 Select
8 Logic
9
A 10
B
Bank 3
5
E 11
E

Bank Select bits [1:0]

REG[27h] bits [1:0]

Selected Bank

4-bit Green data output

»
>

Blue Look-Up Table

Bank O
9
> 00
3
Bank 1
5
8 01
7 Bank
Bank 2 Select
8 Logic
9
A 10
B
Bank 3
5
E 11
F

Bank Select bits [1:0]

REG[27h] bits [3:2]

Selected Bank

4-bit Blue data output

»
>

Figure 12-5: 2 Bit-Per-Pixet 4-Level Color Mode Look-Up Table Architecture
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4 Bit-Per-Pixel Color Mode

Red Look-Up Table

—» | 0000
— | 0001
—| 0010
—| 0011
—| 0100
—| 0101
—| 0110 Entry
—| 0111
1000 Sele.ct
—»| 1001 Logic
—| 1010
—| 1011
—| 1100
—»| 1101
—| 1110
—| 1111

4-bit Red data output

TMUOW>O©ONOUTA WN RO

4-bit pixel data T

Green Look-Up Table

—| 0000
—| 0001
—| 0010
—| 0011
—| 0100
—| 0101
—» (0110 Entry
—| 0111
1000 Selgct
—»| 1001 Logic
—| 1010
—| 1011
—| 1100
—| 1101
—| 1110
—»| 1111

4-bit Green data output

TMUOW>O©O~NOUTA WN RO

Blue Look-Up Table

—>» | 0000
—| 0001
— | 0010
—| 0011
—| 0100
—| 0101
—» (0110 Entry
—| 0111
1000 Selgct
—>» (1001 Logic
—| 1010
—| 1011
—| 1100
—| 1101
—»| 1110
—>| 1111

4-bit Blue data output

TMUOW>O©O~NDUIAWNRO

Figure 12-6: 4 Bit-Per-Pixel 16-Level Color Mode Look-Up Table Architecture
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8 Bit-Per-Pixel Color Mode
256 Color Data Format:
Red Look-Up Table
7‘6 5‘4‘3 2 1‘0‘
Bank 0
RZ‘Rl RO‘GZ‘Gl GO Bl‘BO’ 0
1
2
‘31 0 Selected Bank
5 —» 000
6 —» 001
7 Bank > 8%2 Entry | 4-bit Red data output
Bank 1 Select —» 100 Select
8 Logi I—»101 Logic
9 ogic —» 110
A > 111
B
e 1
D
E
F
Bank Select bit T
REG[27h] bit 4
3-bit pixel data
Green Look-Up Table
Bank 0
0
1
2
2 0 Selected Bank
P —» 000
6 —» 001
7 Bank > 8%0 Entry | 4-pit Green data output _
Bank 1 Select > 10 Eg;gt '
; 101
g Logic » 110
A > 111
B 1
C
D
E
F
Bank Select bit T
REG[27h] bit 0
3-bit pixel data
Blue Look-Up Table
Bank 0
(2
2 00
3
Bank 1
‘5‘ o1 Selected Bank
6
7 Bank 4-bit Blue data output
Bank 2 Select -
g Logic
A 10
B
Bank 3
5
E 11
F
Bank Select bits [1:0] T
2-bit pixel data REG[27h] bits [3:2]
Figure 12-7: 8 Bit-Per-Pixel 256-Level Color Mode Look-Up Table Architecture
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13 Power Save Modes

Two Power Save Modes have been incorporated into the SED1354 to accommodate the important
need for power reduction in the hand-held devices market. These modes are hardware suspend and
software suspend.

13.1 Hardware Suspend

Register read/write disallowed.
Memory read/write disallowed.

LCD outputs are forced low (see Note 1 of Section IR, States in Power Save Modesh
page 129).

LCDPWR forced to Off state.
CRT outputs are disabled.

If suspend mode CBR refresh is selected, all internal modules and clocks except the Memory I/F
are shut down.

If suspend mode self-refresh or no-refresh is selected, all internal modules and clocks are shut
down.

13.2 Software Suspend

Register read/write allowed except for RAMDAC registers.
Memory read/write disallowed.

LCD outputs are forced low (see Note 1 of Section 1R States in Power Save Modesh
page 129).

LCDPWR forced to Off state.
CRT outputs are disabled.

If suspend mode CBR refresh is selected, all internal modules and clocks except the Host Bus I/F
and the Memory I/F are shut down.

If suspend mode self-refresh or no-refresh is selected, all internal modules and clocks except the
Host Bus I/F are shut down.

SED1354
X19A-A-002-16
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13.3 Power Save Mode Function Summary

Table 13-1: Power Save Mode Function Summary

Power Save Mode (PSM)

Function Normal Software Hardware
(Active) Suspend Suspend
Display Active? Yes No No
Register Access Possible? Yes Yes (1) No
Memory Access Possible? Yes No No
Host Bus Interface Running? Yes Yes No
Memory Interface Running? Yes No (2) No (2)
Note
(1) except for RAMDAC registers.
(2) Yes if CBR suspend mode refresh is selected.
13.4 Pin States in Power Save Modes
Table 13-2: Pin States in Power Save Modes
Pin State
Pins Normal Software Hardware
(Active) Suspend Suspend
LCD outputs Active Forced Low (1) Forced Low (1)
LCDPWR On Off Off
DRAM outputs Active Refresh Only (2) Refresh Only (2)
CRT / DAC outputs Active Disabled (3) Disabled (3)
Host Interface outputs Active Active (4) Disabled

Note

1. FPFRAME and FPLINE are forced to their inactive states as defined by REG[0Ch] bit 6
and REG[07h] bit 6 respectively.
Selectable: may be CBR refresh, self-refresh or no refresh at all.

n

3. DACWR#, DACRD#, DACRSO0, DACRS1 are active but DACCLK is disabled.
4. Active for non-DAC register access only.

Hardware Functional Specification
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14 Mechanical Data

14.1 QFP15-128 (SED1354F0A)

QFP15 - 128 pin Unit: mm

16.0+0.4

14.0+0.1

14.0+0.1
16.0+0.4

. 0.125:01

T A N 010
0.5+0.2 J P
—

1.0

0.1

Figure 14-1: Mechanical Drawing QFP15-128
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14.2 TQFP15-128 (SED1354F1A)
TQFP15 - 128 pin Unit: mm
1604
14201 "
96 65
T rrr ‘
97 — — 64
= — T
E INDEX %
128 g ¥ % 33
L EIICTI O
1 32
+0.05
0.4 0.16 -0.03
« E’: +0.05
g 1 ] , 0.125 -0.025
N i 0°
— — o
° |05 02"
>t
&
Figure 14-2: Mechanical Drawing TQFP15-128
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14.3 QFP20-144 (SED1354F2A)

QFP20 - 144 pin Unit: mm

+0.4
22
+0.1

20"

108 73
A A A TR TR AR RTATMAAAARE

109 =72

[
20¢0.1
22 £0.4

A A AT
[

INDEX =
144 O I = 37
A4
CUOOOIImouIauooooryroooomee_— »
1 36
+0.1
0.5 0.2 -0.05
; i
<
é - - 0.125 009
,\i A\ 0°
- 10°
o +
0.5 %%
I
1
Figure 14-3: Mechanical Drawing QFP20-144
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1 Introduction

This guide describes how to program the SED1354 Color Graphics LCD/CRT Controller. The guide
presents the basic concepts of the LCD/CRT controller and provides methods to directly program
the registers. It explains some of the advanced techniques used and the special features of the
SED1354.

The guide also introduces the hardware Abstraction Layer (HAL), which is designed to simplify the
programming of the SED1354. Most SED135x, SED137x and SED138x products support the HAL
allowing OEMs to switch chips with relative ease.
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2 Programming the SED1354 Registers

This section describes how to program the SED1354 registers that require special consideration. It
also provides the correct sequence for initializing the SED1354 and disabling the half frame buffer.

For further information on the any of the registers described below, refer to the SED1354 Hardware
Functional Specification, document number X19A-A-002-xx.

2.1 Registers Requiring Special Consideration

2.1.1 REG]J01] bit 0 - Memory Type

This bit must not be changed during a DRAM R/W access. Configuring this bit during a DRAM
Refresh will not cause any problems.

Note
This register should be programmed only during initialization and never changed after that.
However, it still must be programmed BEFORE the internal blocks start to R/W the memory (see
Register Initialization in Section 2.1.5).

2.1.2 REG]J22] bits 7-2 - Performance Enhancement Register 0

This bit must not be changed during a DRAM R/W access. Configuring this bit during a DRAM
Refresh will not cause any problems.

Note
This register should be programmed only during initialization and never changed after that.
However, it still must be programmed BEFORE the internal blocks start to R/W the memory (see
Register Initialization in Section 2.1.5).

2.1.3 REGJ02] bit 1 - Dual/Single Panel Type

This bit must not be changed while the Half Frame Buffer (HFB) is active.

Note
This register should be programmed only during initialization and never changed after that.
However, it still must be programmed BEFORE the HFB starts to R/W the memory (see Register
Initialization in Section 2.1.5).

SED1354 Programming Notes and Examples
X19A-G-002-06 Issue Date: 98/10/28
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2.1.4 REG]I1B] bit 0 - Half Frame Buffer Disable
This bit must not be changed while the HFB is active.

This register 'might' be disabled during normal operation for two reasons:
1. toincrease bandwidth for simultaneous display.

2. totest 'all' available memory.

To disable the HFB see Section 2.3, “Disabling the Half Frame Buffer Sequence:” on page 11.

Note
The HFB is enabled after RESET (default condition). It will start to Read and Write the DRAM
if the DUAL bit set + (Horizontal resolution > 0) + HFB enabled (default power-on state).

2.1.5 REG[23] Display FIFO:

This register can be asynchronously enabled/disabled.

Note
The Display FIFO starts to access DRAM after RESET.

2.2 Register Initialization

2.2.1 Initialization Sequence

To initialize the SED1354 after POWER-ON or a HARDWARE RESET, do the following:

1. Enable the host interface (REG[1Bh] bit 7=0).

Disable the display FIFO (REG[23h] bit 7=1) after stopping FIFO accesses to the DRAM.
Set memory type (REG[01h] bit 0).

Set performance register (REG[22h]).

Set dual/single panel (REG[02h] bit 1).

Program all other registers as required.

Enable the display FIFO (REG[23h] bit 7=0).

© N o o b~ W N

Enable display.

Note
The Half Frame Buffer does not actually start to access DRAM until step 5, therefore, this
initialization sequence will not cause any problems.

Programming Notes and Examples SED1354
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2.2.2 Initialization Example

This section presents an example of how to initialize the SED1354 registers.

Example 1: Initialize the registers for a 16 color 640x480 dual passive LCD using a 16 bit
data interface; assume 2M byte of display buffer.

Program the SED1354 registers in the following order with the data supplied. Note that for this
example, it is assumed that the arrays “unsigned char RED[16], GREEN[16], BLUE[16]" are
defined and initialized for the required colors. For example, RED[2], GREEN]2], and BLUE[2] refer
to the color components of pixel value 2.

In addition, it is assumed that there is no external RAMDAC since only the LCD is being
programmed. Consequently, the RAMDAC registers are not programmed.

For code examples, see Section 9, “Sample Code” on page 54.

Table 2-1: Initializing the SED1354 Registers

Operation

Description

REG[1Bh] = 0x00
REG[23h] = 0x80
REG[01h] = 0x30
REG[22h] = 0x24
REG[02h] = 0x26
REG[03h] = 0x00
REG[04h] = Ox4F
REG[05h] = Ox1F
REG[06h] = 0x00
REG[07h] = 0x00

REG[08h] = OXEF
REG[09h] = 0x00

REG[0Ah] = 0x01
REG[0Bh] = 0x00
REG[OCh] = 0x00

REG[OEh] = OXFF
REG[OFh] = 0x03

REG[10h] = 0x00
REG[11h] = 0x00
REG[12h] = 0x00

REG[13h] = 0x00
REG[14h] = 0x00
REG[15h] = 0x00

REG[16h] = OxAOQ
REG[17h] = 0x00

REG[18h] = 0x00
REG[19h] = 0x01
REG[1Ah] = 0x00

REG[LEh] = 0x00
REG[1Fh] = 0x00

Enable Host Interface

Disable the Display FIFO

Set Memory Type

Set Performance Register

Set Dual/Single Panel

MOD Rate

Horizontal Display Width
Horizontal Non-Display Period
HSYNC Start Position
HSYNC Pulse Width

Vertical Display Height

Vertical Non-Display Period
VSYNC Start Position
VSYNC Pulse Width

Screen 1 Line Compare

Screen 1 Display Start Address

Screen 2 Display Start Address

Memory Address Offset

Pixel Panning
Clock Configuration
Power Save Configuration

General 1/0 Configuration

SED1354
X19A-G-002-06
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Table 2-1: Initializing the SED1354 Registers (Continued)

REG[20h] = 0x00
REGJ[21h] = 0x00
REG[24h] = 0x00 Look-Up Table Address
for (index = 0; index < 16; ++index) {
REGJ[26h] = RED[index];
REG[26h] = GREEN][index];
REG|[26h] = BLUE[index];

General I/O Control

Update Look-Up Table based on the
RED[16], GREEN[16], and BLUE[16]
tables defined earlier in your

} program.
REG[27h] = 0x00 Look-Up Table Bank Select
REG[23h] = 0x10 Enable the Display FIFO
REG[0Dh] = 0x09 Enable Display

2.2.3 Re-Programming Registers

The only register which may require modification after the initialization sequence is the Half Frame
Buffer. The Memory Type, DUAL/SINGLE, and the Performance Register bits should never be
modified after initialization.

2.3 Disabling the Half Frame Buffer Sequence:
The Half Frame Buffer can be ENABLED asynchronously.

To DISABLE the Half Frame Buffer, do the following:
1. Disable the display FIFO REG[23] bit 7=1.

2. Set the horizontal resolution to 0 (REG[04]=0).
Setting the horizontal resolution = 0 will shut-off any Half Frame Buffer DRAM accesses
within 1024 PCLK's or less (1024 PCLK's is the worst case)

3. Wait for VNDP 1->0->1 transitions (REG[0A] bit 7).
Waiting for 1 FRAME delay will guarantee that the Half Frame Buffer is idle.

4. Disable the Half Frame Buffer (REG[1B] bit 0=1).

5. Re-program the horizontal resolution to your original value.

Programming Notes and Examples SED1354
Issue Date: 98/10/28 X19A-G-002-06
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3 Display Buffer

This section discusses how the SED1354 stores pixels in the display buffer and where the display
buffer is located.

3.1 Display Buffer Location

The SED1354 requires either a 512K byte or a 2M byte block of memory to be decoded by the
system. System logic will determine the location of this memory block; the SDU1354B0C evalu-
ation board decodes the display buffer at the 12M byte location of system memory.

3.2 Display Buffer Organization

3.2.1 Memory Organization for One Bit-per-pixel (2 Colors/Gray Shades)

Eight pixels are grouped into one byte of display buffer as shown below:

Table 3-1: Pixel Storage for 1 bpp (2 Colors/Gray Shades) in One Byte of Display Buffer

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bijit 1 Bit 0
Pixel 0 Pixel 1 Pixel 2 Pixel 3 Pixel 4 Pixel 5 Pixel 6 Pixel 7
Bit 0 Bit 0 Bit 0 Bit 0 Bit 0 Bit 0 Bit 0 Bit 0

One bit-per-pixel provides two shades of gray by indexing into positions 0 and 1 of the Green Look-
Up Table (LUT) and two levels of color by indexing into positions 0 and 1 of the Red/Green/Blue

LUTs.

3.2.2 Memory Organization for Two Bit-per-pixel (4 Colors/Gray Shades)

Four pixels are grouped into one byte of display buffer as shown below:

Table 3-2: Pixel Storage for 2 bpp (4 Colors/Gray Shades) in One Byte of Display Buffer

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bijt 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
Two bit-per-pixel provides four shades of gray by indexing into positions 0 through 3 of the Green
LUT and four levels of color by indexing into positions 0 through 3 of the Red/Green/Blue LUTs.
SED1354
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3.2.3 Memory Organization for Four Bit-per-pixel (16 Colors/Gray Shades)

Two pixels are grouped into one byte of display buffer as shown below:

Table 3-3: Pixel Storage for 4 bpp (16 Colors/Gray Shades) in One Byte of Display Buffer

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Pixel O Pixel 0 Pixel O Pixel O Pixel 1 Pixel 1 Pixel 1 Pixel 1
Bit 3 Bit 2 Bit 1 Bit0 Bit 3 Bit 2 Bit 1 Bit 0

Four bit-per-pixel provides sixteen shades of gray by indexing into positions 0 through F of the

Green LUT and 16 levels of color by indexing into positions 0 through F of the Red/Green/Blue
LUTs.

3.2.4 Memory Organization for Eight Bit-per-pixel (256 Colors)

One pixel is stored in one byte of display buffer as shown below:

Table 3-4: Pixel Storage for 8 bpp (256 Colors) in One Byte of Display Buffer

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

As shown above, the 256 color pixel is divided into three parts: three bits for red, three bits for green,
and two bits for blue. The red bits represent an index into the red LUT, the green bits represent an
index into the green LUT, and the blue bits represent an index into the blue LUT. Although eight bit-

per-pixel only makes sense for a color panel, this memory model can be set on a monochrome panel,
however only eight shades of gray will be visible.

Programming Notes and Examples SED1354
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3.2.5 Memory Organization for 15 Bit-per-pixel (32768 Colors)

One pixel is stored in two bytes of display buffer as shown below:

Table 3-5: Pixel Storage for 15 bpp (32768 Colors) in Two Bytes of Display Buffer

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Reserved Red Bit 4 Red Bit 3 Red Bit 2 Red Bit 1 Red Bit 0 Green Bit 4 Green Bit 3
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Green Bit 2 Green Bit 1 Green Bit 0 Blue Bit 4 Blue Bit 3 Blue Bit 2 Blue Bit 1 Blue Bit 0

As shown above, the 32768 color pixel is divided into four parts: five bits for red, five bits for green,
and five bits for blue and one reserved bit. The output bypasses the LUT and goes directly into the
Frame Rate Modulator. Although 15 bit-per-pixel only make sense for a color panel, this memory
model can be set on a monochrome panel, however only 16 shades of gray will be visible.

3.2.6 Memory Organization for 16 Bit-per-pixel (65536 Colors)

One pixel is stored in two bytes of display buffer as shown below:

Table 3-6: Pixel Storage for 16 bpp (65536 Colors) in Two Bytes of Display Buffer

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Red Bit 4 Red Bit 3 Red Bit 2 Red Bit 1 Red Bit 0 Green Bit 5 Green Bit 4 Green Bit 3
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Green Bit 2 Green Bit 1 Green Bit 0 Blue Bit 4 Blue Bit 3 Blue Bit 2 Blue Bit 1 Blue Bit 0
As shown above, the 65536 color pixel is divided into three parts: five bits for red, six bits for green,
and five bits for blue. The output bypasses the LUT and goes directly into the Frame Rate Modulator.
Although 16 bit-per-pixel only make sense for a color panel, this memory model can be set on a
monochrome panel, however only 16 shades of gray will be visible.
SED1354
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3.3 Look-Up Table (LUT)

This section provides a description of the LUT registers, followed by a description of the color and
gray shade LUTs and a discussion of the banks available in the 2 and 8 bit-per-pixel (bpp) modes.

The SED1354 LUT is only used for the panel interface. The optional RAMDAC is used to determine
the colors for the CRT. See Section 6, “CRT Considerations” on page 33.

3.3.1 Look-Up Table Registers

REG[24h] 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
REGI[26h] 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 0
REG[27h] Look-Up Table Bank Register Read/Write
n/a n/a Red Bank Red Bank Blue Bank Blue Bank Green Bank | Green Bank
Select Bit 1 Select Bit 0 Select Bit 1 Select Bit 0 Select Bit 1 Select Bit 0

The SED1354 LUT Registers are located at offsets 24h, 26h and 27h. They consist of a LUT address
register, data register and bank register. Refer to the SED1354 Hardware Functional Specification
document number X19A-A-002-xx for more details.

RGB Index

Selects which LUT to program. If set for Auto-increment, it will start at the Red LUT of the Index
selected. Then with consecutive writes/reads it will increment to Green, then Blue of the same index,
it will then increment the index and start at the Red LUT again.
Auto-increment algorithm:

1. Set RGB Index to 0 for Auto-increment, set LUT address to 0 (i.e. REG[24h]=00h).

2. While count < or = to (16*3), write data byte to REG[26h].

R, G or B Index select algorithm:

1. Set RGB Index to R(01b), G(10b), or B(11b), set LUT address to O (e.g.
REG[24h]=10h).

2. While count < or = 16, write data byte to REG[26h], increment LUT address.
LUT Address

Selects start index of the LUT in which to read data from, or write data to. Bank select has no effect
on the CPU read/write to the LUT.

LUT Data

4-bit data value to write.

Programming Notes and Examples
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Bank Select Bits
LUT banks are provided to give the application developer a choice of colors/gray shades. While the
chosen color depth (bpp) may limit the simultaneous colors available, the panel is capable of storing
different combinations of colors in banks. This is useful when an application developer chooses to
set Bank 0 to low intensity colors and set Bank 1 to high intensity. The application can easily switch
between low intensity output and high intensity output by using one register write.
Only two display modes support these bits: 2 bpp and 8 bpp. All other modes either bypass the LUT
or have only Bank 0 starting at Index 00h.
In 2 bpp mode, the 16 entry LUTs are logically split into 4 groups of 4 entries for each of R, G, B.

Bank 0 = Indexes 00-03h

Bank 1 = Indexes 04-07h

Bank 2 = Indexes 08-0Bh

Bank 3 = Indexes 0C-0Fh
In 8 bpp mode, the 16 entry LUTSs are logically split into 2 groups of 8 entries for both Red and Green
as follows:

Bank 0 = Indexes 00-07h

Bank 1 = Indexes 08-0Fh
For Blue the 16 entry LUT is logically split into 4 groups of 4 entries as follows:

Bank 0 = Indexes 00-03h

Bank 1 = Indexes 04-07h

Bank 2 = Indexes 08-0Bh

Bank 3 = Indexes 0C-0Fh
The bank select bits only affect data output. CPU access to the LUT indexes are done directly as in
the example below:
To program index 3 of the current LUT, with Green bank select bits set to 11b and 2 bpp gray shade
mode selected, you would program LUT address to [[3(bank select value)*4(entries in
LUT]+3(index to modify)-1(to zero-base the value)]=14(0Eh).

SED1354 Programming Notes and Examples
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3.3.2 Look-Up Table Organization

» The Look-Up Table (LUT) treats the value of a pixel as an 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.

» The value inside each LUT entry represents the intensity of the given color or gray shade. This
value ranges between 0 and OFh.

» The SED1354 LUT is linear; increasing the LUT number results in a lighter color or gray shade.
For example, a LUT entry of OFh into the red Look-Up entry will always result in a bright red

output.
Table 3-7: Look-Up Table Configurations
Display Mode 4-Bit Wide Look-Up Table Effec;'r‘]’epaesr;ﬁ/ ig'r?: on
RED GREEN BLUE
1 bpp gray 1 bank of 2 2 gray shades
2 bpp gray 4 banks of 4 4 gray shades
4 bpp gray 1 bank of 16 16 gray shades
8 bpp gray 2 banks of 8 8 gray shades
15 bpp gray 16 gray shades
16 bpp gray 16 gray shades
1 bpp color 1 bank of 2 1 bank of 2 1 bank of 2 2 colors
2 bpp color 4 banks of 4 4 banks of 4 4 banks of 4 4 colors
4 bpp color 1 bank of 16 1 bank of 16 1 bank of 16 16 colors
8 bpp color 2 banks of 8 2 banks of 8 4 banks of 4 256 colors
15 bpp color 4096 colors*
16 bpp color 4096 colors*
* On a TFT panel the effective colors are determined by the interface width. (i.e. 9-bit=512, 12-bit=4096, 18-bit=64K

colors) Passive panels are limited to 12-bits (4096) through the frame rate modulator.

Indicates the look-up table is not used for that display mode

SED1354

Programming Notes and Examples
X19A-G-002-06

Issue Date: 98/10/28



Page 18

Epson Research and Development
Vancouver Design Center

Color Modes
In color mode, the SED1354 supports three, 16 position, 4 bit wide color LUTs (red, green, and
blue). Depending on the selected pixel size, these LUTs will provide from 1 to 4 banks.
1 bpp Color
In 1 bpp color mode, the LUT is limited to a single 2 entry bank per color. The LUT bank select bits
have no effect in this mode.
The following table shows the recommended values for obtaining a Black-and-White mode while
on a color panel.
Table 3-8: Recommended LUT Values for 1 bpp Color Mode
Address Red Green Blue Address Red Green Blue
00 00 00 00 08 00 00 00
01 OF OF OF 09 00 00 00
02 00 00 00 O0A 00 00 00
03 00 00 00 0B 00 00 00
04 00 00 00 oC 00 00 00
05 00 00 00 0D 00 00 00
06 00 00 00 OE 00 00 00
07 00 00 00 OF 00 00 00
2 bpp Color
In 2 bpp color mode, the 16 LUT entries are divided into four separate 4 entry banks per color.
The following table demonstrates recommended LUT data values which produce Bank 0 = low
intensity, Bank 1 = high intensity, Bank 2 = inverted low intensity, Bank 3 = inverted high intensity.
Table 3-9: Recommended LUT Values for 2 bpp Color Mode
Address Red Green Blue Address Red Green Blue
00 00 00 00 08 07 07 07
01 03 03 03 09 05 05 05
02 05 05 05 0A 03 03 03
03 07 07 07 0B 00 00 00
04 00 00 00 oC OF OF OF
05 0A OA 0A 0D 0D 0D oD
06 0D 0D 0D OE 0A 0A 0A
07 OF OF OF OF 00 00 00
SED1354 Programming Notes and Examples
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4 bpp Color

In 4 bpp color mode, the LUT is limited to a single 16 entry bank per color. The LUT bank select

bits have no effect in this mode.

The following table is a recommended set of data values to simulate the 16 colors in a VGA. The
second recommendation for this mode is to program the register values to data values equalling the
register number. (i.e. R[0] = 0, G[0]=0, B[0]=0, R[1]=1 ... R[F]=0Fh ..))

Table 3-10: Recommended LUT Values to Simulate VGA Default 16 Color Palette

Address Red Green Blue Address Red Green Blue
00 00 00 00 08 00 00 00
01 00 00 0A 09 00 00 OF
02 00 0A 00 0A 00 OF 00
03 00 0A 0A 0B 00 OF OF
04 0A 00 00 oc OF 00 00
05 0A 00 0A 0D OF 00 OF
06 0A 0A 00 OE OF OF 00
07 0A 0A 0A OF OF OF OF
8 bpp Color

In 8 bpp color mode, pixel bits [7:5] represent the red LUT index, bits [4:2] represent the green LUT
index, and bits [1:0] represent the blue LUT index. It is recommended that the three LUTs are
programmed according to the following format:

Table 3-11: Recommended LUT Values For 8 bpp Color Mode

Address Red Green Blue
00 00 00 00
01 03 03 05
02 05 05 0A
03 07 07 OF
04 09 09 bank 1
05 0B 0B bank 1
06 (0]0] 0D bank 1
07 OF OF bank 1

Programming Notes and Examples
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Gray Shade Modes

This recommended palette assumes that you are using only bank 0 of the three color components.
By programming in the above fashion the following colors will result:

Table 3-12: Examples of 256 Pixel Colors Using Linear LUT

Pixel Value Pixel Value

(binery) Color (binery) Color
000 000 00 black 000 000 00 black
000 000 10 dark blue 000 000 11 bright blue
000 100 00 dark green 000 111 00 bright green
000 100 10 dark cyan 000111 11 bright cyan
100 000 00 dark red 111 000 00 bright red
100 000 10 dark magenta 111 000 11 bright magenta
100 100 00 dark yellow 111 111 00 bright yellow
100 100 10 gray 11111111 white

15 bpp Color

Since the Look-Up Table is bypassed in this mode, the LUT programming is unimportant. The
colors on the display are derived from only the top 4 bits of each color combination. Resulting in a
maximum of 32=4096 colors.

16 bpp Color

Since the Look-Up Table is bypassed in this mode, the LUT programming is unimportant. The

colors on the display are derived from only the top 4 bits of each color combination. Resulting in a
maximum of 32=4096 colors.

In gray shade mode, the SED1354 treats the Green LUT as a 16 position, 4 bit wide monochrome
LUT. Depending on the selected pixel size, this LUT will provide from 1 to 4 banks.

1 bpp Gray Shade

The SED1354 has no true Black-and-White mode. 1 bpp Gray consists of a single bank of two
entries. For Black-and-White mode, the LUT entry must be programmed as such:

Table 3-13: Recommended LUT Values for 1 bpp Gray Shades

Index Look-Up Table
Data
(hex)
(hex)
00 00
01 OF

SED1354
X19A-G-002-06
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2 bpp Gray Shade

In 2 bpp gray shade mode, the 16 LUT entries are divided into four separate banks, each having four
entries:

Table 3-14: Recommended LUT Values for 2 bpp Gray Shades

Index Look-Up Table
Data
(hex)

(hex)

00 00

01 05

02 0A

03 OF

4 bpp Gray Shade

In 4 bpp gray shade mode, the pixel value indexes into one of 16 LUT entries. The LUT bank bits
are ignored in this mode. The recommendation for this mode is to program the register values to data
values equalling the register number (i.e. G[0] = 0, G[1]=1, G[2]=2, ... G[F]=0Fh).

8 bpp Gray Shade

When the SED1354 is configured for 8 bpp gray shade mode, bits [7:5] are ignored, bits [4:2]
represent the green LUT index, and bits [1:0] are ignored. Only 3 bits of the 8 that actually represent
any shade value, therefore the maximum gray shade combination is 8 shades. If this limitation is
deemed appropriate for your application, it is recommended that the LUTs are programmed
according to the following format: Red and Blue LUT entries are not important, Green LUT indexes
0-7 should be programmed 0-F as in the table below:

Table 3-15: Recommended LUT Values for 8 bpp Gray Shade

LUT Address Green LUT Data
00 00
01 02
02 04
03 06
04 08
05 0A
06 oc
07 OF

This recommended LUT assumes that you are using only bank 0.

Programming Notes and Examples SED1354
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15 bpp Gray Shade

Since the Look-Up Table is bypassed in this mode, the LUT programming is unimportant. The gray
shades on the display are derived from the 4 most significant bits of the Green component of the
pixel data. Resulting in a maximum d¥26 colors.

16 bpp Gray Shade
Since the Look-Up Table is bypassed in this mode, the LUT programming is unimportant. The gray

shades on the display are derived from the 4 most significant bits of the Green component of the
pixel data. Resulting in a maximum d¥26 colors.

SED1354
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4 Advanced Techniques

This section presents information on the following:
« virtual display
 panning and scrolling

« split screen display

4.1 Virtual Display

A virtual display is when the image to be displayed is larger than the physical display device in either
the horizontal dimension, the vertical dimension, or both. To view the image, the physical display is
used as a window or viewport into the display buffer, allowing the user to see a portion of the entire
image. This viewport can be panned and scrolled, enabling the user to view the entire image.

The size of the virtual display is limited by the amount of available display buffer. In the case of an
SED1354 with 2M byte of display buffer, the maximum virtual width ranges from 16,368 pixels in
1 bpp mode to 1023 pixels in 16 bpp mode. The maximum vertical size at the horizontal maximum
is 1025 lines. By trading off horizontal size a greater vertical size can be achieved.

Seldom are the maximum sizes required. Figure 4-1: “Viewport Inside a Virtual Display,” depicts
a more typical use of a virtual display. 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 4-1: Viewport Inside a Virtual Display
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4.1.1 Reqgisters

REG[16h] Memory Address Offset Register 0
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 Bit 0
REG[17h] Memory Address Offset Register 1
Memory Memory
n/a n/a n/a n/a n/a n/a Address Address
Offset Offset
Bit 9 Bit 8

4.1.2 Examples

Registers [16h] and [17h] form a ten bit value referred to as the memory offset. This offset is the
number of words from the first byte of one line of display buffer to the first byte in the next line. This
value takes into account the number of non-displayed pixels on each line.

Different color depths have different numbers of pixels per word. To represent an offset of a given
number of pixels the offset registers will contain different values at different color depths. The
formula to calculate the offset to write to these registers is:

offset_register = pixels_per_line / pixels_per_word

Example 2: Determine the offset value required for 800 pixels at a color depth of 8 bpp.
A color depth of 8 bpp means each pixel requires one byte therefore each word contains two pixels.
offset = pixels_per_line / pixels_per_word = 800 / 2 = 400 = 0x190 words

Register [17h] would be set to 0x01 and register [16h] would be set to 0x90.

Example 3: Program the Memory Address Offset Registers to support a 16 color (4 bpp)
640x480 virtual display on a 320x240 LCD panel.

To create a virtual display the offset registers must be programmed to the horizontal size of the larger
“virtual” image. After determining the amount of memory used by each line, do a calculation to see
if there is enough memory to support the desired humber of lines.

1. Initialize the SED1354 registers for a 320x240 panel. (See Section 2.2, “Register Initialization” on
page 9).

2. Determine the number of words required per line (the offset). In this case we want a width of
640 pixels and there are four pixels to every word.

offset = pixels_per_line / pixels_per_word = 640 / 4 = 160 words = 0xAO words
3. Check that we have enough memory for the required virtual height.

Each line uses 160 words and we need 480 lines (160*480) for a total of 76,800 words, less than
the minimum supported memory size of 512K bytes. It is safe to continue with these values.

SED1354
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4. Program the Memory Address Offset Registers. Register [17h] will be set to 0 and register
[16h] will be set to OxAO.

4.2 Panning and Scrolling

Panning and scrolling are typically used to navigate within an image which is too large to be shown
completely on the display device. Although the image is stored entirely in display buffer, only a
portion is actually visible at any given time.

Panning and scrolling refers to the direction the viewport appears to move. Panning describes the
action where the viewport moves horizontally. When panning to the right the image in the viewport
appears to slide to the left. A pan to the left causes the image to appear as if it's sliding to the right.
Scrolling describes the up and down motion of the viewport. Scrolling down causes the image to
appear to slide upwards and scrolling up results in an image that appears to slide downwards.

On the SED1354 panning is performed by setting two components: the start address registers
provide a word granularity in movement (more than one pixel) while the pixel panning register
allows panning at the pixel level. Scrolling requires changing only the start address registers.

There is an order these registers should be accessed to provide the smoothest apparent movement
possible. Understanding the sequence of operations performed by the SED1354 will make it
apparent why the order should be followed.

The start address is latched at the beginning of each frame, the pixel panning value is latched
immediately upon being set. Setting the registers in the wrong sequence or at the wrong time will
result in a “tearing” or jitter on the display. The correct sequence for programing these registers is:

1. Wait until just after a vertical non-display period (read register [0Ah] and watch bit 7 for the
non-display status).

2. Update the start address registers.
3. Wait until the next vertical non-display period.
4. Update the pixel paning register.

Note
The SED1354 provides a false indication of vertical non-display period when used with a dual
panel display. In this case it is impossible to identify the false signal from the true non-display
period. The result is that panning operations at less than 15 bpp may exhibit an occasional tear as
the result of updating registers in the wrong order. This effect is barely noticeable at 8 bpp but
becomes pronounced at 4 bpp, and lower, color depths. Setting the registers out of sequence will
make the tear more apparent.
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4.2.1 Reqgisters

REG[10h] Screen 1 Display Start Address 0
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[11h] Screen 1 Display Start Address 1
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
REG[12h] Screen 1 Display Start Address 2
n/a n/a n/a n/a Start Address | Start Address | Start Address | Start Address
Bit 19 Bit 18 Bit 17 Bit 16

These three registers form the address of the word in the display buffer where screen 1 will start
displaying from. Changing these registers by one will cause a change of 0 to 16 pixels depending on
the current color depth. Refer to the following table to see the minimum number of pixels affected
by a change of one to these registers.

Table 4-1: Number of Pixels Panned Using Start Address

Color Depth (bpp) |Pixels per Word Number of Pixels Panned
1 16 16
2 8 8
4 4 4
8 2 2
15 1 1
16 1 1
REG[18h] Pixel Panning Register
Screen 2 Screen 2 Screen 2 Screen 2 Screen 1 Screen 1 Screen 1 Screen 1
Pixel Pan Pixel Pan Pixel Pan Pixel Pan Pixel Pan Pixel Pan Pixel Pan Pixel Pan
Bit 3 Bit 2 Bit 1 Bit0 Bit 3 Bit 2 Bit 1 Bit0
The pixel panning register offers finer control over pixel pans than is available with the Start Address
Registers. Using this register it is possible to pan the displayed image one pixel at a time. Depending
on the current color depth certain bits of the pixel pan register are not used. The following table
shows this.
Table 4-2: Active Pixel Pan Bits
Color Depth (bpp) | Pixel Pan bits used
1 bits [3:0]
2 bits [2:0]
4 bits [1:0]
8 bit 0
15/16 ---
SED1354
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4.2.2 Examples

For the examples in this section assume that the display system has been set up to view a 640x480
pixel image in a 320x200 viewport. Refer to Section 2.2, “Register Initialization” on page 9 and
Section 4.1, “Virtual Display” on page 23 for assistance with these settings.

Example 4: Panning - Right and Left

To pan to the right, increment the pixel pan value. If the pixel pan value is now equal to the current
color depth then set the pixel pan value to zero and increment the start address value. To pan to the
left decrement the pixel pan value. If the pixel pan value is now less than zero set it to the color depth
(bpp) less one and decrement the start address value.

The following pans to the right by one pixel in 4 bpp display mode.

1. It's better to keep one value (call it pan_value) to track both the pixel panning and start address
rather than maintain separate values for each of these.

2. To pan to the right increment pan_value.

pan_value = pan_value + 1

3. Mask off the values from pan_value for the pixel panning and start address register portions. In
this case, 4 bpp, the lower two bits are the pixel panning value and the upper bits are the start
address.

pixel_pan = pan_value AND 3
start_address = pan_value SHR 3 (shift right by 3 gives words)

4. Write the pixel panning and start address values to their respective registers using the proce-
dure outlined in the registers section.

Example 5: Scrolling - Up and Down

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

Example 6: Scroll down one line for a 16 color 640x480 virtual image using a 320x240 single
panel LCD.

1. To scroll down we need to know how many words each line takes up. At sixteen colors (4 bpp)
each byte contains two pixels so each word contains 4 pixels.

words (offset) = pixels_per_line / pixels_per_word = 640/ 4 = 160 = OXAO0

We now know how much to add to the start address to scroll down one line.

2. Increment the start address by the number of words per virtual line.

start_address = start_address + words

3. Separate the start address value into three bytes. Write the LSB to register [10h] and the MSB
to register [12h].
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4.3 Split Screen

4.3.1 Registers

Occasionally the need arises to display two distinct images on the display. For example, we may
want to write a game where the main play area will be rapidly updated and we want an unchanging
status display at the bottom of the screen.

The Split Screen feature of the SED1354 allows a programmer to set up a display for such an appli-
cation. The figure below illustrates setting up a 320x240 panel to have Image 1 displaying from scan
line 0 to scan line 99 and image 2 displaying from scan line 100 to scan line 239. Although this
example picks specific values, image 1 and image 2 can be shown as varying portions of the screen.

Scan Line 0
Image 1
Scan Line 99
Scan Line 100
Image 2
Scan Line 239

Screen 1 Display Line Count Register = 99 lines

Figure 4-2: 320x240 Single Panel For Split Screen

The other registers required for split screen operations, [10h] through [12h] (Screen 1 Display Start
Address) and [18h] (Pixel Panning Register), are described in section 4.2.1 on page 26.

REG[OE] Screen 1 Line Compare Register O

Line
Compare Bit 7

Line

Compare Bit 6 | Compare Bit 5 | Compare Bit 4 | Compare Bit 3| Compare Bit 2 | Compare Bit 1 | Compare Bit 0

Line Line Line Line Line Line

REG|OF] Screen 1 Line Compare Register 1

n/a n/a n/a n/a n/a n/a Line Line
Compare Bit 9 | Compare Bit 8
These two registers form a value known as the line compare. When the line compare value is equal
to or greater than the physical number of lines being displayed there is no visible effect on the
display. When the line compare value is less than the number of physically displayed lines, display
operation works like this:
1. From the end of vertical non-display to the number of lines indicated by line compare the dis-
play data will be from the memory pointed to by the Screen 1 Display Start Address.
2. Afterline compardines have been displayed the display will begin showing data from Screen
2 Display Start Address memory.
SED1354 Programming Notes and Examples
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REG[13h] Screen 2 Display Start Address Register 0
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[14h] Screen 2 Display Start Address Register 1
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
REG[15h] Screen 2 Display Start Address Register 2
n/a n/a n/a n/a Start Address | Start Address | Start Address | Start Address
Bit 19 Bit 18 Bit 17 Bit 16

These three registers form the twenty bit offset to the first word in display buffer that will be shown
in the screen 2 portion of the display.

Screen 1 memory alwaysthe first memory displayed at the top of the screen followed by screen

2 memory. However, the start address for the screen 2 image may in fact 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 display buffer). While not particularly
useful, it is possible to set screen 1 and screen 2 to the same address.

4.3.2 Examples

Example 7: Display 380 scanlines of image 1 and 100 scanlines of image 2. Image 2 is locat-

ed immediately after image 1 in the display buffer. Assume a 640x480 display
and a color depth of 1 bpp.

The value for the line compare is not dependent on any other setting so we can set it immedi-
ately (380 = 0x17C).

Write the line compare registers [OFh] with 0x01 and register [OEh] with 0x7C.

Screen 1 is coming from offset 0 in the display buffer. Although not necessary, ensure that the
screen 1 start address is set to zero.

Write 0x00 to registers [10h], [11h] and [12h].

Calculate the size of the screen 1 image (so we know where the screen 2 image is located).
This calculation must be performed on the virtual size (offset register). Since a virtual size was
not specified assume the virtual size to be the same as the physical size.

offset = pixels_per_line / pixels_per_word = 640 / 16 = 40 words per line
screenl_size = offset * lines = 40 * 480 = 19,200 words = 0x4B00 words

Set the screen 2 start address to the value we just calculated.

Write the screen 2 start address registers [13h], [14h] and [15h] with the values 0x00, Ox4B
and 0x00 respectively.
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5 LCD Power Sequencing and Power Save Modes

5.1 Introduction to LCD Power Sequencing

LCD Power Sequencing allows the LCD power supply to discharge prior to shutting down the LCD
signals. Power sequencing is required to prevent long term damage to the panel and to avoid
unsightly “lines” on power down and start-up.

LCD Power Sequencing is performed on the SED1354 through a software procedure even when
using hardware power save modes. Most “green” systems today use some sort of software power
down procedure in conjunction with external circuitry to set hardware suspend modes. These proce-
dures typically save/restore state information, or provide a timer prior to initiating power down. The
SED1354 requires a timer between the time the LCD power is disabled and the time the LCD signals
are shut down. Conversely, the LCD signals must be active prior to the power supply starting up. For
simplicity, we have chosen to use the same time value for power up and power down procedures.

The time interval required varies depending on the power supply design. The power supply on the
SDU1354B0C Evaluation board requires 0.5 seconds to fully discharge. Your power supply design
may vary.

Below are the procedures for all cases in which power sequencing is required.

5.2 Introduction to Power Save Modes

The SED1354 has two power save modes. One is hardware-initiated via the SUSPEND# pin, the
other is software-initiated through REG[1A] bit 0. Both require power sequencing as described
above.

5.3 Registers

Register bits discussed in this section are highlighted.

Display Mode Register
REG[OD]
glirsmﬂataneous glirsmllganeous Number of Number of Number of
n/a play piay BPP Select BPP Select BPP Select CRT Enable |LCD Enable
Option Select | Option Select Bit 2 Bit 1 Bit 0
Bit 1 Bit 0
Power Save Configuration Register
REG[1A]
Suspend Suspend Software
n/a n/a n/a n/a :Sci:szbﬁgwer Refresh Refresh Suspend
Select Bit 1 Select Bit 0 Mode Enable
Suspend Refresh Select bits [1:0] should be set on power up depending on the type of DRAM
available. See the Hardware Functional Specification, document number X19A-A-002-xx.
SED1354 Programming Notes and Examples
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All other bits should be masked into the register on a write. i.e. do a read, modify with mask, and
write to set the bits.

5.4 Suspend Sequencing
Care must be taken when enabling Suspend Mode with respect to the external Power Supply used to
provide the LCD Drive voltage. The LCD Drive voltage must be 0V before removing the LCD
interface signals to prevent panel damage.

Controlling the LCD Drive Power Supply can be done using the SED1354 LCDPWR# output signal
or by 'other' means. The following example assumes that the LCDPWR# pin is being used.

5.4.1 Suspend Enable Sequence
Enable Suspend (Software Suspend= REG[1A] bit 0=1) or (Hardware Suspend enabled by the
SUSPEND# input pin (MA9=0)): LCDPWR# will go to its inactive state within one vertical frame,
while maintaining the LCD interface signals for 128 Vertical Frames (with the exception of
FPFRAMHE#?) which goes inactive at the same time as LCDPWR#).

If 128 frames is not enough 'time' to allow the LCD Drive power supply to decay to 0V, LCDPWR#
can be controlled manually using REG[1A] bit 3.

After the 128 frame delay, the various clock sources may be disabled (depending on the specific

application and DRAM Refresh options). The actual 'time' for the 128 frame delay can be shortened
by using the following example.

Shortenin g the 128 Frame dela y usin g Software Suspend
1. Disable the Display FIFO: blank the screen.
2. Change the Horizontal and Vertical resolution to the minimum values allowed by the registers.

3. Enable Software Suspend: this same 128 frame delay still applies however the actual frame period
is now greatly reduced.

4. Restore the Horizontal and Vertical resolution registers to their original values.
5. Disable Software Suspend.

6. Enable the Display FIFO.

Shortenin g the 128 Frame Dela y usin g Hardware SUSPEND#

Due to the fact that the registers can not be programmed in Hardware Suspend Mode, the following
routine must be followed to shorten the delay:

1. Disable the Display FIFO: blank the screen.

2. Change the Horizontal and Vertical resolutions to the minimum values as allowed by the registers.

Programming Notes and Examples SED1354
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3. Enable Hardware Suspend: this same 128 frame delay still applies however the actual frame
period is now greatly reduced.

4. Disable Hardware Suspend.
5. Restore the Horzontal and Vertical resolution registers to their original values.

6. Enable the Display FIFO.

5.4.2 Suspend Disable Se quence

Disable Suspend (either {REG[1A] bit 0 = 0, or SUSPEND# pin inactive): LCDPWR# and
FPFRAME will start within 1 frame, while the remaining LCD interface signals will start immedi-
ately.

5.5 LCD Enable/Disable Sequencing (Reg[0D] bit 0)

In an LCD only product, the LCD Enable bit should only be disabled automatically by using a Power
Save Mode. In a product having both a CRT and LCD, this bit will need to be controlled manually
- examples for both situations are given below.

LCD Enable / Disable usin g Power Save Modes

In all supported Power Save Modes, the LCD Enable bit and associated functionality is automati-
cally controlled by the internal Power Save circuitry. See above for Power Save sequences.

LCD Enable / Disable usin g Manual Control

It may become necessary to enable / disable the LCD when switching back and forth to and from the
CRT. In this case care must be taken when disabling the LCD with respect to the external Power
Supply used to provide the LCD Drive voltage. The LCD Drive voltage must be OV before removing
the LCD interface signals to prevent panel damage.

Enable

Setting REG[0D] bit 0=1: immediately enables the LCD interface signals. Note: FPLINE,
FPSHIFT2/DRY signals are always toggling regardless of the state of this bit and are only shut-
down completely during Power Save Modes. The LCDPWR# pin will go to its active state immedi-
ately after the LCD Enable bit is set.

Disable
Setting REG[0D] bit 0=0: LCDPWR# will go to its inactive state within one vertical frame, while
maintaining the LCD interface signals for 128 Vertical Frames (with the exception of FPFRAME

which goes inactive at the same time as LCDPWR#).

If 128 frames is not enough 'time' to allow the LCD Drive power supply to decay to 0V, LCDPWR#
can be controlled manually using REG[1A] bit 3.

SED1354
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6 CRT Considerations

6.1 Introduction

6.1.1 CRT Only

The CRT timing is based on both the “VESA Monitor Timing Standards Version 1.0” and “Frame
Rate Calculation (Chapter 11)” in SED1354 Hardware Functional Specification. The following
sections describe CRT considerations.

For CRT only, the Dual/Single Panel Select bit of Panel Type Register (REG[02h]) must first be set
to single passive LCD panel. The monitor configuration registers then need to be set to follow the
VESA timing standard.

Note
If only the CRT is used, it is also useful to disable the LCD power (set REG[1Ah] bit 4 = 1). This
will reduce power consumption.

To program the external RAMDAC, set the CRT Enable bit in the Display Mode Register
(REG[ODh]) to 1. Once the CRT is enabled, the GPIO registers will be automatically set to access
the external RAMDAC. Next, program the RAMDAC Write Mode Address register and the
RAMDAC Palette Data register as desired (refer to sample code in 9.1.2 for details).

When programming the RAMDAC control registers, connect the RAMDAC to the low-byte of the
CPU data bus for Little-Endian architecture and the high-byte for Big-Endian architecture. The
RAMDAC registers are mapped as follows:

Table 6-1: RAMDAC Register Mapping for Little/Big-Endian

Register Name Little-Endian Big-Endian
RAMDAC Pixel Read Mask REG[28h] REG[29h]
RAMDAC Read Mode Address REG[2Ah] REG[2Bh]
RAMDAC Write Mode Address REG[2Ch] REG[2Dh]
RAMDAC Palette Data REG[2Eh] Reg[2Fh]
Note

When accessing the External RAMDAC Control registers with either of the Little-Endian or
Big-Endian architectures described above, accessing the adjacent unused registers is prohibited.

Table 6-2 shows some example register data for setting up CRT only mode for certain combinations
of resolutions, frame rates and pixel clocks. All the examples in this chapter are assumed to be for a
Little-Endian system, 8 bpp color depth and 2M bytes of 60ns EDO-DRAM.
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Table 6-2: Related Register Data for CRT Only

Register 640X480@60Hz | 640X480@75Hz | 800X600@56Hz | 800X600@60HZ Notes
PCLK=25.175MHz | PCLK=31.500MHz | PCLK=36.0 MHz PCLK=40.0 MHz
REG[04h] 0100 1111 0100 1111 0110 0011 0110 0011 set horizontal display width
REG[05h] 0001 0011 0001 1000 P001 1011 0001 1111 set horizontal non-display period
REG[06h] 0000 0001 0000 0001 D000 0010 0000 0100 set HSYNC start position
REG[07h] 0000 1011 0000 0111 [LOO0 1000 1000 1111 set HSYNC polarity and pulse width
REG[08h] 1101 1111 1101 1111 0101 0111 0101 0111 set vertical display height bits 7-0
REG[09h] 0000 0001 0000 0001 D000 0010 0000 0010 set vertical display height bits 9-8
REGI[0Ah] 0010 1100 0001 0011 0001 1000 0001 1011 set vertical non-display period
REGI[0Bh] 0000 1001 0000 0000 0000 0000 0000 0000 set VSYNC start position
REGI[0Ch] 0000 0001 0000 0010 [LO00 0001 1000 0011 set VSYNC polarity and pulse width
REG[0Dh] 0000 1110 0000 1110 0000 1110 0000 1110 set 8 bpp and CRT enable
REG[19h] 0000 0000 0000 0000 0000 0000 0000 0000 set MCLK and PCLK divide
REG[2Ch] 0000 0000 0000 0000 0000 0000 0p00 0000 set write mode address to 0
REGI[2Eh] load RAMDAC palette data

6.1.2 Simultaneous Display

For Simultaneous Display, only 4/8-bit single passive LCD panels and 9-bit active matrix TFT
panels can be used. Simultaneous Display requires that the panel timing be taken from the CRT
timing registers and thereby limits the number of useful modes supported.

The configuration of both CRT and panel must not violate the limitations as described in “Frame
Rate Calculation” (Chapter 11) of the SED1354 Hardware Functional Specification. For example,
on a 640x480 single panel, the maximum values of both the panel pixel clock and CRT frame rate
are 40 MHz and 85 Hz respectively. When pixel depth is less than 8 bpp, the RAMDAC is
programmed with the same values as the Look-Up Table. The SED1354 does not support Simulta-
neous Display in a color depth greater than 8 bpp.

When color depth is 8 bpp, the RAMDAC should be programmed to mimic the recommended values
in the Look-Up Table as described in Section 3.3.2. The recommendation is that the intensities of
the three prime colors (RGB) be distributed evenly. Table 6-3 shows the recommended RAMDAC
palette data for 8 bpp Simultaneous Display. Table 6-4 shows the related register data for some
possible CRT options with an 8-bit Color 640X480 single passive panel.
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Table 6-3: 8 bpp Recommended RAMDAC palette data for Simultaneous Display

Address | R G B Address |R G B Address R G B Address R G B
00 00 | 00 | OO0 20 09 | 00 | 00 40 12 | 00 | 00 60 1B | 00 | 00
01 00 | 00 15 21 09 | 00 15 41 12 | 00 15 61 1B | 00 15
02 00 | 00 | 2A 22 09 | 00 | 2A 42 12 | 00 | 2A 62 1B | 00 | 2A
03 00 | 00 | 3F 23 09 | 00 | 3F 43 12 | 00 | 3F 63 1B | 00 | 3F
04 00 | 09 | 00 24 09 | 09 | 00 44 12 | 09 00 64 1B | 09 00
05 00 | 09 15 25 09 | 09 15 45 12 | 09 15 65 1B | 09 15
06 00 | 09 | 2A 26 09 | 09 | 2A 46 12 | 09 | 2A 66 1B | 09 | 2A
07 00 | 09 | 3F 27 09 | 09 | 3F 47 12 | 09 | 3F 67 1B | 09 | 3F
08 00 12 | 00 28 09 12 | 00 48 12 12 00 68 1B | 12 00
09 00 12 15 29 09 12 15 49 12 12 15 69 1B | 12 15
0A 00 12 | 2A 2A 09 12 | 2A 4A 12 12 | 2A 6A 1B | 12 | 2A
0B 00 12 | 3F 2B 09 12 | 3F 4B 12 12 | 3F 6B 1B | 12 | 3F
ocC 00 | 1B | 00 2C 09 | 1B | 00 4C 12 | 1B | 00 6C 1B | 1B | 00
(0]} 00 | 1B | 15 2D 09 | 1B | 15 4D 12 | 1B 15 6D 1B | 1B | 15
OE 00 | 1B | 2A 2E 09 | 1B | 2A 4E 12 | 1B | 2A 6E 1B | 1B | 2A
OF 00 | 1B | 3F 2F 09 | 1B | 3F 4F 12 | 1B | 3F 6F 1B | 1B | 3F
10 00 | 24 | 00 30 09 24 | 00 50 12 24 | 00 70 1B | 24 | 00
11 00 | 24 | 15 31 09 24 | 15 51 12 24 15 71 1B | 24 15
12 00 | 24 | 2A 32 09 24 | 2A 52 12 24 | 2A 72 1B | 24 | 2A
13 00 | 24 | 3F 33 09 24 | 3F 53 12 24 | 3F 73 1B | 24 | 3F
14 00 | 2D | 00 34 09 | 2D | 00 54 12 | 2D | 00 74 1B | 2D | 00
15 00 | 2D | 15 35 09 | 2D | 15 55 12 | 2D | 15 75 1B | 2D | 15
16 00 | 2D | 2A 36 09 | 2D | 2A 56 12 | 2D | 2A 76 1B | 2D | 2A
17 00 | 2D | 3F 37 09 | 2D | 3F 57 12 | 2D | 3F 77 1B | 2D | 3F
18 00 | 36 | 00 38 09 | 36 | 00 58 12 | 36 00 78 1B | 36 | 00
19 00 | 36 15 39 09 | 36 15 59 12 | 36 15 79 1B | 36 15
1A 00 | 36 | 2A 3A 09 | 36 | 2A 5A 12 | 36 | 2A TA 1B | 36 | 2A
1B 00 | 36 | 3F 3B 09 | 36 | 3F 5B 12 | 36 | 3F 7B 1B | 36 | 3F
1C 00 | 3F | 00 3C 09 | 3F | 00 5C 12 | 3F | 00 7C 1B | 3F | 00
1D 00 | 3F | 15 3D 09 | 3F 15 5D 12 | 3F 15 7D 1B | 3F | 15
1E 00 | 3F | 2A 3E 09 | 3F | 2A 5E 12 | 3F | 2A 7E 1B | 3F | 2A
1F 00 | 3F | 3F 3F 09 | 3F | 3F 5F 12 | 3F | 3F 7F 1B | 3F | 3F
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Adires R G B Addsres R G B Adc;res R G B Adc'isres R G B
80 24 00 00 AO 2D | 00 00 Co 36 00 00 EO 3F 00 00
81 24 00 15 Al 2D | 00 15 C1 36 00 15 E1l 3F 00 15
82 24 00 | 2A A2 2D | 00 | 2A Cc2 36 00 | 2A E2 3F 00 | 2A
83 24 00 | 3F A3 2D | 00 3F C3 36 00 | 3F E3 3F 00 3F
84 24 09 00 A4 2D | 09 00 C4 36 09 00 E4 3F 09 00
85 24 09 15 A5 2D | 09 15 C5 36 09 15 ES5 3F 09 15
86 24 09 | 2A A6 2D | 09 | 2A C6 36 09 2A E6 3F 09 | 2A
87 24 09 3F A7 2D | 09 3F Cc7 36 09 3F E7 3F 09 3F
88 24 12 00 A8 2D | 12 00 C8 36 12 00 E8 3F 12 00
89 24 12 15 A9 2D | 12 15 c9 36 12 15 E9 3F 12 15
8A 24 12 | 2A AA 2D | 12 | 2A CA 36 12 | 2A EA 3F 12 | 2A
8B 24 12 3F AB 2D | 12 3F CB 36 12 3F EB 3F 12 3F
8C 24 | 1B | 00 AC 2D | 1B | 00 CcC 36 1B | 00 EC 3F | 1B | 00
8D 24 | 1B 15 AD 2D | 1B 15 CD 36 1B 15 ED 3F | 1B 15
8E 24 | 1B | 2A AE 2D | 1B | 2A CE 36 1B | 2A EE 3F | 1B | 2A
8F 24 | 1B | 3F AF 2D | 1B | 3F CF 36 1B | 3F EF 3F | 1B | 3F
90 24 24 00 BO 2D | 24 00 DO 36 24 00 FO 3F 24 00
91 24 24 15 B1 2D | 24 15 D1 36 24 15 F1 3F 24 15
92 24 24 | 2A B2 2D | 24 | 2A D2 36 24 | 2A F2 3F 24 | 2A
93 24 24 | 3F B3 2D | 24 | 3F D3 36 24 | 3F F3 3F 24 | 3F
94 24 | 2D | 00 B4 2D | 2D | 00 D4 36 | 2D | 00 F4 3F | 2D | 00
95 24 | 2D | 15 B5 2D | 2D | 15 D5 36 | 2D | 15 F5 3F | 2D | 15
96 24 | 2D | 2A B6 2D | 2D | 2A D6 36 | 2D | 2A F6 3F | 2D | 2A
97 24 | 2D | 3F B7 2D | 2D | 3F D7 36 | 2D | 3F F7 3F | 2D | 3F
98 24 36 00 B8 2D | 36 00 D8 36 36 00 F8 3F 36 00
99 24 36 15 B9 2D | 36 15 D9 36 36 15 F9 3F 36 15
9A 24 36 2A BA 2D | 36 | 2A DA 36 36 | 2A FA 3F 36 | 2A
9B 24 36 3F BB 2D | 36 3F DB 36 36 | 3F FB 3F 36 3F
9C 24 | 3F | 00 BC 2D | 3F 00 DC 36 | 3F | 00 FC 3F | 3F 00
9D 24 | 3F 15 BD 2D | 3F 15 DD 36 | 3F 15 FD 3F | 3F 15
9E 24 | 3F | 2A BE 2D | 3F | 2A DE 36 | 3F | 2A FE 3F | 3F | 2A
9F 24 | 3F | 3F BF 2D | 3F | 3F DF 36 3F | 3F FF 3F | 3F | 3F
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Table 6-4: Related register data for Simultaneous Display

Register |00 o | pousaooms Notes
REG[04h] 01001111 0100 1111 set horizontal display width
REG[05h] 0001 1101 0001 0011 set horizontal non-display period
REG[06h] 0000 0011 0000 0001 set HSYNC start position
REG[07h] 0000 0111 0000 1011 set HSYNC polarity and pulse width
REG[08h] 1000 1111 1101 1111 set vertical display height bits 7-0
REG[09h] 0000 0001 0000 0001 set vertical display height bits 9-8
REG[0Ah] 0010 1100 0010 1100 set vertical non-display period
REG[0Bh] 0000 0000 0000 1001 set VSYNC start position
REG[0Ch] 1000 0010 0000 0001 set VSYNC polarity and pulse width
REG[0Dh] 0000 1111 0000 1111 set 8 bpp and CRT enable
REG[19h] 0000 0000 0000 0000 set MCLK and PCLK divide
REG[24h] 0000 0000 0000 0000 set look-up table address to 0
REG[26h] load look-up table
REG[27h] 0000 0000 0000 0000 set look-up table to bank 0
REG[2Ch] péc,)o\gn;%”,;\c pé(?l\%lc set write mode address to 0
REG[2Eh] load RAMDAC palette data
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7 ldentifying the SED1354

Unlike previous generations of SED135x products, the SED1354 can be identified at any time after
power-on/reset. The SED1354 and future SED135x products can be identified by reading
REG[00h]. The value of this register for the SED1354F0A is 04h.

SED1354 Programming Notes and Examples
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8 Hardware Abstraction Layer (HAL)

8.1 Introduction
The HAL is a processor independent programming library provided by Seiko Epson. HAL provides
an easy method to program and configure the SED1354. HAL allows easy porting from one

SED135x product to another and between system architectures. HAL is included in the utilities
provided with the SED1354 evaluation system.

8.2 API for 1354HAL

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

8.2.1 Initialization

int seDeRegisterDevice(int device)
Description: Removes a device's handle from the HAL library.
Parameter: device - registered device ID

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid

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

Description: Gets HAL library version.

Parameter: pVersion - must point to an allocated string of size VER_SIZE
pStatus - must point to an allocated string of size STATUS_SIZE
pStatusRevision - must point to an allocated string of size STAT_REV_SIZE

Return Value: None

Programming Notes and Examples SED1354
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int seGetld(int device, BYTE *pld)

Description: Reads the revision code register to determine the ID.

Parameter:  device - registered device ID
pld - pointer to allocated byte. The following are the possible values set to *pld:

ID_SED1354F0A
ID_SED1373F0A
ID_SED1355F0A
ID_UNKNOWN

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid

Note

seGetld() will disable hardware suspend (on the Intel platform only), and will enable the host in-
terface (on all platforms).

int selnitHal(void)

Description: Initializes HAL library variables. Must be called once when application starts. (see
note below).

Parameter:  None

Return Value: ERR_OK - operation completed with no problems

Note

For Intel platforms, seRegisterDevice() automatically calls selnitHal() once. Consecutive calls to
seRegisterDevice() will not call selnitHal() again. For embedded platforms, the startup code
which is linked in addition to the HAL library will call selnitHal(). In this case, selnitHal() is
called before main() is called in the application.

int seRegisterDevice(const DevicelnfoDef *pDevicelnfo, const

DEVICE_CHIP_DEF *pDeviceChip, int *Device)

Description: Registers a device with the HAL library. The setup for the device is provided in the
structures *pDevicelnfo and *pDeviceChip. In addition, it allocates memory
addressing space for accessing registers and the display buffer.

Parameter:  pDevicelnfo - pointer to HAL library structures
pDeviceChip - pointer to HAL library structure dealing with chip specific features
Device - pointer to an allocated INT. This routine will set *Device to the registered
device ID.

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_STD_DEVICE - device argument is not HAL_STDOUT or
HAL_STDIN

Note

No registers are actually changed by calling seRegisterDevice().
SED1354 Programming Notes and Examples
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int seSetlnit(int device)

Description:  Sets the system to an operational state by initializing memory size, clocks, panel and
CRT parameters,... etc.

Parameter:  device - registered device ID

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid
ERR_FAILED - unable to complete operation because registers have not been
initialized

int seValidRegisteredDevice(int device)

Description: Determines if the device handle is valid.

Parameter:  device - registered device ID

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid

int seValidStdDevice(int device)
Description: Determines if the device handle is HAL_STDOUT or HAL_STDIN.
Parameter:  device - registered device ID

Return Value: ERR_OK - operation completed with no problems
ERR_HAL_DEVICE_ERR - could not find free device handle

8.2.2 Screen Manipulation

int seDisplayEnable(int device, BYTE NewState)
Description: Performs the necessary power sequencing to enable or disable the display.

Parameter: device - registered device ID
NewState - use the predefined definitions ENABLE and DISABLE.

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid
ERR_FAILED - unable to complete operation because registers have not been
initialized

Programming Notes and Examples SED1354
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int seGetBitsPerPixel(int device, BYTE *pBitsPerPixel)

Description: Determines the color depth of current display mode.

Parameter:  device - registered device ID
pBitsPerPixel - if ERR_OK, *pBitsPerPixel set

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid
ERR_COULD_NOT_GET_VALUE - value read from registers is invalid

int seGetBytesPerScanline(int device, int *pBytes)

Description: Determines the number of bytes per scan line of current display mode. It is assumed
that the registers have already been correctly initialized before seGetBytesPer-
Scanline() is called.

Parameter:  device - registered device ID
pBytes - pointer to an integer which indicates the number of bytes per scan line

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid

int seGetLastUsableByte(int device, DIWORD *pLastByte)

Description: Determines the address of the last byte in the display buffer which can be used by
applications. Addresses following LastByte are reserved for system use (such as the
half frame buffer for dual panels). It is assumed that the registers have already been
correctly initialized before seGetLastUsableByte() is called.

Parameter:  device - registered device ID
pLastByte - pointer to an integer which indicates the number of bytes per scan line

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid

int seGetLinearDispAddr(int device, DWORD *pDispLogicalAddr)

Description: Determines the logical address of the start of the display buffer. This address may
be used in programs for direct control over the display buffer.

Parameter:  device - registered device ID
pDispLogicalAddr - logical address is returned in this variable.

Return Value: ERR_OK - operation completed with no problems.

ERR_INVALID_REG_DEVICE - device argument is not valid.
SED1354 Programming Notes and Examples
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int seGetScreenSize(int device, int *width, int *height)
Description: Determines the width and height of the active display device (LCD or CRT).
Parameter:  device - registered device ID

width - width of display in pixels

height - height of display in pixels

Return Value: ERR_OK - operation completed with no problems.
ERR_INVALID_REG_DEVICE - device argument is not valid.

int seReadDisplayByte(int device, DWORD offset, BYTE *pByte)

Description: Reads a byte from the display buffer.

Parameter:  device - registered device ID
offset - offset (in bytes) from start of the display buffer
pByte - returns value of byte.

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.

int seReadDisplayWord(int device, DWORD offset, WORD *pWord)

Description: Reads a word from the display buffer.

Parameter:  device - registered device ID
offset - offset (in bytes) from start of the display buffer
pWord - returns value of word.

Return Value: ERR_OK - operation completed with no problems.
ERR_INVALID_REG_DEVICE - device argument is not valid.

int seReadDisplayDword(int device, DWORD offset, DWORD *pDword)

Description: Reads a dword from the display buffer.

Parameter:  device - registered device ID
offset - offset from start of the display buffer
pDword - returns value of dword.

Return Value: ERR_OK - operation completed with no problems.
ERR_INVALID_REG_DEVICE - device argument is not valid.
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int seSetBitsPerPixel(int device, BYTE BitsPerPixel)
Description:  Sets the number of bpp. This function is equivalent to a mode set.
Parameter:  device - registered device ID
BitsPerPixel - desired number of bpp
Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.
ERR_COULD_NOT_GET_VALUE - value read from registers is invalid.
ERR_HAL_BAD_ARG - argument BitsPerPixel is invalid.
int seSplitinit(int device, DWORD Scrn1Addr, DWORD Scrn2Addr)
Description:  Sets the relevant registers for split screen.
Parameter:  device - registered device ID
ScrnlAddr - starting address of top image (addr = O refers to beginning of the display
buffer)
Scrn2Addr - starting address of bottom image (addr = O refers to beginning of the
display buffer)
Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.
Note
seSetlnit() must first be called before calling seSplitinit(). This is because the VNDP is used for
timing, and this would not be possible if the registers were not first initialized.
int seSplitScreen(int device, BYTE WhichScreen, int VisibleScanlines)
Description: Changes the relevant registers for moving the split screen up or down.
Parameter: device - registered device ID
WhichScreen - Use one of the following definitions: SCREEN1 or SCREENZ2.
SCREENL is the top screen.
VisibleScanlines - number of lines to show for the selected screen
Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.
ERR_HAL_BAD_ARG - argument VisibleScanlines is negative or is greater than
vertical panel size.
Note
seSplitinit() must have been called once before calling seSplitScreen().
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int seVirtlnit(int device, int xVirt, long *yVirt)

Description: Creates a virtual display with the given horizontal size and determines the maximum
number of available lines.

Parameter:  device - registered device ID
xVirt - horizontal size of virtual display in pixels. Must be greater or equal to
physical size of display.
yVirt - seVirtlnit() calculates the maximum number of lines available for virtual
display and returns value in yVirt.

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.
ERR_HAL_BAD_ARG - argument xVirt is too large. Select xVirt such that the
Memory Address Offset register does not exceed 0x3ff. The maximum allowable
xVirt is Ox3ff * (16 / bpp). If bpp is 15, use the above equation with bpp = 16.

Note
seSetlnit() must have been called before calling seVirtlnit(). This is because the VNDP is used
for timing, and this would not be possible if the registers were not first initialized.

int seVirtMove(int device, BYTE WhichScreen, int x, int y)
Description: Pans or scrolls the virtual display.

Parameter:  device - registered device ID
WhichScreen - Use one of the following definitions: SCREEN1 or SCREENZ2.
SCREEN1 is the top screen.
X - new starting X position in pixels
y - new starting Y position in pixels

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.
ERR_HAL_BAD_ARG - argument WhichScreen is not SCREEN1 or SCREENZ2.
- argument Y is too large.

- bpp is invalid in HAL structure (this would occur if the application changed the
registers directly instead of calling seSetBitsPerPixel()).

Note
seVirtInit() must have been called once before calling seVirtMove().
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int seWriteDisplayBytes(int device, DWORD addr, BYTE val, DWORD
count)

Description:  Writes one or more bytes to the display buffer.

Parameter: device - registered device ID
addr - offset from start of the display buffer
val - value to write
count - number of bytes to write

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.

int seWriteDisplayWords(int device, DWORD addr, WORD val, DWORD
count)

Description:  Writes one or more words to the display buffer.

Parameter: device - registered device ID
addr - offset from start of the display buffer
val - value to write
count - number of words to write

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.

int seWriteDisplayDwords(int device, DWORD addr, DWORD val,
DWORD count)

Description:  Writes one or more dwords to the display buffer.

Parameter:  device - registered device ID
addr - offset from start of the display buffer
val - value to write
count - number of dwords to write

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.
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8.2.3 Color Manipulation

int seGetDac(int device, BYTE *pDac)
Description: Reads the entire DAC into an array.

Parameter:  device - registered device ID
pDac - pointer to an array of BYTE dac[256][3]
dac[x][0] == RED component
dac[x][1] == GREEN component
dac[x][2] == BLUE component

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.

int seGetDacEntry(int device, BYTE index, BYTE *pEntry)
Description: Reads one DAC entry.

Parameter:  device - registered device ID
index - index to DAC entry (0 to 255)
pEntry - pointer to an array of BYTE entry[3]
entry[x][0] == RED component
entry[x][1] == GREEN component
entry[x][2] == BLUE component

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.

int seGetLut(int device, BYTE *pLut)
Description: Reads the entire LUT into an array.

Parameter:  device - registered device ID
pLut - pointer to an array of BYTE [ut[16][3]
lut[x][0] == RED component
lut[x][1] == GREEN component
lut[x][2] == BLUE component

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.
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int seGetLutEntry(int device, BYTE index, BYTE *pEntry);
Description: Reads one LUT entry.

Parameter:  device - registered device ID
index - index to LUT entry (0 to 15)
pEntry - pointer to an array of BYTE entry[3]
entry[x][0] == RED component
entry[x][1] == GREEN component
entry[x][2] == BLUE component

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.

int seSetDac(int device, BYTE *pDac)
Description:  Writes the entire DAC from an array into the DAC registers.

Parameter:  device - registered device ID
pDac - pointer to an array of BYTE dac[256][3]
dac[x][0] == RED component
dac[x][1] == GREEN component
dac[x][2] == BLUE component

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.

int seSetDacEntry(int device, BYTE index, BYTE *pEntry)
Description:  Writes one DAC entry.

Parameter:  device - registered device ID
index - index to DAC entry (0 to 255)
pEntry - pointer to an array of BYTE entry[3]
entry[x][0] == RED component
entry[x][1] == GREEN component
entry[x][2] == BLUE component

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.
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int seSetLut(int device, BYTE *pLut)
Description:  Writes the entire LUT from an array into the LUT registers.

Parameter:  device - registered device ID
pLut - pointer to an array of BYTE lut[16][3]
lut[x][0] == RED component
lut[x][1] == GREEN component
lut[x][2] == BLUE component

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.

int seSetLutEntry(int device, BYTE index, BYTE *pEntry)
Description:  Writes one LUT entry.

Parameter:  device - registered device ID
index - index to LUT entry (0 to 15)
pEntry - pointer to an array of BYTE entry[3]
entry[x][0] == RED component
entry[x][1] == GREEN component
entry[x][2] == BLUE component

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.

int seGet15Bpplinfo(int device, unsigned *RedMask, unsigned
*GreenMask, unsigned *BlueMask)

Description: Determines the bit fields for the red, green, and blue components of a 15 bpp stored
in a WORD.

Parameter: device - registered device ID
RedMask - all bits set to 1 are used by the red component.
GreenMask - all bits set to 1 are used by the green component.
BlueMask - all bits set to 1 are used by the blue component.

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.
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8.2.4 Drawing
int seDrawLine(int device, int X1, int y1, int x2, int y2, DWORD color)
Description: Draws a line on the display.
Parameter:  device - registered device ID.
(x1, y1) - top left corner of line
(x2, y2) - bottom right corner of line (see note below)
color - color of line
- For 1, 2, 4, and 8 bpp, color refers to the pixel value which points to the respective
LUT/DAC entry.
- For 15 and 16 bpp, color refers to the pixel value which stores the red, green, and
blue intensities within a WORD.
Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.
Note
seDrawLine() only draws horizontal and vertical lines, and that the line drawn does not include
the endpoint (x2, y2).
int seDrawText(int device, char *fmt, ...)
Description:  For Intel platforms, draws text to standard output. For embedded platforms, draws
text to terminal.
Parameter:  device - registered device ID.
fmt - identical to printf() formatting strings
... - identical to printf() arguments for formatting strings
Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.
ERR_INVALID_STD_DEVICE - device is not HAL_STDOUT or HAL_STDIN
(but don't use HAL_STDIN for seDrawText()).
Note
seDrawText() currently doesn't write text to the display buffer.
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int seFillRect(int device, int x1, int y1, int x2, int y2, DWORD color)

Description: Draws a solid rectangle on the display.

Parameter:  device - registered device ID
(x1, y1) - top left corner of rectangle
(x2, y2) - bottom right corner of rectangle (see note below)
color - color of rectangle
- For 1, 2, 4, and 8 bpp, color refers to the pixel value which points to the respective
LUT/DAC entry. For 15 and 16 bpp, color refers to the pixel value which stores the
red, green, and blue intensities within a WORD.

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.

Note
seFillRect() does not fill the rectangle's right and bottom sides.

int seGetchar(void)
Description: Gets a character from platform (typically from a terminal).
Parameter:  none

Return Value: Character returned from platform.

int sePutchar(int ch)
Description:  Writes a character to platform (typically to a terminal).
Parameter:  ch - character to send to platform

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

int sePutc(int device, int ch)
Description: Writes a character to platform (typically to a terminal).

Parameter:  device - registered device ID
ch - character to send to platform

Return Value: ERR_OK - operation completed with no problems
ERR_FAILED - operation failed
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int seSetPixel(int device, int x, int y, DWORD color)
Description:  Writes a pixel to the display buffer.
Parameter:  device - Registered device ID
X - horizontal coordinate of the pixel (starting from 0)
y - vertical coordinate of the pixel (starting from 0)
color - for 1,2,4,8 BPP: refers to index into LUT/DAC. For 15,16 BPP: defines color
directly (not LUT/DAC index)

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.

8.2.5 Register Manipulation

int seGetReg(int device, int index, BYTE *pVal)
Description: Reads a register value.
Parameter: device - registered device ID

index - register index

pVal - returns value of the register

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.

int seSetReg(int device, int index, BYTE val)
Description:  Writes a register value.
Parameter: device - registered device ID

index - register index

val - value to write to the register

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.

8.2.6 Miscellaneous

int seDelay(int device, DWORD Seconds)

Description: Delays for the given amount of time. For non-Intel platforms, the 1354 registers
must be initialized and the VNDP set active (the VNDP is used as the timer).

Parameter: device - registered device ID
Seconds - delay time in seconds

Return Value: ERR_OK - operation completed with no problems
ERR_INVALID_REG_DEVICE - device argument is not valid.
ERR_FAILED - registers have not been initialized (for non-Intel platforms).
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WORD seRotateBytelLeft(BYTE val, BYTE bits)

Description: Rotates the bits in “val” left as many times as stated in “bits”.

Parameter: val - value to rotate
bits - how many bits to rotate

Return Value: bits 15-8: non-zero if carry flag set
bits 7-0: rotated byte

WORD seRotateByteRight(BYTE val, BYTE bits)
Description: Rotates the bits in “val” right as many times as stated in “bits”.
Parameter:  val - value to rotate bits - how many bits to rotate

Return Value: bits 15-8: non-zero if carry flag set
bits 7-0: rotated byte
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9 Sample Code

9.1 Introduction

The following code samples demonstrate two approaches to initializing the SED1354 color graphics
controller with/without using the 1354HAL API. These code samples are for example purposes only.

9.1.1 Sample code using 1354HAL API
/*

*%

*k

** Created 1998, Epson Research & Development

xx Vancouver Design Centre

** Copyright (c) 1998 Epson Research and Development, Inc.
** All rights reserved.

*%

*%

*

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include "hal.h"
#include "appcfg.h”

I* *

void main(void)

{
BYTE Chipld;
int Device;
switch (seRegisterDevice(&Cfg.Devicelnfo[0], &Cfg.DeviceChip, &Device))
{
case ERR_OK:
break;
case HAL_DEVICE_ERR:
printf("ERROR: Too many devices registered.\n");
exit(1);
default:
printf("ERROR: Could not register SED1354 device.\n");
exit(1);
}
seGetld(Device, &Chipld);
SED1354 Programming Notes and Examples
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if (Chipld != ID_SED1354F0A)

{
printf("ERROR: Did not detect SED1354.\n");
exit(1);

}

if (seSetlnit(Device) = ERR_OK)

{
printf("ERROR: Could not initialize device.\n");
exit(1);

}

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

* Fill 2M bytes of memory with Oxffffffff (white)
* Note that 0x200000 == 2 M bytes. Divide by 4 for number of Dwords to fill

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

seWriteDisplayDwords(Device, 0, Oxffffffff, 0x200000/4);

exit(0);
}

9.1.2 Sample code without using 1354HAL API

/*

**k ===
** INIT1354.C - sample code demonstrating the initialization of the SED1354.

** Beta release 2.0 98-10-22

*%k

** The code in this example will perform initialization to the following
** gpecification:

*%

** - 320 x 240 single 8-bit color passive panel.

** - 75 Hz frame rate.

** - 8 BPP (256 colors).

** . 33 MHz input clock.

** - 2 MB of 60 ns FPM memory.

*%

*x *** This is sample code only! ***

** This means:

** 1) Generic C is used. | assume that pointers can access the

**  relevant memory addresses (this is not always the case).

** j.e. using the 1354B0B card on an Intel 16 bit platform will require
** changes to use a DOS extender to access memory and registers.
** 2) Register setup is done with discreet writes rather than being

**  table driven. This allows for clearer commenting. A real program
**  would probably store the register settings in an array and loop

**  through the array writing each element to a control register.
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** 3) The pointer assignment for the register offset does not work on
**  Intel 16 bit platforms.

** Created 1998, Epson Research & Development

*x Vancouver Design Centre

** Copyright (c) 1998 Epson Research and Development, Inc.
** All rights reserved.

** $Header: $

** $Revision: $
*%

* $log: $
*%*
*/
unsigned char LUT8[8*3] = {

0x00, 0x00, 0x00,

0x02, 0x02, 0x05,

0x04, 0x04, Ox0A,

0x06, 0x06, OxOF,

0x09, 0x09, 0x00,

0x0B, 0x0B, 0x00,

0x0D, 0x0D, 0x00,

0x0F, Ox0F, 0x00,
h
/*
** REGISTER_OFFSET points to the starting address of the SED1354 registers
*/
#define REGISTER_OFFSET ((unsigned char *) 0x1234)
void main(void)
{

unsigned char * pRegs;

unsigned char * pLUT;

int idx;

int rgb;

pRegs = REGISTER_OFFSET;

/*

** |nitialize the chip.

*

/*

** Step 1: Enable the host interface.

*%

** Register 1B: Miscellaneous Disable - host interface enabled, half frame

*x buffer enabled.
*/
*(pRegs + 0x1B) = 0x00; /* 0000 0000 */
SED1354 Programming Notes and Examples
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/*

** Step 2: Disable the display FIFO
*/

*(pRegs + 0x23) = 0x80;

/*

** Step 3: Set the memory type

*x

** Register 1: Memory Configuration - 4 ms refresh, EDO
*

*ipRegs + 0x01) = 0x30; /* 0011 0000 */
*

i* Step 4: Set the performance register

*x

** Register 22: Performance Enhancement -

*

*ipRegs + 0x22) = 0x24; /* 0010 0100 */
*

i* Step 5: Set dual/single panel

**

** Register 2: Panel Type - 8-bit, format 2, color, single, passive.

*/

*(pRegs + 0x02) = 0x1C; /* 0001 1100 */
/*

** Step 6: Set the rest of the registers in order.

*/

/*

** Register 3: Mod Rate -

*/

*(pRegs + 0x03) = 0x00; /* 0000 0000 */
/*

** Register 4: Horizontal Display Width (HDP) - 320 pixels
* (320/8)-1=39t=27h

*/

*(pRegs + 0x04) = 0x27; /* 0010 0111 ¥/
/*

** Register 5: Horizontal Non-Display Period (HNDP)
*x PCLK

*x Frame Rate =

** (HDP + HNDP) * (VDP + VNDP)
o 8,250,000

*k -

o (320 + HNDP) * (240 + VNDP)

*%

* HNDP and VNDP must be calculated such that the desired frame rate
** is achieved.

*/
*(pRegs + 0x05) = OxOF; /¥ 0000 1111 */
/*
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** Register 6: HRTC/FPLINE Start Position - applicable to CRT/TFT only.

*
*(pRegs + 0x06) = 0x00; /* 0000 0000 */
/*
** Register 7: HRTC/FPLINE Pulse Width - applicable to CRT/TFT only.
*
*(pRegs + 0x07) = 0x00; /* 0000 0000*/
/*
** Registers 8-9: Vertical Display Height (VDP) - 240 lines.
o 240 - 1 =239t = OxEF
*/
*(pRegs + 0x08) = OXEF; /*1110 1111 %/
*(pRegs + 0x09) = 0x00; /* 0000 0000 */
/*
** Register A: Vertical Non-Display Period (VNDP)
*x This register must be programed with register 5 (HNDP)
*k to arrive at the frame rate closest to the desired
*x frame rate.
*
*(pRegs + 0x0A) = 0x01; /* 0000 0001 */
/*
** Register B: VRTC/FPFRAME Start Position - applicable to CRT/TFT only.
*/
*(pRegs + 0x0B) = 0x00; /* 0000 0000 */
/-k
** Register C: VRTC/FPFRAME Pulse Width - applicable to CRT/TFT only.
*
*(pRegs + 0x0C) = 0x00; /* 0000 0000 */
/*
** Registers E-F: Screen 1 Line Compare - unless setting up for
*x split screen operation use 0x3FF.
*
*(pRegs + 0x0E) = OxFF; /1111 1111 %/
*(pRegs + 0x0F) = 0x03; /* 0000 0011 */
/*
** Registers 10-12: Screen 1 Display Start Address - start at the
* first byte in display memory.
*
*(pRegs + 0x10) = 0x00; /* 0000 0000 */
*(pRegs + 0x11) = 0x00; /* 0000 0000 */
*(pRegs + 0x12) = 0x00; /* 0000 0000 */
/*
** Register 13-15: Screen 2 Display Start Address - not applicable
*x unless setting up for split screen operation.
*
*(pRegs + 0x13) = 0x00; /* 0000 0000 */
*(pRegs + 0x14) = 0x00; /* 0000 0000 */
*(pRegs + 0x15) = 0x00; /* 0000 0000 */
/*
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** Register 16-17: Memory Address Offset - this address represents the

** starting WORD. At 8BPP our 320 pixel width is 160
i WORDS
*/
*(pRegs + 0x16) = OxAOQ; /* 1010 0000 */
*(pRegs + 0x17) = 0x00; /* 0000 0000 */
/*
** Register 18: Pixel Panning -
*/
*(pRegs + 0x18) = 0x00; /* 0000 0000 */
/*
** Register 19: Clock Configuration - In this case we must divide
** MCLK by 4 to arrive at the best frequency to set
** our desired panel frame rate.
*/
*(pRegs + 0x19) = 0x03; /* 0000 0011 */
/*
** Register 1A: Power Save Configuration - enable LCD power, CBR refresh,
** not suspended.
*/
*(pRegs + 0x1A) = 0x00; /* 0000 0000 */
/*
** Register 1C-1D: MD Configuration Readback - don't write anything to
** these registers.
*/
/*
** Register 1E-1F: General I/O Pins Configuration - these values
*x may need to be changed according to your system
*/
*(pRegs + 0x1E) = 0x00; /* 0000 0000 */
*(pRegs + 0x1F) = 0x00; /* 0000 0000 */
/*
** Register 20-21: General 1/0 Pins Control - these values
*x may need to be changed according to your system
*/
pregs + Ox20) = Ox0U;
*(pR 0x20) = 0x00 /* 0000 0000 */
pregs + Ox21) = Ox0U;
*(pR 0x21) = 0x00 /* 0000 0000 */
/*
** Registers 24-27: LUT control.
** For this example do a typical 8BPP LUT setup.
** In 8BPP mode only the first 8 red, first 8 green
o and first 4 blue values are used.

*%

** Setup the pointer to the LUT data and reset the LUT index register.
** Then, loop writing each of the RGB LUT data elements.

*/

pLUT = LUTS;

*(pRegs + 0x24) = 0;

for (idx = 0; idx < 8; idx++)
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{

for (rgb = 0; rgb < 3; rgb++)

{

*(pRegs + 0x26) = *pLUT,;
pLUT++;

}
}
/*
** Registers 28-2E: RAMDAC - not used in this example. Programmed very
*x similarly to the LUT but all 256 entries are used.
*/
/*
** Register 23: Performance Enhancement - display FIFO enabled, optimum
*x performance.
*/
*(pRegs + 0x23) = 0x10; /* 0001 0000 */
/*
** Register D: Display Mode - 8 BPP, LCD enable.
*
*(pRegs + 0x0D) = 0x0D; /¥ 0000 1101 */

}
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Appendix A Supported Panel Values

A.1 Supported Panel Values

The following tables show related register data for different panels. All the examples are based on
8 bpp, 40MHz pixel clock and 2M bytes of 60 ns EDO-DRAM.

Table 9-1: Passive Single Panel

Passive Passive Passive Passive Passive
Register 4-Bit Single | 8-Bit Single | 8-Bit Single | 8-Bit Single | 16-Bit Single Notes
320X240@60Hz | 320X240@60Hz | 640X480@60Hz | 640X480@60Hz | 640X480@47Hz
Monochrome Color Monochrome Color Color
REG[02h]| 0000 0000 (0010100 0p01 0000 00010100 0010 0100 set panel type
REG[03h]| 0000 0000 (0000 0000 0POO 0000 0000 0000  000P 0000 set MOD rate
REG[04h]| 0010 0111 00100111 01001111 01001111 01001111 set horizontal display width
REG[05h]| 0001 0000 (00010000 0pPOO 0101 00000101 0000 0101 set horizontal non-display period
REG[08h]| 1110 1111 ({1101111 1p011111 11021211 110f 1211 set vertical display height bits 7-0
REG[09h] | 0000 0000 {0000 0000 000 0001 0000 0001  000p 0001 set vertical display height bits 9-8
REG[0Ah]| 0000 0001 [p0O00 0001 0000 0001 0000 0001 000D 0001 set vertical non-display period
REG[ODh]| 0000 1101 000 1101 00001101 00001101 000p 1101 set 8 bpp and LCD enable
REG[19h]| 0000 0110 0000 0110 0000 0001 0000 0001  000p 0001 set MCLK and PCLK divide
REG[24h]| 0000 0000 (0000 0000 0pPOO 0000 0000 0000 000D 0000 set Look-Up Table address to O
REG[26h]| load LUT load LUT load LUT load LUT load LUT load Look-Up Table
REG[27h] | 0000 0000 0000 0000 0p0O 0000 00)0 0000  000P 0000 set Look-Up Table to bank 0
Table 9-2: Passive Dual Panel
Passive Passive Passive
Register 8-Bit Dual 8-Bit Dual 16-Bit Dual Notes
640X480@60Hz | 640X480@60Hz | 640X480@60Hz
Monochrome Color Color

REG[02h] | 0001 0010 00010110 0pP100110 set panel type

REG[03h] | 0000 0000 0000 0000 0DOO 0000 set MOD rate

REG[04h] | 0100 1111 (100 1111 Of00 1111 set horizontal display width

REG[05h] | 0000 0101 0000 0101 0POO0 0101 set horizontal non-display period

REG[08h] | 11101111 (1101111 1pi101111 set vertical display height bits 7-0

REG[09h] | 0000 0000 0000 0000 0POO 0000 set vertical display height bits 9-8

REG[0Ah] | 0000 0001 0000 0001 0P0OO 0001 set vertical non-display period

REG[ODh] | 0000 1101 000 1101 0p00 1101 set 8 bpp and LCD enable

REG[19h] | 0000 0011 [0000 0011 0p0OO 0011 set MCLK and PCLK divide

REG[1Bh] | 0000 0000 0000 0000 0P0OO 0000 enable half frame buffer

REG[24h] | 0000 0000 OO0 0000 0P0OO 0000 set Look-Up Table address to 0

REG[26h] | load LUT load LUT load LUT load Look-Up Table

REG[27h] | 0000 0000 [0000 0000 0P0OO 0000 set Look-Up Table to bank 0
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Table 9-3: TFT Panel

TFT 16-Bit

Register 640§L22547Hz Notes
Color

REG[02h] | 0010 0101 set panel type
REG[03h] | 0000 0000 set MOD rate
REG[04h] | 01001111 set horizontal display width
REG[05h] | 0001 0011 set horizontal non-display period
REG[06h] | 0000 0110 set HSYNC start position
REG[07h] | 0000 0111 set HSYNC polarity and pulse width
REG[08h] | 11011111 set vertical display height bits 7-0
REG[09h] | 0000 0001 set vertical display height bits 9-8
REG[0Ah] | 0010 1101 set vertical non-display period
REG[0OBh] | 0000 0000 set VSYNC start position
REG[OCh] | 0000 0010 set VSYNC polarity and pulse width
REG[ODh] | 0000 1101 set 8 bpp and LCD enable
REG[19h] | 0000 0001 set MCLK and PCLK divide
REG[24h] | 0000 0000 set Look-Up Table address to 0
REG[26h] | load LUT load Look-Up Table
REG[27h] | 0000 0000 set Look-Up Table to bank 0
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REG[00h] R EVISION CODE REGISTER 2 RO REG[11h] S CREEN 1 DISPLAY START ADDRESS REGISTER 1 RW REG[22h] P ERFORMANCE ENHANCEMENT REGISTER O 1/0 RW
- —5 T
Product Code Revision Code Screen 1 Display Start Address \I;:VDO Féealid/ RC Timing CESA#STSIT RAS# Precharge ** Timing nfa reserved
. . . . . . rite Delay . . ela . .
o | o 0 o | o | 1 o | o Bit15s | Bit14 | Bit13 | Bitz2 | Bit11 Bit 10 Bit 9 Bit 8 v| Bit1 | sito y|  Bit1 Bit 0
REG[12h] S CREEN 1 DISPLAY START ADDRESS REGISTER 2 RW REG[23h] P ERFORMANCE ENHANCEMENT REGISTER 1 RW
IRESOLLY MIETERY CENAEVRATEN REESTER =0 RYY Screen 1 Display Start Address Display FIFO Display FIFO Threshold
Refresh Rate 4 EPM/EDO n/a n/a n/a n/a ) ) Disable n/a n/a . ) .
n/al . i . nla 'WE# Control n/a M Bit19 Bit18 Bit17 Bit 16 Bit4 | Bit3 Bit2 Bit1 Bit 0
Bit 2 Bit 1 Bit 0 emory
REG[13h] S CREEN 2 DISPLAY START ADDRESS REGISTER 0 RW REG[24h] L 0OK-UP TABLE ADDRESS REGISTER RW
REE] A PAVEL THS REEETER = Y RV Screen 2 Display Start Address p y RGB Index Look-Up Table Address
i . n/a n/a
va a Panel Data Widih Panel Data | colorimono | Dualisingle | o1t/ Bit7 | Bite Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Bit1 | 8ito Bit3 Bit 2 Bit1 Bit 0
Bit 1 | Bit0 Select |Panel Select|Panel Select| p, o' Seject
REG[14h] S CREEN 2 DISPLAY START ADDRESS REGISTER 1 RW REG[26h] L 0OK-UP TABLE DATA REGISTER RW
REG[03h] M OD RATE REGISTER RW Screen 2 Display Start Address . § § . Look-Up Table Data
n/a n/a n/a n/a
wa a MOD Rate Bit15s | Bit14 | Bit13 | Bit12 | Bit11 Bit 10 Bit 9 Bit8 Bit 3 Bitz | Bit1 Bit 0
Bits | mit4a | Bits | Btz | Bit1 | 8ito
REG[15h] S CREEN 2 DISPLAY START ADDRESS REGISTER 2 RW REG[27h] L 0OK-UP TABLE BANK SELECT REGISTER RW
REG[04h] H ORIZONTAL DISPLAY WIDTH REGISTER RW . . . . Screen 2 Display Start Address . . Red Bank Select Blue Bank Select Green Bank Select
- - - nla n/a n/a nl/a nla n/a
a Horizontal Display Width = 8(REG + 1) Bit1o | Bitis | sit17 | Bit1e Bit1 | Bito Bit1 | Bito Bit1 | Bito
Bité | Bits | sita | Bt3 | Bit2 | Bit1 | Bito
REG[16h] M EMORY ADDRESS OFFSET REGISTER O RW REG[28h] oR REG[29h] 3 RAMDAC PIXEL READ MASK REGISTER RW
REG[05h] H ORIZONTAL NON-DISPLAY PERIOD REGISTER RW Memory Address Offset RAMDAC Data
a a a Horizontal Non-Display Period = 8(REG + 1) Bit7 | Bite | mits | sit4a | B3 | Btz | Bit1 | BitoO Bit7 | Bite | sits | sita | B3 | Btz | Bita | BitoO
Bit 4 Bit 3 Btz | Btz | Bito
REG[17h] M EMORY ADDRESS OFFSET REGISTER 1 RW REG[2Ah] oR REG[2Bh] 3 RAMDAC READ MODE ADDRESS REGISTER RW
REG[06h] HRTC/FPLINE S TART POSITION REGISTER RW Memory Address Offset RAMDAC Address
— nla n/a n/a n/a nla n/a ) ) ) ) . . . "
nia na nia HRTC/FPLINE Start Position = 8(REG + 1) Bit9 Bit 8 Btz | sits | Bits Bit4 Bit 3 Bit 2 Bit 1 Bit 0
Bit4 | i3 Btz | Btz | Bito
REG[18h] P IXEL PANNING REGISTER RW REG[2Ch] orR REG[2Dh] 3 RAMDAC WRITE MODE ADDRESS REGISTER RW
REG[07h] HRTC/FPLINE P ULSE WIDTH REGISTER RW Screen 2 Pixel Panning Screen 1 Pixel Panning RAMDAC Address
HRTC FPLINE na a HRTC/FPLINE Pulse Width = 8(REG + 1) Bits | Btz | Btz | Bito Bits | Btz | Bit1 Bit 0 Bit7 | Bite | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Polarity Polarity Bta | Btz | Bit1 | Bito
REG[19h] C LOCK CONFIGURATION REGISTER RW REG[2Eh] oR REG[2Fh] 3 RAMDAC PALETTE DATA REGISTER RW
REG[08h] V ERTICAL DISPLAY HEIGHT REGISTER O RW y y ’ y y MCLK PCLK Divide 8 RAMDAC Data
- - - n/a n/a n/a n/a nla s
Vertical Display Height = (REG + 1) Divide Bit1 | Bito Bit7 | Bite | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Bt7 | site | Bits | Bita | Bita | Btz | Bit1 Bit 0
REG[1Ah] P OWER SAVE CONFIGURATION REGISTER RW Notes
REG[09h] V ERTICAL DISPLAY HEIGHT REGISTER 1 RW LCD Power | Suspend Refresh Select 9 Software 1 n/a bits should be written 0.
Vertical Display Height n/a na n/a n/a Disable Bit 1 Bit 0 Suspend reserved bits must be written 0
n/a na nfa n/a n/a na Bit9 Bit8 2 These bits are used to identify the SED1354 at power on / RESET.
3 When using Little-Endian the RAMDAC should be connected to the low byte of the CPU data bus and the lower
ISCELLANIOUS DISABLE REGISTER
RECITBNIM ol il W register address given used. When using Big-Endian the RAMDAC should be connected to the high byte of the
REG[OAN] V ERTICAL NON-DISPLAY PERIOD REGISTER RW | 1HDfS[ ’ ’ y y ’ ’ Hag Ff;ame CPU data bus and the higher register address given used.
VNDP a Vertical Non-Display Period (VNDP) = (REG + 1) o na na na na va na Dieable 4 DRAM Refresh Rate Select
Status (RO) i ) ) i )
BitS I Bit4 I Bit3 I Bit2 I Bit1 I Bit0 Refresh Rate CLKI Divide Amount Refresh Rate for 33MHz DRAM Refresh
REG[1Ch] MD C ONFIGURATION READBACK REGISTER O RO | Bits [2:0] CLKI Time/256 cycles
RECI0BN VRIC R RRAMEISirAR|ROSTIONIRESISTER RW | [MD7 Status | MD6 Status | MDS Status | MD4 Status | MD3 Status | MD2 Status | MD1 Status | MDO Status | 000 64 520 kHz 0.5ms
P y VRTC/FPFRAME Start Position = (REG + 1) 001 128 260 K 1
nla n/a X . . R . z ms
Bit5 I Bit4 I Bit3 I Bit 2 I Bit1 I Bit0 REG[1Dh] MD C ONFIGURATION READBACK REGISTER 1 RO 010 256 130 KHz 2 ms
MD15 MD14 MD13 MD12 MD11 MD10 MD9 MD8
REG[0Ch] VRTC/FPFRAME P ULSE WIDTH REGISTER RW Status Status Status Status Status Status Status Status 011 512 65 kHz 4 ms
VRTC | EPFRAME e va e |VRTCIFPFRAME Puise Width = (REG + 1) 100 1024 33 kHz 8 ms
Polarity Polarity Bit 2 Bit 1 | Bit0 REG[1Eh] G ENERAL 10 PINS CONFIGURATION REGISTER O RW 101 2048 16 kHz 16 ms
GPIO7 Pin | GPIO6 Pin | GPIOS Pin | GPIO4Pin | GPIO3 Pin | GPIO2 Pin | GPIO1 Pin | GPIOO Pin 10 2096 S k2 2ms
REG[ODh] D ISPLAY MODE REGISTER RW 10 Config | 10 Config | 10 Config | IO Config | 10 Config | 10 Config | IO Config [ 10 Config ™ P yom "
z ms
Simultaneous Display 6 " ivel 7 -
na Option Select Number Of Bits-Per-Pixel CRT Enable | LCD Enable REG[1Fh] G ENERAL 10 PINS CONFIGURATION REGISTER 1 RW 5 Panel Data Width Selection
Bit 1 Bit 0 Bit2 Bit 1 Bit 0 GPIO11 Pin [ GPIO10 Pin | GPIO9 Pin | GPIO8 Pin -
n/a I na I na n/a 10 Config | 10 Config | 10 Config | 10 Config Panel Data Width Bits [1:0] | [2ssive LCD PanelData | TFT Panel Data Width
Width Size Size
REG[OEh] S CREEN 1 LINE COMPARE REGISTER 0 RW 00 4-bit 9-bit
S TLneC REG[20h] G ENERAL 10 PINS STATUS / CONTROL REGISTER O RW
creen 1 Line Compare i i
. . ) - P . GPIO7 Pin | GPIOG6 Pin | GPIO5 Pin | GPIO4 Pin | GPIO3 Pin | GPIO2 Pin | GPIOL Pin | GPIOO Pin o1 8-bit 12-bit
Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit3 | Bit 2 | Bit 1 Bit0 10 Status | IO Status | 10 Status | IO Status | 10 Status | 10 Status | 10 Status | 10 Status 10 16-bit 16-bit
11 Reserved Reserved
REG[OFh] S CREEN 1 LINE COMPARE REGISTER 1 RW REG[21h] G ENERAL |0 PINS STATUS / CONTROL REGISTER 1 RW
Screen 1 Line Compare GPIO11 Pin [ GPIO10 Pin | GPIO9 Pin | GPIO8 Pin
nfa nfa na na ‘ nia ‘ nfa Bito Bit8 GPO Control na | na | n/a 10 Status | 10 Status | 10 Status | 10 Status
REG[10h] S CREEN 1 DISPLAY START ADDRESS REGISTER O RW
Screen 1 Display Start Address
Bit7 | Bite | sits | sit4a | B3 | Bit2 | Bit1 | Bito
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6 Simultaneou:

7 Number of Bi

8 PCLK Divide

s Display Option Selection

Simultaneous Display Option
Select Bits [1:0]

Simultaneous Display Option

00 Normal

o1 Line Doubling
10 Interlace

11 Even Scan Only

its per Pixel Selection

Number Of Bits/Pixel Select Bits [2:0] umber of Bits/Pixel
000 1
001 2
010 4
011 8
100 15
101 16
110-111 Reserved
Selection
PCLK Divide Select Bits [1:0] MCLK/PCLK Frequency Ratio
00 1
01 2
10 3
11 4

9 Suspend Refresh Selection

10 Minimum Me

Suspend Refresh Select Bits [1:0]

DRAM Refresh Type

00 CBR Refresh
01 Self-Refresh
1x No Refresh

mory Timing Selection

RC Timing Bits [1:0]

Minimum Random Cycle Width

00 5 MCLK
01 4 MCLK
10 3 MCLK
11 Reserved

11 RAS Precharge Timing Select

RAS Precharge Timing Bits [1:0]

RAS Precharge Width

00 2 MCLK
01 1.5 MCLK
10 1 MCLK
11 Reserved
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1354CFG.EXE

1354CFG gives a software/hardware developer an easy way to modify panel types, modes, etc. for
the SED1354 utilities without recompiling. Once the correct operating environment has been deter-
mined, the software/hardware developer can modify the source code manually for a permanent
change. 1354CFG changes the hardware configuration setup for each of the 1354 utilities, as well as
any program designed by a software/hardware developer using the Hardware Abstraction Layer
(HAL) library.

e 1354CFG runs in two modes: one mode reads script files and the other mode is interactive.

« In the interactive mode, the 1354CFG DOS-based program uses an interface similar to Windows
to present one menu for each configuration section. Each section has its own dialog box showing
all of the relevant elements for that section.

» 1354CFG reads the configuration from a specific EXE file for Intel platforms, and from a
specific S9 file for non-Intel platforms.

e 1354CFG can select all EXE files for configuration writes.
» 1354CFG prints or displays the configuration setup.

» 1354CFG supports scripts to quickly reprogram all files to a given configuration setup. The
given configuration is defined in an INI file.

» 1354CFG is designed to work with a given version of the configuration setup structure. If the
structure is of a different version, an error message is displayed and the program exits.

1354CFG.EXE Configuration Program SED1354

Issue Date: 98/10/29

X19A-B-001-03
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Program Requirements

Video Controller :  Any VGA

Display Type . LCDorCRT

BIOS : Any manufacturer’'s VGA BIOS

DOS Program . Yes

DOS Version . 3.0 or greater

Windows Program . No

Windows DOS Box © Yes

Windows DOS Full Screen :  Yes, Windows 3.1x and Windows 95
0OS/2 DOS Full Screen : Yes

Installation
Copy the following files to a directory that is in the DOS path on your hard drive:
1354CFG.EXE
GO032.EXE
OBJCOPY.EXE
Note
G032.EXE and OBJCOPY.EXE are called by 1354CFG.EXE for non-Intel platforms. Neither
program is intended to run independent of 1354CFG.
Usage
At the DOS Prompt, typ&354cfg .
1354cfg.exe [filename.exe script.ini] [/?]
Where: filename.exe is the 1354 utility to be modified
script.ini is the list of HAL configuration changes
(see See “Script Mode” on page 9)
1? displays the usage screen
no argument runs 1354CFG in the interactive mode
SED1354 1354CFG.EXE Configuration Program

X19A-B-001-03 Issue Date: 98/10/29
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Script Mode
In script mode, a file provides 1354CFG with all the information necessary to reconfigure the
selected 1354 utility. Any changes which can be made by the interactive user interface can also be
done by the script file.
Note that it is not necessary to list all of the possible items in the script file. For example, if the script
is only to change the panel resolution, the script would only have the following lines:
;File TEST.INI
Panel.x = 640
Panel.y = 480
To use this script file on the 1354PLAY utility, type the following:
1354CFG 1354PLAY.EXE TEST.INI
In this example, all of the other panel settings in the 1354 utility remain the same. In general,
however, it is necessary to set several more panel parameters before the panel is properly configured.
The full list of all the possible parameters to 1354CFG is included in the file 1354.INI.

1354CFG.EXE Configuration Program SED1354

Issue Date: 98/10/29

X19A-B-001-03
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Interactive Mode

1354CFG Menu Bar

SED1354 Configuration Utilit
Menu Bar — SRR KT View Device He 1

Figure 1: 1354CFG Menu Bar

1354CFG has four main menus: Files, View, Device, and Help. Menu contents can be viewed by
using either the mouse or the keyboard.

Viewing 1354CFG Menu Contents

Mouse

Move the on-screen arrow with the mouse and point at the desired menu. Click the left mouse button
and the contents of the menu will be displayed.

Keyboard

Press: <Alt> <F> to select the Files menu.
<Alt> <V> to select the View menu.
<Alt> <D> to select the Device menu.

<Alt> <H> to select the Help menu.
<t>, <l >, or the highlighted letter in the menu to select a menu item.

SED1354 1354CFG.EXE Configuration Program
X19A-B-001-03 Issue Date: 98/10/29
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Making 1354CFG Menu Selections

In 1354CFG, a selection is made by clicking the left mouse button, or by pressing the tab and arrow
keys on the keyboard. In the example below, there are three ways to select and open
1354SHOW.EXE in the Files box in the Open File window (figure 2).

Mouse

* Click the left mouse button on 1354SHOW.EXE to highlight it in the Files box. Then click on
the OK button.

 Point to the file 1354SHOW.EXE with the arrow and click the left mouse button twice in rapid
succession (double-clicking).

Keyboard

» Press <Tab> to highlight the Files box (or press <Alt><F>). Presdehighlight
1354SHOW.EXE. Press <Enter>.

All selections in 1354CFG can be made in one of the three ways listed above.

l . Open File ____________________|g

File Mame 13545HOW . EXE 0K
C:~1354
Files Drives Cancel
1l 1
1354CFG.EXE T ['H T
1354HMEM . EXE &: C:DRIVE C i
1354PLAY .EXE &
B S:8ystem Disk 1
G032 .EXE B .
OBJCOFPY . EXE % Directories
#
% (RN ‘i‘
%
1
II 1
Figure 2: 1354CFG Open File
1354CFG.EXE Configuration Program SED1354

Issue Date: 98/10/29

X19A-B-001-03
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Files Menu

Files View Device

Save
Save As...
Save Al1l...
Exit

Figure 3: 1354CFG Files Menu

The Files menu contains these functions:

« Open - reads the HAL configuration for a given utility.

Note

A utility must be opened before any other menu command can be executed.
¢ Save - saves the current changes to the opened file.
» Save As - saves a file to a different name and/or different location.

« Save All - saves modifications to all 1354 files that are in the same directory as the file being
saved. This function ensures that the display parameters are consistent. “Save All" is only avail-
able for utilities run on an Intel (EXE) platform.

« Exit - exits the 1354CFG application.

SED1354 1354CFG.EXE Configuration Program
X19A-B-001-03 Issue Date: 98/10/29
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View Menu

File=s Uiew Device

Current Configuration

Advanced Configuration

Figure 4: 1354CFG View Menu

The View menu displays the Current Configuration and the Advanced Configuration of an opened
utility.

In the Current or Advanced Configuration window, the configuration of an opened file can be
viewed only, not edited. Configuration parameters must be edited in the Panel, CRT, Advanced
Memory, Power Management, Look-Up Table, and Setup sub-menus in the Device menu.

Some configuration parameters cannot be readily changed as they depend on several factors for
consistency (eg. Frame Rate, Clock Divides etc.). Refer to the SED1354 “Functional Hardware
Specification” manual, document number X19A-A-002-xx, and the SED1354 “Programming Notes
and Examples” manual, document number X19A-G-002-xx for formulas and other information.

Note
Epson R&D Inc. cannot be held liable for damage done to the display as a result of software con-
figuration errors.

Cancel and Print commands are available in the Current/Advanced Configuration windows. Help is
listed, but is not available for this version of 1354CFG.

1354CFG.EXE Configuration Program SED1354
Issue Date: 98/10/29 X19A-B-001-03
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L H
Help ] Cancel ] Print... ]
Device: a
PAMEL: STN 16 BIT COLOR DUAL BAAx6HAA
CRT : 808x680,. CLKI=4H.808MH=

ADUANCED MEMORY :
POWER MANAGEMENT :
LOOKUP TABLE:

Register Location:
Memory Location:
MHemory Size:

68 ns. PERF EWABLE
CBR REFRESH. S0FT SUSPEND DISABLE
LUT 8 BPF COLOR

AaCcAnaEA Chex>
HAEANAAA Chex)
H8200808 Chex>

1354 SPECIFIC:

CHIP 1354 SPECIFIC TYPE A

Figure 5: 1354CFG Current Configuration

Wl Hdvanced Gonfiguwration  |g
Help ] Cancel ] Print... ]

Device: a

PAMEL

# Resolution: 888 pixels

¥ Resolution: 688 line<s>

Data Width: 16 hits

Panel Format: i

Color-Mono: COLOR

DualsSingle: DUAL

TFT-5TH: STN

Modulation Rate: A

Horiz MWon-Disp (TFI>: 32 pixels

Vert Hon—-Disp (TFT>: 1 line<s>

HSYHNC Start Pos <TFT>: 8 pixels

USYHC Start Pos <TFT>: 1 line<s>

Figure 6: 1354CFG Advanced Configuration (Partial View of Screen)

SED1354
X19A-B-001-03

1354CFG.EXE Configuration Program

Issue Date: 98/10/29
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Device Menu
Files Uiey Device Hel
Advanced Memory
Power Management
Lookup Tahle
Setup
Figure 7: 1354CFG Device Menu
The Device menu contains the following sub-menus where parameters for a SED1354 utility can be
edited:
» Panel
« CRT
» Advanced Memory
* Power Management
* Look-Up Table
e Setup
1354CFG.EXE Configuration Program SED1354

Issue Date: 98/10/29 X19A-B-001-03
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Panel

Panel Setup

When Panel is selected from the Device menu, the Panel Setup dialog box is displayed. To select a
panel assignment, highlight it (in the example window below, “STN 4 Bit Mono Single 320x240"

is highlighted) and click OK. If the highlighted panel assignment needs changes, click Edit and see
the next section “Edit Panel Setup.”

Whenever a panel assignment is edited or selected in the Panel Setup dialog box, the setup is copied
to Current Configuration. The editing is automatically performed on the current configuration.

In addition to OK, Cancel, and Edit commands, a Help command is listed in the Panel Setup

windows. In this version of 1354CFG, the Help files are unavailable.

Panel Assignment for Device A

| STHN 4 BIT MONO SINGLE 328x248

STH 8 BIT COLOR SIMNGLE 3282240

STH 8 BIT MONO SINGLE 648x488

STN 8 BIT MONO DUAL 648x480

STH 8 BIT COLOR SINGLE 6482480

STH 8 BIT COLOR DUAL 648x488

STNH 16 BIT COLOR SINGLE 648x488

STH 16 BIT COLOR DUAL 648x488

TFT 16 BIT COLOR SINGLE 648x488 (SHARP LQi1AD311>
CURRENT CONFIGURATION

-

Edit...

0K

Cancel

Help

B

Current Frame Rate: 75 H=z

Figure 8: 1354CFG Panel Setup

SED135

4 1354CFG.EXE Configuration Program
X19A-B-001-03 Issue Date: 98/10/29
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Edit Panel Setup

When a selection is highlighted in the Panel Setup window and Edit is clicked, the Edit Panel Setup
window is displayed. The Edit Panel Setup window lists parameters which can be edited, as shown
below in Figure 9, “1354CFG Edit Panel Setup.” In this example window, “X Resolution: 320
pixels” is highlighted.

Edit Panel Setu -
STH 4 BIT MONO SIHGLE 328x248 for Device A
1l
I ¥ Besolution: 328 pixels T
Y Resolution: 248 line<s> # Edit...
Data Width: 4 hits N
Panel Format: 1 %
Color/Mono: MONO 3§ OK
Dual/Single: SINGLE 3
TFT/STN: STN N
Modulation Rate: a % Cancel
Horiz Mon-Disp (TFT>: 32 pixels §
Uert Hon—Disp <TFT>: 1 line<s> %
HRTC Start Pos (TFT>: 8 pixels § Help
URTC Start Posz (TFT>: 1 lineds> %
FPLIME Polarity: ACTIVE HIGH o
FPFRAME Polarity: ACTIVE HIGH §
HRTC Pulse Width <(TFT»: 8 pixels H
Current Frame Rate: 75 Hz

Figure 9: 1354CFG Edit Panel Setup

Panel Parameter Edit

When a selection is highlighted for editing in the Edit Panel Setup window and Edit is clicked, the
Panel Parameter Edit window displays for parameter editing. See figure 10, “1354CFG Panel
Parameter Edit” below. In this example window, “X Resolution: 320 pixels” can be edited.

u| Fanel Parameter it H
0K
# Resolution: pixels Cancel
Help

Figure 10: 1354CFG Panel Parameter Edit

1354CFG.EXE Configuration Program SED1354
Issue Date: 98/10/29 X19A-B-001-03



Page 18

Epson Research and Development
Vancouver Design Center

CRT
CRT Setup

When CRT is selected from the Device menu, the CRT Setup window is displayed. To selecta CRT
assignment, highlight it (in the example window below, “CRT 640x400 @ 85Hz,
CLKI=33.333MHz" is highlighted) and click OK. If the highlighted CRT assignment needs
changes, click Edit and see the next section “Edit CRT Setup.”

Whenever a CRT assignment is edited or selected in the CRT Setup dialog box, the setup is copied
to Current Configuration. The editing is automatically performed on the current configuration.

In addition to OK, Cancel, and Edit commands, a Help command is listed in the CRT setup windows.
In this version of 1354CFG, the Help files are unavailable.

| CRT Setu I5

RT Assignment for Device A

1l
I CRT 648x488 @ 85H=. CLKI=33.333HH= T Edit...
CRT 648x488 @ 6BH=z. CLEKI=25.175MH= %
CRT 648x488 @ ?5Hz. CLKI=33.333MH= %
CRT 808x68A @ S56H=z. CLKI=36.B88dMH= % 0K
CRT 8d8x688 @ 6BHz. CLKI=48.88dMH=z %
CURRENT CONFIGURATION %
% Cancel
o
5
% Help
i
'Ji

Current Frame Rate: 5 Hz <FROM PAMEL; CRT HOT EMABLED}

Figure 11: 1354CFG CRT Setup

SED1354
X19A-B-001-03

1354CFG.EXE Configuration Program
Issue Date: 98/10/29
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Edit CRT Setup

When a selection is highlighted in the CRT Setup window and Edit is clicked, the Edit CRT Setup
window is displayed. The Edit CRT Setup window lists parameters which can be edited, as shown
below in Figure 12, “1354CFG Edit CRT Setup.” In this example window, “Horiz Non-Display: 240
pixels” is highlighted.

Edit CRT Setu
64@x488,. CLKI=33.333MHz for Device @
1l
& Resolution: 648 pixels T
¥ Rezolution: 408 line<s> % Edit.._.
| Horiz Mon—Dis i s
Uert Hon-Display: 45 line<s> &
HRTC Start Po=sition: 32 pixels % 0K
URTC Start Position: 1 line<s> %
HRIC Polarity: ACTIVE LOW %
URTC Polarity: ACTIUE HIGH % Cancel
HRTGC Pulse UWidth: b4 pixels %
URTC Pulse UWidth: 3 lineds> %
MCLE Divide: MCLE.~1 % Help
PCLE Divide: FCLE~1 %
CLKI: 33.333 MH= %
CRT EnahlerDisahle: ENABLE %
1]
Current Frame Rate: 85 Hz (CRT SETTINGS OUERRIDE PANEL>

Figure 12: 1354CFG Edit CRT Setup

CRT Parameter Edit

When a selection is highlighted for editing in the Edit CRT Setup window and Edit is clicked, the
CRT Parameter Edit window displays for parameter editing. See figure 13, “1354CFG CRT
Parameter Edit” below. In this example window, “Horiz Non-Display: 240 pixels” can be edited.

CRT Parameter Edit
0K
Horiz Mon-Display: pixels Cancel
Help
Figure 13: 1354CFG CRT Parameter Edit
1354CFG.EXE Configuration Program SED1354

Issue Date: 98/10/29 X19A-B-001-03
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Advanced Memory
Memory Setup

When Advanced Memory is selected from the Device menu, the Memory Setup dialog box is
displayed. To select a memory assignment, highlight it (in the example window below, “Memory
Type 0" is highlighted) and click OK. If the highlighted memory assignment needs changes, click
Edit and see the next section “Edit Memory Setup.”

Whenever a memory assignment is edited or selected in the Memory Setup dialog box, the setup is
copied to Current Configuration. The editing is automatically performed on the current configu-
ration.

In addition to OK, Cancel, and Edit commands, a Help command is listed in the Memory setup
windows. In this version of 1354CFG, the Help files are unavailable.

u Memor etu H

Memory Assignment for Device A

1
MEMORY TYPE 8 1
MEMORY TYPE 1 3
MEMORY TYPE 2 N
MEMORY TYPE 3 N 0K
CURRENT CONFIGURATION \
8
% CGancel
\
8
% Help
i

Figure 14: 1354CFG Advanced Memory Setup

SED1354 1354CFG.EXE Configuration Program
X19A-B-001-03 Issue Date: 98/10/29
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Edit Advanced Memory Setup

When a selection is highlighted in the Memory Setup window and Edit is clicked, the Edit Advanced
Memory Setup window is displayed. The Edit Advanced Memory window lists parameters which
can be edited, as shown below in Figure 15, “1354CFG Edit Advanced Memory Setup.” In this
example window, “Refresh Time: 4000 Cycles” is highlighted.

- Edit Advanced Memory Setu H
6@ ns. PERF ENABLE for Device A
1l
I Refrezh Time: 4088 cycles T
Refrezh Cycles: 256 cycles % Edit...
WE# Control: 2-CASH DRAM %
Memory Type: EDO DRAM %
EDO R-W Delay: 2 MCLK % 0K
DRAM Speed: 6@ ns %
Perf Enhancement: ENABLE %
Page Size: FFFFFFFF <hex>» % Cancel
S
&
&
§ Help
1]

Figure 15: 1354CFG Edit Advanced Memory Setup

Memory Parameter Edit

When a selection is highlighted for editing in the Edit Advanced Memory Setup window and Edit is
clicked, the Memory Parameter Edit window is displayed for parameter editing. See figure 16,
“1354CFG Memory Parameter Edit” below. In this example window, “Refresh Time: 4000 Cycles”
can be edited.

g . HMemorv Parameter Edit g
0K
Refresh Time: cycles Cancel
Help

Figure 16: 1354CFG Memory Parameter Edit

1354CFG.EXE Configuration Program SED1354
Issue Date: 98/10/29 X19A-B-001-03
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Power Management
Power Setup

When Power Management is selected from the Device menu, the Power Setup dialog box is
displayed. To select a power assignment, highlight it (in the example window below, “Power Type
0" is highlighted) and click OK. If the highlighted power assignment needs changes, click Edit and
see the next section “Edit Power Setup.”

Whenever a power assignment is edited or selected in the Power Setup dialog box, the setup is
copied to Current Configuration. The editing is automatically performed on the current configu-
ration.

In addition to OK, Cancel, and Edit commands, a Help command is listed in the Power setup
windows. In this version of 1354CFG, the Help files are unavailable.

. Power Setup |y
Power Assignment for Device A
11
| POWER TY¥FE A 1 Edit...
POWER TYPE 1 %
POWER TYPE 2 %
CURRENT COMFIGURATION % 0K
3
&
&
% Cancel
3
&
&
% Help
i
1]

Figure 17: 1354CFG Power Setup

SED1354
X19A-B-001-03

1354CFG.EXE Configuration Program
Issue Date: 98/10/29
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Edit Power Setup

When a selection is highlighted in the Power Setup window and Edit is clicked, the Edit Power Setup
window is displayed. The Edit Power Setup window lists parameters which can be edited, as shown
below in Figure 18, “1354CFG Edit Power Setup.” In this example window, “Suspend Refresh:
CBR Refresh” is highlighted.

- Edit Power Setu H

CBR REFRESH, SOFT SUSFEND DISABLE for Device @

1l
I Suspend Refresh: BR REFRESH T

Software Suspend: DISABLE § Edit...
% 0K
% Cancel
\
&
& Help
1]

Figure 18: 1354CFG Edit Power Setup

Power Parameter Edit

When a selection is highlighted for editing in the Edit Power Setup window and Edit is clicked, the
Power Parameter Edit window displays for parameter editing. See figure 19, “1354CFG Power
Parameter Edit” below. In this example window, “Suspend Refresh: CBR Refresh” can be edited.

| Power Parameter Edit K

OK

1l
Suspend Refresh: CER REFRESH | Cancel

SELF-REFRESH *

Help

Figure 19: 1354CFG Power Parameter Edit
1354CFG.EXE Configuration Program SED1354

Issue Date: 98/10/29 X19A-B-001-03
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Lookup Table (LUT)

LUT Setup

When Lookup Table is selected from the Device menu, the LUT Setup dialog box is displayed. To
select a LUT assignment, highlight it (in the example window below, “LUT Internal 4 Color” is
highlighted) and click OK. If the highlighted LUT assignment needs changes, click Edit and see the
next section “Edit LUT Setup.”

Whenever a LUT assignment is edited or selected in the LUT Setup dialog box, the setup is copied
to Current Configuration. The editing is automatically performed on the current configuration.

In addition to OK, Cancel, and Edit commands, a Help command is listed in the LUT setup windows.
In this version of 1354CFG, the Help files are unavailable.

LUT Setu

LUT Asszignment for Device A

e

LUT INTERNAL 4 GOLOR
LUT INTERNAL 16 COLOR S
LUT INTERNAL 256 COLOR .
LUT INTERNAL 2 MONO . 0K
LUT INTERNAL 4 MONO N
LUT INTERNAL 16 MONO N
LUT EXTERNAL DAC 256 N Cancel
DISABLE LUT USE 15 BPP .
DISABLE LUT USE i6 BPP N
CURRENT CONFIGURATION N Help
B
1

Figure 20: 1354CFG LUT Setup

SED1354
X19A-B-001-03

1354CFG.EXE Configuration Program
Issue Date: 98/10/29
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Edit LUT Setup

When a selection is highlighted in the LUT Setup window and Edit is clicked, the Edit LUT Setup
window is displayed. The Edit LUT Setup window lists parameters which can be edited, as shown
below in Figure 21, “1354CFG Edit LUT Setup.” In this example window, “Bits Per Pixel: 2" is
highlighted.

Note
A future release of 1354CFG will enable components in the lookup table palette to be edited.
(For example, the red, green, and blue components of LUT palette entry OFh could be edited.)

H Edit LUT Setu F

LUT 2 BPP COLOR for Device B

11
Bits Per Pixel: 2 1

Select LUT or DAC: INTERNAL LUT N Edit...
&
o
% OK
&
S
% Cancel
b
N
b Help
1]

Figure 21: 1354CFG Edit LUT Setup

LUT Parameter Edit

When a selection is highlighted for editing in the Edit LUT Setup window and Edit is clicked, the
LUT Parameter Edit window displays for parameter editing. See figure 22, “1354CFG LUT
Parameter Edit” below. In this example window, “Bits Per Pixel: 2" can be edited.

LUT Parameter Edit
0K
Bits Per Pixel: I:I Cancel
Help
Figure 22: 1354CFG LUT Parameter Edit
1354CFG.EXE Configuration Program SED1354

Issue Date: 98/10/29
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Setup

When Setup is selected from the Device menu, the Setup dialog box is displayed. To select either
Register Location, Memory Location, or Memory Size, highlight it (in the example window below,
“Register Location: 00C00000 (hex)” is highlighted) and click OK. If the highlighted Setup
assignment needs changes, click Edit and see the next section “Setup Parameter Edit.”

In addition to OK, Cancel, and Edit commands, a Help command is listed in the Setup windows. In
this version of 1354CFG, the Help files are unavailable.

. BSetwp |3
Device B
1l
I Register Location: AACHAAAR Chex) T
Memory Location: AAEHHAAR Chex) § Edit...
Memory Size: A820808A8 <hex> %
&
% OK
o
&
% Cancel
&
&
&
§ Help
1]

Figure 23: 1354CFG Setup

SED1354 1354CFG.EXE Configuration Program
X19A-B-001-03 Issue Date: 98/10/29
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Setup Parameter Edit

When a selection is highlighted in the Setup window and Edit is clicked, a Setup Parameter Edit
window is displayed for parameter editing. The Setup Parameter Edit windows for Register
Location, Memory Location, and Memory Size respectively are shown below.

A Setup Parameter Edit H
0K
Register Location: Chex? Cancel
Help
- Setup Parameter Edit h
0K
Memory Location: Chex? Cancel
Help
- Setup Parameter Edit H
0K
Memory Size: | 512 kBytes ¥ Cancel
m.‘,
Help

Figure 24: 1354CFG Setup Parameter Edit For Register Location, Memory Location, and Memory Size.

Help Menu
There are three files in the Help menu.
» Help: not available in this version of 1354CFG.
» Help on Helpnot available in this version of 1354CFG.
» About: displays copyright and program version information.
1354CFG.EXE Configuration Program SED1354

Issue Date: 98/10/29 X19A-B-001-03
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Comments

It is assumed that the 1354CFG user is familiar with SED1354 hardware and software. Refer to the
SED1354 “Functional Hardware Specification,” document number X19A-A-002-xx, and the
SED1354 “Programming Notes and Examples” manual, document number X19A-G-002-xx for
information.

In addition, the 1354CFG user must know the hardware setup for the panel and CRT, and the setup
for the given hardware platform (such as memory addresses and memory speed).

Sample Program Messages

ERROR: Could not open <filename>.

Could not open the 1354 utility called <filename>. This message is generated from the command
line: 1354CFG filename script.ini.

ILLEGAL VALUE: Choose between 8 and 800, in multiples of 8 pixels.

The user entered an invalid number when changing the Panel X Resolution.

ERROR: Failed to open the file!
The selected program does not have the HAL structure, therefore cannot be opened by 1354CFG.

SED1354
X19A-B-001-03

1354CFG.EXE Configuration Program
Issue Date: 98/10/29
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1354SHOW

1354SHOW demonstrates SED1354 display capabilities by drawing a pattern image at different
pixel depths (i.e. 16 bits-per-pixel, 2 bits-per-pixel, etc.) on the display.

The 1354SHOW display utility must be configured and/or compiled to work with your hardware
platform. Consult documentation for the program 1354CFG.EXE which can be used to configure
1354SHOW.

This software is designed to work in both embedded and personal computer (PC) environments. For
the embedded environment, it is assumed that the system has a means of downloading software from
the PC to the target platform. Typically this is done by serial communications, where the PC uses a
terminal program to send control commands and information to the target processor. Alternatively,
the PC can program an EPROM, which is then placed in the target platform. Some target platforms
can also communicate with the PC via a parallel port connection, or an Ethernet connection.

SED1354 Supported Evaluation Platforms

1354SHOW has been tested with the following SED1354 supported evaluation platforms:
» PC system with an Intel 80x86 processor.

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

» MG8ECOO00IDP (Integrated Development Platform) board, revision 3.0, with a Motorola
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 SED1354 “Programming
Notes and Examples” manual, document number X19A-G-002-xx.

Installation
PC platform: copy the file 1354SHOW.EXE to a directory that is in the DOS path on your hard
drive.
Embedded platform: download the program 1354SHOW to the system.

1354SHOW Demonstration Program SED1354

Issue Date: 98/10/29
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Usage
PC platform: at the prompt, typ&354show [b=27?] [/a] [/lcd] [/crt]
[/vertical] [/?] .
Embedded platform: executel354show and at the prompt, type the command line argument.
Where: b=2?? starts 1354SHOW at a user specified bits-per-pixel (bpp)
level, where ?? can be: 1, 2, 4, 8, 15, or 16
la automatically cycles through all video modes
/lcd displays on the LCD panel
fcrt displays on the CRT
Ivertical displays vertical line pattern
1? displays the help screen
/noinit bypasses register initialization
Comments

« 1354SHOW cannot show a greater color depth than the display allows.

« The PC must not have more than 12M bytes of system memory when used with the
SDU1354B0C board.

« Follow simultaneous display guidelines for correct simultaneous display operation.

« To determine if the CRT will operate correctly when using a dual panel, refer to the “Maximum
Frame Rates” table in the SED1354 “Functional Hardware Specification,” document number
X19A-A-002-xX.

« When editing in 1354CFG with CRT enabled and panel disabled, select “Single Panel” from the
“Edit Panel Setup” submenu.

« When a CRT is enabled, the CRT settings will override the panel settings. If a panel is also used,
the CRT timing values will have to be changed to more closely match the panel's timing.

¢ A CRT cannot show 15 or 16 bits-per-pixel.
< Do not attach a panel with a 16-bit interface to the SED1354 when a CRT is also attached.

Program Messages

ERROR: Too many devices registered.

There are too many display devices attached to the HAL. The HAL can only manage 10 devices
simultaneously.

ERROR: Could not register SED1354FOA device.

A 1354 device was not found at the configured addresses. Check the configuration address using the
1354CFG configuration program.

ERROR: Did not detect SED1354.

The HAL was unable to read the revision code register on the SED1354. Ensure that the SED1354
hardware is installed and that the hardware platform has been set up correctly.

SED1354 1354SHOW Demonstration Program
X19A-B-002-04 Issue Date: 98/10/29
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1354SPLT

1354SPLT demonstrates SED1354 split screen capability by showing two different areas of
display memory on the screen simultaneously. Screen 1 shows horizontal bars, and Screen 2
shows vertical bars.

Screen 1 memory is located at the start of the display buffer. Screen 2 memory is located immedi-
ately after Screen 1 in the display buffer. On user input or elapsed time, the line compare register
value is changed to adjust the amount of area displayed on either screen.

The 1354SPLT display utility must be configured and/or compiled to work with your hardware
platform. Consult documentation for the program 1354CFG.EXE which can be used to configure
1354SPLT.

This software is designed to work in both embedded and personal computer (PC) environments. For
the embedded environment, it is assumed that the system has a means of downloading software from
the PC to the target platform. Typically this is done by serial communications, where the PC uses a
terminal program to send control commands and information to the target processor. Alternatively,
the PC can program an EPROM, which is then placed in the target platform. Some target platforms
can also communicate with the PC via a parallel port connection, or an Ethernet connection.

SED1354 Supported Evaluation Platforms

Installation

1354SPLT has been tested with the following SED1354 supported evaluation platforms:
» PC system with an Intel 80x86 processor.

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

» MG68ECOO00IDP (Integrated Development Platform) board, revision 3.0, with a Motorola
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 SED1354 “Programming
Notes and Examples” manual, document number X19A-G-002-xx.

PC platform: copy the file 1354SPLT.EXE to a directory that is in the DOS path on your hard drive.

Embedded platform: download the program 1354SPLT to the system.

1354SPLT Display Utility

Issue Date: 98/10/29
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Usage
PC platform: at the prompt, typ#&354splt [/a]

Embedded platform: executel354splt  and at the prompt, type the command line argument.

Where: no argument enables manual split screen operation

la enables automatic split screen operation

The following keyboard commands are for navigation within the program.

Manual mode: 1 moves Screen 2 up

! moves Screen 2 down

HOME covers Screen 1 with Screen 2

END displays only Screen 1
Automatic mode: Z changes the direction of split-screen movement
Both modes: B changes the color depth (bits-per-pixel)

ESC exits 1354SPLT

1354SPLT Example

1. Type “1354splt /a” to automatically move the split screen.
2. Press "b" to change the bits-per-pixel from 1 bit-per-pixel to 2 bits-per-pixel.
3. Repeat step 2 for the remaining bits-per-pixel colour depths: 1, 2, 4, 8, 15, and 16.
4. Press <ESC> to exit the program.
SED1354 1354SPLT Display Utility
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Comments

Program Messages

» The PC must not have more than 12M bytes of system memory when used with the
SDU1354B0C board.

» Follow simultaneous display guidelines for correct simultaneous display operation.

» To determine if the CRT will operate correctly when using a dual panel, refer to the “Maximum
Frame Rates” table in the SED1354 “Functional Hardware Specification,” document number
X19A-A-002-xx.

* When editing in 1354CFG with CRT enabled and panel disabled, select “Single Panel” from the
“Edit Panel Setup” submenu.

* When a CRT is enabled, the CRT settings will override the panel settings. If a panel is also used,
the CRT timing values will have to be changed to more closely match the panel's timing.

* A CRT cannot show 15 or 16 bits-per-pixel.
» Do not attach a panel with a 16-bit interface to the SED1354 when a CRT is also attached.

ERROR: Too many devices registered.

There are too many display devices attached to the HAL. The HAL can only manage 10 devices
simultaneously.

ERROR: Could not register SED1354FOA device.

A 1354 device was not found at the configured addresses. Check the configuration address using the
1354CFG configuration program.

ERROR: Did not detect SED1354.

The HAL was unable to read the revision code register on the SED1354. Ensure that the SED1354
hardware is installed and that the hardware platform has been set up correctly.

1354SPLT Display Utility
Issue Date: 98/10/29
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1354VIRT

1354VIRT shows the virtual display capability of the SED1354. A virtual display is where the
image to be displayed is larger than the physical display device (CRT or LCD) and can be viewed
by panning and scrolling. 1354VIRT allows the display device to be used as a “window” to view the
entire image.

The 1354VIRT display utility must be configured and/or compiled to work with your hardware
platform. Consult documentation for the program 1354CFG.EXE which can be used to configure
1354VIRT.

This software is designed to work in both embedded and personal computer (PC) environments. For
the embedded environment, it is assumed that the system has a means of downloading software from
the PC to the target platform. Typically this is done by serial communications, where the PC uses a
terminal program to send control commands and information to the target processor. Alternatively,
the PC can program an EPROM, which is then placed in the target platform. Some target platforms
can also communicate with the PC via a parallel port connection, or an Ethernet connection.

SED1354 Supported Evaluation Platforms

Installation

1354VIRT has been tested with the following SED1354 supported evaluation platforms:
» PC system with an Intel 80x86 processor.

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

» MG8ECOO00IDP (Integrated Development Platform) board, revision 3.0, with a Motorola
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 SED1354 “Programming
Notes and Examples” manual, document number X19A-G-002-xx.

PC platform: copy the file 1354VIRT.EXE to a directory that is in the DOS path on your hard drive.

Embedded platform: download the program 1354VIRT to the system.

1354VIRT Display Utility
Issue Date: 98/10/29
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Usage

PC platform: at the prompt, typ&354virt

Embedded platform: executel 354virt

Where: no argument

la

w=2??7?

Al [W=?27] .

and at the prompt, type the command line argument.

panning and scrolling is performed manually
panning and scrolling is performed automatically

for manual mode, specifies the width of the virtual
display which must be a multiple of 8 and less than
1024 (the default width is 1024 pixels); the maximum
height is based on the display memory and the width
of the virtual display

The following keyboard commands are for navigation within the program.

Manual mode: 1

HOME
END

Automatic mode: Z

Both modes: B

ESC

1354VIRT Example

scrolls up
scrolls down
pans to the left
pans to the right

moves the display 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 shows in the lower left of the display

changes the direction of screen

changes the color depth (bits-per-pixel)
exits 1354VIRT

1. Type "1354virt /a" to automatically pan and scroll.

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 following bits-per-pixel values:

1,2,4,8,15, and 16.

4. Press <ESC> to exit the program.

SED1354
X19A-B-004-04
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Comments

Program Messages

» The maximum virtual display width is 1024 pixels, except in 15 and 16 bits-per-pixel mode
where the maximum width is 1023 pixels.

» The PC must not have more than 12M bytes of system memory when used with the
SDU1354B0C board.

» Follow simultaneous display guidelines for correct simultaneous display operation.

» To determine if the CRT will operate correctly when using a dual panel, refer to the “Maximum
Frame Rates” table in the SED1354 “Functional Hardware Specification,” document number
X19A-A-002-xx.

* When editing in 1354CFG with CRT enabled and panel disabled, select “Single Panel” from the
“Edit Panel Setup” submenu.

* When a CRT is enabled, the CRT settings will override the panel settings. If a panel is also used,
the CRT timing values will have to be changed to more closely match the panel's timing.

* A CRT cannot show 15 or 16 bits-per-pixel.
» Do not attach a panel with a 16-bit interface to the SED1354 when a CRT is also attached.

ERROR: Too many devices registered.

There are too many display devices attached to the HAL. The HAL can only manage 10 devices
simultaneously.

ERROR: Could not register SED1354FOA device.

A 1354 device was not found at the configured addresses. Check the configuration address using the
1354CFG configuration program.

ERROR: Did not detect SED1354.

The HAL was unable to read the revision code register on the SED1354. Ensure that the SED1354
hardware is installed and that the hardware platform has been set up correctly.

1354VIRT Display Utility
Issue Date: 98/10/29
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1354PLAY

1354PLAY allows the user to read/write to all SED1354 registers/look up tables and display
memory.

1354PLAY is similar 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, terminal for embedded
platforms). This utility requires the target platform to support standard IO (stdio).

1354PLAY commands can be entered interactively using a keyboard/monitor or they can be
executed from a script file. Scripting is a powerful feature which allows command sequences to be
used repeatedly without re-entry.

The 1354PLAY display utility must be configured and/or compiled to work with your hardware
platform. Consult documentation for the program 1354CFG.EXE which can be used to configure
1354PLAY.

This software is designed to work in both embedded and personal computer (PC) environments. For
the embedded environment, it is assumed that the system has a means of downloading software from
the PC to the target platform. Typically this is done by serial communications, where the PC uses a
terminal program to send control commands and information to the target processor. Alternatively,
the PC can program an EPROM, which is then placed in the target platform. Some target platforms
can also communicate with the PC via a parallel port connection, or an Ethernet connection.

SED1354 Supported Evaluation Platforms

Installation

1354PLAY has been tested with the following SED1354 supported evaluation platforms:

» PC system with an Intel 80x86 processor.

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

* MG8ECOO00IDP (Integrated Development Platform) board, revision 3.0, with a Motorola
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 SED1354 “Programming
Notes and Examples” manual, document number X19A-G-002-xx.

PC platform: copy the file 1354PLAY.EXE to a directory that is in the DOS path on your hard
drive.

Embedded platform: download the program 1354PLAY to the system.

1354PLAY Diagnostic Utility
Issue Date: 98/10/29
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PC platform: at the prompt, typ&354play [/?]
Embedded platform: executel354play and at the prompt, type the command line argument.
Where:/? displays program revision information.
The following commands are valid within the 1354PLAY program.
X index [data] - Reads/writes the registers.
- Writes data to the register specified by the index when
“data” is specified; otherwise the register is read.
XA - Reads all registers.
D index [datal data2 data3] - Reads/writes DAC values.
- Writes data to the DAC index when “data” is
specified; otherwise the register is read.
- Data consists of 3 bytes: 1 red, 1 green, 1 blue.
DA - Reads all DAC values.
L index [datal data2 data3] - Reads/writes Look-Up Table (LUT) values.
- Writes data to the LUT index when “data” is
specified; otherwise the LUT index is read.
- Data consists of 3 bytes: 1 red, 1 green, 1 blue.
LA - Reads all LUT values.
F[W] addrl addr2 data . . . - Fills bytes or words from address 1 to address 2 with
data.
- Data can be multiple values (el§0201234
fills 0 to Ox20 with a repeating pattern of 1 2 3 4).
R[W] addr [count] - Reads number of bytes or words from the address
specified by “addr”. If “count” is not specified, then
16 bytes/words are read.
W[W] addr data . . . - Writes bytes or words of data to address specified
by “addr”.
- Data can be multiple values (e/01234
writes the byte values 1 2 3 4 starting at address 0).
I - Initializes the chip with user specified configuration.
M [bpp] - Gets current mode information.
- If “bpp” is specified then set that pixel depth.
SED1354 1354PLAY Diagnostic Utility
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P 1J0 - 1 = set/0 = reset hardware suspend (power mode).
- This feature only works on the SDU1354B0B ISA
evaluation board while operating in the x86
environment.
- Do not use with the SDU1354B0C evaluation board.
H [lines] - Halts after lines of display. This feature halts the
display during long read operations to prevent data
from scrolling off the display.
- Set 0 to disable.
Q - Quits this utility.
? - Displays Help information.
1354PLAY Example
1. Type "1354PLAY" to start the program.
2. Type "?" for help.
3. Type "i" to initialize the registers.
4. Type "xa" to display the contents of the registers.
5. Type "x 5" to read register 5.
6. Type "x 3 10" to write 10 hex to register 3.
7. Type "f O ffff aa" to fill the first FFFF hex bytes of display memory with AA hex.
8. Type "f 0 1fffff aa" to fill 2M bytes of display memory.
9. Type "r O ff" to read the first 100 hex bytes of display memory.

10. Type "q" to exit the program.

Scripting
1354PLAY can be driven by a script file. This is useful when:
« there is no display output and a current register status is required
* various registers must be quickly changed to view results.
A script file is an ASCII text file with one 1354PLAY command per line. All scripts must end with
a “q” (quit) command.
On a PC platform, a typical script command line is: “1354PLAY < dumpregs.scr > results.”
This causes the file “dumpregs.scr” to be interpreted and the results to be sent to the file “results.”
Example: Create an ASCII text file that contains the commands, andq.
; This file initializes the SED1354 and reads the registers
; Note: after a semi-colon (;), all characters on a line are ignored
i
xa
q
1354PLAY Diagnostic Utility SED1354

Issue Date: 98/10/29 X19A-B-005-04



Page 6

Epson Research and Development
Vancouver Design Center

Comments

Program Messages

< 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.

« The PC must not have more than 12M bytes of memory when used with the SDU1354B0C
board.

« Follow simultaneous display guidelines for correct simultaneous display operation.

« To determine if the CRT will operate correctly when using a dual panel, refer to the “Maximum
Frame Rates” table in the SED1354 “Functional Hardware Specification,” document number
X19A-A-002-xx.

* When editing in 1354CFG with CRT enabled and panel disabled, select “Single Panel” from the
“Edit Panel Setup” submenu.

* When a CRT is enabled, the CRT settings will override the panel settings. If a panel is also used,
the CRT timing values will have to be changed to more closely match the panel's timing.

¢ A CRT cannot show 15 or 16 bits-per-pixel.
« Do not attach a panel with a 16-bit interface to the SED1354 when a CRT is also attached.

ERROR: Too many devices registered.

There are too many display devices attached to the HAL. The HAL can only manage 10 devices
simultaneously.

ERROR: Could not register SED1354FOA device.

A 1354 device was not found at the configured addresses. Check the configuration address using the
1354CFG configuration program.

SED1354
X19A-B-005-04

1354PLAY Diagnostic Utility
Issue Date: 98/10/29



EPSON

SED1354 Color Graphics LCD/CRT Controller

1354BMP Demonstration Program

Document Number: X19A-B-006-03

Copyright © 1997, 1998 Epson Research and Development, Inc. All Rights Reserved.

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

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




Page 2 Epson Research and Development
Vancouver Design Center

THIS PAGE LEFT BLANK

SED1354 1354BMP Demonstration Program
X19A-B-006-03 Issue Date: 98/10/29



Epson Research and Development Page 3

Vancouver Design Center

1354BMP
1354BMP demonstrates SED1354 display capabilities by rendering bitmap images on the display.
The 1354BMP display utility is designed to operate in a personal computer (PC) DOS environment
and must be configured to work with your display hardware. Consult documentation for the program
1354CFG.EXE which can be used to configure 1354BMP.
1354BMP is not supported on non-PC platforms.
Installation
Copy the file 1354BMP.EXE to a directory that is in the DOS path on your hard drive.
Usage
At the prompt, typd.354bmp bmp file [/a] [/lcd] [/crt] [/?]
Where: bmp file displays the bmp format file
la automatically exits after 5 seconds
/lcd displays the image on a LCD
fcrt displays the image on a CRT
? displays the Help screen
Comments
1354BMP only currently decodes Windows BMP format images.
The PC must not have more than 12M bytes of memory when used with the SDU1354B0C
board.
Follow simultaneous display guidelines for correct simultaneous display operation.
To determine if the CRT will operate correctly when using a dual panel, refer to the “Maximum
Frame Rates” table in the SED1354 “Functional Hardware Specification,” document number
X19A-A-002-xX.
When editing in 1354CFG with CRT enabled and panel disabled, select “Single Panel” from the
“Edit Panel Setup” submenu.
When a CRT is enabled, the CRT settings will override the panel settings. If a panel is also used,
the CRT timing values will have to be changed to more closely match the panel's timing.
A CRT cannot show 15 or 16 bits-per-pixel.
Do not attach a panel with a 16-bit interface to the SED1354 when a CRT is also attached.
1354BMP Demonstration Program SED1354
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Program Messages

ERROR: Too many devices registered.

There are too many display devices attached to the HAL. The HAL can only manage 10 devices
simultaneously.

ERROR: Could not register SED1354FOA device.

A 1354 device was not found at the configured addresses. Check the configuration address using the
1354CFG configuration program.

ERROR: Did not detect SED1354.

The HAL was unable to read the revision code register on the SED1354. Ensure that the SED1354
hardware is installed and that the hardware platform has been set up correctly.

SED1354
X19A-B-006-03
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1354PWR

The 1354PWR Software Suspend Power Sequencing Utility enables or disables the SED1354
software suspend mode and LCD.

Refer to the section titled “LCD Power Sequencing and Power Save Modes” in the SED1354
“Programming Notes and Examples” manual, document number X19A-G-002-xx. Also, refer to the
SED1354 “Functional Hardware Specification,” document number X19A-A-002-xx for further
information.

The 1354PWR display utility must be configured and/or compiled to work with your hardware
platform. Consult documentation for the program 1354CFG.EXE which can be used to configure
1354PWR.

This software is designed to work in both embedded and personal computer (PC) environments. For
the embedded environment, it is assumed that the system has a means of downloading software from
the PC to the target platform. Typically this is done by serial communications, where the PC uses a
terminal program to send control commands and information to the target processor. Alternatively,
the PC can program an EPROM, which is then placed in the target platform. Some target platforms
can also communicate with the PC via a parallel port connection, or an Ethernet connection.

SED1354 Supported Evaluation Platforms

1354PWR has been tested with the following SED1354 supported evaluation platforms:
» PC system with an Intel 80x86 processor.

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

» MG68ECOO00IDP (Integrated Development Platform) board, revision 3.0, with a Motorola
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 SED1354 “Programming
Notes and Examples” manual, document number X19A-G-002-xx.

Installation
PC platform: copy the file 1354PWR.EXE to a directory that is in the DOS path on your hard drive.
Embedded platform: download the program 1354PWR to the system.

1354PWR Software Suspend Power Sequencing Utility SED1354
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Usage

Comments

PC platform: at the prompt, typ&354pwr [/software O/lcd] [/fenable O/disable]
1121

Embedded platform: executel354pwr and at the prompt, type the command line argument.

Where: /software selects software suspend
/lcd selects the LCD
/enable activates software suspend or the LCD
/disable deactivates software suspend or the LCD
fi initializes registers

? displays this usage message

Examples

To enable software suspend mode, use the following arguments:
/software /enable

To disable software suspend mode, use the following arguments:
/software /disable

To enable the LCD, use the following arguments:
/lcd /enable

To disable the LCD, use the following arguments:
/lcd /disable

« The/i argument is to be used when the registers have not been previously initialized.
« The PC must not have more than 8M bytes of memory when used with the SDU1354B0B board.
« Follow simultaneous display guidelines for correct simultaneous display operation.

« Do not use a dual panel with a CRT. Select “Panel Single” whenever using a CRT, even if a
panel is not attached. Also, the panel section of 1354CFG must be programmed to “Single
Panel.”

* When a CRT is enabled, the settings for the CRT will override the panel settings. If a panel is
also used, the CRT timing values will have to be changed to more closely match the panel's
timing.

¢ A CRT cannot show 15 or 16 bits-per-pixel.
« Do not attach a 16-bit panel when using the CRT.

SED1354
X19A-B-007-03
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Program Messages

ERROR: Unknown command line argument.
An invalid command line argument was entered. Enter a valid command line argument.

ERROR: Already selected SOFTWARE.
Command line argumerdoftwar e was selected more than once. Sefsftware  only once.

ERROR: Already selected HARDWARE.
Command line argumefttardware  was selected more than once. Seleatdware only once.

ERROR: Already selected ENABLE.
Command line argumerdgnable was selected more than once. Selecable only once.

ERROR: Already selected DISABLE.
Command line argumefdisable  was selected more than once. Sefgisible  only once.

ERROR: Select /software or /hardware.

Neither command line argumefsbftware  or/hardware was selectedSelectsoftware  or
/hardware.

ERROR: Select /enable or /disable.

Neither command line argumeliehable or/disable  was selectedSelectenable or
/disable

ERROR: Too many devices registered.

There are too many display devices attached to the HAL. The HAL can only manage 10 devices
simultaneously.

ERROR: Could not register SED1354FOA device.

A 1354 device was not found at the configured addresses. Check the configuration address using the
1354CFG configuration program.

ERROR: Did not detect SED1354.

The HAL was unable to read the revision code register on the SED1354. Ensure that the SED1354
hardware is installed and that the hardware platform has been set up correctly.

1354PWR Software Suspend Power Sequencing Utility SED1354

Issue Date: 98/10/29
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WINDOWS® CE DISPLAY DRIVERS

The Windows CE display drivers are designed to support the SED1354 Color Graphics LCD/CRT
Controller running under the Microsoft Windows CE operating system. Drivers are available for 4,
8 and 16 bit-per-pixel modes.

For updated source code, visit Epson R&D on the World Wide Web at www.erd.epson.com, or
contact your Seiko Epson or Epson Electronics America sales representative.

Program Requirements

Video Controller . SED1354
Display Type : LCDorCRT
Windows Version . CE Version 2.0

Example Driver Builds

Build for the Hitachi D9000 and ETMA ODO Evaluation Systems

To build a Windows CE v2.0 display driver for the Hitachi D9000 or ETMA ODO platform follow
the instructions below. The instructions assume the SDU1354-D9000 evaluation board is plugged
into slots 6 and 7 on the D9000/ODO platform, and the SEIKO EPSON common interface FPGA
(ODO.RBF) is used to interface with the SED1354.

Check to ensure that the DIP switches on the SDU1354-D9000 board are set as follows:

DIP Switch
1 2 3 4
ON ON OFF OFF

1. Install Microsoft Windows NT v4.0.
2. Install Microsoft Visual C/C++ v5.0.

3. Install the Microsoft Windows CE Embedded Toolkit (ETK) by running SETUP.EXE from
the ETK compact disc #1.

4. Create a new project by following the procedure documented in “Creating a New Project
Directory” from the Windows CE ETK v2.0. Alternately, use the current “DEMO7” project in-
cluded with the ETK v2.0. Follow the steps below to create a “SH3 DEMO7” shortcut on the
Windows NT v4.0 desktop which uses the current “DEMO7” project:

a. Right click on the “Start” menu on the taskbar.

b. Click on the item “Open All Users” and the “Start Menu” window will come up.
c. Click on the icon “Programs”.

d. Click on the icon “Windows CE Embedded Development Kit".

e. Drag the icon “SH3 DEMO1" onto the desktop using the right mouse button.
f. Click on “Copy Here”.

Windows® CE Display Drivers SED1354
Issue Date: 98/12/21 X19A-E-001-03
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g. Rename the icon “SH3 DEMO1” on the desktop to “SH3 DEMO7” by right clicking on
the icon and choosing “rename”.
h. Right click on the icon “SH3 DEMO7” and click on “Properties” to bring up the
“SH3 DEMOY7 Properties” window.
i. Replace the string “DEMOL” under the entry “Target” with “DEMO7".
j- Click on “OK” to finish.

5. Create a sub-directory named SED1354 under \wince\platform\odo\drivers\display.

6. Copy the source code to the SED1354 subdirectory.

7. Add an entry for the SED1354 in the file \wince\platform\odo\drivers\display\dirs.

8. Modify the file PLATFORM.BIB (using any text editor such as NOTEPAD) to set the default
display driver to the file SED1354.DLL. SED1354.DLL will be created during the build. Note
that PLATFORM.BIB is located in X:\wince\platform\odo\files (where X: is the drive letter).

You may replace the following lines in PLATFORM.BIB:
IF ODO_NODISPLAY !
IF ODO_DISPLAY_CITIZEN_8BPP
ddi.dll $(_FLATRELEASEDIR)\citizen.dll NK SH
ENDIF
IF ODO_DISPLAY_CITIZEN_2BPP
ddi.dll $(_FLATRELEASEDIR)\citizen.dll NK SH
ENDIF
IF ODO_DISPLAY_CITIZEN_8BPP !
IF ODO_DISPLAY_CITIZEN_2BPP !
ddi.dll $(_FLATRELEASEDIR)\odo2bpp.dil  NK SH
ENDIF
ENDIF
ENDIF
with this line:
ddi.dll $(_FLATRELEASEDIR)\SED1354.dll NK SH

9. Edit the file MODE.H (located in X:\wince\platform\odo\drivers\display\SED1354) to set the
desired screen resolution, color depth (bpp) and panel type. The sample code defaults to a
640x480 color dual passive 16-bit LCD panel. To support one of the other listed panels,
change the #define statement.

SED1354 Windows® CE Display Drivers

X19A-E-001-03
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10. Edit the file PLATFORM.REG to set the same screen resolution and color depth (bpp) as in
MODE.H. PLATFORM.REG is located in X:\wince\platform\odo\files. The display driver
section of PLATFORM.REG should be:

; Default for EPSON Display Driver

; 640x480 at 8hits/pixel

; Useful Hex Values (for the lazy developer types)

; 1024=0x400, 768=0x300 640=0x280 480=0x1EO0 320=140 240=0xFO
[HKEY_LOCAL_MACHINE\Drivers\Display\SED1354]
"CxScreen"=dword:280

"CyScreen"=dword:1EOQ

"Bpp"=dword:8

11. Generate the proper building environment by double-clicking on the sample project icon
(i.e., SH3 DEMOY7).

12. Type BLDDEMO <ENTER> at the DOS prompt of the SH3 DEMQO7 window to generate a
Windows CE image file (NK.BIN).

Build For CEPC (X86)

To build a Windows CE v2.0 display driver for the CEPC (X86) platform using a SDU1354B0C
evaluation board, follow the instructions below:

1. Install Microsoft Windows NT v4.0.
2. Install Microsoft Visual C/C++ v5.0.

3. Install the Microsoft Windows CE Embedded Toolkit (ETK) by running SETUP.EXE from
the ETK compact disc #1.

4. Create a new project by following the procedure documented in “Creating a New Project
Directory” from the Windows CE ETK v2.0. Alternately, use the current “DEMO7” project in-
cluded 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. Right click on the “Start” menu on the taskbar.

b. Click on the item “Open All Users” and the “Start Menu” window will come up.
c. Click on the icon “Programs”.

d. Click on the icon “Windows CE Embedded Development Kit".

e. Drag the icon “X86 DEMOZ1” onto the desktop using the right mouse button.

f. Click on “Copy Here”.

g. Rename the icon “X86 DEMO1"” on the desktop to “X86 DEMO7” by right clicking on
the icon and choosing “rename”.

h. Right click on the icon “X86 DEMO7” and click on “Properties” to bring up the
“X86 DEMO7 Properties” window.

i. Replace the string “DEMO21” under the entry “Target” with “DEMO7".
j- Click on “OK” to finish.

Windows® CE Display Drivers SED1354
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5. Create a sub-directory named SED1354 under \wince\platform\cepc\drivers\display.
6. Copy the source code to the SED1354 subdirectory.

7. Add an entry for the SED1354 in the file \wince\platform\cepc\drivers\display\dirs.

SED1354 Windows® CE Display Drivers
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8. Maodify the file CONFIG.BIB (using any text editor such as NOTEPAD) to set the system
RAM size and the SED1354 10 port and display buffer address mapping. Note that
CONFIG.BIB is located in X:\wince\platform\cepc\files (where X: is the drive letter). Since
the SDU1354B0C maps the 10 port to 0xC00000 and memory to 0XEO0000, the CEPC
machine should use the CMOS setup to create a 4M byte hole from address 0xC00000 to
OxFFFFFF. The following lines should be in CONFIG.BIB:

NK 80200000 00500000 RAMIMGE
RAM 80700000 00500000 RAM

Note
SED1354.H should include the following lines:
#define PhysicalVmemSize 0x00200000L
#define PhysicalPortAddr 0x00C00000L
#define PhysicalVmemAddr 0xO00E00000OL

9. Edit the file PLATFORM.BIB (located in X:\wince\platform\cepc\files) to set the default dis-
play driver to the file SED1354.DLL. SED1354.DLL will be created during the build in
step 13.

You may replace the following lines in PLATFORM.BIB:
IF CEPC_DDI_VGA2BPP

ddi.dll $(_FLATRELEASEDIR)\ddi_vga2.dll NK SH
ENDIF

IF CEPC_DDI_VGA8BPP

ddi.dll $(_FLATRELEASEDIR)\ddi_vga8.dll NK SH
ENDIF

IF CEPC_DDI_VGA2BPP !
IF CEPC_DDI_VGASBPP !

ddi.dll $(_FLATRELEASEDIR)\ddi_s364.dll  NK SH
ENDIF
ENDIF
with this line:
ddi.dll $(_FLATRELEASEDIR)\SED1354.dll NK SH

10. Edit the file MODE.H (located in X:\wince\platform\odo\drivers\display\SED1354) to set the
desired screen resolution, color depth (bpp) and panel type. The sample code defaults to
640x480 color dual passive 16-bit LCD panel. To support one of the other listed panels,
change the #define statement.

11. Edit the file PLATFORM.REG to set the same screen resolution and color depth (bpp) as in
MODE.H. PLATFORM.REG is located in X:\wince\platform\cepc\files. The display driver
section of PLATFORM.REG should be:

; Default for EPSON Display Driver
; 640x480 at 8hits/pixel

; Useful Hex Values (for the lazy developer types)

Windows® CE Display Drivers SED1354
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; 1024=0x400, 768=0x300 640=0x280 480=0x1E0 320=140 240=0xFO
[HKEY_LOCAL_MACHINE\Drivers\Display\SED1354]
"CxScreen"=dword:280

"CyScreen"=dword:1EOQ

"Bpp"=dword:8

12. Generate the proper building environment by double-clicking on the sample project icon
(i.e. X86 DEMQ?7).

13. Type BLDDEMO <ENTER> at the DOS prompt of the X86 DEMO7 window to generate a
Windows CE image file (NK.BIN).

SED1354 Windows® CE Display Drivers
X19A-E-001-03 Issue Date: 98/12/21
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Example Installation

Installation for Hitachi D9000 and ETMA ODO

Follow the procedures from your Hitachi D9000 manual and download the following to the D9000
platform:

1. Download SEIKO EPSON’s common interface FPGA code (ODO.RBF) to the EEPROM of
the D9000 system.

2. Download the Windows CE binary ROM image (NK.BIN) to the FLASH memory of the
D9000 system.

Installation for CEPC Environment

Windows CE v2.0 can be loaded on a PC using a floppy drive or a hard drive. The two methods are
described below:

1. Toload CEPC from a floppy drive:
a. Create a DOS bootable floppy disk.

b. Edit CONFIG.SYS on the floppy disk to contain the following line only.
device=a:\himem.sys

c. Edit AUTOEXEC.BAT on the floppy disk to contain the following lines.
mode com1:9600,n,8,1
loadcepc /B:9600 /C:1 /D:2 c:\wince\release\nk.bin

d. Copy LOADCEPC.EXE from c:\wince\public\common\oak\bin to the bootable
floppy disk.

e. Confirm that NK.BIN is located in c:\wince\release.

f.  Reboot the system from the bootable floppy disk.

2. Toload CEPC from a hard drive:
a. Copy LOADCEPC.EXE to the root directory of the hard drive.

b. Edit CONFIG.SYS on the hard drive to contain the following line only.
device=c:\himem.sys

c. Edit AUTOEXEC.BAT on the hard drive to contain the following lines.
mode com1:9600,n,8,1
loadcepc /B:9600 /C:1 /D:2 c:\wince\release\nk.bin

d. Confirm that NK.BIN is located in c:\wince\release.

e. Reboot the system from the hard drive.

Windows® CE Display Drivers SED1354
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Comments

Some of the D9000 systems may not be able to provide enough current for your LCD panel to
operate properly. If this is the case, an external power supply should be connected to the panel.

The Seiko Epson Common Interface FPGA code assumes the display buffer starts at
0x12200000 and 10 starts at 0x12000000. If the display buffer or 10 location is modified, the
corresponding entries in the file SED1354.H have to be changed. SED1354.H is located in
X:\wince\platform\odo\drivers\display\SED1354 (where X: is the drive letter).

The External RAMDAC is decoded at the even addresses on a little-endian system. The
RAMDALC registers are mapped as follows:

 RAMDAC Pixel Read Mask Register is REG[28h]

* RAMDAC Read Mode Address Register is REG[2Ah]
* RAMDAC Write Mode Address Register is REG[2Ch]
» RAMDAC Palette Data Register is REG[2Eh]

The driver is CPU independent but will require another ODO.RBF file to support other CPUs
when running on the Hitachi D9000 or ETMA ODO platform. Please check with Seiko Epson for
the latest supported CPU ODO files.

As the time of this printing, the drivers have been tested on the SH-3 and x86 CPUs and have
only been run with v2.0 of the ETK. We are constantly updating the drivers so please check our
website at www.erd.epson.com, or contact your Seiko Epson or Epson Electronics America sales
representative.

SED1354
X19A-E-001-03
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1 Introduction

This manual describes the setup and operation of the SDU1354B0C Rev. 1.0 Evaluation Board when
used with the SED1354 Color Graphics LCD/CRT Controller in the ISA bus environment.

For more information regarding the SED1354, refer to the SED1354 Hardware Functional Specifi-
cation, document number X19A-A-002-xx.

1.1 Features
» 128 pin QFP15 package.
» SMT technology for all appropriate devices.
 4/8-bit monochrome passive LCD panels support.
 4/8/16-bit color passive LCD panels support.
» 9/12/18-bit LCD TFT panels support.
» External RAMDAC support.
* 16-bit ISA bus support.
* Oscillator support for CLKI (up to 40.0MHz).
e 5.0V 1M x 16 EDO-DRAM.
» Support for software power save modes.
+ 3.3V Core \hp power supply.
+ Selectable 3.3V or 5.0V IO}, power supply (via jumper JP2).
* On-board adjustable LCD BIAS negative power supply (-14V to -24V).
» On-board adjustable LCD BIAS positive power supply (+23V to +40V).

» CPU/Bus interface header strips for non-ISA bus support.

SDU1354B0C Rev.1.0 ISA Bus Evaluation Board User Manual SED1354
Issue Date: 98/10/29 X19A-G-004-05
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2 Installation and Configuration

The SED1354 has 16 configuration inputs MD[15:0] which are read on the rising edge of RESET#.
SED1354 configuration inputs MD[5:1] are fully configurable on this evaluation board for different
host bus selections; one five-position DIP switch is provided for this purpose. All remaining config-
uration inputs are hard-wired. See the SED1354 Hardware Functional Specification, document

number X19A-A-002-xx for more information.

When using the SDU1354B0C with the ISA bus, the following are the recommended settings.

Table 2-1: Configuration DIP Switch Settings

Switch | Signal Closed Open

SW1-1 {MD1

SW1-2 |MD2 See “Host Bus Selection” table below |See “Host Bus Selection” table below
SW1-3 [MD3

SW1-4 |MD4 Little Endian Big Endian

SW1-5 |MD5 Wait# signal is active high Wait# signal is active low

The polarity of the Configuration DIP Switchesclssed = 1 or high; open = 0 or low.

[ 1= required settings for ISA bus support.

Table 2-2: Host Bus Selection

MD3 MD2 MD1 Option Host Bus Interface
0 0 0 1 SH-3 bus interface
0 0 1 2 MC68K bus 1 interface (e.g. MC68000)
0 1 0 3 MC68K bus 2 interface (e.g. MC68030)
0 1 1 4 Generic bus interface (e.g. ISA bus)
1 X X 5 Reserved

Closed =1 or high; open = 0 or low

[ 1 = required settings for ISA bus support.

Table 2-3: Jumper Settings

Description 1-2 2-3
JP1 | BS# signal pin 6 selection Pulled-up to 10 Vpp for ISA bus QSCK Ziggjnrg?t,hk:; Eﬁgiic:);?)rrt
JP2  13.3v/5.0V 10 Vpp selection 5.0V 10 Vpp 3.3V 10 Vpp
[ ] = default settings for ISA bus and LCD panel support.
SED1354 SDU1354B0C Rev.1.0 ISA Bus Evaluation Board User Manual
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3 LCD / RAMDAC Interface Pin Mapping
Table 3-1: LCD Signal Connector (J6)
Color TFT Color Passive Mono Passive
SED1354 | Connector E:thjglAalc
Pin Names Pin No. 9-bit 12-hit 18-hit 4-bit 8-bit 16-bit 4-bit 8-bit (CRT)
FPDATO 1 R2 R3 R5 LDO LDO LDO
FPDAT1 3 R1 R2 R4 LD1 LD1 LD1
FPDAT2 5 RO R1 R3 LD2 LD2 LD2
FPDAT3 7 G2 G3 G5 LD3 LD3 LD3
FPDAT4 9 Gl G2 G4 ubo ubDO ubDO 9]50] uDO
FPDATS5 11 GO Gl G3 uD1 UD1 ubD1 uD1 uD1
FPDAT6 13 B2 B3 BS ub2 ub2 ub2 ub2 ub2
FPDAT7 15 Bl B2 B4 ubD3 ubD3 ub3 ub3 ub3
FPDATS8 17 BO Bl B3 LD4
FPDAT9 19 RO R2 LD5 DACP7
FPDAT10 21 R1 LD6 DACP6
FPDAT11 23 GO G2 LD7 DACP5
FPDAT12 25 G1 ubD4 DACP4
FPDAT13 27 GO ub5 DACP3
FPDAT14 29 BO B2 UD6 DACP2
FPDAT15 31 B1 uD7 DACP1
FPSHIFT 33 FPSHIFT | FPSHIFT | FPSHIFT | FPSHIFT | FPSHIFT | FPSHIFT | FPSHIFT | FPSHIFT
DRDY 35 FPSHIFT2
FPLINE 37 FPLINE FPLINE FPLINE FPLINE FPLINE FPLINE FPLINE FPLINE
FPFRAME 39 FPFRAME | FPFRAME | FPFRAME | FPFRAME | FPFRAME | FPFRAME | FPFRAME | FPFRAME
DACPO DACPO
DACRD# DACRD#
DACWR# DACWR#
DACRS1 DACRS1
DACRSO DACRSO
HRTC HRTC
VRTC VRTC
BLANK# BLANK#
DACCLK PCLK
GND (Ev§l_12|§ins) GND GND GND GND GND GND GND GND GND
N/C 28
VLCD 30 VLCD VLCD
VCC 32 +5V +5V +5V +5V +5V +5V +5V +5V
+12V 34 +12V +12V +12V +12V +12V +12V +12V +12V
VDDH 36 VDDH VDDH VDDH
DRDY 38 DRDY DRDY DRDY MOD FPSHIFT2 MOD MOD MOD
LCDPWR 20 LCD LCD LCD LCD LCD LCD LCD LCD LCD
PWR# PWR# PWR# PWR# PWR# PWR# PWR# PWR# PWR#
SDU1354B0C Rev.1.0 ISA Bus Evaluation Board User Manual SED1354

Issue Date: 98/10/29
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4 CPU / BUS Interface Connector Pinouts

Table 4-1: CPU/BUS Connector (H1) Pinout

Cor'mector Comments
Pin No.

1 Connected to DBO of the SED1354
2 Connected to DB1 of the SED1354
3 Connected to DB2 of the SED1354
4 Connected to DB3 of the SED1354
5 Ground
6 Ground
7 Connected to DB4 of the SED1354
8 Connected to DB5 of the SED1354
9 Connected to DB6 of the SED1354
10 Connected to DB7 of the SED1354
11 Ground
12 Ground
13 Connected to DB8 of the SED1354
14 Connected to DB9 of the SED1354
15 Connected to DB10 of the SED1354
16 Connected to DB11 of the SED1354
17 Ground
18 Ground
19 Connected to DB12 of the SED1354
20 Connected to DB13 of the SED1354
21 Connected to DB14 of the SED1354
22 Connected to DB15 of the SED1354
23 Connected to RESET# of the SED1354
24 Ground
25 Ground
26 Ground
27 12 volt supply
28 12 volt supply
29 Connected to WEO# of the SED1354
30 Connected to WAIT# of the SED1354
31 Connected to CS# of the SED1354
32 Connected to MR# of the SED1354
33 Connected to WE#1 of the SED1354
34 Not connected

SED1354
X19A-G-004-05
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Table 4-2: CPU/BUS Connector (H2) Pinout

Cor.lnector Comments
Pin No.

1 Connected to ABO of the SED1354
2 Connected to AB1 of the SED1354
3 Connected to AB2 of the SED1354
4 Connected to AB3 of the SED1354
5 Connected to AB4 of the SED1354
6 Connected to AB5 of the SED1354
7 Connected to AB6 of the SED1354
8 Connected to AB7 of the SED1354
9 Ground
10 Ground
11 Connected to AB8 of the SED1354
12 Connected to AB9 of the SED1354
13 Connected to AB10 of the SED1354
14 Connected to AB11 of the SED1354
15 Connected to AB12 of the SED1354
16 Connected to AB13 of the SED1354
17 Ground
18 Ground
19 Connected to AB14 of the SED1354
20 Connected to AB14 of the SED1354
21 Connected to AB16 of the SED1354
22 Connected to AB17 of the SED1354
23 Connected to AB18 of the SED1354
24 Connected to AB19 of the SED1354
25 Ground
26 Ground
27 5 volt supply
28 5 volt supply
29 Connected to RD/WR# of the SED1354
30 Connected to BS# of the SED1354
31 Connected to BUSCLK of the SED1354
32 Connected to RD# of the SED1354
33 Connected to AB20 of the SED1354
34 Not connected

SDU1354B0C 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

P?fﬁiisei SH-3 MCG68K Bus 1 MCG68K Bus 2 Generic MPU
ABJ[20:1] A[20:1] A[20:1] A[20:1] A[20:1]
ABO A0 LDS# A0 A0
DB[15:0] D[15:0] D[15:0] D[31:16] D[15:0]
WE1# WE1# UDS# DS# WE1#
M/R# External Decode External Decode External Decode External Decode
CS# CSn# External Decode External Decode External Decode
BUSCLK CKIO CLK CLK BCLK
BS# BS# ASH# ASH Connect to 10 Vpp
RD/WR# RD/WR# R/W# R/W# RD1#

RD# RD# Connect to 10 Vpp SI1z1 RDO#
WEO# WEO# Connect to 10 Vpp SI1Z0 WEO#
WAIT# WAIT# DTACK# DSACK1# WAIT#

RESET# RESET# RESET# RESET# RESET#
SED1354 SDU1354B0C Rev.1.0 ISA Bus Evaluation Board User Manual
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6 Technical Description

6.1 ISA Bus Support

The SDU1354B0C directly supports the 16-bit ISA bus environment. All the configuration options
[MD15:0] are either hard-wired or selectable through the five-position DIP Switch S1. Refer to
Table 2-1 “Configuration DIP Switch Settings,” on page 8 for details.

Note
1. The 8-bit ISA bus is not supported by the SDU1354B0C board design.

2. The SED1354 is a memory-mapped device with 2M bytes of linear addressed display buffer
memory as well as a separate 37 byte register space. On the SDU1354B0C, the SED1354
registers have been mapped to a start-address of CO0000h and the 2M byte display buffer has
been mapped to a start-address of EO0O000h.

3. When using this board in a PC environment, system memory must be limited to 12M bytes as
more than this will conflict with the SED1354 display buffer/register addresses.

Note

Due to backwards compatibility with the SDU1354B0B Evaluation Board, which supports both
an 8 and a 16-bit CPU interface, third party softwaunstperform a write to address DO000Oh to
enable a 16-bit ISA environment. This must be done prior to initializing the SED1354. Failure to
do so will result in the SED1354 being configured as a 16-bit device (default, power-up), with
the ISA Bus interface (supported through the PAL (U4)) configured for an 8-bit interface.

The Epson supplied software performs this function automatically.

SDU1354B0C Rev.1.0 ISA Bus Evaluation Board User Manual SED1354
Issue Date: 98/10/29 X19A-G-004-05
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6.2 Non-ISA Bus Support

6.3 DRAM Support

6.4 Decode Logic

This evaluation board is specifically designed to support the standard 16-bit ISA bus, however, the
SED1354 directly supports many other host bus interfaces. Header strips (H1 and H2) have been
provided and contain all the necessary 1O pins to interface to these buses. See Section 4, “CPU / BUS
Interface Connector Pinouts” on page 10; Table 2-1 “Configuration DIP Switch Settings,” on page

8; and Table 2-3 “Jumper Settings,” on page 8 for details.

When using the header strips to provide the bus interface observe the following:

« All IO signals on the ISA bus card edge must be isolated from the ISA bus (do not plug the card
into a computer). Voltage lines are provided on the header strips.

e U3, a TIBPAL22V10 PAL, is currently used to provide the SED1354 CS# (pin 4), M/R# (pin 5)
and other decode logic signals for ISA bus use. This functionality must now be provided exter-
nally; 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,” on page 12 for
connection details.

Note

When using a 3.3V CPU Interface, JP2 must be used to configure the SED1354 1©3/3V.

In this configuratiorall SED1354 10 pins are configured for 3.3V output (e.g. LCD interface,
DRAM interface, RAMDAC interface, etc.). Although the DRAM and RAMDAC devices are
5.0V parts, they only require a TTLYof 2.4V, therefore they will operate correctly with the
CMOS level output drive of the SED1354.

The SED1354 supports 256K x 16 as well as 1M x 16 DRAM (FPM and EDO) in symmetrical and
asymmetrical formats.

The SDU1354B0C board supports 5.0V 1M x 16 EDO-DRAM (42-pin SOJ package) in symmet-
rical format, providing a 2M byte display buffer.

This board design utilizes the Generic MPU Interface of the SDU1354 (see the SED1354 Hardware
Functional Specification, document number X19A-A-002-xx).

All required decode logic between the ISA bus and the SED1354 is provided through a
TIBPAL22V10 PAL (U3, socketed).

6.5 Clock Input Support

The input clock frequency can be up to 40.0MHz for the SED1354. A 40.0MHz oscillator (U4,
socketed) is provided as the clock (CLKI) source.

SED1354
X19A-G-004-05
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6.6 Monochrome LCD Panel Support

The SED1354 supports 4 and 8-bit dual and single, monochrome passive LCD panels. All necessary
signals are provided on the 40-pin ribbon cable header J6. The interface signals are alternated with
grounds on the cable to reduce cross-talk and noise-related problems.

Refer to Table 3-1 “LCD Signal Connector (J6),” on page 9 for connection information.

6.7 Color Passive LCD Panel Support

The SED1354 directly supports 4/8/16-bit dual and single, color passive LCD panels. All the
necessary signals are provided on the 40-pin ribbon cable header J6. The interface signals are alter
nated with grounds on the cable to reduce cross-talk and noise-related problems.

The SED1354 cannot support 12 or 18-bit TFT panels when CRT is enabled. FPDAT [15:8] is used
for RAMDAC data and is not available for LCD. Refer to the SED1354 Hardware Functional Speci-
fication, document number X19A-A-002-xx for details.

Refer to Table 3-1 “LCD Signal Connector (J6),” on page 9 for connection information.

6.8 Color TFT LCD Panel Support

The SED1354 supports 9/12/18-bit active matrix color TFT panels. All the necessary signals can
also be found on the 40-pin LCD connector J6. The interface signals are alternated with grounds on
the cable to reduce cross-talk and noise-related problems.

When supporting an 18-bit TFT panel, the SED1354 can display 64K of a possible 262K colors. A
maximum 16 of the possible 18-bits of LCD data is available from the SED1354. Refer to the
SED1354 Hardware Functional Specification, document number X19A-A-002-xx for details.

The SED1354 cannot support 12 or 18-bit TFT panels when CRT is enabled. FPDAT [15:8] is used
for RAMDAC data and is not available for LCD. Refer to the SED1354 Hardware Functional Speci-
fication, document number X19A-A-002-xx for details.

Refer to Table 3-1 “LCD Signal Connector (J6),” on page 9 for connection information.

6.9 External CMOS RAMDAC Support

This evaluation board design provides CRT support with the addition of an external RAMDAC
(BrookTree BT481A or equivalent). The presence of an external RAMDAC/CRT can be determined
by software once the SED1354 is properly initialized after power-up.

The BT481A RAMDAC is provided on the board to fully test all of the CRT display modes
available. Refer to the section “Display Support” of the SED1354 Hardware Functional Specifi-
cation, document number X19A-A-002-xx for details.

The overlay function and sprite/hardware cursor display features are not supported.

SDU1354B0C Rev.1.0 ISA Bus Evaluation Board User Manual SED1354
Issue Date: 98/10/29 X19A-G-004-05
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6.10 Power Save Modes
The SED1354F0A supports one hardware and one software suspend Power Save Mode.
The hardware suspend mode is not supported by the SDU1354B0C.
The software suspend mode is controlled by the utility 1354PWR Software Suspend Power
Sequencing.

6.11 Core Vpp Power Supply

An independent fixed 3.3V power supply for Corgpvs provided. A National LP2960AIN-3.3
voltage regulator is used for the power supply and is capable of supplying 500mA @ 3.3V.

6.12 10 Vpp Power Supply

The 10 Vpp voltage is selectable between 3.3V and 5.0V through jumper JP2. For the 5.0V host bus

interface, select 10 \p at 5.0V, and for the 3.3V host bus interface, select g &t 3.3V.

Refer to Table 2-3 “Jumper Settings,” on page 8.

6.13 Adjustable LCD Panel Negative Power Supply

Most monochrome passive LCD panels require a negative power supply to provide between -18V
and -23V (},,745mA). For ease of implementation, such a power supply has been provided as an
integral part of this design. The signal VLCD can be adjusted by R37 to supply an output voltage

from -14V to -23V and is enabled/disabled by the SED1354 control signal LCDPWR.

Determine the panel’s specific power requirements and set the potentiometer accordingly before

connecting the panel.

6.14 Adjustable LCD Panel Positive Power Supply

Most passive LCD passive color panels and most single monochrome 640x480 passive LCD panels

require a positive power supply to supply between +23V and +4Q¥4bmA). For ease of imple-

mentation, such a power supply has been provided as an integral part of this design. The signal

VDDH can be adjusted by R31 to provide an output voltage from +23V to +40V and is
enabled/disabled by the SED1354 control signal LCDPWR.

Determine the panel’s specific power requirements and set the potentiometer accordingly before

connecting the panel.

SED1354 SDU1354B0C Rev.1.0 ISA Bus Evaluation Board User Manual
X19A-G-004-05 Issue Date: 98/10/29
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6.15 CPU/Bus Interface Header Strips

All of the CPU/Bus interface pins of the SED1354 are connected to the header strips H1 and H2 for
easy interface to a CPU/Bus other than the ISA bus.

Refer to Table 4-1 “CPU/BUS Connector (H1) Pinout,” on page 10 and Table 4-2 “CPU/BUS
Connector (H2) Pinout,” on page 11 for specific settings.

Note

These headers only provide the CPU/Bus interface signals from the SED1354. When another
host bus interface is selected through [MD3:1] configuration, appropriate external decode logic
MUST be used to access the SED1354. See the section “Host Bus Interface Pin Mapping” of the
SED1354 Hardware Functional Specification, document number X19A-A-002-xx.

6.16 Schematic Notes

The following schematics are for reference only and may not reflect actual implementation. Please
request updated information before starting any hardware design.

SDU1354B0C Rev.1.0 ISA Bus Evaluation Board User Manual SED1354
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7 Parts List
Item # |Qty/board Designation Part Value Description
1 4 g;g €14, Cl9, 10uF 10uF/25V Tantalum D-Size
2 16 C1-C12, C15-C18 |0.01uF 0.01uF, 1206 package
3 3 C20, C21, C30 0.1uF 0.1uF, 1206 package
4 3 C23-C25 10uF/63V Electrolytic/Radial (LXF63VB10RM5X11LL)
5 3 C22, C26, C27 56uUF/35V LXF35VB56RM6X11LL
6 1 C29 33uF 33uF/10V Tantalum D-Size
TO-92 PTH Zener Diode 0.1" spc.
7 1 -
b7 LM38582-1.2 3 pin TO-92 package
8 6 D1-D6 1N4148 Signal Diode/PTH
9 3 JP1-JP3 .1 x 3 Male Header PTH; include 2 pin jumper (shunt)
10 2 H1, H2 CON34A Male Header 0.1" 2 x 17 Male Header
11 1 J5 PS/2 CONNECTOR Assman A-HDF 15 A KG/T or equivalent
12 1 J6 CON40A Shrouded Header 40 pin Dual-row, center-key PTH
13 8 L1-L5, L7-L9 Ferrite Bead Fair-rite 2743001111 PTH
14 1 L6 1uH Dale Inductor IM-4-1.0uH PTH
15 1 Q1 2N3906 PNP Signal Transistor TO-92 PTH
16 1 Q2 2N3903 NPN Signal Transistor TO-92 PTH
17 9  |RIORIG RIS 1,40 10K Ohm/1206/5%
R19
18 1 R27 182 182 Ohm/PTH/1%
19 3 R26, R33-R34 1K 1K Ohm/1206/5%
R17, R20-R22
20 6 ' ' 9
R28.R29 39 39 Ohm/1206/5%
21 3 R23-R25 150 150 Ohm/1206/5%
22 8 R2-R9 15K 15K Ohm/1206/5%
23 3 R1, R35-R36 100K 100K Ohm/1206/5%
100K Ohm/Trim POT
24 1
R37 100K Spectrol 63S104T607 or equivalent
25 1 R30 470K 470K Ohm/1206/5%
200K Ohm/Trim POT
26 1
R31 200K Spectrol 63S204T607 or equivalent
27 1 R32 14K 14K Ohm/1206/1%
28 1 S1 SW-DIP-5 Switch DIP 5 position
29 1 U1l SED1354F0A QFP15-128/128 pin
SED1354 SDU1354B0C Rev.1.0 ISA Bus Evaluation Board User Manual
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Item # |Qty/board Designation Part Value Description

30 1 U2 UPD4218S165LE-50 NEC 1Mx16 , EDO, Self-Refresh, DRAM, SOJ
package

31 1 u3 TIBPAL22V10-15BCNT | Texas Instrument PAL 24 pin DIP package/socketed

32 1 U4 Osc. -14 Fox 40.0MHz Oscillator or equiv. 14 pin DIP/socketed

33 1 U5 74LS125 14 pin SO-14 package

34 1 U6 BT481A BrookTree RAMDAC PLCC package, 44-pin PLCC
SMT part

35 1 u7 RD-0412 XENTECK - Positive Power Supply

36 1 us EPNO001 XENTECK - Negative Power Supply

37 1 U9 LP2960AIN-3.3 National 3.3V Fixed Voltage Regulator N16G 16-PIN
DIP package

SDU1354B0C Rev.1.0 ISA Bus Evaluation Board User Manual
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8 Schematic Diagrams
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Figure 1: SED1354B0C Schematic Diagram (1 of 6)
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Figure 2: SED1354B0C Schematic Diagram (2 of 6)
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Figure 3: SED1354B0C Schematic Diagram (3 of 6)
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Figure 4: SED1354B0C Schematic Diagram (4 of 6)
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1 Introduction

The Hitachi D9000 Development System uses expansion boards to provide a means to interface
peripherals to the FPGA / processor combination. This manual describes how the SDU1354-D9000
Evaluation Board is used to provide a color LCD solution for the Windows CE environment.

Reference

SED1354 Hardware Functional Specification, document number X19A-A-002-xx.

D9000 Development System, Hardware User Manual - Hitachi.

Evaluation Board User Manual SDU1354-D9000
Issue Date: 98/10/29 X19A-G-003-04
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2 Features

e SED1354 color graphics LCD / CRT controller.

« On-board 2M byte EDO-DRAM display buffer.

* 4/8-bit monochrome LCD interface.

* 4/8/16-bit color LCD interface.

« Single-panel / single-drive displays.

e Dual-panel / dual-drive displays.

e 9/12-bit TFT.

e 18/24-bit TFT support to 64K colors (16-bit data).

¢ CRT support.

* On-board adjustable LCD BIAS voltage power supply.

* SmallTypeZ x 2 form factor (requires two side-by-side SmallTypeZ slots).

2.1 SED1354 Color Graphics LCD Controller

The SED1354 is a low cost, low power color/monochrome LCD/CRT controller capable of inter-
facing to a wide range of CPUs and LCD displays.

The SED1354 supports LCD interfaces with data widths up to 16 bits. Using Frame Rate Modulation
(FRM), it can display 16 shades of gray on monochrome panels, up to 4096 colors on passive panels
and 64K colors on active matrix TFTs. CRT support is handled through the use of an external
RAMDAC allowing simultaneous display of both the CRT and LCD displays.

In this design, the SED1354 has a 3.3V core voltage (Cggg &hd a 3.3V 10 voltage (I0)Mp).
For complete details on register functionality and programming, refer to the SED1354 Hardware

Functional Specification document number X19A-A-002-xx, and the Programming Notes and
Examples, document number X19A-G-002-xx.

2.1.1 Display Buffer

The SED1354 supports a 512K byte or 2M byte, FPM-DRAM or EDO-DRAM display buffer. On
the SDU1354-D9000 evaluation board, a 1Mx16 EDO-DRAM is used to provide adequate memory
for all supported display resolutions, and when smaller display sizes are used, to provide multiple
“pages” of memory. EDO-DRAM with self-refresh may also be used to provide the lowest possible
power consumption during power save modes.

SDU1354-D9000
X19A-G-003-04

Evaluation Board User Manual
Issue Date: 98/10/29
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2.1.2 LCD Display Support

The SED1354 provides a wide range of flexibility for display type and resolution. Display types
include:

 4/8-bit monochrome passive.

4/8/16-bit color passive.
» Active matrix TFT.

other (EL, REC, etc.).

Display resolutions range from 4x1 to 800x600, with color depths from black and white to 64K
colors.

The LCD connector is a 50 pin AMPLIMITE Subminiature D Connector (P/N 787171-5) and has
the signals shown in the following table “LCD Connector Pinout”.

Evaluation Board User Manual
Issue Date: 98/10/29
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2.1.3 LCD Interface Pin Mapping

Table 2-1: LCD Connector Pinout

Pin # SED1354 Color TFT Color Passive Mono Passive Comments
Pin Names 9-bit 12-bit | 18-bit 4-bit | 8-bit 16-bit 4-bit 8-bit
1 FPSHIFT FPSHIFT
3 DRDY DRDY MOD/FPSHIFT2
5 FPLINE FPLINE
7 FPFRAME FPFRAME
9 FPDATO R2 R3 R5 LDO LDO LDO
11 FPDAT1 R1 R2 R4 LD1 LD1 LD1
13 FPDAT2 RO R1 R3 LD2 LD2 LD2
15 FPDAT3 G2 G3 G5 LD3 LD3 LD3
17 FPDAT4 G1 G2 G4 uDO uDO uDO uDO uDO
19 FPDAT5 GO G1 G3 uD1 uD1 uD1 uD1 uD1
21 FPDAT6 B2 B3 B5 uD2 uD2 uD2 uD2 uD2
23 FPDAT7 B1 B2 B4 uD3 uD3 uD3 uD3 uD3
25 FPDATS8 BO B1 B3 LD4
27 FPDAT9 RO R2 LD5
29 FPDAT10 R1 LD6
31 FPDAT11 GO G2 LD7
33 FPDAT12 G1 uD4
35 FPDAT13 GO uD5
37 FPDAT14 BO B2 uD6
39 FPDAT15 B1 ubD7
On/Off Control for
40 LCDPWR Iy —
On/Off Control for
41 LCDBACK# Backlight
42 Xyl Touc_h Screen
input
43 XL Touci:psu(ireen
a4 XR Touc_h Screen
input
45 YU Tough Screen
input
46 YL Touc_h Screen
input
47 VDDH +30V LCDBIAS
48 +5V
49 +3.3V
50 +12V
2,4,6,8,10,
12,14,16,18,20,
22,24,26,28,30, GND
32,34,36,38
Note
1. XY is the 5th signal for those touch panels that require 5 interface signals. When using
4-signal touch panels, remove jumper JP1 on the board to disconnect this signal.
SDU1354-D9000 Evaluation Board User Manual

X19A-G-003-04 Issue Date: 98/10/29
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2.1.4 CRT Support

The SED1354 has all the necessary signals to interface to an external RAMDAC so a CRT is

supported. The Brooktree Bt481A RAMDAC is supported on the SDU1354-D9000 evaluation
board.

Refer to the Programming Notes and Examples, document number X19A-G-002-xx for
programming details.

2.1.5 Adjustable LCD BIAS Power Supply

Most color 640x480 passive LCD panels require a positive power supply to provide between +23V
and +40V (},;= 45mA). For ease of implementation, such a power supply has been provided as an
integral part of this design. The signal VDDH can be adjusted by R16 to provide an output voltage
from +23V to +40V and is enabled / disabled by the SED1354 control signal LCDPWR.

LCDPWR is an output signal which follows a pre-defined power-up / power-down sequence
designed to protect the LCD panel from damage caused by the power supply being enabled in the
absence of control signals. Determine the panel’s specific power requirements and set the potenti-
ometer accordingly before connecting the panel.

Evaluation Board User Manual
Issue Date: 98/10/29
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3 D9000 Specifics

3.1 Interface Signals

The SED1354 is intended for direct connection to most processors, so the FPGA in this environment
simply acts as a pass-through for the required processor interface signals.

Table 3-1: Interface Signals

Interface ;
Signals Number of SH-3 Interface Gf:gr':ai::u Comments
SED1354 Signal Signals Signal Name .
Name Signal Name
AB[20:1] 19 A[20:1] A[20:1] Address Bus
ABO 1 AO AO Address Bus
DB[15:0] 16 D[15:0] D[15:0] Data Bus
WE1# 1 WE1# WE#1
M/R# 1 External Decode External Decode Memory / Register Select
CS# 1 External Decode External Decode SED1354 Chip Select
BCLK 1 CKIO BCLK Bus Clock
BS# 1 BS# nc
RD/WR# 1 RD/WR# RD1#
RD# 1 RD# RDO#
WEOQ# 1 WEOQO# WEO#
WAIT# 1 WAIT# WAIT#
RESET# 1 RESET# RESET#
5.0V
3.3V
GND
12.0v
XL Touch Screen
XR Touch Screen
YU Touch Screen
YL Touch Screen
XY Touch Screen

SDU1354-D9000
X19A-G-003-04

Evaluation Board User Manual
Issue Date: 98/10/29
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3.1.1 Connector Pinout for Channel A6 and A7
Table 3-2: Connector Pinout for Channel A7

Channel A7
Pin # FPGA Signal SED1354 Signal || Pin # FPGA Signal BED1354 Signal
SmXY
1 chA7p1l BCLK 21 dc5v DC5V
2 chA7p2 N/C 22 GND GND
3 chA7p3 N/C 23 dc3v DC3V
4 chA7p4 N/C 24 GND GND
5 chA7p5 N/C 25 dc3v DC3V
6 chA7p6 N/C 26 GND GND
7 chA7p7 N/C 27 dc3vs N/C
8 chA7p8 N/C 28 GND GND
9 chA7p9 N/C 29 dc12v DC12V
10 chA7p10 N/C 30 GND GND
11 ibl N/C 31 battery N/C
12 ib2 N/C 32 GND GND
13 ib3 N/C 33 dcXA N/C
14 ib4 N/C 34 base5vDc N/C
15 ib5 N/C 35 dcXB N/C
16 ib6 N/C 36 GND GND
17 ib7 N/C 37 dexc N/C
18 ibg N/C 38 GND GND
19 GND GND 39 senseH N/C
20 GND GND 40 senseL N/C

Evaluation Board User Manual

Issue Date: 98/10/29
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Table 3-2: Connector Pinout for Channel A7 (Continued)
Channel A7
Pin # FPGA Signal SED1354 Signal || Pin # | FPGA Signal BED1354 Signal
SmZ

1 chA7pll N/C 21 GND GND
2 chA7p12 N/C 22 GND GND
3 chA7p13 A20 23 chA7p34 Al19
4 chA7pl4 Al18 24 GND GND
5 chA7p15 Al7 25 GND GND
6 chA7p16 Al6 26 GND GND
7 chA7pl7 N/C 27 chA7p33 Al5
8 chA7p18 Al4 28 GND GND
9 chA7p19 Al3 29 GND GND
10 chA7p20 Al2 30 GND GND
11 chA7p21 All 31 chA7p32 Al10
12 chA7p22 A9 32 GND GND
13 chA7p23 A8 33 GND GND
14 chA7p24 A7 34 GND GND
15 chA7p25 A6 35 GND GND
16 chA7p26 A5 36 chA7p31 Ad

17 chA7p27 A3 37 GND GND
18 chA7p28 A2 38 GND GND
19 chA7p29 Al 39 GND GND
20 chA7p30 A0 40 GND GND

SDU1354-D9000
X19A-G-003-04

Evaluation Board User Manual
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Table 3-3: Connectors Pinout for Channel A6

Channel A6
Pin # FPGA Signal SED1354 Signal || Pin # FPGA Signal BED1354 Signal
SmXY
1 chA6p1 cs# 21 dcsv DC5V
2 chA6p2 BS# 22 GND GND
3 chA6p3 WEO# 23 dc3v DC3V
4 chA6p4 RD/WR# 24 GND GND
5 chA6p5 WAIT# 25 dc3v DC3V
6 chA6p6 N/C 26 GND GND
7 chA6p7 N/C 27 dc3vs N/C
8 chA6ps8 N/C 28 GND GND
9 chA6p9 N/C 29 dc12v DC12V
10 chA6p10 N/C 30 GND GND
11 ibl XL 31 battery N/C
12 ib2 XR 32 GND GND
13 ib3 YU 33 deXA N/C
14 ib4 YL 34 base5vDc N/C
15 ib5 N/C 35 dcxB N/C
16 ib6 N/C 36 GND GND
17 ib7 N/C 37 dexc N/C
18 ibg YL 38 GND GND
19 GND GND 39 senseH N/C
20 GND GND 40 senseL N/C

Evaluation Board User Manual
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Table 3-3: Connectors Pinout for Channel A6 (Continued)
Channel A6
Pin # FPGA Signal SED1354 Signal || Pin # | FPGA Signal BED1354 Signal
SmZ

1 chA6pll M/R# 21 GND GND
2 chA6p12 RD# 22 GND GND
3 chA6p13 WE1# 23 chA6p34 N/C
4 chA6pl4 RESET# 24 GND GND
5 chA6p15 N/C 25 GND GND
6 chA6pl16 N/C 26 GND GND
7 chA6pl7 N/C 27 chA6p33 D15
8 chA6p18 D14 28 GND GND
9 chA6p19 D13 29 GND GND
10 chA6p20 D12 30 GND GND
11 chA6p21 D11 31 chA6p32 D10
12 chA6p22 D9 32 GND GND
13 chA6p23 D8 33 GND GND
14 chA6p24 D7 34 GND GND
15 chA6p25 D6 35 GND GND
16 chA6p26 D5 36 chA6p31 D4

17 chA6p27 D3 37 GND GND
18 chA6p28 D2 38 GND GND
19 chA6p29 D1 39 GND GND
20 chA6p30 DO 40 GND GND

SDU1354-D9000
X19A-G-003-04
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3.1.2 Bus Interface Timing

Refer to the SED1354 Hardware Functional Specification, document number X19A-A-002-xx for
complete bus timing details.

Note
A four-position DIP switch located on the SDU1354-D9000 allows for the following configura-
tions.
Table 3-4: DIP Switch Configuration
Sw4 SW3 SW2 SW1 Function
X 0 0 0 SH-3 Bus Interface
MC68K Bus
X 0 0 1 1 Interface
MCG68K Bus
X 0 1 0 2 Interface
X 0 1 1 Generic Bus Interface
X WAIT# - active low
1 X X X WAIT# - active high

Where 1 = closed/on and 0 = open/off

3.1.3 Memory Address (CS#, M/R#) Decode

The SED1354 is a memory-mapped device for both the registers and display buffer access. The
specific memory address is solely controlled by the CS# and M/R# decode logic. The memory space
requirements are:

* a 2M byte linear address range for the display buffer

» 47 bytes for the registers.

3.1.4 Makefpga file

Modifications to thenakefpgafile to accommodate the SED1354 are:

1. Bus model: this may differ depending on processor as far as interface requirements (signal def-
initions). Epson will provide this information for each given processor interface.

2. Memory location: the system designer must determine the appropriate memory addresses for
the display buffer and register requirements.

3.2 Board Dimensions
To obtain the required number of interface signals, the SDU1354-D9000 utilizes two SmallTypeZ

slots (6 and 7). Board dimensions are 2.65x3.20 with both the CRT and LCD connectors accessible
on the outside edge.

3.3 Support Documentation Notes

Note that some files and/or documentation may refer to the SDU1354-D9000 as the SDU1354-
D9100.

Evaluation Board User Manual SDU1354-D9000
Issue Date: 98/10/29 X19A-G-003-04
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3.4 Parts List

Item # Qty. Reference Part Description
C1,C2,C3,C4,C5,C6,C7,
C8,C9,C11,C12,C13,C14,
1 24 C15,C16,C21,C26,C27, 0.1uF 0.1uF, 0805 pckg
C28,C29,C34,C35,C36,
C37
2 1 C10 10uF 10uF / 20V Tantalum C-Size
Electrolytic, Radial Lead 35V +/- 20% Nippon / United
3 1 c17 STIESY Chemi-Con LXV35VB56RM6X11LL or equivalent
Electrolytic, Radial Lead 63V +/- 20% Nippon / United
4 3 C18,C19,C20 10uF/63v Chemi-Con KMF63VB10RM5X11LL or equivalent
C22,C23,C24,C25,C30, .
5 8 C31,C32,C33 22uF 22uF / 20V Tantalum D-Size
D1,D2,D3 BAV99 SMT / SOT-23 pckg
JP1 Header 2 1x2, .025" sq. Header
4 JP2,JP3,JP4,JP5 Header 2x20 2x20, .05"x.05" Micro Strips Samtec TFM-120-11-S-D
PS/2 .
9 1 Ji CONNECTOR DB15, Female, Vertical, Board Mount AMP 749374-3
Subminiature D, 50-pin, Receptacle Header, Right Angle,
10 ! J2 LCD CON Board Mount AMP 787171-5
11 5 L1,L2,L3,L4,L5 INDUCTOR Ferrite Bead Fair-rite 2743001111
12 L6 1uH 1uH Dale Inductor IM-4-1.0uH
R1,R2,R3,R4,R5,R6,R7
13 9 R8,R17 15K 15K ohm, 0805 pckg, 5%
14 3 R9,R10,R11 150 1% 150 ohm, 0805 pckg, 1%
15 2 R12,R13 39 39 ohm, 0805 pckg, 5%
16 1 R14 182 1% 182 ohm, 0805 pckg, 1%
17 1 R15 470K 470K ohm, 0805 pckg, 5%
Trim Pot, 4mm Sq., Single Turn, SMT Bourns 3314J-1-
18 ! R16 200K 204 or BI Technologies 23AR200K
19 3 R18, R19, R20 10K 10K ohm, 0805 pckg, 5%
SMT Dip Switch, 4 Position CTS 219-4LPST or Grayhill
20 1 S1 SW DIP-4 9OHBWOAS
21 1 Ul SED1354F0A  |QFP15-128 Epson SED1354F0A
22 1 u2 DRAM1MX16-S0OJ [1Mx16 EDO, 60ns, SOJ pckg Micron MT4C1M16E5DJ-6
23 1 U3 BT481A RAMDAC, PLCC pckg Brooktree BT481A
24 1 u4 RD-0412 Positive Power Supply XENTECK RD-0412
Half Size Clock Oscillator, 8-Pin, 40MHz Digi-Key P/N
25 1 Us 0SC-8 CTX175-ND or equivalent
26 1 JP1 Micro Shunt

SDU1354-D9000
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3.5 Schematic Diagrams

SDU1354-D9000
X19A-G-003-04

(1 of 4)

iagram

icD

SDU1354-D9000 Schemati

Figure 3-1

Evaluation Board User Manual
Issue Date: 98/10/29



Vancouver Design Center

Epson Research and Development

I 9 I S '] 2 I I I
JEEIT
8
Jsquiny ewnoog | ozig)
00060-7SETNAS
anf
ONI INIWJOT3A3A ANV HONVISTY NOSd3
QLA
oLuH
vigvlg AN %
ano f— 4
72 4nT'o anTo anTo
9%1 281 N9 g 910 S1O v10
v 20AY ]
FENT 20NV [-E2 ! : 3
10038 | h W
UADINNOD Z/Sd N 1 0 oo
VAN €10 |-t
X EEIVN 210 |- IF—
T0 -5
= vdo o010 [H1—4
T & Y anoo
819 |———1
T &V IS
SINv1g/ (-£C HINVI8
o5 3ane ONAS/ m[l
L s |
o+=X sy TSHOVa
1 a3y osy |21 0s¥ova
9 PAN W | #IMOVA
T o] ay -3 #QuOva
- - - d a
’ od 9a [
sd sa
h 4 h 4 h 4 7 vd va
T B T v & ]
h 4 h 4 h 4 v d 1q
oa
66/vE N 66AVE N eeAvE b T =< [stola
€a za 1a odova
s TS [sT0lvads
oon >100va
4nTo
anot w 119
0 ¥ RW(((CI%I = = COS-9TXWTNYHA =
00NV ASOa % mm» 30/ ﬂH_]
[l m anTo 4nTo 4nTo 18] 3en oN
60 80 il (3 N [ wM
20A on (L5
T2 5on b3
Asoa m oA W 5 #3Im
0a SYol #SVD1
S e
T too S [ et
€ 100 v
z
1100 ON/TTY
oo s oa IN/OTY -2
SaW 0d 6V/6Y o
00 8V/d8Y
Yan 1] W i
v-dia MS o0 o
== 0a sv
H == e & v
L FARASII] 0d ev
== 00 v
= T TaA 3 v
100 v
15 o ov v
¢ v [6-0lvw
3ST ST dST w1t st <vist ST ST on SO 670
84 ] 9 su (2] ] 2] T
TETOT [sT-olaw
AsOa
L 9 S L v € 2

Page 20

Issue Date: 98/10/29

Evaluation Board User Manual

Figure 3-2: SDU1354-D9000 Schematic Diagram (2 of 4)
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SDU1354-D9000
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Figure 3-3: SDU1354-D9000 Schematic Diagram (3 of 4)
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Figure 3-4: SDU1354-D9000 Schematic Diagram (4 of 4)
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3.5.1 PCB Layout

3.5.2 Component Placement
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3.5.3 Perspective View

SED1354

LCD Power Supply

DRAM

RAMDAC

—— LCD Connector

CRT Connector

Figure 3-6: SDU1354-D9000 Perspective View
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1 SED1354 Power Consumption

SED1354 power consumption is affected by many system design variables.

Input clock frequency (CLKI): the CLKI frequency determines the LCD frame-rate, CPU perfor-
mance to memory, and other functions — the higher the input clock frequency, the higher the
frame-rate, performance and power consumption.

CPU interface: the SED1354 IOy} current consumption depends on the BUSCLK frequency,
data width, number of toggling pins, and other factors — the higher the BUSCLK, the higher the
CPU performance and power consumption.

Core \pp, 10 Vpp voltage levels: the voltage levels of the two independent VDD groups (Core,
I0) affect power consumption — the higher the voltage, the higher the consumption.

Display mode: the resolution and color depth affect power consumption — the higher the
resolution/color depth, the higher the consumption.

Internal CLK divide: internal registers allow the input clock to be divided before going to the
internal logic blocks — the higher the divide, the lower the power consumption.

There are two power save modes in the SED1354: Software and Hardware SUSPEND. The power
consumption of these modes is also affected by various system design variables.

DRAM refresh mode, CBR or self-refresh: self-refresh capable DRAM allows the SED1354 to
disable the internal memory clock thereby saving power.

CPU bus state during SUSPEND: the state of the CPU bus signals during SUSPEND has a
substantial effect on power consumption. An inactive bus (e.g. BUSCLK = low, Addr = low etc.)
reduces overall system power consumption.

CLKI state during SUSPEND: disabling the CLKI during SUSPEND has substantial power
savings.

Power Consumption
Issue Date: 98/10/29

SED1354
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1.1 Conditions

The Table 1-1: “SED1354 Total Power Consumption” below gives an example of a particular
environment and its effects on power consumption.

Table 1-1: SED1354 Total Power Consumption

Test Condition Total Power Consumption
Gray Shades /
Core Vpp = 3.3V 10 Vpp = 5.0V Power Save Mode
ISA Bus (8MHz) Colors Active
Software Hardware
Input Clock = 6MHz Black-and-White 38.7mwW
1 | LCD Panel Connected = 320x240 Monochrome | 4 Grays 43.9mW 20mw! 7.59uwW?
16 Grays 46.8mW
Input Clock = 6MHz 4 Colors 44.4mW
2 | LCD Panel Connected = 320x240 Color 16 Colors 49.7mW 20mw? 7.59uW?
256 Colors 51.2mw
Input Clock = 25MHz .
3 | LCD Panel Connected = 640x480 Monochrome | S1ack-and-White 113.3mw 24mw? 7.59uW?
16 Grays 124.6mW
Input Clock = 25MHz 16 Colors 145.6mW
4 | LCD Panel Connected = 640x480 Color 256 Colors 150.6mwW 24mw? 7.59uW?
64K Colors 150.0mwW

Note

1. Conditions for Software SUSPEND:
* CPU interface active (signals toggling)
 CLKI active (6MHz)
« Self-Refresh DRAM

2. Conditions for Hardware SUSPEND:
» CPU interface inactive (high impedance)
 CLKI stopped
« Self-Refresh DRAM

2 Summary

The system design variables in Section 1, “SED1354 Power Consumption” and in Table 1-1:
“SED1354 Total Power Consumption” show that SED1354 power consumption depends on the
specific implementation. Active Mode power consumption depends on the desired CPU perfor-
mance and LCD frame-rate, whereas Power Save Mode consumption depends on the CPU Interface
and Input Clock state.

In a typical design environment, the SED1354 can be configured to be an extremely power-efficient
LCD Controller with high performance and flexibility.

SED1354 Power Consumption
X19A-G-006-03 Issue Date: 98/10/29
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1 Introduction

This application note describes the hardware and software environment required to provide
an interface between the SED1354 Color Graphics LCD/CRT Controller and the Philips
MIPS PR31500/PR31700 processor.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics America Website at http://www.eea.epson.com for the
latest revision of this document before beginning any development.

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

Interfacing to the Philips MIPS PR31500/PR31700 Processor SED1354

Issue Date: 99/03/10
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2 Interfacing to the PR31500/PR31700

The Philips PR31500/PR31700 processor supports up to two PC Card (PCMCIA) slots. It
is through this host bus interface that the SED1354 connects to the PR31500/PR31700
processor.

The SED1354 can be successfully interfaced using one of three configurations:

 Direct connection to PR31500/PR31700 (see Sectitidiggct Connection to the
Philips PR31500/PR3170G3n page 11).

» System design using one ITE8368E PC Card/GPIO buffer chip (see Sectitelbdt,
ware Description—Using One IT83686Bh page 14).

» System design using two ITE8368E PC Card/GPIO buffer chips (see Section 5.2,
“Hardware Description—Using Two IT8368E'si page 17).

SED1354 Interfacing to the Philips MIPS PR31500/PR31700 Processor
X19A-G-005-07 Issue Date: 99/03/10
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3 SED1354 Host Bus Interface

The SED1354 implements a 16-bit Generic MPU host bus interface which is used to
interface to the Philips PR31500/PR31700 processor. The Generic MPU host bus interface

is the least processor-specific interface mode supported by the SED1354 and was chosen
to implement this interface due to the simplicity of its timing.

The Generic MPU host bus interface is selected by the SED1354 on the rising edge of
RESET#. After releasing reset the bus interface signals assume their selected configuration.

Note
After reset, the Host Interface Disable bit in the Miscellaneous Disable Register
(REG[1Bh]) will be set to logic ‘1’, meaning that the SED1354 will not respond to any
host accesses until a write to REG[1Bh] clears this bit to 0. When debugging a new
hardware design, this can sometimes give the appearance that the interface is not work-
ing, so it is important to remember to clear this bit before proceeding with debugging.

3.1 Generic MPU Host Bus Interface Pin Mapping
The following table shows the functions of each host bus interface signal.

Table 3-1: Generic MPU Host Bus Interface Pin Mapping

Pslrlfll\gl;;it Generic MPU
AB[20:1] A[20:1]

ABO A0
DBJ[15:0] D[15:0]
WE1# WE1#

M/R# External Decode

CS# External Decode

BUSCLK BCLK
BS# Connect to 10 Vpp
RD/WR# RD1#

RD# RDO#
WEO# WEO#
WAIT# WAIT#

RESET# RESET#

Interfacing to the Philips MIPS PR31500/PR31700 Processor

SED1354
Issue Date: 99/03/10

X19A-G-005-07
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3.2 Generic MPU Host Bus Interface Signals

The interface requires the following signals:

BUSCLK is a clock input which is required by the SED1354 host bus interface. It is
separate from the input clock (CLKI) and is typically driven by the host CPU system
clock.

The address inputs AB[20:0], and the data bus DB[15:0], connect directly to the CPU
address and data bus, respectively. The hardware engineer must ensure that MD4 selects
the proper endian mode upon reset.

M/R# (memaory/register) may be considered an address line, allowing system address
A21 to be connected to the M/R# line.

Chip Select (CS#) must be driven low whenever the SED1354 is accessed by the host
CPU.

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 SED1354. These signals must
be generated by external hardware based on the control outputs from the host CPU.

RD# (RDO#) and RD/WR# (RD1#) are read enables for the low-order and high-order
bytes, respectively, to be driven low when the host CPU is reading data from the
SED1354. These signals must be generated by external hardware based on the control
outputs from the host CPU.

WAIT# is a signal output from the SED1354 that indicates the host CPU must wait until
data is ready (read cycle) or accepted (write cycle) on the host bus. Since host CPU
accesses to the SED1354 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the SED1354 internal registers and/or display
buffer. The WAIT# line resolves these contentions by forcing the host to wait until the
resource arbitration is complete.

The Bus Start (BS#) signal is not used for the Generic MPU host bus interface and
should be tied low (connected to GND).

SED1354
X19A-G-005-07

Interfacing to the Philips MIPS PR31500/PR31700 Processor
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4 Direct Connection to the Philips PR31500/PR31700

4.1 Hardware Description

The SED1354 is easily interfaced to the Philips PR31500/PR31700 processor. In the direct
connection implementation, the SED1354 occupies PC Card slot #1 of the
PR31500/PR31700. Although the address bus of the PR31500/PR31700 is multiplexed, it
can be demultiplexed using an advanced CMOS latch (e.g., 74ACT373). The direct
connection implementation makes use of the Generic MPU host bus interface capability of
the SED1354.

The following diagram demonstrates a typical implementation of the PR31500/PR31700 to
SED1354 interface.

SED1354
+3.3V
PR31500/PR31700 10 Vpp, CORE Vpp
l ) RDO#
/RD . )
RD1#
/WE
ICARD1CSL e WEO#
ICARD1CSH — O WE1L#
CS#
Latch A23 M/R#
ALE > System RESET —» RESET#
AlL20] A[20:13] AB[20:13]
» AB[12:0]
D[31:24] DB[7:0]
D[23:16] DBJ[15:8]
Voo 15K pull-up
/CARDIWAIT ° WAIT#
y ENDIAN See text » BUSCLK
DCLKOUT Clock divider ——»  ...or... Oscillator CLKI
Note:
When connecting the SED1354 RESET# pin, the system designer should be aware of all
conditions that may reset the SED1354 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of SED1354 to PR31500/PR31700 Direct Connection

Note
For pin mapping see Table 3-1:, “Generic MPU Host Bus Interface Pin Mapping”.

Interfacing to the Philips MIPS PR31500/PR31700 Processor SED1354
Issue Date: 99/03/10 X19A-G-005-07
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The host interface control signals of the SED1354 are asynchronous with respect to the
SED1354 bus clock. This gives the system designer full flexibility in choosing the appro-
priate source (or sources) for CLKI and BUSCLK. Deciding whether both clocks should be
the same and whether to use DCLKOUT (divided) as the clock source, should be based on
the desired:

 pixel and frame rates.
» power budget.
* part count.

* maximum SED1354 clock frequencies.

The SED1354 also has internal clock dividers providing additional flexibility.

4.2 Memory Mapping and Aliasing

The SED1354 requires an addressing space of 2M bytes for the display buffer and 64 bytes
for the registers. This is divided into two address ranges by connecting A23 (demultiplexed
from the PR31500/PR31700) to the M/R# input of the SED1354. Using A23 makes this
implementation software compatible with the two implementations that use the ITE
IT8368E (see Section Hystem Design Using the IT8368E PC Card Buffam’page 14).

All other addresses are ignored.

The SED1354 address ranges, as seen by the PR31500/PR31700 on the PC Card slot 1
memory space, are as follows:

¢ 6400 0000h: SED1354 registers aliased 131,072 times at 64 byte intervals over 8M
bytes.

* 6480 0000h: SED1354 display buffer aliased 4 times at 2M byte intervals over 8M
bytes.

* 6500 0000h: SED1354 registers and display buffer, aliased another 3 times over 48M
bytes.

Since the PR31500/PR31700 control signal / CARDREG is ignored, the SED1354 takes up
the entire PC Card slot 1 configuration space. The address range is software compatible
with both ITE IT8368E implementations.

* 0900 0000h: SED1354 registers aliased 131,072 times at 64 byte intervals over 8M
bytes.

« 0980 0000h: SED1354 display buffer aliased 4 times at 2M byte intervals over 8M
bytes.

Note
If aliasing is undesirable, additional decoding circuitry must be added.

SED1354
X19A-G-005-07

Interfacing to the Philips MIPS PR31500/PR31700 Processor
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4.3 SED1354 Configuration

The SED1354 latches MD15 through MDO to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. For details on configuration, refer to the
SED1354 Hardware Specificatipdocument number X19A-A-002-xX.

The partial table below shows those configuration settings relevant to the direct connection
implementation.

Table 4-1: SED1354 Configuration for Direct Connection

SED1354 value on this pin at rising edge of RESET# is used to configure: (2/0)
Pin Name 1 0

MDO 8-bit host bus interface 16-bit host bus interface

MD1

MD2 See “Host Bus Selection” table below See “Host Bus Selection” table below

MD3

MD4 Little Endian Big Endian

MD5 WAIT# signal is active high WAIT# signal is active low

\:’z required configuration for direct connection with PR31500/PR31700

Table 4-2: SED1354 Host Bus Selection for Direct Connection
MD3 MD2 MD1 Host Bus Interface
SH-3 bus interface
MC68K bus 1 interface (e.g. MC68000)
MC68K bus 2 interface (e.g. MC68030)
Generic bus interface (e.g. MCF5307, ISA bus interface)
X Reserved

[ ] =required configuration for direct connection with PR31500/PR31700

R O| k| O

| O O O] ©
X| P k| Of O

Interfacing to the Philips MIPS PR31500/PR31700 Processor SED1354
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5 System Design Using the IT8368E PC Card Buffer

If the system designer uses an ITE IT8368E PC Card and multiple-function 10 buffer, the
SED1354 can be interfaced with the PR31500/PR31700 without using a PC Card slot.
Instead, the SED1354 is mapped to a rarely-used 16M byte portion of the PC Card slot
buffered by the IT8368E. This makes the SED1354 virtually transparent to PC Card
devices that use the same slot.

5.1 Hardware Description—Using One IT8368E

The ITE IT8368E has been specifically designed to support EPSON LCD/CRT controllers.
The IT8368E provides eleven Multi-Function 10 pins (MFIO). Configuration registers can
be used to allow these MFIO pins to provide the control signals required to implement the
SED1354 CPU interface.

The Philips PR31500/PR31700 processor only provides addresses A[12:0], therefore
devices that occupy more address space must use an external device to latch A[25:13]. The
IT8368E’s MFIO pins can be configured to provide this latched address. However, when
using the SED1354, five MFIO pins are utilized for SED1354 control signals and cannot
provide latched addresses. In this case, an external latch must be used to provide the high-
order address bits. For a solution that does not require a latch, refer to Section 5.2,
‘Hardware Description—Using Two IT8368E’s”.

SED1354
X19A-G-005-07

Interfacing to the Philips MIPS PR31500/PR31700 Processor
Issue Date: 99/03/10
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PR31500/PR31700 \aay SED1354
T 110 Vpp, CORE Vpg
Al12:0] » AB[12:0]
ENDIAN j
Latch » AB[20:13]
ALE >
Dl31:24] » DBJ[7:0]
D[23:16] +| pB[L5:8]

v System RESET —»|RESET#
DI

D pull-up
/CARDXWAIT -l WAIT#
DCLKOUT A23 »| M/R#
- See text CLKI
IT8368E Clock divider ——»  ...Ol...
Oscillator » BUSCLK
LHA23/MFIO10 » WE1#
LHA22/MFIO9 »| WEO#
LHA21/MFIO8 »| RD1#
LHA20/MFIO7 » RDO#
e e 1
LHA19/MFIO6 ‘ Chip Select ‘ CS#
Logic
\ \
\ \
1
Lo a

Notes: The Chip Select Logic shown above is necessary to guarantee timing parameter t1 of the Generic MPU Interface
Asynchronous Timing (for details refer to the SED1354 Hardware Functional Specification, document number
X19A-A-002-xx).

When connecting the SED1354 RESET# pin, the system designer should be aware of all conditions that may reset
the SED1354 (e.g. CPU reset can be asserted during wake-up from power-down modes, or during debug states).

Figure 5-1: SED1354 to PR31500/PR31700 Connection using One IT8368E

Note
For pin mapping see Table 3-1:, “Generic MPU Host Bus Interface Pin Mapping”.

Interfacing to the Philips MIPS PR31500/PR31700 Processor SED1354
Issue Date: 99/03/10 X19A-G-005-07



Page 16

Epson Research and Development
Vancouver Design Center

The Generic MPU host interface control signals of the SED1354 are asynchronous with
respect to the SED1354 bus clock. This gives the system designer full flexibility in
choosing the appropriate source (or sources) for CLKI and BUSCLK. Deciding whether
both clocks should be the same and whether to use DCLKOUT (divided) as the clock
source, should be based on the desired:

 pixel and frame rates.
» power budget.
* part count.

* maximum SED1354 clock frequencies.

The SED1354 also has internal clock dividers providing additional flexibility.

SED1354
X19A-G-005-07

Interfacing to the Philips MIPS PR31500/PR31700 Processor
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5.2 Hardware Description—Using Two IT8368E’s

The following implementation uses a second IT8368Ein VGA mode, in place of an
address latch. The pins LHA23 and LHA[20:13] provide the latch function instead.

PR31500/PR31700 SED1354
A[12:0] AB[12:0]
ENDIAN w
AB[20:13]
D[31:24] DB[7:0]
D[23:16] DB[15:8]
System RESET —» RESET#
Voo pull-up
/CARDXWAIT .l WAIT#
DCLKOUT ¢ LHAZ3 » MIR¥
Clock divider »
IT8368E 0.
Oscillator BUSCLK
LHA[20:13], seetext ) ciki
LHA23
+3.3V
= 110 Vpp, CORE Vpg
IT8368E
LHA23/MFIO10 WE1#
LHA22/MFIO9 WEO#
LHA21/MFIO8 RD1#
LHA20/MFIO7 RDO#
-ty - - - — — — — 1
LHA19/MFIO6 . CS#
| Chip Select \
‘ Logic ‘
| \
; ) 1
Lo - - - - __ __ _ _ __ _
Notes: The Chip Select Logic shown above is necessary to guarantee the timing parameter t1
of the Generic MPU Host Bus Interface Asynchronous Timing (for details refer to the SED1354 Hardware
Functional Specification, document number X19A-A-002-xx).
When connecting the SED1354 RESET# pin, the system designer should be aware of all conditions that may reset
the SED1354 (e.g. CPU reset can be asserted during wake-up from power-down modes, or during debug states).

Figure 5-2: SED1354 to PR31500/PR31700 Connection using Two IT8368E

Interfacing to the Philips MIPS PR31500/PR31700 Processor SED1354
Issue Date: 99/03/10 X19A-G-005-07
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Note
For pin mapping see Table 3-1:, “Generic MPU Host Bus Interface Pin Mapping”.

The Generic MPU host interface control signals of the SED1354 are asynchronous with
respect to the SED1354 bus clock. This gives the system designer full flexibility in
choosing the appropriate source (or sources) for CLKI and BUSCLK. Deciding whether
both clocks should be the same and whether to use DCLKOUT (divided) as the clock
source, should be based on the desired:

* pixel and frame rates.
¢ power budget.
* part count.

* maximum SED1354 clock frequencies.

The SED1354 also has internal clock dividers providing additional flexibility.

5.3 IT8368E Configuration

The IT8368E provides eleven multi-function 10 pins (MFIO). The IT8368E (or the firstin

a two-1IT8368E implementation) must have both “Fix Attribute/IO” and “VGA” modes on.
When both these modes are enabled, the MFIO pins provide control signals needed by the
SED1354 host bus interface, and a 16M byte portion of the system PC Card attribute and
IO space is allocated to address the SED1354. When accessing the SED1354 the associated
card-side signals are disabled in order to avoid any conflicts.

Note
When a second IT8368E is used, it should not be set in VGA mode.

For mapping details, refer to Section 5.4, ‘Memory Mapping and Aliasing”

For further information on configuring the IT8368E, refer tolf&868E PC Card/GPIO
Buffer Chip Specificatian

SED1354
X19A-G-005-07
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5.4 Memory Mapping and Aliasing

When the PR31500/PR31700 accesses the PC Carwviludsitthe ITE IT8368E, its
system memory is mapped as in Table 5-1;, “PR31500/PR31700 to Unbuffered PC Card
Slots System Address Mapping”.

Note
Bits CARD1IOEN and CARD2IOEN need to be set in the PR31500/PR31700 Memory
Configuration Register 3.

Table 5-1: PR31500/PR31700 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
0C00 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 ITE
IT8368E, bits CARD1IOEN and CARD2IOEN are ignored and the attribute/IO space of
the PR31500/PR31700 is divided into Attribute, IO and SED1354 access. Table 5-2:,
“PR31500/PR31700to PC Card Slots Address Remapping using the IT8368E” provides all
the details of the Attribute/IO address re-allocation by the IT8368E.

Table 5-2: 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
SED1354 registers,
0900 0000h 8M byte ) ) )
aliased 131,072 times at 64 byte intervals

1 SED1354 display buffer,

0980 0000h 8M byte ) ] )

aliased 4 times at 2Mb intervals

0AO00 0000h 32M byte Card 1 Attribute

6400 0000h 64M byte Card 1 Memory

0C00 0000h 16M byte Card 210

SED1354 registers,
0DO00 0000h 8M byte
aliased 131,072 times at 64 byte intervals

2 SED1354 display buffer,

0D80 0000h 8M byte

aliased 4 times at 2Mb intervals
OEO0O0 0000h 32M byte Card 2 Attribute
6800 0000h 64M byte Card 2 Memory
Interfacing to the Philips MIPS PR31500/PR31700 Processor SED1354
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5.5 SED1354 Configuration

The SED1354 latches MD15 through MDO to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. For details on configuration, refer to the
SED1354 Hardware Specificatipdocument number X19A-A-002-xx.

The partial table below only shows those configuration settings relevant to the IT8368E
implementation.

Table 5-3: SED1354 Configuration using the IT8368E

SED1354 value on this pin at rising edge of RESET# is used to configure: (2/0)
Pin Name 1 0

MDO 8-bit host bus interface 16-bit host bus interface

MD1

MD2 See “Host Bus Selection” table below See “Host Bus Selection” table below

MD3

MD4 Little Endian Big Endian

MD5 WAIT# signal is active high WAIT# signal is active low

|:|= required configuration for connection using ITE IT8368E

Table 5-4: SED1354 Host Bus Selection using the IT8368E

MD3 MD2 MD1 Host Bus Interface
0 0 0 SH-3 bus interface
0 0 1 MC68K bus 1 interface (e.g. MC68000)
0 1 0 MC68K bus 2 interface (e.g. MC68030)
0 1 1 Generic bus interface (e.g. MCF5307, ISA bus interface)
1 X X Reserved

[ ] =required configuration for connection using ITE IT8368E

SED1354
X19A-G-005-07
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6 Software

Test utilities and Windows® CE v2.0 display drivers are available for the SED1354. Full
source code is available for both the test utilities and the drivers.

The test utilities are configurable for different panel types using a program called
1354CFG, 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 SED1354 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.eea.epson.com.

Interfacing to the Philips MIPS PR31500/PR31700 Processor SED1354
Issue Date: 99/03/10 X19A-G-005-07
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1 Introduction

This application note describes the hardware and software environment required to provide
an interface between the SED1354 Color Graphics LCD/CRT Controller and the NEC
Vr4102™ MicroprocessoryPD30102). The NEC 102 Microprocessor is specifically
designed to support an external LCD controller and the pairing of these two devices results
in an embedded system offering impressive display capability with very low power
consumption.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics America Website at http://www.eea.epson.com for the
latest revision of this document before beginning any development.

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

Interfacing to the NEC VR4102™ Microprocessor SED1354
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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 applications in mind, the VR4102 offers a highly
integrated solution for portable systems. This section provides an overview of the operation
of the CPU bus in order to establish interface requirements.

2.1.1 Overview

The NEC VR4102 is designed around the RISC architecture developed by MIPS. This
microprocessor is based on the 66MHz VR4100 CPU core which supports 64-bit
processing. The CPU communicates with the Bus Control Unit (BCU) using its internal
SysAD bus. The BCU in turn communicates with external devices using its ADD and DAT
buses which 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 providing an easy interface to the CPU.
A 16M byte block of memory is assigned for the LCD controller and its own chip select
and ready signals available. Word or byte accesses are controlled by the system high byte
signal (SHB#).

SED1354 Interfacing to the NEC VR4102™ Microprocessor
X19A-G-007-06 Issue Date: 99/03/10
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2.1.2 LCD Memory Access Cycles

Once an address in the LCD block of memory is placed on the external address bus
(ADD[25:0]), the LCD chip select (LCDCS#) is driven low. The read or write enable
signals (RD# or WR#) are driven low for the appropriate cycle and LCDRDY is driven low

to insert wait states into the cycle. The high byte enable (SHB#) is driven low for 16-bit
transfers and high for 8-bit transfers.

The following figure illustrates typical NEC VR4102 memory read and write cycles to the
LCD controller interface.

ADD[25:0] VALID

SHB#

LCDCS#

WR#,RD#

D[15:0]
(write) VALID

D[15:0] Hi-z

Hi-Z
(read) ) VALID

LCDRDY

Figure 2-1:. NEC VR4102 Read/Write Cycles

Interfacing to the NEC VR4102™ Microprocessor

SED1354
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3 SED1354 Host Bus Interface

The SED1354 implements a 16-bit Generic MPU host bus interface which is used to
interface to the VR4102 microprocessor. The Generic MPU host bus interface is the least
processor-specific interface mode supported by the SED1354 and was chosen to implement
this interface due to the simplicity of its timing.

The Generic MPU host bus interface is selected by the SED1354 on the rising edge of
RESET#. After releasing reset the bus interface signals assume their selected configuration.

Note

After reset, the Host Interface Disable bit in the Miscellaneous Disable Register
(REG[1Bh]) will be set to logic ‘1’, meaning that the SED1354 will not respond to any
host accesses until a write to REG[1Bh] clears this bit to 0. When debugging a new
hardware design, this can sometimes give the appearance that the interface is not work-
ing, so it is important to remember to clear this bit before proceeding with debugging.

3.1 Generic MPU Host Bus Interface Pin Mapping

The following table shows the functions of each host bus interface signal.

Table 3-1: Generic MPU Host Bus Interface Pin Mapping

Psir:zll\gliiset Generic MPU
ABJ[20:1] A[20:1]
ABO A0
DB[15:0] D[15:0]
WE1# WE1#
M/R# External Decode
CS# External Decode
BUSCLK BCLK
BS# Connect to 10 Vpp
RD/WR# RD1#

RD# RDO#
WEO# WEO#
WAIT# WAIT#

RESET# RESET#

SED1354
X19A-G-007-06
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3.2 Generic MPU Host Bus Interface Signals

The interface requires the following signals:

BUSCLK is a clock input which is required by the SED1354 host bus interface. It is
separate from the input clock (CLKI) and is typically driven by the host CPU system
clock.

The address inputs AB[20:0], and the data bus DB[15:0], connect directly to the CPU
address and data bus, respectively. The hardware engineer must ensure that MD4 selects
the proper endian mode upon reset.

M/R# (memory/register) may be considered an address line, allowing system address
A21 to be connected to the M/R# line.

Chip Select (CS#) must be driven low whenever the SED1354 is accessed by the host
CPU.

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 SED1354. These signals must
be generated by external hardware based on the control outputs from the host CPU.

RD# (RDO#) and RD/WR# (RD1#) are read enables for the low-order and high-order
bytes, respectively, to be driven low when the host CPU is reading data from the
SED1354. These signals must be generated by external hardware based on the control
outputs from the host CPU.

WAIT# is a signal output from the SED1354 that indicates the host CPU must wait until
data is ready (read cycle) or accepted (write cycle) on the host bus. Since host CPU
accesses to the SED1354 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the SED1354 internal registers and/or display
buffer. The WAIT# line resolves these contentions by forcing the host to wait until the
resource arbitration is complete.

The Bus Start (BS#) signal is not used for the Generic MPU host bus interface and
should be tied low (connected to GND).

Interfacing to the NEC VR4102™ Microprocessor SED1354
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4 VR4102 to SED1354 Interface

4.1 Hardware Description

The NEC k4102 microprocessor is specifically designed to support an external LCD
controller by providing the internal address decoding and control signals necessary. By

using this interface only minimal external “glue” logic is necessary.

The diagram below shows a typical implementation of the VR4102 to SED1354 interface.

r—_— — - 7 7
Read/Write
NEC VR4102 | Decode Logic | SED1354
\ |
AO ) WEO#
WR# ‘ ] \
|
SHB# | ) ; WE1#
\ |
‘ A0 ) | RDO#
RD# f
| ) | RD1#
- -
LCDCS# sul Cs#
LCDRDY WAIT#
A21
' D@ M/R#
System RESET —_» RESET#
ADDI[25:0] AB[20:0]
DAT[15:0] DB[15:0]
BUSCLK BUSCLK

Notes: The propagation delay of the Read/write Decode Logic shown above must be less than 10 nsec.

When connecting the SED1354 RESET# pin, the system designer should be aware of all
conditions that may reset the SED1354 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of VR4102 to SED1354 Interface

Note
For pin mapping see Table 3-1:, “Generic MPU Host Bus Interface Pin Mapping”.

SED1354
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4.2 SED1354 Hardware Configuration

The SED1354 uses MD15 through MDO to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. For details on configuration, refer to the
SED1354 Hardware Functional Specificatjia@tocument number X19A-A-002-xx.

The tables below show only those configuration settings important to the PC Card host bus
interface.

Table 4-1: Summary of Power-On/Reset Options

SED1354 value on this pin at rising edge of RESET# is used to configure: (1/0)
Pin Name 1 0
MDO 8-bit host bus interface 16-bit host bus interface
MD1
MD2 For host bus interface selection see Table 4-2, “Host Bus Interface Selection”
MD3
MD4 Little Endian Big Endian
MD5 WAIT# is active high (1 = insert wait state) |WAIT# is active low (0 = insert wait state)

= configuration for NEC VR4102 interface.

Table 4-2: Host Bus Interface Selection

MD3 MD2 MD1 Host Bus Interface
0 0 0 SH-3 bus interface
0 0 1 MC68K bus 1 interface (e.g. MC68000)
0 1 0 MC68K bus 2 interface (e.g. MC68030)
0 1 1 Generic bus interface (e.g. MPC821, ISA bus interface)
1 X X Reserved

[ ] = configuration for NEC VR4102 interface.

Interfacing to the NEC VR4102™ Microprocessor SED1354
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4.3 NEC Vr4102™ Configuration

The NEC \k4102™ provides the internal address decoding necessary to map to an external
LCD controller. Physical address 0A00 0000h to OAFF FFFFh (16M bytes) is reserved for

an external LCD controller.

The SED1354 supports up to 2M bytes of display buffer. The N&Q@02™ address line
A21 is used to select between the SED1354 display buffer and internal register set.

The WVr4102™ uses a read, write and system high-byte enable to interface to an external
LCD controller. The SED1354 uses low and high byte read and write strobes and therefore
minimal “glue” logic is necessary.

Table 4-2: NEC/SED1354 Truth Table

NEC Signals _
Cycle SED1354 Signals
SHB# RD# WR# A0
-bi RDO# = low
1 0 1 0 8-bit even address
Read RD1# = high
_bi RDO# = high
1 0 1 1 8-bit odd address g
Read RD1# - low
. RDO# = low
0 0 1 X 16-bit Read
RD1# - low
_bi WRO# = low
1 1 0 0 8-bit even address .
Write WR1# = high
_bi WRO# = high
1 1 0 1 8-bit odd.address g
Write WR1# = low
WRO# = low
0 1 0 X 16-bit Write
WR1# = low

SED1354
X19A-G-007-06
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the SED1354. Full
source code is available for both the test utilities and the drivers.

The test utilities are configurable for different panel types using a program called
1354CFG, 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 SED1354 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.eea.epson.com.

Interfacing to the NEC VR4102™ Microprocessor SED1354
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1 Introduction

This application note describes the hardware and software environment required to provide
an interface between the SED1354 Color Graphics LCD/CRT Controller and the Motorola
M CF5307 “Coldfire” microprocessor. The pairing of these two devicesresultsin an
embedded system offering impressive display capability with very low power
consumption.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics America Website at http://www.eea.epson.com for the
latest revision of this document before beginning any development.

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

Interfacing to the Motorola MCF5307 "Coldfire" Microprocessor SED1354
Issue Date: 99/12/23 X19A-G-011-06
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2 Interfacing to the MCF5307

2.1 The MCF5307 System Bus

The MCF5200/5300 family of processors feature a high-speed synchronous system bus
typical of modern microprocessors. This section provides an overview of the operation of
the MCF5307 bus in order 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 M C68040 and M PC8xx. All outputs and inputs are timed with
respect to a square-wave reference clock called BCLKO (Master Clock). This clock runs at
asoftware-selectable divisor rate from the machine cycle speed of the CPU core, typicaly
20 to 33 MHz. Both the address and the data bus are 32 bits in width. All 10 accesses are
memory-mapped; there is no separate 10 space in the MCF5307 architecture.

The bus can support two types of cycle, normal and burst. Burst memory cyclesare used to
fill on-chip cache memories, and for certain on-chip DMA operations. Normal cycles are
used for all other data transfers.

2.1.2 Normal (Non-Burst) Bus Transactions

Thebusmaster initiatesadatatransfer by placing the memory address on addresslines A31
through AQ and driving TS (Transfer Start) low for one clock cycle. Several control signals
are also provided with the memory address.

e SIZ[1:0] (Transfer Size) -- indicates whether the bus cycleis 8, 16, or 32 bitsin width.
* R/W -- set high for read cycles and low for write cycles.

e TT[1:0] (Transfer Type Signals) -- provides more detail on the type of transfer being
attempted.

» TTP (Transfer In Progress) -- asserts whenever abus cycle is 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 MCF5307 will not start another bus cycle until TA has been de-asserted.
The minimum length of abus transaction istwo bus clocks.

SED1354 Interfacing to the Motorola MCF5307 "Coldfire" Microprocessor
X19A-G-011-06 Issue Date: 99/12/23
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The following figure illustrates a typical memory read cycle on the MCF5307 system bus.

BCLKO

TS
=
-
ABLo] X X
ww 1/ 000
X

SIZ[1:0], TT[L:0] | ‘ X

o0l XXXX0AKXOOKXXKXNN XN samplec when TAlow

Transfer Start | Wait States . Transfer . Next Transfer
Complete Starts

Figure 2-1: MCF5307 Memory Read Cycle

Thefollowing figureillustrates atypical memory read cycle on the MCF5307 system bus.

BCLKO

TIP
ApLo] X j X
R 00 | |
SIZ[1:0], TT[1:0] X ' ' ‘
paL0] ))OOO0M valid ' ‘ XXX
Transfer Start . Wait States . Transfer , Next Transfer
Complete Starts

Figure 2-2: MCF5307 Memory Write Cycle

Interfacing to the Motorola MCF5307 "Coldfire" Microprocessor SED1354
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2.1.3 Burst Cycles

Burst cycles are very similar to normal cycles, except they occur as a series of four back-
to-back, 32-hit memory reads or writes, with the TTP (Transfer In Progress) output asserted
continuously through the burst. Burst memory cyclesaremainly intended to facilitate cache
linefill from program or datamemory. They aretypically not used for transfersto/from 1O
periphera devices such asthe SED1354. The MCF5307 chip selects provide amechanism
to disable burst accesses for periphera devices which are not able to support them.

2.2 Chip-Select Module

In addition to generating eight independent chip-select outputs, the M CF5307 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 is typically used to
control aboot ROM. Chip select 1 istypically used to control alarge static or dynamic
RAM block.

Chip selects 2 through 7 have fixed block sizes of 2M bytes each. Each has a unique, fixed
offset from a common, programmable starting address. These chip selects are well-suited
to typical 10 addressing reguirements.

Each chip select may beindividually programmed for:

* Port size (8/16/32-hit).

« Number of wait states (0-15) or externa acknowledge.

« Address space type.

» Burst or non-burst cycle support.

Write protect.

SED1354
X19A-G-011-06
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3 SED1354 Bus Interface

The SED1354 implements a 16-hit Generic MPU host bus interface which is used to
interface to the MCF5307 microprocessor. The Generic MPU host businterfaceisthe least
processor-specific interface mode supported by the SED1354. The Generic MPU host bus
interface was chosen to implement this interface due to the simplicity of its timing and
compatibility with the control signals available from the MCF5307’ s General-Purpose
Chip Select Module.

The Generic MPU host bus interface is selected by the SED1354 on the rising edge of
RESET#. After releasing reset the businterface signalsassumetheir selected configuration.

Note
After reset, the Host Interface Disable bit in the Miscellaneous Disable Register
(REG[1Bh]) will be set to logic ‘1’, meaning that the SED1354 will not respond to any
host accesses until awrite to REG[1Bh] clears this bit to 0. When debugging a new
hardware design, this can sometimes give the appearance that the interface is not work-
ing, so it isimportant to remember to clear this bit before proceeding with debugging.

3.1 Generic MPU Host Bus Interface Pin Mapping

The following table shows the functions of each host bus interface signal.

Table 3-1. Generic MPU Host Bus I nterface Pin Mapping

Psirlfll?lfr’::s Generic MPU
AB[20:1] A[20:1]
ABO AO
DB[15:0] D[15:0]
WE1# WE1#
M/R# External Decode
CS# External Decode
BUSCLK BCLK
BS# Connectto 10 Vpp
RD/WR# RD1#

RD# RDO#
WEO# WEO#
WAIT# WAIT#

RESET# RESET#
Interfacing to the Motorola MCF5307 "Coldfire" Microprocessor SED1354
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3.2 Generic MPU Host Bus Interface Signals

The interface requires the following signals:

BUSCLK isaclock input which synchronizes transfers between the host CPU and the
SED1354. It is separate from the pixel clock (CLKI) and istypically driven by the host
CPU system clock.

The address inputs AB[20:0], and the data bus DB[15:0], connect directly to the CPU
address and data bus, respectively. The hardware engineer must ensure that MD4 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.

M/R# is driven high for memory accesses, or low for SED1354 register accesses. On
CPUs which implement memory-mapped 10, thispinistypically tied to an addressline;
on CPUs with separate 10 spaces, this pin istypically driven by control logic from the
CPU.

WEO# and WE1# are write enables for the low-order and high-order bytes, respectively,
to be driven low when the host CPU iswriting data to the SED1354.

RD# and RD1# are read enables for the low-order and high-order bytes, respectively, to
be driven low when the host CPU is reading data from the SED1354.

WAIT#isasignal which is output from the SED1354 to the host CPU which indicates
when datais ready (read cycle) or accepted (write cycle) on the host bus. Since host
CPU accesses to the SED1354 may occur asynchronously to the display update, it is
possible that contention may occur in access to the 1354 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 needs to beinverted using
M D5 since the MCF5307 wait state signal is active high.

The Bus Status (BS#) signal is unused in general purpose bus mode, and should be tied
high (connected to 10 Vpp).

SED1354
X19A-G-011-06
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4 MCF5307 To SED1354 Interface

4.1 Hardware Connections

Theinterface between the SED1354 and the MCF5307 requires minimal gluelogic. Since
the SED1354 has a single chip select input for both display RAM and registers, asingle
external gate is required to produce a negative-OR function of the two MCF5307 chip
selects. A single resistor is used to speed up the rise time of the WAIT# (TA) signal when
terminating the bus cycle.

BS# (bus start) isnot used in thisimplementation and should betied low (connected GND).

The following diagram shows atypical implementation of the MCF5307 to SED1354

interface.
MCF5307 SED1354
A21 M/R#
A[20:0] ABJ[20:0]
D[31:16] DB[15:0]
~a7 74ACO08 (or equiv.)
CS4 cs#
S5
Vce
470
TA { WAIT#
E1l WE1#
EO WEO#
OE RD1#
L RDO#
BCLKO BUSCLK
System RESET RESET#
Note: - -

When connecting the SED1354 RESET# pin, the system designer should be aware of all
conditions that may reset the SED1354 (e.g. CPU reset can be asserted during wake-up

from power-down modes, or during debug states).

Note

Figure 4-1: Typical Implementation of MCF5307 to SED1354 Interface

For pin mapping see Table 3-1:, “Generic MPU Host Bus Interface Pin Mapping” .

Interfacing to the Motorola MCF5307 "Coldfire" Microprocessor
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4.2 SED1354 Hardware Configuration

The SED1354 uses MD15 through M DO to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. For details on configuration, refer to the
SED1354 Hardware Functional Specification, document number X 19A-A-002-xx.

Table 4-1. SED1354 Configuration Settings

SED1354 value on this pin at rising edge of RESET# is used to configure:(1/0)
Pin Name 1 0

MDO 8-bit host bus interface 16-bit host bus interface

MD1

MD2 See “Host Bus Selection” table below See “Host Bus Selection” table below

MD3

MD4 Little Endian Big Endian

MD5 Wait# signal is active high Wait# signal is active low

MD9 Configure SUSPEND# pin as GPO output gSQSSzQeESr:;;ZEND# I €8 HEMNETE

\:|: required settings for MCF5307 interface

Table 4-2: SED1354 Host Bus Selection

MD3 MD2 MD1 Host Bus Interface
0 0 0 SH-3 bus interface
0 0 1 MC68K bus 1 interface (e.g. MC68000)
0 1 0 MC68K bus 2 interface (e.g. MC68030)
0 1 1 Generic bus interface (e.g. MCF5307, ISA bus interface)
1 X X Reserved

[ ] =required settings for MCF5307 interface.

SED1354
X19A-G-011-06
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4.3 Memory/Register Mapping

The SED1354 is a memory mapped device requiring a 2M byte address space for the
display buffer and afew morelocationsfor theinterna registers. Chip selects0 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. Two of the IO chip selects
(CS2 through CS7) are required to address the entire address space of the SED1354, since
these chip selects have afixed 2M byte block size.

4.4 MCF5307 Chip Select Configuration

Inthe exampleinterface, chip selects4 and 5 are used to control the SED1354. CS4 selects
a2M byte address space for the SED 1354 control registers, while CS5 selectsthe 2M byte
display buffer. 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 dternate bus master access to the SED1354

C/l =1 - disable CPU space access to the SED1354

SC =1 - disable Supervisor Code space access to the SED1354

SD =0 - enable Supervisor Data space access to the SED1354

UC =1 - disable User Code space access to the SED1354

UD =0 - enable User Data space access to the SED1354
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- no interna wait state setting

» AA =0 - no automatic acknowledgment

PS (1:0) = 1:0 — memory port sizeis 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 SED1354
Issue Date: 99/12/23 X19A-G-011-06
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the SED1354. Full
source code is available for both the test utilities and the drivers.

The test utilities are configurable for different panel types using a program called
1354CFG, or by directly modifying the source. The Windows CE v2.0 display drivers can
be customized by the OEM for different pand types, resolutions and color depths only by
modifying the source.

The SED1354 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.

SED1354 Interfacing to the Motorola MCF5307 "Coldfire" Microprocessor
X19A-G-011-06 Issue Date: 99/12/23
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1 Introduction

This application note describes the hardware required to implement an interface between

the SED 1354 Color Graphics LCD/CRT Controller and the Motorola MC68328

‘Dragonball’ Microprocessor. By implementing a dedicated display refresh memory, the
SED1354 can reduce system power consumption, improve image quality, and increase
system performance as compared to the Dragonball’'s on-chip LCD controller.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics America website at http://www.eea.epson.com for the
latest revision of this document before beginning any development.

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

Interfacing to the Motorola MC68328 "Dragonball” Microprocessor SED1354
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2 Interfacing to the MC68328

2.1 The 68328 System Bus

The 68328 is an integrated controller for handheld products, based upon the M C68EC000
microprocessor core. It implements a 16-bit data bus and a 32-bit address bus. The bus
interface consists of all the standard M C68000 businterface signals, plus some new signals
intended to simplify the task of interfacing to typical memory and peripheral devices.

The 68000 bus control signals are well documented in Motorola’s user manuals, and will
not be described here (see reference 1 for details). A brief summary of the new signals
appears below:

» Output Enable (OHs asserted when a read cycle is in process; it is intended to connect
to the output enable control of a typical static RAM, EPROM, or Flash EPROM device.

» Upper Write Enable and Lower Write Enable (UWE/LWiEe asserted during memory
write cycles for the upper and lower bytes of the 16-bit data bus; they may be directly
connected to the write enable inputs of a typical memory device.

The SED1354 implements the MC68000 bus interface using its MC68000 Bus 1 mode, so
this mode may be used to connect the 68328 directly to the SED1354 with no glue logic.
However, several of the 68000 bus control signals are multiplexed with I/O and interrupt
signals on the 68328, and in many applications it may be desirable to make these pins
available for these alternate functions. This requirement may be accommodated through
use of the Generic Bus interface mode on the SED1354.

2.2 Chip-Select Module

The 68328 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
a group has its own address compare and address mask register, to activate the chip select
for a subset of the group’s address block. Finally, each chip select may be individually
programmed to control an 8 or 16-bit device, and each may be individually programmed to
generate from 0 through 6 wait states internally, or allow the memory or peripheral device

to terminate the cycle externally through use of the standard MC68000 D SiyG&l.

Groups A and B can have a minimum block size of 64K bytes, so these are typically used
to control memory devices. Chip select AO is active immediately after reset, so it is
typically used to control a boot EPROM device. Groups C and D have a minimum block
size of 4K bytes, so they are well-suited to controlling peripheral devices. Chip select D3
is associated with the 68328 on-chip PCMCIA control logic.

SED1354 Interfacing to the Motorola MC68328 “"Dragonball” Microprocessor
X19A-G-013-01 Issue Date: 99/04/19
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3 SED1354 Host Bus Interface

This section is summary of the bus interface modes available on the SED1354, and offers
some detail on the Generic MPU host bus interface used to implement the interface to the
MC68328.

The Generic MPU host bus interface is selected by the SED1354 on the rising edge of
RESET#. After releasing reset the businterface signals assumetheir selected configuration.

Note
After reset, the Host Interface Disable bit in the Miscellaneous Disable Register
(REG[1Bh]) will be set to logic ‘1’, meaning that the SED1354 will not respond to any
host accesses until a write to REG[1Bh] clears this bit to 0. When debugging a new
hardware design, this can sometimes give the appearance that the interface is not work-
ing, so it is important to remember to clear this bit before proceeding with debugging.

3.1 Generic MPU Host Bus Interface Pin Mapping

The following table shows the functions of each host bus interface signal.

Table 3-1. Generic MPU Host Bus I nterface Pin Mapping

P?:E\)lfli?:ss Generic MPU
AB[20:1] A[20:1]
ABO A0
DB[15:0] D[15:0]
WE1# WE1#
M/R# External Decode
CS# External Decode
BUSCLK BCLK
BS# Connect to 10 Vpp
RD/WR# RD1#

RD# RDO#
WEO# WEO#
WAIT# WAIT#

RESET# RESET#
Interfacing to the Motorola MC68328 "Dragonball” Microprocessor SED1354
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3.2 Generic MPU Host Bus Interface Signals

The interface requires the following signals:

BUSCLK is a clock input which is required by the SED1354 host bus interface. It is
separate from the input clock (CLKI) and is typically driven by the host CPU system
clock.

The address inputs AB[20:0], and the data bus DB[15:0], connect directly to the CPU
address and data bus, respectively. The hardware engineer must ensure that MD4 selects
the proper endian mode upon reset.

M/R# (memory/register) may be considered an address line, allowing system address
A21 to be connected to the M/R# line.

Chip Select (CS#) must be driven low whenever the SED1354 is accessed by the host
CPU.

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 SED1354. These signals must
be generated by external hardware based on the control outputs from the host CPU.

RD# (RDO#) and RD/WR# (RD1#) are read enables for the low-order and high-order
bytes, respectively, to be driven low when the host CPU is reading data from the
SED1354. These signals must be generated by external hardware based on the control
outputs from the host CPU.

WAIT# is a signal output from the SED1354 that indicates the host CPU must wait until
data is ready (read cycle) or accepted (write cycle) on the host bus. Since host CPU
accesses to the SED1354 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the SED1354 internal registers and/or display
buffer. The WAIT# line resolves these contentions by forcing the host to wait until the
resource arbitration is complete.

The Bus Start (BS#) signal is not used for the Generic MPU host bus interface and
should be tied low (connected to GND).

SED1354
X19A-G-013-01
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4 MC68328 To SED1354 Interface

4.1 Hardware Description

Asmentioned earlier in this application note, the MC68328 mulltiplexes dual functions on
some of its bus control pins, specifically UDS, LDS, and DTACK. If al of these pins are
availablefor use as bus control pins, then the SED 1354 interfaceisastraightforward imple-
mentation of the MC68000 Bus 1 interface mode as described in the SED1354 Hardware
Functional Specification, document number X19A-A-002-xx. Following are the electrical

connections required for thisinterface.

MC68328 SED1354
A21 M/R#
A[20:1] AB[20:1]
D[15:0] SD[15:0]
CSB3 CSt#t
Vcce
470
DTACK : WAIT#
AS BS#
ubs WE1#
LDS ABO
RIW RD1#
VCC RDO#
CLKO BUSCLK
System RESET RESET#
Note:
When connecting the SED1354 RESET# pin, the system designer should be aware of all
conditions that may reset the SED1354 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Block Diagram of MC68328 to SED 1354 Interface - MC68000 Bus 1 Interface Mode

Interfacing to the Motorola MC68328 "Dragonball” Microprocessor
Issue Date: 99/04/19

SED1354
X19A-G-013-01



Page 12

Epson Research and Development
Vancouver Design Center

If UDS and/or LDS arerequired for their alternate 1/0O functions, then the 68328 to
SED1354 interface may be realized using the SED1354 Generic bus interface mode. The
electrical connections required for thisinterface are shown below. Note that in either case,
the DTACK signal must be made available for the SED 1354, sinceit inserts a variable
number of wait states depending upon CPU/LCD synchronization and the LCD panel
display mode being used. A single resistor is used to speed up the rise time of the WAIT#
(TA) signal when terminating the bus cycle.

MC68328 SED1354

A21 M/R#

A[20:1] AB[20:1]

D[15:0] SD[15:0]
TSB3 cs#

Vcc

470

DTACK Y WAIT#

UWE WE1#

WE WEO#
[o]= RD1#
T— RDO#

CLKO BUSCLK

System RESET — | RESET#

Note:

When connecting the SED1354/55 RESET# pin, the system designer should be aware of all
conditions that may reset the SED1354/55 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

pi -

Figure 4-2: Block Diagram of MC68328 to SED1354 Interface - Generic Interface Mode

The SED1354 requires a 2M byte address space for the display buffer, plus afew more
locationsto accessitsinterna registers. To accommodate thisrelatively large block size, it
is preferable to use one of the chip selects from groups A or B, but thisis not required.
Virtualy any chip select other than CSAO or CSD3 would be suitable for the SED1354
interface.

SED1354
X19A-G-013-01
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4.2 SED1354 Hardware Configuration

The SED1354 latches MD15 through M DO to allow selection of the bus mode and other

configuration dataon the rising edge of RESET#. Table 4-2 shows the settings used for the
SED1354 intheseinterfaces. MD1, MD2, and MD3 should be set to select either MC68000
Bus 1 mode or Generic bus mode as desired. The other settings are identical for either bus

mode.
Table 4-1: Summary of Power-On/Reset Options
SED1354 value on this pin at rising edge of RESET# is used to configure:(1/0)
Pin Name 1 0
MDO 8-bit host bus interface 16-bit host bus interface
MD1
MD2 See “Host Bus Selection” table below See “Host Bus Selection” table below
MD3
MD4 Little Endian Big Endian
MD5 Wait# signal is active high Wait# signal is active low
mg: See “Memory Configuration” table below |See “Memory Configuration” table below
Configure DACRD#, BLANK#, DACPO, Configure DACRD#, BLANK#, DACPO,
MD8 DACWR#, DACRSO0, DACRS1, HRTC, DACWR#, DACRSO0, DACRS1, HRTC, VRTC
VRTC as GPIO4-11 as DAC / CRT outputs
MD9 Configure SUSPEND# pin as GPO output (S:SQSSEQEE?‘[;;ZEND# B0 29 [HETBETE
MD10 |Active low (On) LCDPWR / GPO polarity |Active high (On) LCDPWR / GPO polarity
MD11 Reserved
MD12 Reserved
MD13 |Reserved
MD14 Reserved
MD15 Reserved

\:’ = required settings for MC68328 support.

Table 4-2: SED1354 Host Bus Selection

MD3 MD2 MD1 Option Host Bus Interface
0 0 0 1 SH-3 bus interface
0 0 1 2 MC68K bus 1 interface (e.g. MC68000)
0 1 0 3 MC68K bus 2 interface (e.g. MC68030)
0 1 1 4 Generic bus interface (e.g. MC68328, ISA bus interface)
1 X X 5 Reserved

[ ] =required settings for MC68328 support.

Interfacing to the Motorola MC68328 "Dragonball” Microprocessor
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Table 4-3. Memory Configuration

MD7 MD6 Option Memory Selection
0 0 1 Symmetrical 256K x 16 DRAM
0 1 2 Symmetrical 1M x 16 DRAM
1 0 3 Asymmetrical 256K x 16 DRAM
1 1 4 Asymmetrical 1M x 16 DRAM

4.3 MC68328 Chip Select Configuration

In the example interface, chip select CSB3 is used to control the SED1354. A 4M byte
address space is used. The SED1354 control registers are mapped into the bottom half of
this address block, while the display buffer is mapped into the top half. The chip select
should have its RO (Read Only) bit set to 0, and the WAIT field (Wait states) should be set
to 111 to allow the SED1354 to terminate bus cycles externally.

SED1354
X19A-G-013-01
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the SED1354. Full
source code is available for both the test utilities and the drivers.

The test utilities are configurable for different panel types using a program called
1354CFG, 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 SED1354 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.eea.epson.com.

Interfacing to the Motorola MC68328 "Dragonball” Microprocessor SED1354
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7 Technical Support

7.1 EPSON LCD/CRT Controllers (SED1354)

Japan
Seiko Epson Corporation

Electronic Devices Marketing Division

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

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

Hong Kong

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

Fax: 2827-4346

North America

Epson Electronics America, Inc.
150 River Oaks Parkway

San Jose, CA 95134, USA

Tel: (408) 922-0200

Fax: (408) 922-0238
http://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.

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

* Local Motorola sales office or authorized distributor.
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1 Introduction

This application note describes the hardware and software environment required to provide
an interface between the SED1354 Color Graphics LCD/CRT Controller and the Motorola
MPC821 processor.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics America Website at http://www.eea.epson.com for the
latest revision of this document before beginning any development.

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

Interfacing to the Motorola MPC821 Microprocessor SED1354
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2 Interfacing to the MPC821

2.1 The MPC8xx System Bus

The MPC8xx family of processors feature a high-speed synchronous system bus typical 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 IO is
synchronous to a square-wave reference clock called MCLK (Master Clock). This clock
runs at the machine cycle speed of the CPU core (typically 25 to 50 MHz). Most outputs
from the processor change state on the rising edge of this clock. Similarly, most inputs to
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.
This is typically used when the CPU core is operated above 50 MHz.

The MPCB821 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-bit address and data bus. A parity bit is supported for each of
the four byte lanes on the data bus. Parity checking is done when data is 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 processors and
peripheral controllers) bus masters. For further information on this topic, 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 all other data transfers.

SED1354 Interfacing to the Motorola MPC821 Microprocessor
X19A-G-010-04 Issue Date: 99/03/10
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2.2.1 Normal (Non-Burst) Bus Transactions

A data transfer is initiated by the bus master by placing the memory address on address
lines AO through A31 and driving T@ransfer 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 cycle is 8, 16, or 32-bit.

 RD/WR -- set high for read cycles and low for write cycles.

» 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. OasTA
been asserted, the MPC821 will not start another bus cyclée untib$Aeen de-asserted.

The minimum length of a bus transaction is two bus clocks.

The following figure illustrates a typical memory read cycle on the Power PC system bus.

SYSCLK

TS

TA
A[0:31] j j X
ROWR )X/ ‘ ‘

TSIZ[0:1], AT[0:3]

D[0:31] ‘ ‘ "X Sampled when TA low

Transfer Start . Wait States . Transfer . Next Transfer
Complete Starts

Figure 2-1: Power PC Memory Read Cycle

Interfacing to the Motorola MPC821 Microprocessor SED1354
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The following figure illustrates a typical memory write cycle on the Power PC system bus.

SYSCLK

TS

TA
A[0:31] j : X
RDWR )\, ' |
TSIZ[0:1], AT[0:3] ‘ ‘ ‘
p[o:31] ))OO00M valid ' ‘ XXX
Transfer Start | Wait States . Transfer . Next Transfer
Complete Starts

2.1.3

Figure 2-2: Power PC Memory Write Cycle

If an error occurs, TEATransfer Error Acknowledge) is asserted and the bus cycle is
aborted. For example, a peripheral device may assertifT&parity error is detected, or
the MPC821 bus controller may assert TEAo peripheral device responds at the
addressed memory location within a bus time-out period.

For 32-bit transfers, all data lines (D[0:31]) are used and the two low-order address lines
A30 and A31 are ignored. For 16-bit transfers, data lines DO through D15 are used and
address line A30 is ignored. For 8-bit transfers, data lines DO through D7 are used and all
address lines (A[0:31]) are used.

Note
This assumes that the Power PC core is operating in big endian mode (typically the case
for embedded systems).

Burst C ycles

Burst memory cycles are used to fill on-chip cache memory and to carry out certain on-chip
DMA operations. They are very similar to normal bus cycles with the following exceptions:

» Always 32-bit.

« Always attempt to transfer four 32-bit words sequentially.

« Always address longword-aligned memory (i.e. A30 and A31 are always 0:0).

» Do not increment address bits A28 and A29 between successive transfers; the addressed

device must increment these address bits internally.

If a peripheral is not capable of supporting burst cycles, it can assert Burst [nRibit (Bl
simultaneously with TAand the processor will revert to normal bus cycles for the
remaining data transfers.

SED1354
X19A-G-010-04
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Burst cycles are mainly intended to facilitate cache line fills from program or data memory.
They are normally not used for transfers to/from 10 peripheral devices such as the

SED1354, 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
BDIP and respond with Bf caching is accidently enabled for the SED1354 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 devices which do not require special timing or address multiplexing. In addition
to the chip select output, it can generate active-low Output Enab)ea(@BNrite Enable
(WE) signals compatible with most memory and x86-style peripherals. The MPC821 bus
controller also provides a Read/Write (RD/W&®ynal which is compatible with most 68K
peripherals.

The GPCM is controlled 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 ACS bhit 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 WHbe 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 a chip select.

» Up to 15 wait states may be inserted, or the peripheral can terminate the bus cycle itself
by asserting TATransfer Acknowledge).

» Any chip select may be programmed to asseBBIst Inhibit) automatically when its
memory space is addressed by the processor core.

Interfacing to the Motorola MPC821 Microprocessor SED1354
Issue Date: 99/03/10 X19A-G-010-04



Page 12

Epson Research and Development
Vancouver Design Center

2.3.2 User-Programmable Machine (UPM)

The UPM is typically used to control memory types, such as Dynamic RAMs, which have
complex control or address multiplexing requirements. The UPM is a general purpose
RAM-based pattern generator which can control address multiplexing, wait state gener-
ation, and five general-purpose output lines on the MPC821. Up to 64 pattern locations are
available, each 32 bits wide. Separate patterns may be programmed for normal accesses,
burst accesses, refresh (timer) events, and exception conditions. This flexibility allows
almost any type of memory or peripheral device to be accommodated by the MPC821.

In this application note, the GPCM is used instead of the UPM, since the GPCM has enough
flexibility to accommodate the SED1354 and it is desirable to leave the UPM free to handle
other interfacing duties, such as EDO DRAM.

SED1354
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3 SED1354 Host Bus Interface

The SED1354 implements a 16-bit Generic MPU host bus interface which is used to
interface to the MPC821 processor. The Generic MPU host bus interface is the least
processor-specific interface mode supported by the SED1354. Although the Power PC bus
is similar in many respects to the M68K bus, the Generic MPU host bus interface was
chosen for this interface due to the simplicity of its timing and compatibility with the
control signals available from the MPC821 General-Purpose Chip Select Module.

The Generic MPU host bus interface is selected by the SED1354 on the rising edge of
RESET#. After releasing reset the bus interface signals assume their selected configuration.

Note

After reset, the Host Interface Disable bit in the Miscellaneous Disable Register
(REG[1Bh]) will be set to logic ‘1’, meaning that the SED1354 will not respond to any
host accesses until a write to REG[1Bh] clears this bit to 0. When debugging a new
hardware design, this can sometimes give the appearance that the interface is not work-
ing, so it is important to remember to clear this bit before proceeding with debugging.

3.1 Generic MPU Host Bus Interface Pin Mapping

The following table shows the functions of each host bus interface signal.

Table 3-1: Generic MPU Host Bus Interface Pin Mapping

P?:Eirsnset Generic MPU
AB[20:1] A[20:1]

ABO A0
DBJ[15:0] D[15:0]
WE1# WE1#

M/R# External Decode

CS# External Decode

BUSCLK BCLK
BS# Connectto 10 Vpp
RD/WR# RD1#

RD# RDO#
WEO# WEO#
WAIT# WAIT#

RESET# RESET#

Interfacing to the Motorola MPC821 Microprocessor
Issue Date: 99/03/10
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3.2 Generic MPU Host Bus Interface Signals

The interface requires the following signals:

BUSCLK is a clock input which is required by the SED1354 host bus interface. It is
separate from the input clock (CLKI) and is typically driven by the host CPU system
clock.

The address inputs AB[20:0], and the data bus DB[15:0], connect directly to the CPU
address and data bus, respectively. The hardware engineer must ensure that MD4 selects
the proper endian mode upon reset.

M/R# (memaory/register) may be considered an address line, allowing system address
A21 to be connected to the M/R# line.

Chip Select (CS#) must be driven low whenever the SED1354 is accessed by the host
CPU.

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 SED1354.

RD# (RDO#) and RD/WR# (RD1#) are read enables for the low-order and high-order
bytes, respectively, to be driven low when the host CPU is reading data from the
SED1354.

WAIT# is a signal output from the SED1354 that indicates the host CPU must wait until
data is ready (read cycle) or accepted (write cycle) on the host bus. Since host CPU
accesses to the SED1354 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the SED1354 internal registers and/or display
buffer. The WAIT# line resolves these contentions by forcing the host to wait until the
resource arbitration is complete. This signal is active low and must be inverted using
MD?5 since the MPC821 wait state signal is active high.

The Bus Start (BS#) signal is not used for the Generic MPU host bus interface and
should be tied low (connected to GND).

SED1354
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4 MPC821 to SED1354 Interface

4.1 Hardware Description

The interface between the SED1354 and the MPC821 requires no glue logic. All lines are
directly connected. A single resistor is used to speed up the rise time of the WAIT# (TA
signal when terminating the bus cycle.

BS# (bus start) is not used in this implementation and should be tied low (connected to

GND).
The following diagram shows a typical implementation of the MPC821 to SED1354
interface.
MPC821 SED1354
Al10 M/R#
A[11:31] ABJ[20:0]
D[0:15] DB[15:0]
Cs4 CS#
Vce
470
TA { WAIT#
WEO WE1#
WE1 WEO#
OE RD1#
RDO#
SYSCLK BUSCLK
System RESET RESET#
Note:
When connecting the SED1354 RESET# pin, the system designer should be aware of all
conditions that may reset the SED1354 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of MPC821 to SED1354 Interface

Note
For pin mapping see Table 3-1:, “Generic MPU Host Bus Interface Pin Mapping” .

Interfacing to the Motorola MPC821 Microprocessor SED1354
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4.2 Hardware Connections

The following table details the connections between the pins and signals of the MPC821
and the SED1354.

Table 4-1: List of Connections from MPC821ADS to SED1354

MPC821 Signal Name MPCB821ADS Connector and Pin Name SED1354 Signal Name
Vce P6-Al, P6-B1 Vce
A10 P6-C23 M/R#
All P6-A22 AB20
Al12 P6-B22 AB19
Al13 P6-C21 AB18
Al4 P6-C20 AB17
Al15 P6-D20 AB16
Al16 P6-B24 AB15
Al7 P6-C24 AB14
A18 P6-D23 AB13
Al19 P6-D22 AB12
A20 P6-D19 AB11
A21 P6-A19 AB10
A22 P6-D28 AB9
A23 P6-A28 AB8
A24 P6-C27 AB7
A25 P6-A26 ABG6
A26 P6-C26 AB5
A27 P6-A25 AB4
A28 P6-D26 AB3
A29 P6-B25 AB2
A30 P6-B19 AB1
A31 P6-D17 ABO

DO P12-A9 DB15
D1 P12-C9 DB14
D2 P12-D9 DB13
D3 P12-A8 DB12
D4 P12-B8 DB11
D5 P12-D8 DB10
D6 P12-B7 DB9
D7 P12-C7 DB8
D8 P12-A15 DB7
D9 P12-C15 DB6
D10 P12-D15 DB5
D11 P12-Al4 DB4
SED1354 Interfacing to the Motorola MPC821 Microprocessor
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Table 4-1: List of Connections from MPC821ADS to SED1354 (Continued)

MPC821 Signal Name MPC821ADS Connector and Pin Name SED1354 Signal Name
D12 P12-B14 DB3
D13 P12-D14 DB2
D14 P12-B13 DB1
D15 P12-C13 DBO

SRESET P9-D15 RESET#
SYSCLK P9-C2 BUSCLK
Cs4 P6-D13 Cs#

TA P6-B6 WAIT#
WEO P6-B15 WE1#
WE1 P6-Al4 WEO#

OE P6-B16 RD1#, RDO#

P12-A1, P12-B1, P12-A2, P12-B2,
Gnd P12-A3, P12-B3, P12-A4, P12-B4, Vss
P12-A5, P12-B5, P12-A6, P12-B6,
P12-A7

Note

Note that the bit numbering of the Power PC bus signals is reversed from convention,

e.g.: the most significant address bit is AQ, the next is Al, A2, etc.

Interfacing to the Motorola MPC821 Microprocessor
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4.3 SED1354 Hardware Configuration

The SED1354 uses MD15 through MDO to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. For details on configuration, refer to the
SED1354 Hardware Functional Specificatjia@tocument number X19A-A-002-xx.

The tables below show only those configuration settings important to the MPC821 interface.

Table 4-2: Summary of Power-On/Reset Options

SED1354 value on this pin at rising edge of RESET# is used to configure: (1/0)
Pin Name 1 0
MDO 8-bit host bus interface 16-bit host bus interface
MD1
MD2 For host bus interface selection see Table 4-2, “Host Bus Interface Selection”
MD3
MD4 Little Endian Big Endian
MD5 Wait# signal is active high Wait# signal is active low
MD9 Reserved gg:ng;eESnl;;ZEND# pin as Hardware

= configuration for MPC821 interface.

Table 4-2: Host Bus Interface Selection

MD3 MD2 MD1 Host Bus Interface
0 0 0 SH-3 bus interface
0 0 1 MC68K bus 1 interface (e.g. MC68000)
0 1 0 MC68K bus 2 interface (e.g. MC68030)
0 1 1 Generic bus interface (e.g. MPC821, ISA bus interface)
1 X X Reserved

[ ] = configuration for MPC821 interface.

SED1354
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4.4 Register/Memory Mapping

The SED1354 is a memory mapped device. The DRAM on the MPC821 ADS board
extends from address Oh through 3F FFFFh, so the SED1354 must be addressed starting at
40 0000h. A total of 4M bytes of address space is used, where the lower 2M bytes

(from 40 0000h through 5F FFFFh) is reserved for the SED1354 on-chip registers and the
upper 2M bytes (from 60 0000h through 7F FFFFh) is used for the SED1354 display buffer.

4.5 MPC821 Chip Select Configuration
Chip select 4 is used to control the SED1354. The following options are selected in the base
address register (BR4):
» BA[0:16] = 0000 0000 0100 0000 0 — set starting address of SED1354 to 40 0000h.
AT[0:2] = 0 — ignore address type bits.

PS[0:1] = 1:0 — memory port size is 16-bit.

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; SED1354
consumes 4M byte of address space.

« ATM[0:2] = 0 — ignore address type bits.

e CSNT = 0 — normal G8VE negation.

» ACSJ[0:1] = 1:1 — delay C&ssertion by % clock cycle from address lines.
* Bl = 1 — assert Burst Inhibit.

» SCYJ0:3]= 0 — wait state selection; this field is ignored since external transfer
acknowledge is used; see SETA below.

» SETA =1 —the SED1354 generates an external transfer acknowledge using the WAIT#
line.

e TRLX = 0 — normal timing.
« EHTR = 0 — normal timing.

Interfacing to the Motorola MPC821 Microprocessor SED1354
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4.6 Test Software

The test software used to exercise this interface is very simple. It carries out the following

functions:

1. Configures chip select 4 on the MPC821 to map the SED1354 to an unused 4M byte
block of address space.

2. Loads the appropriate values into the option register for CS4.

3. Enables the SED1354 host bus interface by writing the value 0 to REG[1Bh].

At that point the software runs in a tight loop which reads the SED1354 Revision Code
Register REG[00h]. This allows monitoring of the bus timing on a logic analyzer.

This source code for the following test routine 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 run on the ADS and a logic analyzer was used to verify operation
of the interface hardware.

4.6.1 Source Code

BR4 equ $120 ; CS4 base register
OR4 equ $124 ; CS4 option register
MemStart equ $40 ; upper word of SED1354 start address
DisableReg equ $1b ; address of SED1354 Disable Register
RevCodeReg equ 0 ; address of Revision Code Register
Start mfspr r1,IMMR ; get base address of internal registers
andis. rl,rl, $ffff ; clear lower 16 bits to O
andis. r2,r0,0 ; Clear r2
oris r2,r2,MemsStart ; write base address
ori r2,r2,$0801 ; port size 16 bits; select GPCM; enable
stw r2,BR4(rl) ; write value to base register
andis. r2,r0,0 ; Clear r2
oris r2,r2,$ffco ; address mask — use upper 10 bits
ori r2,r2,$0708 ; normal CS negation; delay CS ¥ clock;
; inhibit burst
stw r2,0R4(rl) ; write to option register
andis. r1,r0,0 ; Clear rl
oris rl,rl,MemsStart ; point rl to start of SED1354 mem space
stb rl,DisableReg(rl) ; write O to disable register
Loop Ibz r0,RevCodeReg(rl) ; read revision code into rl
b Loop ; branch forever
end
SED1354 Interfacing to the Motorola MPC821 Microprocessor
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Note
MPC8BUG does not support comments or symbolic equates; these have been added for

clarity.

Note
It is important to note that when the MPC821 comes out of reset, its on-chip caches and

MMU are disabled. If the data cache is enabled, the MMU must be setup so the
SED1354 memory block is tagged as non-cacheable. This ensures that accesses to the
SED1354 will occur in proper order, and the MPC821 will not attempt to cache any data
read from or written to the SED1354 or its display buffer.

SED1354

Interfacing to the Motorola MPC821 Microprocessor
X19A-G-010-04

Issue Date: 99/03/10



Page 22

Epson Research and Development
Vancouver Design Center

5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the SED1354. Full
source code is available for both the test utilities and the drivers.

The test utilities are configurable for different panel types using a program called
1354CFG, 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 SED1354 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.

SED1354
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1 Introduction

This application note describes the hardware and software environment required to provide
an interface between the SED1354 Color Graphics LCD/CRT Controller and the PC Card
(PCMCIA) bus.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics America Website at http://www.eea.epson.com for the
latest revision of this document before beginning any development.

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

Interfacing to the PC Card Bus
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2 Interfacing to the PC Card Bus

2.1 The PC Card System Bus

PC Card technology has gained wide acceptance in the mobile computing field as well as
in other markets due to its portability and ruggedness. This section is an overview of the
operation of the 16-bit PC Card interface conforming to the PCMCIA 2.0/JEIDA 4.1
Standard (or later).

2.1.1 PC Card Overview

The 16-bit PC Card provides a 26-bit address bus and additional control lines which allow
access to three 64M byte address ranges. These ranges are used for common memory space,
IO space, and attribute memory space. Common memory may be accessed by a host 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. IO 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 is the most
significant. Therefore, signals A25 and D15 are the most significant bits for the address and
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 allows for asynchronous data transfers for memory, attribute, and 10
access 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 data transfer is initiated when the memory address is 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# is driven low, 8-bit data transfers are enabled and AO specifies
whether the even or odd data byte appears on data bus lines D[7:0]. If both CE1# and CE2#
are driven low, a 16-bit word transfer takes place. If only CE2# is driven low, an odd byte
transfer occurs on data lines D[15:8].

SED1354
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During a read cycle, OE# (output enable) is driven low. A write cycle is 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 complete the cycle.

The figure below illustrates a typical memory read cycle on the PC Card bus.
T T T

A[25:0]
REG# X

\
ADDRESS VALID

CE1#
CE2#

OE#

WAIT#

D[15:0] Hi-Z i

DATA VALID /

Transfer Start Transfer Complete

Figure 2-1: PC Card Read Cycle

The figure below illustrates a typical memory write cycle on the PC Card bus.

A[25:0]

REG# ADDRESS VALID

CE1#
CE2#

OE#

WE#

WAIT#

/

|

|

Hi-Z ‘
DATA VALID

|

D[15:0] Hi-z

Transfer Start Transfer Complete

Figure 2-2: PC Card Write Cycle

Interfacing to the PC Card Bus SED1354
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3 SED1354 Host Bus Interface

The SED1354 implements a 16-bit Generic MPU host bus interface which is used to
interface to the PC Card bus. The Generic MPU host bus interface is the least processor-
specific interface mode supported by the SED1354 and was chosen to implement this
interface due to the simplicity of its timing.

The Generic MPU host bus interface is selected by the SED1354 on the rising edge of
RESET#. After releasing reset the bus interface signals assume their selected configuration.

Note

After reset, the Host Interface Disable bit in the Miscellaneous Disable Register
(REG[1Bh]) will be set to logic ‘1’, meaning that the SED1354 will not respond to any
host accesses until a write to REG[1Bh] clears this bit to 0. When debugging a new
hardware design, this can sometimes give the appearance that the interface is not
working, so it is important to remember to clear this bit before proceeding with debug-

ging.

3.1 Generic MPU Host Bus Interface Pin Mapping

The following table shows the functions of each host bus interface signal.

Table 3-1: Generic MPU Host Bus Interface Pin Mapping

Psir:zll\gliiset Generic MPU
ABJ[20:1] A[20:1]
ABO A0
DB[15:0] D[15:0]
WE1# WE1#
M/R# External Decode
CS# External Decode
BUSCLK BCLK
BS# Connect to 10 Vpp
RD/WR# RD1#

RD# RDO#
WEO# WEO#
WAIT# WAIT#

RESET# RESET#

SED1354
X19A-G-009-04

Interfacing to the PC Card Bus
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3.2 Generic MPU Host Bus Interface Signals

The Generic MPU host bus interface requires the following signals:

BUSCLK is a clock input which is required by the SED1354 host bus interface. It is
separate from the input clock (CLKI) and is typically driven by the host CPU system
clock.

The address inputs AB[20:0], and the data bus DB[15:0], connect directly to the CPU
address and data bus, respectively. The hardware engineer must ensure that MD4 selects
the proper endian mode upon reset.

M/R# (memory/register) may be considered an address line, allowing system address
A21 to be connected to the M/R# line.

Chip Select (CS#) must be driven low whenever the SED1354 is accessed by the host
CPU.

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 SED1354. These signals must
be generated by external hardware based on the control outputs from the host CPU.

RD# (RDO#) and RD/WR# (RD1#) are read enables for the low-order and high-order
bytes, respectively, to be driven low when the host CPU is reading data from the
SED1354. These signals must be generated by external hardware based on the control
outputs from the host CPU.

WAIT# is a signal output from the SED1354 that indicates the host CPU must wait until
data is ready (read cycle) or accepted (write cycle) on the host bus. Since host CPU
accesses to the SED1354 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the SED1354 internal registers and/or display
buffer. The WAIT# line resolves these contentions by forcing the host to wait until the
resource arbitration is complete.

The Bus Start (BS#) signal is not used for the Generic MPU host bus interface and
should be tied low (connected to GND).

Interfacing to the PC Card Bus

Issue Date: 99/03/10
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4 PC Card to SED1354 Interface

4.1 Hardware Description

The SED1354 is interfaced to the PC Card bus with a minimal amount of glue logic. A PAL
is used to decode the read and write signals of the PC Card bus which generate RD#,
RD/WR#, WEO#, WE1#, and CS# for the SED1354. The PAL also inverts the reset signal
of the PC card since it is active high and the SED1354 uses an active low reset. PAL
equations for this implementation are listed in Section 4.3,“PAL Equations” on page 14.

In this implementation, the address inputs (AB[20:0]) and data bus (DB[15:0] connect
directly to the CPU address (A[20:0]) and data bus (D[15:0]). M/R# is treated as an address
line so that it can be controlled using system address A21. BS# (bus start) is not used and
should be tied low (connected to GND).

The PC Card interface does not provide a bus clock, so one must be supplied for the
SED1354. Since the bus clock frequency is not critical, nor does it have to be synchronous
to the bus signals, it may be the same as CLKI.

The following diagram shows a typical implementation of the PC Card to SED1354
interface.

> RD#
OE# > » RD/WR¥#
WE#
CE1# » WEO#
CE2# > WE1#
REG# > CS#
RESET
> RESET#
A21
> M/R#
A[21:0] » AB[20:0]
D[15:0] > DB[15:0]
15K pull-up
WAIT# . WAIT#
» BUSCLK
Oscillator CLKI
Note:
When connecting the SED1354 RESET# pin, the system designer should be aware of all
conditions that may reset the SED1354 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of PC Card to SED1354 Interface

Note

For pin mapping see Table 3-1: “Generic MPU Host Bus Interface Pin Mapping”.

SED1354
X19A-G-009-04
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4.2 SED1354 Hardware Configuration

The SED1354 uses MD15 through MDO to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. For details on configuration, refer to the
SED1354 Hardware Functional Specificatjia@tocument number X19A-A-002-xx.

The tables below show only those configuration settings important to the PC Card interface.

Table 4-1: Summary of Power-On/Reset Options

SED1354 value on this pin at rising edge of RESET# is used to configure: (2/0)
Pin Name 1 0
MDO 8-bit host bus interface 16-bit host bus interface
MD1
MD2 For host bus interface selection see Table 4-2: “Host Bus Interface Selection”
MD3
MD4 Little Endian Big Endian
MD5 WAIT# is active high (1 = insert wait state) WAIT# is active low (0 = insert wait state)

:I = configuration for PC Card interface

Table 4-2: Host Bus Interface Selection

MD3 MD2 MD1 Host Bus Interface
0 0 0 SH-3
0 0 1 MC68K Bus 1 (e.g. MC68000)
0 1 0 MC68K Bus 2 (e.g. MC68030)
0 1 1 Generic MPU
1 X X Reserved
= configuration for PC Card interface
Interfacing to the PC Card Bus SED1354
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4.3 PAL Equations

The PAL equations used for the implementation presented in this document are as follows.
Note that PALASM syntax uses positive logic. Active low pins are inverted in the pin

declaration section.
CHIP PCCAPP PAL16L8

PIN 1 /oe  COMBINATORIAL ; bus read enable

PIN 2 /we  COMBINATORIAL ; bus write enable

PIN 3 /cel COMBINATORIAL ; bus low byte enable

PIN 4 /ce2 COMBINATORIAL ; bus high byte enable
PIN 5 /pcreg COMBINATORIAL ; bus CIS cycle enable
PIN 6 breset COMBINATORIAL ; bus reset (active high)
PIN 12 /we0 COMBINATORIAL ; SED1354 low byte write
PIN 13 /wel COMBINATORIAL ; SED1354 high byte write
PIN 14 /lcs COMBINATORIAL ; SED1354 chip select
PIN 15 /rd0 COMBINATORIAL ; SED1354 low byte read
PIN 16 /rdl COMBINATORIAL ; SED1354 high byte read
PIN 17 /reset COMBINATORIAL ; SED1354 reset

PIN 10 gnd ; supply

PIN 20 vce ; supply

EQUATIONS

rd0 = oe * cel * /pcreg
rd1l = oe * ce2 * /pcreg
we0 = we * cel * /pcreg
wel = we * ce2 * /pcreg

; Ipcreg means disable in attribute mode

; Ipcreg means disable in attribute mode
; Ipcreg means disable in attribute mode
; Ipcreg means disable in attribute mode

cs =rd0 + rd1 + weO + wel

reset = breset

; inversion appears in pin declaration section

4.4 Register/Memory Mapping

The SED1354 is a memory mapped device. The internal registers are mapped in the lower
PC Card memory address space starting at zero. The display buffer requires 2M bytes and
is mapped in the third and fourth megabytes of the PC Card memory address space (ranging
from 200000h to 3fffffh).

The PC Card socket provides 64M bytes of address space. Without further resolution on
the decoding logic (M/R# connected to A21), the entire register set is aliased for every 64
byte boundary within the specified address range above. Since address bits A[25:22] are
ignored, the SED1355 registers and display buffer are aliased 16 times.

Note
If aliasing is not desirable, the upper addresses must be fully decoded.

SED1354

X19A-G-009-04
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the SED1354. Full
source code is available for both the test utilities and the drivers.

The test utilities are configurable for different panel types using a program called
1354CFG, 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 SED1354 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.eea.epson.com.

Interfacing to the PC Card Bus SED1354
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7 Technical Support

7.1 EPSON LCD/CRT Controllers (SED1354)

JaPa” . North America

Seiko EPSO” Qorporatlon . . Epson Electronics America, Inc.
Electronl_c Dev!ces M_arketlng Division 150 River Oaks Parkway
421-8, Hino, Hino-shi San Jose, CA 95134, USA
Tokyo 191-8501, Japan Tel: (408) 922-0200

Tel: 042-587-5812 Fax: (408) 922-0238

Fax: 042-587-5564

) http://lwww.eea.epson.com
http://www.epson.co.jp

Hong Kong Europe

Epson Hong Kong Ltd. Epson Europe Electronics GmbH
20/F., Harbour Centre Riesstrasse 15

25 Harbour Road 80992 Munich, Germany
Wanchai, Hong Kong Tel: 089-14005-0

Tel: 2585-4600 Fax: 089-14005-110

Fax: 2827-4346

7.2 PC Card Standard

PCMCIA
(Personal Computer Memory Card International Association)

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

Singapore

Epson Singapore Pte., Ltd.
No. 1

Temasek Avenue #36-00
Millenia Tower

Singapore, 039192

Tel: 337-7911

Fax: 334-2716
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1 Introduction

This application note describes the hardware and software environment required to provide
an interface between the SED1354 Color Graphics LCD/CRT Controller and the Toshiba
TX3912 processor.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics America Website at http://www.eea.epson.com for the
latest revision of this document before beginning any development.

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

Interfacing to the Toshiba MIPS TX3912 Processor SED1354
Issue Date: 99/03/10 X19A-G-012-03
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2 Interfacing to the TX3912

The Toshiba MIPS TX 3912 processor supports up to two PC Card (PCMCIA) dots. Itis
through this host bus interface that the SED1354 connects to the TX3912 processor.
The SED1354 can be successfully interfaced using one of three configurations:

 Direct connection to TX3912 (see Sectiorildirect Connection to the Toshiba
TX3912" on page 11).

» System design using one ITE8368E PC Card/GPIO buffer chip (see Sectithiasdt,
ware Description—Using One IT8368BHh page 14).

» System design using two ITE8368E PC Card/GPIO buffer chips (see Section 5.2,
“Hardware Description—Using Two IT8368E’sih page 16).

SED1354 Interfacing to the Toshiba MIPS TX3912 Processor
X19A-G-012-03 Issue Date: 99/03/10
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3 SED1354 Host Bus Interface

The SED1354 implements a 16-bit Generic MPU host bus interface which is used to
interfaceto the ToshibaTX3912 processor. The Generic MPU host businterfaceistheleast

processor-specific interface mode supported by the SED1354 and was chosen to implement
thisinterface due to the simplicity of itstiming.

The Generic MPU host bus interface is selected by the SED1354 on the rising edge of
RESET#. After releasing reset the businterface signals assumetheir selected configuration.

Note
After reset, the Host Interface Disable bit in the Miscellaneous Disable Register
(REG[1Bh]) will be set to logic ‘1’, meaning that the SED1354 will not respond to any
host accesses until a write to REG[1Bh] clears this bit to 0. When debugging a new
hardware design, this can sometimes give the appearance that the interface is not work-
ing, so it is important to remember to clear this bit before proceeding with debugging.

3.1 Generic MPU Host Bus Interface Pin Mapping
The following table shows the functions of each host bus interface signal.

Table 3-1. Generic MPU Host Bus Interface Pin Mapping

P?:E\)lfli?:ss Generic MPU
AB[20:1] A[20:1]

ABO AO
DBJ[15:0] D[15:0]
WE1# WE1#

M/R# External Decode

CS# External Decode

BUSCLK BCLK
BS# Connectto 10 Vpp
RD/WR# RD1#

RD# RDO#
WEO# WEO#
WAIT# WAIT#

RESET# RESET#

Interfacing to the Toshiba MIPS TX3912 Processor

SED1354
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X19A-G-012-03



Page 10

Epson Research and Development
Vancouver Design Center

3.2 Generic MPU Host Bus Interface Signals

The interface requires the following signals:

BUSCLK is a clock input which is required by the SED1354 host bus interface. It is
separate from the input clock (CLKI) and is typically driven by the host CPU system
clock.

The address inputs AB[20:0], and the data bus DB[15:0], connect directly to the CPU
address and data bus, respectively. The hardware engineer must ensure that MD4 selects
the proper endian mode upon reset.

M/R# (memory/register) may be considered an address line, allowing system address
A21 to be connected to the M/R# line.

Chip Select (CS#) must be driven low whenever the SED1354 is accessed by the host
CPU.

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 SED1354. These signals must
be generated by external hardware based on the control outputs from the host CPU.

RD# (RDO#) and RD/WR# (RD1#) are read enables for the low-order and high-order
bytes, respectively, to be driven low when the host CPU is reading data from the
SED1354. These signals must be generated by external hardware based on the control
outputs from the host CPU.

WAIT# is a signal output from the SED1354 that indicates the host CPU must wait until
data is ready (read cycle) or accepted (write cycle) on the host bus. Since host CPU
accesses to the SED1354 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the SED1354 internal registers and/or display
buffer. The WAIT# line resolves these contentions by forcing the host to wait until the
resource arbitration is complete.

The Bus Start (BS#) signal is not used for the Generic MPU host bus interface and
should be tied low (connected to GND).

SED1354
X19A-G-012-03

Interfacing to the Toshiba MIPS TX3912 Processor
Issue Date: 99/03/10



Epson Research and Development Page 11
Vancouver Design Center

4 Direct Connection to the Toshiba TX3912

4.1 Hardware Description

The SED1354 is easily interfaced to the Toshiba TX3912 processor. In the direct
connection implementation, the SED 1354 occupies PC Card slot #1 of the TX3912.
Although the address bus of the TX3912 is multiplexed, it can be demultiplexed using an
advanced CMOSlatch (e.g., 74ACT373). Thedirect connection implementation makes use
of the Generic MPU host bus interface capability of the SED1354.

Thefollowing diagram demonstrates atypical implementation of the TX3912 to SED1354

interface.
SED1354
+3.3V
TX3912 T 110 Vpp, CORE Vpp
J- > RDO#
RD* .
— RD1#
WE*
CARDICSL* o > WEO#
CARDI1CSH* — O— WE1#
CS#
Latch A23 M/R#
ALE > System RESET —» RESET#
ABZO] A[20:13] AB[20:13]
» AB[12:0]
D[31:24] DB[7:0]
D[23:16] DB[15:8]
Vop 15K pull-up
T
CARDIWAIT* 3 WAIT#
§'77 ENDIAN See text » BUSCLK
DCLKOUT Clock divider ——>»  ...0r... Oscillator CLKI
Note:
When connecting the SED1354 RESET# pin, the system designer should be aware of all
conditions that may reset the SED1354 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of TX3912 to SED1354 Direct Connection

Note
For pin mapping see Table 3-1:, “Generic MPU Host Bus Interface Pin Mapping”.

Interfacing to the Toshiba MIPS TX3912 Processor SED1354
Issue Date: 99/03/10 X19A-G-012-03
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The host interface control signals of the SED1354 are asynchronous with respect to the
SED1354 bus clock. This gives the system designer full flexibility in choosing the
appropriate source (or sources) for CLKI and BUSCLK. Deciding whether both clocks
should be the same and whether to use DCLKOUT (divided) asthe clock source, should be
based on the desired:

* pixel and frame rates.
» power budget.
e part count.

» maximum SED1354 clock frequencies.

The SED1354 also has internal clock dividers providing additional flexibility.

4.2 Memory Mapping and Aliasing

The SED1354 requires an addressing space of 2M bytes for the display buffer and 64 bytes
for the registers. This is divided into two address ranges by connecting A23 (demultiplexed
from the TX3912) to the M/R# input of the SED1354. Using A23 makes this implemen-
tation software compatible with the two implementations that use the ITE IT8368E (see
Section 5,'System Design Using the IT8368E PC Card Buffam’page 14). All other

addresses are ignored.

The SED 1354 address ranges, as seen by the TX3912 on the PC Card slot 1 memory space,
areasfollows:

* 6400 0000h: SED1354 registers aliased 131,072 times at 64 byte intervals over 8M
bytes.

» 6480 0000h: SED1354 display buffer aliased 4 times at 2M byte intervals over 8M
bytes.

» 6500 0000h: SED1354 registers and display buffer, aliased another 3 times over 48M
bytes.

Since the TX3912 control signal CARDREG* is ignored, the SED1354 takes up the entire
PC Card slot 1 configuration space. The address range is software compatible with both ITE
IT8368E implementations.

» 0900 0000h: SED1354 registers aliased 131,072 times at 64 byte intervals over 8M
bytes.

» 0980 0000h: SED1354 display buffer aliased 4 times at 2M byte intervals over 8M
bytes.

Note
If aliasing is undesirable, additional decoding circuitry must be added.

SED1354 Interfacing to the Toshiba MIPS TX3912 Processor
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4.3 SED1354 Hardware Configuration

The SED1354 latches MD15 through M DO to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. For details on configuration, refer to the
SED 1354 Hardware Specification, document number X 19A-A-002-xX.

The partial table below shows those configuration settings relevant to the direct connection
implementation.

Table 4-1. SED1354 Configuration for Direct Connection

SED1354 value on this pin at rising edge of RESET# is used to configure:(1/0)
Pin Name 1 0

MDO 8-bit host bus interface 16-bit host bus interface

MD1

MD2 See “Host Bus Selection” table below See “Host Bus Selection” table below

MD3

MD4 Little Endian Big Endian

MD5 WAIT# signal is active high WAIT# signal is active low

|:|: required configuration for direct connection with TX3912

Table 4-2: SED1354 Host Bus Selection for Direct Connection

MD3 MD2 MD1 Host Bus Interface
0 0 0 SH-3 bus interface
0 0 1 MC68K bus 1 interface (e.g. MC68000)
0 1 0 MC68K bus 2 interface (e.g. MC68030)
0 1 1 Generic bus interface (e.g. MCF5307, ISA bus interface)
1 X X Reserved

[ ] =required configuration for direct connection with TX3912

Interfacing to the Toshiba MIPS TX3912 Processor SED1354
Issue Date: 99/03/10 X19A-G-012-03
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5 System Design Using the IT8368E PC Card Buffer

If the system designer uses an ITE IT8368E PC Card and multiple-function 10 buffer, the
SED 1354 can be interfaced with the TX 3912 without using a PC Card dot. Instead, the
SED1354 is mapped to ararely-used 16M byte portion of the PC Card slot buffered by the
IT8368E. This makesthe SED1354 virtually transparent to PC Card devices that use the
same dlot.

5.1 Hardware Description—Using One IT8368E

Thel TE IT8368E has been specifically designed to support EPSON CRT/LCD controllers.
The IT8368E provides eleven Multi-Function IO pins (MFIO). Configuration registers can
be used to allow these MFIO pinsto provide the control signals required to implement the
SED1354 CPU interface.

The Toshiba TX3912 processor only provides addresses A[12:0], therefore devices that

occupy more address space must use an external device to latch A[25:13]. The IT8368E’s
MFIO pins can be configured to provide this latched address. However, when using the
SED1354, five MFIO pins are utilized for SED1354 control signals and cannot provide
latched addresses. In this case, an external latch must be used to provide the high-order
address bits. For a solution that does not require a latch, refer to Section 5.2, ‘Hardware
Description—Using Two IT8368E’s".

SED1354
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SED1354
TX3912 +3.3V
ja— [0} VDDY CORE VD[

A[12:0] »| AB[12:0]
ENDIAN j

—*| Latch »| AB[20:13]

ALE >

D[31:24] » DBJ[7:0]
D[23:16] » DB[15:8]

System RESET —»|RESET#

Vop
pull-up
CARDXWAIT* |4 _1 WAIT#
DCLKOUT A23 »| M/R#
See text
—»| CLKI
IT8368E Clock divider ————»  ...OT...
Oscillator » BUSCLK
LHA23/MFIO10 » WE1#
LHA22/MFIO9 »| WEO#
LHA21/MFIO8 »| RD1#
LHA20/MFIO7 » RDO#
-
LHA19/MFIO6 Chip Select » CS#

Notes: The Chip Select Logic shown above is necessary to guarantee timing parameter t1
of the Generic MPU Interface Asynchronous Timing (for details refer to the SED1354 Hardware
Functional Specification, document number X19A-A-002-xx).

When connecting the SED1354 RESET# pin, the system designer should be aware of all conditions
that amy reset the SED1354 (e.g. CPU reset can be asserted during wake-up from power-down modes,
or during debug states).

Figure 5-1: SED1354 to TX3912 Connection using One | TB368E

Note
For pin mapping see Table 3-1:, “Generic MPU Host Bus Interface Pin Mapping”.

Interfacing to the Toshiba MIPS TX3912 Processor SED1354
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The Generic MPU host interface control signals of the SED1354 are asynchronous with
respect to the SED1354 bus clock. This gives the system designer full flexibility in
choosing the appropriate source (or sources) for CLKI and BUSCLK. Deciding whether
both clocks should be the same and whether to use DCLKOUT (divided) as the clock
source, should be based on the desired:

* pixel and frame rates.
» power budget.
e part count.

» maximum SED1354 clock frequencies.

The SED1354 also has internal clock dividers providing additional flexibility.

5.2 Hardware Description—Using Two IT8368E’s

The following implementation uses a second 1 T8368E, not in VGA mode, in place of an
address latch. The pins LHA23 and LHA[20:13] provide the latch function instead.

SED1354
X19A-G-012-03
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TX3912 SED1354
A[12:0] AB[12:0]
ENDIAN w
AB[20:13]
D[31:24] DB[7:0]
D[23:16] DB[15:8]
System RESET —» RESET#
Voo pull-up
= —
CARDXWAIT* ¢ P WAIT#
DCLKOUT LHA23 M/R#
» Clock divider >
IT8368E 0.
Oscillator BUSCLK
LHA[20:13], Seetext —— ciki
LHA23
+3.3V
T 110 Vpp, CORE Vp
IT8368E
LHA23/MFIO10 WE1#
LHA22/MFIO9 WEO#
LHA21/MFIO8 RD1#
LHA20/MFIO7 RDO#
rrryrVr - - —— — —— — — 1
LHA19/MFIO6 ) Cs#
\ Chip Select \
\ Logic \
\ \
; ) >
Lo - - - - - _ _ _ __ _
Notes: The Chip Select Logic shown above is necessary to guarantee the timing parameter t1
of the Generic MPU Host Bus Interface Asynchronous Timing (for details refer to the SED1354 Hardware
Functional Specification, document number X19A-A-002-xx).
When connecting the SED1354 RESET# pin, the system designer should be aware of all conditions
that amy reset the SED1354 (e.g. CPU reset can be asserted during wake-up from power-down modes,
or during debug states).

Figure 5-2: SED1354 to TX3912 Connection using Two | T8368E

Note
For pin mapping see Table 3-1:, “Generic MPU Host Bus Interface Pin Mapping”.

Interfacing to the Toshiba MIPS TX3912 Processor SED1354
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The Generic MPU host interface control signals of the SED1354 are asynchronous with
respect to the SED1354 bus clock. This gives the system designer full flexibility in
choosing the appropriate source (or sources) for CLKI and BUSCLK. Deciding whether
both clocks should be the same and whether to use DCLKOUT (divided) as the clock
source, should be based on the desired:

* pixel and frame rates.
» power budget.
e part count.

» maximum SED1354 clock frequencies.

The SED1354 also has internal clock dividers providing additional flexibility.

5.3 IT8368E Configuration

The IT8368E provides eleven multi-function 10 pins (MFIO). The IT8368E (or the firstin

a two-IT8368E implementation) must have both “Fix Attribute/IO” and “VGA” modes on.
When both these modes are enabled, the MFIO pins provide control signals needed by the
SED1354 host bus interface, and a 16M byte portion of the system PC Card attribute and
IO space is allocated to address the SED1354. When accessing the SED1354 the associated
card-side signals are disabled in order to avoid any conflicts.

Note
When a second IT8368E is used, it should not be set in VGA mode.

For mapping details, refer to Section 5.4, ‘Memory Mapping and Aliasing” For further
information on configuring the IT8368E, refer to ti8368E PC Card/GPIO Buffer Chip
Soecification.

SED1354
X19A-G-012-03
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5.4 Memory Mapping and Aliasing

When the TX 3912 accessesthe PC Card dotswithout the I TE I T8368E, its system memory
ismapped asin Table , *".

Note
Bits CARD1IOEN and CARD2IOEN need to be set in the TX3912 Memory
Configuration Register 3.

Table 5-1: TX3912 to Unbuffered PC Card Sots System Address Mapping

. Function Function
TX3912 Address Size (CARDNIOEN=0) (CARDNIOEN=1)
0800 0000h 64Mb Card 1 Attribute Card110
0CO00 0000h 64Mb Card 2 Attribute Card 210
6400 0000h 64Mb Card 1 Memory
6400 0000h 64Mb Card 2 Memory

When the TX3912 accesses the PC Card slots buffered through the ITE IT8368E, bits
CARD1IOEN and CARD2IOEN are ignored and the attribute/IO space of the TX3912 is
divided into Attribute, IO and SED1354 access. Table 5-2:, “TX3912 to PC Card Slots
Address Remapping using the IT8368E" provides all the details of the Attribute/IO address
re-allocation by the IT8368E.

Table 5-2: TX3912 to PC Card Sots Address Remapping using the IT8368E

IT8368E Uses PC Card Slot # TX3912 Address Size Function
0800 0000h 16M byte Card 110
SED1354 registers,
0900 0000h 8M byte ) ) )
aliased 131,072 times at 64 byte intervals
1 SED1354 display buffer,
0980 0000h 8M byte ) ] )
aliased 4 times at 2Mb intervals
0A00 0000h 32M byte Card 1 Attribute
6400 0000h 64M byte Card 1 Memory
0CO00 0000h 16M byte Card 210
SED1354 registers,
0DO00 0000h 8M byte ) ) )
aliased 131,072 times at 64 byte intervals
2 SED1354 display buffer,
0D80 0000h 8M byte ) ] )
aliased 4 times at 2Mb intervals
OE0O0 0000h 32M byte Card 2 Attribute
6800 0000h 64M byte Card 2 Memory
Interfacing to the Toshiba MIPS TX3912 Processor SED1354
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5.5 SED1354 Configuration

The SED1354 latches MDO through MD15 to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. For details on configuration, refer to the
SED1354 Hardware Specification, document number X 19A-A-002-xx.

The partia table below only shows those configuration settings relevant to the I T8368E
implementation.

Table 5-3; SED1354 Configuration using the IT8368E

SED1354 value on this pin at rising edge of RESET# is used to configure:(1/0)
Pin Name 1 0

MDO 8-bit host bus interface 16-bit host bus interface

MD1

MD2 See “Host Bus Selection” table below See “Host Bus Selection” table below

MD3

MD4 Little Endian Big Endian

MD5 WAIT# signal is active high WAIT# signal is active low

|:|: required configuration for connection using ITE IT8368E

Table 5-4: SED1354 Host Bus Selection using the | T8368E

MD3 MD2 MD1 Host Bus Interface

SH-3 bus interface

MC68K bus 1 interface (e.g. MC68000)

MC68K bus 2 interface (e.g. MC68030)

Generic bus interface (e.g. MCF5307, ISA bus interface)
X Reserved

[ ] =required configuration for connection using ITE IT8368E

| Ol O] O] ©
X| k|l | Ol O
| Ol k| O
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6 Software

Test utilities and Windows® CE v2.0 display drivers are available for the SED1354. Full
source code is available for both the test utilities and the drivers.

The test utilities are configurable for different panel types using a program called
1354CFG, 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 SED1354 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.eea.epson.com.

Interfacing to the Toshiba MIPS TX3912 Processor SED1354
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8 Technical Support

8.1 EPSON LCD/CRT Controllers (SED1354)

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

8.2 Toshiba MIPS TX3912 Processor

http://www.toshiba.com/taec/nonflash/indexproducts.htmi

8.3 ITE IT8368E

Integrated Technology Express, Inc.
Sales & Marketing Division

2710 Walsh Avenue

Santa Clara, CA 95051, USA

Tel: (408) 980-8168
Fax: (408) 980-9232
http://www.iteusa.com

Taiwan, R.O.C.

Epson Taiwan Technology

& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan, R.O.C.
Tel: 02-2717-7360

Fax: 02-2712-9164

Singapore

Epson Singapore Pte., Ltd.
No. 1

Temasek Avenue #36-00
Millenia Tower

Singapore, 039192

Tel: 337-7911

Fax: 334-2716
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