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1 Introduction

1.1 Scope

Thisisthe Hardware Functional Specification for the S1D13504 Series Color Graphics LCD/CRT
Controller Chip. Included in this document aretiming diagrams, AC and DC characteristics, register
descriptions, and power management descriptions. This document is intended for two audiences:
Video Subsystem Designers and Software Developers.

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

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

1.2 Overview Description

The S1D13504 is alow cost, low power color/monochrome LCD/CRT controller interfacing to a
widerange of CPUsand LCDs. The S1D13504 architecture is designed to meet the requirements of
embedded markets such as Office Automation equipment, Mobile Communications devices and
Hand-Held PCs where Windows CE may serve as a primary operating system.

The S1D13504 supports LCD interfaces with data widths up to 16 bits. Using Frame Rate
Modulation (FRM), it can display 16 shades of gray on monochrome L CD panels, up to 4096 colors
on passive color LCDs, and 64K colors on active matrix TFT LCD panels. CRT support is handled
through the use of an external RAMDAC interface allowing simultaneous display of both the CRT
and LCD panel. A 16-bit memory interface supports up to 2M bytes of FPM-DRAM or EDO-
DRAM. Flexible operating voltages from 2.7V to 5.5V provide for very low power consumption.

Hardware Functional Specification S1D13504
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2 Features

2.1 Memory Interface

2.2 CPU Interface

2.3 Display Support

16-bit DRAM interface:

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

» 512K bytes using one 256K x16 device.

* 2M bytes using one 1M x16 device.

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

Supports the following interfaces:

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

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

* Philips MIPS PR31500 / PR31700.

¢ NEC MIPSVR4102.

* 8/16-hit generic interface bus.

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

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

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

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

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

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

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

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

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

S1D13504
X19A-A-002-19
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2.4 Display Modes

2.5 Clock Source

2.6 Miscellaneous

2.7 Package and Pin

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

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

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

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

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

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

Fast-Update feature — accel erates screen update by allocating full display buffer bandwidth to
CPU (see REG[23n] hit 7).

Single clock input for both pixel and memory clocks.

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

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

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

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

* GPIOO isaways available.

* GPIO[3:1] are availableif upper Memory Address pins are not required for DRAM support.
e GPIO[11:4] are availableif there is no external RAMDAC.

Suspend power save mode isinitiated by hardware or software.

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

Table 2-1: S1D13504 Series Package list

Name Package Pin
S1D13504F00A QFP15 128
S1D13504F01A TQFP15 128
S1D13504F02A QFP20 144
Hardware Functional Specification S1D13504
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3 Typical System Implementation Diagrams
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Figure 3-1: Typical System Diagram— SH-3 Bus, 1Mx16 FPM/EDO-DRAM
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Figure 3-2: Typical System Diagram— MC68K Bus 1, 1IMx16 FPM/EDO-DRAM (16-Bit MC68000)
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Figure 3-3: Typical System Diagram—MC68K Bus 2, 256Kx16 FPM/EDO-DRAM (32-Bit MC68030)
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Figure 3-4: Typical System Diagram— Generic Bus, 1Mx16 FPM/EDO-DRAM
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4 Block Description

4.1 Functional Block Diagram

16-bit FPM/EDO
DRAM
A
I I
| i |
Memory Power Save
Register | Controller |
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A
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CPU * LcD
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‘ ‘ R DAC
‘ ‘ "~ Control
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| | CRTC
Bus Clock | Memory Clock | Pixel Clock
| |
Figure 4-1: System Block Diagram Showing Datapaths
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4.2 Functional Block Descriptions

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

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

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

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

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

4.2.6 Power Save
The Power Save block contains the power save mode circuitry.

Hardware Functional Specification S1D13504
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5 Pin Out

5.1 Pinout Diagram for S1D13504F00A
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Figure 5-1: Pinout Diagram of FOOA

Package type: 128 pin surface mount QFP15
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5.2 Pinout Diagram for S1D13504F01A
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Figure 5-2: Pinout Diagram of FO1A

Package type: 128 pin surface mount TQFP15
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5.3 Pinout Diagram for S1D13504F02A
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Figure 5-3: Pinout Diagram of FO2A
Package type: 144 pin surface mount QFP20
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5.4 Pin Description

CD =
Cs =
COx =
TSx =

TSxD

CNx =

Input
Output

Bi-Directional (Input/Output)

Power pin
CMOS level input

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

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

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

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

5.4.1 Host Interface

Table 5-1: Host Interface Pin Descriptions

Pin Name

Pin #

Type | FOOA

FO1A FO2A

Driver

Reset =
0 Value

Description

ABO

Cs

Hi-Z

This pin has multiple functions.

» For SH-3 mode, 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).

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 31 for
summary.

AB[20:1]

111-128|125-142
1,2 34

Hi-Z

System address bus bits [20:1].

DB[15:0]

10 16-31 |18-33

CITS2

Hi-Z

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

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

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

» For MC68K Bus 2, these pins are connected to D[31:16] for 32-
bit devices (e.g. MC68030) or D[15:0] for 16-bit devices (e.qg.
MC68340).

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

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 31 for
summary.
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Table 5-1: Host Interface Pin Descriptions (Continued)

Pin Name

Type

Pin #

FOOA
FO1A

FO2A

Driver

Reset =
0 Value

Description

WE1#

11

CS

This pin has multiple functions.

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

» For MC68K Bus 1, this pin inputs the upper data strobe
(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#).

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 31.

M/R#

Hi-Z

This input pin is used to select between the memory and register
address spaces of the S1D13504. M/R# is set high to access the
memory and low to access the registers. See Section 8.1,
“Register Mapping” on page 89.

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 31.

CS#

Hi-Z

Chip select input. See Table 5-9: “Host Bus Interface Pin
Mapping,” on page 31.

BUSCLK

108

122

Hi-Z

System bus clock. See Table 5-9: “Host Bus Interface Pin
Mapping,” on page 31.

BS#

Cs

Hi-Z

This pin has multiple functions.

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

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

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 31.

RD/WR#

10

12

CS

Hi-Z

This pin has multiple functions.

» For SH-3 mode, this pin inputs the RD/WR# signal. The
S1D13504 needs this signal for early decode of the bus cycle.

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

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

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

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 31.

RD#

Cs

Hi-Z

This pin has multiple functions.

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

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

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

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

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 31.

S1D13504
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Table 5-1: Host Interface Pin Descriptions (Continued)

Pin Name | Type

Pin #

FOOA
FO1A

FO2A

Driver

Reset =
0 Value

Description

WEOQ#

10

Cs

Hi-Z

This pin has multiple functions.

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

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

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

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 31.

WAIT# (0]

13

15

TS2

Hi-Z

The active polarity of the WAIT# output is configurable on the
rising edge of RESET# - see Section 5.5, “Summary of
Configuration Options” on page 30.

This pin has multiple functions.

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

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

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

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

See Table 5-9: “Host Bus Interface Pin Mapping,” on page 31.

RESET#

11

13

Cs

Input O

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

Table 5-2: Memory Interface Pin Descriptions

Pin #
Pin Name| Type | FOOA Driver Reset=0 Description
FO2A Value
FO1A
This pin has multiple functions.
* For dual CAS# DRAM, this is the column address strobe for
the lower byte (LCAS#).
LCAS# |O 50 56 Cco1 Output 1 |+ For single CAS# DRAM, this is the column address strobe
(CAS#H).
See Table 5-10: “Memory Interface Pin Mapping,” on page 32
for summary.
This pin has multiple functions.
* For dual CAS# DRAM, this is the column address strobe for
the upper byte (UCASH#).
UCAS# |O 49 55 Cco1 Output 1 |+ For single CAS# DRAM, this is the write enable signal for the
upper byte (UWE#).
See Table 5-10: “Memory Interface Pin Mapping,” on page 32
for summary.
This pin has multiple functions.
« For dual CAS# DRAM, this is the write enable signal (WE#).
« For single CAS# DRAM, this is the write enable signal for the
WE# O 48 54 Cco1 Output 1 lower byte (LWE#).
See Table 5-10: “Memory Interface Pin Mapping,” on page 32
for summary.
RAS# (0] 47 53 Co1 Output 1 |Row address strobe.
67.65, |76, 70, These pins have multiple functions.
63, 61, |68, 66,  Bi-directional memory data bus.
59,57, |64, 62, « During reset, these pins are inputs and their states at the
. 55, 53, |60, 58, Hi-Z rising edge of RESET# are used to configure the chip.
MD[15:0] |IO 52,54, |59, 61, CD2/TS1 (pulled 0) Internal pull-down resistors (typical values of
56 58 63. 65 100KQ/100KQ/120KQ at 5.0V/3.3V/3.0V respectively) pull
60 62 |67 69. the reset states to 0. External pull-up resistors can be used
64, 66, 75’ 77’ to pull the reset states to 1. See Section 5.5, “Summary of
' ! Configuration Options” on page 30.
S1D13504 Hardware Functional Specification
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Table 5-2: Memory Interface Pin Descriptions (Continued)

Pin #
Pin Name| Type | FOOA Driver Reset =0 Description
EFO2A Value
FO1A
43,41, |46, 44,
39, 37, |42, 40,
MA[8:0] |O 35,34, 41,43, |CO1 Output 0 |Multiplexed memory address.
36, 38, |45, 47,
40 49
This pin has multiple functions.
* For 2M byte DRAM, this is memory address bit 9 (MA9).
* For asymmetrical 512K byte DRAM, this is memory address
MA9 0 |45 51 crs1 M2/ | Dit9(MA9). o
Output 0~ |«  For symmetrical 512K byte DRAM, this pin can be used as
general purpose 10 (GPIO3).
See Table 5-10: “Memory Interface Pin Mapping,” on page 32
for summary.
This pin has multiple functions.
» For asymmetrical 2M byte DRAM, this is memory address bit
Hi-Z / 10 (MA10).
MA10 10 42 48 C/TS1 Oll;t ut ot |® For symmetrical 2M byte DRAM and all 512K byte DRAM,
P this pin can be used as general purpose 10 (GPIO1).
See Table 5-10: “Memory Interface Pin Mapping,” on page 32
for summary.
This pin has multiple functions.
» For asymmetrical 2M byte DRAM, this is memory address bit
Hi-Z / 11 (MA11).
MA11 10 44 50 C/TS1 Oll;t ut ol |® For symmetrical 2M byte DRAM and all 512K byte DRAM,
P this pin can be used as general purpose 10 (GPIO2).
See Table 5-10: “Memory Interface Pin Mapping,” on page 32
for summary.

1  When configured as 10 pins.
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5.4.3 LCD Interface

Table 5-3: LCD Interface Pin Descriptions

Pin #
. . Reset = o
Pin Name Type FOOA oA Driver 0 Value Description
FIA
FPDAT[8:0] [O 88, 82-75|98, 92-85|CN3 Output O |Panel Data
These pins have multiple functions.
» Panel Data for 16-bit panels.
FPDAT[15:9] |O 95-89 105-99 |CN3 Output O |« Pixel Data for external RAMDAC support.
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
FPFRAME |O 69 79 CN3 Output O |Frame Pulse
FPLINE (0] 70 80 CN3 Output O [Line Pulse
FPSHIFT @) 73 83 CN3 Output 0 |Shift Clock Pulse
LCD power control output. The active polarity of this output
is selected by the state of MD10 at the rising edge of
RESET# - see Section 5.5, “Summary of Configuration
LCDPWR |O 71 81 co1 Output! |Options” on page 30.
This output is controlled by the power save mode circuitry -
see Section 13, “Power Save Modes” on page 127 for
details.
This pin has multiple functions which are automatically
selected depending on panel type used.
e For TFT panels, this is the display enable output
(DRDY).
For passive LCDs with Format 1 interfaces, this is the
DRDY 0 72 82 CN3  |Output0 | 54 shift Clock (FPSHIFT2).
» For all other LCD panels, this is the LCD backplane bias
signal (MOD).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33 and REG[02h] for details.
1  Output may be 1 orO.
5.4.4 Clock Input
Table 5-4: Clock Input Pin Description
Pin # Reset =
Pin Name| Type FOOA FO2A Driver O(i;sa?u; Description
FO1A
Input clock for the internal pixel clock (PCLK) and memory
CLKI | 105 119 C Hi-Z clock (MCLK). PCLK and MCLK are derived from CLKI — see
REG[19h] for details.
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5.4.5 CRT and External RAMDAC Interface

Table 5-5: CRT and RAMDAC Interface Pin Descriptions

Pin #
Pin Name Type FOOA Driver Reset =0 Description
FO2A Value
FO1A
This pin has multiple functions.
Hi-z | * Read signal for external RAMDAC support.
DACRD# 10 84 94 C/TS1 output 11 » General Purpose 10 (GPIO4).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
This pin has multiple functions.
. » Write signal for external RAMDAC support.
DACWR# |10 99 113 C/TS1 gIL-lth/ut N General Purpose 10 (GPIO7).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
This pin has multiple functions.
Hiz | » Register Select bit 1 for external RAMDAC support.
DACRS1 10 101 115 C/TS1 Output 0L » General Purpose 10 (GPIO9).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
This pin has multiple functions.
Hi-z | » Register Select bit 0 for external RAMDAC support.
DACRSO 10 100 114 C/TS1 Output ol |* General Purpose 10 (GPIO8).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
This pin has multiple functions.
. » Pixel Data bit 0 for external RAMDAC support.
DACPO 10 98 112 C/CN3 gIL-lth/ut ol |* General Purpose 10 (GPIO6).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
Hardware Functional Specification S1D13504
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Table 5-5: CRT and RAMDAC Interface Pin Descriptions (Continued)

Pin #
Pin Name Type FOOA Driver Reset =0 Description
FO2A Value
FO1A
This pin has multiple functions.
Hiz / » Horizontal Retrace signal for CRT.
HRTC 10 102 116 C/CN3 OIL-ltput ol |* General Purpose 10 (GPIO10).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
This pin has multiple functions.
iz / » Vertical Retrace signal for CRT.
VRTC 10 103 117 C/CN3 Oll;tput ol |* General Purpose |10 (GPIO11).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
This pin has multiple functions.
iz / » Blanking signal for DAC.
BLANK# 10 85 95 C/CN3 Oll;tput ol |* General Purpose |0 (GPIO5).
See Table 5-11: “LCD, CRT, RAMDAC Interface Pin
Mapping,” on page 33.
DACCLK (0] 86 96 C/CN3 |Output 0 |Pixel Clock for RAMDAC.

1  When configured as 1O pins
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5.4.6 Miscellaneous

Table 5-6: Miscellaneous Pin Descriptions

Pin #
Pin Name Type FOOA Driver Reset =0 Description
FO2A Value
FO1A

This pin has multiple functions.

* When MD9 = 0 at rising edge of RESET#, this pin is
an active-low input used to place the S1D13504 into
suspend mode; see Section 13, “Power Save Modes”

Hi-z / on page 127 for details.
SUSPEND#|10 106 120 CSITSL | oytputt |+ When MD[10:9] = 01 at rising edge of RESET#, this
pin is an output with a reset state of 0. Its state is
controlled by REG[21h] bit 7.

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

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

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

5.4.7 Power Supply

Table 5-7: Power Supply Pin Descriptions

Pin Name Type

Pin #

FOOA
FO1A

FO2A

Driver

Description

COREVDD P

33,97

39,111

P Core Vpp

IOVDD P

110

14, 46, 83,

124

16, 52, 93,

P 10 Vpp

VSS P

96, 104,
109

15, 32, 51,
68, 74, 87,

123,

17, 34,57,
78, 84,97,
106, 118,

P Common Vgg
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5.5 Summary of Configuration Options

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

) value on this pin at rising edge of RESET# is used to configure: (2/0)
Pin Name
1 0
MDO 8-bit host bus interface 16-bit host bus interface
Select host bus interface:
000 = SH-3 bus interface
MD[3:1] 001 =MCB68K bus 1 (e.g. MC68000)
’ 010 =MCB68K bus 2 (e.g. MC68030)
011 = Generic bus interface (e.g. Philips MIPS PR31500/PR31700; NEC MIPS VR4102)
1XX =reserved
MD4 Little Endian Big Endian
MD5 WAIT# is active high (1 = insert wait state) WAIT# is active low (0 = insert wait state)
Memory Address/GPIO configuration:
00 =symmetrical 256Kx16 DRAM. MA[8:0] = DRAM address. MA[11:9] = GPIO[2:1] and GPIO3.
MD[7:6] 01 =symmetrical 1Mx16 DRAM. MA[9:0] = DRAM address. MA[11:10] = GPIO[2:1].
10 =asymmetrical 256Kx16 DRAM. MA[9:0] = DRAM address. MA[11:10] = GPIO[2:1].
11 =asymmetrical IMx16 DRAM. MA[11:0] = DRAM address.
Configure DACRD#, BLANK#, DACPO, DACWR#, | Configure DACRD#, BLANK#, DACPO, DACWR#,
MD8 DACRSO0, DACRS1, HRTC, VRTC as General DACRSO0, DACRS1, HRTC, VRTC as DAC and CRT
Purpose 10 (GPIO[11:4)). outputs.
MD9 SUSPEND# pin configured as GPO output. SUSPEND# pin configured as SUSPEND# input.
MD10 Active low LCDPWR or GPO polarities. Active high LCDPWR or GPO polarities.
MD[15:11] Not used.
S1D13504 Hardware Functional Specification
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5.6 Multiple Function Pin Mapping

Table 5-9: Host Bus Interface Pin Mapping

F?lilDI\ll:rioei SH-3 MC68K Bus 1 MC68K Bus 2 Generic MPU
ABJ[20:1] A[20:1] AJ20:1] AJ20:1] AJ20:1]
ABO A0 LDS# A0 A0
DB[15:0] D[15:0] D[15:0] D[31:16] D[15:0]
WE1# WE1# UDS# DS# WE1#
M/R# External Decode External Decode External Decode External Decode
CS# CSn# External Decode External Decode External Decode
BUSCLK CKIO CLK CLK BCLK
BS# BS# ASH# ASH Connectto 10 Vpp
RD/WR# RD/WR# R/W# R/W# RD1#

RD# RD# Connect to 10 Vpp SIz1 RDO#
WEO# WEO# Connect to IO Vpp SI1Z0 WEO#
WAIT# WAIT# DTACK# DSACK1# WAIT#

RESET# RESET# RESET# RESET# RESET#
Hardware Functional Specification S1D13504
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Table 5-10: Memory Interface Pin Mapping
FPM/EDO-DRAM
;i\Dl\llji%i Sym 256Kx16 Asym 256Kx16 Sym 1Mx16 Asym 1Mx16
2-CAS# 2-WE# 2-CAS# | 2-WE# 2-CAS# | 2-WE# 2-CAS# 2-WE#
MD[15:0] DQI15:0]
MA[8:0] A[8:0]
MA9 GPI03! A9
MA10 GPIO1t A10
MA11 GPI02! All
UCAS# UCAS# UWE# UCAS# UWE# UCAS# UWE# UCAS# UWE#
LCAS# LCAS# CAS# LCAS# CAS# LCAS# CAS# LCAS# CAS#
WE# WE# LWE# WE# LWE# WE# LWE# WE# LWE#
RAS# RAS#
Note
1. All GPIO pinsdefault to input on reset, and unless programmed otherwise should be
connected to either Vgg or 10 Vpp if not used.
S1D13504 Hardware Functional Specification
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Table 5-11: LCD, CRT, RAMDAC Interface Pin Mapping
Monoch;oanr;leel Passive Color Passive Panel Color TET Panel
S1D13504 - - olor ane
Pin Names Single Dual Single Fsolrr:ng;tel lilrrr;iltez Dual CRT
4-bit | 8-bit | 8bit | 4-bit 8-bit 8-bit | 8bit | 16-bit | 9-bit | 12-bit | 18-bit!
FPFRAME FPFRAME Note?
FPLINE FPLINE Note?
FPSHIFT FPSHIFT Note?
DRDY MOD FPSHIFT2 MOD DRDY Note?
FPDATO |driven 0 DO LDO driven O DO DO LDO LDO R2 R3 R5 Note?
FPDAT1 driven O D1 LD1 driven O D1 D1 LD1 LD1 R1 R2 R4 Note?
FPDAT?2 driven O D2 LD2 driven O D2 D2 LD2 LD2 RO R1 R3 Note?
FPDAT3 |driven 0 D3 LD3 driven O D3 D3 LD3 LD3 G2 G3 G5 Note?
FPDAT4 DO D4 ubDO DO D4 D4 ubDO uDO Gl G2 G4 Note?
FPDATS5 D1 D5 uD1 D1 D5 D5 uD1 uD1 GO G1 G3 Note?
FPDAT6 D2 D6 ubD2 D2 D6 D6 ubD2 ubD2 B2 B3 B5 Note?
FPDAT7 D3 D7 ubD3 D3 D7 D7 uD3 uD3 B1 B2 B4 Note?
FPDAT8 |driven O | driven O | driven O |driven O | drivenO | driven O |driven 0| LD4 BO B1 B3 Note?
FPDAT9 |driven O [driven O | driven O | driven O | driven O | driven O (driven 0| LD5 |driven O RO R2 DACP7
FPDAT10 |driven O |driven O | driven O | driven O | driven O | driven O |driven 0| LD6 |driven O|driven O R1 DACP6
FPDAT11 |driven O |driven O | driven O |driven O | driven O | driven O |driven 0| LD7 |driven0| GO G2 DACP5
FPDAT12 |driven O |driven O | driven O |driven O | driven O | driven O |driven 0| UD4 |driven0|driven0O| G1 DACP4
FPDAT13 |driven O |driven O | driven O | driven O | driven O | driven O |driven 0| UD5 |drivenO|drivenO| GO DACP3
FPDAT14 |driven O |driven O | driven O | driven O | driven O | driven O |driven 0| UD6 |driven O BO B2 DACP2
FPDAT15 |driven O |driven O | driven O |driven O | driven O | driven O |driven 0| UD7 |driven O |driven O B1 DACP1
DACRD# GPI043 DACRD#
BLANK# GPIO53 BLANK#
DACPO GPIO6° DACPO
DACWR# GPIO73 DACWR#
DACRSO0 GPIO8® DACRSO0
DACRS1 GPI09® DACRS1
HRTC GPI010° HRTC
VRTC GPIO11° VRTC
DACCLK driven 0 DACCLK
Note
1. Although 18-bit TFT panels are supported only 16 data bits (64K colors) are available
- RO and BO are not used.
2. If no LCD isactive these pins are driven low.

3. All GPIO pins default to input on reset, and unless programmed otherwise should be
connected to either Vggor 10 Vpp if not used.
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6 D.C. Characteristics

Table 6-1: Absolute Maximum Ratings

Symbol Parameter Rating Units
Core Vpp Supply Voltage Vgg-0.3t04.6 \Y
10 Vpp Supply Voltage Vgg-0.3106.0 \
VN Input Voltage Vgs-0.31010 Vpp +0.5 \
Vour Output Voltage Vgs-0.3t010 Vpp +0.5 \
Tsto Storage Temperature -65 to 150 °C
TsoL Solder Temperature/Time 260 for 10 sec. max at lead °C
Table 6-2: Recommended Operating Conditions
Symbol Parameter Condition Min Typ Max Units
Core Vpp Supply Voltage Vgg=0V 2.7 3.0/3.3 3.6 \
10 Vpp Supply Voltage Vgg =0V 2.7 3.0/3.3/5.0 |5.5 \Y,
VN Input Voltage Vss 10 Vpp \Y
Topr Operating Temperature -40 25 85 °C
Table 6-3: Input Specifications
Symbol Parameter Condition Min Typ Max Units
Low Level Input Voltage IOVpp= 3.0 0.8 \Y
Vi CMOS inputs 3.3 0.8 \Y,
5.0 1.0 \
High Level Input Voltage IOVpp= 3.0 1.9 \Y,
ViH CMOS inputs 3.3 2.0 \Y,
5.0 35 \
Positive-Going Threshold IOVpp= 3.0 1.0 2.3 \Y
Vs CMOS Schmitt inputs 3.3 11 2.4 \Y
5.0 2.0 4.0 \
Negative-Going Threshold IOVpp= 3.0 0.5 17 \Y,
V. CMOS Schmitt inputs 33 0.6 1.8 \Y,
5.0 0.8 31 \
VDD = Max
liz Input Leakage Current Vip =10 Vpp -1 1 HA
ViL=Vss
Cin Input Pin Capacitance 10 pF
V|N = VDD =3.0 60 120 300 kQ
HRpp Pull-down Resistance =33 50 100 300 kQ
=5.0 50 100 300 kQ
S1D13504 Hardware Functional Specification
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Table 6-4: Output Specifications
Symbol Parameter Condition Min Typ Max Units
Low Level Output Voltage
Vv Type 1-TS1, CO1, TS1D loL =3mA 04 Vv
oL Type 2 - TS2, CO2 loL = 6mMA :
Type 3-TS3, CO3 loL = 12mA
High Level Output Voltage
Type 1-TS1, CO1, TS1D loL =-1.5mA i
Vo Type 2 - TS2, CO2 loL =-3 MA 10 Vpp - 0.4 v
Type 3-TS3, CO3 loL = -6 MA
10 VDD = Max
loz Output Leakage Current Von = Vpp -1 1 HA
VoL = Vss
Cout Output Pin Capacitance 10 pF
CeiD Bidirectional Pin Capacitance 10 pF
Hardware Functional Specification S1D13504
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7 A.C. Characteristics

Conditions. 10 Vpp = 2.7V to 5.5V unless otherwise specified
Tp=-40°Cto85°C
Tyise @nd Tiy, for all inputs must be < 5 nsec (10% ~ 90%)
C_ = 50pF (Bus/ MPU Interface)
C_ = 100pF (LCD Panel Interface)
C_ = 10pF (Display Buffer Interface)
C_ = 10pF (CRT / DAC Interface)

7.1 CPU Interface Timing
7.1.1 SH-3Interface Timing

t1 t2 t3
A m—
cKio I ﬁEﬁL SN /N e N e N e
t4 t5
< » L —
A[20:0], M/R#
RD/WR#
) t6 e t7g
BS#
L8, 12
CSn#
t9 t10
— |
WEnN#
RD#
t11 t12
N ‘4_ >
WAIT# B
e t13 y t14 R
D[15:0](write) 4<:J
t15 t16
—> >
D[15:0](read)

Figure 7-1: SH-3 Interface Timing

Note
The SH-3 Wait State Control Register for the areain which the S1D13504 resides must be set to
anon-zero value.
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Table 7-1: SH-3 Interface Timing

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

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

1. If the S1ID13504 host interface is disabled, the timing for WAIT# driven isrelative to the fall-
ing edge of CSn# or the first positive edge of CKIO after A[20:0] and M/R# become valid,

whichever occurs later.

2. If the S1D13504 host interface is disabled, the timing for D[15:0] driven isrelative to the fall-
ing edge of RD# or thefirst positive edge of CKIO after A[20:0] and M/R# become valid,

whichever occurs later.
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7.1.2 MCG68K Bus 1 Interface Timing (e.g. MC68000)

CS#

ASH#

UDS#
LDS#

R/W#

DTACK#

D[15:0](write)

D[15:0](read)

t1

t4

2, t3
CLK r ; L J L \

T\

i

t16

<«

o

5

t9

11

t10 r

t12

A

t13

t14
l—

t15

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

Symbol Parameter Min Max Units
t1 Clock period 30 ns
t2 Clock pulse width high ns
t3 Clock pulse width low ns
t4 A[20:1], M/R# setup to first CLK where CS# = 0 AS# =0, and 4 ns

either UDS#=0 or LDS# =0
t5 A[20:1], M/R# hold from AS# 0 ns
6 CS# hold from AS# 0 ns
t7 R/W# setup to before to either UDS#=0 or LDS# =0 5 ns
t8 R/W# hold from AS# 0 ns
to! AS# = 0 and CS# = 0 to DTACK# driven high 1 ns
t10 AS# high to DTACK# high impedance 1 5 ns
t11 D[15:0] valid to second CLK where CS# = 0 AS# = 0, and either 0 ns
UDS#=0 or LDS# = 0 (write cycle)
t12 D[15:0] hold from falling edge of DTACK# (write cycle) 0 ns
132 Falling edge of UDS#=0 or LDS# = 0 to D[15:0] driven (read 3 ns
cycle)
t14 D[15:0] valid to DTACK# falling edge (read cycle) 0 ns
t15 tJyI?j:;ﬁ and LDS# high to D[15:0] invalid/high impedance (read 2 11 ns
t16 AS# high setup to CLK 3 ns

1. If the S1ID13504 host interface is disabled, the timing for DTACK# driven high is relative to
the falling edge of AS# or the first positive edge of CLK after A[20:1] and M/R# become val-

id,
whichever occurs later.

2. |If the S1D13504 host interface is disabled, the timing for D[15:0] driven isrelative to the fall-
ing edge of UDSH/LDS# or the first positive edge of CLK after A[20:1] and M/R# become val-

id, whichever occurs | ater.
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7.1.3 MCG68K Bus 2 Interface Timing (e.g. MC68030)

SIZ[1:0] M/R#

D[31:16](write)

D[31:16](read)

t1 2 13
CLK W:Umf_fmm
y t4 Ll B
A[20:0] ﬂ
6
CS# L
t16
—> |
AS#
DS#
t7 18
b > |
R/W# >E L
t9 t10
< —> r
DSACK1# /T
t11 t12
t13 t14 t15
—> | <

-

Figure 7-3: MC68K Bus 2 Interface Timing
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Table 7-3: MC68K Bus 2 Interface Timing

Symbol Parameter Min Max Units
t1 Clock period 30 ns
t2 Clock pulse width high ns
t3 Clock pulse width low ns
t4 A[20:0], SIZ[1:0], M/R# setup to first CLK where CS# = 0 AS# = 4 ns

0, and either UDS#=0 or LDS# =0
t5 A[20:0], SIZ[1:0], M/R# hold from AS# 0 ns
6 CS# hold from AS# 0 ns
t7 R/W# setup to DS# 5 ns
t8 R/W# hold from AS# 0 ns
to! AS# = 0 and CS# = 0 to DSACK1# driven high 1 ns
t10 AS# high to DSACK1# high impedance 1 5 ns
t11 D[31:16] valid to second CLK where CS# = 0 AS# = 0, and 0 ns
either UDS#=0 or LDS# = 0 (write cycle)
t12 D[31:16] hold from falling edge of DSACK1# (write cycle) 0 ns
t132 Falling edge of UDS# = 0 or LDS# = 0 to D[31:16] driven (read 3 ns
cycle)
t14 D[31:16] valid to DSACK1# falling edge (read cycle) 0 ns
t15 gy?:i;;t and LDS# high to D[31:16] invalid/high impedance (read 2 11 ns
t16 AS# high setup to CLK 3 ns

1. If the S1ID13504 host interface is disabled, the timing for DSACK 1# driven high is relative to
the falling edge of AS# or the first positive edge of CLK after A[20:0] and M/R# become

valid, whichever occurs later.

2. |If the S1D13504 host interface is disabled, the timing for D[15:0] driven isrelative to the fall-
ing edge of UDSH/LDSH# or the first positive edge of CLK after A[20:1] and M/R# becomes

valid, whichever occurs later.
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7.1.4 Generic MPU Interface Synchronous Timing

Teeik
—
BCLK _/| 1 1 M m 1
t1 t2
<t—l><;2> +—>|¢ >
A[20:0] :
M/R# Valid
tl t2 1
D E— > >
cs Y/
t3
M, e v
RDO#RD1# [ <l S
WEO#,WE1#
R B 6
Hi-z | Hi-Z
WAIT#
t7 t8
ie Hi-Z
Hi-z Valid
D[15:0](write)
t9 110 t11
4 “—> “—p|
Hi-Z \ Hi-Z
Vali
D[15:0](read) r alid

Figure 7-4: Generic MPU Interface Synchronous Timing
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Table 7-4: Generic MPU Interface Synchronous Timing

Symbol Parameter Min Max Units

TeeLk Bus clock period 25 ns
tl A[20:0], M/R#, CS#, RDO#,RD1#,WE0#,WE1# hold time 1 ns
t2 A[20:0], M/R#, CS#, RDO#,RD1#,WEOQ#,WE1# setup time 5 ns
t3 RDO#,RD1#,WEO0#,WE1# high to A[20:0], M/R# invalid and CS# high 0 ns
t4! RDO#,RD1#,WEO0#,WE1# low and CS# low to WAIT# driven low 1 7 ns
t5 BCLK to WAIT# high 0 15 ns
t6 RDO#,RD1#,WEO#,WE1# high to WAIT# high impedance 1 6 ns
t7 D[15:0] valid to second BCLK where RDO#,RD1#,WEO0#,WE1# low and CS# 5 ns

low (write cycle)

t8 D[15:0] hold from WEQ#, WE1# high (write cycle) 0 ns
192 RDO#,RD1# low to D[15:0] driven (read cycle) 3 15 ns
t10 D[15:0] valid to WAIT# high (read cycle) 0
t11 RDO#, RD1# high to D[15:0] high impedance (read cycle) 2 10

1. If the S1ID13504 host interface is disabled, the timing for WAIT# driven low is relative to the
falling edge of CS# and RDO#, RD1#, WEO#, WE1# or the first positive edge of BCLK after
AJ20:0] and M/R# become valid, whichever occurs later.

2. |If the S1D13504 host interface is disabled, the timing for D[15:0] driven isrelative to the fall-
ing edge of RDO#, RD1# or the first positive edge of BCLK after A[20:0] and M/R# become
valid, whichever occurs later.
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7.1.5 Generic MPU Interface Asynchronous Timing

. Teck

BCLK m

Al Valid (
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Hi-Z > Hi-Z
WAIT#
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D[15:0](read)—Hi-Z F valid FH"Z

Figure 7-5: Generic MPU Interface Asynchronous Timing
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Table 7-5: Generic MPU Interface Asynchronous Timing
Symbol Parameter Min Max Units
TecLk Bus clock period 25 ns
tl RDO#, RD1#, WEO#, WE1# low to CS# low 4 ns
t2 A[20:0], M/R# valid to RDO#, RD1#, WEO#, WE1# low 0 ns
t3 RDO#, RD1#, WEO#, WE1# high to A[20:0], CS#, M/R# invalid and CS# high 0 ns
tat CS# low to WAIT# driven low 1 ns
t5 RDO#, RD1#, WEO#, WE1# high to WAIT# high impedance 1 ns
t6 WEO#, WE1# low to D[15:0] valid (write cycle) 20 ns
t7 D[15:0] hold from WEO#, WE1# high (write cycle) 0 ns
187 RDO#, RD1# low to D[15:0] driven (read cycle) 3 15 ns
t9 D[15:0] valid to WAIT# high (read cycle) 0
t10 RDO#, RD1# high to D[15:0] high impedance (read cycle) 2 10

1. If the S1ID13504 host interface is disabled, the timing for WAIT# driven low is relative to the
falling edge of CS# or the first positive edge of BCLK after A[20:0] and M/R# become valid,

whichever occurs later.

2. If the S1D13504 host interface is disabled, the timing for D[15:0] driven isrelative to the fall-
ing edge of RDO#, RD1# or the first positive edge of BCLK after A[20:0] and M/R# become

valid,
whichever occurs later.
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7.2 Clock Input Requirements

Clock Input Waveform

—— t

PWH PWL

IH

ViL

v

A

Tewki

Figure 7-6: Clock Input Requirements

Table 7-6: Clock Input Requirements

Symbol Parameter Min Typ Max Units
TCLKI Input Clock Period (CLKI) 125 ns
TpcLk Pixel Clock Period (PCLK) not shown 25 ns
TmcLK Memory Clock Period (MCLK) not shown 25 ns
town Input Clock Pulse Width High (CLKI) 45% 55% Tewk

towl Input Clock Pulse Width Low (CLKI) 45% 55% Tewki

Note

When CLKI is more than 40MHz, REG[19h] bit 2 must be set to 1 (MCLK = CLKI/2).
There is no minimum frequency for CLKI.

7.3 Memory Interface Timing

7.3.1 EDO-DRAM Read Timing

t1
) E—
Memory W
Clock
t2 R
L t3 VN 5 16 t7 18 9
MA J R J c1 J c2 1 c3 c4 X
RAS# . N
CAS# /NS
t10 t11
< #‘
12 t14 16
< P t
e t15 R
—» t13
MD(Read) d1 d2 XX d3 d4 )
Figure 7-7: EDO-DRAM Read Timing
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Table 7-7: EDO DRAM Read Timing

Symbol Parameter Min Typ Max Units
t1 Memory clock period 25 ns
Random read or write cycle time (REG[22h] bits [6:5] = 00) 5t1 ns
t2 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3tl ns
Row address setup time (REG[22h] bits [3:2] = 00) 245t1 ns
t3 Row address setup time (REG[22h] bits [3:2] = 01) 211 ns
Row address setup time (REG[22h] bits [3:2] = 10) 14511 ns
“ Row address hold time (REG[22h] bits [3:2] = 00 or 10) 04511-1 ns
Row address hold time (REG[22h] bits [3:2] = 01) t1-1 ns
t5 Column address setup time 045t1-1 ns
t6 Column address hold time 045t1-1 ns
t7 CASH# pulse width 0.45t1 055t1+1 ns
t8 CAS# precharge time 04511-1 0.5511 ns
t9 RAS# hold time 111 ns
RAS# precharge time (REG[22h] bits [3:2] = 00) 2t1-1 ns
t10 RAS# precharge time (REG[22h] bits [3:2] = 01) 145t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns

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

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

RAS# to CAS# delay time (REG[22h] bits [3:2] = 01) 14511 -2 1.5511 ns
Access time from RAS#

2t1-2 211 ns

1t1-2 11 ns

(REG[22h] bit 4 = 0 and bits [3:2] = 00 or 10) 3tl-11 1 ns
t12 Access time from RAS# . 2t1-11 ns

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

Access time from RAS# (REG[22h] bits [3:2] = 01) 24511-12 ns
t13 Access time from CAS# t1-10 ns
t14 Access time from CAS# precharge, column address 1.4511-6 ns
t15 Read Data hold after CAS# low 2 ns
t16 Read Data turn-off delay from RAS# 2 ns

Hardware Functional Specification S1D13504
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7.3.2 EDO-DRAM Write Timing

t1
Memory
Clock /—\_/—MM/_L
t2
3 t4 t5 6 t8 t9
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MA J R ‘ c1 c2 c3 c4
7
RAS# — hild N
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t12 t13
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t14 | t15
(—
MD(Write) dl d2 d3 d4
Figure 7-8: EDO-DRAM Write Timing
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Table 7-8: EDO DRAM Write Timing

Symbol Parameter Min Typ Max Units
t1 Memory clock period 25 ns
Random read or write cycle time (REG[22h] bits [6:5] = 00) 5t1 ns
t2 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3t1 ns
Row address setup time (REG[22h] bits [3:2] = 00) 24511 ns
t3 Row address setup time (REG[22h] bits [3:2] = 01) 211 ns
Row address setup time (REG[22h] bits [3:2] = 10) 14511 ns
“ Row address hold time (REG[22h] bits [3:2] = 00 or 10) 0.45t1-1 ns
Row address hold time (REG[22h] bits [3:2] = 01) t1-1 ns
t5 Column address setup time 045t1-1 ns
6 Column address hold time 0.45t1-1 ns
t7 CAS# pulse width 0.45t1 055t1+1 ns
t8 CAS# precharge time 045t1-1 0.55t1 ns
9 RAS# hold time 1t1 ns
RAS# precharge time (REG[22h] bits [3:2] = 00) 2t1-1 ns
t10 RAS# precharge time (REG[22h] bits [3:2] = 01) 145t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns
?RAESg[ZhC]At\)ﬁie?ir?;n bits [3:2] = 00 or 10) 2t-2 2t ns
H (RRAESg[;%hC]At\)iid:eﬁ:én bits [3:2] = 00 or 10) 1i-2 ia ns
RAS# to CAS# delay time (REG[22h] bits [3:2] = 01) 145t1-2 15511 ns
t12 Write command setup time 0.45t1-1 ns
t13 Write command hold time 04511 ns
t14 Write Data setup time 045t1-3 ns
t15 Write Data hold time 04511 -2 ns
Hardware Functional Specification S1D13504
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7.3.3 EDO-DRAM Read-Write Timing

t1
Clock

v

t4 t5 6
e E— PP
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Figure 7-9: EDO-DRAM Read-Write Timing
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Table 7-9: EDO DRAM Read-Write Timing
Symbol Parameter Min Typ Max Units
t1 Memory clock period 25 ns
Random read or write cycle time (REG[22h] bits [6:5] = 00) 5t1 ns
t2 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3t1 ns
Row address setup time (REG[22h] bits [3:2] = 00) 24511 ns
t3 Row address setup time (REG[22h] bits [3:2] = 01) 211 ns
Row address setup time (REG[22h] bits [3:2] = 10) 14511 ns
“ Row address hold time (REG[22h] bits [3:2] = 00 or 10) 0.45t1-1 ns
Row address hold time (REG[22h] bits [3:2] = 01) t1-1 ns
t5 Column address setup time 045t1-1 ns
t6 Column address hold time 0.45t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 00) 2t1-1 ns
t7 RAS# precharge time (REG[22h] bits [3:2] = 01) 145t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns
?RAESg[;%riiiiiel(?grtl? bits [3:2] = 00 or 10) 2tl-2 2t ns
° ?RAESg[;%fg;At\)iiieTirtl? bits [3:2] = 00 or 10) -2 ta ns
RAS# to CAS# delay time (REG[22h] bits [3:2] = 01) 145t1-2 15511 ns
9 Read Data turn-off delay from WE# 0 ns
‘10 Write Data delay from WE# (REG[22h] bit 7 = 0) 14511 ns
Write Data delay from WE# (REG[22h] bit 7 = 1) 0.4511 ns
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7.3.4 EDO-DRAM CAS Before RAS Refresh Timing

Memory
Clock
. t2 R < t3 N
RAS# T —/—l
CAS# ]
{7 t4 5

t6

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

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

Symbol Parameter Min Typ Max Units
t1 Memory clock period 25 ns
t2 RAS# to CAS# precharge time (REG[22h] bits [3:2] = 00) 14511 ns

RAS# to CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 04511 ns
Random read or write cycle time (REG[22h] bits [6:5] = 00) 511 ns
t3 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3tl ns
“ CAS# precharge time (REG[22h] bits [3:2] = 00) 211 ns
CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 1t1 ns
" CAS# setup time (REG[22h] bits [3:2] = 00 or 10) 0.451t1-2 ns
CAS# setup time (REG[22h] bits [3:2] = 01) 111-2 ns
RAS# precharge time (REG[22h] bits [3:2] = 00) 2t1-1 ns
t6 RAS# precharge time (REG[22h] bits [3:2] = 01) 145t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns
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7.3.5 EDO-DRAM Self-Refresh Timing
Stopped for Restarted for
1 suspend mode active mode
wemary [ / NN
Clock
t5 .
< 12 >
RASH# |
CAS#
L t3 |t
[« e
Figure 7-11: EDO-DRAM Sdf-Refresh Timing
Table 7-11: EDO-DRAM Self-Refresh Timing
Symbol Parameter Min Typ Max Units
t1 Memory clock period 25 ns
i RAS# to CAS# precharge time (REG[22h] bits [3:2] = 00) 14511 ns
RAS# to CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 0.4511 ns
3 CAS# precharge time (REG[22h] bits [3:2] = 00) 211 ns
CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 11 ns
“ CAS# setup time (REG[22h] bits [3:2] = 00 or 10) 0.451t1-2 ns
CAS# setup time (REG[22h] bits [3:2] = 01) 111-2 ns
RAS# precharge time (REG[22h] bits [3:2] = 00) 2t1-1 ns
t5 RAS# precharge time (REG[22h] bits [3:2] = 01) 145t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns
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7.3.6 FPM-DRAM Read Timing
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Figure 7-12: FPM-DRAM Read Timing

S1D13504
X19A-A-002-19

Hardware Functional Specification
Issue Date: 01/11/06



Epson Research and Development Page 55
Vancouver Design Center

Table 7-12: FPM DRAM Read Timing

Symbol Parameter Min Typ Max Units
t1 Memory clock 40 ns
Random read or write cycle time (REG[22h] bits [6:5] = 00) 5t1 ns
t2 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3t1 ns
Row address setup time (REG[22h] bits [3:2] = 00) 211 ns
t3 Row address setup time (REG[22h] bits [3:2] = 01) 14511 ns
Row address setup time (REG[22h] bits [3:2] = 10) 1t1 ns
“ Row address hold time (REG[22h] bits [3:2] = 00 or 10) t1-1 ns
Row address hold time (REG[22h] bits [3:2] = 01) 0.45t1-1 ns
t5 Column address set-up time 045t1-1 ns
6 Column address hold time 0.45t1-1 ns
t7 CAS# pulse width 0.45t1 055t1+1 ns
t8 CAS# precharge time 045t1-1 0.55t1 ns
9 RAS# hold time 0.45t1 ns
RAS# precharge time (REG[22h] bits [3:2] = 00) 2t1-1 ns
t10 RAS# precharge time (REG[22h] bits [3:2] = 01) 145t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns
?RAESg[;%hC]At\)ﬁieﬁr?én bits [3:2] = 00 or 10) L45t-2 1551 ns
t11 ?RAESg[;%hC]At\)iiie?grth bits [3:2] = 00 or 10) 245t -2 2554 ns
RAS# to CAS# delay time (REG[22h] bit 4 = 1 and bits [3:2] = 01) 1t1-2 111 ns
RAS# to CAS# delay time (REG[22h] bit 4 = 0 and bits [3:2] = 01) 2t11-2 211 ns
Access time from RAS# . 211-2 ns
(REG[22h] bit 4 = 1 and bits [3:2] = 00 or 10)
t12 '(A\F(Q:EZS[SZ;;H iiftri"l ﬁﬁﬁﬁ bits [3:2] = 00 or 10) 3u-2 ns
Access time from RAS# (REG[22h] bit 4 = 1 and bits [3:2] = 01) 14511 -2 ns
Access time from RAS# (REG[22h] bit 4 = 0 and bits [3:2] = 01) 24511 -2 ns
t13 Access time from CAS# 0.4511-1 ns
t14 Access time from CAS# precharge 111-2 ns
t15 Read Data hold from CAS# or RAS# 2 ns
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7.3.7 FPM-DRAM Write Timing
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Figure 7-13: FPM-DRAM Wkite Timing
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Table 7-13: FPM-DRAM Write Timing
Symbol Parameter Min Typ Max Units
t1 Memory clock 40 ns
Random read or write cycle time (REG[22h] bits [6:5] = 00) 5t1 ns
t2 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3t1 ns
Row address setup time (REG[22h] bits [3:2] = 00) 21l ns
t3 Row address setup time (REG[22h] bits [3:2] = 01) 14511 ns
Row address setup time (REG[22h] bits [3:2] = 10) 1t1 ns
“ Row address hold time (REG[22h] bits [3:2] = 00 or 10) t1-1 ns
Row address hold time (REG[22h] bits [3:2] = 01) 0.45t1-1 ns
t5 Column address set-up time 0.45t1-1 ns
6 Column address hold time 045t1-1 ns
t7 CAS# pulse width 0.4511 05511+ 1 ns
t8 CAS# precharge time 04511-1 0.5511 ns
9 RAS# hold time 0.45t1 ns
RAS# precharge time (REG[22h] bits [3:2] = 00) 2t1-1 ns
t10 RAS# precharge time (REG[22h] bits [3:2] = 01) 145t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns
?RAESg[;%hC]At\)ﬁieﬁr?én bits [3:2] = 00 or 10) 145t-2 1551 ns
t11 ?RAESg[;%hC]At\)iiie?gr?;n bits [3:2] = 00 or 10) 245t -2 2551 ns
RASH# to CAS# delay time (REG[22h] bit 4 = 1 and bits [3:2] = 01) 1t1-2 1t1 ns
RAS# to CAS# delay time (REG[22h] bit 4 = 0 and bits [3:2] = 01) 2t1-2 211 ns
t12 Write command setup time 0.45t1-1 ns
t13 Write command hold time 0.45t1 ns
t14 Write Data setup time 0451t1-3 ns
t15 Write Data hold time 0.451t1-2 ns
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7.3.8 FPM-DRAM Read-Write Timing
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Figure 7-14: FPM-DRAM Read-Write Timing
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Table 7-14: FPM-DRAM Read-Write Timing
Symbol Parameter Min Typ Max Units
t1 Memory clock 40 ns
Random read or write cycle time (REG[22h] bits [6:5] = 00) 5t1 ns
t2 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3t1 ns
Row address setup time (REG[22h] bits [3:2] = 00) 211 ns
t3 Row address setup time (REG[22h] bits [3:2] = 01) 14511 ns
Row address setup time (REG[22h] bits [3:2] = 10) 1t1 ns
“ Row address hold time (REG[22h] bits [3:2] = 00 or 10) t1-1 ns
Row address hold time (REG[22h] bits [3:2] = 01) 0.45t1-1 ns
t5 Column address set-up time 045t1-1 ns
6 Column address hold time 045t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 0) 2t1-1 ns
t7 RAS# precharge time (REG[22h] bits [3:2] = 01) 145t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 10) 1t1-1 ns
?RAESg[;%riﬁiieﬁrt:: bis [3:2] = 00 or 10) 145t -2 1554 ns
8 (RRAESg[;%r%ﬁiie?ir?: bits [3:2] = 00 or 10) 245t -2 2554 ns
RAS# to CAS# delay time (REG[22h] bit 4 = 1 and bits [3:2] = 01) 1t1-2 1tl ns
RASH# to CAS# delay time (REG[22h] bit 4 = 0 and bits [3:2] = 01) 2t1-2 2t1 ns
t9 Read Data turn-off delay from CAS# 2 ns
t10 Write Data enable delay from WE# 04511 ns
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7.3.9 FPM-DRAM CAS# Before RAS# Refresh Timing

t1
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Clock
2 t3 N
RASH# J —/—4
CASH#
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Figure 7-15: FPM-DRAM CAS# Before RAS# Refresh Timing
Table 7-15: FPM-DRAM CAS# Before RASH# Refresh Timing
Symbol Parameter Min Typ Max Units
t1 Memory clock 40 ns
. RAS# to CAS# precharge time (REG[22h] bits [3:2] = 00) 21l ns
RAS# to CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 11 ns
Random read or write cycle time (REG[22h] bits [6:5] = 00) 511 ns
t3 Random read or write cycle time (REG[22h] bits [6:5] = 01) 411 ns
Random read or write cycle time (REG[22h] bits [6:5] = 10) 3tl ns
“ CAS# precharge time (REG[22h] bits [3:2] = 00) 211 ns
CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 1t1 ns
t5 CAS# setup time (CAS# before RAS# refresh) 0.451t1-2 ns
6 RAS# precharge time (REG[22h] bits [3:2] = 00) 24511 -1 ns
RAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 145t1-1 ns
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7.3.10 FPM-DRAM Self-Refresh Timing
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Figure 7-16: FPM-DRAM CBR Sdlf-Refresh Timing
Table 7-16: FPM-DRAM CBR Sdlf-Refresh Timing
Symbol Parameter Min Typ Max Units
t1 Memory clock 40 ns
i RAS# to CAS# precharge time (REG[22h] bits [3:2] = 00) 21l ns
RAS# to CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 111 ns
3 CAS# precharge time (REG[22h] bits [3:2] = 00) 2tl ns
CAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 11 ns
t4 CAS# setup time (CAS# before RAS# refresh) 04511 -2 ns
5 RAS# precharge time (REG[22h] bits [3:2] = 00) 2451t1-1 ns
RAS# precharge time (REG[22h] bits [3:2] = 01 or 10) 145t11-1 ns
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7.4 Display Interface

7.4.1 Power-On/Reset Timing

TRESET#

——

RESET#

LCD ENABLE

(REG[ODh] bit 0)

LCDPWR Inactive Active
FPFRAME Active
FPLINE )/ _
FPSHIFT Active
FPDAT[15:0]
DRDY o N
Figure 7-17: LCD Panel Power-On/Reset Timing
Table 7-17: LCD Panel Power-On/Reset Timing
Symbol Parameter Min Typ Max Units
TreseT# | RESET# pulse time 100 us
LCD Enable bit high to FPLINE, FPSHIFT, FPDAT[15:0], DRDY
t active d [15:0] TeprrAME + 6TpcLk ns
2 FPLINE, FPSHIFT,. FPDAT[15:0], DRDY active to LCDPWR, on 128 Frames
and FPFRAME active
Note
Where Teprrame 1S the period of FPFRAME and Tpgy  isthe period of the pixel clock.
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7.4.2 Suspend Timing

SUSPEND#
Software Suspend

a Note 1
—>
CLKI T y/ Note 2 r
t2 . t3 N
F%DCI::I;ZVI\\/IIE Active Inactive k Active
. t4 R 5
- 4 o
FBLRISE Active Inactive Active
FPSHIFT ; ;
FPDAT[15:0] Active Active
Memory Access Allowed T Not Allowed J Allowed
Figure 7-18: LCD Panel Suspend Timing
Table 7-18: LCD Panel Suspend Timing
Symbol Parameter Min Typ Max Units
t1 LCDPWR inactive to CLKI inactive 128 Frames
t2 SUSPEND# active to FPFRAME, LCDPWR inactive 0 1 Frames
13 Fir§t CLKI after SUSPEND# inactive to FPFRAME, LCDPWR 1 Frames
active
t4 LCPPWR inactive to FPLINE, FPSHIFT, FPDAT[15:0], DRDY 128 Frames
active
t5 First CLKI after SUSPEND# inactive to FPLINE, FPSHIFT, 0 Frames
FPDAT[15:0], DRDY active
t6 LCDPWR inactive to Memory Access not allowed 8 MCLK
t7 First CLKI after SUSPEND# inactive to Memory Access allowed 0 MCLK
Note
1. 3,15, and t7 are measured from the first CLKI after SUSPEND# inactive.
2. CLKI may be active throughout SUSPEND# active.
3. Where MCLK isthe period of the memory clock.
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7.4.3 Single Monochrome 4-Bit Panel Timing

5 VDP o WNDP
I T ]
FPFRAME 1 - - o
FPLINE ]| I | | I | | I I I | 1N
MOD X . X
UD[3:0], UD[3:0] UNEL Y LINE2 X LINE3 X LINE4 —  XUINE239)LINE240 LINEL X LINE2
\
FPLINE [ S [
MOD X o .
. HDP . HNDP |
G A e I e i e S e B e T B o B o B o I
ub3 , ED LD G G S O X
uD2 o 12 X 16 - — — XX X X138y L X
uD1 ] 13 X 17 ¥ — — YR =D G
uoo 14 X 18 ¥ — — X X X X130y L X

* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 320x240 panel

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

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

VNDP =  Vertical Non-Display Period = (REG[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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tl t2
Sync Timing f—
FPFRAME
I < P C N
FPLINE P—\ ﬂ
t5
MOD
Data Timing
FPLINE
t6
7 8,
B t9 LN 11 | t12
FPSHIFT | o ‘\Li
t13 | 114
UD[3:0] . 2 ><7
Figure 7-20: Sngle Monochrome 4-Bit Panel A.C. Timing
Table 7-19: Sngle Monochrome 4-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
tl FPFRAME setup to FPLINE falling edge note 2
t2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE pulse width 9 Ts
t4 FPLINE period note 3
t5 MOD transition to FPLINE falling edge 33 note 4 Ts
t6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPLINE falling edge to FPSHIFT falling edge t14 +2 Ts
t8 FPSHIFT period 4 Ts
9 FPSHIFT falling edge to FPLINE falling edge note 6
t10 FPLINE falling edge to FPSHIFT rising edge 18 Ts
t11 FPSHIFT pulse width high 2 Ts
t12 FPSHIFT pulse width low 2 Ts
t13 UD[3:0] setup to FPSHIFT falling edge 2 Ts
t14 UD[3:0] hold to FPSHIFT falling edge 2 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlmin = t4min -9Ts
3. t4nin = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] + 33 Ts
4. t54in = [((REG[04h] bits [6:0]) + 1)*8 - 1] Ts
5. 6, = [((REG[05h] bits [4:0]) + 1)*8 - 25] Ts
6. 1t9qin = [((REG[O5h] bits [4:0]) + 1)*8 - 16] Ts
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7.4.4 Single Monochrome 8-Bit Panel Timing

| VDP | VNDP |
* 0 "
FPFRAME I
S | N T 0 0. 1. n o | n 10 7
MOD X - X
UD[30]’ LD[SO] LINE1 LINE2 >< LINE3 LINE4 — LINE479 XLINE480 LINE1 >< LINE2

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

\‘
FPLINE [ ] - [
MOD . .
. HDP D HNDPJ
FPSHIFT _m o J_\_I_\_I_\_I_\_I_\; - ;l
uD3 11 ¥ 19 O — — X Y Y 1633 ALY
uD2 ) 12 Y 110 ) X - — — X X X X W1esay (X
uD1 13 ¥ 111 X X Y — — X X W Y Wressy L X
uDO ) 14 Y 112 — — X X X X [ EEDN G ¢
LD3 Y s X — — X M Xresry, L X
LD2 16 X 114 — — XX XY Y 1ess i AL X
LD1 B w15y X ¥ — — X X ey X
LD ) O  — — O @, X

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

VVDP = 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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tl o
Sync Timing ‘ 7 ’ r
FPFRAME
13l t4 >
FPLINE J/_\ W
15
AR
MOD
Data Timing
FPLINE
t6
§ 7 y 8
t9 | 110 11 | 112
FPSHIFT _/ S —
113 | t14
UD[3:0] ><:
LD[3:0] ! 2
Figure 7-22: Sngle Monochrome 8-Bit Panel A.C. Timing
Table 7-20: Single Monochrome 8-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE falling edge note 2
12 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE pulse width 9 Ts
t4 FPLINE period note 3
t5 MOD transition to FPLINE falling edge 33 note 4 Ts
t6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPLINE falling edge to FPSHIFT falling edge t14 + 4 Ts
t8 FPSHIFT period 8 Ts
t9 FPSHIFT falling edge to FPLINE falling edge note 6
t10 FPLINE falling edge to FPSHIFT rising edge 18 Ts
11 FPSHIFT pulse width high 4 Ts
t12 FPSHIFT pulse width low 4 Ts
t13 UD[3:0], LD[3:0] setup to FPSHIFT falling edge 4 Ts
t14 UDJ3:0], LD[3:0] hold to FPSHIFT falling edge 4 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlmin = t4min -9Ts
3. t4nin = [((REG[04h] bits [6:0])+1)*8 + (REG[05h] bits [4:0]) + 1)*8] + 33 Ts
4. t5yin = [((REG[04h] bits [6:0]) + 1)*8 - 1] Ts
5. t6min = [((REG[O5h] bits [4:0]) + 1)*8 - 23] Ts
6. t9min = [((REG[O5h] bits [4:0]) + 1)*8 - 14] Ts
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7.4.5 Single Color 4-Bit Panel Timing

y VDP . VNDP R
| T il
FPFRAME
FPLINE | I I 1 [l 1 1 I I 1 [
MOD X .
UD[3:0] LINE1 X LINE2 X LINE3 X LINE4 - — -XLINE479)XLINE480 LINEL X LINE2
\
\
FPLINE ] — — [
MOD - ]
HDP L HNDP N
FPSHIFT ) T i
S I I I O B S
ups T 6E-0 E=) SR GI G SRS G G = W G
uD2 o 1-G1Y 1-B2Y 1-R4 X X — — X 1-R320) ﬂ
uD1 - faBraRrsx e X X — — X ge20, L X
UDo R (res e Xk — — X a0 X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-23: Sngle Color 4-Bit Panel Timing

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

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

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

HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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tflf t2
Sync Timing
FPFRAME
BN < t4
FPLINE P_\ /
t5
MOD F’
Data Timing
FPLINE
t6
< 7 y 8
B t9 | 110 a1 12 o
FPSHIFT _/ / N "\l\;
L 113 | 114
UD[3:0] ! > 2
Figure 7-24: Sngle Color 4-Bit Panel A.C. Timing
Table 7-21: Single Color 4-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE falling edge note 2
t2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE pulse width 9 Ts
t4 FPLINE period note 3
t5 MOD transition to FPLINE falling edge 33 note 4 Ts
6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPLINE falling edge to FPSHIFT falling edge t14 + 0.5 Ts
t8 FPSHIFT period 1 Ts
t9 FPSHIFT falling edge to FPLINE falling edge note 6
t10 FPLINE falling edge to FPSHIFT rising edge 19 Ts
t11 FPSHIFT pulse width high 0.45 Ts
t12 FPSHIFT pulse width low 0.45 Ts
t13 UDJ3:0], setup to FPSHIFT falling edge 0.45 Ts
t14 UD[3:0], hold from FPSHIFT falling edge 0.45 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlmin = t4min -9Ts
3. t4nin = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] + 33 Ts
4. t55in = [((REG[04h] bits [6:0])+1)*8 - 1] Ts
5. t6min = [((REG[O5h] bits [4:0]) + 1)*8 - 26] Ts
6. t9min = [((REG[O5h] bits [4:0]) + 1)*8 - 17] Ts
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7.4.6 Single Color 8-Bit Panel Timing (Format 1)

5 VDP L VNDP .
b T i
FPFRAME .
FPLINE _ ]| I | I I 1 I I I I I 1N
UDI[3:0], LD[3:0] LINEL ) LINE2 X LINE3 Y LINE4 X- — —XLINE479XLINE480) A LINEL X LINE2

\
FPLINE — ]
B HDP . HNDP
< > »
FPSHIFT R N S N R S R R I
FPSHIFT2 - e o N [ 1 - [
uD3 N 1-RL X 1:GL )} 1:G6 X 1-B6 X 1-BILY LR12)- — — AL X
uD2 o 181 X 1-R2 Y 1-R7 X 1-G7 Y1-G12){ 1-B12 — XX aeessy L X
uD1 . 162 Y 1-B2 Y 1-B7 X 1-R8 Y1R1BBY 1GI3Y- — — ( xpeesn (X
uDo o 1R3 X 1-G3)_1-G8X_1-B8 X 1-B13Y 1RI14 — X Yaremy L X
LD3 . 183 ) 1Ra X 1RO X 1-G9 X1Gua) 1B1a- — — X Y1Bes8, [ ¥
LD2 o 1.G4 Y 184 Y 189 X 1-R10) 1R15 Y 1-G15 — X X aeexy L X
LD1 o 1-R5 )(1-G5 ) 1-G10) 1-B10 X115 ) 1R16)- — — X Ywreao [ ¥
LDO o 1-85 ) 1-R6 X 1-R1LY 1-G11)1-G16 ) 1-B16 ) — XX YuBeao A X

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

Figure 7-25: Sngle Color 8-Bit Pand Timing (Format 1)

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

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

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

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

— Bl
FPLINE P—\

Data Timing FPLINE

t5a

A
A 4

t5b

v
A
-
(2]
—_
3J

t8a 9 t10

FPSHIFT || / \

8b .
FPSHIFT2 |

v

t12 113
—Pp
UD[3:0] *
LD[3:0] 2

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

=

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

Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE falling edge note 2
t2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE pulse width 9 Ts
t4 FPLINE period note 3
t5a FPSHIFT2 falling edge to FPLINE rising edge note 4
t5b FPSHIFT falling edge to FPLINE rising edge note 5
t6 FPLINE falling edge to FPSHIFT2 rising, FPSHIFT falling edge t14 +2 Ts
t7 FPSHIFT2, FPSHIFT period 4 Ts
t8a FPSHIFT falling edge to FPLINE falling edge note 6
t8b FPSHIFT2 falling edge to FPLINE falling edge note 7
t9 FPLINE falling edge to FPSHIFT rising edge 18 Ts
t10 FPSHIFT2, FPSHIFT pulse width high 2 Ts
t11 FPSHIFT2, FPSHIFT pulse width low 2 Ts
t12 UD[3:0], LD[3:0] setup to FPSHIFT2 rising, FPSHIFT falling edge 1 Ts
t13 UD[3:0], LD[3:0] hold from FPSHIFT2 rising, FPSHIFT falling edge 1 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlyin =t4min-9Ts
3. t4nin = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] Ts
4. 5., = [((REG[05h] bits [4:0]) + 1)*8 - 27]+T11 Ts
5. tBmin = [((REG[O5h] bits [4:0]) + 1)*8 - 27] Ts
6. t8nin = [((REG[O5h] bits [4:0]) + 1)*8 - 18] Ts
7. 8min = [(REG[O5h] bits [4:0]) + 1)*8 - 18]+T11 Ts
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7.4.7 Single Color 8-Bit Panel Timing (Format 2)

L VDP L VNDP
I e g
FPFRAME - -
FPLINE 1 1 I I | I 1 I I [
MOD X - X
UD[3:0], LD[3:0] LINEL )X LINE2 X LINE3 X_LINE4 Y- — -XLINE479XLINE480 LINEL X LINE2
-
\
FPLINE - [
MOD o o
HDP . HNDP
FPSHIFT M
SN e [ A
uD3 1-R1 X 1-B3 X 1-G6 — — ( X1-ce38 £ X
up2 e (1R ) 188 — = omm )
up1 EIVE St G G G L G G . N
ubo D DT W
L3 r@)am Y I % — — oo™ X
D2 VRS G G G SR G G = U G |
(D1 EED £ G G G R G G - N G
LDO A 1-G3 Y 1-R6 X 1-B8 X X X — — X X X1Bs40 ) { X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-27: Sngle Color 8-Bit Panel Timing (Format 2)

VDP = Vertical Display Period = (REGJ[09h] bits [1:0], REG[08h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period = (REGJ[O0Ah] 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 AL
FPFRAME
_ t3
FPLINE P—\
t5
MOD
Data Timing
FPLINE
t6
. 18 ‘ I
t7 114 til 110 |
FPSHIFT |
2 | 13 _
UD[3:0] 1 2 X
LD[3:0]
Figure 7-28: Sngle Color 8-Bit Pand A.C. Timing (Format 2)
Table 7-23: Single Color 8-Bit Panel A.C. Timing (Format 2)
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE falling edge note 2
t2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD transition to FPLINE falling edge 33 note 4 Ts
6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPSHIFT falling edge to FPLINE falling edge note 6
t8 FPLINE falling edge to FPSHIFT falling edge t14+2
t9 FPSHIFT period 2 Ts
t10 FPSHIFT pulse width low 1 Ts
t11 FPSHIFT pulse width high 1 Ts
t12 UD[3:0], LD[3:0] setup to FPSHIFT falling edge 1 Ts
t13 UDI3:0], LD[3:0] hold to FPSHIFT falling edge 1 Ts
t14 FPLINE falling edge to FPSHIFT rising edge 18 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlpin =t3min-9Ts
3. t3min = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] + 33 Ts
4. t54in = [((REG[04h] bits [6:0])+1)*8 - 1] Ts
5. t6in = [((REG[O5h] bits [4:0]) + 1)*8 - 26] Ts
6. t7min = [((REG[O5h] bits [4:0]) + 1)*8 - 17] Ts
Hardware Functional Specification S1D13504

Issue Date: 01/11/06 X19A-A-002-19



Page 74 Epson Research and Development
Vancouver Design Center

7.4.8 Single Color 16-Bit Panel Timing

e VDP e VNDP ol
FPFRAME ] . I —
FPLINE | I I I I Ml M __ 1l 1 I I 1 [
MOD - X
UD[7:0], LD[7:0] LINEL Y LINE2 X LINE3 X LINE4 X~ — -YLINE479) LINE480 LINEL X_LINE2 X
1
FPLINE [ B [ 1
MOD o N
. HDP yie HNDP_
G L e s o T
uD? - (e )X ) Xk — — H N wessy L X
ub6  m(wm)EsE — — X
uD5 o A 1-G2 Y 1B7 Y(1R13 — XY ) aRe) X
uD4 - wRe)(TeBy(IBlY X )}k — — ( weeny L X
uD3 - 183 )(_1-R9 X 1-G14 X — — X Naes, L X
UD2 o fae(iee)(irs X — — L X
upL . [rs)(icio)zass X — — O e L X
uDo - ves )(LRI(TeeY X X % — — Y S
LD7 Y GLSY E ) §LT X — — ( Jaree. L X
LD6 . 1-R2 ¥ 1-G7 ¥ 1-B12 X ¥ — — XY Y a-Be3e) o ﬂ
LD5 N A 182 Y 1R8 Y 1-G13 — — X X Yeeesry, X
LD4 o 1.G3 188 \( LR14 — — XY Ya-Res L X
LD3 o A 1Ra Y 1:Go Y 1-B14 ¥ — — (18638 e ¢
LD2 . A 184 X 1R10)1-G15 X — — XX aesxd L X
LD1 =0 €5 U6=T GHD GIID D S G G .= W G |
LDO o A 1Re Y(1-G11 Y 1B16  — — ( X1Bs4ag A X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-29: Sngle Color 16-Bit Panel Timing
VDP = Vertical Display Period = (REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period = (REG[0Ah] bits [5:0]) + 1
HDP = Horizontal Display Period = ((REGJ[04h] bits [6:0]) + 1)*8Ts
HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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o tl t2
Sync Timing J— e
FPFRAME
t4 t3
FPLINE 1 L
t5
MOD
Data Timing
FPLINE
t6
8, y 19
’ t7 | 114 t11 110
FPSHIFT /| 1
12 | 113
UD[7:0] 1 2 X
LD[7:0]
Figure 7-30: Sngle Color 16-Bit Panel A.C. Timing
Table 7-24: Single Color 16-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE falling edge note 2
t2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD transition to FPLINE falling edge 33 note 4 Ts
t6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPSHIFT falling edge to FPLINE falling edge note 6
t8 FPLINE falling edge to FPSHIFT falling edge t14 +3 Ts
t9 FPSHIFT period 5 Ts
t10 FPSHIFT pulse width low 2 Ts
t11 FPSHIFT pulse width high 2 Ts
112 UDI7:0], LD[7:0] setup to FPSHIFT falling edge 2 Ts
13 UD[7:0], LD[7:0] hold to FPSHIFT falling edge 2 Ts
t14 FPLINE falling edge to FPSHIFT rising edge 18 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlmin = tSmin -9Ts
3. t3in = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] + 33 Ts
4. t55in = [((REG[04h] bits [6:0])+1)*8 - 1] Ts
5. t6mn = [(REG[O5h] bits [4:0]) + 1)*8 - 25] Ts
6. t7min = [((REG[O5h] bits [4:0]) + 1)*8 - 16] Ts
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7.4.9 Dual Monochrome 8-Bit Panel Timing

| VDP _ VNDP ‘
I T ]
FPFRAME M
roune LT ] N | N N N | NN |
MOD o X
UD[3:0], LD[3:0] LINE 1/241 X| LINE 2/242 X LINE 3/243>< LINE 4/244 >§ —  —XLINE 239/479)LINE 240/480) LINE 17241 ) LINE 2/242 X

\
FPLINE [ ] — ]
MOD _
« HDP LN
FPSHIFT e o oy e
uD3 o L1 X s X — — XXX e L X
uD2 o 12 ¥ 16 — — XX XX ey L X
uDL s )17 X  — — A X K s L X
uDO 14 X 18 X Y — — XX X 1-640 o _CX
LD3 ] JEZEY EIE) G — — X O X Deaeey . L X
LD2 B 2412 246X X — — XX X 241-639) L X
LD1 anna)om7 X X — — XXX aarea A X
LDO i 2214 2418 X — — %—X—X—X—mef - 7K:><

Example timing for a 640x480 panel

* Diagram drawn with 2 FPLINE vertical blank period

Figure 7-31: Dual Monochrome

8-Bit Panel Timing

VDP = Vertical Display Period = (REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period = (REG[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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Sync Timing
FPFRAME
—p
FPLINE J/_\
15
MOD
Data Timing
FPLINE
t6
t7 14

RS

t9

<

FPSHIFT /

t11 | 110

;

UDI[3:0]

t12 t13

X

LD[3:0]

Figure 7-32: Dual Monochrome 8-Bit Panel A.C. Timing

Table 7-25: Dual Monochrome 8-Bit Panel A.C. Timing

Symbol Parameter Min Typ Max Units

t1 FPFRAME setup to FPLINE falling edge note 2
12 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD transition to FPLINE falling edge 33 note 4 Ts
t6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPSHIFT falling edge to FPLINE falling edge note 6
t8 FPLINE falling edge to FPSHIFT falling edge t14 + 2 Ts
t9 FPSHIFT period 4 Ts
t10 FPSHIFT pulse width low 2 Ts
11 FPSHIFT pulse width high 2 Ts
t12 UD[3:0], LD[3:0] setup to FPSHIFT falling edge 2 Ts
t13 UD[3:0], LD[3:0] hold to FPSHIFT falling edge 2 Ts
t14 FPLINE falling edge to FPSHIFT rising edge 10 Ts

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

2. tlyin =t3min-9Ts

3. t3nin = [((REG[04h] bits [6:0])+1)*8 + (REG[05h] bits [4:0]) + 1)*8] + 33 Ts

4. t54in = [((REG[04h] bits [6:0])+1)*8 - 1] Ts

5. t6min = [((REG[O5h] bits [4:0]) + 1)*8 - 17] Ts

6. t7min = [((REG[O5h] bits [4:0]) + 1)*8 - 8] Ts
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7.4.10 Dual Color 8-Bit Panel Timing

L VDP L VNDP R
¢ e gl
FPFRAME -
FPLINE ]| | | I I [ 1 I Ml I I 1N
MOD
UD[30]1 LD[30] LINE 1/241 LINE 2/242 >< - %<UNE 239/479ALINE 240/480, LINE ]J241>< _
FPLINE [ - [
MOD _ .
HDP . HNDP
FPSHIFT ) A -
S e
o e EEmEmEEETr — — O, X
o2 B e e e e o T s = W
ub1 - A a-e1 (1Rrs Y(aca ) 1es Y(1R7 Y168 )} — — L X
uDO o { 1Rz X 1-63 Y 1-84 X 1-Re X 167 X 188 ¥ — — . { X
LD3 - 241-R1)241-G2)(241-B3)(241-R5)241-G6)(241-BT - — — —_ o { X
LD2 o £241-G1)(241-B2)(241-R4)(241-G5)241-B6 241-R8 Y- — — m o ﬂ
LD1 o (241-B1)(241-R3)241-G4)(241-B5 (24 1-R7)(241-GBY- — — o £ X
LDO o (241—R2X241—G3X241—B4)(241—R6>(241—G7><241—BS)é — — o £ X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-33: Dual Color 8-Bit Panel Timing

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

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

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

HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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tL t2
Sync Timing 7 O
FPFRAME
ot t3
FPLINE J/—\ /
t5
MOD
Data Timing
FPLINE
t6
t8 y v,
. t7 |4 t11 | 110
FPSHIFT | o i
112 | 113 |
UDI[3:0] 1 2 X
LD[3:0]
Figure 7-34: Dual Color 8-Bit Panel A.C. Timing
Table 7-26: Dual Color 8-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE falling edge note 2
t2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD transition to FPLINE falling edge 33 note 4 Ts
t6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPSHIFT falling edge to FPLINE falling edge note 6
18 FPLINE falling edge to FPSHIFT falling edge t14 +1 Ts
t9 FPSHIFT period 1 Ts
t10 FPSHIFT pulse width low 0.45 Ts
t11 FPSHIFT pulse width high 0.45 Ts
t12 UD[3:0], LD[3:0] setup to FPSHIFT falling edge 0.45 Ts
t13 UD[3:0], LD[3:0] hold to FPSHIFT falling edge 0.45 Ts
t14 FPLINE falling edge to FPSHIFT rising edge 11 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlmin = tSmin -9Ts
3. t3in = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] + 33 Ts
4. t54in = [((REG[04h] bits [6:0])+1)*8 - 1] Ts
5. t6in = [((REG[O5h] bits [4:0]) + 1)*8 - 18] Ts
6. t7min = [((REG[O5h] bits [4:0]) + 1)*8 - 9] Ts
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7.4.11 Dual Color 16-Bit Panel Timing

e VDP e VNDP N
< € »
FPFRAME 1 - ]
FPLINE l I I ] ] [ ] f ] I ] s
MOD N
UD[?:O]’ LD[?:O] LINE 1/241 X LINE 2242 X LINE 3/243 X LINE 4/244 —  —XLINE 239/479XLINE 240/450x LINE 1/241>< LINE 2/242
]
FPLINE [ _ 1
MOD _ -
J HDP | HNDP
< < dl
FPSHIFT SR [ [ ] S
uD7, LD7 - A X XX Iy G G 55 N
UDS, LD6 N (2 Y i XXX — — X X
UD5, LD5 - Ao e X X X Xk — — K e AL X
UD4, LD4 . AafReXRda X X X X % — — O @ L X
uUD3, LD3 o 2ite N ZitRs - D:XZM‘;%% | W <:(
uD2, LD2 - A ifBs X 28 X — — X EREN L X
UDL, LD1 - JEENE N G G G - — A X
UDO, LDO N 2% X ZirRs — — X R A X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-35: Dual Color 16-Bit Panel Timing

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

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

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

HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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tl 2
Sync Timing Y N
FPFRAME
ot 13
FPLINE % W
t5
MOD
Data Timing
FPLINE
t6
3 t8 3 t9
t7 t14 t11 110
] >e——> N
FPSHIFT  / o
12 | t13_
uDI[7:0] 1 2 X
LD[7:0]
Figure 7-36: Dual Color 16-Bit Panel A.C. Timing
Table 7-27: Dual Color 16-Bit Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE falling edge note 2
2 FPFRAME hold from FPLINE falling edge 9 Ts (note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD transition to FPLINE falling edge 33 note 4 Ts
t6 FPSHIFT falling edge to FPLINE rising edge note 5
t7 FPSHIFT falling edge to FPLINE falling edge note 6
18 FPLINE falling edge to FPSHIFT falling edge t14 +2
t9 FPSHIFT period 2 Ts
t10 FPSHIFT pulse width low 1 Ts
t11 FPSHIFT pulse width high 1 Ts
112 UD[7:0], LD[7:0] setup to FPSHIFT falling edge 1 Ts
13 UD[7:0], LD[7:0] hold to FPSHIFT falling edge 1 Ts
t14 FPLINE falling edge to FPSHIFT rising edge 10 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlmin = tSmin -9Ts
3. t3in = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] + 33 Ts
4. t54in = [((REG[04h] bits [6:0])+1)*8 - 1] Ts
5. t6in = [((REG[O5h] bits [4:0]) + 1)*8 - 18] Ts
6. t7min = [((REG[O5h] bits [4:0]) + 1)*8 - 9] Ts
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7.4.12 16-Bit TFT Panel Timing

~ VNDP L VDP N
FPFRAME L
rPLINE I ] I I I | I I
R[5:1], G[SZO], B[5:l] LINE4BO )\ LINE1 [X— — —X LINE480

DRDY

FPLINE I R

HNDP, HDP HNDP,

FPSHIFT 1 [ L L] 1. ] [ S [ [ A A A I

DRDY | [ I
RS} 2 ) - fee) S
¢} 2 ) — o o Ao —
By L X a2 o — — — Xasdo N

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

Figure 7-37: 16-Bit TFT Panel Timing

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

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

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

HNDP = Horizontal Non-Display Period = HNDP; + HNDP, = ((REG[05h] bits [4:0]) + 1)*8Ts
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t8 R
t9 N ))
(
FPFRAME X
—> t12 )
(¢
FPLINE / /
¢ t6 »!
!
FPLINE
< 7 R t15
< » >
. t17 N I
DRDY (
. t14
Lot N
N g t11 113 t16
‘t2 < t3‘ “«» > -
FPSHIFT (L\
g LﬂJ S T L \_/
t4 | t5
R[5:1] |
G[5:0] 1 2 >Q)639 >< 640
B[5:1] |
B t10 R
Note: DRDY is used to indicate the first pixel
Figure 7-38: TFT A.C. Timing
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Table 7-28: TFT A.C. Timing

Symbol Parameter Min Typ Max Units

t1 FPSHIFT period 1 Ts (note 1)
t2 FPSHIFT pulse width high 0.45 Ts

t3 FPSHIFT pulse width low 0.45 Ts

t4 data setup to FPSHIFT falling edge 0.45 Ts

t5 data hold from FPSHIFT falling edge 0.45 Ts

t6 FPLINE cycle time note 2

t7 FPLINE pulse width low note 3

t8 FPFRAME cycle time note 4

t9 FPFRAME pulse width low note 5

t10 horizontal display period note 6

t11 FPLINE setup to FPSHIFT falling edge 0.45 Ts

t12 FPFRAME falling edge to FPLINE falling edge note 7

phase difference

t13 DRDY to FPSHIFT falling edge setup time 0.45 Ts

t14 DRDY pulse width note 8

t15 DRDY falling edge to FPLINE falling edge note 9

t16 DRDY hold from FPSHIFT falling edge 0.45 Ts

t17 FPLINE Falling edge to DRDY active note 10 250 Ts

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

6, = [(REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0])+1)*8] Ts

7,0 = [((REG[O7h] bits [3:0])+1)*8] Ts

t8 in = [((REG[09h] bits [1:0], REG[08h] bits [7:0])+1) + (REG[OAh] bits [5:0])+1)] lines
9in = [((REG[OCh] bits [2:0])+1)] lines

110,y = [((REG[04h] bits [6:0])+1)*8] Ts

112, = [(REG[06h] bits [4:0])+1)*8] Ts

t14,,i, = [(REG[04h] bits [6:0])+1)*8] Ts

. 115, = [((REG[06h] bits [4:0])+1)*8 - 2] Ts

10. 117, = [(REG[O5h] bits [4:0])+1)*8 - (REG[06h] bits [4:0])+1)*8 + 2]

© ® NGO ®DNR
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7.4.13 CRT Timing
Example Timing for 640x480 CRT
. VNDP 9 VDP .,
|« i< »|
VRTC o
Hrtc I I I I I I I | N | |
DACP[?ZO] LINE480 - LINE1 - — *>< LINE480
BLANK# .
HRTC | T
5 HNDP, 9 HDP __ _HNDP,
|« »< > < »|
paccek [ L] L] L e [
BLANK# I
DACD[7:0] 2 — — — frew0)
Figure 7-39: 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 = HNDP; + HNDP, = ((REG[05h] bits [4:0]) + 1)*8Ts
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Figure 7-40: CRT A.C. Timing
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Table 7-29: CRT A.C. Timing
Symbol Parameter Min Typ Max Units
t1 DACCLK period 1 Ts (note 1)
t2 DACCLK pulse width high 0.45 Ts
t3 DACCLK pulse width low 0.45 Ts
t4 data setup to DACCLK rising edge 0.45 Ts
t5 data hold from DACCLK rising edge 0.45 Ts
t6 HRTC cycle time note 2
t7 HRTC pulse width (shown active low) note 3
t8 VRTC cycle time note 4
9 VRTC pulse width (shown active low) note 5
t10 horizontal display period note 6
t11 HRTC setup to DACCLK rising edge 0.45 Ts
t12 VRTC fa_llling edge to FPLINE falling edge note 7
phase difference
t13 BLANK# to DACCLK rising edge setup time 0.45 Ts
t14 BLANK# pulse width note 8
t15 BLANK# falling edge to HRTC falling edge note 9
t16 BLANK# hold from DACCLK rising edge 0.45 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. t6in = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0])+1)*8] Ts
3. t7min =[((REG[O7h] bits [3:0])+1)*8] Ts
4. 18 in = [((REG[09h] bits [1:0], REG[08h] bits [7:0])+1) + ((REG[OAh] bits [6:0])+1)] lines
5. 9min = [((REG[OCHh] bits [2:0])+1)] lines
6. t10.hin = [((REG[04h] bits [6:0])+1)*8] Ts
7. 12,4 = [((REG[06h] bits [4:0])+1)*8] Ts
8. tl4.in = [((REG[04h] bits [6:0])+1)*8] Ts
9. 15, = [((REG[06h] bits [4:0])+1)*8 - 2] Ts
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7.4.14 External RAMDAC Read / Write Timing

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

DACRD#

Valid WR# command
(depends on CPU bus)

DACWR#
< t6 »
Figure 7-41: Generic Bus RAMDAC Read / Write Timing
Table 7-30: Generic Bus RAMDAC Read / Write Timing
Symbol Parameter Min Typ Max Units
TseLk Bus clock period 30 ns
t1 AB[20:0], CS#, M/R# delay to DACRS[1:0] 10 ns
t2 DACRSJ[1:0] hold from AB[20:0], CS#, M/R# negated 10 ns
t3 Valid RD# command to DACRSJ[1:0] delay 8 33 ns
t4 DACRD# hold from valid RD# command negated 3 14 ns
t5 Valid WR# command to DACWR# delay 2 TgeLk ns
t6 DACWR# pulse width low 2.45 Tgerk 2.55 TgoLk ns
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8 Registers

8.1 Register Mapping

The S1D13504 registers are all memory mapped. The system must provide the external address
decoding through the CS# and M/R# input pins. When CS# = 0 and M/R# = 0, the registers are
mapped by address bits AB[5:0], e.g. REG[00h] is mapped to AB[5:0] = 000000, REG[01h] is

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

Table 8-1: S1D13504 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
e REG|n] is addressed when AB[5:0] = n

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

1 X S1D13504 not selected

8.2 Register Descriptions
Note

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

8.2.1 Revision Code Register

Revision Code Register
REG[00h] RO
Product Code | Product Code | Product Code | Product Code | Product Code | Product Code | Revision Revision
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Code Bit 1 Code Bit 0
bits 7-2 Product Code Bits[5:0]

Thisisaread-only register that indicates the product code of the chip. The product code is 000001.
bits 1-0 Revision Code Bits[1:0]

Thisisaread-only register that indicates the revision code of the chip. The revision code is 00.

Hardware Functional Specification S1D13504
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8.2.2 Memory Configuration Registers

Memory Configuration Register
REG[01h] RW
Refresh Rate | Refresh Rate |Refresh Rate
n/a Bit 2 Bit 1 Bit 0 n/a WE# Control |n/a Memory Type
bits 6-4 DRAM Refresh Rate Select Bits[2:0]
These bits specify the amount of divide from theinput clock (CLKI) to generate the DRAM refresh
clock rate, which is equal to 2(ValueOf TheseBits +6)
Table 8-2: DRAM Refresh Rate Selection
Refresh Rate . Refresh Rate for 33MHz DRAM Refresh
Bits [2:0] CLKI Divide Amount CLKI Time/256 Cycles
000 64 520 kHz 0.5ms
001 128 260 kHz 1ms
010 256 130 kHz 2ms
011 512 65 kHz 4 ms
100 1024 33 kHz 8 ms
101 2048 16 kHz 16 ms
110 4096 8 kHz 32ms
111 8192 4 kHz 64 ms
bit 2 WE# Control
When thishit = 1, 2-WE# DRAM is sdlected. When this bit = 0 2-CAS# DRAM is selected.
bit 0 Memory Type
When thishit = 1, FPM-DRAM is selected. When this bit = 0, EDO-DRAM is selected.
This bit should be changed only when there are no read/write DRAM cycles. This condition occurs
when both the Display FIFO isdisabled (REG[23h] bit 7 = 1) and the Half Frame Buffer isdisabled
(REG[1Bh] bit 0 = 1). For programming information, see S1D13504 Programming Notes and
Examples, document number X 19A-G-002-xx.
S1D13504 Hardware Functional Specification
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8.2.3 Panel/Monitor Configuration Registers

Panel Type Register
REG[02h] RW
n/a n/a Panel Data Panel Data Panel Data Color/Mono Dual/Single Iggia;ni\l/e
Width Bit 1 Width Bit 0 Format Select | Panel Select |Panel Select Select
bits 5-4 Panel Data Width Bits[1:0]
These bits select passive LCD/TFT panel datawidth size.
Table 8-3: Panel Data Width Selection
Panel Data Width Bits [1:0] Passive I_'CD P_anel Data TFT Panel Data Width Size
Width Size
00 4-bit 9-bit
01 8-bit 12-bit
10 16-bit 16-bit
11 Reserved Reserved
bit 3 Panel Data Format Select
When this bit = 1, 8-bit single color passive LCD panel dataformat 2 is selected. This bit must be
set to O for al other LCD panel formats.
bit 2 Color/Mono Panel Select
When this bit = 1, color passive LCD panel is selected. When this bit = 0, monochrome passive
LCD panel is selected.
bit 1 Dual/Single Panel Select
When thisbit = 1, dual passive LCD panel is selected. When this bit = 0, single passive LCD panel
is selected.
Setting this bit for single panel mode should be done only when the Half Frame Buffer isidle. The
Half Frame Buffer isidle during vertical non-display periods or while in suspend mode. For
programming information, see S1ID13504 Programming Notes and Examples, document number
X19A-G-002-xx.
bit 0 TFT/Passive LCD Panel Select

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

MOD Rate Register

REG[03h] RwW
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
bits 5-0 MOD Rate Bits [5:0]

For anon-zero val ue these hits specify the number of FPLINE between toggles of the MOD output
signal. When these bits are all 0'sthe MOD output signal toggles every FPFRAME. These bits are
for passive LCD panelsonly.
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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 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

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

These bits specify the LCD panel and/or the CRT horizontal display width as follows.
Contents of this Register = (Horizontal Display Width + 8) - 1

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

play width is 1024 pixels.

Note
Thisregister must be programmed such that REG[04h] = 3 (32 pixels)

Horizontal Non-Display Period Register

REG[05h] RW
Horizontal Horizontal Horizontal Horizontal Horizontal

n/a n/a n/a Non-Display | Non-Display |Non-Display |Non-Display |Non-Display
Period Bit 4 Period Bit 3 Period Bit 2 Period Bit 1 Period Bit 0

bits 4-0 Horizontal Non-Display Period Bits[4:0]

These bits specify the horizontal non-display period width in 8-pixel resolution as follows.
Contents of this Register = (Horizontal Non-Display Period + 8) - 1
The minimum value which should be programmed into this register is 3 (32 pixels). The maximum

value which can be programmed into this register is 1F, which gives a horizontal non-display period
width of 256 pixels.

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

HRTC/FPLINE Start Position Register
REG[06h] RW
HRTC/ HRTC/ HRTC/ HRTC/ HRTC/
n/a n/a n/a FPLINE Start | FPLINE Start | FPLINE Start | FPLINE Start | FPLINE Start
Position Bit 4 | Position Bit 3 | Position Bit 2 | Position Bit 1 | Position Bit O
bits 4-0 HRTC/FPLINE Start Position Bits [4:0]
For CRTsand TFTs, these hits specify the delay from the start of the horizontal non-display period
to the leading edge of the HRTC pulse and FPLINE pulse respectively.
Contents of this Register = (HRTC/FPLINE Start Position + 8) - 1
The maximum HRTC start delay is 256 pixels.
Note
This register must be programmed such that
(REG[05h] + 1) = (REG[06h] + 1) + (REG[07h] bits[3:0] + 1)
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HRTC/FPLINE Pulse Width Register
REG[07h] RW
HRTC FPLINE HRTC/ HRTC/ HRTC/ HRTC/
Polarity Polarity n/a n/a FPLINE Pulse | FPLINE Pulse | FPLINE Pulse | FPLINE Pulse
Select Select Width Bit 3 Width Bit 2 Width Bit 1 Width Bit 0
bit 7 HRTC Polarity Select
For CRTs, this bit selects the polarity of the HRTC. When this bit = 1, the HRTC pulseis active
high. When this bit = 0, the HRTC pulseis active low.
bit 6 FPLINE Polarity Select
This bit selects the polarity of the FPLINE for TFT and passive LCD. When this bit = 1, the
FPLINE pulseisactive high for TFT and active low for passive LCD. When this bit = 0, the
FPLINE pulseisactive low for TFT and active high for passive LCD.
Table 8-4: FPLINE Polarity Selection
FPLINE Polarity Select Passive LCD FPLINE Polarity TFT FPLINE Polarity
0 active high active low
1 active low active high
bits 3-0 HRTC/FPLINE Pulse Width Bits [3:0]

For CRTsand TFTs, these bits specify the pulse width of HRTC and FPLINE respectively. For pas-
sive LCDs, FPLINE isautomatically 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 Vertical Vertical Vertical Vertical Vertical Vertical Vertical

Display Display Display Display Display Display Display Display

Height Bit 7 Height Bit 6 Height Bit 5 Height Bit 4 Height Bit 3 Height Bit 2 Height Bit 1 Height Bit O

Vertical Display Height Register 1

REG[09h] RW
Vertical Vertical

n/a n/a n/a n/a n/a n/a Display Display

Height Bit 9 Height Bit 8

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

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

Vertical display height in number of lines = (ContentsOf ThisRegister) + 1.
The maximum vertical display height is 1024 lines.
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REG[0Ah]

Vertical Non-Display Period Register

RW
\I\/li:'%ﬁ!s la Vertical Vertical Vertical Vertical Vertical Vertical
Period S?[atﬁs n/a Non-Display | Non-Display |Non-Display |Non-Display |Non-Display |Non-Display
(RO) Period Bit 5 Period Bit 4 Period Bit 3 Period Bit 2 Period Bit 1 Period Bit 0

bit 7

bits 5-0

Vertical Non-Display Period Status
Thisisaread-only status bit. A “1” indicates that avertical non-display period is occurring. A “0”
indicates that display output isin avertical display period.

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

Vertical Non-Display Period Bits [5:0]

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

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

Note

This register must be programmed such that
REG[0Ah] = 1 and (REG[OA] 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/
n/a n/a FPFRAME FPFRAME FPFRAME FPFRAME FPFRAME FPFRAME
Start Position | Start Position | Start Position | Start Position | Start Position | Start Position
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 5-0 VRTC/FPFRAME Start Position Bits [5:0]
For CRTsand TFTs, these bits specify the delay in lines from the start of the vertical non-display
period to the leading edge of the VRTC pulse and FPFRAME pul se respectively. For passive LCDs,
FPFRAME is automatically created and these hits have no effect.
VRTC/FPFRAME start position (lines) = VRTC/FPFRAME Start Position Bits [5:0] + 1.
The maximum VRTC start delay is 64 lines.
Note
This register must be programmed such that
(REG[OAN] bits[5:0] + 1) = (REG[0Bh] + 1) + (REG[OCh] bits[2:0] + 1)
S1D13504

X19A-A-002-19

Hardware Functional Specification
Issue Date: 01/11/06



Epson Research and Development

Page 95
Vancouver Design Center
VRTC/FPFRAME Pulse Width Register
REG[OCh] RW
VRTC/ VRTC/ VRTC/
VRTC Polarity EE;E?‘ME n/a n/a n/a FPFRAME FPFRAME FPFRAME
Select Selecty Pulse Width | Pulse Width Pulse Width
Bit 2 Bit 1 Bit 0
bit 7 VRTC Polarity Select
For CRTs, this bit selects the polarity of the VRTC. When this bit = 1, the VRTC pulseis active
high. When this bit = 0, the VRTC pulseis active low.
bit 6 FPFRAME Polarity Select
This bit selects the polarity of the FPFRAME for TFT and passive LCD. When this hit = 1, the
FPFRAME pulseisactive high for TFT and active low for passive LCD. When thisbit = 0, the
FRAME pulseis active low for TFT and active high for passive LCD.
Table 8-5: FPFRAME Polarity Selection
FPFRAME Polarity Select Passive LCD FPFRAME TFT FPFRAME Polarity
Polarity
active high active low
active low active high
bits 2-0

VRTC/FPFRAME Pulse Width Bits [2:0]

For CRTsand TFTs, these bits specify the pulse width of VRTC and FPFRAME respectively. For
passive LCDs, FPFRAME is automatically created and these bits have no effect.

VRTC/FPFRAME pulse width (lines) = VRTC/FPFRAME Pulse Width Bits[2:0] + 1.
The maximum VRTC pulse widthis 8 lines.
Note

This register must be programmed such that
(REG[0A] hits[5:0] + 1) = (REG[0Bh] + 1) + (REG[0CHh] bits[2:0] + 1)
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8.2.4 Display Configuration Registers

Display Mode Register
REG[0ODh] RW
giir:ulganeous Sigu::aneous Number Of Number Of Number Of
n/a oo oot lommo solee | Bits/PiXel Bits/Pixel Bits/Pixel CRT Enable |LCD Enable
pu pu Select Bit 2 Select Bit 1 Select Bit 0
Bit 1 Bit 0
bits 6-5 Simultaneous Display Option Select Bits[1:0]
These hits are used to select one of four different simultaneous display mode options: Normal, Line
Doubling, Interlace, or Even Scan Only. The purpose of these modes is to manipulate the vertical
resolution of the image so that it fits on both CRT, typically 640 x 480, and LCD. The following
gives descriptions of the four modes using a 640x480 CRT as an example:
Table 8-6: Smultaneous Display Option Selection
Simultaneous Display Option Select Bits [1:0] Simultaneous Display Option
00 Normal
01 Line Doubling
10 Interlace
11 Even Scan Only
Note
1. Linedoubling option is not supported with dual panel.
2. Dual Panel Considerations
When configured for adual panel LCD and using Simultaneous Display,
the Half Frame Buffer Disable, REG[1Bh] bit O, must be set to 1. Thiswill resultin a
lower contrast on the LCD panel, which then may require adjustment.
Normal - theimage isthe same on both displays, i.e. 640x240. CRT parameters determinethe LCD
image. The LCD image will appear to be washed out due to the 1/525 duty cycle of the CRT.
Line Doubling - each lineis sent to the CRT twice, giving a 640x480 image which hasalong
aspect ratio. The image on the LCD has each line sent twice but only one FPLINE. Thisgivesa
duty cycle of 2/525, which isvery closeto the LCD only mode duty cycle of 1/242, so theimage on
the LCD will have amost the same contrast asthat of asingle LCD.
Interlace - odd frames receive odd scan lines and even frames receive even scan lines. The
640x480 image on the CRT will be normal while the image on the 640x240 L CD will appear to be
squashed, though text will be readable.
Even Scan Only - the 640x480 image on the CRT isnormal. The LCD (640x240) only receivesthe
even scan lines. The image on the LCD does not flicker, but it may be hard to read text.
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bits 4-2 Number of Bits-Per-Pixel Select Bits[2:0]
These hits select the number of bits-per-pixel (bpp) for the displayed data.

Note
15 and 16-bpp modes bypass the LUT and are supported as 12-bpp on passive panels and 15/16-

bpp on TFT panels. These modes are not supported on CRT. See Figure 10-2: “15/16 Bit-Per-
Pixel Format Memory Organization,” on page 116 for a description of passive panel support.

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

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

This bit enables the CRT control signals.

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

bit O LCD Enable
This bit enables the LCD control signals. Programming this bit from a0 to a 1 startsthe LCD
power-on sequence. Programming this bit from a 1 to a0 starts the LCD power-off sequence.
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REGI[OEh]

Screen 1 Line Compare Register 0

RW

Screen 1 Line
Compare Bit 7

Screen 1 Line
Compare Bit 6

Screen 1 Line
Compare Bit5

Screen 1 Line
Compare Bit 4

Screen 1 Line
Compare Bit 3

Screen 1 Line
Compare Bit 2

Screen 1 Line
Compare Bit 1

Screen 1 Line
Compare Bit0

REG[OFh]

Screen 1 Line Compare Register 1

RwW

n/a

n/a

n/a

n/a

n/a

n/a

Screen 1 Line
Compare Bit 9

Screen 1 Line
Compare Bit 8

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

Screen 1 Line Compare Bits[9:0]
In split screen mode, the panel is divided into screen 1 and screen 2, with screen 1 above screen 2.

These registersform a 10-bit val ue that specify the screen 1 sizein 1-line resol ution. The maximum
screen 1 vertical sizeis 1024 lines. Screen 2 isvisible only if the screen 1 line compare is less than
the vertical panel size. The starting address for screen 1 is given by the Screen 1 Display Start

Addressregisters (REG[10h], REG[11h], REG[12h]). The starting address for screen 2 is given by
the Screen 2 Display Start Address registers (REG[13h], REG[14h], REG[15h]).

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

For split screen on asingle panel:
Split screen 1 vertical sizein number of lines = (ContentsOf ThisRegister) + 1

For split screen on a dual panel:
Split screen 1 vertical sizein number of lines = (ContentsOf ThisRegister) + 1,
if (ContentsOfThisRegister) < 00EFh

Note

or

Split screen 1 vertical sizein number of lines = (ContentsOf ThisRegister) + 2,
if (ContentsOfThisRegister) > 00EFh

For further details, see Section 10.2, “ Image Manipulation” on page 117 and the S1D13504 Pro-
gramming Notes and Examples, document number X 19A-G-002-xx.
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Screen 1 Display Start Address Register 0

REG[10h] RW

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

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

Screen 1 Display Start Address Register 1

REG[11h] RW

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

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

Screen 1 Display Start Address Register 2

REG[12h] RW

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

REG[10h] bits 7-0 Screen 1 Start Address Bits[19:0]

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

This register forms the 20-bit address for the starting word of the screen 1 image in the display
buffer. Note that thisisaword address. An entry of 0000h into these registers represents the first

word of display memory, an entry of 0001h represents the second word of display memory, and so
on. See Section 10, “ Display Configuration” on page 115 for details.

Screen 2 Display Start Address Register 0 RW

REG[13h] RW

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

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

Screen 2 Display Start Address Register 1

REG[14h] RW

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

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

Screen 2 Display Start Address Register 2

REG[15h] RW

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

REG[13h] bits 7-0 Screen 2 Start Address Bits [19:0]

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

This register forms the 20-bit address for the starting word of the screen 2 image in the display
buffer. Note that thisisaword address. An entry of 0000h into these registers represents the first

word of display memory, an entry of 0001h represents the second word of display memory, and so
on. See Section 10, “ Display Configuration” on page 115 for details.
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Memory Address Offset Register 0

REG[16h] RW

Memory Memory Memory Memory Memory Memory Memory Memory

Address Address Address Address Address Address Address Address

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

Memory Address Offset Register 1

REG[17h] RW
Memory Memory

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

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

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

“n+1". Thisvalueisapplied to both screen 1 and screen 2.

Note
Thisvalueisin words and must be programmed = REG[04h].

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

play. The displayed image is awindow into the larger virtual image.

See Section 10, “ Display Configuration” on page 115 for details.

Pixel Panning
Bit 3

Pixel Panning
Bit 2

Pixel Panning
Bit 1

Pixel Panning
Bit O

Pixel Panning
Bit 3

Pixel Panning
Bit 2

Pixel Panning Register
REG[18h] RW
Screen 2 Screen 2 Screen 2 Screen 2 Screen 1 Screen 1 Screen 1 Screen 1

Pixel Panning
Bit 1

Pixel Panning
Bit 0

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 Bitsto anon-
zerovalue. Thisvaluerepresentsthe number of pixels panned. The maximum pan valueisdependent
on the display mode as shown in the table below.

Table 8-8: Pixel Panning Selection

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

Smooth horizontal panning can be achieved by a combination of this register and the Display Start
Address register. See Section 10, “ Display Configuration” on page 115 and S1D13504
Programming Notes and Examples, document number X19A-G-002-xx, Section 4 for details.

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

Clock Configuration Register
REG[19h] RW
n/a na n/a n/a na MCLK Divide |PCLK Divide |PCLK Divide
Select Select Bit 1 Select Bit 0
bit 2 MCLK Divide Select
When this bit = 1 the memory clock (MCLK) frequency is half of the input clock frequency. When
this bit = 0 the memory clock frequency is equal to the input clock frequency.
bits 1-0 PCLK Divide Select Bits[1:0]

These bits determine the amount of divide from the memory clock to generate the pixel clock (PCLK):

Table 8-9: PCLK Divide Selection

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

See Section 11.2, “ Frame Rate Calculation” on page 119 for selection of PCLK frequency.

8.2.6 Power Save Configuration Registers

Power Save Configuration Register
REG[1Ah] RW
Suspend Suspend Software
n/a n/a n/a n/a IE)?SgbIT:wer Refresh Refresh Suspend
Select Bit 1 Select Bit 0 Mode Enable
bit 3 LCD Power Disable
When this bit = 1 the LCDPWR output is directly forced to the Off state. The LCDPWR “On/Off”
state is configured by MD10 at the rising edge of RESET#. When this bit = 0 the LCDPWR output
is controlled by the panel on/off sequencing logic. See Table 5-8: “ Summary of Power On / Reset
Options,” on page 30.
bits 2-1 Suspend Refresh Select Bits[1:0]
These bits specify the type of DRAM refresh to use in Suspend mode.
Table 8-10: Suspend Refresh Selection
Suspend Refresh Select Bits [1:0] DRAM Refresh Type
00 CBR Refresh
01 Self-Refresh
1x No Refresh
Note
These bits should not be changed when suspend mode is enabled.
bit 0 Software Sugpend Mode Enable

When thisbit = 1 software suspend mode is enabled. When this bit = 0 software suspend modeis disabled.
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8.2.7 Miscellaneous Registers

Miscellaneous Disable Register

REG[1Bh] RW
Host Interface n/a n/a n/a n/a n/a n/a Half Frame
Disable Buffer Disable
bit 7 Host Interface Disable
This bit must be programmed to 0 to enable the Host Interface. This bit goes high on reset. When
thisbit is high, all memory and all registers except REG[1Ah] (read-only), REG[28h] through
REG[2Fh], and REG[1Bh] are inaccessible.
bit 0 Half Frame Buffer Disable

This bit is used to disable the Half Frame Buffer.

When this bit = 1, the Half Frame Buffer is disabled. When this bit = 0, the Half Frame Buffer is
enabled. When asingle panel is selected, the Half Frame Buffer is automatically disabled and this
bit has no hardware effect.

The Half Frame Buffer is needed to fully support dual panels. Disabling the Half Frame Buffer
reduces memory bandwidth requirements and increases the supportable pixel clock frequency, but
resultsin reduced contrast on the LCD panel. This mode is not normally used except in special
circumstances such as simultaneous display on a CRT and dual panel LCD. See Section 11.2 on
page 119 for details.

Note
The Half Frame Buffer should be disabled only when idle. The Half Frame Buffer isidle during
vertical non-display periods (i.e. when REG[OA] bit 7 = 1), or while in suspend mode. For
programming information, see S1D13504 Programming Notes and Examples, document number
X19A-G-002-xx.

MD Configuration Readback Register 0

REG[1Ch] RO
MD?7 Status MD6 Status MD5 Status MD4 Status MD3 Status MD2 Status MD1 Status MDO Status
MD Configuration Readback Register 1

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

Status Status Status Status Status Status Status Status

REG[1Ch] bits

7-0

MD[15:0] Configuration Status

REG[1Dh] bits 7-0 These are read-only status bits for the MD[15:0] pins configuration status at the rising edge of
RESET#.
See Table 5-8: “ Summary of Power On / Reset Options,” on page 30.
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GPIO Configuration Register 0

REG[1Eh] RW

GPIO7 Pin GPIO6 Pin GPIO5 Pin GPIO4 Pin GPIO3 Pin GPIO2 Pin GPIO1 Pin GPIOO Pin

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

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

bit 6 GPIO6 Pin 10 Configuration
When this bit = 1, GPIO6 is configured as an output. When this bit = 0 (default), GPIO6 is config-
ured as an input. Note the MD8 pin must be high at the rising edge of RESET# to enable GPIO6,
otherwise the DACPO pin is controlled automatically and this bit will have no effect on hardware.

bit 5 GPIOS5 Pin 10 Configuration
When this bit = 1, GPIO5 is configured as an output. When this bit = 0 (default), GPIO5 is config-
ured as an input. Note the MD8 pin must be high at the rising edge of RESET# to enable GPIO5,
otherwise the BLANK# pinis controlled automatically and thisbit will have no effect on hardware.

bit 4 GPIO4 Pin 10 Configuration
When this bit = 1, GPIO4 is configured as an output. When this bit = 0 (default), GPIO4 is config-
ured as an input. Note the MD8 pin must be high at the rising edge of RESET# to enable GPIO4,
otherwise the DACRD# pin is controlled automatically and this bit will have no effect on hardware.

bit 3 GPIO3 Pin 10 Configuration
When this bit = 1, GPIO3 is configured as an output. When this bit = 0 (default), GPIO3 is config-
ured as an input. Note the MD[7:6] pins must be properly configured at the rising edge of RESET#
to enable GPIO3, otherwise the MA9 pin is controlled automatically and thisbit will have no effect
on hardware.

bit 2 GPIO2 Pin 1O Configuration
When this bit = 1, GPIO2 is configured as an output. When this bit = 0 (default), GPIO2 is config-
ured as an input. Note the MD[7:6] pins must be properly configured at the rising edge of RESET#
to enable GPIO2, otherwise the MA11 pinis controlled automatically and this bit will have no
effect on hardware.

bit 1 GPIO1 Pin 1O Configuration
When this bit = 1, GPIOL is configured as an output. When this bit = 0 (default), GPIOL1 is config-
ured as an input. Note the MD[7:6] pins must be properly configured at the rising edge of RESET#
to enable GPIO1, otherwise the MA10 pin is controlled automatically and this bit will have no
effect on hardware.

bit 0 GPIOO0 Pin 10 Configuration
When this bit = 1, GPIOQ is configured as an output. When this bit = 0 (default), GPIOOQ is config-
ured as an input.
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REGI[1Fh]

GPIO Configuration Register 1

RW

n/a

n/a

GPIO9 Pin
IO Config.

GPIO8 Pin
10 Config.

GPIO11 Pin
IO Config.

GPIO10 Pin

na na IO Config.

bit 3

bit 2

bit 1

bit 0

GPIO11 Pin 10 Configuration

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

GPIO10 Pin 10 Configuration

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

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

Note
GPI09 and GPIO8 must always be set to the same function (both to input or both to output).

The MD8 pin must be high at the rising edge of RESET# to enable GPI 09, otherwise the DACRS1
pinis controlled automatically and this bit will have no effect on hardware.

GPIO8 Pin IO Configuration
When thisbit = 1, GPIO8 is configured as an output. When this bit = 0 (default), GPIO8 is config-
ured as an input.

Note
GPI08 and GPIO9 must always be set to the same function (both to input or both to output).

The MD8 pin must be high at the rising edge of RESET# to enable GPIO8, otherwise the DACRS0
pinis controlled automatically and this bit will have no effect on hardware.
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GPIO Status / Control Register 0

REG[20h]

RW

GPIO7 Pin
10 Status

GPIO6 Pin GPIOS5 Pin GPIO4 Pin GPIO3 Pin GPIO2 Pin GPIO1 Pin GPIOO Pin

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

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit O

GPIO7 Pin IO Status

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

GPIO6 Pin IO Status

When GPIO6 is configured as an output, a“1” in this bit drives GPIO6 to high and a“ 0" in this bit
drives GPIO6 to low. When GPIO6 is configured as an input, a read from this bit returns the status
of GPIO6. Note the MD8 pin must be high at the rising edge of RESET# to enable GPIOB6, other-
wise the DACPO pin is controlled automatically and this bit will have no effect on hardware.

GPIO5 Pin IO Status

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

GPIO4 Pin IO Status

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

GPIO3 Pin IO Status

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

GPIO2 Pin IO Status

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

GPIO1 Pin IO Status

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

GPIOO0 Pin IO Status

When GPIOQ is configured as an output, a“1” in this bit drives GPIO0 to high and a“0” in this bit
drives GPIOO to low. When GPIOO is configured as an input, a read from this bit returns the status
of GPIOO.
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REG[21h]

GPIO Status / Control Register 1

RW

GPO
Control

n/a

GPIO11 Pin
IO Status

GPI0O10 Pin
10 Status

GPIO9 Pin
IO Status

GPIO8 Pin

na n/a 10 Status

bit 7

bit 3

bit 2

bit 1

bit 0

GPO Control

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

* When MD9 =0 at rising edge of RESET#, SUSPEND# is an active-low Schmitt input used to
put the S1D13504 into suspend mode - see Section 13, “ Power Save Modes’ on page 127 for
details.

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

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

GPIO11 Pin 10 Status

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

GPIO10 Pin IO Status

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

GPIO9 Pin |O Status

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

GPIO8 Pin |O Status

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

Performance Enhancement Register 0

RW

EDO Read-
Write Delay

RAS#
Precharge
Timing Bit 1

RASH# to
CAS# Delay

RC Timing
Value Bit 1

RC Timing
Value Bit 0

RAS#
Precharge
Timing Bit O

n/a Reserved

bit 7

bits 6-5

Note

Changing this register to non-zero value, or to a different non-zero value, should be done only
when there are no read/write DRAM cycles. This condition occurs when both the Display FIFO
isdisabled (REG[23h] bit 7 = 1) and the Half Frame Buffer is disabled (REG[1Bh] bit 0 = 1). For
programming information, see S1D13504 Programming Notes and Examples, document number

X19A-G-002-xX.

EDO Read-Write Delay

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

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

These bits select the DRAM random-cycle timing parameter, tgc. These bits specify the number
(Ngc) of MCLK periods (T),) used to create tge. Ny should be chosen to meet tge as well as
tras the RAS pulse width. Use the following two formulae to cal culate N then choose the larger
value. Note, these formulae assume an MCLK duty cycle of 50 +/- 5%.

NRC = Round-Up (tRC/TM)

= Round-Up (tRAS/TM + NRP)
= Round-Up (trag/Ty + 1.55)
The resulting tgc isrelated to Ngc as follows:

tre =(Nrc) Tm

NRrc

Table 8-11: Minimum Memory Timing Selection

if NRP =lor2
if NRP: 15

REG[22h] Bits [6:5] NRrc M'”'muvudfs”(?:g Cycle
00 5 5Tu
01 4 4Ty
10 3 3Ty
11 Reserved Reserved
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bit 4

bits 3-2

RASH# to CASH Delay (Nrcp)
Thisbit selectsthe DRAM RAS# to CASH delay parameter, tgcp. This bit specifies the number
(Ngcp) of MCLK periods (T),) used to create tgep. Nrep Must be chosen to satisfy the RASH
access time, tgac. Note, these formulae assume an MCLK duty cycle of 50 +/- 5%.

NRCD = ROUI’]d-Up((tRAC + 5)/T|V| - 1)

=2

= ROUnd-Up(tRAclTM - 1)
= ROUnd-Up(tRAclTM - 045)

if EDOand Ngp=10r2
if EDO and NRP =15
if FPM and Ngp=1o0r 2
if FPM and NRP =15

Note that for EDO-DRAM and Nrp = 1.5, thisbit isautomatically forced to O to select 2 MCLK for
NRrcp- Thisis doneto satisfy the CAS# address setup time, ta ¢

The resulting tgc isrelated to Ngcp asfollows:

tre
tre
tre
tre

= (Nrcp) Twm
=(15Tnm
=(Nrcp +0.5) Ty
= (Nrcp) Twm

if EDOand Ngp=1o0r2
if EDO and NRP =15
if FPM and Ngp=1o0r 2
if FPM and Ngp = 1.5

Table 8-12: RASto-CASDelay Timing Select

REG[22h] Bit 4

NrcDp RAS# to CAS# Delay (tRCD)

0

2Tm

1

1Ty

RASH# Precharge Timing (Ngp) Bits[1:0]

Minimum Memory Timing for RAS precharge

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

Nrp =1
=15
=2

tre
tre

if (trp/ Ty) < 1

if 1< (trp/Ty) < 1.45

if (trp/T) = 1.45
Theresulting tgc isrelated to Ngp as follows:

=(Ngp+ 0.5 Ty
=(Nrp) Ty

if FPM refresh cycleand Ngp=1or 2
for all other

Table 8-13: RAS Precharge Timing Select

REG[22h] Bits [3:2]

Nrp

RAS# Precharge Width (trp)

00

2

2Ty

01

15

15 Ty

10

1

1Tm

11

Reserved

Reserved
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Optimal DRAM Timing

Thefollowing table contains the optimally programmed values of Ny, Ngp, and Nrcp for different
DRAM types, at maximum MCLK frequencies.

Table 8-14: Optimal Ngrc, Ngrp, and Ngrcp Values at Maximum MCLK Frequency

DRAM Type DRAM Speed Tm Nrc Nrp Nrep
(ns) (ns) (#MCLK) (#MCLK) (#MCLK)
50 25 4 15 2
EDO 60 30 4 15 2
70 33 5 2 2
60 40 4 15 2
FPM 70 50 3 15 1
bit 0 Reserved
Must be set to 0.
Performance Enhancement Register 1
REG[23h]
Display FIFO Display FIFO |Display FIFO |Display FIFO |Display FIFO | Display FIFO
Disgblz n/a n/a Threshold Threshold Threshold Threshold Threshold
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bit 7 Display FIFO Disable

When thisbit = 1 the display FIFO isdisabled and all data outputs are forced to zero (i.e. the screen
is blanked). This allows the S1D13504 to be dedicated to service CPU to memory accesses. When
thisbit = 0 the display FIFO is enabled.

bits 4-0 Display FIFO Threshold Bits [4:0]
These bits should be set to avalue of 10h upon initialization as this provides the best overall perfor-
mance for all display modes.

Hardware Functional Specification S1D13504
Issue Date: 01/11/06 X19A-A-002-19



Page 110

Epson Research and Development
Vancouver Design Center

8.2.8 Look-Up Table Registers

The S1D13504 has three internal 16 position, 4-bit wide Look-Up Tables. The 4-bit value
programmed into each table position determines the col or weighting of display data; the output gray
shade is derived from the Green Look-Up Table. These tables are bypassed in 15/16-bpp mode.

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

Look-Up Table Address Register
REG[24h] RW
n/a n/a RGB Index RGB Index LUT Address |LUT Address |LUT Address |LUT Address
Bit 1 Bit 0 Bit 3 Bit 2 Bit 1 Bit 0
bits 5-4 RGB Index Bits[1:0]

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

Table 8-15: RGB Index Selection

RGB Index Bits [1:0]

Look-Up Table Access Pointer Sequence

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

bits 3-0

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

When the RGB Index bits =01, 10, or 11, the internal pointer always points to the respective R, G,
or B LUT. A read/write access to the LUT datawill increment the LUT address by 1.

LUT Address Bits[3:0]

These 4 bits provide a pointer into the 16 position Look-Up Table currently selected for CPU
read/write access.

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

Look-Up Table Data Register
REG[26h] RW
n/a n/a n/a n/a LUT Data LUT Data LUT Data LUT Data
Bit 3 Bit 2 Bit 1 Bit 0
bits 3-0 LUT DataBits[3:Q]
These 4 bits are the gray shade/col or values used for display data output. They are programmed into
the 4-bit L ook-Up Table positions pointed to by LUT Address bits [3:0] and RGB Index bits[1:0]
(if in color display modes).
For example: in a 16-level gray shade display mode, a data value of 0001b (4 bits-per-pixel) will
point to Look-Up Table position one and display the 4-bit gray shade corresponding to the value
programmed into that location.
$1D13504
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Look-Up Table Bank Select Register
REG[27h] RW
n/a n/a Red Bank Red Bank Blue Bank Blue Bank Green Bank | Green Bank
Select Bit 1 Select Bit 0 Select Bit 1 Select Bit 0 Select Bit 1 Select Bit 0
bit 5-4 Red Bank Select Bits[1:0]
In 2-bpp mode, the 16 position Red LUT is arranged into four, 4 position “banks.” These two bits
control which bank is currently selected.
In 8-bpp mode, the 16 position Red LUT is arranged into two, 8 position “banks.” Only bit O of
these two bits controls which bank is currently selected.
These bits have no effect in 1-bpp, 4-bpp, 15/16-bpp mode, or all monochrome modes.
bit 3-2 Blue Bank Select Bits[1:0]
In both 2-bpp and 8-bpp modes, the 16 position Blue LUT isarranged into four 4 position “banks.”
These two bits control which bank is currently selected.
These bits have no effect in 1-bpp, 4-bpp, 15/16-bpp mode, or all monochrome modes.
bits 1-0 Green Bank Select Bits[1:0]

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

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

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

8.2.9 External RAMDAC Control Registers

Note

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

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

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

3. To accessthe RAMDAC registersthe CRT enable bit, REG[0Dh] bit 1, must be set to 1.

RAMDAC Pixel Read Mask Register

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

A CPU read or writeto this register will generate a DACRD# or DACWR# pulse and DACRS1 =1
and DACRSO = 0 to the external RAMDAC for a pixel read mask register access. The RAMDAC
data must be transferred directly between the system data bus and the external RAMDAC through
either data bus bits[7:0] in aLittle-Endian system or data bus bits[15:8] in a Big-Endian system.
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RAMDAC Read Mode Address Register
REG[2Ah] or REG[2Bh]

RwW

RAMDAC
Address Bit 7

RAMDAC

Address Bit 6

RAMDAC
Address Bit 0

RAMDAC
Address Bit 1

RAMDAC
Address Bit 2

RAMDAC
Address Bit 3

RAMDAC
Address Bit 4

RAMDAC
Address Bit 5

bits 7-0

RAMDAC Read Mode Address Bits[7:0]

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

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

RW

RAMDAC
Address Bit 7

RAMDAC

Address Bit 6

RAMDAC
Address Bit 0

RAMDAC
Address Bit 1

RAMDAC
Address Bit 2

RAMDAC
Address Bit 3

RAMDAC
Address Bit 4

RAMDAC
Address Bit 5

bits 7-0

RAMDAC Write Mode Address Bits[7:0]

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

RAMDAC Palette Data Register

REG[2Eh] or REG[2Fh] RW

RAMDAC RAMDAC RAMDAC RAMDAC RAMDAC RAMDAC RAMDAC RAMDAC

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

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

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

table.

Table 9-1: S1D13504 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
ABJ[20:0]

1 X S1D13504 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 Section 5.5, “ Summary of Configuration Options’ on page 30.

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

512K byte Memory

Image Buffer

Half-Frame Buffer

Image Buffer

Half-Frame Buffer

Image Buffer

Half-Frame Buffer

Image Buffer

Half-Frame Buffer

AB[20:0] 2M byte Memory

000000h

07FFFFh
080000h

OFFFFFh
100000h

Image Buffer

17FFFFh
180000h

1EEEEEh Half-Frame Buffer

Figure 9-1: Display Buffer Addressing

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

The image buffer contains the formatted display data - see Section 10.1, “ Display Mode Data
Format” on page 115.

The displayed image(s) may take up only a portion of the image buffer; the remaining area can be
used for multiple images - possibly for animation or general storage. See Section 10, “ Display
Configuration” on page 115 for details on the relationship between the image buffer and the display.

9.2 Half Frame Buffer

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

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

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

For example, for a640x480 8 bpp color panel the half frame buffer sizeis 75K bytes. Ina512kK byte

display buffer, the half-frame buffer resides from 6D400h to 7FFFFh. In a2M byte display buffer,
the half-frame buffer resides from 1ED400h to 1FFFFFh.

S1D13504
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10 Display Configuration
10.1 Display Mode Data Format
1-bpp: ) .
bit 7 bit 0 PoP1P,P3P4P5Pg Py
Byte 0 » Ao | AL | A2 | As | Ag | As | Ag | A7 HEEEEEEE
Pn=(An)
Panel Display
Host Address Display Buffer
2-bpp: bit 7 bit 0 PoP1P;P3P4PsPg Py
HEEEEEE
Byte 0 » Ao | Bo | A1 | B1 | A2 | B2 | A3 | B3
Byte 1 » A4 | Bs | As | Bs | Ag | Bs | A7 | By
Pn = (An, Bp)
Panel Display
Host Address Display Buffer
4-bpp:
bit 7 bit 0 PoP1P2P3P,PsPe Py
Byte 0 » Ao |Bo | Co | Do | A1 |By|Cy|Dy LTI T[]
Byte 1 » A2 | B2 | Co | D2 | A3 | B3 | C5 | Ds
Py = (An, Bp, Cpy D
Byte 2 » As By | Cq | Dy | As|Bs|Cs|Ds = B Bn o On)
Panel Display
Host Address Display Buffer
8-bpp: 3-3-2 RGB
bit 7 bit 0 PoP1P,P3P,4PsPg P
Byte 0 "R2 |Rgt Ro? | Go? Gyl Go° B! Bo? HEEEEEE
Byte 1 MR,2 (R [R?[Gi2 |G, [Gy0 B4 [ByO
P.=(R,20 G, 290 B 10y
Byte 2 > R22 RZ1 R20 G22 G21 G20 le BZO n n n n
Panel Display
Host Address Display Buffer
Figure 10-1: 1/2/4/8 Bit-Per-Pixel Format Memory Organization
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15-bpp:

Byte O

bit 7

5-5-5 RGB

PoP1P;P3P,P5PgP7

Byte 1

Gg?

Got |Go° [B* [Bg? |Bg?

Byte 2

Ro* |Ro? [Ro? |Ro! |Re?

Byte 3

G,?

Gi' |G,°|B,* B3 |B;2

Host Address

16-bpp:

Byte O

R4 [Ry3 [R2 [Ry [Ry°

Display Buffer

5-6-5 RGB

TFT
P,= (Rn4-0’ G, 4-0, Bn4-0)

Passive
Pn - (Rn4-1’ Gn 4-1’ Bn4-l)

Panel Display

PoP1P,P3P,P<PsP7

Byte 1

Gol |G® [B* [Bgd [Bo?

Bot

Byte 2

Ro® |Ro? [Ro? [Re? |Go®

Go*

Byte 3

G1'|G,° |B,* [B;3 [B42

B,!

Host Address

Ri3 |R:? [ReE RO |G,°

G,*

Display Buffer

TFT
P, = (RHA-O’ Gn 5-0’ Bn4-0)

Passive
Pn - (Rn4-1' Gn 5—2, Bn4-l)

Panel Display

Note

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

The Host-to-Display mapping described here assumes that a Little-Endian interface is
being used.

For 8/15/16 bit-per-pixel formats, R,,, G,,, B,, represent the red, green, and blue color
components.
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10.2 Image Manipulation

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

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

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

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

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

Image Buffer Display

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

REG[18h] bits [3:0]

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

Screen 2

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

«———— (REG[17h], REG[16h]) ——»

Figure 10-3: Image Manipulation
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11 Clocking

11.1 Maximum MCLK: PCLK Ratios

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

Maximum PCLK Allowed

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

* Simultaneous CRT + Single Panel.

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

* Dual Monochrome Panel with Half Frame Buffer
Enabled.

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

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

» Dual Color Panel with Half Frame Buffer Enabled.

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

w|lh|lo| w|p|o

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

Maximum PCLK allowed

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

» Simultaneous CRT + Single Panel.

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

» Dual Monochrome Panel with Half Frame Buffer 5 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
Enabled. 4 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2
* Simultaneous CRT + Dual Monochrome Panel with
Half Frame Buffer Enable. 3 MCLK MCLK MCLK MCLK/2 | MCLK/2
» Dual Color Panel with Half Frame Buffer Enabled. 5 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
» Simultaneous CRT + Dual Color Panel with Half 4 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
Frame Buffer Enable.
3 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2
S1D13504 Hardware Functional Specification
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11.2 Frame Rate Calculation

The frame rateis calculated using the following formula:

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

Where:

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

VNDP = Vertical Non-Display Period = REGI[0Ah] bits [5:0] + 1

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

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

Table 11-3: Example Frame Rates

Color Maximum Minimum Maximum Frame
l .
(EEQ';A gzge) Display Resolution Depth CP;S(SL Panel Rate (Hz)
4
(bpp) (MH2) HNDP(Ts) | Panel CRT
« Single Panel. 2 1/2/4/8 32 80 60
800x600
* CRT. 16 56 78 60
« Dual Monochrome/Color Panel
with Half Frame Buffer Disabled.® | 640x480 1/2/4/8 32 123 85
» Simultaneous CRT + Single Panel. 16 o6 119 85
. Sj 1/2/4/8 32 247 -
50ns Simultaneous CRT + Dual 640x240 40
EDO-DRAM | Monochrome/Color Panel with Half 16 56 242 .
Frame Buffer Disabled.®
1/2/4/8 32 243 -
MCIk = 40MHz 480x320
N = 4 16 56 232 -
Ngp = 1.5 1/2/418 32 471 -
N =2 320x240
RCD 16 56 441 -
« Dual Color with Half Frame Buffer 800x60023 1/2/4/8 20 32 80 -
X .
Enabled. 16 133 32 53 :
« Dual Mono with Half Frame Buffer 12478 20 32 123
Enabled. 640x480
16 13.3 32 82 -
Hardware Functional Specification S1D13504
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Table 11-3: Example Frame Rates
Color Maximum Minimum Maximum Frame
1 .
(SD;A;ZA gzge) Display Resolution Depth g:)(;l( Panel Rate (H2)
4
(bpp) (MH2) HNDP(Ts) | Panel CRT
* Single Panel. 5 1/2/4/8 32 66 55
800x600
* CRT. 16 56 65 55
» Dual Mono/Color Panel with Half
- 1/2/4, 2 101 7
Frame Buffer Disabled.® 640x480 /21418 3 0 8
» Simultaneous CRT + Single Panel. 16 56 98 8
e Si 1/2/4/8 32 203 -
60ns I\S/Ilmultaneous CRT + Dual 640x240 33
EDO-DRAM ono/Color Panel with Half Frame 16 56 200 -
Buffer Disabled.®
1/2/4/8 32 200 -
MClk = 33MHz 480x320
Nor = 4 16 56 196 -
RC =
Nrp =15 1/2/4/8 32 388 -
N =2 320x240
RCD 16 56 380 -
* Dual Color with Half Frame Buffer 800x60023 1/2/4/8 16.5 32 66 -
X ,
Enabled. 16 1 32 43 i
 Dual Mono with Half Frame Buffer 12408 165 2 103
Enabled. 640x480 :
16 11 32 68 -
« Single Panel. 5 1/2/4/8 32 50 -
800x600
e CRT. 16 56 48 -
» Dual Mono/Color Panel with Half
- 1/2/4, 2 77
Frame Buffer Disabled.® 640x480 21418 3 60
» Simultaneous CRT + Single Panel. 16 56 7 60
« Simultaneous CRT + Dual 1/2/4/8 32 142 -
Mono/Color Panel with Half Frame 640x240 16 25 56 136 i
60NS Buffer Disabled.®
1/2/4/8 32 152 -
FPM-DRAM 480x320
16 56 145 -
MCIk = 256MHz 1/2/4/8 32 294 -
RC 16 56 280 -
NRP =15 - >
Nrcp=2 |* Dual Mono with Half Frame Buffer | 800x600° | 1/2/4/8/16 12.5 32 50 -
Enabled. 640x480 | 1/2/4/8/16 | 125 32 77 i
640x400 | 1/2/4/8/16 125 32 92 -
* Dual Color with Half Frame Buffer 800x60023 1/2/4/8 12.5 32 50 -
X )
Enabled. 16 8.33 32 33 i
1/2/4/8 12.5 32 77 -
640x480
16 8.33 32 51 -
1. Must set Ngc = 4MCLK. See REG[22h], “Performance Enhancement Register 0".
2. 800x600 @ 16 bpp requires 2M bytes of display buffer for all display types.
3. 800x600 @ 8 bpp on adual color panel requires 2M bytes of display buffer if the half frame
buffer is enabled.
4. Optimum frame rates for panels range from 60Hz to 150Hz. If the maximum refresh rateistoo
high for a panel, MCLK should be reduced or PCLK should be divided down.
5. Half Frame Buffer disabled by REG[1Bh] bit O.
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12 Look-Up Table Architecture

Table 12-1: Look-Up Table Configurations

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

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

The following depictions are intended to show the display data output path only. The CPU R/W
access to the individual Look-Up Tablesis not affected by the various “banking” configurations.

12.1 Gray Shade Display Modes

1 Bit-Per-Pixel Mode

Green Look-Up Table

Entry

— 4-
9 _— 2 Select
Logic

bit display data output

1-bit pixel data T

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

Green Look-Up Table
Bank O
2
3 00
3
Bank 1
g Selected Bank
S 01
7 Bank 4-bit display data output
Bank 2 Select
8 Logic
9
A 10
B [ [ [ |
Bank 3
5
B 11
F
Bank Select bits [1:0] I
REG[27h] bits [1:0]
2-bit pixel data
Note: the above depiction is intended to show the display data output path only. The CPU R/W access to the individual
Look-Up Tablesis not affected by the various “banking” configurations.

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

4 Bit-Per-Pixel Mode

Green Look-Up Table

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

4-bit display data output

TMOOWP>OO~NORAWNRO

4-bit pixel data I

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

1 Bit-Per-Pixel Color Mode

1-bit pixel data

Red Look-Up Table

<
1 —>

i

Entry | 4-pit Red data output

1 Select
Logic

Green Look-Up Table

s <
1 —>|

R

Entry | 4.bit Green data output _

1 Select
Logic

Blue Look-Up Table

e <
1 —>

i

Entry | 4-pit Blue data output

1 Select
Logic

-4

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

2-bit pixel data

Red Look-Up Table

Bank 0
2
> 00
3
Bank 1
5
S 01
7 Bank
Bank 2 Select
g Logic
A 10
B
Bank 3
8
E 11
F

Bank Select bits [1:0]

REG[27h] bits [5:4]

Selected Bank

4-bit Red data output

Green Look-Up Table

Bank Select bits [1:0]

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

REG[27h] bits [1:0]

Selected Bank

Wi

4-bit Green data output

Blue Look-Up Table

Bank Select bits [1:0]

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

REG[27h] bits [3:2]

Selected Bank

Wl

4-bit Blue data output

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

Red Look-Up Table

TMUOW>O©O~NOUTAWNRO

4-bit pixel data

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

Entry
Select
Logic

Green Look-Up Table

TMUOW>OONOURWNRO

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

Entry
Select
Logic

Blue Look-Up Table

TMUOW>O©O~NOUIAWNRO

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

Entry
Select
Logic

4-bit Red data output

4-bit Green data output

4-bit Blue data output

v

Figure 12-6: 4 Bit-Per-Pixel —16-Level Color Mode Look-Up Table Architecture
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8 Bit-Per-Pixel Color Mode

256 Color Data Format:
Red Look-Up Table
‘7‘6 5‘4 3121 0‘
Bank 0
‘RZ‘Rl RO‘GZ G1|GO|B1 BO’ 0
1
2
2 0 Selected Bank
5 —» 000
6 — 001
7 Bank > 8%0 Entry | 4-pit Red data output
Bank 1 Select —»| 100 Select
8 Logi {101 Logic
9 ogic —»110
A —» 111
B
¢ 1
D
F
F
Bank Select bit T
REG[27h] bit 4
3-bit pixel data
Green Look-Up Table
Bank 0
0
1
2
2 0 Selected Bank
5 —> 000
6 —>» 001
7 Bank > 8%0 Entry | 4-pit Green data output _
Bank 1 Select —»| 100 Eelgct "
. —»{ 101 Logic
g Logic » 110
A —» 111
B 1
C
D
E
F
Bank Select bit T
REG[27h] bit 0
3-bit pixel data
Blue Look-Up Table
Bank 0
1
> 00
3
Bank 1
é o1 Selected Bank
6
7 Bank 4-bit Blue data output
Bank 2 Select -
8 Logic
9
A 10
B
Bank 3
5
E 11
E
Bank Select bits [1:0] T
2-bit pixel data REG[27h] bits [3:2]
Figure 12-7: 8 Bit-Per-Pixel —256-Level Color Mode Look-Up Table Architecture
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13 Power Save Modes

Two Power Save Modes have been incorporated into the S1D13504 to accommodate the important
need for power reduction in the hand-held devices market. These modes are hardware suspend and
software suspend.

13.1 Hardware Suspend
* Register read/write disallowed.
» Memory read/write disallowed.

» LCD outputs are forced low (see Note 1 of Section 13.4, “ Pin Satesin Power Save Modes’” on
page 128).

» LCDPWR forced to Off state.
» CRT outputs are disabled.

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

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

13.2 Software Suspend
 Register read/write allowed except for RAMDAC registers.
» Memory read/write disallowed.

» LCD outputs are forced low (see Note 1 of Section 13.4, “ Pin Satesin Power Save Modes’™ on
page 128).

» LCDPWR forced to Off state.
» CRT outputs are disabled.

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

« |If suspend mode self-refresh or no-refresh is selected, al internal modules and clocks except the
Host Bus I/F are shut down.
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13.3 Power Save Mode Function Summary

Table 13-1: Power Save Mode Function Summary

Power Save Mode (PSM)

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

Note

1. FPFRAME and FPLINE are forced to their inactive states as defined by REG[OCh] bit 6

and REG[07h] bit 6 respectively.

wnN

4. Activefor non-DAC register access only.

Selectable: may be CBR refresh, self-refresh or no refresh at all.
DACWR#, DACRD#, DACRS0, DACRSL are active but DACCLK isdisabled.
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14 Mechanical Data

14.1 QFP15-128 (S1D13504F00A)

QFP15 - 128 pin Unit: mm

| 16.0+0.4

14.0+0.1

Ak

>

A

140+ 0.1
16.0+ 0.4

AS A N
j 0~10

0.125+0.1
k [ 14%01

R

*‘

- 05+0.2
o
1.0
Figure 14-1: Mechanical Drawing QFP15-128
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14.2 TQFP15-128 (S1D13504F01A)

TQFP15 - 128 pin Unit: mm
16t0.4 .
14t0.l R
TN AMOOAORAA ||
(L —

+0.1

+0.05

0.125 -0.025
00
10°

+0.2

0.5

1.2 max
[
0.1
o —

Figure 14-2: Mechanical Drawing TQFP15-128
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14.3 QFP20-144 (S1D13504F02A)
QFP20 - 144 pin Unit: mm
5o 204
X 2001
108 73
IR n
109 = =72
% INDEX %
144 g O 1 % 37
IR 3
1 36
0.5 s ‘0,2 *05s
+I<r- +0.05
5 0.125 -0.025
Ei #WWWWMW
~ s 0°
- od 10°
0.5 02
1
Figure 14-3: Mechanical Drawing QFP20-144
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15 References

The following documents contain additional information related to the S1D13504.
Document numbers are listed in parenthesi s after the document name. All documents can
be found at the Epson Research and Development Website at www.erd.epson.com.

+ S1D13504 Product Brief (X 19A-C-002-xx)

» S1D13504 Windows CE v2.x Display Drivers (X19A-E-001-xx)

« S1D13504 Wind River WindML v2.0 Display Drivers (X 19A-E-002-xx)

» S1D13504 Wind River UGL v1.2 Display Drivers (X19A-E-003-xx)

» S1D13504 Programming Notes And Examples (X19A-G-002-xx)

» S5U13504B00C Evaluation Board User Manua (X19A-G-004-xx)

* Interfacing to the Philips MI1PS PR31500/PR31700 Microprocessor (X19A-G-005-xx)
» S1D13504 Power Consumption (X19A-G-006-xx)

« Interfacing to the NEC VR4102 Microprocessors (X 19A-G-007-xx)

* Interfacing to the ODO Display Card Interface (X19A-G-008-xx)

« Interfacing to the PC Card Bus (X19A-G-009-xx)

« Interfacing to the Motorola MPC821 Microprocessor (X 19A-G-010-xx)

* Interfacing to the Motorola M CF5307 “ Coldfire” Microprocessors (X 19A-G-011-xx)
* Interfacing to the Toshiba TX3912 Microprocessor (X19A-G-012-xx)

« Interfacing to the Motorola M C68328 “Dragonball” Microprocessor (X19A-G-013-xx)
» S1D13504 Register Summary (X19A-Q-001-xx)
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16 Sales and Technical Support

Japan
Seiko Epson Corporation

Electronic Devices Marketing Division

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

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

Hong Kong

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

25 Harbour Road
Wanchai, Hong Kong

Tel: 2585-4600

Fax: 2827-4346
http://www.epson.com.hk/

North America

Epson Electronics America, Inc.
150 River Oaks Parkway

San Jose, CA 95134, USA

Tel: (408) 922-0200

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

Europe

Epson Europe Electronics GmbH
Riesstrasse 15

80992 Munich, Germany

Tel: 089-14005-0

Fax: 089-14005-110
http://www.epson-electronics.de/

Taiwan

Epson Taiwan Technology
& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan

Tel: 02-2717-7360

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

Singapore

Epson Singapore Pte., Ltd.
No. 1

Temasek Avenue #36-00
Millenia Tower

Singapore, 039192

Tel: 337-7911

Fax: 334-2716
http://www.epson.com.sg/
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