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1: INTRODUCTION

1 INTRODUCTION

1.1 Scope

Thisisthe Hardware Functional Specification for the S1D13505 Embedded RAMDAC LCD/CRT
Controller. Included in this document are timing diagrams, AC and DC characteristics, register
descriptions, and power management descriptions. This document is intended for two audiences:
Video Subsystem Designers and Software Devel opers.

1.2 Overview Description

The S1D13505 is a color/monochrome LCD/CRT graphics controller interfacing to a wide range of
CPUs and display devices. The S1D13505 architecture is designed to meet the low cost, low power
requirements of the embedded markets, such as M obile Communications, Hand-Held PCs, and
Office Automation.

The S1D13505 supports multiple CPUs, al LCD panel types, CRT, and additionally provides a
number of differentiating features. Products requiring a*“ Portrait” mode display can take advantage
of the Swivel View™ feature. Simultaneous, Virtual and Split Screen Display are just some of the
display modes supported, while the Hardware Cursor, Ink Layer, and the Memory Enhancement
Registers offer substantial performance benefits. These features, combined with the S1D13505's
Operating System independence, make it an ideal display solution for awide variety of applications.
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2: FEATURES

2

FEATURES

2.1 Memory Interface
¢ 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 256K x16 device.
- 2M bytes using one 1M x16 device.
» Performance Enhancement Register to tailor the memory control output timing for the DRAM
device.
2.2 CPU Interface
 Supports the following interfaces:
- 8/16-bit SH-4 bus interface.
- 8/16-bit SH-3 bus interface.
- 8/16-bit interface to 8/16/32-bit MC68000 microprocessors/microcontrollers.
- 8/16-bit interface to 8/16/32-bit MC68030 microprocessors/microcontrollers.
- Philips PR31500/PR31700 (MIPS).
- Toshiba TX3912 (MIPS).
- Philips PR31500/PR31700.
- 16-bit Power PC (MPC821) microprocessor.
- 16-bit Epson EOC33 microprocessor.
- PC Card (PCMCIA).
- StrongARM (PC Card).
- NEC VR41xx (MIPS).
- 1SA bus.
 Supports the following interface with external logic:
- GX486 microprocessor.
¢ One-stage write buffer for minimum wait-state CPU writes.
* Registers are memory-mapped — the M/R# pin selects between the display buffer and register
address space.
« The complete 2M byte display buffer address space is addressable as a single linear address space
through the 21-bit address bus.
2.3 Display Support
« 4/8-bit monochrome passive LCD interface.
* 4/8/16-bit color passive LCD interface.
¢ Single-panel, single-drive displays.
¢ Dual-panel, dua-drive displays.
« Direct support for 9/12-bit TFT/D-TFD; 18-bit TFT/D-TFD is supported up to 64K color depth
(16-bit data).
¢ Embedded RAMDAC (DAC)with direct analog CRT drive.
¢ Simultaneous display of CRT and passive or TFT/D-TFD panels.
1-2 EPSON S1D13505F00A HARDWARE FUNCTIONAL
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2: FEATURES

2.4 Display Modes

1/2/4/8/15/16 bit-per-pixel (bpp) support on LCD/CRT.
Up to 16 shades of gray using FRM on monochrome passive LCD panels.

Up to 4096 colors on passive LCD panels; three 256x4 Look-Up Tables (LUT) are used to map 1/
2/4/8 bpp modes into these colors, 15/16 bpp modes are mapped directly using the 4 most signifi-
cant bits of the red, green and blue colors.

Up to 64K colorson TFT/D-TFD LCD panels and CRT; three 256x4 L ook-Up Tables are used to
map 1/2/4/8 bpp modes into 4096 colors, 15/16 bpp modes are mapped directly.

2.5 Display Features

Swivel View™™: direct hardware 90° rotation of display image for “portrait” mode display.

Split Screen Display: alows two different images to be simultaneously viewed on the same dis-
play.

Virtual Display Support: displaysimages larger than the display size through the use of panning.
Double Buffering/multi-pages: provides smooth animation and instantaneous screen update.

Acceleration of screen updates by allocating full display memory bandwidth to CPU (see
REG[23h] hit 7).

Hardware 64x64 pixel 2-bit cursor or full screen 2-bit ink layer.

Simultaneous display of CRT and passive panel or TFT/D-TFD panel.

Normal mode for cases where LCD and CRT screen sizes are identical.

Line-doubling for simultaneous display of 240-line images on 240-line LCD and 480-line CRT.

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

2.6 Clock Source

Single clock input for both the pixel and memory clocks.

Memory clock can be input clock or (input clock/2), providing flexibility to use CPU bus clock as
input.

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

2.7 Miscellaneous

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

Three General Purpose |nput/Output pins, GPIO[3:1], are available if the upper Memory Address
pins are not required for asymmetric DRAM support.

Suspend power save mode can be initiated by either 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. Power-on polarity is selected by an MD
configuration pin.

Operating voltages from 2.7 volts to 5.5 volts are supported
128-pin QFP15 surface mount package
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3: TYPICAL SYSTEM IMPLEMENTATION DIAGRAMS

3 TypicaL SYSTEM |MPLEMENTATION DIAGRAMS
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Figure 3-1 Typical System Diagram (SH-4 Bus, 256Kx16 FPM/EDO-DRAM)
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Figure 3-2 Typical System Diagram (SH-3 Bus, 256Kx16 FPM/EDO-DRAM)
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Figure 3-3 Typical System Diagram (MC68K Bus 1, 16-Bit 68000, 256Kx16 FPM/EDO-DRAM)
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Figure 3-4 Typical System Diagram (MC68K Bus 2, 32-Bit 68030, 256Kx16 FPM/EDO-DRAM)
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Power Oscillator
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Figure 3-5 Typical System Diagram (Generic Bus, 1Mx16 FPM/EDO-DRAM)
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Figure 3-6 Typical System Diagram (NEC VrR41xx (MIPS) Bus, 1Mx16 FPM/EDO-DRAM)
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Figure 3-7 Typical System Diagram (Philips PR31500/PR31700 Bus, 1Mx16 FPM/EDO-DRAM)
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Figure 3-8 Typical System Diagram (Toshiba TX3912 Bus, 1Mx16 FPM/EDO-DRAM)
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Figure 3-9 Typical System Diagram (Power PC Bus, 256Kx16 FPM/EDO-DRAM)
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Figure 3-10 Typical System Diagram (PC Card (PCMCIA) Bus, 1Mx16 FPM/EDO-DRAM)
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4: INTERNAL DESCRIPTION

4 |NTERNAL DESCRIPTION

4.1 Block Diagram Showing Datapaths

16-bit FPM/EDO-DRAM
A

A 4

Memory
Register| Controller
A A
\ 4 \ 4 P N
«— Sl [ "|Leo » LCD
Host — Display_’ . IUF
CPU/MPU < FIFO P>
I/F Look-
< » Up
Tables » DAC » CRT
Cursor
— fFo [
Power Save CRTC
Clocks

Figure 4-1 System Block Diagram Showing Datapaths

4.2 Block Descriptions

Register
The Register block contains all the register latches.

Host I nterface

The Host Interface (1/F) block provides the means for the CPU/MPU to communicate with the dis-
play buffer and internal registers via one of the supported businterfaces.

CPU R/W

The CPU R/W block synchronizes the CPU requests for display buffer access. If SwivelView™ is
enabled, the dataiis rotated in this block.

Memory Controller

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

Display FIFO
The Display FIFO block fetches display data from the Memory Controller for display refresh.
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4: INTERNAL DESCRIPTION

Cursor FIFO
The Cursor FIFO block fetches Cursor/ink data from the Memory Controller for display refresh.

Look-Up Tables

The Look-Up Tables block contains three 256x4 L ook-Up Tables (LUT), one for each primary color.
In monochrome mode, only the green LUT is selected and used. This block contains anti-sparkle cir-
cuitry. The cursor/ink and display data are merged in this block.

CRTC

The CRTC generates the sync timing for the LCD and CRT, defining the vertical and horizontal dis-
play periods.

LCD Interface

The LCD Interface block performs Frame Rate Modulation (FRM) for passive LCD panels and gen-
erates the correct dataformat and timing control signals for various LCD and TFT/D-TFD panels.

DAC
The DAC isthe Digital to Analog converter for analog CRT support.

Power Save

The Power Save block contains the power save mode circuitry.

Clocks

The Clocks module is the source of all clocksin the chip.
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5 PINS

5.1 Pinout Diagram
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Figure 5-1 Pinout Diagram

128-pin QFP15 surface mount package
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5: PINS

5.2 Pin Description
Key:
| = Input
0] = Output
/0 = Bi-Directional (Input/Output)
A =Anaog
P =Power pin
C =CMOS levd input
CD =CMOS level input with pull down resistor (typical values of 100K Q/180KQ at 5V/3.3V
respectively)
CSs =CMOS level Schmitt input
COx  =CMOS output driver, x denotes driver type (see tables 6-3, 6-4, 6-5 for details)
TSx  =Tri-state CMOS output driver, x denotes driver type (see tables 6-3, 6-4, 6-5 for details)
TSXD = Tri-state CMOS output driver with pull down resistor (typical values of 100K Q/180KQ
at 5V/3.3V respectively), x denotes driver type (see tables 6-3, 6-4, 6-5 for details)
CNx  =CMOS low-noise output driver, x denotes driver type (see tables 6-3, 6-4, 6-5 for details)
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Host I nterface

Table 5-1 Host Interface Pin Descriptions

Pin Name |Type| Pin# Driver Rset:é# Description
« For SH-3/SH-4 Bus, this pin inputs system address bit 0 (A0).

« For MC68K Bus 1, this pin inputs the lower data strobe (LDS#).

¢ For MC68K Bus 2, this pin inputs system address bit 0 (A0).

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

« For MIPS/ISA Bus, this pin inputs system address bit O (SAQ).

« For Philips PR31500/31700 Bus, this pin inputs system address bit 0
(A0).

« For Toshiba TX3912 Bus, this pin inputs system address bit 0 (A0).

 For PowerPC Bus, this pin inputs system address hit 31 (A31).

« For PC Card (PCMCIA) Bus, this pin inputs system address bit 0 (A0).

See “Table 5-7 CPU Interface Pin Mapping” for summary. See the respec-

tive AC Timing diagram for detailed functionality.

« For PowerPC Bus, these pins input the system address bits 19 through
30 (A[19:30]).

119128, « For all other busses, these pins input the system address bits 12 through

1,2 1 (A[12:1]).

See “Table 5-7 CPU Interface Pin Mapping” for summary. See the respec-

tive AC Timing diagram for detailed functionality.

« For Philips PR31500/31700 Bus, these pins are connected to VVob.

« For Toshiba TX3912 Bus, these pins are connected to Vop.

 For PowerPC Bus, these pins input the system address bits 15 through
18 (A[15:18]).

« For al other busses, these pinsinput the system address bits 16 through
13 (A[16:13]).

See “Table 5-7 CPU Interface Pin Mapping” for summary. See the respec-

tive AC Timing diagram for detailed functionality.

« For Philips PR31500/31700 Bus, this pin inputs the I/O write command
(/CARDIOWR).

* For Toshiba TX3912 Bus, this pin inputs the I/O write command (CAR-
DIOWRY).

« For PowerPC Bus, this pin inputs the system address bit 14 (A14).

« For al other busses, this pin inputs the system address bit 17 (A17).

See “Table 5-7 CPU Interface Pin Mapping” for summary. See the respec-

tive AC Timing diagram for detailed functionality.

« For Philips PR31500/31700 Bus, this pin inputsthe I/O read command (/
CARDIORD).

« For Toshiba TX3912 Bus, this pin inputs the I/O read command (CAR-
DIORD*).

 For PowerPC Bus, this pin inputs the system address bit 13 (A13).

« For all other busses, this pin inputs the system address bit 18 (A18).

See “Table 5-7 CPU Interface Pin Mapping” for summary. See the respec-

tive AC Timing diagram for detailed functionality.

« For Philips PR31500/31700 Bus, this pin inputs the card control register
access (/CARDREG).

« For Toshiba TX3912 Bus, this pin inputs the card control register (CAR-
DREG*).

« For PowerPC Bus, this pin inputs the system address bit 12 (A12).

« For al other busses, this pin inputs the system address bit 19 (A19).

See “Table 5-7 CPU Interface Pin Mapping” for summary. See the respec-

tive AC Timing diagram for detailed functionality.

ABO | 3 CS Hi-z

AB[12:1] [

AB[16:13] | 115-118 C Hi-Z

AB17# | 114 C Hi-Z

AB18 | 113 C Hi-Z

AB19 | 112 C Hi-Z

S1D13505F00A HARDWARE FUNCTIONAL EPSON 1-13
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5: PINS

Table 5-1 Host Interface Pin Descriptions

Pin Name

Type

Pin #

Driver

Reset#
State

Description

AB20

111

Hi-Z

 For the MIPS/ISA Bus, this pin inputs system address bit 20. Note that
for the |SA Bus, the unlatched LA20 must first be latched before input to
AB20.

« For Philips PR31500/31700 Bus, this pin inputs the address latch enable
(ALE).

« For Toshiba TX3912 Bus, this pin inputs the address latch enable (ALE).

« For PowerPC Bus, this pin inputs the system address bit 11 (A11).

« For al other busses, this pin inputs the system address bit 20 (A20).

See “Table 5-7 CPU Interface Pin Mapping” for summary. See the respec-

tive AC Timing diagram for detailed functionality.

DB[15:0]

16-31

CITS2

Hi-Z

These pins are the system data bus. For 8-bit bus modes, unused data pins

should betied to Vop.

 For SH-3/SH-4 Bus, 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-hit
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].

« For MIPS/ISA Bus, these pins are connected to SD[15:0].

« For Philips PR31500/31700 Bus, these pins are connected to D[31:16].

« For Toshiba TX3912 Bus, pins[15:8] are connected to D[23:16] and
pins[7:0] are connected to D[31:24].

« For PowerPC Bus, these pins are connected to D[0:15].

« For PC Card (PCMCIA) Bus, these pins are connected to D[15:0].

See “Table 5-7 CPU Interface Pin Mapping” for summary. See the respec-

tive AC Timing diagram for detailed functionality.

WE1L#

CITS2

Hi-Z

Thisisamulti-purpose pin:

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

« For MC68K Bus 1, this pin inputs the upper data strobe (UDSH).

« 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#).

« For MIPS/ISA Bus, this pin inputs the system byte high enable signal
(SBHE#).

« For Philips PR31500/31700 Bus, this pin inputs the odd byte access
enable signal (/CARDXCSH).

« For Toshiba TX3912 Bus, this pin inputs the odd byte access enable sig-
nal (CARDXCSH*).

« For PowerPC Bus, this pin outputs the burst inhibit signal (BI#).

« For PC Card (PCMCIA) Bus, this pin inputs the card enable 2 signal
(-CE2).

See “Table 5-7 CPU Interface Pin Mapping” for summary. See the respec-

tive AC Timing diagram for detailed functionality.

M/R#

Hi-Z

« For Philips PR31500/31700 Bus, this pin is connected to Vbp.

« For Toshiba TX3912 Bus, this pin is connected to V.

« For all busses, thisinput pinis used to select between the display buffer
and register address spaces of the S1D13505. M/R# is set high to access
the display buffer and low to access the registers. See Register Mapping.

See “Table 5-7 CPU Interface Pin Mapping” on page 1-20.

CSH#

Hi-Z

« For Philips PR31500/31700 Bus, this pin is connected to Vbp.

« For Toshiba TX3912 Bus, this pin is connected to V.

« For all busses, thisisthe Chip Select input.

See “Table 5-7 CPU Interface Pin Mapping” on page 1-20. See the respec-
tive AC Timing diagram for detailed functionality.

1-14
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Table 5-1 Host Interface Pin Descriptions

Pin Name

Type

Pin #

Driver

Reset#
State

Description

BUSCLK

13

Hi-Z

This pin inputs the system bus clock. It is possible to apply a 2x clock and

divideit by 2 internally - see MD12 in Summary of Configuration

Options.

¢ For SH-3/SH-4 Bus, this pin is connected to CKIO.

« For MC68K Bus 1, this pin is connected to CLK.

« For MC68K Bus 2, this pin is connected to CLK.

 For Generic Bus, this pin is connected to BCLK.

« For MIPS/ISA Bus, thispinis connected to CLK.

« For Philips PR31500/31700 Bus, this pin is connected to DCLKOUT.

 For Toshiba TX3912 Bus, this pin is connected to DCLKOUT.

« For PowerPC Bus, this pin is connected to CLKOUT.

« For PC Card (PCMCIA) Bus, this pin is connected to the input clock
(CLKI, pin 69).

See “Table 5-7 CPU Interface Pin Mapping” for summary. See the respec-

tive AC Timing diagram for detailed functionality.

BS#

CS

Hi-Z

Thisisamulti-purpose pin:

« For SH-3/SH-4 Bus, 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 is connected to Vpp.

« For MIPS/ISA Bus, this pin is connected to Vpp.

« For Philips PR31500/31700 Bus, this pin is connected to Vbp.

« For Toshiba TX3912 Bus, this pin is connected to Vpp.

« For PowerPC Bus, this pin inputs the Transfer Start signal (TS#).
« For PC Card (PCMCIA) Bus, this pin is connected to Vbb.

See “Table 5-7 CPU Interface Pin Mapping” for summary. See the respec-
tive AC Timing diagram for detailed functionality.

RD/WR#

10

CSs

Hi-Z

Thisisamulti-purpose pin:

 For SH-3/SH-4 Bus, this pin inputsthe read write signal (RD/WR#). The
S1D13505 needs this signal for early decode of the bus cycle.

» For MC68K Bus 1, this pin inputs the read write signal (R/W#).

« For MC68K Bus 2, this pin inputs the read write signal (R/W#).

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

« For MIPS/ISA Bus, this pin is connected to Vbb.

« For Philips PR31500/31700 Bus, this pin inputs the even byte access
enable signal (/CARDXCSL).

« For Toshiba TX 3912 Bus, this pin inputs the even byte access enable sig-
nal (CARDXCSL*).

« For PowerPC Bus, this pin inputs the read write signal (RD/WR#).

« For PC Card (PCMCIA) Bus, this pin inputs the card enable 1 signal
(-CEY).

See “Table 5-7 CPU Interface Pin Mapping” for summary. See the respec-

tive AC Timing diagram for detailed functionality.

RD#

CSs

Hi-Z

Thisisamulti-purpose pin:

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

« For MC68K Bus 1, this pin is connected to VbD.

« 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#).

« For MIPS/ISA Bus, this pin inputs the memory read signal (MEMR#).

« For Philips PR31500/31700 Bus, this pin inputs the memory read com-
mand (/RD).

« For Toshiba TX3912 Bus, this pin inputs the memory read command
(RD*).

« For PowerPC Bus, this pin inputs the transfer size O signal (TSIZ0).

« For PC Card (PCMCIA) Bus, this pin inputs the output enable signal (-OE).

See “Table 5-7 CPU Interface Pin Mapping” for summary. See the respec-

tive AC Timing diagram for detailed functionality.

S1D13505F00A HARDWARE FUNCTIONAL
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Table 5-1 Host Interface Pin Descriptions

Pin Name

Type

Pin #

Driver

Reset#
State

Description

WEGH#

CSs

Hi-Z

Thisisamulti-purpose pin:

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

* For MC68K Bus 1, this pin must be connected to Vbp

« 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 (WEO#).

« For MIPS/ISA Bus, this pin inputs the memory write signal (MEMW#).

« For Philips PR31500/31700 Bus, this pin inputs the memory write com-
mand (/WE).

« For Toshiba TX3912 Bus, this pin inputs the memory write command
(WE*).

« For PowerPC Bus, this pin inputs the Transfer Size 1 signal (TSIZ1).

« For PC Card (PCMCIA) Bus, this pin inputs the write enable signal (-WE).

See “Table 5-7 CPU Interface Pin Mapping” for summary. See the respec-

tive AC Timing diagram for detailed functionality.

WAIT#

15

TS2

Hi-Z

The active polarity of the WAIT# output is configurable; the state of MD5
on therising edge of RESET# defines the active polarity of WAIT# - see
“ Summary of Configuration Options” .

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

 For SH-4 Bus, this pin outputs the ready signal (RDY #); MD5 must be
pulled high during reset by an external pull-up 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 acknowl-
edge bit 1 (DSACK 1#); 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 high during reset by an external pull-up resistor.

« For MIPS/ISA Bus, this pin outputs the 10 channel ready signal
(IOCHRDY); MD5 must be pulled low during reset by the internal pull-
down resistor.

« For Philips PR31500/31700 Bus, this pin outputs the wait state signal
(/CARDXWAIT); MD5 must be pulled low during reset by the inter-
nal pull-down resistor.

« For Toshiba TX3912 Bus, this pin outputs the wait state signal (CARDXx-
WAIT*); MD5 must be pulled low during reset by theinternal pull-down
resistor.

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

 For PC Card (PCMCIA) Bus, this pin outputs the wait signa (-WAIT);
MDS5 must be pulled low during reset by the internal pull-down resistor.

See “Table 5-7 CPU Interface Pin Mapping” for summary. See the respec-

tive AC Timing diagram for detailed functionality.

RESET#

11

CSs

Activelow input that clears all internal registers and forces al outputs to
their inactive states. Note that active high RESET signals must be inverted
before input to this pin.

1-16
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Memory | nterface

Table 5-2 Memory Interface Pin Descriptions

Pin Name | Type Pin # Driver Rset:é# Description
« For dual-CAS# DRAM, thisis the column address strobe for the lower
byte (LCASH).

LCASH (@) 51 Cco1 1 « For single-CAS# DRAM, thisis the column address strobe (CASH).
See “Table 5-8 Memory Interface Pin Mapping” for summary. See Mem-
ory Interface Timing for detailed functionality.

Thisisamulti-purpose pin:
« For dual-CAS# DRAM, thisis the column address strobe for the upper
byte (UCASH).

UCASH (@) 52 Cco1 1 « For single-CAS# DRAM, thisisthe write enable signal for the upper

byte (UWEH#).
See “Table 5-8 Memory Interface Pin Mapping” for summary. See Mem-
ory Interface Timing for detailed functionality.
« For dual-CAS# DRAM, thisisthe write enable signal (WE#).
« For single-CAS# DRAM, thisisthe write enable signal for the lower
WE# o 53 Cco1 1 byte (LWEH#).
See “Table 5-8 Memory Interface Pin Mapping” for summary. See Mem-
ory Interface Timing for detailed functionality.
RASH o 54 co1 1 ;ﬂ\;\/l address strobe - see Memory Interface Timing for detailed function-
34 36 38 . Bi—l_DirectionaI memory data_ bus. _ N
40’ 42’ 44’ « During reset, these pins a_re inputs an_d their states at therising gdge qf
46Y 48' 49’ RESET# are used to configure the chip - see Summary of Configuration
MD[15:0] 10 47' 45’ 43’ CITS1D Hi-Z Options. Internal pull-down resistors (typical values of 100K Q/180KQ
41’ 39’ 37’ at 5V/3.3V respectively) pull the reset states to 0. External pull-up resis-
’ 35' ' tors can be used to pull the reset statesto 1.
See Memory Interface Timing for detailed functionality.
58, 60, 62, Multiplexed memory address - see Memory Interface Timing for function-
MA[8:0] O |64,66,67,| COl Output |ality.
65, 63, 61
Thisisamulti-purpose pin:
 For 2M byte DRAM, thisis memory address bit 9 (MA9).
« For asymmetrical 512K byte DRAM, thisis memory address bit 9
(MA9).
 For symmetrical 512K byte DRAM, this pin can be used as genera pur-
MA9 10 56 C/TS1L | Output pose 10 pin 3 (GPIO3).
Note that unless configured otherwise, this pin defaults to an input and
must be driven to avalid logic level.
See “Table 5-8 Memory Interface Pin Mapping” for summary. See Mem-
ory Interface Timing for detailed functionality.
Thisisamulti-purpose pin:
« For asymmetrical 2M byte DRAM thisis memory address bit 10
(MA10).
 For symmetrical 2M byte DRAM and all 512K byte DRAM this pin can

MA10 10 59 C/TS1 | Output be used as general purpose O pin 1 (GPIO1).

Note that unless configured otherwise, this pin defaults to an input and

must be driven to avalid logic level.

See “Table 5-8 Memory Interface Pin Mapping” for summary. See Mem-

ory Interface Timing for detailed functionality.

Thisisamulti-purpose pin:

* For asymmetrical 2M byte DRAM thisis memory address bit 11

(MA1Y).

 For symmetrical 2M byte DRAM and all 512K byte DRAM this pin can

MA11 10 57 C/TS1 | Output be used as general purpose IO pin 2 (GPI02).

Note that unless configured otherwise, this pin defaults to an input and
must be driven to avalid logic level.

See “Table 5-8 Memory Interface Pin Mapping” for summary. See Mem-
ory Interface Timing for detailed functionality.

S1D13505F00A HARDWARE FUNCTIONAL
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LCD Interface

Table 5-3 LCD Interface Pin Descriptions

Pin Name |[Type| Pin# Cell REZEET# Description
. 95-88, Panel data bus. Not al pins are used for some panels - see “ Table 5-9
FPDAT[15:0]| O 8679 CN3 Output LCD Interface Pin Mapping” for details. Unused pins are driven |ow.
FPFRAME | O 73 CN3 Output Frame pulse
FPLINE (@) 74 CN3 Output Line pulse
FPSHIFT O 77 CO3 Output Shift clock
Output LCD power control output. The active polarity of this output is
if MD[10]=0 |selected by the state of MD10 at the rising edge of RESET# - see“5.3
LCDPWR © » cot 1 Summary of Configuration Options’. This output is controlled by the
if MD[10]=1 |power save mode circuitry - see “15 Power Save Modes” for details.
Thisisamulti-purpose pin:
 For TFT/D-TFD panelsthisisthe display enable output (DRDY).
* For passive LCD with Format 1 interface thisis the 2nd Shift Clock
DRDY e} 76 CN3 Output (FPSHIFT2).
« For al other LCD panelsthisisthe LCD backplane bias signal
(MOD).
See“Table 5-9 LCD Interface Pin Mapping” and REG[02h] for details.
CRT Interface
Table 5-4 Clock Input Pin Description
Pin Name |Type Pin # Cell RE;EGT# Description
HRTC 10 107 CN3 Output Horizontal retrace signal for CRT
VRTC 10 108 CN3 Output Vertical retrace signal for CRT
RED O 100 A Analog output for CRT color Red
GREEN (@) 103 A Analog output for CRT color Green
BLUE (@) 105 A Analog output for CRT color Blue
IREF | 101 A Current reference for DAC - see Analog Pins. This pin must be left
unconnected if the DAC is not needed.
1-18 EPSON S1D13505F00A HARDWARE FUNCTIONAL

SPECIFICATION (X23A-A-001-12)



5: PINS

Miscellaneous

Table 5-5 Miscellaneous Interface Pin Descriptions
Pin Name |Type| Pin# Cell RESET# State Description
This pin can be used as a power-down input (SUSPEND#) or asan
output possibly used for controlling the LCD backlight power:
* When MD9 = 0 at rising edge of RESET#, thispin is an active-
Hi-Z if MD[9]=0 low Schmitt input used to put the S1D13505 into Hardware sus-

High pend mode - see “15 Power Save Modes’ for details.
SUSPEND#| 10 71 CSTS1| if MD[10:9]=01 |+ When MD[10:9] = O1 at rising edge of RESET#, thispinisan
Low output (GPO) with areset state of 1. Its state is controlled by

if MD[10:9]=11 REG[21h] bit 7.
* When MD[10:9] = 11 at rising edge of RESET#, thispinisan
output (GPO) with areset state of 0. Its state is controlled by

REG[21h] bit 7.
Input clock for the internal pixel clock (PCLK) and memory clock
CLKI 69 Cc (MCLK). PCLK and MCLK are derived from CLKI - see REG[19h]
for details.
TESTEN | 70 cD Hi-Z :E: Enable. This pin should be connected to Vss for normal opera-
12, 33, 55, VbD
Voo P |72,097,200] P
99, 102, DAC VDD
DACVDD P 104 P
14, 32, 50, Vss
Vss P | 68,78, 87, P
96, 110
DACVss P 98, 106 P DACVss
S1D13505F00A HARDWARE FUNCTIONAL EPSON 1-19
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5.3 Summary of Configuration Options

Table 5-6 Summary of Power On / Reset Options

Pin Name Value onlthls pin at rising edge of RESET# is used to conggure. (1/0)
MDO 8-bit host bus interface 16-bit host bus interface
MD[3:1] Select host bus interface:MD[11] = 0:
000 = SH-3/SH-4 bus interface
001 = MC68K Bus 1
010 = MC68K Bus 2
011 = Generic
100 = Reserved
101 = MIPS/ISA
110 = PowerPC
111 = PC Card (when MD11 = 1Philips PR31500/PR31700 or Toshiba TX3912 Bus)
MD4 Little Endian Big Endian
MD5 WAIT# is active high (1 = insert wait state) WAIT# is active low (0 = insert wait state)
MD[7:6] Memory Address/GPIO configuration:
00 = symmetrical 256K x16 DRAM. MA[8:0] = DRAM address. MA[11:9] = GPI02,1,3 pins.
01 = symmetrical IMx16 DRAM. MA[9:0] = DRAM address. MA[10:11] = GPIO2,1 pins.
10 = asymmetrical 256K x16 DRAM. MA[9:0] = DRAM address. MA[10:11] = GPIO2,1 pins.
11 = asymmetrical IMx16 DRAM. MA[11:0] = DRAM address.
MD8 Not used
MD9 SUSPEND# pin configured as GPO output SUSPEND# pin configured as SUSPEND# i nput
MD10 Active low LCDPWR and GPO polarities Active high LCDPWR and GPO polarities
MD11 Alternate Host Bus Interface Selected Primary Host Bus Interface Selected
MD12 BUSCLK input divided by 2 BUSCLK input not divided
MD[15:13] Not used

5.4 Multiple Function Pin Mapping

Table 5-7 CPU Interface Pin Mapping

Philips | roshiba
2ADISS0ST g3 | sHa | MOOBK | MCOBK | Generic |MIPS/ISA| PR31500 X015 | POWErPC (Eg,\%‘{g)
/PR31700

AB20 A20 A20 A20 A20 A20 |LachA20| ALE ALE All A20

AB19 A19 Al9 Al9 Al9 Al19 SA19 /CAR- CAR- Al2 A19
DREG | DREG*

AB18 A18 A18 A18 Al8 Al8 SA18 /CAR- CAR- Al13 A18
DIORD | DIORD*

AB17 Al7 Al7 Al7 Al7 Al7 SA17 /CAR- CAR- Ald Al7
DIOWR | DIOWR*

AB[16:13] | A[16:13] | A[16:13] | A[16:13] | A[16:13] | A[16:13] | SA[16:13]| VoD Vbop | A[15:18] | A[16:13]
AB[12:1] | A[12:1] | A[12:1] | A[121] | A[12:1] | A[12:1] | SA[12:1] | A[12:1] | A[12:1] | A[19:30] | A[12:1]
ABO A0 A0 LDS# A0 A0 SAO A0 A0 A3l A0
DB[15:8] | D[15:8] | D[15:8] | D[15:8] | D[31:24] | D[15:8] | SD[15:8] | D[31:24] | D[31:24] | D[0:7] | D[15:8]
DB[7:.0] | D[7:.0] D[7:0] D[7:0] | D[23:16] | D[7:0] | SD[7:0] | D[23:16] | D[23:16] | D[8:15] | D[7:0]
WE1# WEL# | WEL# UDS# DS# WE1# | SBHE# | /CARD | CARD BI# -CE2

XCSH XCSH*
M/R# External Decode VDD External Decode
Cs# External Decode VbD External Decode
BUSCLK | CKIO CKIO CLK CLK BCLK CLK DCLK- | DCLK- |CLKOUT| CLKI
ouT ouT

BS# BS# BS# ASH ASH VDD VDD VDD VDD TSH VDD

RD/WR# | RD/WR# | RD/IWR# | R/W# RIW# RD1# VDD ICARD | CARD | RD/WR#| -CE1
XCSL XCSL*

RD# RD# RD# VDD SIZ1 RDO# | MEMR# | /RD RD* TSIZ0 -OE
WEO# WEO# | WEO# VDD SIZ0 WEO# | MEMW# | /WE WE* TSIZ1 -WE
WAIT# | WAIT# RDY | DTACK# [DSACK1#| WAIT# | IOCHRD | /CARD x | CARD x TA# -WAIT

Y WAIT | WAIT*
RESET# | RESET# | RESET# | RESET# | RESET# | RESET# | inverted | RESET# | PON* | RESET# | inverted
RESET RESET
1-20 EPSON S1D13505F00A HARDWARE FUNCTIONAL
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Table 5-8 Memory Interface Pin Mapping

FPM/EDO-DRAM

$S1D13505
Pin Sym 256Kx16 Asym 256Kx16 Sym 1Mx16 Asym 1Mx16
Name 2-CAS# | 2-WE# 2-CAS# | 2-WE# 2-CAS# | 2-WE# 2-CAS# | 2-WE#
MD[15:0] D[15:0]
MA[8:0] A[8:0]
MA9 GPIO3 | A9 A9
MA10 GPIO1 A10
MA11 GPI02 All
UCASH UCASH UWE# UCASH UWE# UCASH UWE# UCASH UWE#
LCASH# LCASH# CASH LCASH# CASH LCASH# CASH LCASH# CASH#
WE# WE# LWE# WE# LWE# WE# LWE# WE# LWE#
RASH# RASH#

Notes: * All GPIO pins default to input on reset and unless programmed otherwise, should be connected to
either Vss or 10 Voo if not used.
* The bus signal A0 is not used by the S1D13505 internally.
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Table 5-9 LCD Interface Pin Mapping

Monochrome Passive .
Panel Color Passive Panel
S}D13505 : : Singie Singie : Color TFT/D-TFD Panel
Pin Name Single Dual | Single Format 1 | Format 2 Single Dual
4-bit | 8-bit | 8-bit | 4-bit 8-bit 8-bit | 16-bit | 8-bit | 16-bit [ 9-bit | 12-bit | 18-bit

FPFRAME FPFRAME

FPLINE FPLINE

FPSHIFT FPSHIFT

DRDY MOD FPSHIFT MOD DRDY
2

FPDATO |driven0| DO LDO |[driven0 DO DO DO LDO LDO R2 R3 R5
FPDAT1 |driven0| D1 LD1 (driven0 D1 D1 D1 LD1 LD1 R1 R2 R4
FPDAT2 |driven0| D2 LD2 |driven0 D2 D2 D2 LD2 LD2 RO R1 R3
FPDAT3 |driven0| D3 LD3 |driven0 D3 D3 D3 LD3 LD3 G2 G3 G5
FPDAT4 DO D4 uDO DO D4 D4 D4 UDO uDO Gl G2 G4
FPDAT5 D1 D5 uUD1 D1 D5 D5 D5 uUD1 uD1 GO Gl G3
FPDAT6 D2 D6 uD2 D2 D6 D6 D6 uD2 ubD2 B2 B3 B5
FPDAT7 D3 D7 uD3 D3 D7 D7 D7 uD3 uD3 B1 B2 B4
FPDATS8 |driven O|driven O|driven O|driven 0| drivenO | driven 0 D8 |driven0| LD4 BO B1 B3
FPDAT9 |driven 0| driven O|driven 0| drivenO| drivenO | drivenO D9 |driven0| LD5 |driven0O| RO R2
FPDAT10 |driven O|driven O|driven 0| driven Q| drivenO | driven0 | D10 |driven0| LD6 |drivenO|driven0 R1
FPDAT11 |driven O|driven O|driven O|driven 0| drivenO | driven0O | D11 |drivenO| LD7 |drivenO| GO G2
FPDAT12 | driven O|driven O |driven 0| drivenO| drivenO | driven0 | D12 |driven0| UD4 |drivenO|driven0 Gl
FPDAT13 | driven O |driven O |driven O| driven O| drivenO | driven0 | D13 |driven0| UD5 |drivenO|driven0 GO
FPDAT14 | driven O|driven O|driven O|driven 0| drivenO | driven0 | D14 |driven0O| UD6 |drivenO| BO B2
FPDAT15 | driven O|driven O |driven 0| drivenO| drivenO | driven0 | D15 |driven0| UD7 |drivenO|driven0 B1
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55 CRT Interface

The following figure shows the external circuitry for the CRT interface.

DAC Vpbp = 3.3V

1.5kQ
1%
4.6mA
IREF 4.6mA
2N2222
140Q 1kQ
1% 1%
DACVss DAC Vss
R
G } To CRT
B Py
150Q 150Q 150Q
1% 1% 1%
DAC Vss DACVss DAC Vss

DAC Vop = 2.7V to 5.5V

1uF

4.6mA

V+

R LM334

290
2900 1% 1N457
1%

DACVss DAC Vss

Figure 5-2 External Circuitry for CRT Interface
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6 D.C. CHARACTERISTICS

Table 6-1 Absolute Maximum Ratings

Symbol Parameter Rating Units
VDD Supply Voltage Vss-0.3t06.0 Y
DACVpD |Supply Voltage Vss-0.3t06.0 \%
VIN Input Voltage Vss-0.3toVop +0.5 \%
Vout Output Voltage Vss-0.3toVbp +0.5 \%
TstG Storage Temperature -65 to 150 °C
TsoL Solder Temperature/Time 260 for 10 sec. max at lead °C

Table 6-2 Recommended Operating Conditions

Symbol Parameter Condition Min. Typ. Max. Units
VDD Supply Voltage Vss=0V 2.7 3.0/3.3/5.0 55 \%
VIN Input Voltage Vss VDD \%
ToPrR Operating Temperature -40 25 85 °C

Table 6-3 Electrical Characteristics for Vbp = 5.0V Typical

Symbol Parameter Condition Min. Typ. Max. Units
IpDs Quiescent Current Quiescent Conditions 400 HA
liz Input Leakage Current -1 1 HA
loz Output Leakage Current -1 1 UA
VoH High Level Output Voltage VDD =min Vop - 0.4 \%

loL = -4mA (Typel),
-8mA (Type2),
-12mA (Type3)
VoL Low Level Output Voltage VDD =min 0.4 \%
loL = 4mA (Typel),
8mA (Type2),
12mA (Type3)
VIH High Level Input Voltage CMOS level, VDD = max 35 \%
ViL Low Level Input Voltage CMOS level, VDb = min 1.0 \
VT+ High Level Input Voltage CMOS Schmitt, Vop = 5.0V 4.0 \
VT- Low Level Input Voltage CMOS Schmitt, Vbb = 5.0V 0.8 \%
VH1 Hysteresis Voltage CMOS Schmitt, Vbp = 5.0V 0.3 \%
RPD Pull Down Resistance ViI=VbD 50 100 200 kQ
Ci Input Pin Capacitance 12 pF
Co Output Pin Capacitance 12 pF
Cio Bi-Directional Pin Capacitance 12 pF
Table 6-4 Electrical Characteristics for Vbp = 3.3V Typical

Symbol Parameter Condition Min. Typ. Max. Units
IDDs Quiescent Current Quiescent Conditions 290 LA
lz Input Leakage Current -1 1 UA
loz Output Leakage Current -1 1 HA
VoH High Level Output Voltage VDD =min VoD - 0.3 \%

loL = -2mA (Typel),
-4mA (Type2),
-6mA (Type3)
VoL Low Level Output Voltage VDD =min 0.3 \%
loL = 2mA (Typel),
4mA (Type2),
6mA (Type3)
VIH High Level Input Voltage CMOS level, VDD = max 2.2 \%
ViL Low Level Input Voltage CMOS level, VDD = min 0.8 \
VT+ High Level Input Voltage CMOS Schmitt, Vbp = 3.3V 2.4 \
VT- Low Level Input Voltage CMOS Schmitt, Vop = 3.3V 0.6 V
VH1 Hysteresis Voltage CMOS Schmitt, Vop = 3.3V 0.1 \
RPD Pull Down Resistance Vi=VbDD 90 180 360 kQ
Ci Input Pin Capacitance 12 pF
Co Output Pin Capacitance 12 pF
Cio Bi-Directional Pin Capacitance 12 pF
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Table 6-5 Electrical Characteristics for Vbp = 3.0V Typical

Symbol Parameter Condition Min. Typ. Max. Units
IDDS Quiescent Current Quiescent Conditions 260 HA
1z Input L eakage Current -1 1 HA
loz Output L eakage Current -1 1 UA
VOH High Level Output Voltage VDD = min VoD - 0.3 \%

loL = -1.8mA (Typel),
-3.5mA (Type2),
-5mA (Type3)
VoL Low Level Output Voltage VDD =min 0.3 \%
loL = 1.8mA (Typel),
3.5mA (Type2),
5mA (Type3)
VIH High Level Input Voltage CMOS level, VDD = max 2.0 \Y
ViL Low Level Input Voltage CMOS evel, VDD = min 0.8 \%
VT+ High Level Input Voltage CMOS Schmitt, Vbp = 3.0V 23 V
VT- Low Level Input Voltage CMOS Schmitt, Vb = 3.0V 0.5 \
VH1 Hysteresis Voltage CMOS Schmitt, Vop = 3.0V 0.1 V
RrD Pull Down Resistance Vi=VbD 100 200 400 kQ
Ci Input Pin Capacitance 12 pF
Co Output Pin Capacitance 12 pF
Cio Bi-Directional Pin Capacitance 12 pF
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7 A.C. CHARACTERISTICS

Conditions: Conditions; Vbp = 3.0V + 10% and VbD = 5.0V £ 10%
Ta =-40°C to 85°C
Trise and Trall for all inputs must be < 5 nsec (10% to 90%)
CL = 50pF (CPU Interface), unless noted
CL = 100pF (LCD Panel Interface)
CL = 10pF (Display Buffer Interface)
CL = 10pF (CRT Interface)

7.1 CPU Interface Timing

SH-4 I nterface Timing

1 2, t3
I = = AR
t4 t5
> >
A[20:0], M/R#
RD/WR#
t6 | t7
BS#
t8=< t12
CSn#
19 ) 1et0
WEn#
RD#
112
—> ‘<t—11 >
RDY# - [
y 113 114 R

D[15:0](write) 4CJ‘ .
N #'[15 116

D[15:0](read)

Figure 7-1 SH-4 Timing

Notes: « The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option is se-
lected.

» The SH-4 Wait State Control Register for the area in which the S1D13505 resides must be set to
a non-zero value. The SH-4 read-to-write cycle transition must be set to a non-zero value (with
reference to BUSCLK).
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Table 7-1 SH-4 Timing

Symbol Parameter - 3.0v - 5.0V Units
Min. Max. Min. Max.
t1 Clock period 15 15 ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
t4 A[20:0], M/R#, RD/WR# setup to CKI10 3 3 ns
t5 A[20:0], M/R#, RD/WR# hold from CS# 0 0 ns
t6 BS# setup 4 4 ns
t7 BS# hold 1 1 ns
t8 CSn# setup 4 4 ns
t9#2 Falling edge RD# to DB[15:0] driven 0 0 ns
t10 Rising edge CSn# to RDY # tri-state 5 25 25 10 ns
t11#1 Falling edge CSn# to RDY # driven 0 15 0 10 ns
t12 CKIO to WAIT# delay 4 20 3.6 12 ns
t13 DB[15:0] setup to 2nd CKIO after BS# (write cycle) 10 10 ns
t14 DBJ[15:0] hold (write cycle) 0 0 ns
t15 DBJ[15:0] valid to RDY # falling edge (read cycle) 0 0 ns
t16 Rising edge RD# to DB[15:0] tri-state (read cycle) 5 25 25 10 ns
a Two Software WAIT States Required
b One Software WAIT State Required
#1. If the S1ID13505 host interface is disabled, the timing for RDY # driven is relative to the falling edge of
CSn# or thefirst positive edge of CK10O after A[20:0], M/R# becomes valid, whichever oneis later.
#2. If the S1ID13505 host interface is disabled, the timing for D[15:0] driven isrelative to the falling edge of

RD# or the first positive edge of CKI10 after A[20:0], M/R# becomes valid, whichever oneis later.

S1D13505F00A HARDWARE FUNCTIONAL
SPECIFICATION (X23A-A-001-12)

EPSON

1-27



7: A.C. CHARACTERISTICS

SH-3 Interface Timing

t1 2, 13
OO~ —
CKIO L %/—L N N
14 5
A[20:0], M/R# ‘
RD/WR#
16, 17,
BS# J
L8, 112
CSn#
t9 [0
WEn#
RD#
t12
—> ’<t—ll « >
WAIT# | |
L 113 t14

D[15:0](write) 4CJ

D[15:0](read)

N Ft15 tl@l

Figure 7-2 SH-3 Timing
Notes: e The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option is se-
lected.

» The SH-3 Wait State Control Register for the area in which the S1D13505 resides must be set to
a non-zero value.
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Table 7-2 SH-3 Timing

3.0va 5.0VP .
Symbol Parameter i Vo i oK Units

1 Clock period 16.6 16.6 ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
t4 A[20:0], M/R#, RD/WR# setup to CKIO 3 3 ns
t5 A[20:0], M/R#, RD/WR# hold from CS# 0 0 ns
6 BSH# setup 4 4 ns
t7 BS# hold 1 1 ns
t8 CSn# setup 4 4 ns
t9#2 Falling edge RD# to DB[15:0] driven 0 0 ns
t10 Rising edge CSn# to WAIT# tri-state 5 25 2.5 10 ns
t11#1 Falling edge CSn# to WAIT# driven 0 15 0 10 ns
t12 CKI0O to WAIT# delay 4 20 3.6 12 ns
t13 DB[15:0] setup to 2nd CKIO after BS# (write cycle) 10 10 ns
t14 DB[15:0] hold (write cycle) 0 0 ns
t15 DBJ[15:0] valid to WAIT# rising edge (read cycle) 0 0 ns
116 Rising edge RD# to DB[15:0] tri-state (read cycle) 5 25 25 10 ns

a Two Software WAIT States Required
b One Software WAIT State Required

#1. If the S1ID13505 host interface is disabled, the timing for WAIT# driven is relative to the falling edge of

CSn# or the first positive edge of CKIO after A[20:0], M/R# becomes valid, whichever oneis later.

#2. |If the S1D13505 host interface is disabled, the timing for D[15:0] driven is relative to the falling edge of

RD# or the first positive edge of CKI10O after A[20:0], M/R# becomes valid, whichever oneis later.
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MC68K Bus 1 I nterface Timing (e.g. MC68000)

t4 o
Al20:1] — T

M/R#
Cs#

AS#H

UDS#
LDS#

t7 Mo
R/W#
(110 |
DTACK# —— | J/ﬁi

112 t13

D[15:0](write)

t14 t16
ﬂ‘ 115 >

D[15:0](read)

Figure 7-3 MC68000 Timing

Note: The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option
is selected.
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Table 7-3 MC68000 Timing

3.3V 5.0V .
Symbol Parameter Min Max. i, Max. Units
t1 Clock period 20 20 ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
t4 A[20:1], M/R# setup to first CLK where CS# = 0AS# = 0, and either 10 10 ns
UDS#=0o0r LDS#=0
t5 A[20:1], M/R# hold from AS# 0 0 ns
t6 CS# hold from ASH# 0 0 ns
t7 R/W# setup to before to either UDS#=0o0r LDS#=0 10 10 ns
t8 R/W# hold from AS# 0 0 ns
to#l AS# =0 and CS# = 0 to DTACK# driven high 0 0 ns
t10 AS# high to DTACK# high 3 18 3 12 ns
t11 First BCLK where AS# = 1 to DTACK# high impedance 25 10 ns
t12 D[15:0] vaid to third CLK where CS#=0AS# =0, and either UDS# = 10 10 ns
0 or LDS# = 0 (write cycle)
t13 D[15:0] hold from falling edge of DTACK# (write cycle) 0 0 ns
t14#2 Falling edge of UDS# = 0 or LDS# = 0 to DB driven (read cycle) 0 0 ns
t15 D[15:0] valid to DTACK# falling edge (read cycle) 0 0 ns
t16 UDS# and LDS# high to D[15:0] invalid/high impedance (read cycle) 5 25 25 10 ns
t17 AS# high setup to CLK 2 2 ns

#1. If the S1ID13505 host interface is disabled, the timing for DTACK# driven high is relative to the falling
edge of CS#, AS# or thefirst positive edge of CLK after A[20:1], M/R# becomes valid, whichever oneis
later.

#2. If the S1ID13505 host interface is disabled, the timing for D[15:0] driven isrelative to the falling edge of
UDSH#, LDSH# or thefirst positive edge of CLK after A[20:1], M/R# becomes valid, whichever oneislater.
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MC68K Bus 2 I nterface Timing (e.g. MC68030)

t1 t2 t3
CLK m A A N A N2 N G A N
t4

—> ‘«5
A[20:0]
SIZ[1:0] M/R#
6
CS#
t17
N
AS#
t11
DS#
T—L» - ‘«ta
R/W#

19 |10
DSACK1# I —

t12 t13

N A
S v

D[31:16](write)

IR fm ol | t15 t16
D[31:16](read)

Figure 7-4 MC68030 Timing

Note: The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option
is selected.
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Table 7-4 MC68030 Timing

3.3V 5.0V .
Symbol Parameter Min Max. i, Max. Units
t1 Clock period 20 20 ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
t4 A[20:1], M/R# setup to first CLK where CS# = 0AS# = 0, and either 10 10 ns
UDS#=0o0r LDS#=0
t5 A[20:1], M/R# hold from AS# 0 0 ns
t6 CS# hold from ASH# 0 0 ns
t7 R/W# setup to before to either UDS#=0o0r LDS#=0 10 10 ns
t8 R/W# hold from AS# 0 0 ns
to#l AS# =0 and CS# = 0 to DTACK# driven high 0 0 ns
t10 AS# high to DTACK# high 3 18 3 12 ns
t11 First BCLK where AS# = 1 to DTACK# high impedance 25 10 ns
t12 D[15:0] vaid to third CLK where CS#=0AS# =0, and either UDS# = 10 10 ns
0 or LDS# = 0 (write cycle)
t13 D[15:0] hold from falling edge of DTACK# (write cycle) 0 0 ns
t14#2 Falling edge of UDS# = 0 or LDS# = 0 to DB driven (read cycle) 0 0 ns
t15 D[15:0] valid to DTACK# falling edge (read cycle) 0 0 ns
t16 UDS# and LDS# high to D[15:0] invalid/high impedance (read cycle) 5 25 25 10 ns
t17 AS# high setup to CLK 2 2 ns

#1. If the S1D13505 host interface is disabled, the timing for DSACK 1# driven high isrelative to the falling
edge of CS#, AS# or thefirst positive edge of CLK after A[20:0], M/R# becomes valid, whichever oneis
later.

#2. If the S1ID13505 host interface is disabled, the timing for D[31:16] driven isrelative to the falling edge of
UDSH, LDS# or thefirst positive edge of CLK after A[20:0], M/R# becomes valid, which
ever oneislater.
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PC Card Interface Timing

t1 2 t3

CLKmt /ﬁLﬁ\%ﬁ\I\_/—\_/—\_ﬁL

t4 t5
A[20:0] j ' ' Fﬂ
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t7

WAIT# ———
t9 t10

t11
‘ﬁ

A 4

D[15:0](write)

—»‘ 112 o 13

D[15:0](read)

Figure 7-5 PC Card Interface Timing

Note: The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option
is selected.
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Table 7-5 PC Card Interface Timing

3.0V 5.0V .
Symbol Parameter Min Max. in Viax. Units
t1 Clock period 20 20 ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
t4 A[20:0], M/R# setup to first CLK where CE# = 0 and either OE# =0 or 10 10 ns

WE#=0

t5 A[20:0], M/R# hold from rising edge of either OE# or WE# 0 0 ns
t6 CE# hold from rising edge of either OE# or WE# 0 0 ns
t7#1 Falling edge of either OE# or WE# to -WAIT driven low 0 15 0 10 ns
t8 Rising edge of either OE# or WE# to -WAIT tri-state 5 25 25 10 ns
t9 D[15:0] setup to third CLK where CE# = 0 and WE# = 0 (write cycle) 10 10 ns
t10 D[15:0] hold (write cycle) 0 0 ns
t11#2 Falling edge OE# toD[15:0] driven (read cycle) 0 0 ns
t12 D[15:0] setup to rising edge WAIT# (read cycle) 0 0 ns
t13 Rising edge of OE# to D[15:0] tri-state (read cycle) 5 25 5 10 ns

#1. If the S1D13505 host interface is disabled, the timing for WAIT# driven low isrelative to the falling edge
of OE#, WE# or the first positive edge of CLK after A[20:0], M/R# becomes valid,
whichever oneislater.

#2. If the S1ID13505 host interface is disabled, the timing for D[15:0] driven isrelative to the falling edge of
OFE# or the first positive edge of CLK after A[20:0], M/R# becomes valid, whichever oneis later.
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Generic Interface Timing

t1 2 t3
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D[15:0](read)

Figure 7-6 Generic Timing

Note: The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option
is selected.
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Table 7-6 Generic Timing

3.0V 5.0V .
Symbol Parameter Min Max. Vin Viax. Units
t1 Clock period 20 20 ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
t4 A[20:0], M/R# setup to first CLK where CS# = 0 and either RDO#, 10 10 ns
RD1#, WEO# or WE1# =0
t5 A[20:0], M/R# hold from rising edge of either RD0#, RD1#, WEO# or 0 0 ns
WE1#
t6 CS# hold from rising edge of either RDO#, RD1#, WEO# or WE1# 0 0 ns
t7#1 Falling edge of either RDO#, RD1#, WEG# or WE1# to WAIT# driven 0 15 0 10 ns
low
t8 Rising edge of either RDO#, RD1#, WEQG# or WE1# to WAIT# tri-state 5 25 25 10 ns
t9 D[15:0] setup to third CLK where CS# = 0 and WEC#, WE1# = 0 10 10 ns
(write cycle)
t10 D[15:0] hold (write cycle) 0 0 ns
t11#2 Falling edge RDO#, RD1# toD[15:0] driven (read cycle) 0 0 ns
t12 D[15:0] setup to rising edge WAIT# (read cycle) 0 0 ns
t13 Rising edge of RDO#, RD#1 to D[15:0] tri-state (read cycle) 5 25 5 10 ns
#1. If the S1ID13505 host interface is disabled, the timing for WAIT# driven low isrelative to the falling edge
of RDO#, RD1#, WEO#, WE1# or the first positive edge of CLK after A[20:0], M/R# becomes valid,
whichever oneislater.
#2. If the S1ID13505 host interface is disabled, the timing for D[15:0] driven isrelative to the falling edge of
RDO#, RD1# or thefirst positive edge of CLK after A[20:0], M/R# becomes valid, whichever oneislater.
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MIPS/ISA Interface Timing

t1 2, t3

BUSCLK F\ 1:[ :fmﬁfmm
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) ‘k t7 . t8
IOCHRDY ——y jF—
t9 t10
SD[15:0](write)

t11 t12 t13
SD[15:0](read)

Figure 7-7 MIPS/ISA Timing

v

Note: The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option is select-
ed.
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Table 7-7 MIPS/ISA Timing

3.0V 5.0V

Symbol Parameter Vin. Max. Vin Max. Units
t1 Clock period 20 20 ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
t4 LatchA20, SA[19:0], M/R#, SBHE# setup to first BUSCLK where 10 10 ns
CS# = 0 and either MEMR# =0 or MEMW# =0
t5 LatchA20, SA[19:0], M/R#, SBHE# hold from rising edge of either 0 0 ns
MEMR# or MEMW#
t6 CS# hold from rising edge of either MEMR# or MEMW# 0 0 ns
t7#1 Falling edge of either MEMR# or MEMW# to IOCHRDY # driven low 0 0 ns
t8 Rising edge of either MEMR# or MEMW# to IOCHRDY # tri-state 5 25 25 10 ns
t9 SD[15:0] setup to third BUSCLK where CS# = 0 MEMW# = 0 (write 10 10 ns
cycle)
t10 SD[15:0] hold (write cycle) 0 0 ns
t11#2 Falling edge MEM R# toSD[15:0] driven (read cycle) 0 0 ns
t12 SD[15:0] setup to rising edge IOCHRDY # (read cycle) 0 0 ns
t13 Rising edge of MEMR# toSD[15:0] tri-state (read cycle) 5 25 5 10 ns

#1. If the S1D13505 host interface is disabled, the timing for IOCHRDY driven low isrelative to the falling
edge of MEMR#, MEMW# or the first positive edge of BUSCLK after LatchA20, SA[19:0], M/R#
becomes valid, whichever oneislater.

#2. If the S1D13505 host interface is disabled, the timing for SD[15:0] driven isrelative to the falling edge of
MEMR# or thefirst positive edge of BUSCLK after LatchA20, SA[19:0], M/R# becomes valid, whichever
oneislater.
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Philips I nterface Timing (e.g. PR31500/PR31700)

t1 2 t3
FRARAIA
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CARDREG# j
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WE# RD#

t9 t10

—» r e—
CARDXWAIT#

L t11 112 J
D[31:16](write)

113 e 114 t15
D[31:16](read) X
Figure 7-8 Philips Timing
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Table 7-8 Philips Timing

3.0V 5.0V
Symbol Parameter Min. Max. Min. Max. | Units
t1 Clock period 133 13.3 ns
t2 Clock pulse width low 6 6 ns
t3 Clock pulse width high 6 6 ns
t4 ADDR[12:0] setup to first CLK of cycle 10 10 ns
t5 ADDR[12:0] hold from command invalid 0 0 ns
t6 ADDRJ[12:0] setup to falling edge ALE 10 10 ns
t7 ADDR[12:0] hold from falling edge ALE 5 5 ns
t8 CARDREG# hold from command invalid 0 0 ns
t9#1 Falling edge of chip select to CARDXWAIT# driven 0 15 0 9 ns
t10 Command invalid to CARDXWAIT# tri-state 5 25 2.5 10 ns
t11 D[31:16] valid to first CLK of cycle (write cycle) 10 10 ns
t12 D[31:16] hold from rising edge of CARDXWAIT# 0 0 ns
113#2 Chip select to D[31:16] driven (read cycle) 1 1 ns
t14 D[31:16] setup to rising edge CARDXWAIT# (read cycle) 0 0 ns
t15 Command invalid to D[31:16] tri-state (read cycle) 5 25 25 10 ns

#1. If the S1ID13505 host interface is disabled, the timing for CARDXWAIT# driven is relative to the falling
edge of chip select or the second positive edge of DCLKOUT after ADDR[12:0] becomes valid, which
ever oneislater.

#2.

If the S1D13505 host interface is disabled, the timing for D[31:16] driven isrelative to the falling edge of

chip select or the second positive edge of DCLKOUT after ADDR[12:0] becomes valid, whichever oneis
later.

Note: The Philips interface has different clock input requirements as follows:

«— —  ———— -
twH PWL
90%
ViH
ViL
10%
t —>| —> <—tf
< TOSC >

Figure 7-9 Clock Input Requirements for BUSCLK Using Philips Local Bus

Table 7-9 Clock Input Requirements for BUSCLK Using Philips Local Bus

Symbol Parameter Min. Max. Units
Tosc Input Clock Period 13.3 ns
tPWH Input Clock Pulse Width High 6 ns
tPwL Input Clock Pulse Width Low 6 ns
t Input Clock Fall Time (10%-90%) 5 ns
tr Input Clock Rise Time (10%—-90%) 5 ns
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Toshiba I nterface Timing (e.g. TX3912)
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“— o |
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t4 t5
ADDRI[12:0] l
:1 t6 t7
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t8

CARDREG* :

CARDXCSH*
CARDxCSL*
CARDIORD*
CARDIOWR*
WE* RD*

t9 t10

Ny S

CARDXWAIT*

L t11 t12

D[31:16](write)

t13 Q_" N <7I14
D[31:16](read) X

Figure 7-10 Toshiba Timing
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Table 7-10 Toshiba Timing

3.0v 5.0V
Symbol Parameter Min. Max. Min. Max. Units
t1 Clock period 133 13.3 ns
t2 Clock pulse width low 54 54 ns
t3 Clock pulse width high 5.4 54 ns
t4 ADDR[12:0] setup to first CLK of cycle 10 10 ns
t5 ADDRJ[12:0] hold from command invalid 0 0 ns
t6 ADDR[12:0] setup to falling edge ALE 10 10 ns
t7 ADDRJ[12:0] hold from falling edge ALE 5 5 ns
t8 CARDREG* hold from command invalid 0 0 ns
t9#1 Falling edge of chip select to CARDXWAIT* driven 0 15 0 9 ns
t10 Command invalid to CARDXWAIT* tri-state 5 25 25 10 ns
t11 D[31:16] valid to first CLK of cycle (write cycle) 10 10 ns
t12 D[31:16] hold from rising edge of CARDXWAIT* 0 0 ns
113#2 Chip select to D[31:16] driven (read cycle) 1 1 ns
t14 D[31:16] setup to rising edge CARDXWAIT* (read cycle) 0 0 ns
t15 Command invalid to D[31:16] tri-state (read cycle) 5 25 25 10 ns

#1. If the S1ID13505 host interface is disabled, the timing for CARDXWAIT* driven isrelative to the falling
edge of chip select or the second positive edge of DCLKOUT after ADDR[12:0]becomes valid, whichever

#2.

oneislater.

If the S1D13505 host interface is disabled, the timing for D[31:16] driven is relative to thefalling edge of
chip select or the second positive edge of DCLKOUT after ADDR[12:0] becomes valid, whichever oneis

later.
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Note: The Toshiba interface has different clock input requirements as follows:

"PwH L >
90%
ViH
ViL
10%
ty —p| — —> > p— tf
< T 0SC >
Figure 7-11 Clock Input Requirements
Table 7-11 Clock Input Requirements for BUSCLK Using Toshiba Local Bus
Symbol Parameter Min. Max. Units
Tosc Input Clock Period 13.3 ns
tPWH Input Clock Pulse Width High 54 ns
tPwL Input Clock Pulse Width Low 5.4 ns
tf Input Clock Fall Time (10%—90%) 5 ns
tr Input Clock Rise Time (10%—-90%) 5 ns
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Power PC I nterface Timing (e.g. MPC8xx, MC68040, Coldfire)

tl 2 13
CLKOUT L/ t :Lg \ W—LI N/
t4 N {5
A[11:31], RD/WR#
TSIZ[0:1], MIR#
t6 t7
cs# L

t8 t9
TS# r

o e
TA# ‘ jﬁ
N FM EE[/E’
Bl#
PINELTANN 18
D[0:15](write)
t19 t20

4,‘

D[0:15](read)

Figure 7-12 PowerPC Timing

Note: The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option

is selected.
Table 7-12 PowerPC Timing

3.0V 5.0V .
Symbol Parameter Vin Max. in Vax. Units
t1 Clock period 25 20 ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
t4 AB[11:31], RD/WR#, TSIZ[0:1], M/R# setup 10 10 ns
t5 AB[11:31], RD/WR#, TSIZ[0:1], M/R# hold 0 0 ns
t6 CS# setup 10 10 ns
t7 CS# hold 0 0 ns
t8 TSH setup 7 10 ns
t9 TS# hold 5 0 ns
t10 CLKOUT to TA# driven 0 0 ns
t11 CLKOUT to TA# low 3 19 3 12 ns
t12 CLKOUT to TA# high 3 19.7 3 13 ns
t13 negative edge CLKOUT to TA# tri-state 5 25 25 10 ns
t14 CLKOUT to Bl#driven 0 18 0 11 ns
t15 CLKOUT to BI# high 3 16 3 10 ns
t16 negative edge CLKOUT to Bl# tri-state 5 25 25 10 ns
t17 DB[15:0] setup to 2nd CLKOUT after TS# = 0 (write cycle) 10 10 ns
t18 DB[15:0] hold (write cycle) 0 0 ns
t19 CLKOUT to DB driven (read cycle) 0 0 ns
t20 DB[15:0] valid to TA# falling edge (read cycle) 0 0 ns
t21 CLKOUT to DB[15:0] tri-state (read cycle) 5 25 2.5 10 ns
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7.2 Clock Input Requirements

tPwWH il — —
90%
Vin
ViL
10%
ty ) —> ’[f
< T osc >
Figure 7-13 Clock Input Requirements
Table 7-13 Clock Input Requirements for CLKI Divided Down Internally (MCLK = CLKI/2)
Symbol Parameter Min. Max. Units
Tosc Input Clock Period 125 ns
tPWH Input Clock Pulse Width High 5.6 ns
tPwL Input Clock Pulse Width Low 5.6 ns
t Input Clock Fall Time (10% - 90%) 5 ns
tr Input Clock Rise Time (10% - 90%) 5 ns
Table 7-14 Clock Input Requirements for CLKI
Symbol Parameter Min. Max. Units
Tosc Input Clock Period 25 ns
tPwWH Input Clock Pulse Width High 11.3 ns
tPwL Input Clock Pulse Width Low 11.3 ns
t Input Clock Fall Time (10% - 90%) 5 ns
tr Input Clock Rise Time (10% - 90%) 5 ns

Note: When CLKI is more than 40MHz, REG[19h] bit 2 must be set to 1 (MCLK = CLKI/2).
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7.3 Memory I nterface Timing

EDO-DRAM Read/Write/Read-Write Timing

t1

N o mﬂum
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t2
RAS# \
t3 Jf t4 B B tl i 7
CASH# Jﬁ\_/—\
t8 19 t10 t11, t10/t11
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MA R c1 >L>E c2 JQ< c3
t12

¢
WE# (read) J

t14 «t15 116
MD (read) E X Xd2

t13

t17

118 }_1%
WE#(write) [

tZQ Jgﬂ 122
MD(write) di d2 d3

Figure 7-14 EDO-DRAM Read/Write Timing
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Figure 7-15 EDO-DRAM Read-Write Timing
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Table 7-15 EDO DRAM Read Timing

Symbol Parameter Min. Max. Units
tl Internal memory clock period 25 ns
t2 Random read cycle REG[22h] bits 6-5 = 00 5t1 ns
Random read cycle REG[22h] hits 6-5 = 01 411 ns
Random read cycle REG[22h] bits 6-5 = 10 3tl ns
t3 RAS# precharge time (REG[22h] bits 3-2 = 00) 211-3 ns
RAS# precharge time (REG[22h] bits 3-2 = 01) 145t1-3 ns
RAS# precharge time (REG[22h] bits 3-2 = 10) 1t1-3 ns
t4 RASH# to CAS# delay time (REG[22h] bit 4 = 0 and bits 3-2 = 00 or 10) 2t1-3 ns
RASH# to CASH# delay time (REG[22h] bit 4 = 1 and bits 3-2 = 00 or 10) 1t1-3 ns
RAS# to CAS# delay time (REG[22h] bits 3-2 = 01) 145t1-3 ns
t5 CASH precharge time 045t1-3 ns
t6 CASH# pulse width 0.4511-3 ns
t7 RAS# hold time 1t1-3 ns
t8 Row address setup time (REG[22h] bits 3-2 = 00) 24511 ns
Row address setup time (REG[22h] bits 3-2 = 01) 211 ns
Row address setup time (REG[22h] bits 3-2 = 10) 145t1 ns
19 Row address hold time (REG[22h] bits 3-2 = 00 or 10) 045t1-3 ns
Row address hold time (REG[22h] bits 3-2 = 01) 1t1-3 ns
t10 Column address setup time 045t1-3 ns
111 Column address hold time 045t1-3 ns
t12 Read Command Setup (REG[22h] bit 4 = 0 and bits 3-2 = 00) 4.4511-3 ns
Read Command Setup (REG[22h] bit 4 = 0 and bits 3-2 = 10) 345t1-3 ns
Read Command Setup (REG[22h] bit 4 = 1 and bits 3-2 = 00) 345t1-3 ns
Read Command Setup (REG[22h] bit 4 = 1 and bits 3-2 = 10) 245t1-3 ns
Read Command Setup (REG[22h] bits 3-2 = 01) 345t1-3 ns
t13 Read Command Hold (REG[22h] bit 4 = 0 and bits 3-2 = 00) 345t1-3 ns
Read Command Hold (REG[22h] bit 4 = 0 and bits 3-2 = 10) 245t1-3 ns
Read Command Hold (REG[22h] bit 4 = 1 and bits 3-2 = 00) 2451t1-3 ns
Read Command Hold (REG[22h] bit 4 = 1 and bits 3-2 = 10) 145t1-3 ns
Read Command Hold (REG[22h] bits 3-2 = 01) 245t1-3 ns
t14 Read Data Setup referenced from CAS# 5 ns
115 Read Data Hold referenced from CAS# 3 ns
116 Last Read Data Setup referenced from RAS# 5 ns
t17 Bus Turn Off from RASH# 3 t1-5 ns
118 Write Command Setup 045t1-3 ns
t19 Write Command Hold 0.45t1-3 ns
120 Write Data Setup 045t1-3 ns
121 Write Data Hold 045t1-3 ns
t22 MD Tri-state 0.45t1 045t1+21 ns
123 CAS# to WE# active during Read-Write cycle 1t1-3 ns
t24 Write Command Setup during Read-Write cycle 145t1-3 ns
25 Last Read Data Setup referenced from WE# during Read-Write cycle 10 ns
126 Bus Tri-state from WE# during Read-Write cycle 0 t1-5 ns
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EDO-DRAM CAS Before RAS Refresh Timing

t1l
o I@me
Clock
12 t3
RAS# L L
t4 t5 t6
CAS# J I 1

Figure 7-16 EDO-DRAM CAS Before RAS Refresh Write Timing

Table 7-16 EDO DRAM CAS Before RAS Refresh Write Timing

Symbol Parameter Min. Max. Units
tl Internal memory clock period 25 ns
t2 RAS# precharge time (REG[22h] bits 3-2 = 00) 211-3 ns
RAS# precharge time (REG[22h] bits 3-2 = 01) 145t1-3 ns
RAS# precharge time (REG[22h] bits 3-2 = 10) 1t1-3 ns
t3 RAS# pulse width (REG[22h] bits 6-5 = 00 and bits 3-2 = 00) 3t1-3 ns
RASH# pulse width (REG[22h] bits 6-5 = 00 and bits 3-2 = 01) 345t1-3 ns
RAS# pulse width (REG[22h] bits 6-5 = 00 and bits 3-2 = 10) 411-3 ns
RAS# pulse width (REG[22h] bits 6-5 = 01 and bits 3-2 = 00) 2t1-3 ns
RASH# pulse width (REG[22h] bits 6-5 = 01 and bits 3-2 = 01) 245t1-3 ns
RAS# pulse width (REG[22h] bits 6-5 = 01 and bits 3-2 = 10) 3t1-3 ns
RAS# pulse width (REG[22h] bits 6-5 = 10 and bits 3-2 = 00) 1t1-3 ns
RASH# pulse width (REG[22h] bits 6-5 = 10 and bits 3-2 = 01) 145t1-3 ns
RAS# pulse width (REG[22h] bits 6-5 = 10 and bits 3-2 = 10) 211-3 ns
t4 CASH pulse width t2 ns
t5 CASH# setup time (REG[22h] bits 3-2 = 00 or 10) 0.45t1-3 ns
CAS# setup time (REG[22h] hits 3-2 = 01) 1t1-3 ns
t6 CASH# Hold to RAS# (REG[22h] bits 6-5 = 00 and bits 3-2 = 00) 245t1-3 ns
CASH# Hold to RASH (REG[22h] bits 6-5 = 00 and bits 3-2 = 01) 3t1-3 ns
CAS# Hold to RAS# (REG[22h] bits 6-5 = 00 and bits 3-2 = 10) 345t1-3 ns
CASH# Hold to RAS# (REG[22h] bits 6-5 = 01 and bits 3-2 = 00) 145t1-3 ns
CASH# Hold to RASH (REG[22h] bits 6-5 = 01 and bits 3-2 = 01) 2t1-3 ns
CAS# Hold to RAS# (REG[22h] bits 6-5 = 01 and bits 3-2 = 10) 245t1-3 ns
CASH# Hold to RAS# (REG[22h] bits 6-5 = 10 and bits 3-2 = 00) 0.45t1-3 ns
CASH# Hold to RASH (REG[22h] bits 6-5 = 10 and bits 3-2 = 01) 1t1-3 ns
CAS# Hold to RAS# (REG[22h] bits 6-5 = 10 and bits 3-2 = 10) 145t1-3 ns
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EDO-DRAM Self-Refresh Timing
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Memory \ /
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t3 t4 ]

t5

CAS# t

Figure 7-17 EDO-DRAM Self-Refresh Timing

Table 7-17 EDO-DRAM Self-Refresh Timing

Symbol Parameter Min. Max. Units
t1 Internal memory clock period 25 ns
t2 RAS# precharge time (REG[22h] bits 3-2 = 00) 211-3 ns
RAS# precharge time (REG[22h] bits 3-2 = 01) 145t1-3 ns
RAS# precharge time (REG[22h] bits 3-2 = 10) 1t1-3 ns
t3 RASH# to CASH# precharge time (REG[22h] bits 3-2 = 00) 145t1-3 ns
RAS# to CAS# precharge time (REG[22h] bits 3-2 = 01 or 10) 045t1-3 ns
t4 CAS# setup time (REG[22h] hits 3-2 = 00 or 10) 045t1-3 ns
CASH# setup time (REG[22h] bits 3-2 = 01) 1t1-3 ns
t5 CASH# precharge time (REG[22h] bits 3-2 = 00) 2t1-3 ns
CAS# precharge time (REG[22h] bits 3-2 = 01 or 10) 1t1-3 ns
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FPM-DRAM Read / Write/ Read - Write Timing
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Figure 7-18 FPM-DRAM Read/Write Timing
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Figure 7-19 FPM-DRAM Read-Write Timing
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Table 7-18 FPM-DRAM Read/Write/Read-Write Timing

Symbol Parameter Min. Max. Units
tl Internal memory clock period 40 ns
t2 Random read cycle REG[22h] bits 6-5 = 00 5t1 ns
Random read cycle REG[22h] hits 6-5 = 01 411 ns
Random read cycle REG[22h] bits 6-5 = 10 3tl ns
t3 RAS# precharge time (REG[22h] bits 3-2 = 00) 211-3 ns
RAS# precharge time (REG[22h] bits 3-2 = 01) 145t1-3 ns
RAS# precharge time (REG[22h] bits 3-2 = 10) 1t1-3 ns
t4 RASH# to CASH# delay time (REG[22h] bit 4 = 1 and bits 3-2 = 00 or 10) 145t1-3 ns
RASH# to CASH# delay time (REG[22h] bit 4 = 0 and bits 3-2 = 00 or 10) 245t1-3 ns
RAS# to CAS# delay time (REG[22h] bit 4 = 1 and bits 3-2 = 01) 1t1-3 ns
RASH# to CAS# delay time (REG[22h] bit 4 = 0 and bits 3-2 = 01) 2t1-3 ns
t5 CASH# precharge time 045t1-3 ns
t6 CAS# pulse width 045t1-3 ns
t7 RAS# hold time 045t1-3 ns
8 Row address setup time (REG[22h] bits 3-2 = 00) 2t1-3 ns
Row address setup time (REG[22h] bits 3-2 = 01) 1.45t1-3 ns
Row address setup time (REG[22h] bits 3-2 = 10) 1t1-3 ns
9 Row address hold time (REG[22h] bits 3-2 = 00 or 10) t1-3 ns
Row address hold time (REG[22h] bits 3-2 = 01) 045t1-3 ns
110 Column address setup time 045t1-3 ns
t11 Column address hold time 0.45t1-3 ns
112 Read Command Setup (REG[22h] bit 4 = 0 and bits 3-2 = 00) 4.4511-3 ns
Read Command Setup (REG[22h] bit 4 = 0 and bits 3-2 = 01 or 10) 345t1-3 ns
Read Command Setup (REG[22h] bit 4 = 1 and bits 3-2 = 00) 345t1-3 ns
Read Command Setup (REG[22h] bit 4 = 1 and bits 3-2 = 01 or 10) 245t1-3 ns
t13 Read Command Hold (REG[22h] bit 4 = 0 and bits 3-2 = 00) 4t1-3 ns
Read Command Hold (REG[22h] bit 4 = 0 and bits 3-2 = 01 or 10) 3t1-3 ns
Read Command Hold (REG[22h] bit 4 = 1 and bits 3-2 = 00) 3t1-3 ns
Read Command Hold (REG[22h] bit 4 = 1 and bits 3-2 = 01 or 10) 211-3 ns
t14 Read Data Setup referenced from CAS# 5 ns
115 Bus Tri-State 3 t1-5 ns
116 Write Command Setup 045t1-3 ns
t17 Write Command Hold 0.45t1-3 ns
118 Write Data Setup 04511-3 ns
119 Write Data Hold 045t1-3 ns
t20 MD Tri-state 0.45t1 045t1+21 ns
121 CASH# to WE# active during Read-Write cycle 045t1-3 ns
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FPM-DRAM CAS Before RAS Refresn Timing
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Figure 7-20 FPM-DRAM CAS before RAS Refresh Timing

Table 7-19 FPM-DRAM CAS before RAS Refresh Timing

Symbol Parameter Min. Max. Units
t1 Internal memory clock period 40 ns
t2 RAS# precharge time (REG[22h] bits 3-2 = 00) 24511-3 ns
RAS# precharge time (REG[22h] bits 3-2 = 01 or 10) 145t1-3 ns
t3 RAS# pulse width (REG[22h] bits 6-5 = 00 and bits 3-2 = 00) 245t1-3 ns
RASH# pulse width (REG[22h] bits 6-5 = 00 and bits 3-2 = 01 or 10) 345t1-3 ns
RAS# pulse width (REG[22h] hits 6-5 = 01 and bits 3-2 = 00) 145t1-3 ns
RAS# pulse width (REG[22h] bits 6-5 = 01 and bits 3-2 = 01 or 10) 24511-3 ns
RASH# pulse width (REG[22h] bits 6-5 = 10 and bits 3-2 = 00) 0.45t1-3 ns
RAS# pulse width (REG[22h] bits 6-5 = 10 and bits 3-2 = 01 or 10) 145t1-3 ns
t4 CASH pulse width (REG[22h] bits 3-2 = 00) 211-3 ns
CAS# pulse width (REG[22h] bits 3-2 = 01 or 10) 1t1-3 ns
t5 CASH# Setup to RASH 045t1-3 ns
t6 CASH# Hold to RASH (REG[22h] bits 6-5 = 00 and bits 3-2 = 00) 245t1-3 ns
CASH# Hold to RASH (REG[22h] bits 6-5 = 00 and bits 3-2 = 01 or 10) 345t1-3 ns
CAS# Hold to RASH (REG[22h] bits 6-5 = 01 and bits 3-2 = 00) 145t1-3 ns
CASH# Hold to RASH# (REG[22h] bits 6-5 = 01 and bits 3-2 = 01 or 10) 245t1-3 ns
CASH# Hold to RASH (REG[22h] bits 6-5 = 10 and bits 3-2 = 00) 0.45t1-3 ns
CASH# Hold to RAS# (REG[22h] bits 6-5 = 10 and bits 3-2 = 01 or 10) 145t1-3 ns
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FPM-DRAM Self-Refresh Timing
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Figure 7-21 FPM-DRAM Self-Refresh Timing
Table 7-20 FPM DRAM Self-Refresh Timing
Symbol Parameter Min. Max. Units
t1 Internal memory clock 40 ns
t2 RAS# precharge time (REG[22h] bits 3-2 = 00) 245t1-1 ns
RAS# precharge time (REG[22h] bits 3-2 = 01 or 10) 145t1-1 ns
t3 RAS# to CAS# precharge time (REG[22h] bits 3-2 = 00) 2t1 ns
RAS# to CA S# precharge time (REG[22h] bits 3-2 = 01 or 10) 1tl ns
t4 CAS# setup time (CAS# before RA S# refresh) 045t1-2 ns
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7.4 Power Sequencing

LCD Power Sequencing

SUSPEND# or
LCD Enable Bit

LCDPWR

FPFRAME ———— —

A

FPLINE
FPSHIFT
FPDATA

DRDY t4 ’<+ t7
CLKI

Figure 7-22 LCD Panel Power Off / Power On Timing. Drawn with LCDPWR Set to Active High Polarity

Table 7-21 LCD Panel Power Off/ Power On

Symbol Parameter Min. Max. Units
t1 SUSPEND# or LCD ENABLE BIT low to LCDPWR off 2TFPFRAME + ns
8TPCLK

t2 SUSPEND# or LCD ENABLE BIT low to FPFRAME inactive 1 Frames

t3 FPFRAME inactive to FPLINE, FPSHIFT, FPDATA, DRDY inactive 128 Frames

t4 SUSPEND# to CLKI inactive 130 Frames

t5 SUSPEND# or LCD ENABLE BIT high to FPLINE, FPSHIFT, TFPFRAME + ns
FPDATA, DRDY active 8TrcLK

t6 FPLINE, FPSHIFT, FPDATA, DRDY active to LCDPWR, on and 128 Frames
FPFRAME active

t7 CLKI active to SUSPEND# inactive 0 ns

Note: Where TrPFRAME is the period of FPFRAME and TpcLk is the period of the pixel clock.
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Power Save Status

Power Save
t1 t2
Power Save Status Bit
t3
Memory Access allowed not allowed % allowed

Figure 7-23 Power Save Status and Local Bus Memory Access Relative to Power Save Mode

Note: Power Save can be initiated through either the SUSPEND# pin or Software Suspend Enable Bit.

Table 7-22 Power Save Status and Local Bus Memory Access Relative to Power Save Mode

Symbol Parameter Min. Max. Units
t1 Power Saveinitiated to rising edge of Power Save Status and the last 129 130 Frames
time memory access by the local bus may be performed
t2 Power Save deactivated to falling edge of Power Save Status 12 MCLK
t3 Falling edge of Power Save Status to the earliest time the local bus may 8 MCLK
perform a memory access

Note: Itis recommended that memory access not be performed after a Power Save Mode has been
initiated.
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7.5 Display Interface

4-Bit Single Monochrome Passive LCD Panel Timing
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* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 320x240 panel

Figure 7-24 4-Bit Single Monochrome Passive LCD Panel Timing

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

S1D13505F00A HARDWARE FUNCTIONAL EPSON 1-57
SPECIFICATION (X23A-A-001-12)



7: A.C. CHARACTERISTICS

t1 2
Sync Timing J
FPFRAME
_ 43 t4
FPLINE P—\
t5
MOD
Data Timing
FPLINE
t6
t8
<« t9 til | t12
FPSHIFT |
UD[3:0] 2 X
Figure 7-25 4-Bit Single Monochrome Passive LCD Panel A.C. Timing
Table 7-23 4-Bit Single Monochrome Passive LCD Panel A.C. Timing
Symbol Parameter Min. Typ. Max. Units
t1 FPFRAME setup to FPLINE pulse trailing edge note 2
t2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts(note 1)
t3 FPLINE pulse width 9 Ts
t4 FPLINE period note 3
t5 MOD transition to FPLINE pulse trailing edge 1 note 4
t6 FPSHIFT falling edge to FPLINE pulse leading edge note 5
t7 FPLINE pulse trailing edge to FPSHIFT falling edge t10 +t11 Ts
t8 FPSHIFT period 4 Ts
t9 FPSHIFT faling edge to FPLINE pulse trailing edge note 6
t10 FPLINE pulse trailing edge to FPSHIFT rising edge 20 Ts
t11 FPSHIFT pulse width high 2 Ts
t12 FPSHIFT pulse width low 2 Ts
t13 UD[3:0] setup to FPSHIFT falling edge 2 Ts
t14 UD[3:0] hold to FPSHIFT falling edge 2 Ts
Notes: 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 - 14Ts
3. t4min = [((REG[04h] bits [6:0])+1)[(B + ((REG[05h] bits [4:0]) + 1)[B] + 33 Ts
4. t5min = [(((REG[04h] bits [6:0])+1)(B + (REG[05h] bits [4:0]) + 1)[B)-1] Ts
5. t6min = [((REG[05h] bits [4:0]) + 1)[B - 27] Ts
6. t9min = [((REG[O5h] bits [4:0]) + 1)[B - 18] Ts
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8-Bit Single Monochrome Passive LCD Panel Timing

L VDP L VNDP |
[ e g
FPFRAME --
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FPLINE [ — 1
MOD X _ :
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ubo o Lm0 % — — (X T Xeesey X
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* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-26 8-Bit Single Monochrome Passive LCD 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 = ((REG[05h] bits [4:0]) + 1)*8Ts
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Figure 7-27 8-Bit Single Monochrome Passive LCD Panel A.C. Timing
Table 7-24 8-Bit Single Monochrome Passive LCD Panel A.C. Timing
Symbol Parameter Min. Typ. Max. | Units
1 FPFRAME setup to FPLINE pulse trailing edge note 2
t2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts
(note 1)
t3 FPLINE pulse width 9 Ts
t4 FPLINE period note 3
t5 MOD transition to FPLINE pulse trailing edge 1 note 4
t6 FPSHIFT falling edge to FPLINE pulse leading edge note5
t7 FPLINE pulse trailing edge to FPSHIFT falling edge t10 + t11 Ts
8 FPSHIFT period 8 Ts
9 FPSHIFT falling edge to FPLINE pulse trailing edge note 6
t10 FPLINE pulse trailing edge to FPSHIFT rising edge 20 Ts
111 FPSHIFT pulse width high 4 Ts
t12 FPSHIFT pulse width low 4 Ts
113 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
Notes: 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 - 14Ts
3. t4min = [((REG[04h] bits [6:0])+1)(B + ((REG[05h] bits [4:0]) + 1)[B] + 33 Ts
4. t5min = [(((REG[04h] bits [6:0])+1)[B + ((REG[05h] bits [4:0]) + 1)[B)-1] Ts
5. témin = [((REG[05h] bits [4:0]) + 1)(B - 25] Ts
6. t9min = [((REG[05h] bits [4:0]) + 1)(B - 16] Ts
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4-Bit Single Color Passive LCD Panel Timing

L VDP 0 VNDP R
I T 'l
FPFRAME [ - - [
FPLINE | I I | | Ml | | | I | I
MOD X -
UD[3:0] LINE1 LINE2 X LINE3 LINE4 — %(LINEA?Q LINE480>\ LINE1 X LINE2
\
FPLINE [ — — 1
MOD -
4 HDP Ll HNDP N
I~ g “l
FPSHIFT [ Jifrrte et o o e
ups . _ ALR1)(1:G2}( 183 DD G e D I =T N — G
up2 . Aery1e2)( R4 — — XX R L X
ubr  ArBii(rRe(1ea XX %k — — X ke, L X
ubo .. _ ARe) re3) 1B4 - — — L X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-28 4-Bit Single Color Passive LCD 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 = ((REG[05h] bits [4:0]) + 1)*8Ts
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Figure 7-29 4-Bit Single Color Passive LCD Panel A.C.Timing
Table 7-25 4-Bit Single Color Passive LCD Panel A.C.Timing
Symbol Parameter Min. Typ. Max. Units
t1 FPFRAME setup to FPLINE pulse trailing edge note 2
t2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts(note 1)
t3 FPLINE pulse width 9 Ts
ta FPLINE period note 3
ts MOD transition to FPLINE pulse trailing edge 1 note 4
te FPSHIFT falling edge to FPLINE pulse leading edge note 5
t7 FPLINE pulse trailing edge to FPSHIFT falling edge tio + tu1 Ts
ts FPSHIFT period 4 Ts
t9 FPSHIFT falling edge to FPLINE pulse trailing edge note 6
t10 FPLINE pulsetrailing edge to FPSHIFT rising edge 21 Ts
t11 FPSHIFT pulse width high 2 Ts
t2 FPSHIFT pulse width low 2 Ts
t13 UDI[3:0], setup to FPSHIFT falling edge 2 Ts
t14 UD[3:0], hold from FPSHIFT falling edge 2 Ts

Notes: 1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4
(see REGJ[19h] bits [1:0])

2. timin = t4min - 14Ts
3. tamin = [((REG[04h] bits [6:0]) + 1)(B + ((REG[05h] bits [4:0]) + 1)[B] + 33 Ts
4. tsmin = [(((REG[04h] bits [6:0])+1)(B + ((REG[05h] bits [4:0]) + 1)(B)-1] Ts
5. temin = [((REG[05h] bits [4:0]) + 1)(B - 28] Ts
6. tomin = [((REG[05h] bits [4:0]) + 1)(B - 19] Ts
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8-Bit Single Color Passive LCD Panel Timing (Format 1)

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

Figure 7-30 8-Bit Single Color Passive LCD 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[0Ah] 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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Figure 7-31 8-Bit Single Color Passive LCD Panel A.C. Timing (Format 1)

Table 7-26 8-Bit Single Color Passive LCD Panel A.C. Timing (Format 1)

Symbol Parameter Min. Typ. Max. Units
11 FPFRAME setup to FPLINE pulse trailing edge note 2
t2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts(note 1)
t3 FPLINE pulse width 9 Ts
t4 FPLINE period note 3
t5a FPSHIFT2 falling edge to FPLINE pulse leading edge note 4
t5b FPSHIFT falling edge to FPLINE pulse leading edge note 5
t6 FPLINE pulse trailing edge to FPSHIFT2 rising, FPSHIFT falling t9 + t10 Ts
edge
t7 FPSHIFT2, FPSHIFT period 4 Ts
t8a FPSHIFT falling edge to FPLINE pulse trailing edge note 6
t8b FPSHIFT2 falling edge to FPLINE pulsetrailing edge note 7
t9 FPLINE pulse trailing edge to FPSHIFT rising edge 20 Ts
110 FPSHIFT2, FPSHIFT pulse width high 2 Ts
111 FPSHIFT2, FPSHIFT pulse width low 2 Ts
t12 UD[3:0], LD[3:0] setup to FPSHIFT2 rising, FPSHIFT falling edge 1 Ts
113 UD[3:0], LD[3:0] hold from FPSHIFT2 rising, FPSHIFT falling edge 1 Ts
Notes: 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 - 14Ts
3. t4min = [((REG[04h] bits [6:0])+1)[(B + ((REG[05h] bits [4:0]) + 1)[B] Ts
4. t5min = [((REG[05h] bits [4:0]) + 1)[B - 27] Ts
5. t5min = [((REG[05h] bits [4:0]) + 1)[B - 29] Ts
6. t8min = [((REG[05h] bits [4:0]) + 1)[B - 20] Ts
7. t8min = [((REG[05h] bits [4:0]) + 1)[B - 18] Ts
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8-Bit Single Color Passive LCD Panel Timing (Format 2)

» VDP e VNDP
FPFRAME -
EPLINE 1 I N I I .1 I I I I I n
MOD N

UD[3:0], LD[3:0]

LINE1 LINE2 X LINE3 LINE4>€ - §<LINE479 LINE480,

LINEL X LINE2

* Diagram drawn with 2 FPLINE

vertical blank period

Example timing for a 640x480 panel

FPLINE 1 _ ]
MOD X _
P HDP il HNDP N
I e e e e e e Y e e o
ubs __ famnesy e X (% — — 3 O eemw. L X
ubz _ faa(ame( el X (b — — Y ees X
VSR E=7) =3 G~ G GHD D S G G €. X
ubo _ ameXaeaX e X X ¥ — — ) s\ [ X
s eXa e X X ¥ — — 5 o @™ X
w2 e ae (X% — — X YR X
1 fmmeyaesyzes) X (O — — ¥ e, X
o (e arey e X X % — — 3 e X

Figure 7-32 8-Bit Single Color Passive LCD Panel Timing (Format 2)

VDP = Vertical Display Period
VNDP = Vertical Non-Display Period
HDP = Horizontal Display Period

HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts

= (REGJ[09h] bits [1:0], REG[08h] bits [7:0]) + 1
= (REG[0AR] bits [5:0]) + 1
= ((REG[04h] bits [6:0]) + 1)*8Ts
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Figure 7-33 8-Bit Single Color Passive LCD Panel A.C. Timing (Format 2)
Table 7-27 8-Bit Single Color Passive LCD Panel A.C. Timing (Format 2)
Symbol Parameter Min. Typ. Max. Units
t1 FPFRAME setup to FPLINE pulse trailing edge note 2
t2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts(note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 TS
t5 MOD transition to FPLINE pulse trailing edge 1 note 4
t6 FPSHIFT falling edge to FPLINE pulse leading edge note 5
t7 FPSHIFT falling edge to FPLINE pulse trailing edge note 6
8 FPLINE pulse trailing edge to FPSHIFT falling edge t14+2
t9 FPSHIFT period 2 Ts
110 FPSHIFT pulse width low 1 Ts
111 FPSHIFT pulse width high 1 Ts
t12 UD[3:0], LD[3:0] setup to FPSHIFT falling edge 1 Ts
113 UD[3:0], LD[3:0] hold to FPSHIFT falling edge 1 Ts
t14 FPLINE pulse trailing edge to FPSHIFT rising edge 20 Ts
Notes: 1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4
(see REG[19h] bits [1:0])
2. tlmin = t3min - 14Ts
3. t3min = [((REG[04h] bits [6:0])+1)[B + ((REG[05h] bits [4:0]) + 1)(B] + 33 Ts
4. t5min = [(((REG[04h] bits [6:0])+1)(B + (REG[05h] bits [4:0]) + 1)[B)-1] Ts
5. t6min = [((REG[05h] bits [4:0]) + 1)[B - 28] Ts
6. t7min = [((REG[O5h] bits [4:0]) + 1)[(B - 19] Ts
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16-Bit Single Color Passive LCD Panel Timing

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

le VDP e VNDP }
FPFRAME [ -- o
SO E H | H | |  | §| H{FO  N1
MOD -
UD[7:0], LD[7:0] LINEL X LINE2 X LINE3 X LINE4 X~ — -XLINE479X LINE48O) A LineL X LINE2
L
FPLINE 1 S I
MOD X - o
l¢ HDP RPN
PSHFT il [ I
w7 famdes)@en) X ) % — — XX e L X
uoe _ faereerXre( ) C ¢ — — A Eese. L X
ups _ fae(aer (R W X — — KX ere X
uba _ f(ee(mesyen) () % — — O Jasen L X
ubs _ fesarerew)l X X ¢ — — X Jeesd L X
bz frea(meeyamisX X X ¢ — — A Jeeee) L X
uD1 o fams)aooeeis X X (X — — X Yame L X
UDo _amERmes (N - — — { O Ee® X
L7 (eI Ok — — X R X
06 e ) O ok — — K O ew X
D5 ey X X — — A e X
o4 sy ) Xk — — A (e X
03 Ay re e O % — — N X
Lb2 L fnmoGes O XX - — — K e X
o1 asame(ms( W Ok — — (O e X
Loo _amen s (b — — A e (X

Figure 7-34 16-Bit Single Color Passive LCD Panel Timing

VDP = Vertical Display Period
VNDP = Vertical Non-Display Period
HDP = Horizontal Display Period

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

= (REG[0Ah] bits [5:0]) + 1
= ((REG[04h] bits [6:0]) + 1)*8Ts

HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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Figure 7-35 16-Bit Single Color Passive LCD Panel A.C. Timing
Table 7-28 16-Bit Single Color Passive LCD Panel A.C. Timing
Symbol Parameter Min. Typ. Max. Units
t1 FPFRAME setup to FPLINE pulse trailing edge note 2
t2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts (note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD transition to FPLINE pulse trailing edge 1 note 4
t6 FPSHIFT falling edge to FPLINE pulse leading edge note 5
t7 FPSHIFT falling edge to FPLINE pulse trailing edge note 6
t8 FPLINE pulse trailing 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
t12 UD[7:0], LD[7:0] setup to FPSHIFT falling edge 2 Ts
t13 UD[7:0], LD[7:0] hold to FPSHIFT falling edge 2 Ts
t14 FPLINE pulse trailing edge to FPSHIFT rising edge 20 Ts
Notes: 1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4
(see REG[19h] bits [1:0])
2. tlmin =t3min - 14Ts
3. t3min = [((REG[04h] bits [6:0])+1)[B + ((REG[05h] bits [4:0]) + 1)[B] + 33 Ts
4. t5min = [(((REG[04h] bits [6:0])+1)(B + (REG[05h] bits [4:0]) + 1)[B)-1] Ts
5. t6min = [(REG[05h] bits [4:0]) + 1)[B - 27] Ts
6. t7min = [((REG[O5h] bits [4:0]) + 1)[(B - 18] Ts
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8-Bit Dual Monochrome Passive LCD Panel Timing
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* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-36 8-Bit Dual Monochrome Passive LCD 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 = ((REG[05h] bits [4:0]) + 1)*8Ts
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Figure 7-37 8-Bit Dual Monochrome Passive LCD Panel A.C. Timing
Table 7-29 8-Bit Dual Monochrome Passive LCD Panel A.C. Timing
Symbol Parameter Min. Typ. Max. Units
t1 FPFRAME setup to FPLINE pulse trailing edge note 2
2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts (note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD transition to FPLINE pulse trailing edge 1 note 4
t6 FPSHIFT falling edge to FPLINE pulse leading edge note 5
t7 FPSHIFT falling edge to FPLINE pulse trailing edge note 6
8 FPLINE pulse trailing edge to FPSHIFT falling edge t14+2 Ts
t9 FPSHIFT period 4 Ts
110 FPSHIFT pulse width low 2 Ts
t11 FPSHIFT pulse width high 2 Ts
112 UD[3:0], LD[3:0] setup to FPSHIFT falling edge 2 Ts
113 UD[3:0], LD[3:0] hold to FPSHIFT falling edge 2 Ts
114 FPLINE pulse trailing edge to FPSHIFT rising edge 12 Ts
Notes: 1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4
(see REG[19h] bits [1:0])
2. tlmin =t3min - 14Ts
3. t3min = [((REG[04h] bits [6:0])+1)[B + ((REG[05h] bits [4:0]) + 1)[B] + 33 Ts
4. t5min = [(((REG[04h] bits [6:0])+1)(B + (REG[05h] bits [4:0]) + 1)[B)-1] Ts
5. témin = [((REG[05h] bits [4:0]) + 1)[(B - 19] Ts
6. t7min = [((REG[O5h] bits [4:0]) + 1)[(B - 10] Ts
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8-Bit Dual Color Passive LCD Panel Timing
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FPFRAME --
FPLNE 1 I N I I .. _ 1 N I I I I N
MOD N
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FPLINE [ — — [ ]
MOD X - -
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x >« »|
FPSHIFT S e O e O O o O e ]
FPDAT7 (UD3) - 1r1 ¥ 1-62 X 183 X 1-rs X 1-G6 — — X X Yaseso) L X
FPDAT6 (UD2) . 1R8 - — — X
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FPDAT4 (UDO) - r2 (163 Y wea X 1re (1o X B - — — (X Yueeso) L X
FPDAT3 (LD3) o i D G ¥ 7275 N G
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* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-38 8-Bit Dual Color Passive LCD 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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Sync Timing “«
FPFRAME
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Figure 7-39 8-Bit Dual Color Passive LCD Panel A.C. Timing
Table 7-30 8-Bit Dual Color Passive LCD Panel A.C. Timing
Symbol Parameter Min. Typ. Max. Units
11 FPFRAME setup to FPLINE pulse trailing edge note 2
t2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts(note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD transition to FPLINE pulse trailing edge 1 note 4
t6 FPSHIFT falling edge to FPLINE pulse leading edge note 5
t7 FPSHIFT falling edge to FPLINE pulse trailing edge note 6
t8 FPLINE pulse trailing edge to FPSHIFT falling edge t14 +t11 Ts
t9 FPSHIFT period 1 Ts
t10 FPSHIFT pulse width low 0.45 Ts
111 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 pulse trailing edge to FPSHIFT rising edge 13 Ts
Notes: 1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4
(see REG[19h] bits [1:0])
2. tlmin = t3min - 14Ts
3. t3min = [((REG[04h] bits [6:0])+1)(B + ((REG[05h] bits [4:0]) + 1)[B] + 33 Ts
4. t5min = [(((REG[04h] bits [6:0])+1)(B + ((REG[05h] bits [4:0]) + 1)[B)-1] Ts
5. témin = [((REG[05h] bits [4:0]) + 1)[B - 20] Ts
6. t7min = [((REG[05h] bits [4:0]) + 1)[B - 11] Ts
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16-Bit Dual Color Passive LCD Panel Timing

le VDP N VNDP |
< 1
FPFRAME
FPLINE H I | ] ] ol ] ] ] I ] I
MOD
UD[7;0]] |_D[7;O] LINE1241 X LINE21242 X LINE3/243 X LINE 4244 — LINE 239/479 XLINE 240/480 LINE /241 X LINE 2242
FPLINE ] _ I
MOD -
I HDP ., HNDP
|« e »|
FPSHFT LI L L L)L L [ B
UD7, LD7 ARG O X X X — — AKX
UDS, LD6 ARG X X X — — X R L X
UD5, LD5 C LGRS X X X e — — O R L X
UD4, LD4 o LGRS X X X — — L
uD3, LD3 LR X X X O — — O OGERe . AL X
uUD2, LD2 LG X X e — — OO EER, L X
UD1, LD1 R &8 ¢ 5 G G G G o AL X
uDo, LDO L AERSGESC X X X e — — KX R A X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-40 16-Bit Dual Color Passive LCD Panel Timing

VDP = Vertical Display Period
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 = ((REG[05h] bits [4:0]) + 1)*8Ts

(REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1
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Figure 7-41 16-Bit Dual Color Passive LCD Panel A.C. Timing
Table 7-31 16-Bit Dual Color Passive LCD Panel A.C. Timing
Symbol Parameter Min. Typ. Max. Units
11 FPFRAME setup to FPLINE pulse trailing edge note 2
t2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts(note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD transition to FPLINE pulse trailing edge 1 note 4
t6 FPSHIFT falling edge to FPLINE pulse leading edge note 5
t7 FPSHIFT falling edge to FPLINE pulse trailing edge note 6
t8 FPLINE pulse trailing edge to FPSHIFT falling edge t14+ 2
t9 FPSHIFT period 2 Ts
t10 FPSHIFT pulse width low 1 Ts
111 FPSHIFT pulse width high 1 Ts
t12 UD[7:0], LD[7:0] setup to FPSHIFT falling edge 1 Ts
113 UD[7:0], LD[7:0] hold to FPSHIFT falling edge 1 Ts
t14 FPLINE pulse trailing edge to FPSHIFT rising edge 12 Ts
Notes: 1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4
(see REG[19h] bits [1:0])
2. tlmin = t3min - 14Ts
3. t3min = [((REG[04h] bits [6:0])+1)[(B + ((REG[05h] bits [4:0]) + 1)[B] +33 Ts
4. t5min = [(((REG[04h] bits [6:0])+1)(B + ((REG[05h] bits [4:0]) + 1)[B)-1] Ts
5. témin = [((REG[05h] bits [4:0]) + 1)[B - 20] Ts
6. t7min = [((REG[05h] bits [4:0]) + 1)[B - 11] Ts
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16-Bit TFT/D-TFD Panel Timing

5 VNDP 9 VDP N
FPFRAME S o )
rPLNne U 1 I I I i I i 1
R[5:1], G[5:0], B[5:1] LINE4®O) LINEL [Y\— — —X LINE48O B
DRDY o ]—\7 — |

FPLINE | [

FPSHIFT LT LT LT T . I A A

DROY | L
RS e €
e — — )
BSL) — — e

Note: DRDY is used to indicate the first pixel
Example Timing for 640x480 panel

Figure 7-42 16-Bit TFT/D-TFD Panel Timing

VDP = Vertical Display Period (REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period (REG[OAR] bits [5:0]) + 1

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

HNDP = Horizontal Non-Display Period = HNDP1 + HNDP2= ((REG[05h] bits [4:0]) + 1)*8Ts

S1D13505F00A HARDWARE FUNCTIONAL EPSON 1-75
SPECIFICATION (X23A-A-001-12)



7: A.C. CHARACTERISTICS

FPFRAME

FPLINE

FPLINE

DRDY

FPSHIFT

R[5:1]
G[5:0]
B[5:1]

Note: DRDY is used to indicate the first pixel

-
E
N
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t13
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Figure 7-43 16-Bit TFT/D-TFD A.C. Timing

Table 7-32 16-Bit TFT/D-TFD A.C. Timing

Symbol Parameter Min. Typ. Max. Units
t1 FPSHIFT period 1 Ts(note 1)
2 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 cycletime note 2
t7 FPLINE pulse width low note 3
8 FPFRAME cycletime note 4
19 FPFRAME pulse width low note 5
t10 horizontal display period note 6
t11 FPLINE setup to FPSHIFT falling edge 0.45 Ts
t12 FPFRAME pulse leading edge to FPLINE pulse leading edge phase note 7

difference
13 DRDY to FPSHIFT falling edge setup time 0.45 Ts
t14 DRDY pulse width note 8
t15 DRDY falling edge to FPLINE pulse leading edge note 9
t16 DRDY hold from FPSHIFT falling edge 0.45 Ts
117 FPLINE pulse leading edge to DRDY active note 10 250 Ts
Notes: 1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4

(see REG[19h] bits [1:0])

2. témin = [((REG[04h] bits [6:0])+1)(B + ((REG[05h] bits [4:0])+1)(B] Ts

3. t7min =[((REG[07h] bits [3:0])+1)(B] Ts

4. t8 min = [((REG[09h] bits [1:0], REG[08h] bits [7:0])+1) + ((REG[0Ah] bits [5:0])+1)] lines

5. t9min = [((REG[OCh] bits [2:0])+1)] lines

6. t10min = [((REG[04h] bits [6:0])+1)[(8B] Ts

7. t12min = [((REG[06h] bits [4:0])*8)+1] Ts

8. t14min = [((REG[04h] bits [6:0])+1)(B] Ts

9. t15min = [((REG[06h] bits [4:0])+1)(B - 2] Ts

10. t17min = [((REG[05h] bits [4:0])+1)[B - ((REG[06h] bits [4:0])+1)(B + 2]
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CRT Timing
5 VNDP L VDP N
€ »>i¢ >
VRTC S T —
HRTC U U I I I ] IR I I
RED, GREEN, BLUE LINE480 o LINEL |[X— — —X LINE480 _
HRTC —\—,7 77777
5 HNDP1 v HDP . _HNDP2
|« 14 »< »|
RED, GREEN, BLUE o 11 12 — 640 \
Example Timing for 640x480 CRT

Figure 7-44 CRT 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 = HNDP1 + HNDP2 = ((REG[05h] bits [4:0]) + 1)*8Ts

Note: The signals RED, GREEN and BLUE are analog signals from the embedded DAC and represent the
color components which make up each pixel.
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Figure 7-45 CRT A.C. Timing
Table 7-33 CRT A.C. Timing
Symbol Parameter Min. Typ. Max. Units
t1 VRTC cycletime note 1
t2 VRTC pulse width low note 2
3 V_RTC falling edge to FPLINE falling edge phase note 3
difference

Notes: 1. tlmin = [((REG[09h] bits 1:0, REG[08h] bits 7:0)+1) + ((REG[OAh] bits 6:0)+1)] lines

2. 2min = [((REG[OCHh] bits 2:0)+1)] lines
3. t3min = [((REG[06h] bits 4:0)+1)(B] Ts
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8 REGISTERS

8.1 Register Mapping

The S1D13505 registers are memory mapped. The system addresses the registers through the CS#,
M/R#, and AB[5:0] 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 S1D13505 Addressing

CS#

M/R#

Access

Register access:

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

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

S1D13505 not selected

S1D13505F00A HARDWARE FUNCTIONAL
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EPSON

1-79



8: REGISTERS

8.2 Register Descriptions

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

Revision Code Register

Revision Code Register

REG[00h] RO
Product Code | Product Code | Product Code | Product Code | Product Code | Product Code | Revision Code | Revision Code
Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit0 Bit1 Bit0
bits7—2 Product Code Bits[5:0]
Thisis aread-only register that indicates the product code of the chip.
The product code for the S1ID13505F00A is 000011.
bits1-0 Revision CodeBits[1:0]
Thisis aread-only register that indicates the revision code of the chip.
The revision code for the S1D13505F00A is 00.
Memory Configuration Registers
Memory Configuration Register
REG[01h] RW
Refresh Rate | Refresh Rate | Refresh Rate
na Bit 2 Bit 1 Bit 0 n/a WE# Control na Memory Type
bits6-4 DRAM Refresh Rate Select Bits[2:0]
These bits specify the divisor used to generate the DRAM refresh rate from the input
clock (CLKI).
Table 8-2 DRAM Refresh Rate Selection
DRAM Refresh Rate CLKI Frequency Example Refresh Rate Zigamfple rp])eriold fort
Select Bits [2:0] Divisor for CLKI = 33MHz Crl_eKrle:S 3?“’;;: a
000 64 520 kHz 0.5ms
001 128 260 kHz 1ms
010 256 130 kHz 2ms
011 512 65 kHz 4ms
100 1024 33kHz 8ms
101 2048 16 kHz 16 ms
110 4096 8kHz 32ms
111 8192 4kHz 64 ms
bit 2 WE# Control
When thisbit = 1, 2-WE# DRAM s selected.
When thisbit = 0, 2-CAS# DRAM s selected.
bit 0 Memory Type
When thisbit = 1, FPM-DRAM is selected.
When thisbit = 0, EDO-DRAM is selected.
This bit should be changed only when there are no read/write DRAM cycles. This condi-
tion occurs when all of the following are true: the Display FIFO is disabled (REG[23h]
bit 7 = 1), and the Half Frame Buffer isdisabled (REG[1Bh] bit 0 = 1), and the Ink/Cursor
isinactive(Reg[27h] bits 7-6 = 00). This condition also occurs when the CRT and LCD
enable bits (Reg[0ODh] bits 1-0) have remained 0 since chip reset. For further program-
ming information, see “ S1D13505 Programming Notes and Examples’ , document num-
ber X23A-G-003-05.
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Panel/Monitor Configuration Registers

Panel Type Register

REG[02h] RW
EL Panel na Panel Data Panel Data Panel Data Color/Mono Dud/Single 'I'LIZI'éP';a?;]ZIe
Enable Width Bit 1 Width Bit0 | Format Select | Panel Select Panel Select Select
bit 7 EL Panel Mode Enable
When thisbit = 1, EL Panel support mode is enabled. Every 262143 frames (approxi-
mately 1 hour at 60Hz frame rate) the identical panel datais sent to two consecutive
frames, i.e. the frame rate modulation circuitry is frozen for one frame.
bits5-4 Panel Data Width Bits[1:0]
These bits select the LCD interface data width as shown in the following table.
Table 8-3 Panel Data Width Selection
Panel Data Width Bits [1:0] | Passive LCD Panel Data Width Size | |7 /2170 PS"’I‘;:' Data Width
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, color passive LCD panel dataformat 2 is selected.
When this bit = 0, passive LCD panel dataformat 1 is selected.
bit 2 Color/Mono Panel Select
When this bit = 1, color passive LCD panél is selected.
When this bit = 0, monochrome passive LCD panel is selected.
bit 1 Dual/Single Panel Select
When thisbit = 1, dual passive LCD panel is selected.
When this bit = 0, single passive LCD panel is selected.
bit 0 TFT/Passive LCD Panel Select
When thishit = 1, TFT/D-TFD panel is selected.
When this bit = 0, passive LCD panel is selected.
MOD Rate Register
REG[03h] RW
MOD Rate Bit | MOD Rate Bit | MOD Rate Bit | MOD Rate Bit | MOD Rate Bit | MOD Rate Bit
n/a n/a
5 4 3 2 1 0
bits5-0 MOD RateBits[5:0]

When the DRDY pin is configured as MOD, this register controls the toggle rate of the
MOD output. When this register is zero, the MOD output signal toggles every
FPFRAME. When this register is non-zero, its value represents the number of FPLINE
pul ses between toggles of the MOD output signal.
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Horizontal Display Width Register
REG[04h] RW
Horizontal Horizontal Horizontal Horizontal Horizontal Horizontal Horizontal
n/a Display Width | Display Width | Display Width | Display Width | Display Width | Display Width | Display Width
Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
bits6-0 Horizontal Display Width Bits[6:0]
These bits specify the horizontal display width.
Horizontal display width (pixels) = (Horizontal Display Width Bits[6:0] + 1) x 8
The maximum horizontal display width is 1024 pixels.
Notes: e This register must be programmed such that REG[04h] > 3 (32 pixels).

* When setting a horizontal resolution greater than 767 pixels, with a color depth of 15/16
bpp, the Memory Offset Registers (REG[16h], REG[17h]) must be set to a virtual hori-
zontal pixelresolution of 1024.

Horizontal Non-Display Period Register
REG[05h] RW
Horizontal Horizontal Horizontal Horizontal Horizontal
na na na Non-Display | Non-Display | Non-Display | Non-Display | Non-Display
Period Bit4 | PeriodBit3 | PeriodBit2 | PeriodBit1l | Period Bit0

bits4-0 Horizontal Non-Display Period Bits[4:0]
These bits specify the horizontal non-display period.
Horizontal non-display period (pixels) = (Horizontal Non-Display Period Bits[4:0] + 1) x 8
The recommended minimum value which should be programmed into this register is 3
(32 pixels). The maximum value which can be programmed into this register is 1Fh,
which gives a horizontal non-display period of 256 pixels.

Note:

This register must be programmed such that

REG[05h] = 3 and (REG[05h] + 1) = (REG[06h] + 1) + (REG[07h] bits [3:0] + 1)

HRTC/FPLINE Start Position Register
REG[06h] RW
HRTC/FPLINE | HRTC/FPLINE | HRTC/FPLINE | HRTC/FPLINE | HRTC/FPLINE
n/a n/a n/a Start Position Start Position Start Position Start Position Start Position
Bit4 Bit 3 Bit 2 Bit 1 Bit0

bits4-0 HRTC/FPLINE Start Position Bits[4:0]

For CRT and TFT/D-TFD, these bits specify the delay from the start of the horizontal
non-display period to the leading edge of the HRTC pulse and FPLINE pul se respec-

tively.
HRTC/FPLINE start position (pixels) = (HRTC/FPLINE Start Position Bits[4:0] + 1) x 8- 2

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 FPLINE HRTC/FPLINE | HRTC/FPLINE | HRTC/FPLINE | HRTC/FPLINE
Polarity Select | Polarity Select na n/a PuIseV\gdth Bit Pulse\/\gdth Bit PuIseV\fdth Bit RJIseV\gdth Bit
bit 7 HRTC Polarity Select
This bit selects the polarity of the HRTC pulse to the CRT.
When this bit = 1, the HRTC pulse is active high. When this bit = 0, the HRTC pulseis
active low.
bit 6 FPLINE Polarity Select
This bit selects the polarity of the FPLINE pulse to TFT/D-TFD or passive LCD.
When thisbit = 1, the FPLINE pulseis active high for TFT/D-TFD and active low for
passive LCD. When this bit = 0, the FPLINE pulseis active low for TFT/D-TFD and
active high for passive LCD.
Table 8-4 FPLINE Polarity Selection
FPLINE Polarity Select Passive LCD FPLINE Polarity TET/D-TFD FPLINE Polarity
0 active high active low
1 active low active high
bits3-0 HRTC/FPLINE Pulse Width Bits[3:0]
For CRT and TFT/D-TFD, these bits specify the pulse width of HRTC and FPLINE
respectively. For passive LCD, FPLINE is automatically created and these bits have no
effect.
HRTC/FPLINE pulse width (pixels) = (HRTC/FPLINE Pulse Width Bits[3:0] + 1) x 8
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 Dis- | Vertical Dis- | Vertical Dis- | Vertical Dis- | Vertica Dis- | Vertical Dis- | Vertica Dis- | Vertical Dis-
play Height play Height play Height play Height play Height play Height play Height play Height
Bit 7 Bit 6 Bit5 Bit4 Bit3 Bit 2 Bit1 Bit 0
Vertical Display Height Register 1
REG[09h] RW
Vertical Dis- | Vertica Dis-
n/a n/a n/a n/a n/a n/a play Height play Height
Bit9 Bit 8
REG[08h] bits 7-0 Vertical Display Height Bits[9:0]
REG[09N] bits1-0 These bits specify the vertical display height.

Vertical display height (lines) = Vertical Display Height Bits[9:0] + 1

 For CRT, TFT/D-TFD, and single passive LCD pand this register is programmed to:
(vertical resolution of the display) - 1, e.g. EFh for a 240-line display.

* For dual-panel passive LCD not in simultaneous display mode, this register is pro-
grammed to:
((vertical resolution of the display)/2) - 1, e.g. EFhfor a480-line display.

« For al simultaneous display modes, this register is programmed to:

(vertical resolution of the CRT) - 1,

e.g. 1DFh for a480-line CRT.
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Vertical Non-Display Period Register
REG[0Ah] RW
Vertical Non- n/a Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non-
Display Period Display Period | Display Period | Display Period | Display Period | Display Period | Display Period
Status (RO) Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit0
bit 7 Vertical Non-Display Period Status
Thisisaread-only status bit.
When this bit = 1, avertical non-display period is indicated.
When this bit = 0, avertical display period isindicated.
bits5-0 Vertical Non-Display Period Bits[5:0]
These bits specify the vertical non-display period.
Vertical non-display period (lines) = Vertical Non-Display Period Bits[5:0]
Note: This register must be programmed such that

REG[0Ah] = 1 and (REG[OAh] bits [5:0] + 1) = (REG[0Bh] + 1) + (REG[OCh] bits [2:0] + 1)

VRTC/FPFRAME Start Position Register

REG[0Bh] RW
VRTC/ VRTC/ VRTC/ VRTC/ VRTC/ VRTC/
na na FPFRAME FPFRAI_VI_E 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

bits5-0 VRTC/FPFRAME Start Position Bits[5:0]

Note:

For CRT and TFT/D-TFD, these bits specify the delay in lines from the start of the verti-
cal non-display period to the leading edge of the VRTC pulse and FPFRAME pulse
respectively. For passive LCD, 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 start delay is 64 lines.

This register must be programmed such that
(REGI[0Ah] bits [5:0] + 1) = (REG[0Bh] + 1) + (REG[OCh] bits [2:0] + 1)
For exact timing please use the timing diagrams in section 7.5
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VRTC/FPFRAME Pulse Width Register

REG[0OCh] RW
VRTC Pola- | FPFRAME na na na VRTC/ VRTC/ VRTC/
ity Select | Polarity Select FPFRAME | FPFRAME | FPFRAME
PulseWidth | PulseWidth | PulseWidth
Bit 2 Bit 1 Bit0
bit 7 VRTC Polarity Select
This bit selects the polarity of the VRTC pulse to the CRT.
When thisbit = 1, the VRTC pulse is active high.
When this bit = 0, the VRTC pulseis active low.
bit 6 FPFRAME Polarity Select
This bit selects the polarity of the FPFRAME pulse to the TFT/D-TFD or passive LCD.
When thisbit = 1, the FPFRAME pulseis active high for TFT/D-TFD and active low for passive.
When thisbit = 0, the FPFRAME pulseis active low for TFT/D-TFD and active high for passive.
Table 8-5 FPFRAME Polarity Selection
FPFRAME Polarity Select Passive LCD FPFRAME Polarity | TET/D-TFD FPFRAME Polarity
0 active high active low
1 active low active high
bits2-0 VRTC/FPFRAME Pulse Width Bits[2:0]
For CRT and TFT/D-TFD, these bits specify the pulse width of VRTC and FPFRAME
respectively. For passive LCD, FPFRAME isautomatically created and these bits have no
effect.
VRTC/FPFRAME pulse width (lines) = VRTC/FPFRAME Pulse Width Bits[2:0] + 1
Note: This register must be programmed such that

(REG[OAh] bits [5:0] + 1) > (REG[0Bh] + 1) + (REG[OCh] bits [2:0] + 1)
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Display Configuration Registers

Display Mode Register
REG[0Dh] RW
SwivelView™ | Simultaneous | Simultaneous | Bit-per-pixel | Bit-per-pixel | Bit-per-pixel | CRT Enable | LCD Enable
Enable Display Option | Display Option | Select Bit 2 Select Bit 1 Select Bit 0
Select Bit1 | SelectBit0
bit 7 SwivelView™ Enable
When thisbit = 1, all CPU accesses to the display buffer are translated to provide clock-
wise 90° hardware rotation of the display image. Refer to Section 13, “ Swivel View™”
for application and limitations.
bits6-5 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 modesisto
mani pulate the vertical resolution of the image so that it fits on both the CRT, typically
640x480, and LCD. The following table describes 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 Mode

Mode Description

Normal

The image is not manipulated. This mode is used when the CRT and LCD have the same reso-
Iution, e.g. 480 lines.

It is necessary to suit the vertical retrace period to the CRT. Thisresultsin alower LCD duty
cycle (1/525 compared to the usual 1/481). This reduced duty cycle may result in lower con-
trast on the LCD.

01

Line Doubling

Each lineisreplicated on the CRT. Thismode is used to display a 240-lineimage on a240-line
LCD and stretch it to a 480-line image on the CRT. The CRT has a heightened aspect ratio.

It is necessary to suit the vertical retrace period to the CRT. Thisresultsin alower LCD duty
cycle (2/525 compared to the usual 1/241). This reduced duty cycleis not extreme and the con-
trast of the LCD image should not be greatly reduced.

10

Interlace

The odd and even fields of a480-lineimage are interlaced on the LCD. Thismode is used to
display a480-lineimage on the CRT and squash it onto a 240-line LCD. The full imageis
viewed on the LCD but the interlacing may creste flicker. The LCD has a shortened aspect
ratio.

It is necessary to suit the vertical retrace period to the CRT. Thisresultsin alower LCD duty
cycle (2/525 compared to the usual 1/241). This reduced duty cycleis not extreme and the con-
trast of the LCD image should not be greatly reduced.

11

Even Scan Only

Only the even field of a480-lineimageisdisplayed on the LCD. Thisis an alternate method to
display a480-lineimage on the CRT and squash it onto a 240-line LCD. Only the even scans
are viewed on the LCD. The LCD has a shortened aspect ratio.

It is necessary to suit the vertical retrace period to the CRT. Thisresultsin alower LCD duty
cycle (2/525 compared to the usual 1/241). This reduced duty cycleis not extreme and the con-
trast of the LCD image should not be greatly reduced.

Notes: 1.

Dual Panel Considerations:

When configured for a dual LCD panel and using Simultaneous Display, the Half Frame Buffer
Disable, REG[1Bh] bit 0, must be set to 1.
This results in a lower contrast on the LCD panel, which may require adjustment.

2. The Line doubling option is not supported with dual panel.
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bits4-2 Bit-Per-Pixel Select Bits[2:0]
These bits select the color depth (bpp) for the displayed data. See Section 10.1, “ Display
Mode Data Format” for details of how the pixels are mapped into the image buffer.

bit 1

bit O

Table 8-7 Bits-Per-Pixel Selection

Bit-per-pixel Select Bits [2:0]

Color Depth (bpp)

000 1 bpp
001 2 bpp
010 4 bpp
011 8 bpp
100 15 bpp
101 16 bpp
110—111 Reserved

CRT Enable
This bit enables the CRT monitor.
When this bit = 1, the CRT is enabled.
When this bit = 0, the CRT is disabled.

LCD Enable
This bit enables the LCD panel.
Programming this bit from a0 to a 1 starts the LCD power-on sequence.
Programming this bit from a 1 to a 0 starts the LCD power-off sequence.

Screen 1 Line Compare Register 0
REG[OEh] RW
Screen1Line | Screen1Line | Screen1Line | Screen1Line | Screen1Line | Screen1Line | ScreenlLine | Screen1Line
Compare Bit 7 | Compare Bit 6 | Compare Bit 5 | Compare Bit 4 | Compare Bit 3 | Compare Bit 2 | Compare Bit 1 | Compare Bit 0

Screen 1 Line Compare Register 1
REG[OFh] RW
Screen1Line | Screen1Line
na na na na na na Compare Bit 9 | Compare Bit 8

REG[OEh] bits 7-0 Screen 1 Line Compare Bits[9:0]
REG[OFh] bits1-0 Thesebitsare set to 1 during power-on.
The display can be split into two images: Screen 1 and Screen 2, with Screen 1 above
Screen 2. This 10-bit value specifies the height of Screen 1.

Height of Screen 1 (lines) = Screen 1 Line Compare Bits[9:0] + 1

If the height of Screen 1islessthan the display height then the remainder of thedisplay is
taken up by Screen 2. For normal operation (no split screen) this register must be set
greater than the Vertical Display Height register (e.g. set to the reset value of 3FFh).

See Section 10, “Display Configuration” for details.

Screen 1 Display Start Address Register O
REG[10h] RW
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 Bit0
Screen 1 Display Start Address Register 1
REGI[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
na na na na Start Address | Start Address | Start Address | Start Address
Bit 19 Bit 18 Bit 17 Bit 16
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REG[10h] bits 7-0 Screen 1 Start Address Bits[19:0]
REG[11h] bits7-0 Theseregistersform the 20-bit addressfor the starting word of the Screen
1imagein the display buffer.

REG[12h] bits 3-0
Note that thisis aword address. A combination of this register and the Pixel Panning reg-
ister (REG[18h]) can be used to uniquely identify the start (top left) pixel within the

Screen 1 image stored in the display buffer.

See Section 10, “Display Configuration” for details.

Screen 2 Display Start Address Register 0
REG[13h] RW
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 Bit1 Bit0
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 Bit9 Bit 8
Screen 2 Display Start Address Register 2
REG[15h] RW
wa na na wa Start Addreﬁ Start Address Start Addreﬁs Start Address
Bit 19 Bit 18 Bit 17 Bit 16

REG[13h] bits7-0 Screen 2 Start Address Bits[19:0]
REG[14h] bits7-0 Theseregistersform the 20-bit addressfor the starting word of the Screen
2imagein the display buffer.

REG[15h] bits 3-0
Note that thisis aword address.
A combination of this register and the Pixel Panning register (REG[18h]) can be used to
uniquely identify the start (top left) pixel within the Screen 2 image stored in the display

buffer.

See Section 10, “Display Configuration” 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 Memory
n/a n/a n/a n/a n/a Address Address Address
Offset Bit 10 | Offset Bit9 Offset Bit 8

REG[16h] bits 7-0
REG[17h] bits 2-0

Memory Address Offset Bits[10:0]
Thesebitsform the 11-bit address offset from the startingword of linen to
the starting word of line n+1. Thisvalueisapplied to both Screen 1 and

Screen 2.

Note that this valueisin words.
A virtual image can be formed by setting this register to a value greater than the width of
the display. The displayed image is awindow into the larger virtual image.

See Section 10, “Display Configuration” for details.
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Pixel Panning Register

REG[18h] RW
Screen 2 Pixel | Screen 2 Pixel | Screen 2 Pixel | Screen 2 Pixel | Screen 1 Pixel | Screen 1 Pixel | Screen 1 Pixel | Screen 1 Pixel
Panning Bit 3 | Panning Bit2 | Panning Bit 1 | Panning Bit O | Panning Bit 3 | Panning Bit 2 | Panning Bit 1 | Panning Bit O

Thisregister 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. The value represents the number of pixels panned. The
maximum pan value is dependent on the display mode.
Table 8-8 Pixel Panning Selection
Display Mode Maximum Pan Value Pixel Panning Bits Active
1 bpp 16 Bits[3:0]
2 bpp 8 Bits[2:0]
4 bpp 4 Bits[1:0]
8 bpp 1 Bit 0
15/16 bpp 0 none
Smooth horizontal panning can be achieved by a combination of this register and the Dis-
play Start Address registers.
See Section 10, “Display Configuration” for details.
bits 7—4 Screen 2 Pixel Panning Bits[3:0]
Pixel panning bits for screen 2.
bits3-0 Screen 1 Pixel Panning Bits[3:0]

Pixel panning bits for screen 1.
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Clock Configuration Register

Clock Configuration Register

REG[19h] RW
MCLK Divide | PCLK Divide | PCLK Divide
Reserved na n/a na na Select Select Bit1 | SelectBit0
bit 7 Reserved
This bit must be set to 0.
bit 2 MCLK Divide Select
When thisbit = 1 the MCLK frequency is half of its source frequency.
When this bit = 0 the MCLK frequency is equal to its source frequency.
The MCLK frequency should always be set to the maximum frequency allowed by the
DRAM; this provides maximum performance and minimum overall system power con-
sumption.
bits1-0 PCLK Divide Select Bits[1:0]
These bits select the MCLK: PCLK frequency ratio.
Table 8-9 PCLK Divide Selection
PCLK Divide Select Bits [1:0] MCLK : PCLK Frequency Ratio
00 1:1
01 2:1
10 3:1
1 4:1
See Section on “Maximum MCLK: PCLK Ratios’ for selection of clock ratios.
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Power Save Configuration Registers

Power Save Configuration Register
REG[1Ah] RW
Power Save Suspend Suspend Software
Status n/a n/a n/a L%I?;;v;er Refresh Select | Refresh Select | Suspend Mode
RO Bit 1 Bit0 Enable
bit 7 Power Save Status
Thisis aread-only status bit.
This bit indicates the power-save state of the chip.
When this bit = 1, the panel has been powered down and the memory controller is either
in self refresh mode or is performing only CAS-before-RAS refresh cycles.
When this bit = 0, the chip is either powered up, in transition of powering up, or in transi-
tion of powering down. See Section 15, “ Power Save Modes’ for details.
bit 3 L CD Power Disable
Thisbit is used to override the panel on/off sequencing logic.
When this bit = 0 the LCDPWR output is controlled by the panel on/off sequencing logic.
When this bit = 1 the LCDPWR output is directly forced to the off state.
The LCDPWR “On/Off” polarity is configured by MD10 at the rising edge of RESET#
(MD10 = 0 configures LCDPWR = 0 as the Off state; MD10 = 1 configures LCDPWR =
1 asthe Off state).
bits2-1 Suspend Refresh Select Bits[1:0]
These hits 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 CAS-before-RAS (CBR) refresh
01 Self-Refresh
1x No Refresh
Note: These bits should not be changed when suspend mode is active.
bit 0 Softwar e Suspend M ode Enable

When this bit = 1 software Suspend mode is enabled.
When this bit = 0 software Suspend mode is disabled.
See Section 15, “ Power Save Modes’ for details.
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Miscellaneous Registers

Miscellaneous Disable Register

REG[1Bh] RW
Host Interface Half Frame
Discble na na na na na Wa | Buffer Dischle
bit 7 Host Interface Disable
Thisbit isset to 1 during power -on/r eset.
This bit must be programmed to 0 to enable the Host Interface. When this bit is high, all
memory and all registers except REG[1Ah] (read-only) and REG[1Bh] are inaccessible.
bit O Half Frame Buffer Disable

Thishit 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 asingle panel is selected, the Half Frame Buffer is automatically disabled and this
bit has no effect.

The half frame buffer is needed to fully support dual panels. Disabling the Half Frame
Buffer reduces memory bandwidth requirements and increases the supportabl e pixel
clock frequency, but results in reduced contrast on the LCD panel (the duty cycle of the
LCD ishalved). Thismodeis not normally used except under special circumstances such
as simultaneous display on a CRT and dual panel LCD. When this mode is used the Alter-
nate Frame Rate Modulation scheme should be used (see REG[31h]). For detailson
Frame Rate cal culation see Section 14.2, “Frame Rate Calculation”.

MD Configuration Readback Register 0

REG[1Ch]

RO

MDI[7] Status | MD[6] Status | MD[5] Status | MD[4] Status | MD[3] Status | MD[2] Status | MD[1] Status | MD[0] Status

MD Configuration Readback Register 1

REG[1Dh]

RO

MD[15] Status | MD[14] Status | MD[13] Status| MD[12] Status| MD[11] Status | MD[10] Status| MD[9] Status | MD[8] Status

REG[1Ch] bits7-0 MDJ[15:0] Configuration Status
REG[1Dh] bits7-0 These are read-only status bits for the MD[15:0] pins configuration status at

therising edge of RESET#. MD[15:0] are used to configure the chip at the
rising edge of RESET# — see “Pin Descriptions and Summary of Configura-
tion Options’ for details.
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General 10 Pins Configuration Register 0

REG[1Eh] RO
n/a n/a n/a n/a GPIO3 Pin GPIO2 Pin GPIO1 Pin n/a
10 Config. 10 Config. 10 Config.
Pins MA9, MA10, MA11 are multi-functional —they can be DRAM address outputs or
general purpose |O dependent on the DRAM type. MDJ[7:6] are used to identify the
DRAM type and configure these pins as follows:
Table 8-11 MA/GPIO Pin Functionality
MD[7:6] at Rising Pin Function
Edge of RESET# MA9 MA10 MA11
00 GPIO3 GPIO1 GPIO2
o1 MA9 GPIO1 GPIO2
10 MA9 GPIO1 GPIO2
1 MA9 MA10 MA11
These bits are used to control the direction of these pins when they are used as general
purpose 10. These bits have no effect when the pins are used as DRAM address outputs.
bit 3 GPIO3 Pin IO Configuration
When this bit = 1, the GPIO3 pin is configured as an output pin.
When this bit = 0 (default), the GPIO3 pin is configured as an input pin.
bit 2 GPIO2 Pin | O Configuration
When this bit = 1, the GPIO2 pin is configured as an output pin.
When this bit = 0 (default), the GPIO2 pin is configured as an input pin.
bit 1 GPIO1 Pin 1O Configuration

When this bit = 1, the GPIO1 pin is configured as an output pin.
When this bit = 0 (default), the GPIO1 pin is configured as an input pin.

General 10 Pins Configuration Register 1

REG[1Fh] RW
n/a n/a | n/a | nfa | n/a | n/a | n/a | n/a
Thisregister position is reserved for future use.
General 10 Pins Control Register 0
REG[20h] RW
a a a a GPIO3Pin | GPIO2Pin | GPIO1Pin a
10 Status 10 Status 10 Status
bit 3 GPIO3 Pin 10 Status
When GPIO3 is configured as an output (see REG[1Eh]), a“1” in this bit drives GPIO3
high and a“0" in this bit drives GPIO3 low.
When GPIO3 is configured as an input, aread from this bit returns the status of GPIO3.
bit 2 GPIO2Pin 10 Status
When GPIO2 is configured as an output (see REG[1Eh]), a“1” in this bit drives GPIO2
high and a“Q” in this bit drives GPIO2 low.
When GPIO2 is configured as an input, aread from this bit returns the status of GPIO2.
bit 1 GPIO1Pin 1O Status

When GPIOL is configured as an output (see REG[1Eh]), a“1” in this bit drives GPIO1
high and a“Q” in this bit drives GPIO1 low.
When GPIOL is configured as an input, a read from this bit returns the status of GPIOL1.
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GPIO Status / Control Register 1
REG[21h] RW
GPO n/a n/a n‘a n‘a n‘a n‘a n‘a
Control
bit 7 GPO Controal

Thishit is used to control the state of the SUSPEND# when it is configured as GPO. The
SUSPEND# 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#/GPO is an active-low Schmitt
input used to put the S1D13505 into suspend mode — see “Power Save Modes” for
details.

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

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

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

REG[22h]

Performance Enhancement Register 0

RW

Reserved

RC Timing
ValueBit 1

RC Timing
Value Bit 0

RAS#-to-
CAS# Delay
Value

RASH Pre-
charge Timing
Value Bit 1

RASH Pre-
charge Timing
Value Bit 0

Reserved

Reserved

Note:

bit 7
bits 6-5

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 all of the fol-
lowing are true: the Display FIFO is disabled (REG[23h] bit 7 = 1), and the Half Frame
Buffer is disabled (REG[1Bh] bit 0 = 1), and the Ink/Cursor is inactive (Reg[27h] bits 7-6 =
00). This condition also occurs when the CRT and LCD enable bits (Reg[0Dh] bits 1-0)
have remained 0 since chip reset. For further programming information, see “S1D13505
Programming Notes and Examples”, document number X23A-G-003-05.

Reserved

RC Timing Value (Nrc) Bits[1:0]

These bits select the DRAM random-cycle timing parameter, trc. These bits specify the
number (NRrc) of MCLK periods (Tm) used to create trc. NRc should be chosen to meet
trc aswell astras, the RAS pulse width. Use the following two formulae to calculate
NRc then choose the larger value. Note, these formulae assume an MCLK duty cycle of
50 +/- 5%.

NRrc = Round-Up (trc/Tm)
NRc = Round-Up (tRAS/TM + NRP)if NRP =1 or 2
= Round-Up (trRAS/TM + 1.55)if NrRP = 1.5

The resulting trc is related to Nrc as follows:
trc = (NRC) T™
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bit 4

bits3-2

bits 1-0

Table 8-12 Minimum Memory Timing Selection

REG[22h] Bits [6:5] NRC Minimum Random Cycle Width (trc)
00 5 5Tm
0l 4 4Twm
10 3 3Tm
11 Reserved Reserved

RASH-to-CASH Delay Value (NRcD)

This bit selectsthe DRAM RAS#-to-CAS# delay parameter, trRep. This bit specifies the
number (Nrcp) of MCLK periods (Tm) used to create trcb. NrRcD must be chosen to sat-
isfy the RAS# accesstime, trac. Note, these formulae assume an MCLK duty cycle of 50
+ 5%.

NRrcp = Round-Up ((tRac +5)/Tm - 1) if EDOand NrRP=10r 2
=2 if EDOand NrRP=1.5
= Round-Up (tRac/Twm - 1) if FPM and Nrp= 1 or 2
= Round-Up (tRac/Tm - 0.45) if FPM and NrP= 1.5

Note that for EDO-DRAM and NRrp = 1.5, this bit is automatically forced to O to select 2
MCLK for Nrcp. Thisis done to satisfy the CAS# address setup time, tasc.

Theresulting trep is related to NRcp as follows:

if EDOand NrRP=1o0r 2
if EDOand NrRP=1.5
if FPM and NrRP =1 or 2
if FPM and NrRP = 1.5

trRepD = (NRcD) T™

treo = (1.5 Tm

trReo = (NRcD + 0.5) Tm
trRepD = (NRcD) T™

Table 8-13 RAS#-to-CAS# Delay Timing Select

REG[22h] Bit 4 NRCD RAS#-10-CAS# Delay (trcp)
0 2 2
1 1 1

RAS# Precharge Timing Value (NrP) Bits[1:0]

Minimum Memory Timing for RAS# precharge

These bits select the DRAM RAS# Precharge timing parameter, trr. These bits specify
the number (NrpP) of MCLK periods (Twm) used to create trp — see the following formul ae.
Note, these formulae assume an MCLK duty cycle of 50 +/- 5%.

NrP =1 if trRP/TM) <1
=15 if 1< (trRP/TM) <1.45
=2 if (trRP/TM) = 1.45

The resulting tre is related to Nre as follows:
if FPM refresh cycleand NrRp =1 or 2

trRe = (NRP+ 0.5) T™m
trRp = (NRP) T™

Reserved

for al other

These bits must be set to 0.

Table 8-14 RAS# Precharge Timing Select

REG[22h] Bits [3:2] NRP RAS# Precharge Width (trr)
00 2 2
01 15 15
10 1 1
11 Reserved Reserved
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Optimal DRAM Timing

The following table contains the optimally programmed values of Nrc, NRR, and NRcD
for different DRAM types, at maximum MCLK frequencies.
Table 8-15 Optimal Nrc, Nrp, and Nrcp Values at Maximum MCLK Frequency

DRAM Speed ™ NRC NRP NRCD
DRAM Type (ns)p (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 15 1
bits1-0 Reserved
Thisreserved bit must be set to 0.
Performance Enhancement Register 1
REG[23h] RW
Display FIFO | CPU to Mem- | CPU to Mem- | Display FIFO | Display FIFO | Display FIFO | Display FIFO | Display FIFO
Disable ory Wait State | ory Wait State | Threshold Threshold Threshold Threshold Threshold
Bit 1 Bit0 Bit4 Bit 3 Bit 2 Bit 1 Bit0
bit 7 Display FIFO Disable
When this bit = 1 the display FIFO isdisabled and all data outputs are forced to zero (i.e.,
the screen is blanked). This accel erates screen updates by allocating more memory band-
width to CPU accesses.
When this bit = 0 the display FIFO is enabled.
Note: For further performance increase in dual panel mode disable the half frame buffer (see
“Miscellaneous Registers”) and disable the cursor (see “Ink/Cursor Registers”).
bits6-5 CPU to Memory Wait State Bits[1:0]
These bits are used to optimize the handshaking between the host interface and the mem-
ory controller. The bits should be set according to the relationship between BCLK and
MCLK — see the table below where T and Tm are the BCLK and MCLK periods respec-
tively.
Table 8-16 Minimum Memory Timing Selection
Wait State Bits [1:0] Condition
00 no restrictions (default)
01 2Tm - 4ns>Ts
10 undefined
11 undefined
bits4-0 Display FIFO Threshold Bits[4:0]
These hits specify the display FIFO depth required to sustain uninterrupted display
fetches. When these bits are al Os, the display FIFO depth is cal culated automatically.
These bits should always be set to 0, except in the following configurations:
Landscape mode at 15/16 bpp (with MCLK=PCLK),
Portrait mode at 8/16 bpp (with MCLK=PCLK).
When in the above configurations, a value of 1Bh should be used.
1-96 EPSON S1D13505F00A HARDWARE FUNCTIONAL

SPECIFICATION (X23A-A-001-12)



8: REGISTERS

Look-Up Table Registers

Look-Up Table Address Register
REG[24h] RW
LUT Address | LUT Address | LUT Address | LUT Address | LUT Address | LUT Address | LUT Address | LUT Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits7-0 LUT AddressBits[7:0]

These 8 bits control a pointer into the Look-Up Tables (LUT). The S1D13505 has three
256-position, 4-bit wide LUTS, one for each of red, green, and blue —refer to “ Look-Up
Table Architecture” for details.

Thisregister selectswhich LUT entry is read/write accessible through the LUT Data Reg-
ister (REG[26h]). Writing the LUT Address Register automatically sets the pointer to the
Red LUT. Accessesto the LUT Data Register automatically increment the pointer.

For example, writing avalue 03h into the LUT Address Register sets the pointer to R[3].
A subsequent access to the LUT Data Register accesses R[3] and moves the pointer onto
G[3]. Subsequent accesses to the LUT Data Register move the pointer onto B[ 3], R[4],
G[4], B[4], R[5], etc. Note that the RGB datais inserted into the LUT after the Blue data
iswritten, i.e. al three colors must be written before the LUT is updated.

Look-Up Table Data Register
REG[26h] RW
LUT Data LUT Data LUT Data LUT Data
Bit 3 Bit 2 Bit 1 Bit 0 n/a n/a n/a n/a
bits74 LUT Data

Thisregister is used to read/write the RGB Look-Up Tables. This register accesses the
entry at the pointer controlled by the Look-Up Table Address Register (REG[24h]) — see
above.

Accesses to the Look-Up Table Data Register automatically increment the pointer. Note
that the RGB dataisinserted into the LUT after the Blue datais written, i.e. all three col-
ors must be written before the LUT is updated.
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Ink/Cursor Registers
Ink/Cursor Control Register
REG[27h] RW
Ink/Cursor Ink/Cursor Cursor High | Cursor High | Cursor High | Cursor High
Mode Mode n/a n/a Threshold Threshold Threshold Threshold
Bit 1 Bit 0 Bit 3 Bit 2 Bit 1 Bit 0
bits7-6 Ink/Cursor Control Bits[1:0]
These bits select the operating mode of the Ink/Cursor circuitry. See table below.
Table 8-17 Ink/Cursor Selection
REG[27h] )
B 7 B 6 Operating Mode
0 0 inactive
0 1 Cursor
1 0 Ink
1 1 reserved
bits3-0 Ink/Cursor FIFO Threshold Bits[3:0]

These bits specify the Ink/Cursor FIFO depth required to sustain uninterrupted display
fetches. When these bits are al 0, the Ink/Cursor FIFO depth is calculated automatically.

Cursor X Position Register 0
REG[28h] RW
Cursor X Cursor X Cursor X Cursor X Cursor X Cursor X Cursor X Cursor X
Position Bit 7 | Position Bit 6 | Position Bit5 | Position Bit 4 | Position Bit 3 | Position Bit 2 | Position Bit 1 | Position Bit 0
Cursor X Position Register 1
REG[29h] RW
Cursor X Cursor X
Reserved n/a n/a n/a na n/a Position Bit 9 | Position Bit 8
REG[2Bh] bit 7 Reserved
This bit must be set to 0.
REG[2Ah] bits 7-0 Cursor Y Position Bits[9:0]
REG[2Bh] bits 1-0 In Cursor mode, this 10-bit register is used to program the vertical pixel
position of the Cursor’s top left pixel.
This register must be set to 0 in Ink mode.

Note: The Cursor X Position register must be set during VNDP (vertical non-display period).
Check the VNDP status bit (REG[0Ah] bit 7) to determine if you are in VNDP, then update
the register.
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Cursor Y Position Register 0

REG[2Ah] RW
Cursor Y Cursor Y Cursor Y Cursor Y Cursor Y Cursor Y Cursor Y Cursor Y

Position Bit 7 | Position Bit 6 | Position Bit5 | Position Bit 4 | Position Bit 3 | Position Bit 2 | Position Bit 1 | Position Bit O

Cursor Y Position Register 1

REG[2Bh] RW
Cursor Y Cursor Y

Reserved na na na na a Position Bit 9 | Position Bit 8

REG[2Bh] bit 7 Reserved
Thisbit must be set to 0.

REG[2Ah] bits 7-0
REG[2Bh] bits 1-0

Note:

Cursor Y Position Bits[9:0]
In Cursor mode, this 10-bit register is used to program the vertical pixel

position of the Cursor’s top left pixel.
Thisregister must be set to 0 in Ink mode.

The Cursor Y Position register must be set during VNDP (vertical non-display period).
Check the VNDP status bit (REG[0Ah] bit 7) to determine if you are in VNDP, then update
the register.

Ink/Cursor Color 0 Register 0

REG[2Ch] RW
Cursor Color 0 | Cursor Color 0 | Cursor Color O | Cursor Color 0 | Cursor Color O | Cursor Color O | Cursor Color 0 | Cursor Color O
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

Ink/Cursor Color 0 Register 1
REG[2Dh] RW
Cursor Color 0 | Cursor Color 0 | Cursor Color O | Cursor Color 0 | Cursor Color O | Cursor Color O | Cursor Color 0 | Cursor Color O
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
REG[2Ch] bits 7-0 Ink/Cursor Color 0Bits[15:0]
REG[2Dh] bits 7-0 These bits define the 5-6-5 RGB I nk/Cur sor color 0.
Ink/Cursor Color 1 Register 0
REG[2Eh] RW
Cursor Color 1 | Cursor Color 1 | Cursor Color 1 | Cursor Color 1 | Cursor Color 1 | Cursor Color 1 | Cursor Color 1 | Cursor Color 1
Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
Ink/Cursor Color 1 Register 1
REG[2Fh] RW
Cursor Color 1 | Cursor Color 1 | Cursor Color 1 | Cursor Color 1 | Cursor Color 1 | Cursor Color 1 | Cursor Color 1 | Cursor Color 1
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
REG[2Eh] bits 7-0 Ink/Cursor Color 1 Bits[15:0]
REG[2Fh] bits 7-0 These bits definethe 5-6-5 RGB Ink/Cursor color 1.
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Ink/Cursor Start Address Select Register
REG[30h] RW
Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Select Select Select Select Select Select Select Select
Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
bits 7-0

Ink/Cursor Start Address Select Bits[7:0]

These bits define the start address for the Ink/Cursor buffer. The Ink/Cursor buffer must
be positioned where it does not conflict with the image buffer and half-frame buffer — see
Memory Mapping for details.

The start address for the Ink/Cursor buffer is programmed as shown in the following table

where Display Buffer Size represents the size in bytes of the attached DRAM device (see
MD[7:6] in “Summary of Configuration Options’ ):

Table 8-18 Ink/Cursor Start Address Encoding

Ink/Cursor Start Address Bits [7:0]

Start Address (Bytes)

0

Display Buffer Size - 1024

n=

255..1

Display Buffer Size- (n X 8192)

The Ink/Cursor image is stored contiguously. The address offset from the starting word of
line n to the starting word of line n+1 is calculated as follows:
Ink Address Offset (words) = REG[04h] + 1
Cursor Address Offset (words) =8

REG[31h]

Alternate FRM Register

RW

Alternate FRM
Bit 7

Alternate FRM
Bit 6

Alternate FRM
Bit5

Alternate FRM
Bit 4

Alternate FRM
Bit 3

Alternate FRM
Bit 2

Alternate FRM
Bit1

Alternate FRM
Bit0

bits7-0 Alternate Frame Rate M odulation Select
Register that controls the alternate FRM scheme. When all bits are set to zero, the default
FRM is selected. For single passive, or dual passive with the half frame buffer enabled,

either the origina or the alternate FRM scheme may be used. The aternate FRM scheme

may produce more visually appealing output. The following table shows the recom-
mended aternate FRM scheme values.

Table 8-19 Recommended Alternate FRM Scheme

Panel Mode

Register Value

Single Passive

0000 0000 or 1111 1111

Dual Passive w/Half Frame Buffer Enabled

0000 0000 or 1111 1010

Dual Passive w/Half Frame Buffer Disabled

11111111
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9 DispPLAY BUFFER

The system addresses the display buffer through the CS#, M/R#, and AB[20:0] input pins. When

CSH=0and M/R# = 1, the display buffer is addressed by bits AB[20:0]. See the table below:
Table 9-1 S1D13505 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
* REG[n] is addressed when AB[5:0] = n
0 1 Memory access: the 2M byte display buffer is addressed by AB[20:0]
1 X S1D13505 not selected

The display buffer address space is aways 2M bytes. However, the physical display buffer may be
either 512K bytes or 2M bytes— see “ Summary of Configuration Options’ .

The display buffer can contain an image buffer, one or more Ink/Cursor buffers, and a half-frame

buffer.

A 512K byte display buffer isreplicated in the 2M byte address space — see the figure bel ow.

512K Byte Buffer

Image Buffer

Ink/Cursor Buffer

Half-Frame Buffer

Image Buffer

Ink/Cursor Buffer

Half-Frame Buffer

Image Buffer

Ink/Cursor Buffer

Half-Frame Buffer

Image Buffer

Ink/Cursor Buffer

Half-Frame Buffer

AB[20:0]
000000h

07FFFFh
080000h

OFFFFFh
100000h

17FFFFh
180000h

1FFFFFh

2M Byte Buffer

Image Buffer

Ink/Cursor Buffer

Half-Frame Buffer

Figure 9-1 Display Buffer Addressing
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9.1

9.2

9.3

I mage Buffer

The image buffer contains the formatted display mode data— see “ Display Mode Data Formats’ .

The displayed image(s) could take up only a portion of this space; the remaining area may be used
for multiple images — possibly for animation or general storage. See “ Display Configuration” on
page 1-103 for the relationship between the image buffer and the display.

I nk/Cursor Buffers

The Ink/Cursor buffers contain formatted image data for the Ink or Cursor. There may be several
Ink/Cursor images stored in the display buffer but only one may be active at any given time. See
“Ink/Cursor Architecture” on page 1-113 for details.

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 afunction of the panel resolution and
whether the panel is color or monochrome type:

Half Frame Buffer Size (in bytes)

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

(panel width x panel length) * factor / 16

For example, for a 640 x 480 color panel the half frame buffer sizeis 75K bytes. In a512K byte dis-
play buffer, the half-frame buffer resides from 6D400h to 7FFFFh. In a2M 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

The following diagrams show the display mode data formats for a little-endian system.

1-bpp: ) .
bit 7 bit 0 POP1P2P3P4P5P6P7
o0 no [ as| 2| na|ma]rs o] 7| AL
Pn = (An)
Panel Display
Host Address Display Memory
2-bpp: . .
bit 7 bit 0 POP1P2P3P4P5P6P7
EEEEEEEN
Byte 0 AO | BO| Al | B1|A2|B2|A3|B3
Byte 1 A4 | B4 | A5 | B5| A6 |B6|AT7|B7
Pn = (An, Bn)
Panel Display
Host Address Display Memory
4-bpp:
bit 7 bit 0 POP1P2P3P4P5P6P7
Byte 0 A0 |BO|CO|[DO|Al|B1|Cl|D1
Byte 1 A2|B2|C2|D2|A3|B3|C3|D3
Pn = (An, Bn, Cn, Dn)
Byte 2 A4 |B4|C4|D4|A5|B5]|C5|D5
Panel Display
Host Address Display Memory
8-bpp: 3-3-2 RGB
bit 7 bit 0 POP1P2P3P4P5P6P7
Byte 0 A0 | Bo|co|Do|EO|FO|GO|HO [ I [T T TT]
Byte 1 Al|Bl|C1|D1|E1|F1|G1|H1
Pn = (Rn2-0, Gn2-0, Bn1-0
Byte 2 A2l B2|c2|p2|E2|F2|G2] H2 n = (Rn2-0, Gn2-0, Bn1-0)
Panel Display
Host Address Display Memory
Figure 10-1 1/2/4/8 Bit-Per-Pixel Format Memory Organization
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15-bpp: POP1P2P3P4P5P6P7
5-5-5 RGB
bit 7 bit 0 [ [ [ TTT1]
Byte 0 G02| G01| GOO| B04| B03| B02| BO1| BOO
Pn = (Rn4-0, Gn4-0, Bn4-0)
Byte 1 R04| R0O3| RO2| RO1| R0OO| G04] GO3
Byte 2 G12| G11| G10| B14| B13| B12| B11| B10
Byte 3 R14| R13| R12| R11| R10| G14 G13| Panel Display
Host Address Display Memory
16-bpp:
5-6-5 RGB POP1P2P3P4P5P6P7
bit 7 bit 0 [TTTTTT]
Byte 0 G02| G01| GOO| B04| BO3| B02| BO1| BOO
Pn = (Rn4-0, Gn5-0, Bn4-0)
Byte 1 R04| R03| RO2| RO1| ROO| GO5| G04| G033}
Byte 2 G12| G11| G10| B14| B13| B12| B11| B10
Byte 3 R14|R13| R12| R11| R10| G15| G14| G13 Panel Display
Host Address Display Memory

Figure 10-2 15/16 Bit-Per-Pixel Format Memory Organization

Notes: 1. The Host-to-Display mapping shown here is for a little-endian system.

2. For 15/16 bpp formats, Rn, Gn, Bn represent the red, green, and blue color components.
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10.2 Image Manipulation

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

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

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

» REG[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 thelast line of Screen 1, the remainder of the display is taken up by

Screen 2.
Image Buffer Display
(REG[12h], REG[11h], REG[10h])
Hé REG[18Hh] bits [3:0]
L1 [4]
Screen 1 ((REG[09h], REG[08h])+1) lines
Line O
\ Line 1
Screen 1
(REG[15h], REG[14h], REG[13h]) Line (REG[OFh], REG[OEh])
REG[18h] bits [7:4] / Screen 2
L[a ] ]
Screen 2 ((REG[04h]+1)*8) pixels
«———— (REG[17h], REG[16h]) ——————»

Figure 10-3 Image Manipulation
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11 Look-UPr TABLE ARCHITECTURE

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

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

1 Bit-Per-Pixel Monochrome Mode

Green Look-Up Table 256x4

00 EEEE:O\\ 4-bit Grey Data
o1 1|

—a

v

FC
FD
FE
FF

1 bit-per-pixel data
from Image Buffer

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

2 Bit-Per-Pixel Monochrome Mode

Green Look-Up Table 256x4

8?_ 82 4-bit Grey Data
02 10 g
03 1
: A
FC
FD
FE
FF
2 bit-per-pixel data

from Image Buffer

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

4 bit-per-pixel data

Green Look-Up Table 256x4

00
01

02

03

04
05

06

07

08

09

0A
0B

ocC

0D

OE

OF

FC
FD
FE
FF

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

from Image Buffer

4-bit Grey Data

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

1 Bit-Per-Pixel Color Mode

Red Look-Up Table 256x4

00 —
01 [

FC
FD
FE
FF

Green Look-Up Table 256x4

B

00
01

FC

FE
FF

Blue Look-Up Table 256x4

e

00
01

FC
FD

FFE [ | | ]

1 bit-per-pixel data

e

from Image Buffer

4-bit Red Data

4-bit Green Data

4-bit Blue Data

Figure 11-4 1 Bit-per-pixel Color Mode Data Output Path
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2 Bit-Per-Pixel Color Mode

2 bit-per-pixel data

Red Lo

00
01
02
03

FC
FD
FE
FF

Green

00
01
02
03

FC
FD
FE
FF

ok-Up Table 256x4

00

01

4-bit Red Data

v

11

Look-Up Table 256x4

4-bit Green Data

Blue Look-Up Table 256x4

00
01
02
03

FC
FD
FE
FF

4-bit Blue Data

from Image Buffer

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

Red Look-Up Table 256x4
00 0000
01 0001
02 0010
03 0011
04 0100
05 0101
06 0110 f
o7 o111 4-bit Red Data R
08 1000
09 1001
0A 1010
0B 1011
ocC 1100
0D 1101
OE 1110
OF 1111
L]
FC I
FD —
FE
FF
Green Look-Up Table 256x4
00 0000
01 0001
02 0010
03 0011
04 0100
05 0101
06 0110 f
o7 o111 4-bit Green Data R
08 1000
09 1001
0A 1010
0B 1011
ocC 1100
oD 1101
OE 1110
OF 1111
: | x
FC
FD T
FE
FF
Blue Look-Up Table 256x4
00 0000
01 0001
02 0010
03 0011
04 0100
05 0101
06 0110 f
o7 0111 4-bit Blue Data R
08 1000
09| | | | 1001
0A 1010
0B 1011
oc 1100
oD 1101
OE 1110
OF 1111
: %
FC
FD 9
FE
FF

4 bit-per-pixel data
from Image Buffer

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

8 bit-per-pixel data

Red Look-Up Table 256x4

00
01

02

03

04

05

06
07

F8

FA

FB

FC

FD

FE

FF

Green Look-Up Table 256x4
00

01

02
03

04

05

06

07

F8

F9

FA
FB

FC

FD

FE

FF

Blue Look-Up Table 256x4
00

01

02

03

04

05

06

07

F8

F9

FA

FB

FC

FD

FE

FF

from Image Buffer

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

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

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

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

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

1111 1000
1111 1001
1111 1010
11111011
1111 1100
1111 1101
11111110
11111111

4-bit Red Data

4-bit Green Data

4-bit Blue Data

Figure 11-7 8 Bit-per-pixel Color Mode Data Output Path
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15/16 Bit-Per-Pixel Color Modes

The LUT is bypassed and the color datais directly mapped for this color mode — See “Display Con-
figuration” on page 1-103.
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12 INK/CURSOR ARCHITECTURE

12.1 Ink/Cursor Buffers

The Ink/Cursor buffers contain formatted image data for the Ink Layer or Hardware Cursor. There
may be several Ink/Cursor images stored in the display buffer but only one may be active at any
given time.

The active Ink/Cursor buffer is selected by the Ink/Cursor Start Address register (REG[30h]). This
register defines the start address for the active Ink/Cursor buffer. The Ink/Cursor buffer must be posi-
tioned where it does not conflict with the image buffer and half-frame buffer. The start address for
the Ink/Cursor buffer is programmed as shown in the following table:

Table 12-1 Ink/Cursor Data Format

Ink/Cursor Start
Address Bits [7:0]

0 Display Buffer Size - 1024

Start Address (Bytes) Comments

This default value is suitable for a cursor when there is

no half-frame buffer.

These positions can be used to:

« position an Ink buffer at the top of the display buffer;

« position an Ink buffer between the image and half-

n=255.1 Display Buffer Size- (n X 8192) frame buffers;

« position a Cursor buffer between the image and half-
frame buffers;

« select from amultiple of Cursor buffers.

The Ink/Cursor image is stored contiguously. The address offset from the starting word of linen to
the starting word of line n+1 is calculated as follows:

Ink Address Offset (words) = REG[04h] + 1

Cursor Address Offset (words) = 8

12.2 Ink/Cursor Data Format

The Ink/Cursor image is aways 2 bit-per-pixel. The following diagram shows the Ink/Cursor data
format for alittle-endian system.

2bpp: bit 7 bit 0 Po P1 P2 P3 P1 Ps Ps Pr
EEEEEEEN
Byte 0 Ao | Bo | A1 | B1 | A2 | B2 | A3 | B3
Byte 1 Aa | Ba | A5 | B5s | A6 | Bs | A7 | B7
Pn = (An, Bn)
Panel Display
Host Address Ink/Cursor Buffer

Figure 12-1 Ink/Cursor Data Format

The image data for pixel n, (An, Bn), selectsthe color for pixel n asfollows:
Table 12-2 Ink/Cursor Color Select

(An, Bn) Color Comments
00 Color 0 Ink/Cursor Color 0 Register, (REG[2Dh], REG[2Ch])
01 Color 1 Ink/Cursor Color 1 Register, (REG[2Fh], REG[2Eh])
10 Background Ink/Cursor is transparent — show background
11 Inverted Background Ink/Cursor is transparent — show inverted background
S1D13505F00A HARDWARE FUNCTIONAL EPSON 1-113

SPECIFICATION (X23A-A-001-12)



12: INK/CURSOR ARCHITECTURE

12.3 Ink/Cursor I mage Manipulation

Ink Image

The Ink image should always start at the top left pixel, i.e. Cursor X Position and Cursor Y Position
registers should always be set to zero. The width and height of the ink image are automatically cal-
culated to completely cover the display.

Cursor Image

The Cursor image size is aways 64x64 pixels. The Cursor X Position and Cursor Y Position regis-
ters specify the position of the top left pixel. The following diagram shows how to position a cursor.

— _D

I I
o _ __0O
P(x;y+63) P(x+63;y+63)

Figure 12-2 Cursor Positioning

where  x = (REG[29h] bits[1:0], REG[28H]) REG[29h] bit 7= 0
y = (REG[2Bh] bits[L1:0], REG[2Ah])  REG[2Bh] bit7=0

Note: There is no means to set a negative cursor position. If a cursor must be set to a negative position, this
must be dealt with through software.
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13 SWwIVELVIEWTM

13.1 Concept

Computer displays are refreshed in landscape — from left to right and top to bottom; computer
images are stored in the same manner. When a display is used in Swivel View™ it becomes neces-
sary to rotate the display buffer image by 90°. The S1D13505 supports Swivel View™ by rotating
the image 90° clockwise asit iswritten to the display buffer. The rotation isdonein hardwareand is
transparent to the programmer for all display buffer reads and writes.

Swivel View™ uses a 1024 x 1024 pixel virtual image. The following figures show how the pro-
grammer sees the image and how the image is actually stored in the display buffer. The display is
refreshed in the following sense: C-A—D-B. The application image is written to the S1D13505 in
the following sense: A-B—C-D. The S1D 13505 rotates and stores the application image in the fol-
lowing sense: C-A-D-B, the same sense as display refresh.

1024 pixels 1024 pixels
A B4 A o >
display =3 H
start 55
portrait W " address s =
window T ) w
g < >
N w
o
—
c Dly
—>
H
v
image seen by programmer image in display buffer

Figure 13-1 Relationship Between the Screen Image and the Image Residing in the Display Buffer

Note: The image must be written with a 1024 pixel offset between adjacent lines (e.g. 1024 bytes for 8 bpp
mode or 2048 bytes for 16 bpp mode) and a display start address that is non-zero.
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13.2 Image Manipulation in Swivel View™

Display Start Address

It can be seen from Figure 13-1 that the top |eft pixel of the display is not at the top |eft corner of the
virtual image, i.e. it is non-zero. The Display Start Address register must be set accordingly:
Display Start Address (words) = (1024 - W) for 16 bpp mode
=(1024-W) /2 for 8 bpp mode

Memory Address Offset
The Memory Address Offset register must be set for a 1024 pixel offset:
Memory Address Offset (words) = 1024 for 16 bpp mode

=512 for 8 bpp mode

Horizontal Panning

Horizontal panning is achieved by changing the start address. Panning of the portrait window to the
right by 1 pixel isachieved by adding 1024 pixelsto the Display Start Address register (or subtract-
ing if panning to the | eft).

 Panning to right by 1 pixel: add current start address by 1024 (16 bpp mode) or 512 (8 bpp mode).

» Panning to left by 1 pixel: subtract current start address by 1024 (16 bpp mode) or 512 (8 bpp
mode).

How far the portrait window can be panned to the right is limited not only by 1024 pixels but also by
the amount of physical memory installed.

Vertical Scrolling

Vertical scrolling is achieved by changing the Display Start Address register and/or changing the
Pixel Panning register.

* Increment/decrement Display Start Address register in 8 bpp mode: scroll down/up by 2 lines.
« Increment/decrement Display Start Address register in 16 bpp mode: scroll down/up by 1 line.
« Increment/decrement Pixel Panning register in 8 bpp or 16 bpp mode: scroll down/up by 1 line.
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13.3 Physical Memory Requirement

Because the programmer must now deal with avirtual display, the amount of image buffer required
for aparticular display mode has increased. The minimum amount of image buffer required is:
Minimum Required Image Buffer (bytes)
=(1024 xH) x2  for 16 bpp mode
= (1024 x H) for 8 bpp mode

For single panel, the required display buffer size is the same as the image buffer required. For dual
panel, the display buffer required is the sum of the image buffer required and the half-frame buffer
memory required. The half-frame buffer memory requirement is:
Half-Frame Buffer Memory (bytes)
=(WxH)/4 for color mode
=(WxH)/16 for monochrome mode

The half-frame buffer memory is always located at the top of the physical memory.

For simplicity the hardware cursor and ink layer memory requirement is ignored. The hardware cur-
sor and ink layer memory must be located at 16K byte boundaries and it must not overlap the image
buffer and half-frame buffer memory areas.

Even though the virtual display is 1024x1024 pixels, the actual panel window is always smaller.
Thusit is possible for the display buffer size to be smaller than the virtual display but large enough
to fit both the required image buffer and the half-frame buffer memory. This poses a maximum
“accessible” horizontal virtual size limit.
Maximum Accessible Horizontal Virtual Size (pixels)
= (Physical Memory — Half-Frame Buffer Memory) / 2048 for 16 bpp mode
= (Physical Memory — Half-Frame Buffer Memory) / 1024 for 8 bpp mode

For example, a 640x480 single panel running 8 bpp mode requires 480K byte of image buffer and
OK byte of haf-frame buffer memory. The virtual display sizeis 1024x1024 = 1M byte. The pro-
grammer may use a512K byte DRAM which is smaller than the 1M byte virtual display but greater
than the 480K byte minimum required image buffer. The maximum accessible horizontal virtual size
is= (512K byte - OK byte) / 1024 = 512. The programmer therefore has room to pan the portrait win-
dow to theright by 512 - 480 = 32 pixels. The programmer also should not read/write to the memory
beyond the maximum accessible horizontal virtual size because that memory is either reserved for
the half-frame buffer or not associated with any real memory at al.

The following table summarizes the DRAM size requirement for Swivel View™ using different
panel sizes and display modes. Note that DRAM size for the S1D13505 is limited to either 512K
byte or 2M byte. The calculation is based on the minimum required image buffer size. The calcu-
lated minimum display buffer size is based on the image buffer and the half-frame buffer only; it
does not take into account the hardware cursor/ink layer and so it may or may not be sufficient to
support it —thisis noted in the table. The hardware cursor requires 1K byte of memory and the 2-bit
ink layer requires (W x H) / 4 bytes of memory; both must reside at 16K byte boundaries but only
oneis supported at atime. The table shows only one possible sprite/ink layer location — at the high-
est possible 16K byte boundary below the half-frame buffer which is always at the top.
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Table 13-1 Minimum DRAM Size Required for SwivleView™

. . . Sprite/Ink
. Display Display Half-Frame | Minimum Ink/Cursor Layer
Panel Size Panel Type Mode Buffer Size | Buffer Size | DRAM Size Layesrifeuffer Location
320x 240 | Single | Color 8 bpp 240KB 0KB 512KB 1KB/18.75KB | 496K B/480KB
16 bpp 480KB
Mono 8 bpp 240KB
16 bpp 480KB
Dua | Color 8 bpp 240KB 18.75KB 480K B/464KB
16 bpp 480KB 480K B/--
Mono 8 bpp 240KB 4.69KB 496K B/480KB
16 bpp 480KB
640 x 480 | Single | Color 8 bpp 480KB 0KB 1KB/75KB 496K B/--
16 bpp 960K B 2MB 2032K B/1968KB
Mono 8 bpp 480KB 512KB 496K B/--
16 bpp 960K B 2MB 2032K/1968K
Dual Color 8 bpp 480KB 75KB
16 bpp 960K B
Mono 8 bpp 480KB 18.75KB 512KB 496K B/--
16 bpp 960K B 2MB 2032K B/1968KB
800 600 | Single | Color 8 bpp 600K B 0KB 1KB/ 2032KB/1920KB
16 bpp 1.2MB 117.19KB
Mono 8 bpp 600KB
16 bpp 1.2MB
Dual | Color 8 bpp 600K B 117.19KB
16 bpp 1.2MB
Mono 8 bpp 600K B 29.30KB
16 bpp 1.2MB

Where KB = K bytesand MB = 1024K bytes

13.4 Limitations

The following limitations apply to Swivel View™:
< Only 8 bpp and 16 bpp modes are supported — 1/2/4 bpp modes are hot supported.

e Hardware cursor and ink layer images are not rotated — software rotation must be used. Swivel-
ViewT™ must be turned off when the programmer is accessing the sprite or the ink layer.

« Split screen images appear side-by-side, i.e. the portrait display is split vertically.
 Pixel panning works vertically.
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14 CLOCKING

14.1 Maximum MCLK: PCLK Ratios

Table 14-1 Maximum PCLK Frequency with EDO-DRAM

Ink Display Type NRG Maximum PCLK Allowed
1bpp | 2bpp | 4bpp | 8bpp | 16bpp
¢ Single Panel.
* CRT.
¢ Dua Monochrome/Color Panel with Half Frame Buffer
Disabled. 54,3 MCLK
» Simultaneous CRT + Single Panel.
¢ Simultaneous CRT + Dua Monochrome/Color Panel
off with Half Frame Buffer Dis_qabled.
¢ 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/3
« Simultaneous CRT + Dua Monochrome Panel with Half 3 MCLK | McLK | McLk/2 | McLK2 | mcLk/2
Frame Buffer Enable.
* Dual Color Panel with Half Frame Buffer Enabled. 5 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3 | MCLK/3
¢ Simultaneous CRT + Dual Color Panel with Half Frame 4 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
Buffer Enable. 3 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
« Single Panel. 5 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
* CRT. 4 MCLK | MCLK | MCLK/2|MCLK/2 | MCLK/2
« Dual Monochrome/Color Panel with Half Frame Buffer
Disabled.
» Simultaneous CRT + Single Panel. 3 MCLK | MCLK | MCLK | MCLK/2|MCLK/2
« Simultaneous CRT + Dua Monochrome/Color Panel
on with Half Frame Buffer Disabled.
* Dual Monochrome Panel with Half Frame Buffer 5 MCLK/2 | MCLK/3 | MCLK/3 | MCLK/3 | MCLK/3
Enabled. 4 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3 | MCLK/3
¢ Simultaneous CRT + Dua Monochrome Panel with Half 3 MCLK/2 | McLk/2 | mcLk/2 | mcLk/2 | McLk/3
Frame Buffer Enable.
¢ Dual Color Panel with Half Frame Buffer Enabled. 5 MCLK/3 | MCLK/3 | MCLK/3 | MCLK/3 | MCLK/4
¢ Simultaneous CRT + Dual Color Panel with Half Frame 4 MCLK/2 | MCLK/2 | MCLK/3 | MCLK/3 | MCLK/3
Buffer Enable. 3 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
S1D13505F00A HARDWARE FUNCTIONAL EPSON 1-119
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Table 14-2 Maximum PCLK Frequency with FPM-DRAM

Ink Display Type NRC Maximum PCLK Allowed
1bpp | 2bpp | 4bpp | 8bpp [ 16 bpp
 Single Panel.
* CRT.
« Dual Monochrome/Color Panel with Half Frame Buffer
Disabled. 54,3 MCLK
¢ Simultaneous CRT + Single Panel.
« Simultaneous CRT + Dua Monochrome/Color Panel
off with Half Frame Buffer Disabled.
¢ Dual Monochrome with Half Frame Buffer Enabled. 5 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
« Simultaneous CRT + Dua Monochrome Panel with Half 4 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2
Frame Buffer Enable. 3 MCLK | MCLK | MCLK |MCLK/2|MCLK/2
« Dual Color with Half Frame Buffer Enabled. 5 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
¢ Simultaneous CRT + Dual Color Panel with Half Frame 4 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
Buffer Enable. 3 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2
 Single Panel. 5 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
* CRT. 4 MCLK | MCLK | MCLK/2|MCLK/2 | MCLK/2
¢ Dua Monochrome/Color Panel with Half Frame Buffer
Disabled.
» Simultaneous CRT + Single Panel. 3 MCLK | MCLK | MCLK |MCLK/2|MCLK/2
¢ Simultaneous CRT + Dua Monochrome/Color Panel
on | with Half Frame Buffer Disabled.
¢ Dual Monochrome with Half Frame Buffer Enabled. 5 MCLK/2 | MCLK/2 | MCLK/3 | MCLK/3 | MCLK/3
¢ Simultaneous CRT + Dua Monochrome 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/3
¢ Dual Color with Half Frame Buffer Enabled. 5 MCLK/3 | MCLK/3 | MCLK/3 | MCLK/3 | MCLK/4
¢ Simultaneous CRT + Dual Color Panel with Half Frame 4 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3 | MCLK/3
Buffer Enable. 3 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3

14.2 Frame Rate Calculation

The framerateis calculated using the following formula:

_ PCLKmax
FrameRate =
(HDP + HNDP) x (VDP + VNDP)
Where:
VDP = Vertical Display Period

VNDP = Vertica Non-Display Period

HDP = Horizontal Display Period

HNDP  =Horizontal Non-Display Period

Ts = Pixel Clock

= REG[09h] bits[1:0], REG[08h] bits[7:0] + 1
= REG[OAh] bits[5:0] + 1

=in table below
= ((REG[04h] bits[6:0]) + 1) * 8Ts
= ((REG[05h] bits[4:0]) + 1) * 8Ts
= givenin table below

=PCLK
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Table 14-3 Example Frame Rates with Ink Disabled

DRAM Tvpel Color Maximum | Minimum | Maximum Frame
Speed G);Zde Display Resolution Depth |Pixel Clock| Panel Rate (Hz)
(Sp ) (bpp) | (MHz) |HNDP(Ts)[ Panel | CRT
« Single Panel. 1/2/4/8 32 80 60
* CRT. 800x6002 16 56 78 60
¢ Dual Monochrome/Color Panel with 640x480 1/2/4/8 32 123 85
50ns Half Frame Buffer Disabled.5 16 56 119 85
« Simultaneous CRT + Single Panel. 1/2/4/8 32 247 -
EDO-DRAM 1. simuitaneous CRT + Dual Mono- 640x240 16 40 56 242 -
chrome/Color Panel with Half 1/2/4/8 32 243 -
MCIlk = 40MH . 480x320
CN C_O , | FrameBuffer Dissbleds 16 56 232 -
Re= 30000 | U248 R 471 -
NRe =15 16 56 241 -
NRCD =2 " "Bual Color with Half Frame Buffer o000 |_Y248 20 2 80 -
Enabled. el 16 133 2 53 -
¢ Dua Mono with Half Frame Buffer 1/2/4/8 20 32 123 -
Enabled. 640x480 16 133 E7 82 .
 Single Panel. 1/2/4/8 32 66 55
* CRT. 800x6002 16 56 65 55
¢ Dual Mono/Color Panel with Half 640x480 1/2/4/8 32 101 78
60Ns Frame Buffer Disabled.5 16 56 98 78
» Simultaneous CRT + Single Panel. 1/2/4/8 32 203 -
EDO-DRAM |, g uitaneous CRT + Dual Mono/ 640x240 16 3 56 200 -
Color Panel with Half Frame Buffer 1/2/4/8 32 200 -
MC';I( ~3MHZ| Dicgbieds 480x320 16 56 19 -
Re= 30000 | U248 32 388 -
NP =15 16 56 380 -
NRCD =2 ' "Sual Color with Half Frame Buffer 1/2/4/8 165 32 66 -
800x60023
Enabled. 16 11 32 43 -
¢ Dual Mono with Half Frame Buffer 1/2/4/8 16.5 32 103 -
Enabled. 640x480 16 11 2 68 -
« Single Panel. 1/2/4/8 32 50 -
« CRT. 800x600% 16 56 28 -
* Dual Mono/Color Panel with Half 640x480 1/2/4/8 32 77 60
Frame Buffer Disabled.5 16 56 75 60
» Simultaneous CRT + Single Panel. 1/2/14/8 32 142 -
2 2!
60Ns |- Simutaneous CRT + Dual Monol |02 [ 16 ° 56 136 -
FPM-DRAM Color Panel with Half Frame Buffer 1/2/4/8 32 152 -
. 480x320
Disabled.5 16 56 145 -
MCIlk = 25MHz 1/2/4/8 32 294 -
NRC = 4 320x240 16 56 280 -
Nrp=15 |+ Dua Mono with Half Frame Buffer | 800x6002 | 1/2/4/8/16 125 32 50 -
NRcD = 2 Enabled. 640x480 1/2/4/8/16 125 32 7 -
640x400 | 1/2/4/8/16 125 32 92 -
¢ Dual Color with Half Frame Buffer 1/2/4/8 125 32 50 -
2.3
Enabled. 800x600 16 8.33 32 3 -
1/2/4/8 125 32 7 -
640x480 16 833 2 51 -

Must set Nrc = 4MCLK. See REG[22h], Performance Enhancement Register.

800x600 @ 16 bpp requires 2M bytes of display buffer for all display types.

800x600 @ 8 bpp on adual color panel requires 2M bytes of display buffer if the half frame
buffer is enabled.
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4. Optimum frame rates for panels range from 60Hz to 150Hz. If the maximum refresh rate istoo
high for apanel, MCLK should be reduced or PCLK should be divided down.

5. Half Frame Buffer disabled by REG[1Bh] bit O.

6. When setting a horizontal resolution greater than 767 pixels, with acolor depth of 15/16 bpp, the
Memory Offset Registers (REG[16h], REG[17h]) must be set to avirtual horizontal pixel resolu-
tion of 1024.

14.3 Bandwidth Calculation

When calculating the average bandwidth, there are two periods that must be calculated separately.

Thefirst period is the time when the CPU isin competition with the display refresh fetches. The
CPU can only access the memory when the display refresh rel eases the memory controller. The CPU
bandwidth during this period is called the “bandwidth during display period”.

The second period is the time when the CPU has full access to the memory, with no competition
from the display refresh. The CPU bandwidth during this period is called the * bandwidth during non
display period.”

To calculate the average bandwidth, calcul ate the percentage of time between display period and non
display period. The percentage of display period is multiplied with the bandwidth during display
period. The percentage of non display period is multiplied with the bandwidth during non display
period. The two products are summed to provide the average bandwidth.

Bandwidth during non display period

Based on simulation, it requires aminimum of 12 MCLK s to service one, two byte, CPU access to
memory. Thisincludes all the internal handshaking and assumes that Nrc is set to 4AMCLK s and the
wait state bits are set to 10b.

Bandwidth during non display period = f(MCLK) / 6 Mb/s

Bandwidth during display period

The amount of time taken up by display refresh fetchesis a function of the color depth, and the dis-
play type. Below isatable of the number of MCLKSs required for various memory fetches to display
16 pixels. Assuming NrRc = 4AMCLKSs.

Table 14-4 Number of MCLKs Required for Various Memory Access

Memory Access Number of MCLKs
Half Frame Buffer, monochrome 7
Half Frame Buffer, color 11
Display @ 1 bpp 4
Display @ 2 bpp 5
Display @ 4 bpp 7
Display @ 8 bpp 11
Display @ 16 bpp 19
CPU 4
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Table 14-5 Total # MCLKs Taken for Display Refresh

MCLKs for Display Refresh
1bpp | 2bpp | 4bpp | 8bpp | 16 bpp

Display

* Single Panel.

* CRT.

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

« Simultaneous CRT + Single Panel.

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

¢ Dua Monochrome Panel with Half Frame Buffer Enabled. 1 12 14 18 %

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

¢ Dual Color Panel with Half Frame Buffer Enabled. 15 16 18 22 30

Bandwidth during display period = MIN (bandwidth during non display period, B/C/D)

where B = number of MCLKs |eft available for CPU access after every 16 pixels drawn

= (f(MCLK)/f(PCLK) * 16 - Total MCLK for Display refresh), unitsin MCLKs 16 pixels
where C = number of MCLK s required to service 1 CPU access (2 bytes of data)

=4, unitsin MCLKs/2 bytes
whereD =timeto draw 16 pixels

=16/ f(PCLK), unitsin 16 pixels

The minimum function limits the bandwidth to the bandwidth available during non display period
should the display fetches constitute a small percentage of the overall memory activity.

For 16 bpp single panel/CRT/dual panel with half frame buffer disable, the number of MCLKs
required to fetch 16 pixels when PCLK = MCLK exceeds 16. In this case, the display fetch does not
allow any CPU access during the display period. CPU access can only be achieved during non dis-
play periods.

Average Bandwidth

All displays have a horizontal non display period, and avertical non display period. The formulafor
calculating the percentage of non display period is as follows

Percentage of non display period = (HTOT * VTOT - WIDTH * HEIGHT)/(HTOT * VTQOT)
Percentage of non display period for CRT = (800* 525 - 640* 480)/(800* 525) = 26.6%
Percentage of non display period for single panel = (680*482 - 640* 480)/680* 482) = 6.2%
Percentage of non display period for dual panel = (680* 242 - 640* 240)/680* 242) = 6.6%

Average Bandwidth =
Percentage of non display period * Bandwidth during non display period +
(1- Percentage of non display period) * Bandwidth during display period

S1D13505F00A HARDWARE FUNCTIONAL EPSON 1-123
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Table 14-6 Theoretical Maximum Bandwidth M byte/sec, Cursor/Ink Disabled

DRAM Typel 640430 Display Magl.0 lz:(xel Maximum Bandwidth (M byte/sec)
(Speed Grade) (MH2) 1bpp | 2bpp | 4bpp | 8bpp | 16 bpp
CRT.
Simultaneous CRT + Single Panel.
Simultaneous CRT + Dua Monochrome/Color 40 6.67 6.67 6.67 6.36 L
Panel with Half Frame Buffer Disabled.
Single Panel. 40 6.67 6.67 6.60 6.27 0.41
Dua Monochrome/Color Panel with Half
50ns Frame Buffer Disabled. 20 6.67 6.67 6.67 6.67 6.67
EDO-DRAM 15 Monochrome Panel with Half Frame 0 627 | 511 | - - -
MCLK = 40MHZ | 5, tter Enabled. 20 667 | 667 | 667 | 667 | 394
13.3 6.67 6.67 6.67 6.67 6.67
Simultaneous CRT + Dua Mono Panel with
Half Frame Buffer Enable. 40 6.36 544 ) ) )
Dua Color Panel with Half Frame Buffer 20 6.67 6.67 6.27 6.27 -
Enabled. 13.3 6.67 6.67 6.67 6.67 6.67
CRT.
Simultaneous CRT + Single Panel.
Simultaneous CRT + Dua Monochrome/Color 33 55 55 55 5.24 147
Panel with Half Frame Buffer Disabled.
Single Panel. 33 55 55 55 5.17 0.34
Dua Monochrome/Color Panel with Half
SOns Frame Buffer Discbled, 16.5 55 55 55 55 55
MI(E:?K_-DE.%‘AMMH Dual Monochrome Panel with Half Frame 33 5.17 4.21 - - -
- Z | Buffer Enabled. 16.5 55 55 55 55 3.25
11 55 55 55 55 55
Simultaneous CRT + Dual Monochrome Panel
with Half Frame Buffer Enable. 3 524 449 ) i )
Dual Color Panel with Half Frame Buffer 16.5 55 55 55 5.17 -
Enabled. 11 55 55 55 55 55
CRT.
Simultaneous CRT + Single Panel.
Simultaneous CRT + Dua Monochrome/Color % 4.16 4.16 4.16 3.97 i
Panel with Half Frame Buffer Disabled.
Single Panel. 25 4.16 4.16 4.16 3.92 0.26
Dua Monochrome/Color Panel with Half
60ns Frame Buffer Disabled. 125 4.16 4.16 4.16 416 4.16
FPM-DRAM Dua Monochrome with Half Frame Buffer 25 3.92 3.19 - - -
MCLK =25MHZ | Epapled. 125 416 | 416 | 416 | 416 | 246
8.3 4.16 4.16 4.16 4.16 4.16
Simultaneous CRT + Dual Monochrome Panel
with Half Frame Buffer Enable. % 397 ] 340 | - } -
Dual Color Panel with Half Frame Buffer 12.5 4.16 4.16 4.16 3.92 -
Enabled. 8.33 4.16 4.16 4.16 4.16 4.16
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15 Power SavE MODES

Three power save modes are incorporated into the S1D13505 to meet the important need for power
reduction in the hand-held device market.

Table 15-1 Power Save Mode Function Summary

Power Save Mode (PSM)

Function Normal No Display
(Active) LCD Enable =0 | Software Suspend |Hardware Suspend
CRT Enable =0
Display Active? Yes No No No
Register Access Possible? Yes Yes Yes No
Memory Access Possible? Yes Yes No No
LUT Access Possible? Yes Yes Yes No
Table 15-2 Pin States in Power-Save Modes
Pin State
. No Display
Pins &%&T{S LCD Enable =0 | Software Suspend |Hardware Suspend
CRT Enable =0
Active
2 2 2
LCD outputs (LCD Enable= 1) Forced Low:! Forced Low: Forced Low
On
LCDPWR (LCD Enable = 1) Off Off Off
DRAM outputs Active CBR Refresh only Refresh only?! Refresh only!
Active . h .
CRT/DAC outputs (CRT Enable = 1) Disabled Disabled Disabled
Host Interface outputs Active Active Active Disabled

1. Refresh method is selectable by REG[1Ah]. Supported methods are CBR refresh, self-refresh or

no refresh at al.

2. The FPFRAME and FPLINE signals are set to their inactive states during power-down. The inac-
tive states are determined by REG[07h] bit 6 and REG[0Ch] bit 6. A problem may occur if the
inactive stateis high (typical TFT/D-TFD configuration) and power is removed from the LCD

panel.

For software suspend the problem can be solved in the following manner. At power-down, first
enable software suspend, then wait ~120 VNDP, and lastly reverse the polarity bits. At power-up,
first disable software suspend, then revert the polarity bits back to the configuration state.

For hardware suspend an external hardware solution would be to use an AND gate on the sync
signal. One input of the AND gate is connected to a sync signal, the other input would be tied to
the panel’s logic power supply. When the panel’s logic power supply is removed, the sync signal

isforced low.
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16 MecHANICAL DATA

128-pin QFP15 surface mount package

97 — 64

14.0+0.1
16.0+ 0.4

Index —

—
O =

128 — 33

T T e 5

Figure 16-1 Mechanical Drawing QFP15
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1: INTRODUCTION

1 INTRODUCTION

This guide demonstrates how to program the S1D13505 Embedded RAMDAC LCD/CDT Control-
ler. 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 fea-
tures of the S1D13505.

The guide also introduces the Hardware Abstraction Layer (HAL), which is designed to make pro-
gramming the S1D13505 as easy as possible. Future S1D1350x products will support the HAL
allowing OEMs the ability to upgrade to future chips with relative ease.
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2: INITIALIZATION

2

Note:

| NITIALIZATION

S1D13505 initialization can be broken into three steps. First, enable the S1D13505 controller (if
necessary identify the specific controller). Next, set al the registers to their initial values. Finaly,
program the Look-Up Table (LUT) with color values. This section does not deal with programming
the LUT, see Section 4 of thismanual for LUT programming details.

When using an ISA evaluation board in a PC (i.e. S5U13505P00C), there are two additional steps
that must be carried out before initialization. First, confirm that 16-bit mode is enabled by writing to
address F80000h. Then, if hardware suspend is enabled, disable suspend mode by writing to
FO000O0h. For further information on ISA evaluation boards refer to the S5U13505P00C Rev. 1.0 ISA
Bus Evaluation Board User Manual.

The following table represents the sequence and val ues written to the S1D13505 registers to control
a configuration with these specifications:

640x480 color dual passive format 1 LCD @ 75Hz.

8-bit datainterface.

8 bit-per-pixel (bpp) - 256 colors.

31.5 MHz input clock.

50 nsEDO-DRAM, 2 CAS, 4 msrefresh, CAS before RAS.

2-2
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2: INITIALIZATION

Table 2-1 S1D13505 Initialization Sequence

Register Value Notes See Also
[1B] 0000 0000 |Enable the host interface
23] 10000000 |Disablethe FIFO
01 0011 0000 |Memory configuration
- divide CIkl by 512 to get 4 ms for 256 refresh cycles
- thisis 2-CAS# EDO memory
[22] 01001000 |Performance Enhancement O - refer to the hardware specification for a | S1D13505 Hardware Func-
complete description of these bits tional Specification
02 0001 0110 |Panel type - non-EL, 8-bit data, format 1, color, dual, passive
03 0000 0000 |[Mod rate used by older monochrome panels - set to O
04 0100 1111 |Horizontal display size = (REG[04]+1)*8 = (79+1)*8 = 640 pixels see note for REG[16h] and
REG[17h]
05 0000 0011 |Horizontal non-display size = (REG[05]+1)*8 = (3+1)*8 = 32 pixels
06 0000 0000 |FPLINE start position - only required for CRT or TFT/D-TFD
07] 0000 0000 |FPLINE polarity set to active high
08] 11101111 |Vertical display size = REG[09][08] + 1
09] 0000 0000 |=0000000011101111+1
= 239+1 = 240 lines (total height/2 for dual panels)
0A 00111000 |Vertical non-display size = REG[OA] + 1 =57 + 1 =58 lines
0B 0000 0000 |FPFRAME start position - only required for CRT or TFT/D-TFD
oC 0000 0000 |FPFRAME polarity set to active high
oD 0000 1100  |Display mode - SwivelView™ disabled, 8 bpp and LCD disabled,
enable LCD in last step of this example.
OE] 11111111 |Line compare (REG[OEh] and REG[OFh] set to maximum allowable
OF] 00000011 |value. We can change this later if we want a split screen.
10 0000 0000 |Screen 1 Start Address (REG[10h], REG[11h], and REG[12h]) set to 0.
11 0000 0000 | Thiswill start the display in the first byte of the display buffer.
12 0000 0000
13] 0000 0000 | Screen 2 Start Address (REG[13h], REG[14h], and REG[15h]) to offset
14 00000000 | 0. Screen 2 Start Addressin not used at thistime.
15] 0000 0000
16 01000000 |Memory Address Offset (REG[17h], REG[16h])
17] 0000 0001 |- 640 pixels = 640 bytes = 320 words = 140h words
Note: When setting a horizontal resolution greater than 767 pixels, with
acolor depth of 15/16 bpp, the Memory Offset Registers (REG[16h],
REG[17h]) must be set to avirtual horizontal pixel resolution of 1024.
18] 0000 0000 | Set pixel panning for both screensto O
19] 00000001 |Clock Configuration - set PCIk to MClk/2 - the specification says that
for adual color panel the maximum PCIk is MClk/2
1A 0000 0000 |Enable LCD Power
1C 0000 0000 [MD Configuration Readback - we write a 0 here to keep the register
1D 0000 0000 | configuration logic simpler
1E] 0000 0000 |General 1/0 Pins - set to zero.
1F] 0000 0000
20 0000 0000 | General 1/0 Pins Control - set to zero.
21 0000 0000
24 0000 0000 | The remaining register control operation of the LUT and hardware cur-
26) 0000 0000 |sor/ink layer. During the chip initialization none of these registers needs
27] 00000000 |tobeset. It issafeto write them to zero asthisis the power-up value for
28 00000000 |theregisters.
29 0000 0000
2A 0000 0000
2B 0000 0000
2C 0000 0000
2D 0000 0000
2E] 0000 0000
2F] 0000 0000
30] 0000 0000
31 0000 0000
23 0000 0000 |Enable FIFO, mask in appropriate FIFO threshold bits S1D13505 Hardware Func-
tional Specification
[0D] 0000 1101 | Display mode - SwivelView™ disabled, 8 bpp and LCD enabled
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2: INITIALIZATION

2.1 Miscellaneous

This section of the notes contains recommendations which can be set at initialization time to
improve display image quality.

At high color depths the display FIFO introduces two conditions which must be accounted for in
software. Simultaneous display while using adual passive panel introduces another possible register
change.

Display FIFO Threshold

At 15/16 bit-per-pixel the display FIFO threshold (bits 04 of REG[23h]) must be programmed to a
value other than '0'. Product testing has shown that at these color depths a better quality image
results when the display FIFO threshold is set to avalue of 1Bh.

Memory Address Offset

When an 800x600 display mode is selected at 15 or 16 bpp, memory page breaks can disrupt the dis-
play buffer fetches. This disruption produces avisible flicker on the display. To avoid this set the
Memory Address Offset (REG[16h] and REG[17h]) to 200h. This sets a 1024 pixel line which
aligns the memory page breaks and reduces any flicker.

Half Frame Buffer Disable

The half frame buffer is an S1D13505 mechanism which pre-digitizes display datafor dual panel
displays. However, for proper simultaneous display operation the half frame buffer (HFB) must be
disabled. When running simultaneous display with adual panel the pattern used by the Frame Rate
Modulator may need to be adjusted. This can be accomplished using the Alternate FRM Register
Reg[31h]. In this case, the recommended value for REG[31h] of FFh, may produce more visually
appealing output. For further information on the half frame buffer and the Alternate FRM Register
see the “ S1D13505 Hardwar e Functional Specification”.
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3: MEMORY MODELS

3

31

MEMORY MODELS

The S1D13505 is capable of several color depths. The memory model for each color depth is packed
pixel. Packed pixel data changes with each color depth from one byte containing eight consecutive
pixels up to two bytes being required for one pixel.

Display Buffer Location

The S1D13505 requires either a512K byte or 2M byte block of memory to be decoded by the system.
System logic will determine the location of this memory block. See Section 9 of the “ Hardware

Functional Secification” for details.

Memory Organization for One Bit-Per-Pixel (2 Colors/Gray Shades)

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Pixel 0 Pixel 1 Pixel 2 Pixel 3 Pixel 4 Pixel 5 Pixel 6 Pixel 7
Bit 1 Bit 0 Bit 1 Bit 0 Bit 1 Bit 0 Bit 1 Bit 0

Figure 3-1 Pixel Storage for 1 Bpp (2 Colors/Gray Shades) in One Byte of Display Buffer

In thismemory format each byte of display buffer contains eight adjacent pixels. Setting or resetting
any pixel will require reading the entire byte, masking out the appropriate bits and, if necessary, set-
ting the bitsto “1".

One hit pixels provide two gray shade/color possibilities. For monochrome panels the two gray
shades are generated by indexing into the first two elements of the green component of the L ook-Up
Table (LUT). For color panels the two colors are derived by indexing into positions 0 and 1 of the
Look-Up Table.

Memory Organization for Two Bit-Per-Pixel (4 Colors/Gray Shades)

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

Figure 3-2 Pixel Storage for 2 Bpp (4 Colors/Gray Shades) in One Byte of Display Buffer

In this memory format each byte of display buffer contains four adjacent pixels. Setting or resetting
any pixel will require reading the entire byte, masking out the appropriate bits and, if necessary, set-
ting the bitsto “1°.

Two hit pixels are capable of displaying four gray shade/color combinations. For monochrome pan-
elsthe four gray shades are generated by indexing into the first four elements of the green compo-
nent of the Look-Up Table. For color panels the four colors are derived by indexing into positions O
through 3 of the Look-Up Table.
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3: MEMORY MODELS

Memory Organization for Four Bit-Per-Pixel (16 Colors/Gray Shades)

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

Figure 3-3 Pixel Storage for 4 Bpp (16 Colors/Gray Shades) in One Byte of Display Buffer

In this memory format each byte of display buffer contains two adjacent pixels. Setting or resetting
any pixel will require reading the entire byte, masking out the upper or lower nibble (4 bits) and set-
ting the appropriate bitsto ‘1’.

Four bit pixels provide 16 gray shade/color possibilities. For monochrome panels the gray shades
are generated by indexing into the first 16 elements of the green component of the Look-Up Table.
For color panels the 16 colors are derived by indexing into the first 16 positions of the Look-Up
Table.

Memory Organization for Eight Bit-Per-Pixel (256 Colors/16 Gray Shades)

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

One Pixel

Figure 3-4 Pixel Storage for 8 Bpp (256 Colors/16 Gray Shades) in One Byte of Display Buffer

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

Each byte indexesinto one of the 256 positions of the Look-Up Table. The S1D13505 LUT supports
four bits per primary color, therefore this trandates into 4096 possible colors when color modeis
selected. To display the fullest dynamic range of colorswill require careful selection of the colorsin
the LUT indices and in the image to be displayed.

When monochrome mode s sel ected, the green component of the LUT is used to determine the gray
shade intensity. The green indices, with only four bits, can resolve 16 gray shades. In this situation
one might as well use four bit-per-pixel mode and conserve display buffer.
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3: MEMORY MODELS

Memory Organization for Fifteen Bit-Per-Pixel (32768 Colors/16 Gray Shades)

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 Bit4 | Green Bit3
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Green Bit2 | GreenBitl | GreenBit0 Blue Bit 4 Blue Bit 3 Blue Bit 2 Blue Bit 1 Blue Bit 0

Figure 3-5 Pixel Storage for 15 Bpp (32768 Colors/16 Gray Shades) in Two Bytes of Display Buffer

In 15 bit-per-pixel mode the S1D13505 is capable of displaying 32768 colors. The 32768 color pixel
isdivided into four parts: one reserved hit, five bitsfor red, five bitsfor green, and five bitsfor blue.
In this mode the Look-Up Tableis bypassed and output goes directly into the Frame Rate Modula-
tor.

Thefull color rangeis only available on TFT/D-TFD or CRT displays. Passive LCD displays are
limited to using the four most significant bits from each of the red, green and blue portions of each
color. Theresult is 4096 (24 * 24 * 24) possible colors.

Should monochrome mode be chosen at this color depth, the output reverts to sending the four most

significant bits of the green LUT component to the modulator for atotal of 16 possible gray shades.
In this situation one might as well use four bit-per-pixel mode and conserve display buffer.

Memory Organization for Sixteen Bit-Per-Pixel (65536 Colors/16 Gray Shades)

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 Bit5 | GreenBit4 | Green Bit3
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
GreenBit2 | GreenBitl | GreenBit0 Blue Bit 4 Blue Bit 3 Blue Bit 2 Blue Bit 1 Blue Bit 0

Figure 3-6 Pixel Storage for 16 Bpp (65536 Colors/16 Gray Shades) in Two Bytes of Display Buffer

In 16 bit-per-pixel mode the S1D13505 is capable of generating 65536 colors. The 65536 color
pixel is divided into three parts:. five bits for red, six bits for green, and five bits for blue. In this
mode the Look-Up Table is bypassed and output goes directly into the Frame Rate Modul ator.

Thefull color rangeis only available on TFT/D-TFD or CRT displays. Passive LCD displays are
limited to using the four most significant bits from each of the red, green and blue portions of each

color. Theresult is 4096 (24 * 24 * 24) possible colors.
When monochrome mode is selected, the green component of the LUT is used to determine the gray

shade intensity. The green indices, with only four bits, can resolve 16 gray shades. In this situation
one might as well use four bit-per-pixel mode and conserve display buffer.
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4: LOOK-UP TABLE (LUT)

A

Look-Up TABLE (LUT)

This section is supplemental to the description of the Look-Up Table architecture found in the

“ S1D13505 Hardware Functional Specification” . Covered hereisareview of the LUT registers,
recommendations for the color and gray shade LUT values, and additional programming consider-
ationsfor the LUT. Refer to the * S1D13505 Hardware Functional Specification” for more detail.

The S1D13505 Look-Up Table is used for both the CRT and panel interface and consists of 256
indexed red/green/blue entries. Each entry is 4 bits wide. Two registers, at offsets 0x24 and 0x26,
control accessto the LUT. Color depth affects how many indices will be used for image display.

In color modes, pixel values are used as indices to an RGB value stored in the Look-Up Table. In
monochrome maodes only the green component of the LUT is used. The value in the display buffer
indexes into the LUT and the amount of green at that index controls the intensity. Monochrome
mode look-ups are done for the panel interface only. The CRT interface always receives the RGB
values from the Look-Up Table.

4.1 Look-Up Table Registers

REG[24h] Look-Up Table Address Register Read/Write
LUT Address | LUT Address | LUT Address | LUT Address | LUT Address | LUT Address | LUT Address | LUT Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

LUT Address

The LUT addressregister selects which of the 256 LUT entries will be accessed. Writing to this reg-
ister will select the red bank. After three successive reads or writes to the data register this register
will beincremented by one.

REG[24h] Look-Up Table Address Register Read/Write
LUT Data LUT Data LUT Data LUT Data n/a n‘a n‘a n‘a
Bit 3 Bit 2 Bit 1 Bit 0
LUT Data

Thisregister is where the 4-bit red/green/blue data value is written or read. With each successive
read or write the internal bank select isincremented. Three reads from this register will result in
reading the red, then the green, and finally the blue values associated with the index set inthe LUT
address register.

After the third read the LUT address register isincremented and the internal index points to the red
bank again.

2-8

EPSON S1D13505 PROGRAMMING NOTES

AND EXAMPLES (X23A-G-003-05)



4: LOOK-UP TABLE (LUT)

4.2

L ook-Up Table Organization

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

» Thevalueinside each LUT entry represents the intensity of the given color or gray shade. This
intensity can range in value between 0 and OFh.

» The S1D13505 Look-Up Tableislinear; increasing the LUT entry number resultsin alighter
color or gray shade. For example, aLUT entry of OFhintothered LUT entry will result in abright
red output whilea LUT entry of 5would result in adull red.

Table 4-1 Look-Up Table Configurations

Display Mode 4-Bit Wide Look-Up Table Effective Gray Shade/Colors
RED GREEN BLUE on an Passive Panel
1 bpp gray 2 2 gray shades
2 bpp gray 4 4 gray shades
4 bpp gray 16 16 gray shades
8 bpp gray 16 16 gray shades
15 bpp gray 16 gray shades
16 bpp gray 16 gray shades
1 bpp color 2 2 2 2 colors
2 bpp color 4 4 4 4 colors
4 bpp color 16 16 16 16 colors
8 bpp color 256 256 256 256 colors
15 bpp color 4096 colors*
16 bpp color 4096 colors*

* On an active matrix panel the effective colors are determined by the interface width. (i.e. 9-bit=512, 12-bit=4096,
18-hit=64K colors) Passive panels are limited to 12-bits through the Frame Rate M odulator.

[ ] Indicatesthe Look-Up Tableis not used for that display mode.

Color Modes

In color display modes, depending on the color depth, 2 through 256 index entries are used. The
selection of which entries are used is automatic.

1 bpp Color

When the S1D13505 is configured for 1 bpp color mode, the LUT is limited to the first two entries.
Thetwo LUT entries can be any two RGB values but are typically set to black-and-white.

Each byte in the display buffer contains 8 bits, each pertaining to adjacent pixels. A bit value of '0'
resultsin the LUT 0 index value being displayed. A bit value of '1' resultsin the LUT 1 index value
being displayed.

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

Table 4-2 Recommended LUT Values for 1 Bpp Color Mode

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

[ ] Indicates unused entriesin the LUT.
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4: LOOK-UP TABLE (LUT)

2 bpp Color

When the S1D13505 is configured for 2 bpp color mode only thefirst 4 entries of the LUT are used.
These four entries can be set to any desired values.

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

Table 4-3 Example LUT Values for 2 Bpp Color Mode

Index Red Green Blue
00 00 00 00
01 70 70 70
02 A0 AO AO
03 FO FO FO
04 00 00 00
00 00 00
FF 00 00 00

[ ] Indicates unused entriesin the LUT.

4 bpp Color
When the S1D13505 is configured for 4 bpp color mode the first 16 entriesin the LUT are used.

Each byte in the display buffer contains two adjacent pixels. The upper and lower nibbles of the byte
are used asindicesinto the LUT.

The following table shows LUT values that will simulate those of a VGA operating in 16 color
mode.

Table 4-4 Suggested LUT Values to Simulate VGA Default 16 Color Palette

Index Red Green Blue
00 00 00 00
01 00 00 0A
02 00 0A 00
03 00 0A 0A
04 0A 00 00
05 0A 00 0A
06 0A 0A 00
07 0A 0A 0A
08 00 00 00
09 00 00 OF
0A 00 OF 00
0B 00 OF OF
oc OF 00 00
0D OF 00 OF
OE OF OF 00
OF OF OF OF
10 00 00 00
00 00 00
FF 00 00 00

[ ] indicates unused entriesin the LUT.
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4: LOOK-UP TABLE (LUT)

8 bpp Color

When the S1D13505 is configured for 8 bpp color mode all 256 entriesin the LUT are used. Each
byte in display buffer corresponds to one pixel and is used as an index value into the LUT.

The S1D13505 LUT hasfour bits (16 intensities) of intensity control per primary color while a stan-
dard VGA RAMDAC has six bits (64 intensities). This four to one difference has to be considered
when attempting to match colors between aVGA RAMDAC and the S1D13505 LUT. (i.e. VGA
levelsO-3mapto LUT level 0, VGA levels4 - 7 map to LUT level 1...). Additionally, the signifi-
cant bits of the color tables are located at different offsets within their respective bytes. After calcu-
lating the equivalent intensity value the result must be shifted into the correct bit positions.

The following table shows LUT values that will approximate the VGA default color palette.

Table 4-5 Suggested LUT Values to Simulate VGA Default 256 Color Palette

Index R G B Index R G B Index R G B Index R G B
00 00 00 00 40 FO 70 70 80 30 30 70 Co 00 40 00
01 00 00 AO 41 FO 90 70 81 40 30 70 Cl 00 40 10
02 00 A0 00 42 FO BO 70 82 50 30 70 c2 00 40 20
03 00 A0 AO 43 FO DO 70 83 60 30 70 C3 00 40 30
04 A0 00 00 44 FO FO 70 84 70 30 70 C4 00 40 40
05 A0 00 AO 45 DO FO 70 85 70 30 60 C5 00 30 40
06 AO 50 00 46 BO FO 70 86 70 30 50 C6 00 20 40
07 A0 A0 AO 47 20 FO 70 87 70 30 40 C7 00 10 40
08 50 50 50 48 70 FO 70 88 70 30 30 C8 20 20 40
09 50 50 FO 49 70 FO 920 89 70 40 30 C9 20 20 40
0A 50 FO 50 4A 70 FO BO 8A 70 50 30 CA 30 20 40
0B 50 FO FO 4B 70 FO DO 8B 70 60 30 CB 30 20 40
ocC FO 50 50 4C 70 FO FO 8C 70 70 30 CcC 40 20 40
oD FO 50 FO 4D 70 DO FO 8D 60 70 30 CcD 40 20 30
OE FO FO 50 4E 70 BO FO 8E 50 70 30 CE 40 20 30
OF FO FO FO 4F 70 90 FO 8F 40 70 30 CF 40 20 20
10 00 00 00 50 BO BO FO 90 30 70 30 DO 40 20 20
11 10 10 10 51 Co BO FO 91 30 70 40 D1 40 20 20
12 20 20 20 52 DO BO FO 92 30 70 50 D2 40 30 20
13 20 20 20 53 EO BO FO 93 30 70 60 D3 40 30 20
14 30 30 30 54 FO BO FO 94 30 70 70 D4 40 40 20
15 40 40 40 55 FO BO EO 95 30 60 70 D5 30 40 20
16 50 50 50 56 FO BO DO 96 30 50 70 D6 30 40 20
17 60 60 60 57 FO BO Cco 97 30 40 70 D7 20 40 20
18 70 70 70 58 FO BO BO 98 50 50 70 D8 20 40 20
19 80 80 80 59 FO CO BO 99 50 50 70 D9 20 40 20
1A 20 90 20 BA FO DO BO 9A 60 50 70 DA 20 40 30
1B A0 A0 AO 5B FO EO BO 9B 60 50 70 DB 20 40 30
1C BO BO BO 5C FO FO BO oC 70 50 70 DC 20 40 40
1D Co Cco Cco 5D EO FO BO 9D 70 50 60 DD 20 30 40
1E EO EO EO 5E DO FO BO 9E 70 50 60 DE 20 30 40
1F FO FO FO 5F (e(0] FO BO 9F 70 50 50 DF 20 20 40
20 00 00 FO 60 BO FO BO AO 70 50 50 EO 20 20 40
21 40 00 FO 61 BO FO Co Al 70 50 50 El 30 20 40
22 70 00 FO 62 BO FO DO A2 70 60 50 E2 30 20 40
23 BO 00 FO 63 BO FO EO A3 70 60 50 E3 30 20 40
24 FO 00 FO 64 BO FO FO A4 70 70 50 E4 40 20 40
25 FO 00 BO 65 BO EO FO A5 60 70 50 E5 40 20 30
26 FO 00 70 66 BO DO FO A6 60 70 50 E6 40 20 30
27 FO 00 40 67 BO Co FO A7 50 70 50 E7 40 20 30
28 FO 00 00 68 00 00 70 A8 50 70 50 E8 40 20 20
29 FO 40 00 69 10 00 70 A9 50 70 50 E9 40 30 20
2A FO 70 00 6A 30 00 70 AA 50 70 60 EA 40 30 20
2B FO BO 00 6B 50 00 70 AB 50 70 60 EB 40 30 20
2C FO FO 00 6C 70 00 70 AC 50 70 70 EC 40 40 20
2D BO FO 00 6D 70 00 50 AD 50 60 70 ED 30 40 20
2E 70 FO 00 6E 70 00 30 AE 50 60 70 EE 30 40 20
2F 40 FO 00 6F 70 00 10 AF 50 50 70 EF 30 40 20
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4: LOOK-UP TABLE (LUT)

Table 4-5 Suggested LUT Values to Simulate VGA Default 256 Color Palette (Continued)

Index R G B Index R G B Index R G B Index R G B
30 00 FO 00 70 70 00 00 BO 00 00 40 FO 20 40 20
31 00 FO 40 71 70 10 00 B1 10 00 40 F1 20 40 30
32 00 FO 70 72 70 30 00 B2 20 00 40 F2 20 40 30
33 00 FO BO 73 70 50 00 B3 30 00 40 F3 20 40 30
34 00 FO FO 74 70 70 00 B4 40 00 40 F4 20 40 40
35 00 BO FO 75 50 70 00 B5 40 00 30 F5 20 30 40
36 00 70 FO 76 30 70 00 B6 40 00 20 F6 20 30 40
37 00 40 FO 77 10 70 00 B7 40 00 10 F7 20 30 40
38 70 70 FO 78 00 70 00 B8 40 00 00 F8 00 00 00
39 90 70 FO 79 00 70 10 B9 40 10 00 F9 00 00 00
3A BO 70 FO 7A 00 70 30 BA 40 20 00 FA 00 00 00
3B DO 70 FO 7B 00 70 50 BB 40 30 00 FB 00 00 00
3C FO 70 FO 7C 00 70 70 BC 40 40 00 FC 00 00 00
3D FO 70 DO 7D 00 50 70 BD 30 40 00 FD 00 00 00
3E FO 70 BO 7E 00 30 70 BE 20 40 00 FE 00 00 00
3F FO 70 90 7F 00 10 70 BF 10 40 00 FF 00 00 00

15 bpp color
The Look-Up Table is bypassed at this color depth, hence programming the LUT is not necessary.

16 bpp color
The Look-Up Table is bypassed at this color depth, hence programming the LUT is not necessary.

Gray Shade Modes

This discussion of gray shade/monochrome modes only appliesto the pandl interface. Monochrome
mode is selected when register [01] bit 2 = 0. In this mode the output value to the panel is derived
solely from the green component of the LUT. The CRT image will continue to be formed from all
three (RGB) Look-Up Table components.

Note: In order to match the colors on a CRT with the colors on a monochrome panel it is important to en-
sure that the red and blue components of the Look-Up Table be set to the same intensity as the
green component.

1 bpp gray shade
In 1 bpp gray shade mode only thefirst two entries of the green LUT are used. All other LUT entries
are unused.
Table 4-6 Recommended LUT Values for 1 Bpp Gray Shade
Address Red Green Blue
00 00 00 00
01 FO FO FO
02 00 00 00
00 00 00
FF 00 00 00
[ ] Requiredto match CRT to panel
[ ] Unusedentries
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2 bpp gray shade

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

Table 4-7 Suggested Values for 2 Bpp Gray Shade

Index Red Green Blue
0 00 00 00
1 50 50 50
2 A0 AOQ A0
3 FO FO FO
4 00 00 00
00 00 00
FF 00 00 00

[ ] Requiredto match CRT to panel

[ ] Unusedentries

4 bpp Gray Shade

The 4 bpp gray shade mode usesthefirst 16 LUT elements. The remaining indices of the LUT are

unused.

Table 4-8 Suggested LUT Values for 4 Bpp Gray Shade

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

[ ] Required to match CRT to panel

[ ] Unusedentries
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8 bpp gray shade

When 8 bpp gray shade mode is selected the gray shade intensity is determined by the green LUT
value. The green portion of the LUT has 16 possible intensities. Thereis no color advantage to
selecting 8 bpp mode over 4 bpp mode; however, hardware rotate can be only used in 8 and 16 bpp
modes.

15 bpp gray shade

The Look-Up Table is bypassed at this color depth, hence programming the LUT is not necessary.

Aswith 8 bpp there are limitations to the colors which can be displayed. In this mode the four most
significant bits of green are used to set the absolute intensity of the image. Four bits of green
resolves to 16 colors. Now however, each pixel requires two bytes.

16 bpp gray

The Look-Up Table is bypassed at this color depth, hence programming the LUT is not necessary.

Aswith 8 bpp there are limitations to the colors which can be displayed. In this mode the four most
significant bits of green are used to set the absolute intensity of the image. Four bits of green
resolves to 16 colors. Now however, each pixel requires two bytes.

2-14
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5 ADVANCED TECHNIQUES

This section presents information on the following:
* virtual display

* panning and scrolling

* gplit screen display

5.1 Virtual Display

Virtual display refersto the situation where the image to be viewed is larger than the physical dis-
play. This can bein the horizontal, the vertical or both dimensions. To view the image, the display is
used as awindow (or viewport) into the display buffer. At any given time only a portion of the
image is visible. Panning and scrolling are used to view the full image.

The Memory Address Offset registers are used to determine the number of horizontal pixelsin the
virtual image. The offset registers can be set for a maximum of 211 or 2048 words. In 1 bpp display
modes these 2048 words cover 16,384 pixels. At 16 bpp 2048 words cover 1024 pixels.

The maximum vertical size of the virtual image isthe result of anumber of variables. Initssimplest,
the number of linesisthetotal display buffer divided by the number of bytes per horizontal line. The
number of bytes per lineis the number of words in the offset register multiplied by two. At maxi-
mum horizontal size, the greatest number of lines that can be displayed is 1024. Reducing the hori-
zontal size makes memory available to increase the virtual vertical size.

In addition to the calculated limit the virtual vertical sizeis limited by the size and location of the
half frame buffer and the ink/cursor if present.

Seldom are the maximum sizes used. Figure 5-1 “Viewport Inside a Virtual Display,” depictsa
more typical use of avirtual display. The display pandl is 320x240 pixels, an image of 640x480 pix-
els can be viewed by navigating a 320x240 pixel viewport around the image using panning and

scrolling.
320%240 —_—
Viewport
640x480
“Virtual” Display
Figure 5-1 Viewport Inside a Virtual Display
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Registers
REG[16h] Memory Address Offset Register 0
Memory Memory Memory Memory Memory Memory Memory Memory
AddressOffset | Address Offset | Address Offset | Address Offset | Address Offset | Address Offset | Address Offset | Address Offset
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
REG[17h] Memory Address Offset Register 1
Memory Memory Memory
na na na na na Address Offset | Address Offset | Address Offset
Bit 10 Bit 9 Bit 8

Figure 5-2 Memory Address Offset Registers

Registers [16h] and [17h] form an 11-bit value called the memory address offset. This offset isthe
number of words from the beginning of one line of the display to the beginning of the next line of
the display.

Note that this value does not necessarily represent the number of words to be shown on the display.

The display width is set in the Horizontal Display Width register. If the offset is set to the same as
the display width then there is no virtual width.

To maintain a constant virtual width as color depth changes, the memory address offset must also
change. At 1 bpp each word contains 16 pixels, at 16 bpp each word contains one pixel. The formula
to determine the value for these registersis:

offset = pixels_per_line/ pixels_per_word

Examples

Example 1
Determine the offset value required for 800 pixels at a color depth of 8 bpp.

At 8 bpp each byte contains one pixel, therefore each word contains two pixels.
pixels per word=16/bpp=16/8=2
Using the above formula.
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 2

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

To create avirtua 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 seeif there is enough memory to support the desired number of lines.

1. Initialize the S1D13505 registers for a 320x240 panel. (See “ Introduction” on page 1).
2. Determine the offset register value.

pixels per word=16/bpp=16/4=4
offset = pixels_per_line/ pixels per word = 640/ 4 = 160 words = 0Xx0OA0 words

Register [17h] will be written with 0x00 and register [16h] will be written with OXAO.
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3. Check that we have enough memory for the required virtual height.

4. Each line uses 160 words and we need 480 lines for atotal of (160*480) 76,800 words. Thisdis-
play could be done on a system with the minimum supported memory size of 512K bytes. Itis
safe to continue with these values.

5.2 Panning and Scrolling

The terms panning and scrolling refer to the actions used to move the viewport about avirtua dis-
play. Although the image is stored entirely in the display buffer, only aportion is actually visible at
any given time.

Panning describes the horizontal (sideto side) motion of the viewport. When panning to theright the
image in the viewport appearsto dide to the left. When panning to the left the image to appearsto
slide to theright. Scrolling describes the vertical (up and down) motion of the viewport. Scrolling
down causes the image to appear to slide up and scrolling up causes the image to appear to siide
down.

Both panning and scrolling are performed by modifying the start address register. The start address
refersto the word offset in the display buffer where the image will start being displayed from. At
color depths less than 15 bpp a second register, the pixel pan register, isrequired for smooth pixel
level panning.

Internally, the S1D13505 latches different signals at different times. Due to this internal sequence,
thereis an order in which the start address and pixel pan registers should be accessed during scroll-
ing operations to provide the smoothest scrolling. Setting the registers in the wrong sequence or at
the wrong time will result in a*“tearing” or jitter effect on the display.

The start addressis latched at the beginning of each frame, therefore the start address can be set any

time during the display period. The pixel pan register values are latched at the beginning of each dis-
play line and must be set during the vertical non-display period. The correct sequence for program-

ing theseregistersis:

1. Wait until just after avertical 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.
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Registers

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 Bit5 Bit4 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 Bit 9 Bit 8

REG[12h] Screen 1 Display Start Address 2
n‘a na na na

Start Address | Start Address | Start Address | Start Address
Bit 19 Bit 18 Bit 17 Bit 16

Figure 5-3 Screen 1 Start Address Registers

These three registers form the address of the word in the display buffer where screen 1 will start dis-
playing from. Changing these registers by onewill cause achange 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 5-1 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 Pixel | Screen 2 Pixel | Screen 2 Pixel | Screen 2 Pixel | Screen 1 Pixel | Screen 1 Pixel | Screen 1 Pixel | Screen 1 Pixel
Pan Pan Pan Pan Pan Pan Pan Pan
Bit 3 Bit 2 Bit 1 Bit0 Bit 3 Bit 2 Bit1 Bit0

Figure 5-4 Pixel Panning Register

The pixel panning register offers finer control over pixel pansthan is available with the Start
Address Registers. Using this register it is possible to pan the displayed image one pixel at atime.
Depending on the current color depth certain bits of the pixel pan register are not used. The follow-

ing table shows this.
Table 5-2 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
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Examples

For the examples in this section assume that the display system has been set up to view a 640x480
pixel image in a 320x240 viewport. Refer to Section 2, “ Initialization” on page 2 and Section 5.1,
“Mrtual Display” on page 15 for assistance with these settings.

Example 3
Panning - Right and Left

To pan to theright, increment the pixel pan value. If the pixel pan value is 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 valueislessthan zero set it to the color depth (bpp)
less one and decrement the start address.

Note: Scrolling operations are easier to follow if a value, call it pan_value, is used to track both the pixel pan
and start address. The least significant bits of pan_value will represent the pixel pan value and the
more significant bits are the start address value.

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

1. Thisisapan to theright. Increment pan_value.
pan_value = pan_value + 1

2. Mask off the values from pan_vaue 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 ad-
dress.

pixel_pan = pan_value AND 3

start_address = pan_vaue SHR 3(the fist two bits of the shift account for the pixel_pan
the last bit of the shift converts

the start_address value

from bytes to words)

3. Write the pixel panning and start address values to their respective registers using the procedure
outlined in the registers section.

Example 4
Scrolling - Up and Down

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

Example 5
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 16 colors (4 bpp) each
byte contains two pixels so each word contains 4 pixels.
offset words = pixels per_line/ pixels per word = 640/ 4 = 160 = 0xAO0
We now know how much to add to the start address to scroll down oneline.
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 L SB to register [10h] and the MSB to
register [12h].
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5.3 Split Screen

Occasionally the need arises to display two distinct images on the display. For example, we may
write a game where the main play areawill rapidly update and we want a status display at the bot-
tom of the screen.

The Split Screen feature of the S1D13505 allows a programmer to setup a display for such an appli-
cation. The figure below illustrates setting a 320x240 panel to have Image 1 displaying from scan
line O to scan line 99 and image 2 displaying from scan line 100 to scan line 239. Although this
exampl e 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 5-5 320x240 Single Panel for Split Screen

Registers

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 5.2 on page 2-17.

REG[OE] Screen 1 Line Compare Register 0

Line Compare

Line Compare

Line Compare

Line Compare

Line Compare

Line Compare

Line Compare

Line Compare

Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit0
REG[OF] Screen 1 Line Compare Register 1
Line Compare | Line Compare
n/a n/a n/a n/a na na Bit9 Bit 8

Figure 5-6 Screen 1 Line Compare

These two registers form a value known as the line compare. When the line compare valueis equal
to or greater than the physical number of lines being displayed there is no visible effect on the dis-
play. When the line compare value is less than the number of physically displayed lines, display

operation works like this:

1. Fromtheend of vertical non-display to the number of linesindicated by line compare the display
datawill be from the memory pointed to by the Screen 1 Display Start Address.

2. After line compare lines have been displayed the display will begin showing datafrom Screen 2
Display Start Address memory.
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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 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
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 Bit9 Bit 8
REG[15h] Screen 2 Display Start Address Register 2
Wa wa wa wa Start Address | Start Address | Start Address | Start Address
Bit 19 Bit 18 Bit 17 Bit 16

Figure 5-7 Screen 2 Display Start Address

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 is always the 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.

Examples

Example 6

Display 380 scanlines of image 1 and 100 scanlines of image 2. Image 2 is located
immediately after image 1 in the display buffer. Assume a 640x480 display and a
color depth of 1 bpp.

1. Thevauefor theline compareis not dependent on any other setting so we can set it immediately
(380 = 0x17C).

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

2. Screen 1iscoming from offset 0 in the display buffer. Although not necessary, ensure that the
screen 1 start addressiis set to zero.

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

3. Cdculate 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 avirtual 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
4. Set the screen 2 start address to the value we just calculated.

Write the screen 2 start address registers [15h], [14h] and [13h] with the values 0x00, 0x4B and
0x00 respectively.
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6 LCD Power SEQUENCING AND POWER SAVE MODES

6.1 Introduction to LCD Power Sequencing

L CD Power Sequencing allowsthe 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 power-up.

The S1D13505 performs automatic power sequencing when the LCD is enabled or disabled through

the LCD Enable bit in register [0Dh]. For most applications the internal power sequencing isthe
appropriate choice.

There may be situations where the internal time delay is insufficient to discharge the LCD power
supply before the LCD signals are shut down. This section details the sequences to manually power-
up and power-down the LCD interface.

Proper LCD power sequencing dictates that there must be atime delay between the time the LCD
power is disabled and the time the LCD signals are shut down. During power up the LCD signals
must be active prior to applying power to the LCD. Thistimeinterval varies depending on the power
supply design. The power supply on the S5U13505P00C Evaluation board requires 0.5 seconds to
fully discharge. Y our power supply design may vary.

6.2 Registers
REG[0D] Display Mode Register
Simultaneous | Simultaneous . ) . ) . )
SwivelView™ | . . . Bit-Per-Pixel | Bit-Per-Pixel | Bit-Per-Pixel
Display Option | Display Option . . . CRT Enable | LCD Enable
Enable Select Bit 1 Select Bit 0 Select Bit 2 Select Bit 1 Select Bit 0

LCD Enable normally performs all the required power sequencing. Upon setting LCD Enable to '0'
the system will begin a series of eventswhich include turning off the LCD power supply, waiting for

the power supply to discharge and finally turning off the LCD signals.

REG[1A] Power Save Configuration Register
Suspend Suspend Software Sus-
P()\ggtjsave n/a n/a n/a L%I?;&v;er Refresh Select | Refresh Select | pend Mode
Bit 1 Bit 0 Enable

L CD Power Disable would be used to manually sequence the events leading to an LCD power-
down. First the program would set LCD Power Disable to '1' to begin discharging the LCD power
supply. After waiting a pre-determined amount of time the software would Disable the LCD signals
using the LCD Enable bit in register [0Dh].
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6.3 LCD Enable/Disable

Power On/Enable Sequence

The following is the recommended sequence for manually powering-up an LCD panel. These steps
would be used if power supply timing requirements were larger than the timings built into the
S1D13505 power enable sequence.

1. Set REG[1Ah] bit 3 to 1. Ensure that LCD power is disabled.
2. Set REG[0DHh] hit O to 1. Turn on the LCD outputs.

3. Count X' Vertical Non-Display Periods.
'X' corresponds the power supply discharge time converted to the equivalent vertical non-display
periods.

4. Set REG[1AN] hit 3to 0. Thisenables LCD Power.

Power On Sequence

The following is the recommended sequence for manually powering-down an LCD panel. These
steps would be used if power supply timing requirements were larger than the timings built into the
S1D13505 power disable sequence.

1. Set REG[1Ah] bit 3to 1 - disable LCD Power.

2. Count X' Vertical Non-Display Periods.
X' corresponds to the power supply discharge time converted to the equivalent vertical non-dis-
play periods.

3. Set REG[0Dh] bit 0to O - turn off the LCD outputs.
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7

7.1

1.2

HARDWARE CURSOR

I ntroduction

The S1D13505 provides hardware support for a cursor or an ink layer. These features are mutually
exclusive and therefore only one or the other may be active at any given time.

A hardware cursor improves video throughput in graphical operating systems by off-loading much
of thework typically assigned to software. Take the actions which must be performed when the user
moves the mouse. On a system without hardware support, the operating system must restore the area
under the current cursor position then save the area under the new location and finally draw the cur-
sor shape. Contrast that with the hardware assisted system where the operating system must simply
update the cursor X and cursor Y position registers.

Anink layer isused to support stylus or pen input. Without an ink layer the operating system would
have to save an area (possibly all) of the display buffer where pen input was to occur. After the sys-
tem recognized the user entered characters, the display would have to be restored and the characters
redrawn in a system font. With an ink layer the stylus path isdrawn in the ink layer, where it over-
laysthe displayed image. After character recognition takes place the display is updated with the new
characters and the ink layer is simply cleared. There is no need to save and restore display data thus
providing faster throughput.

The S1D13505 hardware cursor/ink layer supports a2 bpp (four color) overlay image. Two of the
available colors are transparent and invert. The remaining two colors are user definable.

Registers

There are atotal of eleven registers dedicated to the operation of the hardware cursor/ink layer.
Many of the registers need only be set once. Others, such asthe positional registers, will be updated
frequently.

REG[27h] Ink/Cursor Control Register

Ink/Cursor Ink/Cursor Cursor High | Cursor High | Cursor High | Cursor High
Mode Mode n/a n/a Threshold Threshold Threshold Threshold
Bit 1 Bit 0 Bit 3 Bit 2 Bit 1 Bit0

The Ink/Cursor mode bits determine if the hardware will function as a hardware cursor or as an ink
layer. See Table 7-1 for an explanation of these hits.

Table 7-1 Ink/Cursor Mode

Register [27h] Operating
Bit 7 Bit 6 Mode
0 0 Inactive
0 1 Cursor
1 0 Ink
1 1 Reserved

When cursor mode is selected the cursor image is aways 64x64 pixels. Selecting an ink layer will
result in alarge enough areato completely cover the display.

The cursor threshold bits are used to control the Ink/Cursor FIFO depth to sustain uninterrupted dis-
play fetches.
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REG[28h] Cursor X Position Register 0

Cursor X Cursor X Cursor X Cursor X Cursor X Cursor X Cursor X Cursor X
Position Position Position Position Position Position Position Position
Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
REG[29h] Cursor X Position Register 1
Cursor X Cursor X
Reserved n‘a n‘a n‘a na na Position Position
Bit 9 Bit 8

Registers [28h] and [29h] control the horizontal position of the hardware cursor. The valuein this
register specifies the location of the left edge of the cursor. When ink mode is selected these regis-
ters should be set to zero.

Cursor X Position bits 9-0 determine the horizontal location of the cursor. With 10 bits of resolution
the horizontal cursor range is 1024 pixels.

REG[2Ah] Cursor Y Position Register 0

Cursor Cursor Cursor Cursor Cursor Cursor Cursor Cursor
Y Position Y Position Y Position Y Position Y Position Y Position Y Position Y Position
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
REG[2Bh] Cursor Y Position Register 1
Cursor Y Cursor Y
Reserved na na na a a Position Bit 9 | Position Bit 8

Registers [2Ah] and [2Bh] control the vertical position of the hardware cursor. The valuein thisreg-
ister specifies the location of the left edge of the cursor. When ink mode is selected these registers
should be set to zero.

Cursor Y Position bits 9-0 determine the location of the cursor. With ten bits of resolution the verti-
cal cursor range is 1024 pixels.

REG[2Ch] Ink/Cursor Color 0 Register O

Cursor Color 0
Bit 7

Cursor Color 0
Bit 6

Cursor Color 0
Bit5

Cursor Color 0
Bit 4

Cursor Color 0
Bit 3

Cursor Color 0
Bit 2

Cursor Color 0
Bit 1

Cursor Color 0
Bit0

REG[2Dh] Ink/Cursor Color

0 Register 1

Cursor Color 0
Bit 15

Cursor Color 0
Bit 14

Cursor Color 0
Bit 13

Cursor Color 0
Bit 12

Cursor Color 0
Bit 11

Cursor Color 0
Bit 10

Cursor Color 0
Bit9

Cursor Color 0
Bit 8

REGI[2Eh] Ink/Cursor Color 1 Register 0

Cursor Color 0
Bit7

Cursor Color 0
Bit 6

Cursor Color 0
Bit5

Cursor Color 0
Bit 4

Cursor Color 0
Bit 3

Cursor Color 0
Bit 2

Cursor Color 0
Bit1

Cursor Color 0
Bit0

REGI[2Fh] Ink/Cursor Color 1 Register 1

Cursor Color 0
Bit 15

Cursor Color 0
Bit 14

Cursor Color 0
Bit 13

Cursor Color 0
Bit 12

Cursor Color 0
Bit 11

Cursor Color 0
Bit 10

Cursor Color 0
Bit9

Cursor Color 0
Bit 8

Acting in pairs, Registers [2Ch], [2Dh] and registers [2Eh], [2Fh] are used to form the 16 bpp (5-6-

5) RGB values for the two user defined colors.
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REG[30h] Ink/Cursor Start Address Select Register
Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
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

Register [30h] determines the location in the display buffer where the cursor/ink layer will be
located. Table 7-2 can be used to determine this |ocation.

Note: Bit 7 is write only, when reading back the register this bit reads a '0'.

Table 7-2 Cursor/Ink Start Address Encoding
Ink/Cursor Start Address Bits [7:0] Start Address (Bytes)
0 Display Buffer Size - 1024
1- OXFF Display Buffer Size- (n* 8192)

7.3 Limitations

There are limitations for using the hardware cursor/ink layer which should be noted.

REG[29h] and REG[2Bh]
Bit seven of registers [29h] and [2Bh] are write only, and must always be set to zero as setting these
bits to one, will cause undefined cursor behavior.

REG[30h]

Bit 7 of register [30h] iswrite only, therefore programs cannot determine the current cursor/ink
layer start address by reading register [30h]. It is suggested that values written to this register be
stored elsewhere and used when the current state of this register is required.

No Top/Left Clipping on Hardware Cursor

The S1D13505 does not clip the hardware cursor on the top or |eft edges of the display. For cursor
shapes where the hot spot is not the upper Ieft corner of the image (the hourglass for instance), the
cursor image will have to be modified to clip the cursor shape.

7.4 Examples

See Section 12, “Sample Code” for hardware cursor programming examples.

2-26 EPSON S1D13505 PROGRAMMING NOTES

AND EXAMPLES (X23A-G-003-05)




8: HARDWARE ROTATION

8 HARDWARE ROTATION

8.1 Introduction to Hardware Rotation

Most computer displays operate in landscape mode. In landscape mode the display iswider thanitis
high. For instance, a standard display sizeis 640x480 where the width is 640 pixels and the height is
480 pixels.

Portrait mode rotates the display image clockwise ninety degrees, resulting in adisplay that istaller
than it iswide. Placing the 640x480 display in portrait mode will yield adisplay that is now 480 pix-
elswide and 640 pixels high.

8.2 S1D13505 Hardware Rotation

The S1D13505 provides hardware support for portrait mode output in 16 and 8 bpp modes.

The switch to portrait mode carries several conditions:

» The (virtual) display offset must be set to 1024 pixels.

e Thedisplay start address is calculated differently in portrait mode.

 Calculations that would result in panning in portrait mode result in scrolling in portrait mode and
vice-versa
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8.3 Registers

This section will detail each of the registers used to setup portrait mode operations on the
S1D13505. The functionality of most of these registers has been covered in previous sections but is
included here to make this section complete.

The first step toward setting up portrait mode operation is to set the Swivel View™ Enable bit to 1
(bit 7 of register [ODh]).

REG[0Dh] Display Mode Register

Swivel View™
Enable

Simultaneous
Display Option
Select Bit 1

Simultaneous
Display Option
Select Bit 0

Bit-Per-Pixel
Select Bit 2

Bit-Per-Pixel
Select Bit 1

Bit-Per-Pixel
Select Bit 0

CRT Enable

LCD Enable

Step two involves setting the screen 1 start address registers. Set to 1024 - width for 16 bpp modes
and to (1024 - width) / 2 for 8 bpp modes.

REG[10h] Screen 1 Display Start Address Register 0

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
REG[11h] Screen 1 Display Start Address Register 1
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
REG[12h] Screen 1 Display Start Address Register 2
n/a n/a n/a n/a Bit 19 Bit 18 Bit 17 Bit 16

Finally set the memory address offset registers to 1024 pixels. In 16 bpp mode load registers
[17h:16h] with 1024 and in 8 bpp mode load the registers with 512.

REG[16h] Memory Address Offset Register 0

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[17h] Memory Address Offset Register 1
na na na na na Bit 10 Bit 9 Bit 8
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8.4 Limitations

The following limitations apply to SwivelView™:

» Only 8 bpp and 16 bpp modes are supported - 1/2/4 bpp modes are not supported.
e Cursor and ink images are not rotated - software rotation must be used. Swivel View™ must be
turned off when the programmer is accessing the Cursor or the ink layer.
 Split screen images appear side-by-side, i.e. the portrait display is split vertically.
* Pixel panning works vertically.
Note: Drawing into the hardware cursor/ink layer with rotation enabled does not work without some form of
address manipulation. The easiest way to ensure correct cursor/ink images is to disable Swivel-

View™™, draw in the cursor/ink memory, then re-enable SwivelView™., While writing the cursor/ink
memory each pixel must be transformed to its rotated position.

8.5 Examples

Example 7
Enable portrait mode for a 640x480 display at 8 bpp.

Before switching to portrait mode, display memory should be cleared to make the transition
smoother. Currently displayed images can not be simply rotated by hardware.

1. Thefirst step toward enabling portrait mode is to set the line offset to 1024 pixels. The Line Off-
set register is the offset in words.

Write 0x200 to registers [17h]:[16h]. That iswrite 0x02 to register [17h] and 0x00 to register
[16h].

2. Thesecond step to enabling portrait modeisto set the Display 1 Start Address. The Display Start
Address registers form a pointer to aword, therefore the value to set the start.

Write OXCO (192 or (1024 - 480)/2) to registers [10h], [11h] and [12h]. That is write OxC) to reg-
ister [10h], Ox00 to register [11h] and 0x00 to register [12h].

3. Enable display rotation by setting bit 7 of register [ODh].

4. Thedisplay isnow configured for portrait mode use. Offset zero into display memory will
correspond to the upper left corner of the display. The only difference seen by the programmer
will bein acknowledging that the display offset is now 1024 pixels regardless of the physical
dimensions of the display surface.
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Example 8

Pan the above portrait mode image to the right by 3 pixels then scroll it up by 4 pix-
els.

Pan the above portrait mode image to the right by 3 pixelsthen scroll it up by 4 pixels.

1. With portrait mode enabled, the x and y control is rotated as well. Simply swap the x and y
co-ordinates and calculate as if the display were not rotated.

2. Cdlculate the new start address and pixel pan values.
BytesPerScanline = 1024

PixelPan = newX & 0x01;
StartAddr = (newY * BytesPerScanline/ 2) + (newX & OXFFFE) >> 1;

3. Write the start address during the display enabled portion of the frame.
a) loop waiting for vertical non-display (b7 of register [0Ah] high).
do register = ReadRegister(0x0A)
while (0x80 != (register & 0x80));
b) Loop waiting for the end of vertical non-display.
do register = ReadRegister(0x0A)
while (0x80 == (register & 0x80));
¢) Write the new start address.
SetRegister(REG_SCRN1_DISP_START_ADDRO, (BYTE) (dwAddr & OxFF));
SetRegister(REG_SCRN1_DISP_START_ADDRL, (BYTE)((dwAddr >> 8) & OxFF));
SetRegister(REG_SCRN1_DISP_START_ADDRZ, (BY TE)((dwAddr >> 16) & Ox0F));
do register = ReadRegister(0x0A)
while (0x80 == (register & 0x80));

4. Write the pixel pan value during the vertical non-display portion of the frame.
a) Coming from the above code wait for beginning of the non-display period.
do register = ReadRegister(0x0A)
while (0x80 != (register & 0x80));
b) Write the new pixel panning value.
register = ReadRegister(0x18);
register &= OxFO;
register |= (PixelPan & OxOF);
WriteRegister(0x18, register);

2-30 EPSON $1D13505 PROGRAMMING NOTES
AND EXAMPLES (X23A-G-003-05)



9: CRT CONSIDERATIONS

9

CRT CONSIDERATIONS

9.1 Introduction
The S1D13505 is capable of driving either an LCD panel, or a CRT display, or both simultaneously.
Asdisplay devices, panels tend to be lax in their horizontal and vertical timing requirements. CRT
displays often cannot vary by more than avery small percentage in their timing requirements before
the image is degraded.
Central to the following sections are VESA timings. Rather than fill this section of the guide with
pages full of register valuesit is recommended. For more information on VESA timings contact the
Video Electronics Standards association.

CRT Only

All CRT output should meet VESA timing specifications. The VESA specification details all the
parameters of the display and non-display times as well as the input clock required to meet the
times.

Simultaneous Display

As mentioned in the previous section, CRT timings should always comply to the VESA specifica
tion. This requirement implies that during simultaneous operation the timing must still be VESA
compliant. For most panels, being run at CRT frequenciesis not a problem. One side effect of run-
ning with these usually slower timings will be aflicker on the panel.

One limitation of simultaneous display isthat should adual panel be the second display device the
half frame buffer must be disabled for correct operation.
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10 IDENTIFYING THE S1D13505

Identification of the S1D13505 can only occur after the host interface has been enabled. From reset
the steps to identifying the S1D13505 are as follows:

1. If hardware suspend has been enabled then disable the suspend. On the S1D13505 I SA evalua-
tion board this is accomplished by performing aread operation to address 0xF00000.

2. Write a00h to register [1B] to enable the host interface.
3. Read register [00h]
4. The production version of the S1D13505 is 0xOC.
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11 HARDWARE ABSTRACTION LAYER (HAL)

11.1 Introduction

The HAL isaprocessor independent programming library provided by Seiko Epson. The HAL was
developed to aid the implementation of internal test programs. The HAL provides an easy, consis-
tent method of programming the S1D13505 on different processor platforms. The HAL also allows
for easier porting of programs between S1D1350x products.

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

11.2 API for 13505HAL

Thefollowing is adescription of the HAL library. Updates and revisions to the HAL may include
new functions not included in the following documentation

Initialization

The following section describes the HAL functions dealing with initialization of the S1D13505.
Typically a programmer has only to concern themselves with calls to seRegisterDevice() and seSe-

tinit().

int seRegisterDevice(const LPHAL_STRUC IpHalinfo, int * pDevice)

Description:

Parameters:

Return Value:

Register the S1D13505 device parameters with the HAL library. The device
parameters have been configured with address range, register values, desired
frame rate, etc., and have been saved in the HAL_STRUCT structure pointed to
by IpHalInfo. Additionally this routine allocates, from system memory, address
space for accessing registers and the display buffer.

IpHalInfo - pointer to HAL_STRUCT information structure
pDevice - pointer to the integer to receive the device ID
ERR_OK - operation completed with no problems

Note: No S1D13505 registers are changed by calling seRegisterDevice().
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int seSetlnit(int DevID)

Description:

Parameters:
Return Value:

Configures the system for operation using the specified default settings. Every-
thing required for operation is set in this call.

DevID - registered device ID

ERR_OK - operation completed with no problems
ERR_FAILED - unable to complete operation. Occurs as a result of requesting
parameters that exceed timing specifications.

Notes: « This function and seSetDisplayMode() are nearly identical. The largest difference is that
seSetlnit() always uses the configuration designated to be the default by 13505CFG.EXE
and seSetDisplayMode() allows the programmer to select which configuration.

« This routine does not configure the Look-Up Tables.

int seSetDisplayMode(int DevID, int DisplayMode, int flags)

Description:

Parameters:

Return Value:

Example:

Thisroutine sets the S1D13505 registers according to the values contained in the
HAL_STRUCT register section referred to by DisplayMaode.

Setting all the registers means that timing, display surface dimensions,... all
aspects of chip operation are set with this call.

DeviD - avalid registered device ID

DisplayMode -the HAL_STRUCT register set to use:
DISP_MODE_LCD,
DISP_MODE_CRT, or
DISP_MODE_SIMULTANEOUS

flags - can be set to one or more flags. Each flag added by using the
logical OR command. Do not add mutually exclusive flags.
Flags can be set to 0 to use defaults.
DONT_CLEAR_MEM (default) - do not clear memory

CLEAR_ MEM - clear display buffer memory
DISP_FIFO_OFF - turn off display FIFO
(blank screen except for cursor or ink layer)
DISP_FIFO_ON (default) - turn on display FIFO
ERR_OK - no problems encountered

ERR_FAILED - unableto complete operation. Occurs as aresult of requesting
parameters that exceed timing specifications.

seSetDisplayMode(DevID, DISP_MODE_LCD, CLEAR_MEM |
DISP_FIFO_OFF);

The above will initialize for the LCD, and then clear display buffer memory and
blank the screen. The advantage to this approach isthat afterwardsthe application
can write to the display without showing the image until memory is completely
updated; the application would then call seDisplayFIFO(DevID, ON).
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int selnitHal(void)

Description: Thisfunction initializes variable used by the HAL library. Thisfunction must be
called once when the application starts.

Normally programmers do not have to concern themselves with selnitHal(). On
PC platforms, seRegisterDevice() automatically calls selnitHal (). Consecutive
callsto seRegisterDevice() will not call selnitHal() again. On non-PC platforms
the start-up code, supplied by Seiko, will call selnitHal(). If however support code
for anew operating platform is written the programmer must ensure that
selnitHAL is called prior to calling other HAL functions.

Parameters: None
Return Values ERR_OK - operation completed with no problems
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General HAL Support

General HAL support covers the miscellaneous functions. There is usually no more than one or two
functions devoted to any particular aspect of S1D13505 operation.

int seGetld(int DevID, int * pld)

Description: Reads the S1D13505 revision code register to determine the chip product and
revisions. The interpreted valueis returned in plD.

Parameters: Device - registered device ID
pld - pointer to the byte to receive the controller ID.

For the S1D13505 the return values are currently:
ID_S1D13505

ID_S1D13505F00A

ID_UNKNOWN

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

Return Valuee ERR_OK - operation completed with no problems
ERR_UNKNOWN_DEVICE - returned when pI D returnsID_UNKNOWN. The
HAL was unableto identify the display controller.

Note: seGetld() will disable hardware suspend Intel platforms, and will enable the host interface (reg-
ister [1Bh]) on all platforms.

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

Description: Retrieves the HAL library version. The return values are all ASCII strings. A
typical returnwould be: “1.01” (HAL version 1.01), “B” (The'B'isthe betadesig-
nator), “5" (This example would be Betas, if pStatusis NULL the so should
pStatusRevision).

Parameters: pVersion - must point to an allocated string of size VER_SIZE
pStatus - must point to an alocated string of size STATUS _SIZE
pStatusRevision - must point to an allocated string of size STAT_REV_SIZE

Return Value: None

int seGetMemSize(int DevID, DWORD * pSize)

Description: This routine returns the amount of installed video memory. The memory sizeis
determined by reading the status of MD6 and MD7. *pSize will be set to either
0x80000 (512 KB) or 0x200000 (2 MB).

Parameters: DevID - registered device ID
pSize - pointer to a DWORD to receive the size
Return Value: ERR_OK - the operation completed successfully
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int seGetLastUsableByte(int DevID, DWORD * pLastByte)

Description: Calculates the offset of the last byte in the display buffer which can be used by
applications. Locations following LastByte are reserved for system use. Items
such as the half frame buffer, hardware cursor and ink layer will be located in
memory from GetL astUsableByte() + 1 to the end of memory.

It isassumed that the registers will have been initialized before calling seGetL as-
tUsableByte(). Factors such as the half frame buffer and hardware cursor / ink

layer being enabled dynamically ater the amount of display buffer availableto an
application. Call seGetlL astUsableByte() any time the true end of usable memory

isrequired.
Parameters: DevID - registered device ID
pLastByte - pointer to aDWORD to receive the offset to the last usable byte of

display buffer
Return Valuee ERR_OK - operation completed with no problems

int seGetBytesPerScanline(int DevID, UINT * 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 seGet-
BytesPerScanling() is called.

The number of bytes per scanline calculation includes the value in the offset
register. For rotated modes the return value will be either 1024 or 2048 to reflect
the 1024 x 1024 virtual area of the rotated memory.

Parameters: DeviD - registered device ID
pBytes - pointer to an integer which indicates the number of bytes per
scan line
Return Valuee ERR _OK - operation completed with no problems
ERR_FAILED - returned when thisfunction is called for rotated display modes
other than 8 or 16 bpp.

int seGetScreenSize(int DevID, UINT * Width, UINT * Height)

Description: Getsthe width and height in pixels of the display surface. The width and height are
derived by reading the horizontal and vertical timing registers and calculating the
dimensions.

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

respectively.
Parameters: DeviD - registered device ID
Width - unsigned integer to receive the display width
Height - unsigned integer to receive the display height
Return valuee ERR_OK - the operation completed successfully
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int seSelectBusWidth(int DevID, int Width)

Description:
Parameters:

Return Value:

Call thisfunction to select the interface bus width on the ISA evaluation card.
Selectable widths are 8 bit and 16 hit.

DevID - registered device ID
Width - desired bus width. Must be 8 or 16.
ERR_OK - the operation completed successfully

ERR_FAILED - thefunction was called on anon-1SA platform or width was
not set to 8 or 16.

Note: This call applies to the S1D13505 ISA evaluation cards only.

int seGetHostBusWidth(int DevID, int * Width)

Description:
Parameters:

Return Value:

This function retrieves the default (as set by 13505CFG.EXE) value for the host
bus interface width and returnsit in Width.

DeviD - registered device ID
Width - integer to hold the returned value of the host bus width

ERR_OK - the function completed successfully

int seDisplayEnable(int DevID, BYTE State)

Description:

Parameters:

Return Value:

Thisroutine turns the display on or off by enabling or disabling the ENABLE bit
of the display device (PANEL, CRT, or SIMULTANEOUS). The configuration
defined in 13505CFG determines which device(s) will be affected.

DevID - registered device ID
State - et to ON or OFF to respectively enable or disable the display

ERR_OK - the function completed successfully

int seDisplayFifo(int DevID, BYTE State)

Description:

Parameters:

Return Value:

Thisroutine turns the display on or off by enabling or disabling the display FIFO
(the hardware cursor and ink layer are not affected).

Enabling and disabling the display FIFO has amuch faster and cleaner appearing
effect when the display isto be blanked and it allows full CPU bandwidth to the
display buffer.

DevID - registered device ID
State - set to ON or OFF to respectively enable or disable the display FIFO

ERR _OK - thefunction completed successfully

Note: Disabling the display FIFO will force all display data outputs to zero but horizontal and vertical
sync pulses and panel power supply are still active.
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int seDelay(int DevID, DWORD Seconds)

Description: This function will delay for the number of seconds given in Seconds before
returning to the caller.

This function was originally intended for non-PC platforms. Information on how
to access the timers was not always immediately available however we do know
frame rate and can use that for timing calculations. The S1D13505 registers must
be initialized for this function to work correctly.

PC platform function calls the C timing functions and is therefore independent of
the register settings.

Parameters: DeviD - registered device ID
Seconds - timeto delay in seconds
Return Value. ERR _OK - operation completed with no problems

ERR_FAILED - returned only on non-PC platformswhen the S1D 13505 registers
have not bee initialized

Advanced HAL Functions

Advanced HAL functions include the functions to support split and virtual screen operation and are
the same features that were described in the section on advanced programming techniques.

int seSplitinit(int DevID, DWORD Scrnl1Addr, DWORD Scrn2Addr)

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

Parameters: DeviD - registered device ID
ScrnlAddr - offset in display buffer, in bytes, to the start of screen 1
Scrn2Addr - offset in display buffer, in bytes, to the start of screen 2

Return Value. ERR_OK - operation completed with no problems

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

int seSplitScreen(int DevID, int WhichScreen, long VisibleScanlines)

Description: Changestherelevant registersto adjust the split screen according to the number of
visible lines requested. WhichScreen determines which screen, screen 1 or screen
2, to change.
The smallest screen 1 can be set toisone line. Thisis due to the way the register
values are used internally on the S1D13505. Setting the line compare register to
zero resultsin oneline of screen 1 being displayed before starting on screen 2.

Parameters: DeviD - registered device ID
WhichScreen - must be set to 1 or 2, or use the constants SCREEN1 or
SCREENZ2, to identify which screen to base calculations on
VisibleScanlines - number of linesto show for the selected screen

Return Value. ERR_OK - operation completed with no problems
ERR_HAL_BAD_ARG -argument VisibleScanlinesisnegativeor isgreater than
vertical panel size or WhichScreen isnot SCREEN1 or
SCREEN2.

Note: seSplitinit() must be called before calling seSplitScreen().

$1D13505 PROGRAMMING NOTES EPSON 2-39
AND EXAMPLES (X23A-G-003-05)



11: HARDWARE ABSTRACTION LAYER (HAL)

int seVirtlnit(int DevID, DWORD VirtX, DWORD * VirtY)

Description:

Parameter:

Return Value:

This function prepares the system for virtual screen operation. The programmer
passesthedesired virtual width, in pixels, asVirtX. When theroutinereturnsVirtY
will contain the maximum number of line that can be displayed at the requested
virtual width.

DevID - registered device ID
VirtX - horizontal size of virtual display in pixels.
(Must be greater or equal to physical size of display)
VirtY - areturn placeholder for the maximum number of lines available

at the requested and returns value in yVirt.

ERR_OK - operation completed with no problems

ERR_HAL BAD_ARG - returned in three situations

1) the virtual width (VirtX) is greater than the largest attainable width
(The maximum allowable xVirt is Ox3FF * (16 / bpp))

2) the virtua width is less than the physical width or

3) the maximum number of linesis less than the physical number of lines

Note: The system must have been properly initialized prior to calling seVirtinit().

int seVirtMove(int DevID, int WhichScreen, DWORD x, DWORD y)

Description:

Parameter:

Return Value:

Thisroutine pans and scrolls the display. In the case where split screen operation
is being used the WhichScreen argument specifies which screen to move. The x
and y parameters specify, in pixels, the starting location in the virtual image for

the top left corner of the applicable display.

DeviD - registered device ID

WhichScreen - must be setto 1 or 2, or use the constants SCREEN1 or SCREENZ2,
to identify which screen to base calculations on

X - new starting X position in pixels

y - new starting Y position in pixels

ERR_OK- operation completed with no problems

ERR_HAL_BAD_ARG- there are severa reasons for this return value:

1) WhichScreen is not SCREEN1 or SCREEN2.

2) they argument is greater than the last available line less the screen height.

Note: seVirtlnit() must be been called before calling seVirtMove().
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Register / Memory Access
The Register/Memory Access functions provide access to the S1D 13505 registers and display buffer
through the HAL.

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

Parameters: DeviD - registered device ID
Index - register index to set
Value - value to write to the register
Return Value. ERR _OK - operation completed with no problems

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

Parameters: Device - registered device ID
Index - register index to read
pVaue - return value of the register
Return Value. ERR _OK - operation completed with no problems

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

Description: This routine writes one or more bytes to display buffer at the offset specified by
Addr. If acount greater than oneis specified all byteswill have the same value.

Parameters: DevIiD - registered device ID
Offset - offset from start of the display buffer
Value - BYTE value to write
Count - number of bytesto write

Return Value. ERR_OK - operation completed with no problems

ERR_HAL_BAD_ARG - if the value for Addr is greater than the amount of
installed memory or if Addr plus Count is greater than
the installed memory.

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

Description: Writes one or more words to the display buffer.
Parameters: DeviD - registered device ID
Offset - offset from start of the display buffer
Value - WORD value to write
Count - number of words to write
Return Value. ERR _OK - operation completed with no problems

ERR_HAL_BAD_ARG - if the value for Addr is greater than the amount of
installed memory or if Addr plus Count is greater than
the installed memory.
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int seWriteDisplayDwords(int DeviD, DWORD Offset, DWORD Value, DWORD Count)

Description: Writes one or more dwords to the display buffer.
Parameters: DevID - registered device ID
Offset - offset from start of the display buffer
Value - DWORD value to write
Count - number of dwordsto write
Return Valuee ERR_OK - operation completed with no problems

ERR_HAL _BAD_ARG - if the value for Addr is greater than the amount of
installed memory or if Addr plus Count is greater than
the installed memory.

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

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

Parameters: DeviD - registered device ID
Offset - offset, in bytes, from start of the display buffer
pByte - return value of the display buffer location.

Return Valuee ERR_OK - operation completed with no problems
ERR_HAL_BAD_ARG - if the value for Addr is greater than the amount of
installed memory.

int seReadDisplayWord(int DevID, DWORD Offset, WORD *pWord)

Description: Reads aword from the display buffer at the specified offset and returnsthe value
in pWord.

Parameters: DevID - registered device ID
Offset - offset, in bytes, from start of the display buffer
pwWord - return value of the display buffer location

Return Valuee ERR_OK - operation completed with no problems

ERR_HAL_BAD_ARG - if the value for Addr is greater than the amount of
installed memory.

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

Description: Reads adword from the display buffer at the specified offset and returnsthe value
in pDword.

Parameters: DevID - registered device ID
Offset - offset from start of the display buffer
pDword - return value of the display buffer location

Return Valuee ERR_OK - operation completed with no problems

ERR_HAL_ BAD_ARG - if the value for Addr is greater than the amount of
installed memory.
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Color Manipulation

The functions in the Color Manipulation section deal with altering the color values in the Look-Up
Table directly through the accessor functions and indirectly through the color depth setting func-

tions.

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

Description:

Parameters:

Return Value:

Thisroutine canwriteone or more LUT entries. Thewritesalways start with L ook-
Up Tableindex 0 and continue for Count entries.

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

DeviD - registered device ID

pLut - pointer to an array of BY TE lut[16][3]
[ut[x][0] == RED component

[ut[x][1] == GREEN component

[ut[x][2] == BLUE component

Count - the number of LUT entries to write.

ERR_OK - operation completed with no problems

int seGetLut(int DevID, BYTE *pLUT, int Count)

Description:

Parameters:

Return Value:

This routine reads one or more LUT entries and puts the result in the byte array
pointed to by pLUT.

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

DeviD - registered device ID

pLUT - pointer to an array of BY TE lut[16][3]
pLUT must point to enough memory to hold Count x 3 bytes of
data.

Count - the number of LUT elements to read.

ERR_OK - operation completed with no problems

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

Description: Thisroutine writes one LUT entry. Unlike seSetL ut, the LUT entry indicated by
Index can be any value from 0 to 255.
A Look-Up Tableentry consists of three bytes, one each for Red, Green, and Blue.
The color information is stored in the four most significant bits of each byte.

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

Return Value. ERR_OK - operation completed with no problems
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int seGetLutEntry(int DevID, int index, BYTE *pEntry)

Description: Thisroutine reads one LUT entry from any index.
Parameters: DevID - registered device ID

Index - index to LUT entry (0 to 15)

pEntry - pointer to an array of three bytes
Return Valuee ERR_OK - operation completed with no problems

int seSetBitsPerPixel(int DevID, UINT BitsPerPixel)

Description: Thisroutine sets the system color depth. Valid arguments for BitsPerPixel isare:
1,2,4,8, 15, and 16.

After performing validity checks for the requested color depth the appropriate
registers are changed and the Look-Up Tableis set its default value.

Thiscal issimilar to amode set call on astandard VGA.

Parameter: DeviD - registered device ID
BitsPerPixel - desired color depth in bits per pixel
Return Valuee ERR_OK - operation completed with no problems

ERR_FAILED - possible causes for this error message include:

1) attempted to set 15/16 bpp at 800x600 resolution (not
supported on the S1D13505)

2) attempted to set other than 8 or 15/16 bpp in portrait mode
(portrait mode only supports 8 and 15/16 bpp)

3) factors such as input clock and memory speed will affect the
ability to set some color depths. If the requested color depth
cannot be set this call will fail

int seGetBitsPerPixel(int DevID, UINT * pBitsPerPixel)

Description: This function reads the S1D13505 registers to determine the current color depth
and returns the result in pBitsPerPixel.

Determines the color depth of current display mode.

Parameters: DevID - registered device ID
pBitsPerPixel - return value isthe current color depth
Return Valuee ERR_OK - operation completed with no problems
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Drawing

The Drawing section covers HAL functions that deal with displaying pixels, lines and shapes.

int seSetPixel(int DevID, long x, long y, DWORD Color)

Description:

Parameters:

Return Value:

Draws a pixel at coordinates x,y in the requested color. This routine can be used
for any color depth.

DeviD - registered device ID

X - horizontal coordinate of the pixel (starting from 0)
y - vertical coordinate of the pixel (starting from 0)
Color -at 1, 2,4, and 8 bpp Color isan index into the LUT. At 15 and 16

bpp Color defines the color directly (i.e. rrrrrggggggbbbbb)
ERR_OK - operation completed with no problems

int seGetPixel(int DevID, long X, long y, DWORD *pColor)

Description:

Parameters:

Return Value:

Reads the pixel color at coordinates x,y. This routine can be used for any color
depth.

DeviD - registered device ID

X - horizontal coordinate of the pixel (starting from 0)

y - vertical coordinate of the pixdl (starting from 0)

pColor  -atl,2,4,and8bpppColor pointsto anindex intothe LUT. At 15 and
16 bpp pColor pointsto the color directly (i.e. rrrrrggggggbbbbb)

ERR_OK - operation completed with no problems

int seDrawLine(int DevID, long x1, long y1, long x2, long y2, DWORD Color)

Description: This routine draws aline one the display from the endpoints defined by x1,y1 to
x2,y2 in the requested Color.
Currently seDrawLine() only draws horizontal and vertical lines.
Parameters: Device - registered device ID
(x1,y1l) - 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' refersto the pixel value which points to
the respective LUT/DAC entry.
- for 15 and 16 bpp, 'Color' refersto 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.
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int seDrawRect(int DevID, long x1, long y1, long x2, long y2, DWORD Color, BOOL

SolidFill)
Description:

Parameters:

Return Value:

This routine draws and optionally fills arectangular area of display buffer. The
upper right corner of the rectangleis defined by x1,y1 and the lower right corner
is defined by x2,y2. The color, defined by Color, appliesto the border and to the
optional fill.

DeviD - registered device ID
x1,yl  -topleft corner of the rectangle (in pixels)
x2,y2 - bottom right corner of the rectangle (in pixels)
Color - the color to draw the rectangle outline and fill with
-at 1, 2,4, and 8 bpp Color isan index into the Look-Up Table.
- at 15/16 bpp Color defines the color directly (i.e. rrrrrggggggbbbbb)
SolidFill - flag whether to fill the rectangle or simply draw the border.
- set to O for no fill, set to non-0 to fill the inside of the rectangle

ERR_OK - operation completed with no problems

int seDrawEllipse(int DevID, long xc, long yc, long xr, long yr, DWORD Color, BOOL

SolidFill)
Description:

Parameters:

Return Value:

Thisroutine draws an ellipse with the center located at xc,yc. Thexr and yr param-
eters specify thex any y radii, in pixels, respectively. The ellipsewill bedrawnin
the color specified in ‘Color'.

DeviD - registered device ID

XC, yC - the center location of the ellipse (in pixels)
Xr - horizontal radius of the ellipse (in pixels)
yr - vertical radius of the ellipse (in pixels)
Color - the color to draw the ellipse

-at 1, 2,4, and 8 bpp Color isan index into the Look-Up Table.
- at 15/16 bpp Color defines the color directly (i.e. rrrrrggggggbbbbb)
SolidFill - unused

ERR_OK - operation completed with no problems

Note: The 'SolidFill' argument is currently unused and is included for future considerations.

int seDrawCircle(int DevID, long xc, long yc, long Radius, DWORD Color, BOOL SolidFill)

Description:

Parameters:

Return Value:

This routine draws an circle with the center located at xc,yc and a radius of
Radius. The circle will be drawn in the color specified in Color.

DeviD - registered device ID

XC, yC - the center of the circle (in pixels)
Radius - thecirclesradius (in pixels)
Color - the color to draw the ellipse

-at 1, 2,4, and 8 bpp Color isan index into the Look-Up Table.
- at 15/16 bpp Color defines the color directly (i.e. rrrrrggggggbbbbb)
SolidFill - unused

ERR_OK - operation completed with no problems

Note: The SolidFill argument is currently unused and is included for future considerations.
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Hardware Cursor

Theroutinesin this section support hardware cursor functionality. Several of the callslook similar
to normal drawing calls (i.e. seDrawCursorLineg()) however these calls remove the programmer
from having to know the particulars of the cursor memory location, layout and whether portrait
mode is enabled.

int selnitCursor(int DevID)

Description: Prepares the hardware cursor for use. This consists of determining alocationin
display buffer for the cursor, setting cursor memory to the transparent color and
enabling the cursor.

When this call returns the cursor is enabled, the cursor image is transparent and

ready to be drawn.
Parameters: DeviD - aregistered device ID
Return Value. ERR _OK - operation completed with no problems

int seCursorOn(int DevID)

Description: This function enables the cursor after it has been disabled through a call to seCur-
sorOff(). After enabling the cursor will have the same shape and position asit did
prior to being disabled. The exception to the size and position occurs if the ink
layer was used while the cursor was disabled.

Parameters: DeviD - aregistered device ID
Return Value. ERR _OK - operation completed with no problems

int seCursorOff(int DevID)

Description: This routine disables the cursor. While disabled the cursor isinvisible.
Parameters: DevIiD - aregistered device ID
Return Value. ERR_OK - operation completed with no problems

int seGetCursorStartAddr(int DeviD, DWORD * Offset)

Description: This function retrieves the offset to the first byte of hardware cursor memory.
Parameters: DeviD - aregistered device ID

Offset - aDWORD to hold the return value.
Return Value. ERR _OK - operation completed with no problems

int seMoveCursor(int DevID, long x, long y)

Description: Moves the upper left corner of the hardware cursor to the pixel position x,y.
Parameters: DeviD - aregistered device ID
X, Y - the x,y position (in pixels) to move the cursor to
Return Value. ERR _OK - operation completed with no problems
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int seSetCursorColor(int DevID, int Index, DWORD Color)

Description:

Parameters:

Return Value:

Setsthe color of the specified cursor index to 'Color'. The user definable hardware
cursor colors are 16-bit 5-6-5 RGB colors.

The hardware cursor image is always 2 bpp or four colors. Two of the colors are
defined to be transparent and inverse. Thisleaves two colors which are user
definable.

DevID - aregistered device ID

Index - the cursor index to set. Valid valuesare 0 and 1
Color - aDWORD value which hold the requested color
ERR_OK - operation completed with no problems

ERR_FAILED - returned if Index if other than O or 1

int seSetCursorPixel(int DevID, long x, long y, DWORD Color)

Description:

Parameters:

Return Value:

Draws a single pixel into the hardware cursor. The pixel will be of color 'Color'
located at x,y pixels relative to the top left of the hardware cursor.

The value of 'Color' must be 0to 3. Values 0 and 1 refer to the two user definable
colors. If 'Color' is2 then the pixel will betransparent and if the valueis 3 the pixel
will be an inversion of the underlying screen color.

DeviD - aregistered device ID
X, Y - draw coordinates, in pixels, relativeto thetop left corner of the cursor
Color - avalue of 0to 3 to draw the pixel with

ERR_OK - operation completed with no problems

int seDrawCursorLine(int DevID, long x1, long y1, long x2, long y2, DWORD Color)

Description:

Parameters:

Return Value:

Draws aline between the two endpoints, x1,y1 and x2,y2, in the hardware cursor
display buffer using color 'Color'.

The value of 'Color' must be 0to 3. Values 0 and 1 refer to the two user definable
colors. If 'Color' is2 then the pixel will betransparent and if the valueis 3 the pixel
will be an inversion of the underlying screen color.

DevID - aregistered device ID

x1yl - first line endpoint (in pixels)
xX2,y2 - second line endpoint (in pixels)
Color - avalue of 0to 3 to draw the pixel with

ERR_OK - operation completed with no problems
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int seDrawCursorRect(int DevID, long x1, long y1, long x2, long y2, DWORD Color,
BOOL SolidFill)

Description: This routine will draw arectangle in hardware cursor memory. The upper |eft
corner of therectangleis defined by the point x1,y1 and the lower right isthe point
X2,y2. Both points are relative to the upper left corner of the cursor.

Thevaue of 'Color' must be 0 to 3. Values 0 and 1 refer to the two user definable
colors. If 'Color' is 2 then the pixel will betransparent and if the valueis 3 the pixel
result will be an inversion of the underlying screen color.

If 'SolidFill' is specified the interior of the rectangle will be filled with 'Color’,
otherwise the rectangle is only outlined in 'Color'.

Parameters: DeviD - aregistered device ID
x1lyl - upper left corner of the rectangle (in pixels)
X2,y2 - lower right corner of the rectangle (in pixels)
Color - a0to 3 valueto draw the rectangle with
SolidFill - flag for filling the rectangle interior
- if equal to O then outline the rectangle if not equal to O then fill
the rectangle
Return Value. ERR _OK - operation completed with no problems

int seDrawCursorEllipse(int DevID, long xc, long yc, long xr, long yr, DWORD Color,
BOOL SolidFill)

Description: Thisroutinedrawsan ellipse within the hardware cursor display buffer. Theellipse
will be centered on the point xc,yc and will have a horizontal radius of xr and a
vertical radius of yr.

The value of 'Color' must be 0to 3. Values 0 and 1 refer to the two user definable
colors. If 'Color' is 2 then the pixel will betransparent and if the valueis 3 the pixel
will be an inversion of the underlying screen color.

Currently seDrawCursorEllipse() does not support solid fill of the ellipse.

Parameters: DeviD - aregistered device ID
XC, yC - center of the dlipse (in pixels)
Xr - horizontal radius (in pixels)
yr - vertical radius (in pixels)
Color - 0 to 3 valueto draw the pixelswith
SolidFill - flag to solid fill the ellipse (not currently used)

Return Value. ERR _OK - operation completed with no problems
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int seDrawCursorCircle(int DevID, long x, long y, long Radius, DWORD Color, BOOL
SolidFill)

Description:

Parameters:

Return Value:

Ink Layer

Thisroutine draws acircle in hardware cursor display buffer. The center of the
circlewill be at x,y and the circle will have aradius of 'Radius pixels.

Thevalue of 'Color' must be 0to 3. Values 0 and 1 refer to the two user definable
colors. If 'Color' is2 then the pixel will betransparent and if the valueis 3 the pixel
will be an inversion of the underlying screen color.

Currently seDrawCursorCircle() does not support the solid fill option.

DevID - aregistered device ID

X,y - center of the circle (in pixels)

Radius - radius of the circle (in pixels)

Color - 0to 3 valueto draw the circle with

SolidFill - flag to solid fill the circle (currently not used)
ERR_OK - operation completed with no problems

The functions in this section support the hardware ink layer. Overall these functions are nearly iden-
tical to the hardware cursor routines. In fact the same S1D13505 hardware is used for both features
which meansthat only the cursor or theink layer can be active at any given time.The difference
between the hardware cursor and the ink layer isthat in cursor mode the image is a maximum of
64x64 pixels and can be moved around the display whileinink layer mode theimage is aslarge as
the display and isin afixed position. In both cases the number of colors and the way the colors are
handled areidentical.

int selnitink(int DevID)

Description:

Parameters:
Return Value:

This routine prepares the ink layer for use. This consists of determining the start
addressfor theink layer, setting theink layer to the transparent color and enabling
theink layer.

When this function returns the ink layer is enable, transparent and ready to be
drawn on.

DeviD - aregistered device ID

ERR_OK - operation completed with no problems
ERR_FAILED - if theink layer cannot be enabled do to timing constraints this
value will be returned.

int selnkOn(int DevID)

Description: Enablestheink layer after acall to selnkOff(). If the hardware cursor has not been
used between the time sel nkOff() was called and this call then the contents of the
ink layer should be exactly asit was prior to the call to selnkOff().

Parameters: DevID - aregistered device ID

Return Value. ERR_OK - operation completed with no problems
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int selnkOff(int DevID)
Description: Disablestheink layer. When disabled theink layer is not visible.
Parameters: DeviD - aregistered device ID
Return Value. ERR _OK - operation completed with no problems

int seGetIinkStartAddr(int DevID, DWORD * Offset)
Description: This function retrieves the offset to the first byte of hardware ink layer memory.

Parameters: DeviD - aregistered device ID
Offset - aDWORD to hold the return value.
Return Value. ERR _OK - operation completed with no problems

int seSetinkColor(int DevID, int Index, DWORD Color)

Description: Setsthe color of the specified cursor index to 'Color'. The user definable hardware
cursor colors are sixteen bit 5-6-5 RGB colors.

The hardware cursor image is always 2 bpp or four colors. Two of the colors are
defined to be transparent and inverse. This leaves two colors which are user

definable.
Parameters: DevID - aregistered device ID

Index - theindex, O or 1, to write the color to

Color - asixteen bit RRRRRGGGGGGBBBBB color to write to 'Index'
Return Value. ERR_OK - operation completed with no problems

ERR_FAILED - an index other than O or 1 was specified.

int seSetInkPixel(int DevID, long x, long y, DWORD Color)

Description: Sets one pixel located at x,y to the value 'Color'. The point x,y is relative to the
upper left corner of the display.

Thevaue of 'Color' must be 0 to 3. Values 0 and 1 refer to the two user definable
colors. If 'Color' is 2 then the pixel will betransparent and if the valueis 3 the pixel
will be an inversion of the underlying screen color.

Parameters: DeviD - aregistered device ID
X,y - coordinates of the pixel to draw
Color - a0to 3 valueto draw the pixel with
Return Value. ERR _OK - operation completed with no problems
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int seDrawInkLine(int DevID, long x1, long y1, long x2, long y2, DWORD Color)

Description:

Parameters:

Return Value:

Thisroutine draws alinein 'Color' between the endpoints x1,y1 and x2,y2.

Thevalue of 'Color' must be 0to 3. Values 0 and 1 refer to the two user definable
colors. If 'Color' is2 then the pixel will betransparent and if the valueis 3 the pixel
will be an inversion of the underlying screen color.

DevID - aregistered device ID

x1,yl - first endpoint of the line (in pixels)
x1,y2 - second endpoint of the line (in pixels)
Color - avalue from0 to 3 to draw the line with
ERR_OK - operation completed with no problems

int seDrawlInkRect(int DevID, long x1, long y1, long x2, long y2, DWORD Color, BOOL
SolidFill)

Description:

Parameters:

Return Value:

Draws arectangle of color 'Color' and optionally fillsit. The upper left corner of
the rectangle is the point x1,y1 and the lower right corner of the rectangleis the
point x2,y2.

The value of 'Color' must be 0to 3. Values 0 and 1 refer to the two user definable
colors. If '‘Color' is2 then the pixel will betransparent and if the valueis 3 the pixel
will be an inversion of the underlying screen color.

DeviD - aregistered device ID

x1yl - upper left corner of the rectangle (in pixels)
x2.Y2 - lower right corner of the rectangle (in pixels)
Color - atwo bit value (0 to 3) to draw the rectangle with
SolidFill - aflag to indicate the interior should be filled
ERR_OK - operation completed with no problems

int seDrawInkEllipse(int DevID, long xc, long yc, long xr, long yr, DWVORD Color, BOOL

SolidFill)

Description: Thisroutine drawsan ellipse with the center located at xc,yc. Thexr and yr param-
eters specify thex any y radii, in pixels, respectively. The ellipsewill bedrawnin
the color specified by 'Color'.

The value of 'Color' must be 0to 3. Values 0 and 1 refer to the two user definable
colors. If 'Color'is 2 then the pixel will betransparent and if thevalueis 3 the pixel
will be an inversion of the underlying screen color.

This solid fill option is not yet available for this function.

Parameters: DevID - aregistered device ID

XC,yc - center point for the ellipse (in pixels)
Xr - horizontal radius of the ellipse (in pixels)
yr - vertical radius of the ellipse (in pixels)
Color - atwo bit value (0 to 3) to draw the rectangle with
SolidFill - flag to enable filling the interior of the ellipse (not used)
Return Valuee ERR_OK - operation completed with no problems
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int seDrawInkCircle(int DevID, long x, long vy, long Radius, DWORD Color, BOOL Solid-

Fill)
Description:

Parameters:

Return Value:

Power Save

Thisroutine draws acircleintheink layer display buffer. The center of the circle
will be at x,y and the circle will have aradius of 'Radius’ pixels.

Thevalue of 'Color' must be 0to 3. Values 0 and 1 refer to the two user definable
colors. If 'Color'is2 then the pixel will betransparent and if thevalueis 3 the pixel
will be an inversion of the underlying screen color.

Currently seDrawCursorCircle() does not support the solid fill option.

DevID - aregistered device ID

X,y - center of the circle (in pixels)

Radius - circleradius (in pixels)

Color - atwo bit (0 to 3) valueto draw the circle with
SolidFill - flag tofill the interior of the circle (not used)
ERR_OK - operation completed with no problems

This section covers the HAL functions dealing with the Power Save features of the S1D13505.

int seSWSuspend(int DevID, BOOL Suspend)

Description:

Parameters:

Return Value:

Causes the S1D13505 to enter software suspend mode.

When software suspend modeis engaged the display isdisabled and display buffer
isinaccessible. In this mode the registers and the LUT are accessible.

DeviD - aregistered device ID
Suspend - boolean flag to indicate which state to engage.
- enter suspend mode when non-zero and return to normal power
when equal to zero.

ERR_OK - operation completed with no problems

int seHWSuspend(int DevID, BOOL Suspend)

Description: Causes the S1D13505 to enter/leave hardware suspend mode. This option in only
supported on S5U13505P00C ISA evaluation boards.
When hardware suspend mode is engaged the display is disabled and display
buffer isinaccessible and the registersand LUT are inaccessible.

Parameters: DevIiD - aregistered device ID
Suspend - boolean flag to indicate which state to engage.

- enter suspend mode when non-zero and return to normal power
when equal to zero.
Return Value. ERR_OK - operation completed with no problems
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X-LIB Support

int seGetLinearDispAddr(int device, DWORD * pDispLogicalAddr)

Description: Determinesthelogical 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 addressisreturned in this variable
Return Valuee ERR_OK - operation completed with no problems
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12 SampLE CoDE

12.1 Introduction

There are two included examples of programming the S1D13505 color graphics controller. Firstisa
demonstration using the HAL library and the second without. These code samples are for example
purposes only. Lastly, are three header files that may make some of the structures used clearer.

Sample Code Using the 13505HAL API

*/
/1
*/

*/
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %

*/

Sanpl e code using 1355HAL API

Created 1998, Epson Research & Devel oprent
Vancouver Design Centre
Copyright (c) Seiko Epson Corp. 1998. Al rights reserved.

The HAL APl code is configured for the foll ow ng:

25,175 MHz d Kkl

640x480 8 bit dual color STN panel @O0Hz
50 ns EDO, 32 ns (self) refresh time
Initial color depth - 8 bpp

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <string. h>

#i nclude "hal . h" /
* Structures, constants and prototypes. */
#i ncl ude "appcfg. h" /
* HAL configuration information. */
/* _________________________________________________________________________ */
voi d mai n(voi d)
int Chipld;
int Device;
/*
** |nitialize the HAL.
** This step sets up the HAL for use but does not access the 1355.
*/
swi tch (seRegi sterDevice(&Hal | nfo, &Device))
{
case ERR &K
br eak;
case HAL_DEVI CE_ERR:
printf("\nERROR: Too many devices registered.");
exit(1);
defaul t:
printf("\nERROR. Coul d not register SED1355 device.");
exit(1);
}
/*
** |dentify that this is indeed an SED1355.
*/
seGet | d( Device, &Chipld);
if (1D _S1D13505F00A ! = Chi pld)
{
printf("\nERROR Did not detect SED1355.");
exit(1l);
}
/*
** |nitialize the SED1355.
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** This step will actually programthe registers with values taken from
** the default register table in appcfg.h.

*/

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

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

}

/*

** The default initialization clears the display.

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

*/

seDr awRect (Device, 0, 0, 100, 100, 1, TRUE);

/*
** |nit the HWcursor. The HAL perforns several calculations to
** determne the best location to place the cursor inmage and

** will use that l|ocation fromhere on.
** The background nust be set to transparent.
*/

sel ni t Cursor (Device);
seDr awCur sor Rect (Device, 0, 0, 63, 63, 2, TRUE);

/*

** Set the first user definable color to black and
** the second user definable color to white.

*/

seSet Cur sor Col or (Devi ce, 0, 0);

seSet Cur sor Col or (Devi ce, 1, OxFFFFFFFF);

/*

** Draw a holl ow rectangl e around the cursor and nove
** the cursor to 101, 101.

*/

seDr awCur sor Rect (Device, 0, 0, 63, 63, 1, FALSE);
seMoveCur sor (Devi ce, 101, 101);

exit(0);
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Sample Code Without Using the 13505HAL API

/*
* %
** | NI T13505.C - sanple code denonstrating the initialization of the SED1355
** Beta release 2.0 98-10-29

* %

** The code in this exanple will performinitialization to the follow ng

** specification

* %

** . 640 x 480 dual 16-bit col or passive panel

** - 75 Hz frame rate

** - 8 BPP (256 colors).

** - 33 Mtz input clock

** . 2 MB of 60 ns EDO nenory.

* %

*x *** This is sanple code only!l ***

** This means

** 1) Generic Cis used. | assune that pointers can access the

*x rel event menory addresses (this is not always the case)

** i.e. using the 1355B0B card on an Intel 16 bit platformw Il require
** changes to use a DOS extender to access nmenory and registers

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

*x table driven. This allows for clearer comenting. A real program

** woul d probably store the register settings in an array and | oop

*x through the array witing each elenment to a control register

** 3) The pointer assignment for the register offset does not work on
** Intel 16 bit platforns.

* %k
* %

**  Copyright (c) 1998 Epson Research and Devel opnent, |nc.
** Al Rights Reserved

* %
*/
/*
** Note that only the upper four bits of the LUT are actually used
*/

unsi gned char LUT8[256*3] =

{

/* Primary and secondary colors */

0x00, 0x00, 0x00, 0x00, 0x00, OxAO, 0x00, OxAO, 0x00, 0x00, O0OxAO0, OxAO0
OxA0, 0x00, 0x00, OxAO0, 0x00, O0xAO, OxAO0, OxAO0, 0x00, OxAO0, O0xAO0, O0xAO0
0x50, 0x50, 0x50, 0x00, 0x00, OxFO, 0x00, OxFO, 0x00, 0x00, O0xFO, OxFO
OxFO, 0x00, 0x00, OxFO, 0x00, OxFO, OxFO, OxFO, 0x00, OxFO, OxFO, OxFO
/* Gray shades */

0x00, 0x00, 0x00, O0x10, 0x10, 0x10, 0x20, 0x20, 0x20, 0x30, 0x30, 0x30
0x40, 0x40, 0x40, O0x50, 0x50, 0x50, O0x60, 0x60, 0x60, 0x70, 0x70, 0x70
0x80, 0x80, 0x80, 0x90, 0x90, 0x90, O0xA0, O0xAO0, O0xAO0, 0xBO, 0xBO, 0xBO
0xCo, 0OxCo, O0xCo, O0xDO, 0xDO, 0xDO, OxEO, OxEO, OxEO, OxFO, OxFO, OxFO
/* Black to red */

0x00, 0x00, 0x00, 0x10, 0x00, 0x00, 0x20, 0x00, 0x00, 0x30, 0x00, 0x00
0x40, 0x00, 0x00, 0x50, 0x00, 0x00, O0x60, 0x00, 0x00, 0x70, 0x00, 0x00
0x80, 0x00, 0x00, 0x90, 0x00, 0x00, OxAO0, 0x00, 0x00, 0xBO, 0x00, 0x00
0xC0, 0x00, 0x00, O0xDO, 0x00, 0x00, OxEO, 0x00, 0x00, OxFO, 0x00, 0x00
/* Black to green */

0x00, 0x00, 0x00, 0x00, 0x10, 0x00, 0x00, 0x20, 0x00, 0x00, 0x30, 0x00
0x00, 0x40, 0x00, 0x00, 0x50, 0x00, 0x00, 0x60, 0x00, 0x00, 0x70, 0x00
0x00, 0x80, 0x00, 0x00, 0x90, 0x00, 0x00, OxAO, 0x00, 0x00, 0xBO, 0x00
0x00, 0xC0, 0x00, 0x00, 0xDO, 0x00, 0x00, OxEO, 0x00, 0x00, O0xFO, 0x00
/* Black to blue */

0x00, 0x00, 0x00, 0x00, 0x00, 0x10, 0x00, 0x00, 0x20, 0x00, 0x00, 0x30
0x00, 0x00, 0x40, 0x00, 0x00, 0x50, 0x00, 0x00, 0x60, 0x00, 0x00, 0x70
0x00, 0x00, 0x80, 0x00, 0x00, 0x90, 0x00, 0x00, 0xAO, 0x00, 0x00, 0xBO
0x00, 0x00, 0xCO, 0x00, 0x00, 0xDO, 0x00, 0x00, OxEO, 0x00, 0x00, OxFO
/* Blue to cyan (blue and green) */

0x00, 0x00, OxFO, 0x00, 0x10, OxFO, 0x00, 0x20, O0xFO, 0x00, 0x30, O0xFO
0x00, 0x40, OxFO, 0x00, 0x50, OxFO, 0x00, 0x60, 0OxFO, 0x00, 0x70, OxFO
0x00, 0x80, OxFO, 0x00, 0x90, OxFO, O0x00, OxAO0, OxFO, 0x00, 0xBO, OxFO
0x00, 0xC0, OxFO, 0x00, 0xDO, O0xFO, 0x00, OxEO, 0xFO, 0x00, O0xFO, OxFO
/* Cyan (blue and green) to green */

0x00, OxFO, OxFO, 0x00, OxFO, OxEO, 0x00, OxFO, 0xDO, 0x00, OxFO, 0xCO
0x00, OxFO, 0xBO, 0x00, OxFO, O0xAO0, 0x00, O0xFO, 0x90, 0x00, O0xFO, 0x80
0x00, OxFO, 0x70, 0x00, OxFO, 0x60, 0x00, OxFO, 0x50, 0x00, OxFO, 0x40
0x00, OxFO, 0x30, 0x00, OxFO, 0x20, 0x00, OxFO, 0x10, 0x00, O0xFO, 0x00
/* Green to yellow (red and green) */

0x00, OxFO, 0x00, 0x10, OxFO, 0x00, 0x20, O0xFO, 0x00, 0x30, 0xFO, 0x00
0x40, OxFO, 0x00, O0x50, OxFO, 0x00, O0x60, OxFO, 0x00, O0x70, OxFO, 0x00
0x80, O0xFO, 0x00, 0x90, O0xFO, 0x00, O0xAO0, OxFO, 0x00, 0xBO, 0xFO, 0x00
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0xC0, OxFO, 0x00, 0xD0O, O0xFO, 0x00, OxEO, OxFO
/* Yellow (red and green) to red */

OxFO, OxFO, 0x00, OxFO, OxEO, 0x00, OxFO, 0xDO
OxF0, 0xBO, 0x00, OxFO, 0xA0, 0x00, OxFO0, 0x90
OxF0, 0x70, 0x00, OxFO, 0x60, 0x00, OxFO, 0x50
OxFO0, 0x30, 0x00, OxFO, 0x20, 0x00, OxFO, 0x10
/* Red to magenta (blue and red) */

OxF0, 0x00, 0x00, OxFO, 0x00, 0x10, OxFO, 0x00
OxFO, 0x00, 0x40, OxFO, 0x00, 0x50, OxFO, 0x00
OxF0, 0x00, 0x80, O0xFO0, 0x00, 0x90, O0xFO0, 0x00
OxF0, 0x00, 0xCO0, OxFO, 0x00, 0xDO, OxFO, 0x00
/* Magenta (blue and red) to blue */

OxF0, 0x00, OxFO, OxEO, 0x00, O0xFO, 0xD0, 0x00
0xB0, 0x00, OxFO, O0xAO0, 0x00, OxFO, 0x90, 0x00
0x70, 0x00, OxFO, 0x60, 0x00, OxFO, 0x50, 0x00
0x30, 0x00, OxFO, 0x20, 0x00, OxFO, 0x10, 0x00
/* Black to magenta (blue and red) */

0x00, 0x00, 0x00, 0x10, 0x00, 0x10, 0x20, 0x00
0x40, 0x00, 0x40, 0x50, 0x00, 0x50, 0x60, 0x00
0x80, 0x00, 0x80, 0x90, 0x00, 0x90, O0xA0, 0x00
0xCo, 0x00, O0xCo, O0xDO, 0x00, 0xDO, OxEO, 0x00
/* Black to cyan (blue and green) */

0x00, 0x00, 0x00, O0x00, 0x10, 0x10, 0x00, 0x20
0x00, 0x40, 0x40, 0x00, 0x50, 0x50, 0x00, 0x60
0x00, 0x80, 0x80, 0x00, 0x90, 0x90, 0x00, 0xAO0
0x00, 0OxCo, 0xCo, O0x00, 0xDO, 0xDO, 0x00, OxEO
/* Red to white */

OxF0, 0x00, 0x00, OxFO, 0x10, 0x10, OxFO0, 0x20
OxFO0, 0x40, 0x40, OxFO0, 0x50, 0x50, OxFO0, 0x60
OxFO, 0x80, 0x80, OxFO, 0x90, 0x90, OxFO, OxA0
OxF0, O0xC0, 0xC0, OxFO, 0xDO, OxDO, OxFO, OxEO
/* Green to white */

0x00, OxFO, 0x00, O0x10, OxFO, 0x10, 0x20, OxFO
0x40, OxFO, 0x40, 0x50, O0xF0, 0x50, 0x60, O0xFO
0x80, OxFO, 0x80, 0x90, OxFO, 0x90, O0xA0, OxFO
0xC0, OxFO, 0xCo, O0xDO, OxFO, 0xDO, OxEO, OxFO
/* Blue to white */

0x00, 0x00, OxFO, 0x10, 0x10, OxFO, 0x20, 0x20
0x40, 0x40, OxFO, 0x50, 0x50, OxFO, 0x60, 0x60
0x80, 0x80, O0xFO, 0x90, 0x90, O0xFO, O0xA0, O0xAO0
?XCD, 0xCO0, OxFO, OxDO, OxDO, OxFO, OxEO, OxEO
/*

0x00,

0x00,
0x00,
0x00,
0x00,

0x20,
0x60,
0x A0,
OxEO,

0xFO,
OxFO0,
OxFO,
0xFO,

0x20,
0x60,
0xAO0,
OXEQ,

0x20,
0x60,
0xA0,
OxEO,

0x20,
0x60,
0XAOQ,
OxEO,

0x20,
0x60,
0xAO0,
OXEQ,

0xFO0,
OxFO,
0xFO,
0xFO0,

OxFO,

OxFO,
0xFO,
0xFO0,
OxFO,

0xFO0,
OxFO,
0xFO,
0xFO0,

0xC0,
0x80,
0x40,
0x00,

0x30,
0x70,
0xBO,
OxFO,

0x00,
0x00,
0x00,
0x00,

0xFO,
0xFO0,
OxFO,
0xFO,

0x30,
0x70,
0xBO,
OxFO,

0x30,
0x70,
0xBO,
0xFO,

OxFO,

0xCo,
0x80,
0x40,
0x00,

0x00,
0x00,
0x00,
0x00,

0x00,
0x00,
0x00,
0x00,

0x00,
0x00,
0x00,
0x00,

0x30,
0x70,
0xBO,
OxFO,

0x30,
0x70,
0xBO,
0xFO,

OxFO,
0xFO,
OxFO,
OxFO,

0x30,
0x70,
0xBO,
OxFO,

0x00,

0x00,
0x00,
0x00,
0x00,

0x30,
0x70,
0xBO,
0xFO0,

0xFO,
0xFO,
OxFO,
0xFO,

0x30,
0x70,
0xBO0,
OxFO,

0x30,
0x70,
0xBO,
0xFO,

0x30,
0x70,
0xBO,
0xFO,

0x30,
0x70,
0xBO0,
OxFO,

0xFO,
OxFO,
0xFO,
OxFO

** REGQ STER_OFFSET points to the starting address of the SED1355 registers

*/
#def i ne REG STER_OFFSET
/ *

((unsi gned char *) 0x14000000)

** DI SP_MVEM OFFSET points to the starting address of the display buffer nenory

*
#define DI SP_MEM OFFSET
/ *

** DI SP_MEMORY_SI ZE is the size of display buffer

*/

#def i ne DI SP_MEMORY_SI ZE

/*

** Cal cul ate the value to put
= (DI SP_VEM_

* % O f set

((unsigned char *) 0x4000000)

0x200000

SIZE - (X * 8192)

menor y

in Ink/Cursor Start Address Sel ect Register

** W want the offset to be just past the end of display nmenory so:
** (640 * 480) = DI SP_MEMORY_SI ZE - (X * 8192)

**  CURSOR START = (DI SP_MEMORY_SI ZE -

#defi ne CURSOR_START
voi d mai n(voi d)

unsi gned char * pRegs = REG STER OFFSET;
unsi gned char * pMem
unsi gned char * pLUT;
unsi gned char * pTnp;
unsi gned char * pCursor;
I ong | pCnt;

int idx;

int rgb;

long x, v;

/*

** |nitialize the chip.
g

** Step 1: Enable the

218

host interface.

(640 * 480)) / 8192
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* %

** Register 1B: M scellaneous Disable - host interface enabled, half franme
*x buf fer enabl ed.

*/

*(pRegs + 0x1B) = 0xO00; /* 0000 0000 */
/*

** Step 2: Disable the FIFO

*/

*(pRegs + 0x23) = 0x80; /* 1000 0000 */
/*

** Step 3: Set Menory Configuration
** Register 1: Menmory Configuration - 4 ns refresh, EDO
*/

*£pRegs + 0x01) = 0x30; /* 0011 0000 */
é* Step 4: Set Performance Enhancenent O register
*ngegs + 0x22) = 0x24; /* 0010 0100 */
é; Step 5: Set the rest of the registers in order.

| *

:* Regi ster 2: Panel Type - 16-bit, format 1, color, dual, passive.
*ngegs + 0x02) = 0x26; /* 0010 0110 */

f’:* Regi ster 3: Md Rate

7£pRegs + 0x03) = 0x00; /* 0000 0000 */

** Register 4: Horizontal Display Wdth (HDP) - 640 pixels
* o (640 / 8) - 1 = 79t = 4Fh

*/

*(pRegs + 0x04) = Ox4f; /* 0100 1111 */

/*

** Register 5: Horizontal Non-Display Period (HNDP)

* PCLK

*x Frame Rate = --------------------ooo-o
* (HDP + HNDP) * (VDP + VNDP)
* %

*x 16, 500, 000

* % E e e e e e e e e eeeeee e e e e e, e, ., —.————-
** (640 + HNDP) * (480 + VNDP)

* %

** HNDP and VNDP nust be cal cul ated such that the desired frane rate
** js achieved.

*/

*(pRegs + 0x05) = Ox1F; /* 0001 1111 */

/*

** Register 6: HRTC/FPLINE Start Position - applicable to CRT/TFT only.
*/

*(pRegs + 0x06) = 0x00; /* 0000 0000 */
/*
** Register 7: HRTC/ FPLINE Pul se Wdth - applicable to CRT/ TFT only.
*/
*(pRegs + 0x07) = 0x00; /* 0000 0000 */
/*
** Registers 8-9: Vertical Display Height (VDP) - 480 lines.
*o 480/2 - 1 = 239t = OxEF
*/
*(pRegs + 0x08) = OxEF; /* 1110 1111 */
= 0x00; /* 0000 0000 */

*(pRegs + 0x09)
/*

** Register A: Vertical Non-Display Period (VNDP)
*x This register nmust be prograned wth register 5 (HNDP)

*x to arrive at the frame rate closest to the desired
** frame rate.

*

/

*(pRegs + 0x0A) = 0x01; /* 0000 0001 */

/*

:* Regi ster B: VRTC/ FPFRAME Start Position - applicable to CRT/TFT only.
*ngegs + 0x0B) = 0x00; /* 0000 0000 */

f’:* Regi ster C VRTC/ FPFRAME Pul se Wdth - applicable to CRT/ TFT only.
*ngegs + 0x0C) = 0x00; /* 0000 0000 */

i* Regi ster D. Display Mbde - 8 BPP, LCD disabl ed.
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*/
*(pRegs + 0x0D)

** Regi sters E-F: Screen 1 Line Conpare -

*/
*(pRegs + OxO0E)
*(pRegs + OxOF)
/*

** Registers 10-
* %

*/
*(pRegs + 0x10)
*(pRegs + 0x11)
*(pRegs + 0x12)
/*

** Regi ster
* *

*/

*(pRegs + 0x13)
*(pRegs + 0x14)
*(pRegs + 0x15)
/*

** Register
* %

* %

*/

*(pRegs + 0x16)
*(pRegs + 0x17)
/*

** Register 18:
*/

*(pRegs + 0x18)
/*

** Register 19:
* %

* %
*/
*(pRegs + 0x19)
/*
** Register 1A
*/
*(pRegs + O0x1A)
/*

** Regi ster
* %

*/
*(pRegs + 0x10Q)
*(pRegs + 0x1D)
/*

** Regi ster
*/

*(pRegs + Ox1E)
*(pRegs + Ox1F)
/*

** Regi ster
*/

*(pRegs + 0x20)
*(pRegs + 0x21)
/*

** Registers 24-

* %
* %

** Setup the poi
** Then,
*/

pLUT = LUTS;
*(pRegs + 0x24)
for (idx = 0;

for (rgh =

13-15:

16-17:

1C 1Dt

1E- 1F:

20-21:

1 dx < 256;

= 0x0GC; /* 0000 1100 */

unl ess setting up for
split screen operation use Ox3FF.

/* 1111 1111 */
/* 0000 0011 */

= OxFF;

= 0x03;

12: Screen 1 Display Start Address - start at the
first byte in display nenory.

= 0x00; /* 0000 0000 */
= 0x00; /* 0000 0000 */
= 0x00; /* 0000 0000 */

Screen 2 Display Start Address - not applicable
unl ess setting up for split screen operation.

= 0x00; /* 0000 0000 */
= 0x00; /* 0000 0000 */
= 0x00; /* 0000 0000 */

Menory Address Offset - this address represents the
starting WORD. At 8BPP our 640 pixel width is 320
WORDS

= 0x40; /* 0100 0000 */
= 0x01; /* 0000 0001 */
Pi xel Panni ng

= 0x00; /* 0000 0000 */

C ock Configuration - In this case we nust divide
PCLK by 2 to arrive at the best frequency to set
our desired panel frane rate.

= 0x01; /* 0000 0001 */

Power Save Configuration - enable LCD power,
not suspended.

CBR refresh,

0x00; /* 0000 0000 */

MD Configuration Readback - these registers are

read only, but it's OKto wite a 0 to keep
the register configuration |ogic sinpler.
= 0x00; /* 0000 0000 */
= 0x00; /* 0000 0000 */
General |/0O Pins Configuration
= 0x00; /* 0000 0000 */
= 0x00; /* 0000 0000 */
General |/ 0O Pins Control
= 0x00; /* 0000 0000 */
= 0x00; /* 0000 0000 */

26: LUT control.

For this exanple do a typical 8 BPP LUT setup.

nter to the LUT data and reset the LUT index register.

loop witing each of the RGB LUT data el ements.

= 0’
i dx++)

rgh < 3; rgb++)

*(pRegs + 0x26) = *pLUT,;

pLUT++;
}
}
/*

** Register 27:

I nk/ Cursor Control - disable ink/cursor
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*/

*(pRegs + 0x27) = 0xO00; /* 0000 0000 */

/*

** Registers 28-29: Cursor X Position

*/

*(pRegs + 0x28) = 0x00; /* 0000 0000 */
= 0x00; /* 0000 0000 */

*(pRegs + 0x29)
/*

** Registers 2A-2B: Cursor Y Position
*/

0x00; /* 0000 0000 */
0x00; /* 0000 0000 */

*(pRegs + 0x2A)
*(pRegs + 0x2B)
/*

** Registers 2C-2D: Ink/Cursor Color O - blue

*/

*(pRegs + 0x2C) = Ox1F; /* 0001 1111 */
*(pRegs + 0x2D) = 0xO00; /* 0000 0000 */
/*

** Registers 2E-2F: Ink/Cursor Color 1 - green

*/

*(pRegs + Ox2E) = OxEO; /* 1110 0000 */
*(pRegs + Ox2F) = 0xO07; /* 0000 0111 */
/*

:* Regi ster 30: Ink/Cursor Start Address Sel ect
*ngegs + 0x30) = 0x00; /* 0000 0000 */
f’:* Regi ster 31: Alternate FRM Regi ster

7£pRegs + 0x31) = 0xO00;

** Regi ster 23: Performance Enhancenent - display FlIFO enabl ed, optinum

*x performance. The FIFO threshold is set to 0x00; for
** 15/ 16 bpp nodes, set the FIFO threshold
*x to a higher value, such as 0x1B.

*/

*(pRegs + 0x23) = 0x00; /* 0000 0000 */

/*

** Register D Display Mde - 8 BPP, LCD enable.

*/

*(pRegs + 0x0D) = 0x0D; /* 0000 1101 */

/*

** Clear nenmory by filling 2 MBwith O

*/

pvem = DI SP_MEM OFFSET;
for (IpCnt = 0; | pCnt < DI SP_MEMORY_SI ZE; | pCnt ++)

*pMem = O;
pMemt+;

}

/*

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

*/

pMem = DI SP_MEM OFFSET;

for (y = 0; y < 100; y++)

{

pTnp = pMem + y * 640L;
for (x = 0; x < 100; x++)

*pTp = 0xOc;
pTp++,
}
}
/*
** |nit the HWcursor. In this exanple the cursor nenory will be |ocated

** jmediately after display nenory. Why here? Because it's an easy
** |ocation to calculate and will not interfere with the half frane buffer.
** Additionally, the HWcursor can be turned into an ink layer quite
** easily fromthis |ocation.

*/

*(pRegs + 0x30) = CURSOR_START;

pTnp = pCursor = pMem + (DI SP_MEMORY_SI ZE - ( CURSOR_START * 8192L));
/*

** Set the contents of the cursor nenory such that the cursor

** js transparent. To do so, wite a 10101010b pattern in each byte.
** The cursor is 2 bpp so a 64x64 cursor requires

** 64/ 4 * 64 = 1024 bytes of nenory.

*/

for (IpCnt = 0; IpCnt < 1024; | pCnt ++)
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{
*pTnp = OXAA;
pTnp++;

/*

** Set the first user
** the second user

*/
*(pRegs
*( pRegs
*(pRegs
*(pRegs
/*

** Draw a
*/

Tnp = pCursor;
for (IpCnt = 0;

0x2C)
0x2D)
Ox2E)

+
+
+
+ 0x2F)

*pTnp = 0x55;
pTp++;

for (IpCnt = O;

{
*pTmp = OX6A;
pTnp += 15;
*pTp = O0xA9;
pTnp++;

}

for (IpCnt = 0;
*pTnp = 0x55;
pTnp++;

}

/*

definabl e cursor
definabl e cursor

0;
0;
OxFF,
OXFF;

I pCnt < 16; | pCnt ++)
I pCnt < 14; | pCnt ++)
I pCnt < 16; | pCnt ++)

** Move the cursor to 100, 100.

*/
/*

** First we wait for the next vertical
** period before updating the position registers.

color to black and

color to white.

hol | ow rectangl e around the cursor.

non-di spl ay

*/
while (*(pRegs + Ox0A) & 0x80); /* wait while in VNDP */
while (! (*(pRegs + Ox0A) & 0x80)); /* wait while in VDP */
/*
** Now update the position registers.
*/
*(pRegs + 0x28) = 100; /* Set Cursor X = 100 */
*(pRegs + 0x29) = 0xO00;
*(pRegs + Ox2A) = 100; /* Set Cursor Y = 100 */
*(pRegs + 0x2B) = 0x00;
/*
** Enabl e the hardware cursor.
*/
*(pRegs + 0x27) = 0x40;
}
}
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Header Files

The following header files are included as they help to explain some of the structures used when
programming the S1D13505.

Thefollowing header file defines the structure used to store the configuration information contained
inall utilities using the SID13505HAL API.

AR R R EEEEEEEEEEEEEEEEEEEEEEREEE SRR R EEREEEY]

/* 1355 HAL I NF (do not renove) */
/* HAL_STRUCT I nformati on generated by 1355CFG EXE */
/* Copyright (c) 1998 Sei ko Epson Corp. Al rights reserved. */
/* */
/* Include this file ONCE in your prinmary source file */

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

HAL_STRUCT Hal I nfo =

"1355 HAL EXE", /* ID string */
0x1234, /* Detect Endian */
si zeof (HAL_STRUCT), /* Size */
, /* Default Mode */
{
{ /* LCD */
0x00, 0x50, 0x16, 0x00, Ox4F, 0x03, 0x00, 0xO00,
OxEF, 0x00, 0x34, 0x00, 0x00, O0xOD, OxFF, 0x03,
0x00, 0x00, 0x00, 0x00, O0x00, O0x00, O0x40, O0xO01,
0x00, 0x01, 0x02, 0x00, O0x00, O0x00, O0x00, 0xO00,
0x00, 0x00, 0x48, 0x00, 0x00, 0x00, 0x00, 0xO00,
0x00, 0x00, 0x00, O0x00, O0x00, O0x00, O0x00, 0xO00,
0x00, 0x00
b
{ /* CRT */
0x00, 0x50, 0x16, 0x00, Ox4F, 0x13, 0x01, O0xOB,
OxDF, 0x01, O0x2B, 0x09, 0x01, OxO0E, OxFF, 0x03,
0x00, 0x00, 0x00, 0x00, O0x00, O0x00, O0x40, O0xO01,
0x00, 0x00, 0x02, 0x01, 0x00, O0x00, 0x00, 0xO00,
0x00, 0x00, 0x48, 0x00, 0x00, O0x00, 0x00, 0xO00,
0x00, 0x00, 0x00, 0x00, O0x00, O0x00, O0x00, 0xO00,
0x00, 0x00
b
{ [* SIMJL */
OxFF, 0x50, 0x16, 0x00, Ox4F, 0x13, 0x01, 0xO0B,
OxDF, 0x01, O0x2B, 0x09, 0x01, OxOF, OxFF, 0x03,
0x00, 0x00, 0x00, 0x00, O0x00, O0x00, 0x40, O0xO01,
0x00, 0x01, 0x02, 0x01, O0x00, O0x00, 0x00, 0xO00,
0x00, 0x00, 0x48, 0x00, 0x00, O0x00, 0x00, 0xO00,
0x00, 0x00, 0x00, 0x00, O0x00, O0x00, 0x00, 0xO00,
0x00, 0x00
b
b
25175, /* Akl (kHz) */
8000, /* Busd k (kHz) */
0xE00000, /* Register Address */
0xC00000, /* Display Address */
60, /* Panel Frane Rate (Hz) */
60, /* CRT Frame Rate (Hz) */
50, /* Memory speed in ns */
84, /* Ras to Cas Delay in ns */
30, /* Ras Access Charge time in ns */
50, /* RAS Access Charge tinme in ns */
16 /* Host CPU bus width in bits */
b
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The following header file defines the SID13505HAL registers.

/*
**  HAL_REGS. H

* %

**  Created 1998, Epson Research & Devel oprment
** Vancouver Design Center.
**  Copyright(c) Seiko Epson Corp. 1997, 1998. Al rights reserved.

* %

* %

**  $Header : $

* %

**  $Revision: $

* %

**  $lLog: $
*/

#ifndef _ HAL REGS H
#define __HAL_REGS H _
/ *
** 1355 regi ster nanes
*

/
#defi ne REG_REVI S| ON_CODE 0x00
#defi ne REG_MEMORY_CONFI G 0x01
#def i ne REG_PANEL_TYPE 0x02
#defi ne REG MOD_RATE 0x03
#def i ne REG HCRZ DI SP_W DTH 0x04
#def i ne REG_HORZ_NONDI SP_PERI OD 0x05
#def i ne REG HRTC START_ PCSI TI ON 0x06
#def i ne REG HRTC PULSE W DTH 0x07
#def i ne REG_VERT_DI SP_HEI GHTO 0x08
#def i ne REG VERT DI SP HElI GHT1 0x09
#def i ne REG VERT_NONDI' SP_PERI CD Ox0A
#def i ne REG_VRTC_START_PCSI TI ON 0x0B
#def i ne REG VRTC PULSE W DTH 0x0C
#def i ne REG DI SPLAY MODE 0x0D
#def i ne REG_SCRN1_LI NE_COVPAREQ Ox0E
#def i ne REG SCRNl LI NE COVPAREL OxO0F
#def i ne REG SCRN1_DI SP START_ADDRO 0x10
#defi ne REG_SCRN1_DI SP_START_ADDRL 0x11
#defi ne REG_SCRN1_DI SP_START_ADDR2 0x12
#def i ne REG SCRNZ DI SP START ADDRO 0x13
#def i ne REG_SCRN2_DI SP_START_ADDR1 0x14
#def i ne REG_SCRN2_DI SP_START_ADDR2 0x15
#defi ne REG_MEM ADDR OFFSETO 0x16
#def i ne REG_MEM ADDR_OFFSET1 0x17
#def i ne REG PI XEL_PANNI NG 0x18
#defi ne REG_CLOCK_CONFI G 0x19
#def i ne REG_PONER_SAVE_CONFI G Ox1A
#define REG M SC 0x1B
#def i ne REG MD_CONFI G_READBACKO 0x1C
#def i ne REG_MD_CONFI G_READBACK1 0x1D
#def i ne REG_GPI O_CO\IFI Q Ox1E
#def i ne REG_GPI O_CONFI GL Ox1F
#defi ne REG_GPI O _CONTROLO 0x20
#def i ne REG GPI O CONTROL1 0x21
#def i ne REG PERF_ENHANCEMENTO 0x22
#def i ne REG_PERF_ENHANCEMENT1 0x23
#defi ne REG_LUT_ADDR 0x24
#defi ne REG RESERVED 1 0x25
#defi ne REG LUT_DATA 0x26
#defi ne REG_| NK_CURSOR_CONTROL 0x27
#defi ne REG_CURSOR_X_POS| TI ONO 0x28
#defi ne REG_CURSOR_X_ POCsI TI ON1 0x29
#defi ne REG_CURSOR_Y_PGCsI TI ONO Ox2A
#def i ne REG CURSCR Y_POSI TI ON1 0x2B
#def i ne REG_| NK_CURSOR_COLORO_0 0x2C
#def i ne REG INK CURSO? CO_O?O 1 0x2D
#def i ne REG INK CURSCR CO_CRl 0 0Ox2E
#def i ne REG_| NK_CURSOR_COLOR1_1 Ox2F
#def i ne REG INK CURSO? START_ ADDR 0x30
#def i ne REG ALTERNATE FRM 0x31
/ *
** WARNING !l MAX_REG must be the | ast available register!!!
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*]
#define MAX_REG 0x31
#endi f /* __HAL_REGS H__ */
The following header file defines the structures used in the SID13505HAL API.
** HAL. H

**  Created 1998, Epson Research & Devel opnent
*x Vancouver Design Center.
**  Copyright(c) Seiko Epson Corp. 1997, 1998. All rights reserved.

* %

*/

#i fndef _HAL_H

#define _HAL_H_

#pragma war ni ng(di sabl e: 4001) /1 Disable the '"single |line comrent' warning.

#i ncl ude "hal _regs. h"

typedef unsigned char BYTE;
typedef unsigned short WORD;
typedef unsigned | ong DWORD,
typedef unsigned int Ul NT;
typedef int BOOL;

#i f def | NTEL

typedef BYTE far *LPBYTE;
typedef WORD far *LPWORD;
typedef DWORD far *LPDWORD,

#el se
typedef BYTE * LPBYTE;
typedef WORD * LPWORD;
typedef DWORD * LPDWORD;
#endi f

#i f ndef LOBYTE
#defi ne LOBYTE(w) ((BYTE) (w))
#endi f

#i f ndef HI BYTE
#degi?e HI BYTE( W) ((BYTE) (((UINT) (w) >> 8) & OxFF))
#endi

#i f ndef LOAORD
#define LONORD(I) ( (WORD) (DWORD) (1))
#endi f

#i f ndef HI WORD
#degi?e HI VWORD( | ) ((WORD) ((((DWORD) (1)) >> 16) & OxFFFF))
#endi

#i f ndef MAKEWORD
#degi?e MAKEWORD(1 0, hi) ((WORD) (((WORD)(10)) | (((WORD)(hi)) << 8)) )
#endi

#i f ndef MAKELONG
zdegi?e MAKELONG( | 0, hi) ((1ong) (((VWORD)(10)) | (((DWORD)((WORD)(hi))) << 16)))
enal

#i f ndef TRUE
#defi ne TRUE 1
#endi f

#i f ndef FALSE
#define FALSE O
#endi f

#define OFF O
#define ON 1
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#i f ndef NULL

#i fdef __cplusplus

#define NULL 0

#el se

#def i ne NULL ((void *)0)
#endi f

#endi f

/*

** S| ZE_VERSION is the size of the version string (eg. "1.00")

** S| ZE_STATUS is the size of the status string (eg. "b" for beta)
** SIZE REVISION is the size of the status revision string (eg. "00")
*/

#defi ne Sl ZE_VERSI ON 5

#define Sl ZE_STATUS 2

#def i ne S| ZE_REVI SI ON 3

#i f def ENABLE_DPF /* Debug_printf() */

#define DPF(exp) printf(#exp "\n")

#define DPF1l(exp) printf(#exp " = %\n", exp)

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

#el se

#define DPF(exp) ((void)O0)
#define DPF1(exp) ((void)O0)
#defi ne DPFL(exp) ((void)O0)

#endi f
/* _________________________________________________________________________ */
enum
{
ERR K = 0, /* No error, call was successful. */
ERR_FAI LED, /* General purpose failure. */
ERR_UNKNOWN_DEVI CE, [* *]
ERR_| NVALI D_PARAMETER, /* Function was called with invalid paraneter. */

ERR_HAL_BAD ARG
ERR_TOOVANY_DEVS,

ERR_| NVALI D_STD _DEVI CE
b

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

* Definitions for seGetld()

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

enum

| D_UNKNOWN,
| D_SED1355,
| D_SED1355F0A
}s

#defi ne MAX_DEVI CE 10

/*

** SE RESERVED is for reserved device
*/

#define SE_RESERVED 0

/*

** DetectEndian is used to determi ne whether the nost significant
** and | east significant bytes are reversed by the given conpiler
*/

#defi ne ENDI AN 0x1234

#define REV_ENDI AN  0x3412

IR EEE RS EEEEEEEEEEEEEEEEEEEEEEEEEEEE]

* Definitions for Internal calculations
*******************************************/
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#define M N_NON DI SP_X 32
#def i ne MAX_NON_DI SP_X 256
#define M N_NON DI SP_Y 2

#def i ne MAX_NON_DI SP_Y 64

IR EEE RS EEEEEEEEEEEEEEEEEEEEEEEEEEEE]

* Definitions for seSetFont

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

enum

HAL_STDOUT,

HAL_STDI N,

HAL_DEVI CE_ERR
b

#defi ne FONT_NORMAL 0x00
#defi ne FONT_DOUBLE_W DTH 0x01
#defi ne FONT_DOUBLE_HEI GHT 0x02

enum
RED,
GREEN,
BLUE
b

IR R E RS EEEEEEEEEEEEEEEEEEEEEEEEEEEE]

* Definitions for seSplitScreen()

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

enum

{

SCREENL = 1,
SCREEN2

b

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

* Definitions for sePower SaveMbde()

LR RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEELY]

#defi ne PWR_CBR_REFRESH  0x00
#define PWR_SELF_REFRESH 0x01
#define PWR_NO REFRESH 0x02

IR AR R EEEEEEEEREEEEEEEEREEEEEEEEEEEREREEEEREEEEEEEEEEEEEREEEEEERY]

enum

{

DI SP_MODE_LCD = O,

DI SP_MODE_CRT,

DI SP_MODE_SI MJLTANEQJS

MAX_DI SP_MODE

typedef struct tagHal Struct
{

char szldString[16];
WORD wDet ect Endi an;
WORD WSi ze;

WORD wDef aul t Mbde;

BYTE Regs[ MAX_DI SP_MODE] [ MAX_REG + 1] ;

DWORD dwd Kkl ;

DWORD dwBusd k;

DWORD dwRegAddr ;

DV‘CRD dwDi spMem
wPanel Fr aneRat e;

I nput d ock Frequency (in kHz)

Bus O ock Frequency (in kHz) */

Starting address of registers */

Starting address of display buffer nmenory */
Desired panel frame rate */

~———
* % Kk ok ok

WORD wCrt FraneRat e; /* Desired CRT rate */
WORD  wivenSpeed; /* Memory speed in ns */
WORD WTrc; /* Ras to Cas Delay in ns */
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WORD  WTT p; /* Ras Precharge tine in ns */
WORD WTr ac; /* Ras Access Charge tinme in ns */
WORD wHost BusW dt h; /* Host CPU bus width in bits */

} HAL_STRUCT;

typedef HAL_STRUCT * PHAL_STRUCT;

#i fdef | NTEL

typedef HAL_STRUCT far * LPHAL_STRUCT;

#el se

typedef HAL_STRUCT * LPHAL_STRUCT;

#endi f

/* */
[* FUNCTI ON  PROTO- TYPES */
/* */
A R PR HAL Support -------cmmmm e */

int selnitHal ( void );

int seGetDetectedBusWdth(int *bits);

int seRegi sterDevice( const LPHAL_STRUCT | pHal Info, int *Device );
int seGetMenStSi ze( int seReservedl, DWORD *val );

#def i ne CLEAR_MEM TRUE

#defi ne DONT_CLEAR MEM  FALSE

int seSetDi splayMde(int device, int DisplayMde, int CearMm;

int seSetlnit(int device);

int seGetld( int seReservedl, int *pld );

voi d seGet Hal Versi on( const char **pVersion, const char **pStatus, const char **pStatusRe-
vision );

A Chip ACCESS -------m o e o oo */

int seGetReg( int seReservedl, int index, BYTE *pVal ue );
int seSetReg( int seReservedl, int index, BYTE value );

int seSetBitsPerPixel( int seReservedl, U NT nBitsPerPixel );
int seGetBitsPerPixel( int seReservedl, U NT *pBitsPerPixel );

nt seGet Byt esPer Scanline( int seReservedl, U NT *pBytes );

nt seGet ScreenSi ze( int seReservedl, U NT *wi dth, U NT *height );
nt seHWsuspend(int seReservedl, BOOL val);

nt seSel ect BusWdth(int seReservedl, int wdth);

int seDelay( int seReservedl, DWORD Seconds );

int seGetlLastUsabl eByte( int seReservedl, DWORD *LastByte );
int seDisplayEnabl e(int seReservedl, BYTE NewState);

int seSplitlnit( int seReservedl, DWORD wScrnlAddr, DWORD wScrn2Addr );

int seSplitScreen( int nReservedl, int WichScreen, |ong VisibleScanlines );
int seVirtlnit( int seReservedl, DWORD xVirt, DWORD *yVirt );

int seVirtMve( int seReservedl, int nWichScreen, DAORD x, DAWORD y );

R Power Save --------------oomiiie - */
int seSet Power SaveMbde( int seReservedl, int Power SaveMbde );

I R MemDry ACCESS -----------mmmmmmm oo */
int seReadDi spl ayByte( int seReservedl, DWORD of fset, BYTE *pByte );

int seReadDi spl ayWrd( int seReservedl, DWORD offset, WORD *pWrd );

int seReadDi spl ayDword( int seReservedl, DWORD of fset, DWORD *pDword );

int seWiteDisplayBytes( int seReservedl, DWORD addr, BYTE val, DWORD count );

int seWiteDi splayWrds( int seReservedl, DWORD addr, WORD val, DWORD count );
int seWiteDi splayDmwrds( int seReservedl, DWORD addr, DWORD val, DWORD count );

int seGetlnkStartAddr(int seReservedl, DWORD *addr);
int seCGetPixel( int seReservedl, long x, long y, DWORD *pVal );
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int seSetPixel( int seReservedl, long x, long y, DWORD col or );

int seDrawLi ne( int seReservedl, long x1, long yl1l, long x2, long y2, DWORD color );

int seDrawRect( int seReservedl, long x1, long y1, long x2, long y2, DWORD col or, BOOL
SolidFill );

int seDrawEl | i pse(int seReservedl, long xc, long yc, long xr, long yr, DWORD col or, BOOL
SolidFill);

int seDrawCircle( int seReservedl, |ong xCenter, long yCenter, long radius, DWRD col or,
BOOL SolidFill );

int selnitCursor(int seReservedl);

int seCursorOf(int seReservedl);

int seGetCursorStartAddr(int seReservedl, DWORD *addr);

int seMoveCursor(int seReservedl, |long x, |long ;

int seSetCursorColor(int seReservedl, int index, DWRD color);

int seSetCursorPixel ( int seReservedl, long x, long y, DWORD color );

int seDrawCursorLine( int seReservedl, long x1, long y1, long x2, long y2, DWORD col or );
int seDrawCursorRect( int seReservedl, long x1, long y1, long x2, long y2, DWORD col or,
BOOL SolidFill );

int seDrawCursorEllipse(int seReservedl, |ong xc, long yc, long xr, long yr, DWORD col or,
BOOL SolidFill);

int seDrawCursorCircle( int seReservedl, |ong xCenter, |long yCenter, |ong radius, DWRD
color, BOOL SolidFill );

int selnitlnk(int seReservedl);

int selnkOif(int seReservedl);

int seGetlnkStartAddr(int seReservedl, DWORD *addr);

int seSetlnkColor(int seReservedl, int index, DWORD col or);

int seSetlnkPixel ( int seReservedl, long x, long y, DWORD color );

int seDrawl nkLine( int seReservedl, long x1, long yl, long x2, long y2, DWORD col or );
inlt ZeDIr iavw) nkRect ( int seReservedl, long x1, long y1l, long x2, long y2, DWORD col or, BOCL
Sol i dFi ;

int seDrawl nkEl | i pse(int seReservedl, long xc, long yc, long xr, long yr, DWORD col or,
BOOL SolidFill);

int seDrawinkCrcle( int seReservedl, |ong xCenter, |ong yCenter, |ong radius, DWRD
color, BOOL SolidFill );

int seSetlLut( int seReservedl, BYTE *pLut, int count );
int seGetlLut( int seReservedl, BYTE *plLut, int count );
int seSetLutEntry( int seReservedl, int index, BYTE *pEntry );
int seGetLutEntry( int seReservedl, int index, BYTE *pEntry )

e C Like Support ------------------------------ */
int seDrawText( int seReservedl, char *fnt, ... );

int sePutChar( int seReservedl, int ch);

int seGetChar( void );

e XLIB Support -----------mmmeee oo */

int seGetLinearDi spAddr (i nt seReservedl, DWORD *pDi spLogi cal Addr);
int InitLinear(int seReservedl);

#endi f /* HAL_H */
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APPENDIX SUPPORTED PANEL VALUES

The following tables show related register data for different panels. All the examples are based on
8 bpp and 2M bytes of 50 ns EDO-DRAM.

Table A-1 Passive Single Panel with 40MHz Pixel Clock

. Mono 4-Bit . Color 8-Bit
. Mono 4-Bit Color 8-Bit
Register EL Format 2 Notes
320X240@60H2 320X240@60Hz 320X240@60Hz 320X240@60Hz
REG[02h] 0000 0000 1000 0000 0001 0100 0001 1100 set panel type
REG[03h] 0000 0000 0000 0000 0000 0000 0000 0000 set MOD rate
REG[04h] 0010 0111 0010 0111 0010 0111 0010 0111 set horizontal display width
REG[05h] 0001 0111 0001 0111 0001 0111 0001 0111 set horizontal non-display period
REG[08h] 11101111 11101111 11101111 11101111 set vertical display height bits 7-0
REG[09h] 0000 0000 0000 0000 0000 0000 0000 0000 set vertical display height bits 9-8
REG[0AR] 00111110 00111110 00111110 00111110 set vertical non-display period
REG[0Dh] 0000 1101 0000 1101 0000 1101 0000 1101 set 8 bpp and LCD enable
REG[19h] 0000 0011 0000 0011 0000 0011 0000 0011 set MCLK and PCLK divide
REG[1Bh] 0000 0001 0000 0001 0000 0001 0000 0001 disable half frame buffer
REG[24h] 0000 0000 0000 0000 0000 0000 0000 0000 set Look-Up Table addressto O
REG[26h] load LUT load LUT load LUT load LUT load Look-Up Table
Register Mono 8-Bit Color 8-Bit Color 16-Bit Notes
640X480@60Hz 640X480@60Hz 640X480@60Hz

REG[02h] 0001 0000 0001 0100 0010 0100 set panel type

REG[03h] 0000 0000 0000 0000 0000 0000 set MOD rate

REG[04h] 0100 1111 0100 1111 0100 1111 set horizontal display width

REG[05h] 0000 0011 0000 0011 0000 0011 set horizontal non-display period

REG[08h] 1101 1111 1101 1111 1101 1111 set vertical display height bits 7-0

REG[09h] 0000 0001 0000 0001 0000 0001 set vertical display height bits 9-8

REG[0AR] 0000 0010 0000 0010 0000 0010 set vertical non-display period

REG[0Dh] 0000 1101 0000 1101 0000 1101 set 8 bpp and LCD enable

REG[19h] 0000 0001 0000 0001 0000 0001 set MCLK and PCLK divide

REG[1Bh] 0000 0001 0000 0001 0000 0001 disable half frame buffer

REG[24h] 0000 0000 0000 0000 0000 0000 set Look-Up Table addressto 0

REG[26h] load LUT load LUT load LUT load Look-Up Table

Note: The following settings may not reflect the ideal settings for your system configuration. Power, speed
and cost reguirements may dictate different starting parameters for your system (e.g. 320 x 240 @ 78
Hz using 12 MHz clock).
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Table A-2 Passive Dual Panel with 40MHz Pixel Clock

) Mono 4-Bit EL Mono 8-Bit Color 8-Bit Color 16-Bit
Register 640X480@60Hz |640X480@60Hz | 640X480@60Hz | 640X480@60HZ Notes
REG[02h] 1000 0010 0001 0010 0001 0110 0010 0110 set panel type
REG[03h] 0000 0000 0000 0000 0000 0000 0000 0000 set MOD rate
REG[04h 0100 1111 0100 1111 0100 1111 0100 1111 set horizontal display width
REG[05h 0000 0101 0000 0101 0000 0101 0000 0101 set horizontal non-display period
REG[08h] 11101111 11101111 11101111 1110 1111 set vertical display height bits 7-0
REG[09h] 0000 0000 0000 0000 0000 0000 0000 0000 set vertical display height bits 9-8
REG[0Ah] 0011 1110 0011 1110 0011 1110 0011 1110 set vertical non-display period
REG[0Dh] 0000 1101 0000 1101 0000 1101 0000 1101 set 8 bpp and LCD enable
REG[19h] 0000 0010 0000 0010 0000 0010 0000 0010 set MCLK and PCLK divide
REG[1Bh] 0000 0000 0000 0000 0000 0000 0000 0000 enable half frame buffer
REG[24h] 0000 0000 0000 0000 0000 0000 0000 0000 set Look-Up Table addressto O
REG[26h] load LUT load LUT load LUT load LUT load Look-Up Table

Table A-3 TFT Single Panel with 25.175MHz Pixel Clock
. Color 16-Bit

Register 640X480@60Hz Notes

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 0001 set HSYNC start position

REG[07h] 0000 1011 set HSYNC polarity and pulse width

REG[08h] 1101 1111 set vertical display height bits 7-0

REG[09h] 0000 0001 set vertical display height bits 9-8

REG[0A] 00101011 set vertical non-display period

REG[0Bh] 0000 1001 set VSYNC start position

REG[0Ch] 0000 0001 set VSYNC polarity and pulse width

REG[0Dh] 0000 1101 set 8 bpp and LCD enable

REG[19h] 0000 0000 set MCLK and PCLK divide

REG[1Bh] 0000 0001 disable half frame buffer

REG[24h] 0000 0000 set Look-Up Table address to 0

REG[26h] load LUT load Look-Up Table
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1: 13505CFG CONFIGURATION PROGRAM

1 13505CFG CONFIGURATION PROGRAM

1.1 13505CFG

13505CFG is an interactive Windows® ‘ 9x program that cal culates the S1D13505 register values
for auser-defined LCD panel/CRT configuration. The S1D13505 utilities can have their configura-
tions opened, changed, and saved, all from within 13505CFG.

13505CFG is designed to work with the S1D13505 utilities, or any program designed by a software/
hardware devel oper using the Hardware Abstraction Layer (HAL) library. The configuration infor-
mation can be saved directly into the utility or into atext header file for use by the software/hard-
ware devel oper.

Note: Seiko Epson does not assume liability for any damage done to the display device as a result of soft-
ware configuration errors.

S1D13505 Supported Evaluation Platforms
13505CFG only runs on a PC system running Windows * 9x.
13505CFG can edit the executable files for the following S1D13505 evaluation platforms:
» PC system with an Intel 80x86 processor.
» M68332BCC (Business Card Computer) board, revision B, with a Motorola MC68332 processor.

» M6BECO000IDP (Integrated Development Platform) board, revision 3.0, with a Motorola
M68ECO000 processor.

» SH3-LCEVB board, revision B, with an Hitachi SH-3 HD6417780 processor.

I nstallation
Copy the file 13505CFG.EXE to adirectory on your hard drive that isin the DOS path.

Usage
In Windows 95, double-click the following icon:

&

1356C 0. exe

UTILITIES (X23A-B-001-02) EPSON 3-1



1: 13505CFG CONFIGURATION PROGRAM

1.2 13505CFG Configuration Pages

13505CFG provides a series of pages which can be selected by atab at the top of the main window.
The pages are “Genera”, “Memory”, “Panel”, “CRT”, and “Default”. At the bottom of the window
are three buttons: Open, Save As, and Exit.

The basic procedure for using 13505CFG is as follows:
OPEN the configuration values from a current utility (this step is optional).

Change the configuration values as required (see each page description for configuration
details).

SAVE the configuration values into the desired utilities, or into an ASCI| header file. Each utility
must be configured seperately.

Note: 13505CFG is designed to work with utilities programmed using a given version of the HAL. If the con-
figuration structure is of a different version, an error message is displayed.

3-2 EPSON UTILITIES (X23A-B-001-02)



1: 13505CFG CONFIGURATION PROGRAM

General Page

ui1355CFg - 1355test exe

General | Memu:ur_l.ll Panel I CRT I Defaultl

— Memary Addreszes CPU Bus width———

" 8hit & 1Ehit
Reqister Address IEI:-:EEIEIEIEIEI
b emory Address IEI:-:EEIEIEIEIEI

Clock Infarmation
MClk: 25175 MHz

Clk| |251 75 "I kH
‘ LCD PClk: 25175 MHz

Bus Clk |9'3'3'3 kHz simul / CRT PClk: 25,175 MHz

Save As Exit

Figure 1-1 General Page

The General Page allows the user to select the following general platform settings:

General Page
Register Address Starting address of the registers (in hexadecimal).
Memory Address Starting address of the display buffer (in hexadecimal).
CPU Bus Width Host CPU bus width (applicable only to PC).
CIkI Clock frequency.
Bus Clk Host bus clock frequency.

Also displayed is the memory clock frequency and the pixel clock frequencies for the following
modes: LCD, CRT , and simultaneous display. These clock values will change based on settings on
both the General Page and other configuration pages.

These clock frequencies are useful in determining why a particular display mode cannot be set. See
the * S1D13505 Hardware Functional Specification” for more details.

UTILITIES (X23A-B-001-02) EPSON 3-3



1: 13505CFG CONFIGURATION PROGRAM

Memory Page

wi>1355Cfg - 1355test.exe

General  Memary | Fanel I CRT I Defaultl

temory Configuration
; ZE nz & EDO & A Fiefrezh time
" RPM C 2wEs [22 =l ms
 Fln:
b emary Perfarmance
Crefault Suzpend Mode R efresh-
Tre 104 |104 hs % A5 before RAS
I ™ Self Refresh
Tip 40 |40 nE
" Mo Refresh
Trac E0 IE':I nz
Open Save As Exit

Figure 1-2 Memory Page

The Memory Page allows the user to select the following settings:

Memory Page
Timing (ns) Access time for memory.
Memory Type EDO or FPM.
WEH# Control 2CASH or 2WEH#.
Refresh time (ms) DRAM Refresh Rate (time for 256 refresh cycles).
Trc Use the values in the DRAM specification. For the S5U13505P00C Evaluation
Trp Board, use the values shown in the “ Default” column. The valuesin the
Trac “Default” column will change based on the Memory Timing.
Suspend Mode Refresh Type of DRAM refresh used in suspend mode.

EPSON

UTILITIES (X23A-B-001-02)




1: 13505CFG CONFIGURATION PROGRAM

Panel Page

ui1355CFg - 1355test exe

Generall Memony Fanel |I:FET I Defaultl

& Single ™ pMono o STh o 4|:||E Folarty Lo Hi

" Dual & Calar i TFT & hit FFline " i+

[ Dieatle | T Fomat2 | [© EL " 1E it FPframe ™ o+
12 Erame Butfer

Dimenzions
|E4EI J |4EEI J Frame Fiate |E0 Hz
- W w

Open Save As Exit

Figure 1-3 Panel Page

The Panel Page allows the user to select the following settings:

Panel Page

Single/Dual Select between asingle and dual panel. If no panel exists, select single.

Disable half frame buffer The half frame buffer is used only for dua panels. Disabling the half frame
buffer is not recommended as this will reduce the display quality.

Mono/Color Select between a monochrome and color panel. If no panel exists, select color.

Format 2 Select color passive LCD panel format 2. See the * S1ID13505 Hardware Func-
tional Specification” for format L/format 2 description.

STN/TFT Select between apassive LCD and TFT/D-TFD panel.

EL Enable EL panel support.

Panel Interface Select panel interface width in bits. The bit width values will change when
selecting between STN and TFT/D-TFD panels.

FPline Polarity Select the polarity of the FPLINE pulse.

FPframe Polarity Select the polarity of the FPFRAME pulse.

Dimensions Select the width and height of the panel in pixels.

Frame Rate Select the desired frame rate.

UTILITIES (X23A-B-001-02) EPSON 3-5



1: 13505CFG CONFIGURATION PROGRAM

CRT Page

wi>1355Cfg - 1355test.exe

Eenerall Memu:ur_l.ll Panel CRT |Default|

- Simultaneous Dizplay O ptions
CRT Dimenszionz—— CRT Frame Rate

......................... F Nnrmal
+ 540 x 480 B0 =| H= " Line Doubling
1 B B0 ™ Interlace

™ Ewen Scan Only

Open Save As Exit

Figure 1-4 CRT Page

The CRT Page allows the user to select the following settings:

CRT Page
CRT Dimensions Select the desired resolution. See “Comments’ on page 11 if the desired CRT
dimensions are grayed out.
CRT Frame Rate Select the desired frame rate. See “ Comments’ on page 11 to determine valid
CRT frame rates.

Simultaneous Display Options | For simultaneous display only. Will be grayed out if simultaneous display is not
supported based on the other configuration settings. For summary of Simulta-
neous Display options see the Hardware Functional Specification.

3-6 EPSON UTILITIES (X23A-B-001-02)



1: 13505CFG CONFIGURATION PROGRAM

Default Page

ui1355CFg - 1355test exe

Generall Memu:ur_l.ll Fanel I CRT

Digplay
" Pane

- Slmu

Drefault

— Color Depth—————

T 1bpp  © Bbpp
" 2bpp ™ 15 bpp
" 4 bpp &+ 1E bpp

MOTE: These items are hints to the HAL.
After a program gtarts the dizplap surface or color depth
may change. These zettings are to ensure that initial register

walues meet timing zpecifications.

Open Save As Exit
Figure 1-5 Default Page
The Default Page allows the user to select the following settings:
Default Page
Display Select the default display device. Three display modes (LCD, CRT, and Simulta-

neous) are saved, but the S1D13505 software initializes the registers based on
the default mode.

Color Depth

Select the default color depth.

UTILITIES (X23A-B-001-02)
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1: 13505CFG CONFIGURATION PROGRAM

Open Dialog Box

open g |

Look in: I £ intel

IE 1306test ene

4] [+

File narme: I Open I
Files of tppe: IE:-:ec:utaI:nIe Filez [*.exe, *.29] j Cancel |

When the “OPEN" button is pressed on the main window, the Open Dialog Box is shown.
13505CFG will read the configuration values from a specific EXE file for Intel platforms, and from

a specific SO file for non-Intel platforms. The file must have been compiled using avalid version of
the 13505HAL library.

3-8 EPSON UTILITIES (X23A-B-001-02)



1: 13505CFG CONFIGURATION PROGRAM

Save As Dialog Box

Save As H

Save i | — intel

=1 3EESHOW eve

File name: ~ [13555H0W . exe
Save as wpe: |E:-:eu:uta|:||e Files [*.exe, *.59] ﬂ Cancel

When the “ Save As’ button is pressed on the main window, 13505CFG checks for any invalid con-

figuration values and shows any appropriate warning or error messages. If it is possible to save the
values, the Save As Dialog Box is shown.

The configuration values can be saved to a specific EXE file for Intel platforms, and to a specific SO
file for non-Intel platforms. The file must have been compiled using avalid version of the
13505HALL library. The configuration values can aso be saved to an ASCII header file (ie.
13505reg.h) for use by the software/hardware devel oper.

UTILITIES (X23A-B-001-02) EPSON 3-9



1: 13505CFG CONFIGURATION PROGRAM

Example
Configure for an 8-hit color single passive 640x480 L CD panel and the S5U13505P00C Evaluation
Board on aPC:

General Page
Register Address OxE00000
Memory Address 0xC00000
CPU BusWidth 16 bit
CIkI 25175 kHz
Bus Clk 8000 kHz

Memory Page
Timing (ns) 60 ns
Memory Type EDO
WE# Control 2-CASH
Refresh time (ms) 32ms
Trc 104 ns
Trp 40 ns
Trac 60 ns
Suspend Mode Refresh CASbefore RAS

Panel Page
Single/Dual Single
Disable half frame buffer (unchecked)
Mono/Color Color
Format 2 (unchecked)
STN/TFT STN
EL (unchecked)
Panel Interface 8 bit
FPline Polarity Hi
FPframe Polarity Hi
Dimensions 640 x 480
Frame Rate 60
CRT Page

CRT Dimensions 640 x 480
CRT Frame Rate 60
Simultaneous Display Normal
Options

Default Page
Display Panel
Color Depth 16 bpp

Note: The above configuration also supports simultaneous display and CRT only modes.

3-10
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1: 13505CFG CONFIGURATION PROGRAM

Comments

* Itisassumed that the 13505CFG user isfamiliar with S1D13505 hardware and software. Refer to
the “ S1D13505 Functional Hardware Specification” and the “ S1D13505 Programming Notes
and Examples’ for more details.

» 13505CFG verifies that the given configuration meets the limitations in the hardware specifica
tion. Part of this verification processis asfollows:

1. Thedivideratio for the source clock/MCIk is determined based on Table 14-3: Example Frame
Rates with Ink Disabled from the Functional Hardware Specification. According to thistable,
MCIk cannot exceed 40 MHz for 50ns EDO-DRAM, MClk cannot exceed 33 MHz for 60ns
EDO-DRAM, and MClk cannot exceed 25 MHz for 60ns FPM-DRAM. If MCIk exceeds the
maximum value, the MCLK valueis set to the source clock divided by two (MClk = source clock
/ 2). Otherwisethe MCLK value is set to the source clock (MClk = source clock). 13505CFG
shows the MClk value on the General Page.

2. Thedivideratio for MCIK/PCIk is determined based on Table 14-1: Maximum PCLK Frequency
with EDO-DRAM and Table 14-2: Maximum PCLK Frequency with FPM-DRAM. Once this
ratio is determined, PClk = MCIk / ratio. Note that there are two PCIk divide ratios based on the
three display modes: panel, CRT, and simultaneous display (CRT and simultaneous display use
the same ratio). 13505CFG shows the PCIk values for these three modes on the General Page.

3. The HNDP and VNDP values are cal cul ated based on the desired frame rate for each of the three
modes (panel, CRT, simultaneous), the display’s HDP (X resolution), VDP (Y resolution), and
maximum PCLK as calculated in step 3.

PCLK

FrameRate = G 5F+HINDP)  (VDP + VNDP)

4. If itisnot possible to reach the desired frame rate within 5%, an error message is shown when
saving the configuration.

» When configuring either the CRT or TFT/D-TFD panel, the PCIk must be the same as the required
VESA frequency for the given VESA mode. The following VESA modes are supported:

Frame Rate

Resolution (H2) PCLK (MHz) Supported DRAM Types
50ns EDO, 60ns EDO,
60 25175 70ns EDO, 60ns FPM
640x480 72 31.500 50ns EDO, 60ns EDO
75 31.500 50ns EDO, 60ns EDO
85 36.000 50ns EDO
56 36.000 50ns EDO
800x600 60 40,000 50ns EDO

 13505CFG does not support 50ns FPM-DRAM.

» 13505CFG programs TFT/D-TFD panels with the same VESA timings as a CRT, so the CRT
restrictions shown in the hardware specification also apply to TFT/D-TFD panels. Consequently
for TFT/D-TFD panels, use the CRT frame rate and CRT PCLK as described above.

* For simultaneous display, select a CRT VESA mode, and use the CRT’s frame rate for the panel’s
framerate.

UTILITIES (X23A-B-001-02) EPSON 3-11



1: 13505CFG CONFIGURATION PROGRAM

Sample Program Messages

ERROR: Panel framerate must be greater than zero
Select an appropriate panel frame rate as recommended in the panel specifications.

ERROR: Unableto save current settings
Could not save configuration values. The reason why is generally given before this messageis
shown.

ERROR: Invalid clock frequency selected
The CIkl frequency is either too low or too high.

ERROR: Max. clock for 50ns FPM is unspecified
13505CFG does not support 50ns FPM-DRAM.

WARNING: Cannot set panel display mode
Thismessage is shown if the configuration settings do not meet the hardware specifications, or if the
desired frame rate cannot be reached within 5%. See “ Comments’ on page 11 for more information.

WARNING: Cannot set ssimul display mode
Thismessage is shown if the configuration settings do not meet the hardware specifications, or if the
desired frame rate cannot be reached within 5%. See “ Comments’ on page 11 for more information.

WARNING: Cannot set CRT display mode
Thismessage is shown if the configuration settings do not meet the hardware specifications, or if the
desired frame rate cannot be reached within 5%. See “ Comments’ on page 11 for more information.

-PClIk too slow to support 640 x 480
This message is shown after the “ Cannot set ??? display mode” message. See “ Comments’ on
page 11 to adjust the PCIk.

-PClIk too slow to support 800 x 600
This message is shown after the “ Cannot set ??? display mode” message. See “ Comments’ on
page 11 to adjust PCIKk.

Notice: Invalid clock selected for VESA frequencies. The monitor may not sync!
Thismessage is shown in the CRT Page when the PCIk is not set to a standard VESA frequency. See
“Comments’ on page 11 to adjust the PCIk.

ERROR: Unknown HAL version.
When reading from or writing to a S1D13505 utility, 13505CFG could not find the start of avalid
configuration table.

ERROR: Unableto open <filename>
Possible cause - no HAL information
13505CFG could not find the HAL configuration table.

ERROR: encountered whilereading .S9file.
The S9fileis corrupted.

ERROR: while attempting to write .S9 file.
The S9fileis corrupted.

3-12
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2: 13505SHOW DEMONSTRATION PROGRAM

2 135055SHOW DEMONSTRATION PROGRAM

2.1 13505SHOW

13505SHOW is designed to demonstrate and test some of the S1D13505 display capabilities. The
program can cycle through all the color depths and display a pattern showing al available colors, or
the user can specify a color depth and display configuration.

The 13505SHOW demonstration program must be configured and/or compiled to work with your
hardware platform. The program 13505CFG.EXE can be used to configure 13505SHOW. Consult
the * 13505CFG Configuration Program (X23A-B-001-02)" for more information on configuring

S1D13505 utilities.

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 ameans of downloading software from
the PC to the target platform. Typically thisis 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 viaa parallel port connection, or an Ethernet connection.

S1D13505 Supported Evaluation Platforms
13505SHOW supports the following S1D13505 evaluation platforms:
» PC system with an Intel 80x86 processor.
» M68332BCC (Business Card Computer) board, revision B, with a Motorola MC68332 processor.

» M68ECO000IDP (Integrated Development Platform) board, revision 3.0, with aMotorola
M68ECO000 processor.

» SH3-LCEVB board, revision B, with an Hitachi SH-3 HD6417780 processor.

I nstallation

» PC platform: copy the file 13505SHOW.EXE to a directory that isin the DOS path on your hard
drive.

» Embedded platform: download the program 13505SHOW to the system.

UTILITIES (X23A-B-001-02) EPSON 3-13



2: 13505SHOW DEMONSTRATION PROGRAM

Usage
PC platform: at the prompt, type

13505show [b=??] [/a] [/crt] [/g] [/lcd] [/noinit] [/p] [/read] [/
s] [/7].

Embedded platform: execute 13505showand at the prompt, type the command line argument.

Where: b=2?? starts 13505SHOW at a user specified bit-per-pixel (bpp)

level, where ?? can be: 1, 2, 4, 8, 15, or 16

/a automatically cyclesthrough all video modes

/crt displays the image on the CRT

/g shows grid on the image

/lcd displays the image on the LCD panel

/ noi ni t bypasses register initialization

/p draws the image in portrait mode

/read after drawing the image, continually read from the screen
(for testing purposes)

/s displays vertical stripe pattern

/? displays the help screen

Note: Pressing the ESC key will exit the program.

13505SHOW Examples

The 13505SHOW demonstration program is designed to both demonstrate and test some of the fea-
tures of the S1D13505. Some examples follow showing how to use the program in both instances.

Using 13505SHOW For Demonstration

1. Toshow color patterns which must be manually stepped through all bit-per-pixel modes, type the
following:
13505SHOW

The program will display 16 bit-per-pixel mode. Press any key to go to the next screen. The pro-
gram will display 15 bit-per-pixel mode. Once all screens are shown the program exits. To exit
the program immediately press ESC.

2. To show color patterns which automatically step through all bit-per-pixel modes, type the
following:
13505SHOW /a

The program will display 16 bit-per-pixel mode. Each screen is shown for approximately 1 sec-
ond, then the next screen is automatically shown. The program exits after the last screen is
shown. To exit the program immediately press CTRL+BREAK.

3. To show acolor pattern for a specific bit-per-pixel mode, type the following:
13505SHOW b=[mode]
wheremode = 1, 2, 4, 8, 15, or 16.

The program will display the requested screen and then exit.

3-14 EPSON UTILITIES (X23A-B-001-02)



2: 13505SHOW DEMONSTRATION PROGRAM

4. To show the color patternsin portrait mode, type the following:

13505SHOW /p

The program will display 16 hit-per-pixel mode. Press any key to go to the next screen. The pro-
gram will next display 15 bit-per-pixel mode and then 8 bit-per-pixel mode. Since portrait mode
islimited to 8, 15, and 16 bit-per-pixel mode the program exits. To exit the program immediately
press ESC.

The*“/p” switch can be used in combination with other command line switches.

To show solid vertical stripes, type the following:
13505SHOW /s

The program will display 16 bit-per-pixel mode. Press any key to go to the next screen. The pro-
gram will display 15 bit-per-pixel mode. Once all screens are shown the program exits. To exit
the program immediately press ESC.

The“/s" switch can be used in combination with other command line switches.

Using 13505SHOW For Testing
1. Toshow atest grid other the color pattern, type the following:

13505SHOW b=8 /g
The program will display the 8 bit-per-pixel color pattern overlayed with awhite grid pattern and
then exit. Note the grid is not aligned with the color pattern, therefore the color boxes will not
match the grid boxes.

The*/g” switch can be used in combination with other command line switches.

. To test background memory reads, type the following:

13505SHOW b=16 /read

The program will test screen reads. If there is a problem with memory access, the displayed pat-
tern will appear different than when the “/read” switch is not used. If thereis a problem, check
the configuration parameters of 13505SHOW using the utility 13505CFG. See the 13505CFG
Configuration Program (X23A-B-001-02) for more information.

The“/read” switch should be used in combination with the “b="' setting, otherwise the test will
always start with the 16 bit-per-pixel screen. To exit the program after using “/read”, press ESC
and wait for a couple of seconds (the keystroke is checked after reading a full screen).

Comments

13505SHOW cannot show a greater color depth than the display allows.
Portrait modeis available only for 8, 15, and 16 bit-per-pixel.

When using a PC with the S5U13505P00C evaluation board, the PC must not have more than
12M bytes of system memory.

13505SHOW usesthe panel color setup to determine whether to display amono or color image on
both the panel and the CRT. When editing in 13505CFG with CRT enabled and panel disabled,
select “Color” from the “Panel” dialog box if you want the CRT to show color.

For simultaneous display, select both “/lcd” and “/crt”.
If the “b=" option is not used, 13505SHOW will cycle through all available bit-per-pixel modes.

UTILITIES (X23A-B-001-02) EPSON 3-15



2: 13505SHOW DEMONSTRATION PROGRAM

Program Messages

ERROR: Could not initialize device.

These messages generally mean that the given hardware/software setup violates the timing limita-
tions described in the S1D13505 Hardware Functional Specification.

ERROR: Too many devicesregistered.

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

ERROR: Could not register S1D13505F00A device.

A S1D13505 device was not found at the configured addresses. Check the configuration address
using the “ 13505CFG configuration program’ .

ERROR: Did not find a 13505 device.

The HAL was unableto read the revision code register on the S1D13505. Ensure that the S1D13505
hardware isinstalled and that the hardware platform has been set up correctly.

ERROR: Continual screen read will not work with the /a switch.

The continual screen read function reads one screen indefinitely, so it is not possible to automati-
cally cycle through the video modes.

WARNING: b= option used with /noinit, so bit-per-pixel and display memory will NOT be
changed.

The b= option requests that registers be changed for a given bit-per-pixel mode, while the /noinit
option requests the opposite. To resolve this contradiction 13505SHOW will not change either the
registers or the display memory. Consequently “13505SHOW b=7?/noinit” is only useful for con-
tinually reading the display memory.

UNSUPPORTED MODE: Cannct show ?? bpp in portrait mode.
Only 8, 15, 16 bit-per-pixel modes are supported in portrait mode.

3-16 EPSON UTILITIES (X23A-B-001-02)
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3 13505SPLT DispLAY UTILITY

3.1 13505SPLT

13505SPLT demonstrates S1D13505 split screen capability by showing two different areas of dis-
play memory on the screen simultaneously. Screen 1 shows horizontal bars and Screen 2 shows ver-
tical bars.

Screen 1 memory islocated 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 result is a movement
up or down of screen 2 on the display.

The 13505SPLT display utility must be configured and/or compiled to work with your hardware
platform. The program 13505CFG.EXE can be used to configure 13505SPLT. Consult the
“13505CFG Configuration Program (X23A-B-001-02)” for more information on configuring
S1D13505 utilities.

This software is designed to work in both embedded and persona computer (PC) environments. For
the embedded environment, it is assumed that the system has ameans of downloading software from
the PC to the target platform. Typically, thisis done by serial communications. The PC uses atermi-
nal program to send control commands and information to the target processor. Alternatively, the PC
can program an EPROM, which isthen placed in the target platform. Some target platforms can also
communicate with the PC viaaparalléel port connection, or an Ethernet connection.

S1D13505 Supported Evaluation Platforms
13505SPLT supports the following S1D13505 evaluation platforms:
» PC system with an Intel 80x86 processor.
» M68332BCC (Business Card Computer) board, revision B, with a Motorola MC68332 processor.

» MG68ECO000IDP (Integrated Development Platform) board, revision 3.0, with aMotorola
M68ECO000 processor.

» SH3-LCEVB board, revision B, with an Hitachi SH-3 HD6417780 processor.

I nstallation

PC platform: copy the file 13505SPLT.EXE to adirectory that isin the DOS path on your hard
drive.

Embedded platform: download the program 13505SPLT to the system.
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Usage
PC platform: at the prompt, type 13505splt [/a] [/7?].
Embedded platform: execute 13505spl t and at the prompt, type the command line argument.

Where: no argunent enables manual split screen operation
la enables automatic split screen operation
/? displays the help screen

The following keyboard commands are for navigation within the program.

Manua mode: 1 moves Screen 2 up oneline
! moves Screen 2 down oneline
CTRL- 1 moves Screen 2 up several lines
CTRL- | moves Screen 2 down several lines
HOVE Screen 2 moved up as high as possible
END Screen 2 moved down as low as possible

Automatic and Manual modes:
b changes the color depth (bit-per-pixel)
ESC exits 13505SPLT

13505SPLT Example

Type “13505splt /a” to automatically move the split screen.

Press“b” to change the bit-per-pixel value from 16 to 15 bit-per-pixel.
Repeat step 2 for the remaining bit-per-pixel color depths: 8, 4, 2, and 1.

A w D P

Press <ESC> to exit the program.

Comments

* When using a PC with the S5U13505P00C evaluation board, the PC must not have more than
12M bytes of system memory.
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Program Messages

ERROR: Did not find a 13505 device.

The HAL was unableto read the revision code register on the S1D13505. Ensure that the S1D 13505
hardware isinstalled and that the hardware platform has been set up correctly.

ERROR: Too many devicesregistered.

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

ERROR: Could not register S1D13505F00A device.

A S1D13505 device was not found at the configured addresses. Check the configuration address
using the 13505CFG configuration program.

ERROR: Could not set ?? bit-per-pixel display mode.

This message generally means that the given hardware/software setup violates the timing limitations
described in the “ S1ID13505 Hardware Functional Specification” .
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A

4.1

13505VIRT DispLAY UTILITY

13505VIRT

13505VIRT demonstrates the virtual display capability of the S1D13505. A virtual display iswhere
the imageto be displayed islarger than the physical display device (CRT or LCD). 13505VIRT uses
panning and scrolling to allow the display device to show a“window” into the entire image.

The 13505VIRT display utility must be configured and/or compiled to work with your hardware
platform. The program 13505CFG.EXE can be used to configure 13505V IRT. Consult the
“13505CFG Configuration Program (X23A-B-001-02)” for more information on configuring
S1D13505 utilities.

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 ameans of downloading software from
the PC to the target platform. Typically thisis 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 viaa parallel port connection, or an Ethernet connection.

S1D13505 Supported Evaluation Platforms

13505VIRT has been tested with the following S1D13505 supported evaluation platforms:
* PC system with an Intel 80x86 processor.
* M68332BCC (Business Card Computer) board, revision B, with a Motorola MC68332 processor.

* MB8ECO000IDP (Integrated Development Platform) board, revision 3.0, with a Motorola
M68ECO000 processor.

e SH3-LCEVB board, revision B, with an Hitachi SH-3 HD6417780 processor.

I nstallation

PC platform: copy the file 13505V IRT.EXE to adirectory that isin the DOS path on your hard
drive.

Embedded platform: download the program 13505V IRT to the system.
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Usage
PC platform: at the prompt, type 13505vi rt [w=??] [/a] [/?].
Embedded platform: execute 13505vi rt and at the prompt, type the command line argument.

Where: no ar gunment panning and scrolling is performed manually

w=?? for manual mode, specifies the width of the virtual display
which must be amultiple of 8 and less than 2048 (the
default width is double the physical panel width); the maxi-
mum height is based on the display memory

/a panning and scrolling is performed automatically
[? displays the help screen

The following keyboard commands are for navigation within the program.

Manual mode; 1 scrolls up
! scrolls down
- pans to the left
- pans to the right
CTRL- 1 scrollsup severa lines
CTRL- | scrolls down several lines
CTRL- « pans to the left several lines
CTRL- - pans to the right several lines
HOVE moves the display screen so that the upper right corner of

the virtual screen showsin the display

END moves the display screen so that the lower left corner of the
virtual screen showsin the display

Automatic and Manual modes:
b changes the color depth (bit-per-pixel)
ESC exits 13505V IRT

13505VIRT Example
1. Type*13505virt /a’ to automatically pan and scroll.
2. Press“b” to change the bit-per-pixel value from 16 to 15 bit-per-pixel.

3. Repeat step 2 for the following bit-per-pixel values:
16, 15, 8, 4, 2, and 1.

4. Press <ESC> to exit the program.

Comments

* When using a PC with the S5U13505P00C evaluation board, the PC must not have more than
12M bytes of system memory.
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Program Messages

ERROR: Did not find a 13505 device.

The HAL was unableto read the revision code register on the S1D13505. Ensure that the S1D 13505
hardware isinstalled and that the hardware platform has been set up correctly.

ERROR: Too many devicesregistered.

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

ERROR: Could not register S1D13505F00A device.

A S1D13505 device was not found at the configured addresses. Check the configuration address
using the 13505CFG configuration program.

ERROR: Not enough display buffer memmory for ?? bpp.
There was not enough memory for avirtual screen.
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5 13505PLAY DiacNosTic UTILITY

5.1 13505PLAY

13505PLAY isadiagnostic utility which allows the user to read/write to all the S1D13505 Regis-
ters, Look-Up Tables and Display Buffer. 13505PLAY 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 1O (stdio).

13505PLAY commands can be entered interactively by a user, or be executed from a script file.
Scripting is a powerful feature which allows command sequences to be used repeatedly without
re-entry.

The 13505PLAY diagnostic utility must be configured and/or compiled to work with your hardware
platform. The program 13505CFG.EXE can be used to configure 13505PLAY. “ Consult the
13505CFG Configuration Program (X23A-B-001-02)" for more information on configuring
S1D13505 utilities.

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 thisis 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 viaa parallel port connection, or an Ethernet connection.

S1D13505 Supported Evaluation Platforms
13505PLAY supports the following S1D13505 evaluation platforms:
» PC system with an Intel 80x86 processor.
» M68332BCC (Business Card Computer) board, revision B, with a Motorola MC68332 processor.

» MG68ECO000IDP (Integrated Development Platform) board, revision 3.0, with aMotorola
M68ECO000 processor.

» SH3-LCEVB board, revision B, with an Hitachi SH-3 HD6417780 processor.

I nstallation

PC platform: copy the file 13505PLAY.EXE to adirectory that isin the DOS path on your hard
drive.

Embedded platfor m: download the program 13505PLAY to the system.
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Usage

PC platform: at the prompt, type 13505pl ay [/ ?].

Embedded platform: execute 13505pl ay and at the prompt, type the command line argument.

Where: / ? displays program version information.

The following commands are valid within the 13505PLAY program.

b 8] 16

f[w addrl addr2 data .

h [lines]

i [La [CRT]

| index [red green bl ue]

m [ bpp]

Setsthe ISA busto 8 or 16 hits.

Only sets up the PAL on the S5U13505P00C evalua-
tion board. Thereis no readback capability.

Only supported on a S5U13505P00C evaluation
board for the PC platform. Switch 1-1 on the ealua-
tion board must be set to the same bus width as used
with this command.

Fills bytes or words [w] from address 1 to address 2
with the data specified.

Datacan be multiplevalues(eg. F 0 20 1 2 3 4
fills 0 to Ox20 with arepeating pattern of 1 2 3 4).

Halts after lines of display. Thisfeature halts the
display during long read operations to prevent data
from scrolling off the display. Similar to the DOS
MORE command.

Set to 0 to disable this feature.

Initializes the chip with the specified configuration.
The configuration is embedded in the 13505PLAY
utility and can be changed using the 13505CFG util
ity.

See the “ 13505CFG Configuration Program (X23A-
B-001-02)", for instructions on changing the config-
uration.

If the output device is specified, the user can select
LCD, CRT, or both devices.

Reads/writes Look-Up Table (LUT) values.

Writes datato the LUT[index] when datais speci
fied.
Reads the LUT[index] when the datais not speci
fied.

Reads all LUT values.
Reads current mode information.
Sets the color depth (bpp) if “bpp” is specified.
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p 1]0 - Set power mode (hardware suspend).
1 = set hardware suspend.
0 = reset hardware suspend.

- Thiscommand is only supported on a
S5U13505P00C evaluation board for the PC plat-

form.
q - Quitsthe 13505PLAY utility.
r[w addr [count] - Reads number of bytes or words [w] from the

address specified by “addr”. If “count” is not
specified, then 16 bytes/words are read.

v - Calculates the frame rate from VNDP count (PC
platform only).

ww addr data . . . - Writes bytes or words [w] of datato the address
specified by “addr”.

- Datacan bemultiplevalues(eg. W0 1 2 3 4
writes the byte values 1 2 3 4 starting at address 0).

x index [data] - Reads/writes the registers.

- Writes datato REG[index] when “data’ is specified.
- Reads data from REG[index] when “data’ is not

specified.
xa - Readsal registers.
? - Displays Help information.

13505PLAY Example

Type "13505PLAY™" to start the program.

Type"?' for help.

Type"i" toinitialize the registers.

Type "xa" to display the contents of the registers.

Type "x 5" to read register 5.

Type "x 310" to write 10h to register 3.

Type"f O ffff aa" to fill the first FFFFh bytes of the display buffer with AAh.
Type"f O 1fffff ad" tofill 2M bytes of the display buffer with AAh.
Type"r 0 100" to read the first 100h bytes of the display buffer.

10. Type"q" to exit the program.

© © N o gk w NP
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Scripting

13505PLAY can be driven by a script file. Thisis useful when:
« thereisno display output and a current register statusis required.
« various registers must be quickly changed to view results.

A script fileisan ASCI| text file with one 13505PLAY command per line. All scripts must end with
a“q’ (quit) command.

On aPC platform, atypical script command line might be:
“13505PLAY < dumpregs.scr > results”

This causesthefile “dumpregs.scr” to be interpreted as commands by 13505PLAY and the resultsto
be sent to thefile “results”

Example: Create an ASCII text file that contains the commandsi , xa, and g.
; Thisfile initializes the S1D13505 and reads the registers.

; Note: after asemicolon (;), al characterson aline are ignored.

; Note: all script files must end with the “q” command.

i

xa

q

Comments

¢ All numeric values are considered to be hexadecimal unless identified otherwise. For example,
10 = 10h = 16 decimal; 10t = 10 decimal; 010b = 2 decimal.

 Redirecting commands from a script file (PC platform) allows those commands to be executed as
though they were typed.

¢ When using a PC with the S5U13505P00C evaluation board, the PC must not have more than
12M bytes of system memory.
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Program Messages

WARNING: Did not find a 13505 device.

The HAL was unableto read the revision code register on the S1D13505. Ensure that the S1D 13505
hardware isinstalled and that the hardware platform has been set up correctly.

ERROR: Failed to changeto ?? mode.

Could not changeto CRT, LCD, or SIMUL mode. This message generally means that the given
hardware/software setup violates the timing limitations described in the S1D13505 Hardware Func-
tional Specification.

ERROR: Could not changeto ?? bit-per-pixel.

This message generally means that the given hardware/software setup violates the timing limitations
described in the S1D13505 Hardware Functional Specification.

ERROR: Too many devicesregistered.

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

ERROR: Could not register S1D13505F00A device.

A S1D13505 device was not found at the configured addresses. Check the configuration address
using the 13505CFG configuration program.

ERROR: Insufficient memory for ?? bit-per-pixel.

The given display resolution requires alarger display buffer than is available to store the image.
Either increase the amount of display buffer or select alower color depth (bpp).

WARNING: Clocksaretoo fast for given mode.

This message is only shown if the “m” command was entered and the MCLK/PCLK frequencies
violated the timingsin the “ S1ID13505 Hardware Functional Specification” .
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6 13505BMP DEMONSTRATION PROGRAM

6.1 13505BMP

13505BMP is a demonstration utility used to show the S1D13505 display capabilities by rendering
bitmap images on the display. The program will display any bitmap in Windows BMP file format
and then exit. A 24-bit true color bitmap will be truncated to 16 bit-per-pixel mode.

13505BMP is designed to operate on a personal computer (PC) in the DOS environment. Other
embedded platforms are not supported due to the lack of memory and structured file systems.

The 13505BM P demonstration utility must be configured and/or compiled to work with your hard-
ware configuration. The program 13505CFG.EXE can be used to configure 13505BMP. “ Consult
the 13505CFG Configuration Program (X23A-B-001-02)” for more information on configuring
S1D13505 utilities.

S1D13505 Supported Evaluation Platforms
13505BM P supports the following S1D13505 evaluation platforms:
* PC system with an Intel 80x86 processor.

Note: The 13505BMP source code may be modified by the OEM to support other evaluation platforms.

Installation
Copy the file 13505BMP.EXE to adirectory that isin the DOS path on your hard drive.

Usage
At the prompt, type 13505bnp bnpfile [/a] [/crt] [/lcd] [/p] [/7].
Where: bmpfile filename of awindows format bmp image
/a adds a 2 second delay before automatically exiting
lcrt displaysthe image on a CRT
/lcd displaystheimage on aLCD
/p portrait mode
/? displaysthe Help screen

Note: 13505BMP will automatically finish execution and return to the prompt.

13505BMP Examples

To display abmp image on a CRT, type the following:
13505BM P bmpfile.bmp /crt

To display abmp image on a LCD, type the following:
13505BM P bmpfile.omp /lcd

To display abmp image on aLCD in portrait mode, type the following:
13505BM P bmpfile.omp /lcd /p

To display abmp image on a CRT and delay 2 seconds before exiting, type the following:
13505BM P bmpfile.omp /crt /a
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Comments
 13505BMP displays only Windows BMP format images.

» The PC must not have more than 12M bytes of memory when used with the S5U13505P00C eval-
uation board.

 Only the green component of the image will be seen on a monochrome display.

Program Messages
ERROR: Could not initialize device.

These messages generally mean that the given hardware/software setup violates the timing limita-
tions described in the “ S1D13505 Hardware Functional Specification” .

ERROR: Did not find a 13505 device.

The HAL was unableto read the revision code register on the S1D13505. Ensure that the S1D 13505
hardware isinstalled and that the hardware platform has been set up correctly.

ERROR: Too many devicesregistered.

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

ERROR: Could not register S1D13505F00A device.

A S1D13505 device was not found at the configured addresses. Check the configuration address
using the 13505CFG configuration program.

ERROR: Did not detect S1D13505.

The HAL was unableto read the revision code register on the S1D13505. Ensure that the S1D 13505
hardware isinstalled and that the hardware platform has been set up correctly.

ERROR: I nsufficient memory for ?? bit-per-pixel.

The given display resolution regquires more memory than is available to store one complete image.
Either increase the amount of display memory or select an image with alower bit-per-pixel value.
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7

7.1

13505PWR SOFTWARE SUSPEND POWER
SEQUENCING UTILITY

13505PWR

13505PWR is adiagnostic utility used to test some of the power save capabilities of the S1D13505.
13505PWR enables or disables the software suspend mode, hardware suspend mode, and the LCD,
allowing testing of the power sequencing in each mode.

To measure the timing for power sequencing, GPIO pin 1 isused to trigger an oscilloscope at the
point the requested power sequencing function is activated/deactivated. For further information on
LCD Power Sequencing and Power Save Modes, refer to the “ S1ID13505 Programming Notes and
Examples’ and the “ S1D13505 Functional Hardware Specification” .

The 13505PWR software suspend power sequencing utility must be configured and/or compiled to
work with your hardware platform. The program 13505CFG.EXE can be used to configure
13505PWR. Consult the “ 13505CFG Configuration Program (X23A-B-001-02)” for moreinforma:
tion on configuring S1D13505 utilities.

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 thisis 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 viaa parallel port connection, or an Ethernet connection.

S1D13505 Supported Evaluation Platforms

13505PWR supports the following S1D13505 eval uation platforms:
¢ PC system with an Intel 80x86 processor.
» M68332BCC (Business Card Computer) board, revision B, with a Motorola MC68332 processor.

* MG68ECO000IDP (Integrated Development Platform) board, revision 3.0, with a Motorola
M68ECO00 processor.

e SH3-LCEVB board, revision B, with an Hitachi SH-3 HD6417780 processor.

Installation

PC platform: copy the file 13505PWR.EXE to a directory that isin the DOS path on your hard
drive.

Embedded platform: download the program 13505PWR to the system.

3-30

EPSON UTILITIES (X23A-B-001-02)



7: 13505PWR SOFTWARE SUSPEND POWER SEQUENCING UTILITY

Usage
PC platform: at the prompt, type

13505pw [/software O /hardware | /lcd] [/enable O /disable] [/i]
[0 ] /1] [/7?].

Embedded platform: execute 13505pwr and at the prompt, type the command line argument.

Where: / sof twar e selects software suspend
[ har dwar e selects hardware suspend (PC only)
/1cd selectsthe LCD
/ enabl e activates software suspend, hardware suspend, or the LCD
/ di sabl e deactivates software suspend, hardware suspend, or the LCD
li initializes registers
/0 GPIO1 triggers on falling edge (1->0)
/1 GPIOL1 triggers on rising edge (0->1)
/? displays this usage message

Note: 13505PWR will automatically finish execution and return to the prompt.

13505PWR Examples

To enable software suspend mode, type the following:
13505PWR /sof tware /enabl e

To disable software suspend mode, type the following:
13505PWR /sof tware /di sabl e

To enable hardware suspend mode, type the following:
13505PWR / har dwar e /enabl e

To disable hardware suspend mode, type the following:
13505PWR / hardwar e / di sabl e

To enable the LCD, type the following:
13505PWR /1 cd /enabl e

To disable the LCD, type the following:
13505PWR /1 cd /disabl e

Comments

» The/ i argument isto be used when the registers have not been previoudly initialized.

* When using a PC with the S5U13505P00C evaluation board, the PC must not have more than
12M bytes of system memory.

» GPIO1 isused to signal when the software suspend mode, hardware suspend mode, or LCD has
been enabled or disabled.

» Hardware suspend is changed by reading or writing to a memory address decoded by the PAL on
the S5U13505P00C evaluation board. This PAL iscurrently only used for PC platforms, so the
S5U13505P00C evaluation board does not support hardware suspend on embedded platforms.
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Program Messages

ERROR: Did not detect S1D13505.

The HAL was unableto read the revision code register on the S1D13505. Ensure that the S1D 13505
hardware isinstalled and that the hardware platform has been set up correctly.

ERROR: Unknown command line argument.

An invalid command line argument was entered. Enter avalid command line argument.

ERROR: Already selected SOFTWARE.
Command line argument / sof t war e was selected more than once. Select / sof t war e only once.

ERROR: Already selected HARDWARE.
Command line argument / har dwar e was selected more than once. Select / har dwar e only once.

ERROR: Already selected LCD.
Command line argument / | cd was selected more than once. Select / | cd only once.

ERROR: Already selected ENABLE.
Command line argument / enabl e was selected more than once. Select / enabl e only once.

ERROR: Already selected DISABLE.
Command line argument / di sabl e was selected more than once. Select / di sabl e only once.

ERROR: Select /software, /hardware or /lcd.

Did not select one of the following command line arguments: / sof t war e, /har dwar e or /I cd.
Select /sof t war e, / har dwar e or /| cd.

ERROR: Select /enable or /disable.

Neither command line argument / enabl e or / di sabl e was selected. Select / enabl e or / di s-
abl e.

ERROR: Too many devicesregistered.

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

ERROR: Could not register S1D13505F00A device.

A S1D13505 device was not found at the configured addresses. Check the configuration address
using the 13505CFG configuration program.
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1: INTRODUCTION

1 INTRODUCTION

This manual describes the setup and operation of the S5U13505P00C Rev. 1.0 Evaluation Board.
Implemented using the S1D 13505 Embedded RAMDAC LCD/CRT Controller, the S5U13505P00C
isdesigned for the | SA bus environment. It also provides CPU/Businterface connectorsfor non-1SA
bus support.

For more information regarding the S1D13505, refer to the “ SID13505 Hardware Functional Spec-
ification” .

11 Features

* 128-pin QFP15 surface mount package.

e SMT technology for all appropriate devices.

* 4/8-bit monochrome passive LCD panel support.

* 4/8/16-bit color passive LCD panel support.

» 9/12/18-bit LCD TFT/D-TFD panel support.

» Embedded RAMDAC for CRT support.

* 16-bit ISA bus support.

* Oscillator support for CLKI (up to 40.0MHz).

* 5.0V 1M x 16 EDO-DRAM (2M byte).

* Support for software and hardware suspend modes.

» On-board adjustable L CD bias power supply (+24..38V or -24..14V).
» CPU/Bus interface header strips for non-1SA bus support.

S5U13505P00C REV. 1.0 ISA BUS EVALUATION BOARD  EPSON 4-1
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2: INSTALLATION AND CONFIGURATION

2 |INSTALLATION AND CONFIGURATION

The S1D13505 has 16 configuration inputs MD[15:0] which are read on the rising edge of RESET#.
Inputs MD[5:1] are fully configurable on this evaluation board for different host bus selections; one
eight-position DIP switch is provided for this purpose. All remaining configuration inputs are hard-
wired. See the " S1D13505 Hardware Functional Specification” for more information.

The following settings are recommended when using the S5U13505P00C with the | SA bus.

Table 2-1 Configuration DIP Switch Settings

Switch | Signal

Closed (1)

Open (0)

SW1-1

SW1-2

MD2

SW1-3

MD3

MD1 See “Host Bus Selection” table below

See “Host Bus Selection” table below

SW1-4

MD4 Little Endian

Big Endian

SW1-5

MD5 Wait# signdl is active high

Wait# signal is active low

SW1-6

MD13 Reserved

SW1-7

MD14

SW1-8

MD15

Table 2-2 Host Bus Selection

MD3/ SW1-3 MD2 / SW1-2 MD1 / SW1-1 Host Bus Interface
open (0) open (0) open (0) SH-3/SH-4 businterface
open (0) open (0) closed (1) MC68K bus 1 interface (e.g. MC68000)
open (0) closed (1) open (0) MC68K bus 2 interface (e.g. MC68030)
open (0) closed (1) closed (1) Generic businterface
closed (1) open (0) open (0) Reserved
closed (1) open (0) closed (1) MIPS/ISA
closed (1) closed (1) open (0) PowerPC
closed (1) closed (1) closed (1) PC Card (PCMCIA)

| = recommended settings (configured for | SA bus support)

Table 2-3 Jumper Settings

Description 1-2 2-3
JP1 DRDY (pin 76, S1D13505) Pin 76 connected to J6 pin 38 Pin 76 connected to J6 pin 35
JP2 LCD Vb selection 5.0V LCD driver Vbp 3.3V LCD driver Vbb

Note: JP1 is for internal use only, default setting is 1-2.

EPSON S5U13505P00C REV. 1.0 ISA BUS EVALUATION BOARD
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3: LCD INTERFACE PIN MAPPING

3 LCD INTERFACE PIN MAPPING

Table 3-1 LCD Signal Connector (J6)

Color TFT/D-TFD Color Passive Mono Passive
S1D13505 | connector
Pin Names |  pin No. 9-bit 12-bit 18-bit 4-bit 8-hit 16-bit 4-bit 8-bit
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 uDO ubDO U]n]0] U]n]0] U]n]0]
FPDATS 11 GO Gl G3 uD1 uD1 uD1 uD1 uD1
FPDAT6 13 B2 B3 B5 ubD2 ubD2 ubD2 ubD2 ubD2
FPDAT7 15 B1 B2 B4 uD3 ubD3 ubD3 ubD3 ubD3
FPDAT8 17 BO B1 B3 LD4
FPDAT9 19 RO R2 LD5
FPDAT10 21 R1 LD6
FPDAT11 23 GO G2 LD7
FPDAT12 25 Gl ubD4
FPDAT13 27 GO ubD5
FPDAT14 29 BO B2 UD6
FPDAT15 |31 B1 uD7
FPSHIFT 33 FPSHIFT
DRDY 35 FPSHIFT2
FPLINE 37 FPLINE
FPFRAME | 39 FPFRAME
GND 2-26 GND
(Even Pins)
N/C 28
VEEH 30 Adjustable -24..-14V negative LCD bias
LCbvCC |32 Jumper selectable +3.3V/+5V
+12V 34 +12V
VDDH 36 Adjustable +15..+38V positive LCD bias
DRDY 38 DRDY MOD FPSHIFT2 | MOD
LCDPWR# | 40 LCDPWR#
S5U13505P00C REV. 1.0 ISA BUS EVALUATION BOARD  EPSON 4-3
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4: CPU/BUS INTERFACE CONNECTOR PINOUTS

4 CPU/Bus |INTERFACE CONNECTOR
PINOUTS

Table 4-1 CPU/BUS Connector (H1) Pinout

Connector Comments
Pin No.

1 Connected to DBO of the S1D13505
2 Connected to DB1 of the S1D13505
3 Connected to DB2 of the S1D13505
4 Connected to DB3 of the S1D13505
5 Ground
6 Ground
7 Connected to DB4 of the S1D13505
8 Connected to DB5 of the S1D13505
9 Connected to DB6 of the S1D13505
10 Connected to DB7 of the S1D13505
11 Ground
12 Ground
13 Connected to DB8 of the S1D13505
14 Connected to DB9 of the S1D13505
15 Connected to DB10 of the S1D13505
16 Connected to DB11 of the S1D13505
17 Ground
18 Ground
19 Connected to DB12 of the S1D13505
20 Connected to DB13 of the S1D13505
21 Connected to DB14 of the S1D13505
22 Connected to DB15 of the S1D13505
23 Connected to RESET# of the S1D13505
24 Ground
25 Ground
26 Ground
27 +12 volt supply
28 +12 volt supply
29 Connected to WEG# of the S1D13505
30 Connected to WAIT# of the SID13505
31 Connected to CS# of the S1D13505
32 Connected to MR# of the SID13505
33 Connected to WE1# of the S1D13505
34 Not connected
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4: CPU/BUS INTERFACE CONNECTOR PINOUTS

Table 4-2 CPU/BUS Connector (H2) Pinout

Cormector Comments
Pin No.

1 Connected to ABO of the S1D13505
2 Connected to AB1 of the S1D13505
3 Connected to AB2 of the S1D13505
4 Connected to AB3 of the S1D13505
5 Connected to AB4 of the S1D13505
6 Connected to AB5 of the S1D13505
7 Connected to AB6 of the S1D13505
8 Connected to AB7 of the S1D13505
9 Ground
10 Ground
11 Connected to AB8 of the S1D13505
12 Connected to AB9 of the S1D13505
13 Connected to AB10 of the S1D13505
14 Connected to AB11 of the S1D13505
15 Connected to AB12 of the S1D13505
16 Connected to AB13 of the S1D13505
17 Ground
18 Ground
19 Connected to AB14 of the S1D13505
20 Connected to AB15 of the S1D13505
21 Connected to AB16 of the S1D13505
22 Connected to AB17 of the S1D13505
23 Connected to AB18 of the S1D13505
24 Connected to AB19 of the S1D13505
25 Ground
26 Ground
27 +5 volt supply
28 +5 volt supply
29 Connected to RD/WR# of the S1D13505
30 Connected to BS# of the S1D13505
31 Connected to BUSCLK of the S1D13505
32 Connected to RD# of the S1D13505
33 Connected to AB20 of the S1D13505
34 Not connected

S5U13505P00C REV. 1.0 ISA BUS EVALUATION BOARD EPSON
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5: HOST BUS INTERFACE PIN MAPPING

5 Host Bus INTERFACE PIN MAPPING

Table 5-1 CPU Interface Pin Mapping

lfiiD,\}:;%i SH-3 SH-4 MC681K Bus MCGSZK BUS | Generic | MIPS/ISA | PowerPC | PCMCIA
AB20 A20 A20 A20 A20 A20 LatchA20 All A20
AB[16:13] | A[19:13] | A[19:13] | A[19:13] | A[19:13] | A[19:13] | SA[19:13] | A[12:18] | A[19:13]
AB[12:1] Al121] | A[121] A[12:1] A[12:1] A[12:1] SA[12:]] | A[19:30] | A[12:1]
ABO AO AO LDS# AO AO SAO A3L AO
DB[15:0] D[150] | D[15:0] D[15:0] D[31:16] D[150] | SD[150] | D[0:15] D[15:0]
WEL# WEL# WE1L# UDSH# DS# WE1# SBHE# BI# CE2
M/R# External Decode
Cs# External Decode
BUSCLK CKIO CKIO CLK CLK BCLK CLK CLKOUT CLKI
BS# BS# BS# ASH ASH VbD VbD TSH VbD
RD/WR# | RD/WR# | RDIWR# | RW# RIW# RD1# VoD RD/WR# CE1
RD# RD# RD# VoD SIz1 RDO# MEMR# | TSIZO OE
WEG# WEO# WEO# VoD S1Z0 WEO# MEMW# | TSIZ1 WE
WAIT# WAIT# RDY DTACK# | DSACK1# | WAIT# | IOCHRDY TA# WAIT
RESET# | RESET# | RESET# | RESET# | RESET# | RESET# | inverted | RESET# | inverted
RESET RESET
4'6 EPSON S5U13505P00C REV. 1.0 ISA BUS EVALUATION BOARD
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6: TECHNICAL DESCRIPTION

6

6.1

Notes:

6.2

6.3

6.4

6.5

TECHNICAL DESCRIPTION

| SA Bus Support

The S5U13505P00C directly supports the 16-bit |SA bus environment. All the configuration options
[MD15:0] are either hard-wired or selectable through the eight-position DIP Switch S1. Refer to
Table 2-1, “Configuration DIP Switch Settings,” on page 4-2 for detail.

1. The S5U13505P00C evaluation board supports a 16-hit ISA bus only.

2. The S1D13505 is a memory-mapped device with 2M bytes of linear addressed display buffer
and a separate 47 byte register space. On the S5U13505P00C, the S1D13505 2M byte display
buffer has been mapped to a start address of CO0000h and the registers have been mapped to a
start
address of EO0000h.

3. When using this board in a PC environment, system memory must be limited to 12M bytes, to
prevent the system addresses will conflict with the S1D13505 display buffer/register addresses.

Non-I SA Bus Support

This evaluation board is specifically designed to support the standard 16-bit ISA bus. However, the
S1D13505 directly supports many other host bus interfaces. Header strips H1 and H2 have been
provided and contain all the necessary 1/0 pinsto interface to these buses. See, Section 4, “ CPU/Bus
Interface Connector Pinouts’ , Table 2-1, “Configuration DIP Switch Settings,” and Table 2-3,
“Jumper Settings,” for details.

When using the header stripsto provide the bus interface observe the following:

 All I/O signals on the I SA 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.

* For the |SA bus, a22Vv 10 PAL (U4, socketed) is currently used to provide the S1D13505 CS# (pin
4), M/R# (pin 5) and other decode logic signals. This functionality must now be provided
externally. Remove the PAL from its socket to eliminate conflicts resulting from two different
outputs driving the same input. Refer to Table 2-2, “Host Bus Selection,” for connection details.

DRAM Support

The S1D13505 supports 256K x 16 aswell as 1M x 16 FPM/EDO-DRAM in symmetrical and
asymmetrical formats.

The S5U13505P00C board supportsa 5.0V 1M x 16 symmetrical EDO-DRAM (42-pin SOJ pack-
age). This provides a2M byte display buffer.

Decode Logic

This board utilizes the MIPS/ISA Interface of the S1D13505 (see the “ S1ID13505 Hardware Func-
tional Specification” ).

All required decode logic is provided through a 2210 PAL (U4, socketed).

Clock Input Support

The S1D13505 supports up to a40.0MHz input clock frequency. A 40.0MHz oscillator (U2, sock-
eted) is provided on the S5U13505P00C board as the clock (CLKI) source.

S5U13505P00C REV. 1.0 ISA BUS EVALUATION BOARD  EPSON 4-7
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6: TECHNICAL DESCRIPTION

6.6

6.7

6.8

6.9

Monochrome LCD Panel Support

The S1D13505 supports 4 and 8-bit, dual and single, monochrome passive LCD panels. All neces-
sary signals are provided on the 40-pin ribbon cable header J6. Theinterface signals on the cable are
alternated with grounds to reduce crosstalk and noise.

Refer to Table 3-1, “LCD Signa Connector (J6),” for connection information.

Color Passive LCD Panel Support

The S1D13505 directly supports 4, 8 and 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 on the
cable are aternated with grounds to reduce crosstalk and noise.

Refer to Table 3-1, “LCD Signa Connector (J6),” for connection information.

Color TFT/D-TFD LCD Panel Support

The S1D13505 supports 9, 12 and 18-hit active matrix color TFT/D-TFD panels. All the necessary
signals can also be found on the 40-pin LCD connector J6. The interface signals on the cable are
alternated with grounds to reduce crosstalk and noise.

When supporting an 18-bit TFT/D-TFD panel, the S1D13505 can display 64K of a possible 256K
colors. A maximum 16 of the possible 18 hits of LCD data are available from the S1D13505. Refer
to the “ S1D13505 Hardware Functional Specification” for details.

Refer to Table 3-1, “LCD Signal Connector (J6),” for connection information.

CRT Support

This evaluation board provides CRT support through the S1D13505's embedded RAMDAC. Refer
to the “ S1D13505 Hardware Functional Specification” for details.

6.10 Power Save Modes

The S1D13505 supports one hardware suspend and one software suspend Power Save Mode.

6.11 Adjustable LCD Panel Negative Power Supply

Most monochrome passive LCD panels require a hegative power supply to provide between -18V
and -23V (lout=45mA). 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 R29 to supply an output voltage
from -14V to -23V and is enabled/disabled by the S1D13505 control signal LCDPWR#.

Determine the panel’s specific power requirements and set the potentiometer accordingly before
connecting the panel.

6.12 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 provide between +23V and +40V (lout=45mA). 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 R23 to provide an output voltage from +23V to +40V and is enabled/dis-
abled by the S1D13505 control signal LCDPWR#.

Determine the panel’s specific power requirements and set the potentiometer accordingly before
connecting the panel.

4-8
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6: TECHNICAL DESCRIPTION

6.13 CPU/Bus I nterface Header Strips

All of the CPU/Businterface pins of the S1D13505 are connected to the header strips H1 and H2 for
easy interface to a CPU, or bus other than ISA.

Refer to Table 4-1, “CPU/BUS Connector (H1) Pinout,” and Table 4-2, “CPU/BUS Connector
(H2) Pinout,” for specific settings.

Note: These headers only provide the CPU/Bus interface signals from the S1D13505. When another host
bus interface is selected through [MD3:1] configuration, appropriate external decode logic MUST be
used to access the S1D13505. See the section “Host Bus Interface Pin Mapping” of the S1D13505
Hardware Functional Specification.

6.14 Schematic Notes

The following schematics are for reference only and may not reflect actual implementation. Please
request updated information before starting any hardware design.

S5U13505P00C REV. 1.0 ISA BUS EVALUATION BOARD EPSON 4-9
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7: PARTS LIST

{ PARTSLIST

Item No. | Qty/Board Designation Part Value Description

1 16 C1,C2,C3,C4,C5,C6,C7,C10,C11, 0.1uF 0805 ceramic capacitor
C12,C13,C18,C25,C27,C28,C29

2 1 C8 0.01uF 0805 ceramic capacitor

3 2 C9,C30 1uF 6V Tantalum capacitor size A

4 2 C14,C19 47uF 6V Tantalum capacitor size D

5 3 C15,C16,C17 4.7uF 50V Tantalum capacitor size D

6 1 C20 56uF 35V Low-ESR electrolytic

7 4 C21,C22,C23,C24 4.7uF 16V Tantalum capacitor size B

9 3 D1,Db2,D3 BAV99 Signal diode

10 2 H1,H2 HEADER 17X2

11 2 JP1,JP2 HEADER 3

12 1 J VGA connector

13 1 J2 AT CON-A

14 1 J3 AT CON-B

15 1 JA AT CON-C

16 1 J5 AT CON-D

17 1 J6 CONA40A

18 6 L1,L2L3,L4,L5L7 Ferrite bead Philips BDS3/3/8.9-4S2

19 1 L6 Inductor 1pH

20 2 Q1,Q3 MMBT2222A

21 1 Q2 MMBT2907A

22 10 R1,R2,R21,R26,R30,R31,R32,R33, | 10K 0805 resistor
R34,R35

23 2 R3,R4 39 Ohms 0805 resistor

24 3 R5,R6,R7 150 1% 0805 resistor

25 1 R8 2.8K 1% 0805 resistor

26 1 R9 1K 1% 0805 resistor

27 1 R10 140 1% 0805 resistor

28 10 R11,R12,R13,R14,R15,R16,R17, 15K 0805 resistor
R18,R19,R20

29 1 R22 470K 0805 resistor

30 1 R23 200K Pot.

31 1 R24 14K 0805 resistor

32 1 R25 47K 0805 resistor

33 2 R28,R27 100K 0805 resistor

34 1 R29 100K Pot.

35 1 S1 SW DIP-8

36 1 Ul S1D13505F00A

37 1 u2 40MHz oscillator

38 1 U3 MT4C1M16E5DJS-5 50ns self-refresh EDO DRAM

39 1 U4 PAL22V10-15

40 1 us RD-0412 Xentek RD-0412

41 1 U6 EPNOO01 Xentek EPN0OO1

42 3 u7,U8,u9 7T4AHC244

43 1 u10 LT1117CM-3.3 “5V to 3.3V regulator, 800mA”
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8: SCHEMATIC DIAGRAMS
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Figure 8-1 S5U13505P00C Schematic Diagram (1 of 4)
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Figure 8-2 S5U13505P00C Schematic Diagram (2 of 4)
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1: INTERFACING THE S1D13505 TO THE PC CARD BUS

1

11

INTERFACING THE S1D13505 10 THE PC
CARD Bus

I ntroduction

This application note describes the hardware necessary to provide an interface between the
S1D13505 Embedded RAMDAC LCD/CRT Controller and the PC Card (PCMCIA) bus.

For further information on the S1D13505 please refer to its “Hardware Functional Specification” .
For information on the PC Card standard contact the Personal Computer Memory Card | nternational
Association (PCMCIA).

General Description

The S1D13505 was designed to directly support a variety of CPU’s, providing an interface to their
unique ‘local bus'. However, in order to provide support for processors not having an appropriate
local bus, the S1D13505 also supports both a Generic (ISA-Bus like interface) and a specific

PC Card (PCMCIA) interface.

The S1D13505 provides adirect ‘glueless interface to the 16-bit PC Card bus, with the following

exceptions;

1. The RESET#signal onthe S1D13505 is active low and therefore must be inverted to support the
active high RESET provided by the PC Card interface

2. Although the S1D13505 supports an asynchronous businterface, a clock sourceis required on
the BCLK input pin.

Note: The BCLK frequency is not critical and does not have to be synchronized to the bus signals.

APPLICATION NOTES (X23A-G-005-05) EPSON 5-1



1: INTERFACING THE S1D13505 TO THE PC CARD BUS

The following diagram demonstrates a typical implementation of the interface.

PC Card socket S1D13505
OFE# RD#
WE# WEO#
CEl# RD/WR#
CE2# WE1#
RESET RESET#
VDD BSH
g’ CS#
/L, M/R#
A[25:0] A[200] | AB[20:0]
D[15:0] DBJ[15:0]
15K
WAIT# WAIT#
BUSCLK
Oscillator CLKI
Figure 1-1 Schematic for S1D13505 in PC Card Bus
Register/Memory Mapping

The PC Card socket provides 64M byte of address space. The S1D13505 is a memory mapped
device; 2M byte Display Buffer, and 47 byte Internal Register Set.

Table 1-1 shows atypical implementation having the Chip Select pin (CS#) connected to ground
(always enabled) and the Memory/Register Select pin (M/R#) connected to Address bit A21. This
provides the following decoding:

Table 1-1 Register/Memory Mapping Typical Implementation

M/R#

CS# (A21) Address Range Function
0 0 0- 1FFFFFh Internal Register Set decoded !
0 1 200000h - 3FFFFFh Display Buffer decode

Note: The internal register set only requires 47 bytes. Therefore, without further resolution on the decode
select 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 A25 to A22 are ignored, the S1D13505
registers and display memory are aliased sixteen times. If aliasing is not desirable, the upper ad-
dresses must be fully decoded.

5-2 EPSON APPLICATION NOTES (X23A-G-005-05)



1: INTERFACING THE S1D13505 TO THE PC CARD BUS

1.2 S1D13505 Configuration

Hardware Configuration

The S1D13505 is configured on power-up by latching the power-on state of the DRAM data pins,
MD[15:0]. Refer to the “ S1D13505 Hardware Functional Specification” for details.

The“partial” table below shows those configuration settings important in interfacing to the PC Card

bus as shaded.
Table 1-2 Summary of Power On/Reset Options

S1D13505 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
MD[3:1] 111 = PC Card bus interface
MD4 Little Endian Big Endian
MD5 WAIT# is active high (1 = insert wait state) WAIT# is active low (0 = insert wait state)
MD11 Alternate host bus interface selected Primary host bus interface selected
MD12 BUSCLK input divided by two BUSCLK input not divided by two
Performance

The S1D13505 PC Card Interfaceis specified to support aBCLK of up to 50MHz, and therefore can
provide a high performance display solution.

APPLICATION NOTES (X23A-G-005-05) EPSON 5-3



2: INTERFACING TO THE NEC VR4102TM /VR4111TM MICROPROCESSOR

2 INTERFACING TOTHE NEC VR4102™ /\/R4111™™
M1 CROPROCESSOR

2.1 Introduction

This application note describes the hardware and software environment necessary to provide an
interface between the S1D13505 Embedded RAMDAC LCD/CRT Controller and the NEC
VR4102™ (uUPD30102) or Vr4111™ (uPD30111) Microprocessor.

For further information on either device refer to their respective technical specifications.

General Description

The NEC VRrR4102™ Microprocessor is specifically designed to support an external LCD controller.
It provides the necessary interna address decoding and control signals. The S1D13505 can make
use of the interface to easier support the NEC Vr4102™T™,

The diagram below shows a typical implementation.

NEC VR4102 S1D13505
WR# WEO#
SHB# WE1#
RD# RD#
LCDCS# Palop cs#
LCDRDY WAIT#
A21 D—Dc M/R#
RSTOUT D@ RESET#
ADDI[25:0] AB[20:0]
DAT[15:0] DB[15:0]
BUSCLK BUSCLK
VED
BS#
RD/WR#

Figure 2-1 NEC VR4102™ to S1D13505 Configuration Schematic
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2: INTERFACING TO THE NEC VR4102TM /VR4111TM MICROPROCESSOR

2.2 S1D13505 Configuration

Hardware Description

The S1D13505 is configured on power-up by latching the power-on state of the DRAM data pins,
MD[15:0]. Refer to the “ S1ID13505 Hardware Specification” for details.

The “partial” table below shows those configuration settings important to the NEC VrR4102™/
Vr4111™ CPU interface.

Table 2-1 Summary of Power-On/Reset Options

S1D13505 Value on this pin at rising edge of RESET# is used to configure: (1/0)

Pin Name 1 0

MDO 8-bit host businterface 16-bit host bus interface

MD[3:1] 101 = MIPY/ISA businterface

MD4 Little Endian Big Endian

MD5 WAIT#is active high (1 = insert wait state) WAIT#is active low (0 = insert wait state)
MD11 Alternate host bus interface selected Primary host bus interface selected

NEC VRr4102™/VR4111™ Configuration

The NEC Vr4102™/VR4111™ provides the internal address decoding necessary to map to an exter-
nal LCD controller. Physical address 0xOA000000h to OXOA FFFFFFh (16M bytes) is reserved for
an external LCD controller.

The S1D13505 supports up to 2M bytes of display buffer. The NEC Vr4102™/Vr4111™ address
line A21 is used to select between the S1D13505 display buffer and internal registers.

APPLICATION NOTES (X23A-G-005-05)
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3: INTERFACING TO THE NEC VrR4121TM MICROPROCESSOR

3 INTERFACING TO THE NEC VR4121™
M| CROPROCESSOR

3.1 Introduction

This application note describes the hardware and software environment necessary to provide an
interface between the S1D13505 Embedded RAMDAC LCD/CRT Controller and the NEC
VR4121™ (UPD30121) microprocessor.

For further information on the S1D13505, refer to the “ S1D13505 Hardware Functional Specifica-
tion”.
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3: INTERFACING TO THE NEC VRrR4121TM MICROPROCESSOR

3.2 Configuration

Hardware Description

The NEC VR4121™ microprocessor is specifically designed to support an external LCD controller.
It provides all the necessary internal address decoding and control signals required by the

S1D13505.

The diagram below shows atypical implementation utilizing the S1D13505.

NEC VR4121 S1D13505
WR# WEO#
SHB# WE1#
RD# RD#
LCDCS# Palap CS#
LCDRDY WAIT#
System RESET RESET#
ADD21 M/R#
ADD[25:0] AB[20:0]
DAT[15:0] DBJ[15:0]
BUSCLK BUSCLK
VbD(+3.3V)
¢ BS#
+3.3V
Vop3 |5 RD/WR#
VD2 +2.5V Voo

Figure 3-1 NEC VR4121™ to S1D13505 Configuration Schematic
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3: INTERFACING TO THE NEC VrR4121TM MICROPROCESSOR

NEC VR4121™ Configuration

Note:

The NEC VR4121™ register BCUCNTREGL bit ISAM/LCD must be set to “0”. A “0” indicates
that the reserved address spaceis for the LCD controller, and not for the high-speed ISA memory.
Theregister BCUCNTREG2 bit GMODE must be set to “1” to indicate that a non-inverting data bus
is used for LCD controller accesses.

The LCD interface must be set to operate using a 16-bit data bus. Thisis accomplished by setting the
NEC VR4121™ register BCUCNTREGS3 hit LCD32/ISA32to “0".

Setting the register BCUCNTREGS3 bit LCD32/ISA32 to “0” affects both the LCD controller and high-
speed ISA memory access.

The frequency of the BUSCLK output can be programmed from the state of pins TxD/CLKSEL 2,
RTS#CLKSEL1 and DTR#/CLKSELO during reset, and from the PMU (Power Management Unit)
configuration registers of the NEC VR4121™, The S1D13505 works at any of the frequencies pro-
vided by the NEC Vr4121T™,

Memory Mapping and Aliasing

The NEC VR4121™ provides the internal address decoding required by an external LCD controller.
The physical address range from 0A000000h to OAFFFFFFh (16M bytes) is reserved for use by an
external LCD controller (e.g. S1D13505).

The S1D13505 supports up to 2M bytes of display buffer. The NEC VR4121™ addresslineADD21
(connected to M/R#) is used to select between the S1D13505 display buffer (ADD21=1) and the
S1D13505 internal registers (ADD21=0). NEC VR4121™ address lines ADD[23:22] are ignored,
thus the S1D13505 is aliased four times at 4M byte intervals over the LCD controller address range.
Address linesADD[25:24] are set at 10b and never change while the LCD controller isbeing
addressed.

5-8

EPSON APPLICATION NOTES (X23A-G-005-05)



3: INTERFACING TO THE NEC VRrR4121TM MICROPROCESSOR

S1D13505 Pin Mapping

Table 3-1 S1D13505 to NEC VR4121™ Pin Mapping

S1D13505 Pin Name NEC VRrR4121 Pin Name
WE1# SHB#
RD# RD#
WEO# WR#
WAIT# LCDRDY
CSt LCDCS#
DB[15:0] DAT[15:0]
AB[20:0] ADD[20:0]
M/R# ADD21
RESET# RESET
BUSCLK BUSCLK
BS#, RD/WR# are connected to Vb (+3.3V)

S1D13505 Configuration

The S1D13505 latches MDO through MD15 to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. The partial table below shows those configuration
settings relevant to the MIPS/ISA host bus interface used by the NEC VR4121™ microprocessor.

Table 3-2 S1D13505 Configuration for NEC VR4121™T™™

S1D13505 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
MD[3:1] 101 = MIPS/ISA host businterface
MD4 Little Endian Big Endian
MD5 WAIT# is active high (1 = insert wait state) WAIT#is active low (0 = insert wait state)
MD11 Alternate host bus interface selected Primary host bus interface selected

I:I = configuration for NEC VR4121™ microprocessor

APPLICATION NOTES (X23A-G-005-05) EPSON 5-9



4: INTERFACING TO THE PHILIPS MIPS PR31500/PR31700 PROCESSOR

4 |NTERFACING TO THE PHILIPS MIPS
PR31500/PR31700 PROCESSOR

4.1 Introduction

This application note describes the hardware and software environment necessary to provide an
interface between the S1D13505 Embedded RAMDAC LCD/CRT Controller and the Philips MIPS
PR31500/PR31700 Processor.

4.2 Interfacing to the PR31500/PR31700

The Philips MIPS PR31500/PR31700 processor supports up to two PC Card (PCMCIA) dots. It is
through this host bus interface that the S1D13505 connects to the PR31500/PR31700 processor.

The S1D13505 can be successfully interfaced using one of the following configurations:
« Direct connection to the PR31500/PR31700.
e System design using the ITE IT8368E PC Card/GPIO buffer chip.

5-10 EPSON APPLICATION NOTES (X23A-G-005-05)



4: INTERFACING TO THE PHILIPS MIPS PR31500/PR31700 PROCESSOR

4.3 S1D13505 Host Bus I nterface

The S1D13505 implements a 16-bit host bus interface specifically for interfacing to the PR31500/
PR31700 microprocessor.

The PR31500/PR31700 host bus interface is selected by the S1D13505 on the rising edge of
RESET#. After releasing reset, the bus interface signal s assume their selected configuration. For
details on S1D13505 configuration, see“ S1ID13505 Configuration” on page 14.

Note: At reset, the Host Interface Disable bit in the Miscellaneous Disable Register (REG[1Bh] bit 7) is set
to 1. This means that only REG[1Ah] (read-only) and REG[1Bh] are accessible until a write to
REG[1Bh] sets bit 7 to 0 making all registers accessible. When debugging a new hardware de-
sign, this can sometimes give the appearance that the interface is not working, so it is important to re-
member to clear this bit before proceeding with debugging.

PR31500/PR31700 Host Bus I nterface Pin Mapping

The following table shows the function of each host bus interface signal.

Table 4-1 PR31500/PR31700 Host Bus Interface Pin Mapping

S1D13505 Pin Name Philips PR31500/PR31700
AB20 ALE
AB19 /CARDREG
AB18 /CARDIORD
AB17 /CARDIOWR
AB[16:13] VDD
AB[12:0] A[12:0]
DB[15:8] D[23:16]
DBJ[7:0] D[31:24]
WE1# /CARDXCSH
M/R# VDD
CSH VDD
BUSCLK DCLKOUT
BS# VDD
RD/WR# /CARDXCSL
RD# /RD
WEGH# IWE
WAIT# ICARDXWAIT
RESET# RESET#

PR31500/PR31700 Host Bus I nterface Signals

When the S1D13505 is configured to operate with the PR31500/PR31700, the host interface
requires the following signals:

» BUSCLK isaclock input required by the S1D13505 host bus interface. It is separate from the
input clock (CLKI) and should be driven by the PR31500/PR31700 bus clock output DCLKOUT.

» Addressinput AB20 corresponds to the PR31500/PR31700 signal ALE (address latch enable)
whose falling edge indicates that the most significant bits of the address are present on the multi-
plexed address bus (AB[12:0]).

» Addressinput AB19 should be connected to the PR31500/PR31700 signal /CARDREG. This sig-
nal is active when either 1O or configuration space of the PR31500/PR31700
PC Card dot is being accessed.

* Addressinput AB18 should be connected to the PR31500/PR31700 signal /CARDIORD. Either
AB18 or the RD# input must be asserted for aread operation to take place.
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4: INTERFACING TO THE PHILIPS MIPS PR31500/PR31700 PROCESSOR

4.4

¢ Addressinput AB17 should be connected to the PR31500/PR31700 signal /CARDIOWR. Either
AB17 or the WEO# input must be asserted for awrite operation to take place.

e AddressinputsAB[16:13] and control inputs M/R#, CS# and BS# must be tied to Vo asthey are
not used in this interface mode.

e Addressinputs AB[12:0], and the data bus DB[15:0], connect directly to the PR31500/PR31700
address and data bus, respectively. MD4 must be set to select the proper endian mode on reset (see
“ S1D13505 Configuration” on page 14). Because of the PR31500/PR31700 data bus naming
convention and endian mode, S1D13505 DBJ[15:8] must be connected to PR31500/PR31700
D[23:16], and S1D13505 DB[7:0] must be connected to PR31500/PR31700 D[31:24].

« Control inputs WE1# and RD/WR# should be connected to the PR31500/PR31700 signals/
CARDxCSH and /CARDXCSL respectively for byte steering.

« Input RD# should be connected to the PR31500/PR31700 signal /RD. Either RD# or the AB18
input (/CARDIORD) must be asserted for a read operation to take place.

* Input WEO# should be connected to the PR31500/PR31700 signal /WR. Either WEO# or theAB17
input (/CARDIOWR) must be asserted for awrite operation to take place.

 WAIT#isasigna output from the S1D 13505 that indicates the host CPU must wait until datais
ready (read cycle) or accepted (write cycle) on the host bus. Since the host CPU accessesto the
S1D13505 may occur asynchronously to the display update, it is possible that contention may
occur in accessing the S1D13505 internal registers and/or display buffer. The WAIT# line resolves
these contentions by forcing the host to wait until the resource arbitration is complete.

Direct Connection to the Philips PR31500/PR31700

The S1D13505 was specifically designed to support the Philips M1PS PR31500/PR31700 processor.
When configured, the S1D13505 will utilize one of the PC Card sl ots supported by the processor.

Hardware Description

In this exampl e implementation, the S1D13505 occupies one PC Card slot and resides in the
Attribute and IO address range. The processor provides address bits A[12:0], with A[23:13] being
multiplexed and available on the falling edge of ALE. Peripherals requiring more than 8K bytes of
address space would require an external latch for these multiplexed bits. However, the S1D13505
has an internal latch specifically designed for this processor making additional logic unnecessary. To
further reduce the need for external components, the S1D13505 has an optional BUSCLK divide-
by-2 feature, allowing the high speed DCLKOUT from the processor to be directly connected to the
BUSCLK input of the S1D13505. An optional external oscillator may be used for BUSCLK since
the S1D13505 will accept host bus control signals asynchronously with respect to BUSCLK.

The following diagram shows atypical implementation of the interface.

5-12
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4: INTERFACING TO THE PHILIPS MIPS PR31500/PR31700 PROCESSOR

VoD (+3.3V,
PR31500/PR31700 ( ) S1D13505
M/R#
CS#
BS#
AB[16:13]
A[12:0] » AB[12:0]
D[23:16]« » DB[15:8]
D[31:24] |« » DB[7:0]
ALE »|AB20
ICARDREG » AB19
/CARDIORD »|AB18
/CARDIOWR »|AB17
ICARDXCSH » WE1#
/CARDXCSL » RD/WR#
/IRD » | RD#
IWE Voo T » | WEO#
ICARDXWAIT |« ooy PURUP WAIT#
System RESET —»|RESET#
ENDIAN
% DCLKOUT|—> ...or...| Oscillator —>»BUSCLK
See text CLKI
Note: When connecting the S1D13505 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13505 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1 Typical Implementation of Direct Connection

The host interface control signals of the S1D13505 are asynchronous with respect to the S1D13505
bus clock. This gives the system designer full flexibility to choose theb appropriate source (or
sources) for CLKI and BUSCLK. The choice of whether both clocks should be the same, whether to
use DCLKOUT as clock source, and whether an external or internal clock divider is needed, should
be based on the desired:

* pixel and framerates.

* power budget.

* part count.

» maximum S1D13505 clock frequencies.

The S1D13505 aso has internal CLKI dividers providing additional flexibility.
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S1D13505 Configuration

The S1D13505 latches MD15 through MDO to allow selection of the bus mode and other configura-
tion data on the rising edge of RESET#. For details on configuration, refer to the “ S1D13505 Hard-

ware Functional Specification” .
The table below shows those configuration settings relevant to the Philips PR31500/PR31700 host
bus interface.
Table 4-2 S1D13505 Configuration for Direct Connection
S1D13505 Value on this pin at rising edge of RESET# is used to configure:
Pin Name 1 (VoD) 0 (Vss)
MDO 8-bit host bus interface 16-bit host bus interface
MD[3:1] 111 = Philips PR31500/PR31700 host businterface if Alternate host bus interface is selected
MD4 Little Endian Big Endian
MD5 WAIT#is active high (1 = insert wait state) WAIT#is active low (0 = insert wait state)
MD11 Alternate host bus interface selected Primary host bus interface selected
MD12 BUSCLK input divided by two: use with BUSCLK input not divided: use with exter-
DCLKOUT nal oscillator

I:I = configuration for Philips PR31500/PR31700 host bus interface

Memory Mapping and Aliasing
The PR31500/PR31700 uses a portion of the PC Card Attribute and IO space to access the

S1D13505. The S1D13505 respondsto both PC Card Attribute and 1O bus accesses, thus freeing the

programmer from having to set the PR31500/PR31700 Memory Configuration Register 3 bit

CARD1IOEN (or CARD2IOEN if dot 2 is used). As aresult, the PR31500/PR31700 sees the

S1D13505 on its PC Card slot as described in the table bel ow.

Table 4-3 PR31500/PR31700 to PC Card Slots Address Remapping for Direct Connection

S1D13505 Uses - . .
PC Card Slot # Philips Address Size Function
1 0800 0000h 16M byte Card 1 10 or Attribute
0900 000Ch 8M byte S1D13505 registers,
aliased 4 times at 2M byte intervals
0980 0000h 8M byte S1D13505 display buffer,
aliased 4 times at 2M byte intervals
0AQ0 0000h 32M byte Card 110 or Attribute
6400 0000h 64M byte Card 1 Memory
2 0C00 0000h 16M byte Card 2 10 or Attribute
0D00 0000h 8M byte S1D13505 registers,
diased 4 times at 2M byte intervals
0D80 0000h 8M byte S1D13505 display buffer,
aliased 4 times at 2M byte intervals
OEOO 000Ch 32M byte Card 2 10 or Attribute
6800 000Ch 64M byte Card 2 Memory
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4: INTERFACING TO THE PHILIPS MIPS PR31500/PR31700 PROCESSOR

4.5 System Design Using the | T8368E PC Card Buffer

In a system design using one or two ITE IT8368E PC Card and multiple-function 10 buffers, the
S1D13505 can be interfaced so as to share one of the PC Card dlots.

Hardware Description

The I T8368E can be programmed to all ocate the same portion of the PC Card Attribute and 10 space
to the S1D13505 as in the direct connection implementation described in Section 4.4, “ Direct Con-
nection to the Philips PR31500/PR31700” on page 12.

Following is ablock diagram showing an implementation using the IT8368E PC Card buffer.

gggiggg’ ’ S1D13505

|

|

-~ — —  iTssese [ — — - PcCard

| Device

| PC Card

] L ar
IT8368E Do

Figure 4-2 IT8368E Implementation Block Diagram

I T8368E Configuration

The ITE IT8368E has been specifically designed to support EPSON LCD/CRT controllers. Older
EPSON Controllers not supporting a direct interface to the Philips processor can utilize the | T8368E
MFIO pinsto provide the necessary control signals, however when using the S1D13505 thisis not
necessary as the Direct Connection described in Section 4.4, “ Direct Connection to the Philips
PR31500/PR31700" on page 12 can be used.

The 1T8368E must have both * Fix Attribute/| O” and “VGA” modes enabled. When both these
modes are enabled a 16M byte portion of the system PC Card attribute and 1O space is allocated to
address the S1D13505.

When the I T8368E senses that the S1D13505 is being accessed, it does not propagate the PC Card
signalsto its PC Card device. This makes S1D13505 accesses transparent to any PC Card device
connected to the same slot.

For mapping details, refer to “ Memory Mapping and Aliasing” on page 14. For further information
on configuring the IT8368E, refer to the “1T8368E PC Card/GPIO Buffer Chip Specification” .

S1D13505 Configuration
For details on S1D13505 configuration, see “ SID13505 Configuration” on page 14.
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4.6 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13505. Full source
code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called 13505CFG, 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.
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5 INTERFACING TO THE TosHIBA MIPS
TX3912 PROCESSOR

5.1 Introduction

This application note describes the hardware and software environment necessary to provide an
interface between the S1D13505 Embedded RAMDAC LCD/CRT Controller and the Toshiba MIPS
TX3912 Processor.

5.2 Interfacing to the TX3912

The Toshiba MIPS TX3912 processor supports up to two PC Card (PCMCIA) slots. It isthrough
this host bus interface that the S1D13505 connects to the TX3912 processor.

The S1D13505 can be successfully interfaced using one of the following configurations:
* Direct connection to the TX3912
» System design using the ITE IT8368E PC Card/GPIO buffer chip
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5.3 S1D13505 Host Bus Interface
The S1D13505 implements a 16-bit host bus interface specifically for interfacing to the TX3912

Mi Croprocessor.

The TX3912 host bus interface is selected by the S1D13505 on the rising edge of RESET#. After
releasing reset, the businterface signals assume their selected configuration. For S1D13505 configu-
ration, refer to “ S1D13505 Configuration” on page 14.

Note: At reset, the Host Interface Disable bit in the Miscellaneous Disable Register (REG[1Bh] bit 7) is set
to 1. This means that only REG[1Ah] (read-only) and REG[1Bh] are accessible until a write to
REG[1Bh] sets bit 7 to 0 making all registers accessible. When debugging a new hardware de-
sign, this can sometimes give the appearance that the interface is not working, so it is important to re-
member to clear this bit before proceeding with debugging.

TX3912 Host Bus I nterface Pin Mapping

The following table shows the function of each host bus interface signal.

Table 5-1 TX3912 Host Bus Interface Pin Mapping

i?r?lili?nos Toshiba TX3912
AB20 ALE
AB19 CARDREG*
AB18 CARDIORD*
AB17 CARDIOWR*
ABJ[16:13] \V))
AB[12:0] A[12:0]
DB[15:8] D[23:16]
DBJ[7:0] D[31:24]
WEL# CARDXCSH*
M/R# \V))
CSH VDD
BUSCLK DCLKOUT
BSH# VDD
RD/WR# CARDXCSL*
RD# RD*
WEO# WE*
WAIT# CARDXWAIT*
RESET# PON*
5-18 EPSON APPLICATION NOTES (X23A-G-005-05)



5: INTERFACING TO THE TOSHIBA MIPS TX3912 PROCESSOR

TX3912 Host Bus I nterface Signals

5.4

When the S1D13505 is configured to operate with the TX3912, the host interface requires the fol-

lowing signals:

» BUSCLK isaclock input required by the S1D13505 host bus interface. It is separate from the
input clock (CLKI) and should be driven by the TX3912 bus clock output DCLKOUT.

* Addressinput AB20 corresponds to the TX3912 signal ALE (address latch enable) whose falling
edge indicates that the most significant bits of the address are present on the multiplexed address
bus (AB[12:0]).

» Addressinput AB19 should be connected to the TX3912 signal CARDREG*. Thissignal isactive
when either 10 or configuration space of the TX3912 PC Card dlot is being accessed.

» Addressinput AB18 should be connected to the TX3912 signal CARDIORD*. Either AB18 or the
RD# input must be asserted for aread operation to take place.

» Addressinput AB17 should be connected to the TX3912 signal CARDIOWR*. Either AB17 or
the WEO# input must be asserted for a write operation to take place.

e Addressinputs AB[16:13] and control inputs M/R#, CS# and BS# must betied to Vbp asthey are
not used in this interface mode.

» Addressinputs AB[12:0], and the data bus DB[15:0], connect directly to the TX3912 address and
data bus, respectively. MD4 must be set to select the proper endian mode on reset (see” S1ID13505
Configuration” on page 14). Because of the TX3912 data bus naming convention and endian
mode, S1D13505 DBJ[15:8] must be connected to TX3912 D[23:16], and S1D13505 DBJ[7:0]
must be connected to TX3912 D[31:24].

Control inputs WE1# and RD/WR# should be connected to the TX3912 signals CARDxCSH* and
CARDXCSL* respectively for byte steering.

Input RD# should be connected to the TX3912 signal RD*. Either RD# or the AB18 input (CAR-
DIORD*) must be asserted for aread operation to take place.

Input WEG# should be connected to the TX3912 signal WR*. Either WEG# or the AB17 input
(CARDIOWR*) must be asserted for awrite operation to take place.

» WAIT#isasignal output from the S1D13505 that indicates the TX3912 must wait until datais
ready (read cycle) or accepted (write cycle) on the host bus. Since the TX3912 accessesto the
S1D13505 may occur asynchronously to the display update, it is possible that contention may
occur in accessing the S1D13505 internal registers and/or display buffer. The WAIT# line resolves
these contentions by forcing the host to wait until the resource arbitration is complete.

Direct Connection to the Toshiba TX3912

The S1D13505 was specifically designed to support the Toshiba M1PS TX 3912 processor. When
configured, the S1D13505 will utilize one of the PC Card slots supported by the processor.

Hardware Description

In this example implementation, the S1D13505 occupies one PC Card slot and residesin the
Attribute and 1O address range. The processor provides address bits A[12:0], with A[23:13] being
multiplexed and available on the falling edge of ALE. Peripherals requiring more than 8K bytes of
address space would require an external latch for these multiplexed bits. However, the S1D13505
has an internal latch specifically designed for this processor making additional logic unnecessary. To
further reduce the need for external components, the S1D13505 has an optional BUSCLK divide-
by-2 feature, allowing the high speed DCLKOUT from the processor to be directly connected to the
BUSCLK input of the S1D13505. An optional external oscillator may be used for BUSCLK since
the S1D13505 will accept host bus control signals asynchronously with respect to BUSCLK.
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The following diagram shows atypical implementation of the interface.

o

VoD (+3.3V)

TX3912 S1D13505
M/R#
CS#
BS#
AB[16:13]
Al12:0] AB[12:0]
D[23:16] DB[15:8]
D[31:24] DBJ[7:0]
ALE »|AB20
CARDREG* . AB19
CARDIORD* » AB18
CARDIOWR* »| AB17
CARDXCSH* » | WE1#
CARDxCSL* »| RD/WR#
RD* »| RD#
WE* VoD Y »| WEO#
CARDXWAIT* « g PUTUp WAIT#
System RESET —»| RESET#
ENDIAN
DCLKOUTF—> ...or...| Oscillator —{BUSCLK
—>
See text CLKI

Note: When connecting the S1D13505 RESET# pin, the system designer should be aware of all

conditions that may reset the S1D13505 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

The host interface control signals of the S1D13505 are asynchronous with respect to the S1D13505
bus clock. This gives the system designer full flexibility to choose the appropriate source (or

sources) for CLKI and BUSCLK . The choice of whether both clocks should be the same, whether to
use DCLKOUT as clock source, and whether an external or internal clock divider is needed, should

be based

Figure 5-1 Typical Implementation of Direct Connection

on the desired:

* pixel and frame rates.

* power

budget.

* part count.

¢ maximum S1D13505 clock frequencies.
The S1D13505 also has internal CLKI dividers providing additiona flexibility.
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5: INTERFACING TO THE TOSHIBA MIPS TX3912 PROCESSOR

S1D13505 Configuration

The S1D13505 latches MD15 through MDO to allow selection of the bus mode and other configura-
tion data on the rising edge of RESET#. For details on configuration, refer to the “ S1D13505 Hard-
ware Functional Specification” .

The table below shows those configuration settings relevant to the Toshiba TX 3912 host bus inter-

face.
Table 5-2 S1D13505 Configuration for Direct Connection
S1D13505 Value on this pin at rising edge of RESET# is used to configure:
Pin Name 1 (Vop) 0 (Vss)
MDO 8-bit host bus interface 16-bit host businterface
MD[3:1] 111 = Toshiba TX3912 host bus interface if Alternate host bus interface is selected
MD4 Little Endian Big Endian
MD5 WAIT#isactive high (1 =insert wait state) | WAIT#isactive low (0 = insert wait state)
MD11 Alternate host bus interface selected Primary host bus interface selected
MD12 BUSCLK input divided by two: use with BUSCLK input not divided: use with
DCLKOUT external oscillator

I:I = configuration for Toshiba TX3912 host bus interface

Memory Mapping and Aliasing

The TX3912 uses a portion of the PC Card Attribute and 10 space to access the S1D13505. The

S1D13505 responds to both PC Card Attribute and 1O bus accesses, thus freeing the programmer
from having to set the TX3912 Memory Configuration Register 3 bit CARD1IOEN (or
CARD2IOEN if slot 2 isused). As aresult, the TX3912 sees the S1D13505 on its PC Card slot as
described in the table bel ow.

Table 5-3 TX3912 to PC Card Slots Address Remapping for Direct Connection

S1D13505 Uses . . .
PC Card Slot # Toshiba Address Size Function
1 0800 000Ch 16M byte Card 1 10 or Attribute
0900 000Ch 8M byte S1D13505 registers,
diased 4 times at 2M byte intervals
0980 000Ch 8M byte S1D13505 display buffer,
aliased 4 times at 2M byte intervals
0AQ0 0000h 32M byte Card 110 or Attribute
6400 0000h 64M byte Card 1 Memory
2 0C00 0000h 16M byte Card 2 10 or Attribute
0DO00 0000h 8M byte S1D13505 registers,
diased 4 times at 2M byte intervals
0D80 0000h 8M byte S1D13505 display buffer,
diased 4 times at 2M byte intervals
0OEQO 0000h 32M byte Card 2 10 or Attribute
6800 0000h 64M byte Card 2 Memory
APPLICATION NOTES (X23A-G-005-05) EPSON 5-21



5: INTERFACING TO THE TOSHIBA MIPS TX3912 PROCESSOR

5.5 System Design Using the | T8368E PC Card Buffer

In a system design using one or two ITE IT8368E PC Card and multiple-function 10 buffers, the
S1D13505 can be interfaced so as to share one of the PC Card dlots.
Hardware Description

TheT8368E can be programmed to all ocate the same portion of the PC Card Attribute and 10 space
to the S1D13505 as in the direct connection implementation described in Section 4.4, “ Direct Con-
nection to the Philips PR31500/PR31700" on page 12.

Following is ablock diagram showing an implementation using the IT8368E PC Card buffer.

TX3912 ' S1D13505

|

|

. — — . ITe3ese  — — - PCCad

| Device

| PC Card

[ L ar
IT8368E Devia

Figure 5-2 1T8368E Implementation Block Diagram

| T8368E Configuration

The ITE IT8368E has been specifically designed to support EPSON LCD/CRT controllers. Older
EPSON Controllers not supporting a direct interface to the Toshiba processor can utilize the
IT8368E MFIO pinsto provide the necessary control signals, however when using the S1D13505
thisis not necessary as the Direct Connection described in Section 4.4, “ Direct Connection to the
Philips PR31500/PR31700" on page 12 can be used.

The IT8368E must have both “Fix Attribute/l O” and “VGA” modes enabled. When both these
modes are enabled a 16M byte portion of the system PC Card attribute and IO space is allocated to
address the S1D13505.

When the I T8368E senses that the S1D13505 is being accessed, it does not propagate the PC Card
signalstoits PC Card device. This makes S1D13505 accesses transparent to any PC Card device
connected to the same dlot.

For mapping details, refer to “ Memory Mapping and Aliasing” on page 14. For further information
on configuring the IT8368E, refer to the “1T8368E PC Card/GPIO Buffer Chip Specification” .

S1D13505 Configuration
For S1D13505 configuration, refer to “ SLD13505 Configuration” on page 14.
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5.6 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13505. Full source
code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called 13505CFG, 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.

APPLICATION NOTES (X23A-G-005-05) EPSON 5-23



6: INTERFACING TO THE MOTOROLA MPC821 MICROPROCESSOR

6 INTERFACING TO THE MOTOROLA
MPC821 MICROPROCESSOR

6.1 Introduction

This application note describes the hardware and software necessary to provide an interface between
the S1D13505 Embedded RAMDAC LCD/CRT Controller and the Motorola MPC821 Processor.

For further information on the * SLD13505 refer to its Hardware Functional Specification” . For
information on the Motorola MPC821 Processor contact the Motorola Design Line or your local
Motorola sales office.

General Description

The S1D13505 provides native Power PC bus support making it very simpleto interface the two
devices. This application note describes, both the environment necessary to connect the S1D13505
to the MPC821 native system bus, and the connection between the S5U13505P00C Evaluation
Board and the Motorola MPC821 Application Development System (ADS).

Additionally, by implementing a dedicated display buffer, the S1D13505 can reduce system power
consumption, improve image quality, and increase system performance as compared to the
MPC821's on-chip LCD controller.
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6.2 Hardware Connections

The S1D13505 implements a native MPC8xx bus interface mode and through the use of the
MPC821 chip selects, can share the system bus with all other MPC821 peripherals. Figure 6-1 dem-
onstrates a typical implementation of the interface.

MPC821 S1D13505
A10 M/R#
Al11-31] AB[20-0]
D[0-15] DB[15-0]
cs4 CcS#
TS BSH#
TA WAIT#
RIW RD/WR#
TSIZO RD#
TSIZ1 WEO#
BI WE1#
SYSCLK BUSCLK
RESET RESET#

Figure 6-1 Schematic for MPC821/S1D13505 Interface
Table 6-1 shows the connections between the pins and signal's of the MPC821 and the S1D13505.

Note: The interface was designed using a Motorola MPC821 Application Development System (ADS). The
ADS board has 5 volt logic connected to the data bus, so the interface included two 74F245 octal

buffers on the D[0:15] between the ADS and the S1D13505. In a true 3 volt system, no buffering is
necessary.
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Table 6-1 List of Connections from MPC821ADS to S1D13505

MPC821 Signal Name#1 MPC821ADS Connector and Pin Name S1D13505 Signal Name
Vce P6-Al, P6-B1 Vce
A10 P6-C23 M/R#
All P6-A22 AB20
Al12 P6-B22 AB19
A13 P6-C21 AB18
Al4 P6-C20 AB17
A15 P6-D20 AB16
A16 P6-B24 AB15
Al7 P6-C24 AB14
A18 P6-D23 AB13
A19 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 AB6
A26 P6-C26 AB5
A27 P6-A25 AB4
A28 P6-D26 AB3
A29 P6-B25 AB2
A30 P6-B19 AB1
A3l P6-D17 ABO
DO P12-A9 DB15
D1 P12-C9 DB14
D2 P12-D9 DB13
D3 P12-A8 DB12
D4 P12-B8 DB11
DS 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-A14 DB4
D12 P12-B14 DB3
D13 P12-D14 DB2
D14 P12-B13 DB1
D15 P12-C13 DBO
SRESET P9-D15 RESET#
SYSCLK P9-C2 BUSCLK
CHA P6-D13 CSH
SRESET P9-D15 RESET#
SYSCLK P9-C2 BUSCLK
CA P6-D13 CSH
TS P6-B7 BSH#
TA P6-B6 WAIT#
R/IW P6-D8 RD/WR#
TSIZO P6-B18 RD#
TSIZ1 P6-C18 WEO#
Bl P6-B9 WE1#
Gnd P12-A1, P12-B1, P12-A2, P12-B2, Vss
P12-A3, P12-B3, P12-A4, P12-B4,
P12-A5, P12-B5, P12-A6, P12-B6,
P12-A7
#1: Note that the bit numbering of the PowerPC bus signals is reversed. e.g. the most significant
address bit is AO, the next is Al, A2, etc.
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6.3 Hardware Configuration

S1D13505 Configuration

The S1D13505 uses MDO through MD15 to allow selection of the bus mode and other configuration
data on therising edge of RESET#. Table 6-2 shows the settings used for the S1D13505 in thisinter-

face.
Table 6-2 S1D13505 Configuration Settings

Signal 1 0
MDO 8-bit host bus interface 16-bit host bus interface
MD1 See “Host Bus Selection” table below See “Host Bus Selection” table below
MD2
MD3
MD4 Little Endian Big Endian
MD5 Wait# signal is active high Wait# signal is active low
MD6 See “Memory Configuration” table below See “Memory Configuration” table below
MD7
MD8 Configure DACRD#, BLANK#, DACPO, DACWR#, |Configure DACRD#, BLANK#, DACPO, DACWR#,

DACRSO, DACRSI, HRTC, VRTC as GPIO4-11

DACRSO, DACRS], HRTC, VRTC as DAC / CRT outputs

MD9 Reserved

Configure SUSPEND# pin as Hardware Suspend Enable

MD10 Active low (On) LCDPWR / GPO polarity Active high (On) LCDPWR / GPO polarity
MD11 Alternate host businterface Primary host bus interface

MD12 Reserved Reserved

MD13 Reserved Reserved

MD14 Reserved Reserved

MD15 Reserved Reserved

[ ]=required settings for MPC821 support.

Table 6-3 Host Bus Selection

MD11 MD3 MD2 MD1 Option Host Bus Interface
0 0 0 0 1 SH-3/SH-4 bus interface
0 0 0 1 2 MC68K Bus 1
0 0 1 0 3 MC68K Bus 2
0 0 1 1 4 Generic
0 1 0 0 5 Reserved
0 1 0 1 6 MIPS/ISA
0 1 1 0 7 Power PC
0 1 1 1 8 PC Card (PCMCIA)
1 X X X 9+ Reserved
Table 6-4 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
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MPC821 Chip Select Configuration

The DRAM on the MPC821 ADS board extends from address 0 through Ox3fffff, so the S1D13505
was addressed starting at 0x400000. A total of 4M bytes of address space is used, where the lower
2M bytesisreserved for the S1D13505 on-chip registers and the upper 2M bytesis used to access
the S1D13505 display buffer.

Chip select 4 was used to control the S1D13505. The following options were selected in the base
address register (BR4):

» BA (0:16) = 0000 0000 0100 00000 — set starting address of S1D13505 to 0x40 0000

e AT (0:2)=0 —ignore address type bits

« PS(0:1)=1.0 —memory port sizeis 16 bits

* PARE=0 — disable parity checking

e WP=0 — disable write protect

e 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 O —mask all but upper 10 address bits; S1D13505
consumes 4M byte of address space

e ATM (0:2) =0 —ignore address type bits

« CSNT=0 —normal CS'WE negation

¢« ACS(0:1) =11 —delay CS assertion by [ clock cycle from
address lines

* BI=0 — do not assert Burst Inhibit

e SCY (0:3)=0 —wait state selection; thisfield isignored since
externa transfer acknowledge is used; see
SETA below

e« SETA=1 —the S1D13505 generates an external transfer
acknowledge using the WAIT# line

e TRLX =0 —normal timing

e EHTR=0 —normal timing
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6.4 Test Software

The test software is very simple. It configures chip select 4 (CS4) on the MPC821 to map the
S1D13505 to an unused 4M byte block of address space. Next, it loads the appropriate values into
the option register for CS4 and writes the value O to the S1D13505 register REG[1Bh] to enable the
S1D13505 host interface. Lastly, the software runs atight loop that reads the S1D13505 Revision
Code Register REG[00h]. This allows monitoring of the bus timing on alogic analyzer.

Test Software Source Code

The following source code was entered into the memory of the MPC821ADS using the line-by-line
assembler in MPC8BUG, the debugger provided with the ADS board.1 Once the program was exe-
cuted on the ADS, alogic analyzer was used to verify operation of the interface hardware.

It isimportant to note that when the MPCB821 comes out of reset, it's on-chip caches and MMU are
disabled. If the data cache is enabled, then the MM U must be set up so that the S1D13505 memory
block istagged as non-cacheable. This ensures the MPCB821 does not attempt to cache any data read
from, or written to, the S1D13505 or its display refresh buffer.

BR4 equ $120 ; CS4 base register
OR4 equ $124 ; C4 option register
Mentst ar t equ $40 ; upper word of S1D13505 start address
Di sabl eReg equ $1b ; address of S1D13505 Disable Register
RevCodeReg equ 0 ; address of Revision Code Register
Start nf spr ri, 1 MVR ; get base address of internal registers
andis. rl,rl, $ffff ; clear lower 16 bitsto 0
andis. r2,r0,0 ; Clear r2
oris r2,r2, Menttart ; write base address
ori r2,r2,$0801 ; port size 16 hits; select GPCM; enable
stw r2, BR4(r1) ; write value to base register
andis. r2,r0,0 ; Clear r2
oris r2,r2,%ffco ; address mask — use upper 10 bits
ori r2,r2,$0608 ; normal CS negation; delay CS [ clock;
; no burst inhibit (13505 does this)
stw r2,OR4(r1l) ; write to option register
andis. rl1,r0,0 ; Clear rl
oris ri,r1, Menttart ; point rl to start of S1D13505 mem space
stb ri, Di sabl eReg(r1) ;writeOtodisableregister
Loop | bz r 0, RevCodeReg(r1) ;readrevisioncodeintorl
b Loop ; branch forever
end
1. MPCB8BUG does not support comments or symbolic equates; these have been added for clarity.
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{ DAC AppLICATION NOTES

7.1 DAC Application Notes

I ntroduction

A video-DAC for CRT display isbuilt-in the S1D13505. It operates with something like anal og data,
which isvery different from other logic parts operated digitally. When operating the DAC normally,
some checks are needed. Furthermore, even though the DAC does not need to operate when display-
ing on aLCD panel and not on a CRT display, some checks are needed when operating the
S1D13505. This document describes DAC.

Please check these notes for normal S1D13505 operation.

Notes When Operating the S1D13505 Built-in DAC

Please check these notes when operating the S1D13505 built-in DAC, as described in the following
sections:
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DAC | solated Power Source

Table 7-1 shows power source required to operate the S1D13505.
Table 7-1 S1D13505 Power Supply Pin Description

P°‘“.’er Source Power Source Specification
Pin Name
VDD Usesfor digital system power source of internal logic and /O cells.
Vss Usesfor digital system ground of internal logic and 1/0 cells.
DACVbD Built -in DAC isolated power source
DAVVss Built-in DAC isolated ground

The power source and ground of digital and analog systems are separated in the S1D 13505, because
if they are used commonly at the S1D13505, adigital power source system noise occurs and the ana-
log characteristics of the DAC can not be maintained. Therefore, the external part of the S1D13505
on the board between digital and analog systems must be separated. To achieve the separation, we
recommend that digital and analog systems be physically enclosed by wiring on the board or noise
should be stopped by using ferrite beads, a choke coil or a noise filter.

VDD
S1D13505
Digital VbD Analog VDD
Digital DAC
Analo
Circuit Circuigt’
Vss Vss
Vss
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it¢ Beads I solated Analog Power / Ground

All analog parts should be located in the area of the analog power system, separate from the digital
power system.

Peripheral Circuit of DAC Pins

There are pinsfor the DAC in the S1D13505, as shown in Table 7-2. Each pin should be used where
it is necessary to construct a circuit.

Table 7-2 S1D13505 DAC Pin Description

Pin Name Functions Necessary Circuit
RED Analog red (red) signal output pin Load resistance
GREEN Analog green (green) signal output pin Load resistance
BLUE Analog blue (blue) signal output pin Load resistance
IREF Standard current source connecting pin Constant-current source circuit
HRTC Retrace signal output pin in the horizontal direction -
VRTC Retrace signal output pin in the vertical direction -
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RED/GREEN/BLUE Pins

These pins are used for RGB analog signals to output a CRT display. As shown in the following fig-
ures, when the combined resistance of 50 Q isthe total 1oad of the external resistance of 150 Q and
the internal resistance of 75 Q of the CRT display connected to the S1D13505, the peak level of 0.7
V isoutputted. Therefore, the load resistance of 150 Q should be connected to the RGB output pins
of DAC in the S1D13505 and the output level is adjusted correctly.

S1D13505 crT

RED ° // °
GREEN

DAC //
BLUE T /) T

= =

7777 7777
External Load Resistance
RL=150Q%3 CRT Internal Input Resistasnce
RI=75QX%3

Do not insert a part to change the resistance to maintain the analog characteristics of these RGB
analog signal outputs. Except for the application device's built-in CRT display, a genera type of
CRT display may be used as an external device connecting to another device. In this case, the RGB
analog pins of the DAC become external pins and the outputs of the DAC interface directly to the
external device. Therefore, when composing an application device, the RGB pins may require some
countermeasures to prevent EMI and static electricity noise.

The RGB output pins should be enclosed to prevent noise in an application device or an external
device. However, do not use a part that changes its resistance. When the RGB output pins need to be
enclosed, use ferrite beads, a choke coil or a noisefilter.

The DAC of the S1D13505 can be protected from general levels of static electricity. However, the
protection level of the DAC issetin an IC (Integrated Circuit) and it is not set in the device level.
Therefore, when the RGB pins of the DAC are external pins, specia countermeasures to static
electricity are necessary to prevent malfunctions or breakdowns caused by static el ectricity.

One effective countermeasures to insert a diode for the static electricity into each RGB pin.

S1D13505 Counterneasure for Noise
-ferrite beads and so on

RED Oy ()
GREEN // YY) Connecter
DAC // 4 to CRT

BLUE /)OS
L

\ A

77 77 7777

Countermeasure for static electricity
-diode and so on
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IREF Pin

Asthe IREF pin is used to adjust the standard operation current of the DAC, the normal constant-
current should flow from the IREF pin to ground. To output 0.7 V from the RGB pins at the peak
level, 4.6mA of normal constant-current is needed. Therefore, the constant-current circuit through
which the current flows to ground must be connected to the IREF pin.

The following circuit diagram shows an example of a4.6 mA constant current circuit. The most
important thing isthe 4.6 mA constant-current circuit. If other parts and their constant values need to
be changed, they can be composed at the circuit.

DACVDD=3.3V
OR DACVDD=2.7V to 5.5V
1.5kQ
1% 1uF
4.6mA 4.6mA 4.6mA
IREF > > D—?
2N2222
1400 1kQ LM334
1% 1%
290
2000 1N457

1%
1%

DACVss DACVss

The current value of the IREF pin isin proportion to the RGB analog output level. Therefore, when
the current is more than 4.6 mA, the output level of 0.7V goes up and the luminance of the CRT dis-
play also goes up. This means that the luminance displayed on the CRT can be adjusted by the cur-
rent at the IREF pin. If the constant-current value is changed from 4.6 mA to adjust the luminance,
take care with the input level of the RGB pin of the CRT display.

HRTC and VRTC Pins

The FRTC and VRTC signals do not need a peripheral circuit. Connect them directly to the input
signal of the CRT.

However, if the CRT display is used for the external device, the countermeasure may be needed to
noise of EMI or static electricity, because both the FRCT and VRTC signals are used directly for the
external pinsin the same way as the RGB pins. As non-analog characteristics of both pins-FRTC
and VRTC are the same as the RGB pins, aresistance should be inserted to the pins according to
need for the countermeasure.
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NotesWhen the DAC is Not Used

Even when the DAC is not used, the S1D 13505 may malfunction if the power system and pins of the
DAC are correctly set.

When the DAC is not used, note the points described in the following sections.

| solated DAC Power Pin

The DACVDD and DACVss of the analog power system must be connected to the Vbp and Vss,
respectively, of the digital power system. Never set the power system to be floating even when the
DAC is not used, because the internal circuit of the S1D13505 is not stable and it may malfunction.

When the DAC is connected to the power of the digital system, the noise-proof facility described in
“DAC Isolated Power Source”, -for example, the DAC enclosed by wiring on the board or using the
noise filter, is not needed. Even if the DAC is connected directly to the digital power system, thereis
no problem because it is most important that the electric potential in the internal circuit is stable.

Usually, the DAC built-into the S1D13505 is set to disable automatically by the internal signal,
except when using the DAC when the CRT mode is enabled.

Futhermore, the internal circuit is set to be disabled and static. Thisis why no current flows even if
the power system of the DAC is connected to the power of the digital system when the DAC is not
used.
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I solated DAC Signal Pins

When the DAC built-in S1D13505 is not used, the isolated DAC signal pins should be set as shown
in the following table.

Pin Name How to Set
RED Open, NC
GREEN Open, NC
BLUE Open, NC
IREF Open, NC
HRTC Open, NC
VRTC Open, NC

Asthese analog RGB outputs, HRTC and VRTC signals are used for the isolated output pins, even if
they are set open and connected to nothing, no trouble will happen. However, care must be taken
when opening the IREF, because the IREF pinis used to conduct the IREF current to ground. When
the DAC is not used, if the IREF pin is grounded, more current than the normal capacity flows from
the DACV DD through the IREF pin to the DACVss. In this case, the wiring in the internal circuit
may be damaged by over current. Futhermore, when the CRT display is disabled, the IREF circuit of
the DAC is disabled by the internal signal. Therefore, if the S1ID13505 is normally controlled, no
over-capacity current must be generated. However, the IREF pin must be open, becauseif the setting
is mistaken, it is very dangerous. Futhermore, although the IREF pin may be connected to the
DACVDb, never connect it to the DACVss.

" R "
DACVDD DACVDD DACVDD
open
IREF —0O IREF IREF
DACVss DACVss DACVss
T T T 7777
OK OK NG
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8 PoweER CONSUMPTION

8.1 S1D13505 Power Consumption

S1D13505 power consumption is affected by many system design variables.

* Input clock frequency (CLKI):
The CLKI frequency determines the LCD frame-rate, CPU performance to memory, and other
functions — the higher the input clock frequency, the higher the frame-rate, performance and
power consumption.

» CPU interface:
The S1D13505 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.

VDD voltage level:
The voltage level affects 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 registersallow 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 modesin the S1D13505: Software and Hardware SUSPEND. The power
consumption of these modes is affected by various system design variables.

» DRAM refresh mode (CBR or self-refresh):
Self-refresh capable DRAM allows the S1D13505 to disable the internal memory clock thereby
saving power.

e CPU bus state during SUSPEND:
The state of the CPU bus signals during SUSPEND has a substantial effect on power consump-
tion. Aninactive bus (e.g. BUSCLK = low, Addr = low etc.) reduces overall system power con-
sumption.

» CLKI state during SUSPEND:
Disabling the CLKI during SUSPEND has substantial power savings.
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Conditions

Table 8-1 below gives an example of a specific environment and its effects on power consumption.

Table 8-1 S1D13505 Total Power Consumption

Test Condition

Total Power Consumption

Vop = 3.3V Gra}éi; ?ges / Active Power Save Mode

ISA Bus (8MHz) Software Hardware
Input Clock = 6MHz Black-and-White 18.6mwW

1 |LCD Panel = 320x240 4-bit Single Monochrome 4 Gray Shades 20.3mw 4.29mw*1 0.33uwW*2
16 Gray Shades 22.8mwW
Input Clock = 6MHz 4 Colors 22.3mw

2 |LCD Panel = 320x240 8-bit Single Color 16 Colors 25.3mW 4.32mw*1 0.33uwW*2
256 Colors 29.0mw
Input Clock = 25MHz Black-and-White |  58.5mw

3 |LCD Panel = 640x480 8-bit Dual Monochrome 16 Gray Shades 71.7mw 5.71mw*1 0.33uwW*2
Input Clock = 25MHz 16 Colors 93.4mw

4 |LCD Panel = 640x480 16-bit Dual Color 256 Colors 98.1mwW 5.74mw*1 0.33uwW*2
64K Colors 101.3mwW
16 Colors 221.1mwW

5 ?gﬁtfg‘gﬁ;ﬁgjﬁy Hz 256 Colors 2340mMW | 6.34mW*1 0.33uW*2
64K Colors 237.3mW

Notes: *1. Conditions for Software SUSPEND:

8.2

* CPU interface active (signals toggling)

* CLKI active
* Self-Refresh DRAM

*2. Conditions for Hardware SUSPEND:

« CPU interface inactive (high impedance)

« CLKI stopped
* Self-Refresh DRAM

Summary

The system design variables in Section 8.1, “S1D 13505 Power Consumption” and in Table 8-1
show that S1D13505 power consumption depends on the specific implementation. Active Mode
power consumption depends on the desired CPU performance and LCD frame-rate, whereas Power
Save M ode consumption depends on the CPU Interface and Input Clock state.

In atypical design environment, the S1D 13505 can be configured to be an extremely power-efficient
LCD Controller with high performance and flexibility.
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1 WinDows® CE DispLAY DRIVERS

The Windows® CE display drivers are designed to support the S1D13505 Embedded RAMDAC
LCD/CRT Controller running under the Microsoft Windows® CE operating system. Available driv-
ersinclude: 4, 8 and 16 bit-per-pixel landscape modes, and 8 and 16 bit-per-pixel portrait modes.

For updated source code, visit Epson R& D on the World Wide Web at www.erd.epson.com, or con-
tact your Seiko Epson or Epson Electronics America sal es representative.

1.1 Program Requirements

Video Controller . S1D13505
Display Type : LCD or CRT
Windows Version : CEVersion 2.0

1.2 Example Driver Builds

Build for the Hitachi D9000 and ETMA ODO Evaluation Systems

To build aWindows® CE v2.0 display driver for the Hitachi D9000 or ETMA ODO platform, follow
the instructions below. The instructions assume the S5U13505P00C-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 S1D13505.

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 SETUPEXE from the
ETK compact disc #1.

4. Create anew project by following the procedure documented in “Creating a New Project
Directory” from the Windows® CE ETK v2.0. Alternately, use the current “DEMO7” project
included 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 theitem “Open All Users’ and the “ Start Menu” window will come up.
c. Click on theicon “Programs’.

d. Click on the icon “Windows® CE Embedded Development Kit”.

e. Drag theicon “SH3 DEMOL1” onto the desktop using the right mouse button.

f. Click on “Copy Here".

g. Renametheicon “SH3 DEMOL1” on the desktop to “SH3 DEMO7” by right clicking on
the icon and choosing “rename’”.

h. Right click ontheicon “SH3 DEMO7” and click on “Properties’ to bring up the
“SH3 DEMOY Properties’” window.

i. Replace the string “DEMO1” under the entry “ Target” with “DEMO7”.
5. Create a sub-directory named S1D13505 under \wince\platform\odo\drivers\display.
6. Copy the source code to the S1D13505 subdirectory.
7. Add an entry for the S1D13505 in the file \wince\platform\odo\drivers\display\dirs.
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8. Modify the file PLATFORM.BIB (using any text editor such as NOTEPAD) to set the default
display driver tothefile SID13505.DLL. S1D13505.DLL will be created during the build in step
12. Note that PLATFORM.BIB islocated in X:\wince\platform\odo\files (where X: isthe drive

letter).

You may replace the following linesin PLATFORM.BIB:

| F ODO_NODI SPLAY !
| F ODO_DI SPLAY_CI TI ZEN_8BPP

ddi.dl|l  $(_FLATRELEASEDI R)\citizen.dl|
ENDI F

| F ODO_DI SPLAY_Cl TI ZEN_2BPP

ddi.dll  $(_FLATRELEASEDI R)\citizen.dl |
ENDI F

| F ODO_DI SPLAY_Cl TI ZEN_8BPP !
| F ODO_DI SPLAY_Cl TI ZEN_2BPP !

ddi.dl|  $(_FLATRELEASEDI R)\ odo2bpp. dl |
ENDI F

ENDI F

ENDI F

with thisline:

ddi . dl | $(_FLATRELEASEDI R) \ SED1355. dI |

NK SH

NK SH

NK SH

NK SH

9. Edit thefile MODE.H (located in X:\wince\platform\odo\drivers\display\SED 1355) to set the
desired screen resolution, color depth (bpp) and panel type. The sample code defaultsto a
640x480 color dual passive 16-bit LCD panel. To support one of the other listed panels, change
the #define statement.

10. Edit the file PLATFORM.REG to set the same screen resol ution and color depth (bpp) asin
MODE.H. PLATFORM.REG is located in X:\wincé\platform\odo\files. The display driver sec-
tion of PLATFORM.REG should be:

Default for EPSON Display Driver
640x480 at 8bits/ pixel

Useful Hex Val ues

1024=0x400, 768=0x300 640=0x280 480=0x1E0 320=140 240=0xFO

[ HKEY_LOCAL_MACHI NE\ Dri ver s\ Di spl ay\ SED1355]
" CxScreen" =dwor d: 280

"CyScreen"=dword: 1EQ

"Bpp" =dword: 8

11. Generate the proper building environment by double-clicking on the sample project icon
(i.e, SH3 DEMQY).

12. Type BLDDEMO <ENTER> at the DOS prompt of the SH3 DEMO7 window to generate a
Windows® CE image file (NK.BIN).
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Build for CEPC (X86)

To build aWindows® CE v2.0 display driver for the CEPC (X86) platform using a S5U13505P00C
evaluation board, follow the instructions below:

1
2.
3.

Install Microsoft Windows NT v4.0.
Install Microsoft Visual C/C++ v5.0.

Install the Microsoft Windows® CE Embedded Toolkit (ETK) by running SETUPEXE from the
ETK compact disc #1.

4. Create anew project by following the procedure documented in “Creating a New Project
Directory” from the Windows® CE ETK v2.0. Alternately, use the current “DEMO7” project
included with the ETK v2.0. Follow the steps below to create a*“X86 DEMO7” shortcut on the
Windows NT v4.0 desktop which uses the current “DEMO7” project:

a. 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 theicon “Programs’.

d. Click on the icon “Windows® CE Embedded Development Kit”.

e. Drag theicon “X86 DEMOL1" onto the desktop using the right mouse button.

f. Click on “Copy Here".

g. Rename theicon “X86 DEMO1” on the desktop to “X86 DEMO7” by right clicking on
the icon and choosing “rename”.

h. Right click on theicon “X86 DEMO7” and click on “Properties’ to bring up the
“X86 DEM QY 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 S1D13505 under \wince\platform\cepc\drivers\display.

6. Copy the source code to the S1D13505 subdirectory.

7. Add an entry for the S1D13505 in the file \wince\platform\cepc\drivers\display\dirs.

8. Maodify the file CONFIG.BIB (using any text editor such as NOTEPAD) to set the system RAM
size, the S1D13505 10 port and display buffer address mapping. Note that CONFIG.BIB is
located in X:\wince\platform\cepc\files (where X: isthe drive letter). Since the S5U13505P00C
maps the IO port to 0XEOO00O and memory to 0xC00000, the CEPC machine should use the
CMOS setup to create a4M byte hole from address 0xC00000 to OXFFFFFF.

The following lines should be in CONFIG.BIB:
NK 80200000 00500000 RAMIMGE
RAM 80700000 00500000 RAM
Note:
S1D13505.H should include the following:
#define PhysicalVmemSize 0x00200000L
#define PhysicalPortAddr 0xOOEO0000L
#define PhysicalVmemAddr 0x00C00000L
9. Editthefile PLATFORM.BIB (located in X:\wince\platform\cepc\files) to set the default display

driver to the file SID13505.DLL. S1D13505.DLL will be created during the build in step 13.
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You may replace the following linesin PLATFORM.BIB:

| E CEPC_DDI _VGA2BPP

ddi.dl|  $(_FLATRELEASEDI R)\ddi vga2.dl |
ENDI F

| F CEPC_DDI _VGASBPP

ddi.dl|  $(_FLATRELEASEDI R)\ddi vga8. dl |
ENDI F

| E CEPC_DDI _VGA2BPP !
| E CEPC_DDI _VGASBPP !

ddi.dl |  $(_FLATRELEASEDI R)\ddi _s364.dl |
ENDI F

ENDI F

with thisline:
ddi . dl | $(_FLATRELEASEDI R)\ SED1355. dI | NK SH

NK SH

NK SH

NK SH

10. Edit the file MODE.H (located in X:\wince\platform\odo\drivers\di splay\SED 1355) to set the
desired screen resolution, color depth (bpp) and panel type. The sample code defaultsto a
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) asin
MODE.H. PLATFORM.REG islocated in X:\wincé\platform\cepc\files. The display driver sec-
tion of PLATFORM.REG should be;

Default for EPSON Display Driver
640x480 at 8bits/ pi xel
Useful Hex Val ues

1024=0x400, 768=0x300 640=0x280 480=0x1E0 320=140 240=0xF0
[ HKEY_LOCAL_MACHI NE\ Dri ver s\ Di spl ay\ SED1355]
" CxScreen” =dwor d: 280

"CyScreen"=dword: 1E0

"Bpp" =dwor d: 8

12. Generate the proper building environment by double-clicking on the sample project icon
(i.e. X86 DEMO?Y).

13. Type BLDDEMO <ENTER> at the DOS prompt of the X86 DEMO7 window to generate aWin-
dows® CE image file (NK.BIN).
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1.3 Example Installation

Installation for Hitachi D9000 and ETMA ODO

Follow the procedures from your Hitachi D9000 (or ETMA ODO) manual and download the follow-
ing to the D000 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 afloppy drive or a hard drive. The two methods are
described below:

1. Toload CEPC from afloppy drive:
a. Create a DOS bootable floppy disk.

b. Edit CONFIG.SY S 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 islocated in c:\wince\rel ease.
f. Reboot the system from the bootabl e floppy disk.
2. Toload CEPC from a hard drive:
a. Copy LOADCEPC.EXE to the root directory of the hard drive.

b. Edit CONFIG.SY S 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 islocated in c:\wince\rel ease.
€. Reboot the system from the hard drive.
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1.4 Comments

« Some of the D9000 systems may not be able to provide enough current for your LCD panel to
operate properly. If thisisthe 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 1O location is modified, the corresponding
entriesin the file S1ID13505.H have to be changed. S1D13505.H islocated in X:\wince\plat-
form\odo\drivers\display\S1D 13505 (where X: is the drive | etter).

* Thedriver 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.

Asthetime of this printing, the drivers have been tested on the SH-3 and x86 CPUs and have only
been run with version 2.0 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.
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