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SAVING
EPSON

S1D13505 EMBEDDED RAMDAC LCD/CRT CONTROLLER

m DESCRIPTION

GRAPHICS

S1D13505
October 2001

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

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

of applications.
m FEATURES

Memory Interface
® 16-bit EDO-DRAM or FPM-DRAM interface.
* Memory size options:
512K bytes using one 256Kx16 device.
2M bytes using one 1Mx16 device.
* Addressable as a single linear address space.
CPU Interface
® Supports the following interfaces:
Hitachi SH-4.
Hitachi SH-3.
Motorola M68K.
Philips MIPS PR31500/PR31700.
Toshiba MIPS TX3912.
Motorola Power PC MPC821.
NEC MIPS VR4102/VR4111.
Epson EOC33.
PC Card (PCMCIA).
StrongARM (PC Card).
ISA bus.
MPU bus interface with programmable READY.
* CPU write buffer.
Display Support
® 4/8-bit monochrome passive LCD interface.
® 4/8/16-bit color passive LCD interface.
* Single-panel, single-drive displays.
® Dual-panel, dual-drive displays.
* Direct support for 9/12-bit TFT/D-TFD; 18-bit TFT/D-TFD
is supported up to 64K color depth (16-bit data).
* Embedded RAMDAC with direct analog CRT drive.
® Simultaneous display of CRT and passive or TFT/D-TFD
panels.

* Maximum resolution of 800x600 pixels at a color
depth of 16 bpp.

Display Modes

® 1/2/4/8/16 bit-per-pixel (bpp) support on LCD/CRT.

* Up to 16 shades of gray using FRM on monochrome
passive LCD panels.

* Up to 4096 colors on passive LCD panels.

® Up to 64K colors on active matrix TFT/D-TFD LCD
panels and CRT in 16 bpp modes.

® Split Screen Display: allows two different images to be
simultaneously viewed on the same display.

* Virtual Display Support: displays images larger than the
display size through the use of panning.

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

* SwivelView: direct hardware 90° rotation of EPSON
display image for portrait mode display.
® Acceleration of screen updates by allocating full .

display memory bandwidth to CPU.
® Hardware 64x64 pixel 2-bit cursor or full screen
2-bit ink layer.
Clock Source
* Single clock input for both pixel and memory clocks.

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

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

Power Down Modes
® Software power save mode.

* LCD power sequencing.
General Purpose |0 Pins

* Up to 3 General Purpose 10 pins are available.
Operating Voltage

® 2.7 volts to 5.5 volts.

Package
® 128-pin QFP15 surface mount package.

X23A-C-002-15
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1 Introduction

1.1 Scope

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

This specification will be updated as appropriate. Please check the Epson Electronics America
Website at http://www.eea.epson.com or the Epson Research and Devel opment website at
http://www.erd.epson.com for the latest revision of this document before beginning any devel-
opment.

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

1.2 Overview Description

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

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

Hardware Functional Specification S1D13505
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2 Features

2.1 Memory Interface

* 16-bit DRAM interface:

EDO-DRAM up to 40MHz datarate (80M bytes/sec.).
FPM-DRAM up to 25MHz datarate (50M bytes/sec.).

* Memory size options:

512K bytes using one 256K x16 device.
2M bytes using one 1M x16 device.

 Performance Enhancement Register to tailor the memory control output timing for the DRAM
device.

2.2 CPU Interface

« Supports the following interfaces:

8/16-bit SH-4 businterface.

8/16-bit SH-3 businterface.

8/16-bit interface to 8/16/32-bit MC68000 microprocessors/microcontrollers.
8/16-bit interface to 8/16/32-bit MC68030 microprocessors/microcontrollers.
Philips PR31500/PR31700 (MIPS).

Toshiba TX3912 (MIPS)

16-bit Power PC (MPC821) microprocessor.

16-bit Epson EOC33 microprocessor.

PC Card (PCMCIA).

StrongARM (PC Card).

NEC VR41xx (MIPS).

ISA bus.

» Supports the following interface with external logic:

GX486 microprocessor.

» One-stage write buffer for minimum wait-state CPU writes.

* Registers are memory-mapped — the M/R# pin sel ects between the display buffer and register
address space.

» The complete 2M byte display buffer address space is addressable as a single linear address
space through the 21-bit address bus.

S1D13505
X23A-A-001-14
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2.3 Display Support

2.4 Display Modes

4/8-bit monochrome passive LCD interface.
4/8/16-bit color passive LCD interface.
Single-panel, single-drive displays.
Dual-panel, dual-drive displays.

Direct support for 9/12-bit TFT/D-TFD; 18-bit TFT/D-TFD is supported up to 64K color depth
(16-bit data).

Embedded RAMDAC (DAC)with direct analog CRT drive.
Simultaneous display of CRT and passive or TFT/D-TFD panels.

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

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

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

2.5 Display Features

2.6 Clock Source

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

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

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

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

Hardware 64x64 pixel 2-bit cursor or full screen 2-bit ink layer.
Simultaneous display of CRT and passive panel or TFT/D-TFD panel.
» Normal mode for cases where LCD and CRT screen sizes are identical.

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

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

Single clock input for both the pixel and memory clocks.

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

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

Hardware Functional Specification S1D13505
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2.7 Miscellaneous

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

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

Suspend power save mode can be initiated by either hardware or software.

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

Operating voltages from 2.7 volts to 5.5 volts are supported
128-pin QFP15 surface mount package

S1D13505
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3 Typical System Implementation Diagrams

Power Oscillator
Management
SH-4
BUS
AR21] P MR g z FPDATI15:8] > uorio]
% FPDAT[7:0] » LD[7:0]
csn# p Cs# 7 FPSHIFT » FPsHIFT 4/8/16-bit
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_ VRTC Display
CKio > BUSCLK T8 . x5 B
RESET# 4 $5i233 IREF
RESET: £ 228389 IREF
y
v v
o5 8 8
252283
256Kx16
FPM/EDO-DRAM
Figure 3-1: Typical System Diagram (SH-4 Bus)
Power Oscillator
Management
SH-3
BUS 4
AR1] > MR# ‘g‘ g FPDAT[L5:8] » UD[7:0]
g FPDAT[7:0] LD[7:0]
Csn# o cs# 2 FPSHIFT p FrsHIFT 4/8/16-bit
A[20:0] P AB[20:0] o IfCD
D[15:0] l¢ DB[15:0] FPFRAME P» FPFRAME D|5p|ay
FPLINE FPLINE
WE1# » WEL# DRDY » mop
Bt > Bsi S1D13505F00A T
RD/WR# »| RD/WR# LCDPWR
RD# » RD#
WEO# » WEO# RED,GREEN,BLUE
WAIT# WAIT# HRTC > CRT
i VRTC > Display
CKIO P BUSCLK g g L5858
z 0o w <
RESET# P RESET# £ 2328068 IREF IREF
2
v 4 v
s 585
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Figure 3-2: Typical System Diagram (SH-3 Bus)
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Power Oscillator
Management
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Figure 3-3: Typical System Diagram (MC68K Bus 1, 16-Bit 68000)
Power Oscillator
Management
MC68030 i
BUS
) ** —
?Eol,'égl » Decoder (O——p| MIR# z 3 FPDAT[15:8] » upro)
% FPDAT[7:0] LD[7:0]
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Figure 3-4: Typical System Diagram (MC68K Bus 2, 32-Bit 68030)
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Power Oscillator
Management
Generic
BUS 4 4
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Figure 3-5: Typical System Diagram (Generic Bus)
Power Oscillator
Management
MIPS
BUS
8 <
A[25:21] O—> MIR# z 3 FPDAT[15:8] » UD[7:0]
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Figure 3-6: Typical System Diagram (NEC VR41xx (MIPS) Bus)
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Power Oscillator
Management
Philips
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Figure 3-7: Typical System Diagram (Philips PR31500/PR31700 Bus)
Power Oscillator
Management
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ALE P AB20 FPLINE FPLINE
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FPM/EDO-DRAM
Figure 3-8: Typical System Diagram (Toshiba TX3912 Bus)
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Power Oscillator
Management
PowerPC
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Figure 3-9: Typical System Diagram (Power PC Bus)
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D[L5:0] ¢ »| DB[15:0] FPFRAME FPFRAME  Display
FPLINE » FPLINE
DRDY MOD
WE weo# S1D13505F00A .
CE2 WEL# LCDPWR
-OE » RD#
-CE1 » RDMWR# RED,GREEN,BLUE »
-WAIT WAIT# HRTC CRT
B VRTC | Display
BCLK S
kEsuscu< 33*%§§
RESET Do P RESET# £ 22208 IREF IREF
4
4 4 Y v
T 9o % H G B
TgL223
$5°E8383
1Mx16
FPM/EDO-DRAM

Figure 3-10: Typical System Diagram (PC Card (PCMCIA) Bus)
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4 Internal Description

4.1 Block Diagram Showing Datapaths

16-bit FPM/EDO-DRAM
A
Memory
Register Controller
y A
| cpu < » LCD -
A R/W » LCD
Host »| Display| _ R
CPU/MPU < FIFO d
I/F Look-
< » Up
Tables » DAC » CRT
.| Cursor | |
FIFO d
Power Save CRTC
Clocks

4.2 Block Descriptions

4.2.1 Register

The Register block contains all the register latches

4.2.2 Host Interface

The Host Interface (1/F) block provides the means for the CPU/MPU to communicate with the
display buffer and internal registers via one of the supported bus interfaces.

4.2.3 CPUR/W

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

S1D13505 Hardware Functional Specification
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4.2.4 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).

4.2.5 Display FIFO

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

4.2.6 Cursor FIFO

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

4.2.7 Look-Up Tables

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

4.2.8 CRTC

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

4.2.9 LCD Interface

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

4.2.10 DAC

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

4.2.11 Power Save

The Power Save block contains the power save mode circuitry.

4.2.12 Clocks

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

5.1 Pinout Diagram

’96’95’94‘93’92‘91’90‘89’88’87‘86’85‘84’83‘82‘81’80‘79‘78‘77’76‘75’74‘73’72’71‘70’69‘68’67‘66’65
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Figure 5-1: Pinout Diagram
128-pin QFP15 surface mount package
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5.2 Pin Description

Key:

CD
Cs
COx
TSx

TSxD

CNx

Input

Output

Bi-Directional (Input/Output)

Analog

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 (see tables 6-3, 6-4, 6-5 for details)

Tri-state CMOS output driver, x denotes driver type (see tables 6-3, 6-4, 6-5 for details)

Tri-state CMOS output driver with pull down resistor (typical values of 100KQ/180KQ at 5V/3.3V)
respectively), x denotes driver type (see tables 6-3, 6-4, 6-5 for details)

CMOS low-noise output driver, x denotes driver type (see tables 6-3, 6-4, 6-5 for details)

5.2.1 Host Interface

Table 5-1: Host Interface Pin Descriptions

Pin Name

RESET#

Type Pin # Cell Description

State

ABO

» For SH-3/SH-4 Bus, this pin inputs system address bit 0 (A0).

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

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

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

» For MIPS/ISA Bus, this pin inputs system address bit 0 (SAO0).

» For Philips PR31500/31700 Bus, this pin inputs system address bit 0

3 CS |Hi-Z (A0).

» For Toshiba TX3912 Bus, this pin inputs system address bit 0 (AO).

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

. z:or)PC Card (PCMCIA) Bus, this pin inputs system address bit O
AO0).

See “Host Bus Interface Pin Mapping” for summary. See the respective
AC Timing diagram for detailed functionality.

AB[12:1]

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

119-128, ) » For all other busses, these pins input the system address bits 12

1,2 C Hi-Z through 1 (A[12:1]).

See “Host Bus Interface Pin Mapping” for summary. See the respective
AC Timing diagram for detailed functionality.
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Table 5-1: Host Interface Pin Descriptions (Continued)

Pin Name

Type

Pin #

Cell

RESET#
State

Description

AB[16:13]

115-118

Hi-Z

» For Philips PR31500/31700 Bus, these pins are connected to Vpp.

» For Toshiba TX3912 Bus, these pins are connected to Vpp.

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

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

See “Host Bus Interface Pin Mapping” for summary. See the respective

AC Timing diagram for detailed functionality.

AB17

114

Hi-Z

* For Philips PR31500/31700 Bus, this pin inputs the 10 write
command (/CARDIOWR).

* For Toshiba TX3912 Bus, this pin inputs the 10 write command
(CARDIOWRY).

e For PowerPC Bus, this pin inputs the system address bit 14 (A14).
» For all other busses, this pin inputs the system address bit 17 (A17).

See “Host Bus Interface Pin Mapping” for summary. See the respective
AC Timing diagram for detailed functionality.

AB18

113

Hi-Z

» For Philips PR31500/31700 Bus, this pin inputs the 10 read
command (/CARDIORD).

» For Toshiba TX3912 Bus, this pin inputs the 10 read command
(CARDIORD®).

* For PowerPC Bus, this pin inputs the system address bit 13 (A13).
» For all other busses, this pin inputs the system address bit 18 (A18).

See “Host Bus Interface Pin Mapping” for summary. See the respective
AC Timing diagram for detailed functionality.

AB19

112

Hi-Z

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

» For Toshiba TX3912 Bus, this pin inputs the card control register
(CARDREG?).

* For PowerPC Bus, this pin inputs the system address bit 12 (A12).
» For all other busses, this pin inputs the system address bit 19 (A19).

See “Host Bus Interface Pin Mapping” for summary. See the respective
AC Timing diagram for detailed functionality.

AB20

111

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

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

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

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

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

See “Host Bus Interface Pin Mapping” for summary. See the respective
AC Timing diagram for detailed functionality.
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Table 5-1: Host Interface Pin Descriptions (Continued)

Pin Name

Type

Pin #

Cell

RESET#
State

Description

DB[15:0]

16-31

C/TS2

Hi-Z

These pins are the system data bus. For 8-bit bus modes, unused data
pins should be tied to Vpp.

» For SH-3/SH-4 Bus, these pins are connected to D[15:0].

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

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

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

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

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

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

See “Host Bus Interface Pin Mapping” for summary. See the respective
AC Timing diagram for detailed functionality.

WE1#

CSI/TS

Hi-Z

This is a multi-purpose pin:

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

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

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

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

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

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

» For Toshiba TX3912 Bus, this pin inputs the odd byte access enable
signal (CARDXCSH?*).

» For PowerPC Bus, this pin outputs the burst inhibit signal (BI#).
» For PC Card (PCMCIA) Bus, this pin inputs the card enable 2 signal
(-CE2).

See “Host Bus Interface Pin Mapping” for summary. See the respective
AC Timing diagram for detailed functionality.

M/R#

Hi-Z

+ For Philips PR31500/31700 Bus, this pin is connected to Vpp,.
» For Toshiba TX3912 Bus, this pin is connected to Vpp.

» For all other busses, this input pin is used to select between the
display buffer and register address spaces of the S1D13505. M/R# is
set high to access the display buffer and low to access the registers.
See Register Mapping.

See Table 5-6:, “CPU Interface Pin Mapping,” on page 34.

CS#

Hi-Z

 For Philips PR31500/31700 Bus, this pin is connected to Vpp,.
» For Toshiba TX3912 Bus, this pin is connected to Vpp.
» For all other busses, this is the Chip Select input.

See Table 5-6:, “CPU Interface Pin Mapping,” on page 34. See the
respective AC Timing diagram for detailed functionality.
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Table 5-1: Host Interface Pin Descriptions (Continued)

Pin Name Type Pin #

Cell

RESET#
State

Description

BUSCLK | 13

Hi-Z

This pin inputs the system bus clock. It is possible to apply a 2x clock
and divide it by 2 internally - see MD12 in Summary of Configuration
Options.

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

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

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

» For Generic Bus, this pin is connected to BCLK.

¢ For MIPS/ISA Bus, this pin is connected to CLK.

* For Philips PR31500/31700 Bus, this pin is connected to DCLKOUT.
* For Toshiba TX3912 Bus, this pin is connected to DCLKOUT.

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

e For PC Card (PCMCIA) Bus, this pin is connected to CLKI.

See “Host Bus Interface Pin Mapping” for summary. See the respective
AC Timing diagram for detailed functionality.

BS# | 6

Cs

This is a multi-purpose pin:

» For SH-3/SH-4 Bus, this pin inputs the bus start signal (BS#).

* For MC68K Bus 1, this pin inputs the address strobe (AS#).

* For MC68K Bus 2, this pin inputs the address strobe (AS#).

» For Generic Bus, this pin is connected to Vpp.

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

+ For Philips PR31500/31700 Bus, this pin is connected to Vpp,

+ For Toshiba TX3912 Bus, this pin is connected to Vpp,

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

See “Host Bus Interface Pin Mapping” for summary. See the respective
AC Timing diagram for detailed functionality.

RD/WR#

10

Cs

Hi-Z

This is a multi-purpose pin:

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

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

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

» For Generic Bus, this pin inputs the read command for the upper data
byte (RD1#).
» For MIPS/ISA Bus, this pin is connected to Vpp.

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

» For Toshiba TX3912 Bus, this pin inputs the even byte access enable
signal (CARDxCSL?).

* For PowerPC Bus, this pin inputs the read write signal (RD/WR#).
* For PC Card (PCMCIA) Bus, this pin inputs the card enable 1 signal
(-CE1).

See “Host Bus Interface Pin Mapping” for summary. See the respective
AC Timing diagram for detailed functionality.
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Table 5-1: Host Interface Pin Descriptions (Continued)

Pin Name

Type

Pin #

Cell

RESET#
State

Description

RD#

Cs

Hi-Z

This is a multi-purpose pin:

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

For MC68K Bus 1, this pin is connected to Vpp,.

For MC68K Bus 2, this pin inputs the bus size bit 1 (SI1Z1).

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

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

For Philips PR31500/31700 Bus, this pin inputs the memory read
command (/RD).

For Toshiba TX3912 Bus, this pin inputs the memory read command
(RD¥).
For PowerPC Bus, this pin inputs the transfer size 0 signal (TSIZ0).

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

See “Host Bus Interface Pin Mapping” for summary. See the respective
AC Timing diagram for detailed functionality.

WEO#

Cs

Hi-Z

This is a multi-purpose pin:

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

For MC68K Bus 1, this pin must be connected to Vpp
For MC68K Bus 2, this pin inputs the bus size bit 0 (S1Z0).

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

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

For Philips PR31500/31700 Bus, this pin inputs the memory write
command (/WE).

For Toshiba TX3912 Bus, this pin inputs the memory write command
(WE™).
For PowerPC Bus, this pin inputs the Transfer Size 1 signal (TSIZ1).

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

See “Host Bus Interface Pin Mapping” for summary. See the respective
AC Timing diagram for detailed functionality.
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Table 5-1: Host Interface Pin Descriptions (Continued)

Pin Name

Type

Pin #

Cell

RESET#
State

Description

WAIT#

15

TS2

Hi-Z

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

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

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

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

* For MC68K Bus 2, this pin outputs the data transfer and size
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.

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

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

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

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

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

See “Host Bus Interface Pin Mapping” for summary. See the respective
AC Timing diagram for detailed functionality.

RESET#

11

Cs

Active low input that clears all internal registers and forces all outputs to
their inactive states. Note that active high RESET signals must be
inverted before input to this pin.
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5.2.2 Memory Interface

Table 5-2: Memory Interface Pin Descriptions

Pin Name

Type

Pin #

Cell

RESET#
State

Description

LCAS#

51

Co1

» For dual-CAS# DRAM, this is the column address strobe for the
lower byte (LCAS#).

» For single-CAS# DRAM, this is the column address strobe (CAS#).

See “Memory Interface Pin Mapping” for summary. See Memory
Interface Timing for detailed functionality.

UCAS#

52

Cco1

This is a multi-purpose pin:

* For dual-CAS# DRAM, this is the column address strobe for the
upper byte (UCASH#).

» For single-CAS# DRAM, this is the write enable signal for the upper
byte (UWE#).

See “Memory Interface Pin Mapping” for summary. See Memory
Interface Timing for detailed functionality.

WE#

53

Cco1

» For dual-CAS# DRAM, this is the write enable signal (WE#).
» For single-CAS# DRAM, this is the write enable signal for the lower
byte (LWE#).

See “Memory Interface Pin Mapping” for summary. See Memory
Interface Timing for detailed functionality.

RAS#

54

Cco1

Row address strobe - see Memory Interface Timing for detailed
functionality.

MDI[15:0]

34, 36, 38,
40, 42, 44,
46, 48, 49,
47,45, 43,
41, 39, 37,
35

CITS
1D

Hi-Z

Bi-Directional memory data bus.

During reset, these pins are inputs and their states at the rising edge of
RESET# are used to configure the chip - see Summary of
Configuration Options. Internal pull-down resistors (typical values of
100KQ/180KQ at 5V/3.3V respectively) pull the reset states to 0.
External pull-up resistors can be used to pull the reset states to 1.

See Memory Interface Timing for detailed functionality.
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Table 5-2: Memory Interface Pin Descriptions (Continued)

. . RESET# I
Pin Name Type Pin # Cell State Description
58, 60, 62, Multiplexed memory address - see Memory Interface Timing for
MA[8:0] o 64, 66,67, |CO1 |Output functfonam y y g
65, 63, 61 Y-
This is a multi-purpose pin:
» For 2M byte DRAM, this is memory address bit 9 (MA9).
» For asymmetrical 512K byte DRAM, this is memory address bit 9
(MA9).
CITS » For symmetrical 512K byte DRAM, this pin can be used as general
MA9 10 56 1 Output purpose 10 pin 3 (GPIO3).
Note that unless configured otherwise, this pin defaults to an input and
must be driven to a valid logic level.
See “Memory Interface Pin Mapping” for summary. See Memory
Interface Timing for detailed functionality.
This is a multi-purpose pin:
» For asymmetrical 2M byte DRAM this is memory address bit 10
(MA10).
» For symmetrical 2M byte DRAM and all 512K byte DRAM this pin
MA10 10 59 CITs Output can be used as general purpose 10 pin 1 (GPIO1).
1
Note that unless configured otherwise, this pin defaults to an input and
must be driven to a valid logic level.
See “Memory Interface Pin Mapping” for summary. See Memory
Interface Timing for detailed functionality.
This is a multi-purpose pin:
» For asymmetrical 2M byte DRAM this is memory address bit 11
(MA11).
» For symmetrical 2M byte DRAM and all 512K byte DRAM this pin
MA11 10 57 CITS | output can be used as general purpose |0 pin 2 (GPIO2).
1
Note that unless configured otherwise, this pin defaults to an input and
must be driven to a valid logic level.
See “Memory Interface Pin Mapping” for summary. See Memory
Interface Timing for detailed functionality.
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5.2.3 LCD Interface

Table 5-2: LCD Interface Pin Descriptions

Pin Name | Type| Pin# | Cell |RESET# State Description
. 95-88, Panel data bus. Not all pins are used for some panels - see LCD
FPDAT[15:0] O 86-79 CN3 | Output Interface Pin Mapping for details. Unused pins are driven low.
FPFRAME |O 73 CN3 |Output Frame pulse
FPLINE (0] 74 CN3 |Output Line pulse
FPSHIFT 0] 77 CO3 |Output Shift clock
Output if LCD power control output. The active polarity of this output is selected
LCDPWR o 75 col |MD[10]=0 by the state of MD10 at the rising edge of RESET# - see Summary of
) Configuration Options. This output is controlled by the power save
1if MD[10]=1 | mode circuitry - see Power Save Modes for details.
This is a multi-purpose pin:
« For TFT/D-TFD panels this is the display enable output (DRDY).
* For passive LCD with Format 1 interface this is the 2nd Shift Clock
DRDY @) 76 CN3 |Output (FPSHIFT2)
» For all other LCD panels this is the LCD backplane bias signal
(MOD).
See LCD Interface Pin Mapping and REG[02h] for details.
5.2.4 CRT Interface
Table 5-3: CRT Interface Pin Descriptions
. . RESET .
Pin Name Type Pin # Cell # State Description
HRTC 10 107 CN3 |Output |Horizontal retrace signal for CRT
VRTC 10 108 CN3 |Output |Vertical retrace signal for CRT
RED (0] 100 A Analog output for CRT color Red
GREEN (0] 103 A Analog output for CRT color Green
BLUE (0] 105 A Analog output for CRT color Blue
IREE | 101 A Current reference for DAC - see Analog Pins. This pin must be left
unconnected if the DAC is not needed.
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5.2.5 Miscellaneous

Table 5-4: Miscellaneous Interface Pin Descriptions

Pin Name

Type

Pin #

Cell

RESET# State

Description

SUSPEND#

71

Cs/Ts1

Hi-Z if MD[9]=0
High if
MD[10:9]=01

Low if
MD[10:9]=11

This pin can be used as a power-down input (SUSPEND#)
or as an output possibly used for controlling the LCD
backlight power:

e When MD9 = 0 at rising edge of RESET#, this pin is an
active-low Schmitt input used to put the S1D13505 into
Hardware Suspend mode - see Section 15, “Power Save
Modes” for details.

e When MDJ[10:9] = 01 at rising edge of RESET#, this pin
is an output (GPO) with a reset state of 1. The state of GPO
is controlled by REG[21h] bit 7.

e When MDJ[10:9] = 11 at rising edge of RESET#, this pin
is an output (GPO) with a reset state of 0. The state of GPO
is controlled by REG[21h] bit 7.

CLKI

69

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

TESTEN

70

CD

Test Enable. This pin should be connected to Vgg for normal
operation.

VDD

12,33, 55, 72,
97, 109

DACVDD

P

99, 102, 104

P

VSS

14, 32, 50, 68,
78, 87, 96, 110

DACVSS

P

98, 106
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5.3 Summary of Configuration Options
Table 5-5: Summary of Power On/Reset Options
Pin Name value on this pin at rising edge of RESET# is used to configure: (2/0)
1 0
MDO 8-bit host bus interface 16-bit host bus interface
Select host bus interface:MD[11] = O:
000 = SH-3/SH-4 bus interface
001 = MC68K Bus 1
010 = MC68K Bus 2
MD[3:1] 011 = Generic
100 = Reserved
101 = MIPS/ISA
110 = PowerPC
111 = PC Card (when MD11 = 1 Philips PR31500/PR31700 or Toshiba TX3912 Bus)
MD4 Little Endian Big Endian
MD5 WAIT# is active high (1 = insert wait state) WAIT# is active low (0 = insert wait state)
Memory Address/GPIO configuration:
00 = symmetrical 256Kx16 DRAM. MA[8:0] = DRAM address. MA[11:9] = GP102,1,3 pins.
MD[7:6] 01 = symmetrical 1Mx16 DRAM. MA[9:0] = DRAM address. MA[10:11] = GPI102,1 pins.
10 = asymmetrical 256Kx16 DRAM. MA[9:0] = DRAM address. MA[10:11] = GPIO2,1 pins.
11 = asymmetrical 1Mx16 DRAM. MA[11:0] = DRAM address.
MD8 Not used
MD9 SUSPEND# pin configured as GPO output SUSPEND# pin configured as SUSPEND# input
MD10 Active low LCDPWR polarity or Active high LCDPWR polarity or
active high GPO polarity active low GPO polarity
MD11 Alternate Host Bus Interface Selected Primary Host Bus Interface Selected
MD12 BUSCLK input divided by 2 BUSCLK input not divided
MD[15:13] Not used
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5.4 Multiple Function Pin Mapping

Table 5-6: CPU Interface Pin Mapping

S1D1350 Philips .
P?n SH-3 | SH-4 '\giiglK '\giiszK Generic | MIPS/ISA | PR31500 1‘;(532;;’; PowerPC (gg,\fgﬁ)
Names /PR31700
AB20 A20 A20 A20 A20 A20 LatchA20 ALE ALE All A20
AB19 Al19 Al19 Al19 Al9 Al19 SA19 /ICARDREG | CARDREG* Al2 Al9
AB18 Al8 Al8 Al18 Al8 Al18 SA18 /ICARDIORD | CARDIORD* Al3 Al18
AB17 Al7 Al7 Al7 Al7 Al7 SAl7 /CARDIOWR | CARDIOWR* Al4 Al7
AB[16:13] | A[16:13] | A[16:13] | A[16:13] | A[16:13] | A[16:13] | SA[16:13] Vbb Vbb A[15:18] | A[16:13]
AB[12:1] | A[12:1] | A[12:1] | A[12:1] | A[12:1] | A[12:1] | SA[12:1] A[12:1] A[12:1] A[19:30] | A[12:1]
ABO Aot A0 LDS# A0 Aot SAO0 Aot Ao! A31 Ao!
DB[15:8] | D[15:8] | D[15:8] | D[15:8] | D[31:24] | D[15:8] | SD[15:8] D[31:24] D[31:24] D[0:7] D[15:8]
DB[7:0] D[7:0] D[7:0] D[7:0] | D[23:16] | D[7:0] SD[7:0] D[23:16] D[23:16] D[8:15 D[7:0]
WE1# WE1# WE1# UDS# DS# WE1# SBHE# | /CARDXCSH | CARDXxCSH* Bl# -CE2
M/R# External Decode Vbp External Decode
CS# External Decode Vpp External Decode
BUSCLK CKIO CKIO CLK CLK BCLK CLK DCLKOUT DCLKOUT | CLKOUT CLKI
BS# BS# BS# AS# AS# Vbp Vbp Vbb Vbb TS# Vbb
RD/WR# | RD/WR# | RD/WR# | R/W# R/W# RD1# Vbbb /CARDXCSL | CARDxCSL* | RD/WR# -CE1l
RD# RD# RD# Vpp SIZ1 RDO# MEMR# /RD RD* TSIZ0 -OE
WEO# WEO# WEO# Vpp SIz0 WEO# MEMW# IWE WE* TSIZ1 -WE
WAIT# WAIT# RDY DTACK# | DSACK1# | WAIT# | IOCHRDY |/CARDXWAIT | CARDXWAIT* TA# -WAIT
inverted inverted
RESET# | RESET#| RESET# | RESET#| RESET# | RESET# RESET RESET# PON* RESET# RESET
Note
1 The bus signal AQ isnot used by the S1D13505 internally.
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Table 5-7: Memory Interface Pin Mapping

FPM/EDO-DRAM
;iD’\}::ii 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] D[15:0]
MA[8:0] A[8:0]
MA9 GPIO3 A9
MA10 GPIO1 Al10
MA11 GPIO2 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

All GPIO pins default to input on reset and unless programmed otherwise, should be connected
to either Vgg or 1O Vpp if not used.
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Table 5-8: LCD Interface Pin Mapping

Monochrome Passive .
S1D13505 panel Color Passive Panel
Pin . . Single | Single . Color TFT/D-TFD Panel
Names Single Dual Single Format 1 | Format 2 Single Dual
4bit | 8bit | 8&bit | 4-bit [ 8-bit | 8bit | 16-Bit | 8bit | 16-bit | 9-bit | 12-bit | 18-bit
FPFRAME FPFRAME
FPLINE FPLINE
FPSHIFT FPSHIFT
DRDY MOD FPSHIFT MOD DRDY
FPDATO |driven O DO LDO |drivenO DO DO DO LDO LDO R2 R3 R5
FPDAT1 |driven O D1 LD1 |drivenO D1 D1 D1 LD1 LD1 R1 R2 R4
FPDAT2 |driven O D2 LD2 |drivenO D2 D2 D2 LD2 LD2 RO R1 R3
FPDAT3 |driven O D3 LD3 |drivenO D3 D3 D3 LD3 LD3 G2 G3 G5
FPDAT4 DO D4 uDO DO D4 D4 D4 uDO uDO Gl G2 G4
FPDAT5 D1 D5 uD1 D1 D5 D5 D5 ubD1 ubD1 GO Gl G3
FPDAT6 D2 D6 ubD2 D2 D6 D6 D6 uD2 uD2 B2 B3 B5
FPDAT?7 D3 D7 uD3 D3 D7 D7 D7 uD3 uD3 B1 B2 B4
FPDAT8 |driven O |driven O | driven O | driven O | driven O | driven O D8 driven 0| LD4 BO B1 B3
FPDAT9 |driven 0| driven O | driven O | driven O | driven O | driven O D9 driven0| LD5 |drivenO RO R2
FPDAT10 | driven O | driven O | driven O | driven O |driven O |driven 0| D10 |drivenO| LD6 |driven O | driven O R1
FPDAT11 |driven O | driven O | driven O | driven O | driven O |driven 0| D11 |drivenQ| LD7 |drivenO GO G2
FPDAT12] | driven O | driven O | driven O |driven O | driven O |driven O| D12 |driven 0| UD4 |driven O | driven 0 Gl
FPDAT13 | driven O | driven O | driven O | driven O | driven O |driven 0| D213 |driven 0| UDS5 |driven O | driven O GO
FPDAT14 |driven O | driven O | driven O | driven O | driven O | driven 0| D214 |drivenQ| UD6 |driven 0 BO B2
FPDAT15 | driven O | driven O | driven O | driven O |driven O |driven 0| D15 |driven0| UD7 |driven O | driven O B1
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5.5 CRT Interface
The following figure shows the external circuitry for the CRT interface.
DAC Vpp = 3.3V
OR DAC Vpp = 2.7V to 5.5V
1.5kQ
1%
IREF |4:6 mA 46mA 46 mA i uF
2N2222 V+
R LM334
140Q 1kQ v
1% 1%
DACVgs DAC Vgg 29Q
1% 1N457
290Q
1%
R DACVgg DAC Vgg
G } To CRT
B °
150Q 150Q 150Q
1% 1% 1%
DACVgs DACVgg DAC Vgg
Figure 5-3: External Circuitry for CRT Interface
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6 D.C. Characteristics

Table 6-1: Absolute Maximum Ratings

Symbol Parameter Rating Units
Vpp Supply Voltage Vgs - 0.3106.0 \Y
DAC Vpp Supply Voltage Vgs-0.3106.0 \
VN Input Voltage Vgs - 0.31t0 Vpp + 0.5 \
Vour Output Voltage Vgs-0.3t0 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
Vbp Supply Voltage Vgg =0V 2.7 3.0/3.3/5.0 |55 \
VN Input Voltage Vsg Vbbp \Y,
Topr Operating Temperature -40 25 85 °C
S1D13505 Hardware Functional Specification
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Table 6-3: Electrical Characteristics for VDD = 5.0V typical

Symbol Parameter Condition Min Typ Max Units
Ibps Quiescent Current Quiescent Conditions 400 UuA
liz Input Leakage Current -1 1 HA
loz Output Leakage Current -1 1 MA

VDD = min
i lo= -4mA (Typel), i
VoH High Level Output Voltage _8mA (Type2) Vpp - 0.4 \Y
-12mA (Type3)
VDD = min
loo=  4mA (Typel),
VoL Low Level Output Voltage 8mA (Type2) 0.4 \
12mA (Type3)
A High Level Input Voltage CMOS level, Vpp =max 3.5 \Y
VL Low Level Input Voltage CMOS level, Vpp = min 1.0 \Y
: CMOS Schmitt,
Vi High Level Input Voltage Vpp = 5.0V 4.0 \%
CMOS Schmitt,
V. Low Level Input Voltage Vpp = 5.0V 0.8 \Y
. CMOS Schmitt,
Vi1 Hysteresis Voltage Vpp = 5.0V 0.3 \Y
Rpp Pull Down Resistance V,=Vpp 50 100 200 kQ
C Input Pin Capacitance 12 pF
Co Output Pin Capacitance 12 pF
Co Bi-Directional Pin Capacitance 12 pF
Hardware Functional Specification S1D13505
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Table 6-4: Electrical Characteristics for VDD = 3.3V typical

Symbol Parameter Condition Min Typ Max Units
Ibps Quiescent Current Quiescent Conditions 290 UA
liz Input Leakage Current -1 1 MA
loz Output Leakage Current -1 1 HA

VDD = min
i lo=  -2mA (Typel), i
VoH High Level Output Voltage _4mA (Type2) Vpp - 0.3 \Y,
-6mA (Type3)
VDD = min
loL= 2mA (Typel),
VoL Low Level Output Voltage 4mA (Type) 0.3 \Y
6mA (Type3)
ViH High Level Input Voltage CMOS level, Vpp = max 2.2 \Y,
VL Low Level Input Voltage CMOS level, Vpp = min 0.8 \Y,
. CMOS Schmitt,
2 High Level Input Voltage Vpp = 3.3V 2.4 \Y
CMOS Schmitt,
V. Low Level Input Voltage Vpp = 3.3V 0.6 \Y,
. CMOS Schmitt,
Vi1 Hysteresis Voltage Vpp = 3.3V 0.1 \Y,
Rpp Pull Down Resistance V|=Vpp 90 180 360 kQ
C Input Pin Capacitance 12 pF
Co Output Pin Capacitance 12 pF
Co Bi-Directional Pin Capacitance 12 pF
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Table 6-5: Electrical Characteristics for VDD = 3.0V typical

Symbol Parameter Condition Min Typ Max Units
Ibps Quiescent Current Quiescent Conditions 260 UuA
liz Input Leakage Current -1 1 HA
loz Output Leakage Current -1 1 MA

VDD = min
. loL = -1.8mA (Typel), )
VoH High Level Output Voltage -3.5mA (Type2) Vpp - 0.3 \Y
-5mA (Type3)
VDD = min
loL = 1.8mA (Typel),
VoL Low Level Output Voltage 3.5mA (Type2) 0.3 \
5mA (Type3)
A High Level Input Voltage CMOS level, Vpp =max (2.0 \Y
VL Low Level Input Voltage CMOS level, Vpp = min 0.8 \Y
: CMOS Schmitt,
Vi High Level Input Voltage Vpp = 3.0V 23 \%
CMOS Schmitt,
V. Low Level Input Voltage Vpp = 3.0V 0.5 \Y
. CMOS Schmitt,
Vi1 Hysteresis Voltage Vpp = 3.0V 0.1 \Y
Rpp Pull Down Resistance V,=Vpp 100 200 400 kQ
C Input Pin Capacitance 12 pF
Co Output Pin Capacitance 12 pF
Co Bi-Directional Pin Capacitance 12 pF
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7 A.C. Characteristics

Conditions: Vpp = 3.0V + 10% and Vpp = 5.0V * 10%
Tp=-40°Cto85°C

Tyise @nd T¢4, for al inputs must be < 5 nsec (10% ~ 90%)
C, = 50pF (CPU Interface), unless noted

C, = 100pF (LCD Panel Interface)

C, = 10pF (Display Buffer Interface)

C, = 10pF (CRT Interface)

7.1 CPU Interface Timing

7.1.1 SH-4 Interface Timing

t1 t2  t3
) I—
CKIO L/ 1 :L/ A W VA A
t4 t5
A[20:0], M/R#
RD/WR# :
6 | t7,
BS#
8 |, t12
CSn#
t9 t10
— |
WEnN# ‘
RD#
11 t12
N “_ >
RDY# |
y t13 R t14 R
D[15:0](write) 4<:J .
t15 t16
—> 4—»‘
D[15:0](read) ‘
Figure 7-1: SH-4 Timing
Note
The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option is
selected.
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Note

The SH-4 Wait State Control Register for the area in which the S1D13505 resides must be set to
a non-zero value. The SH-4 read-to-write cycle transition must be set to a non-zero value (with

reference to BUSCLK).

Table 7-1: SH-4 Timing

3.0\2 5.0VP
Symbol Parameter Min Max Min Max Units
t1 Clock period 15 15 ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
t4 A[20:0], M/R#, RD/WR# setup to CKIO 3 3 ns
t5 A[20:0], M/R#, RD/WR# hold from CS# 0 0 ns
6 BS# setup 4 4 ns
t7 BS# hold 1 1 ns
t8 CSn# setup 4 4 ns
192 Falling edge RD# to D[15:0] driven 0 0 ns
t10 Rising edge CSn# to RDY# tri-state 5 25 25 10 ns
t11t Falling edge CSn# to RDY# driven 0 15 0 10 ns
t12 CKIO to WAIT# delay 4 20 3.6 12 ns
t13 D[15:0] setup to 2"d CKIO after BS# (write cycle) 10 10 ns
t14 D[15:0] hold (write cycle) 0 ns
t15 D[15:0] valid to RDY# falling edge (read cycle) ns
t16 Rising edge RD# to D[15:0] tri-state (read cycle) 25 25 10 ns

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

1. If the S1D13505 host interface is disabled, thetiming for RDY# driven isrelative to the falling

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

whichever oneis later.

2. If the S1D13505 host interface is disabled, the timing for D[15:0] driven isrelative to the fall-
ing edge of RD# or thefirst positive edge of CKIO after A[20:0], M/R# becomes valid,

whichever oneislater.
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7.1.2 SH-3 Interface Timing

t1 t2 3
A —
CKIO I ﬁt{/ A Wimm/
t4 t5
< > L —
A[20:0], M/R#
RD/WR#
) t6 § t7>‘
BS#
L8, 112
CSn#
t9 t10
— |
WEnN#
RD#
t11 t12
N ‘4_ >
WAIT# -
” t13 N . t14 R
D[15:0](write) 4<:J
t15 t16
—> >
D[15:0](read)
Figure 7-2: SH-3 Timing
Note
The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option is
selected.
Note

The SH-3 Wait State Control Register for the areain which the S1D13505 resides must be set to
anon-zero value.
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Table 7-2: SH-3 Timing
3.0\2 5.0VP
Symbol Parameter Min Max Min Max Units
t1 Clock period 15.1 15.1 ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
t4 A[20:0], M/R#, RD/WR# setup to CKIO 3 3 ns
t5 A[20:0], M/R#, RD/WR# hold from CS# 0 0 ns
6 BS# setup 4 4 ns
t7 BS# hold 1 1 ns
t8 CSn# setup 4 4 ns
192 Falling edge RD# to D[15:0] driven 0 0 ns
t10 Rising edge CSn# to WAIT# tri-state 5 25 25 10 ns
t11t Falling edge CSn# to WAIT# driven 0 15 0 10 ns
t12 CKIO to WAIT# delay 4 20 3.6 12 ns
t13 D[15:0] setup to 2"d CKIO after BS# (write cycle) 10 10 ns
t14 D[15:0] hold (write cycle) 0 ns
t15 D[15:0] valid to WAIT# rising edge (read cycle) ns
t16 Rising edge RD# to D[15:0] tri-state (read cycle) 25 25 10 ns

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

1. If the S1ID13505 host interface is disabled, the timing for WAIT# driven isrelative to the fall-
ing edge of CSn# or the first positive edge of CKI10 after A[20:0], M/R# becomes valid,

whichever oneislater.

2. If the S1D13505 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], M/R# becomes valid,

whichever oneis later.
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7.1.3 MCG68K Bus 1 Interface Timing (e.g. MC68000)

2, 13
CLK mmw AN A N N A N

le t4 ¢5
A[20:1] %L
M/R#
6
CS# L
t17
—>| |
ASH#
B t11
UDS# )
LDS#

t7 t8
—>
RIW# E r
19 o
DTACK# S

t12 t13

A
4

D[15:0](write)

t14 t15 t16
l—

D[15:0](read)

Figure 7-3: MC68000 Timing

Note
The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option is
selected.
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Table 7-3: MC68000 Timing
3.0V 5.0V
Symbol Parameter Min Max Min Max Units
t1 Clock period 20 20 ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
ta A[Zo:l], M/R# setup to first CLK where CS# = 0 AS# =0, and 10 10 ns
either UDS#=0 or LDS# =0
t5 A[20:1], M/R# hold from AS# 0 0 ns
6 CS# hold from AS# 0 0 ns
t7 R/W# setup to before to either UDS#=0 or LDS# =0 10 10 ns
t8 R/W# hold from AS# 0 0 ns
to! AS# = 0 and CS# = 0 to DTACK# driven high 0 0 ns
t10 AS# high to DTACK# high 3 18 3 12 ns
t11 First BCLK where AS# = 1 to DTACK# high impedance 25 10 ns
t12 D[15:0] valid to third CLK_Where CS# =0 AS# =0, and either 10 10 ns
UDS#=0 or LDS# = 0 (write cycle)
t13 D[15:0] hold from falling edge of DTACK# (write cycle) 0 0 ns
1142 Falling edge of UDS#=0 or LDS#=0 to D[15:0] driven (read 0 0 ns
cycle)
t15 D[15:0] valid to DTACK# falling edge (read cycle) 0 0 ns
16 UDS# and LDS# high to D[15:0] invalid/high impedance (read 5 25 25 10 ns
cycle)
t17 AS# high setup to CLK 2 2 ns

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

valid,
whichever oneis later.

2. If the S1D13505 host interface is disabled, the timing for D[15:0] driven isrelative to the fall-
ing edge of UDS#, LDS# or thefirst positive edge of CLK after A[20:1], M/R# becomesvalid,

whichever oneislater.

Hardware Functional Specification
Issue Date: 01/02/02

S1D13505

X23A-A-001-14



Page 48 Epson Research and Development
Vancouver Design Center

7.1.4 MCG68K Bus 2 Interface Timing (e.g. MC68030)

t1 2 3
CLK W:UL NN 2 A N S N N
’ t4 Ll B
A[20:0] ﬂ
SIZ[1:0] M/R#
6
cs# L
t17
—» [¢—
ASH
11
DS#

t7

t8
L > |
RIW# >t L
19 t10
‘ T
DSACK1# -—

t12 t13

D[31:16](write)

t14 t15 t16
<« <«

D[31:16](read)

Figure 7-4: MC68030 Timing

Note
The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option is
selected.
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Table 7-4: MC68030 Timing
3.0V 5.0V
Symbol Parameter Min Max Min Max Units
t1 Clock period 20 20 ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
ta A[20:0], SIZ[1:0], M/R# setup to first CLK where CS# = 0 AS# = 10 10 ns
0, and either UDS#=0 or LDS# =0
t5 A[20:0], SIZ[1:0], M/R# hold from AS# 0 0 ns
6 CS# hold from AS# 0 0 ns
t7 R/W# setup to DS# 10 10 ns
t8 R/W# hold from AS# 0 0 ns
to? AS# = 0 and CS# = 0 to DSACK1# driven high 0 0 ns
t10 AS# high to DSACK1# high 3 18 3 12 ns
t11 First BCLK where AS# = 1 to DSACK1# high impedance 5 25 25 10 ns
t12 D[31:16] valid to third CLI_< where CS# =0 AS# = 0, and either 10 10 ns
UDS#=0 or LDS# = 0 (write cycle)
t13 D[31:16] hold from falling edge of DSACK1# (write cycle) 0 0 ns
1142 Falling edge of UDS#=0 or LDS# = 0 to D[31:16] driven (read 0 0 ns
cycle)
t15 D[31:16] valid to DSACK1# falling edge (read cycle) 0 0 ns
16 UDS# and LDS# high to D[31:16] invalid/high impedance (read 5 o5 25 10 ns
cycle)
t17 AS# high setup to CLK 2 2 ns

1. If the S1ID13505 host interface is disabled, the timing for DSACK 1# driven high is relative to
the falling edge of CS#, AS# or the first positive edge of CLK after A[20:0], M/R# becomes

valid, whichever oneislater.

2. If the S1ID13505 host interface is disabled, the timing for D[31:16] driven isrelative to the
falling edge of UDS#, LDS# or thefirst positive edge of CLK after A[20:0], M/R# becomes

valid, whichever oneislater.
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7.1.5 PC Card Interface Timing

t1 t2 3

CLKJ ; j t /ﬁ\_/—Lﬁ\_ﬁ\_ﬁ\_ﬁ\_ﬁL

t4
A[20:0]
M/R#

-CE[1:0]
t6
cs# {
-OE
-WE

t7 t8
— ‘4— — DR
-WAIT

t9 t10
D[15:0](write)
111 t12 13
D[15:0](read)
Figure 7-5: PC Card Timing
Note
The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option is
selected.
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Table 7-5: PC Card Timing

3.0v 5.0V
Symbol Parameter Min Max Min Max | Units
t1 Clock period 20 20 ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
ta A[20:0], M/R# setup to first CLK where CS# = 0 and either -OE = 0 or - 10 10 ns
WE =0
t5 A[20:0], M/R# hold from rising edge of either -OE or -WE 0 0 ns
6 CS# hold from rising edge of either -OE or -WE 0 0 ns
t7t Falling edge of either -OE or -WE to -WAIT driven low 0 15 0 10 ns
t8 Rising edge of either -OE or -WE to -WAIT tri-state 5 25 25 10 ns
9 D[15:0] setup to third CLK where CS# = 0 and -WE = 0 (write cycle) 10 10 ns
t10 D[15:0] hold (write cycle) 0 0 ns
t11° Falling edge -OE to D[15:0] driven (read cycle) 0 0 ns
t12 D[15:0] setup to rising edge -WAIT (read cycle) 0 0 ns
t13 Rising edge of -OE to D[15:0] tri-state (read cycle) 5 25 5 10 ns

1. If the S1ID13505 host interface is disabled, the timing for -WAIT driven low isrelative to the
falling edge of -OE, -WE or the first positive edge of CLK after A[20:0], M/R# becomes valid,
whichever oneislater.

2. If the S1D13505 host interface is disabled, the timing for D[15:0] driven isrelative to the fall-
ing edge of -OE or the first positive edge of CLK after A[20:0], M/R# becomes valid, which-
ever oneislater.
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7.1.6 Generic Interface Timing

t1 t2 3

CLKJ ; j t /ﬁ N2 N A N N N A N A N
t4 t5

A[20:0] '

M/R# :

CS#

RDO#,RD1#
WEO#,WE1#

t7 t8
— ‘4— — =
WAIT#

t9 t10
D[15:0](write)
111 t12 13
D[15:0](read)
Figure 7-6: Generic Timing
Note
The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option is
selected.
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Table 7-6: Generic Timing

3.0V 5.0V
Symbol Parameter Min Max Min Max | Units
t1 Clock period 20 20 ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
t4 A[20:0], M/R# setup to first CLK where CS# = 0 and either 10 10 ns
RDO#,RD1# WEQO# or WE1# =0
5 A[20:0], M/R# hold from rising edge of either RD0#,RD1#,WEOQ# or 0 0 ns
WE1#=0
t6 CS# hold from rising edge of either RDO#,RD1#,WEQO# or WE1# =0 0 0 ns
t7? Falling edge of either RDO#,RD1#,WEOQ# or WE1# to WAIT# driven low 0 15 0 10 ns
t8 Rising edge of either RDO#,RD1#,WEOQ# or WE1# to WAIT# tri-state 5 25 25 10 ns
t9 D[15:0] setup to third CLK where CS# = 0 and WEO#,WE1# = 0 (write 10 10 ns
cycle)
t10 D[15:0] hold (write cycle) 0 0 ns
t112 Falling edge RDO#,RD1# to D[15:0] driven (read cycle) 0 0 ns
t12 D[15:0] setup to rising edge WAIT# (read cycle) 0 0 ns
t13 Rising edge of RDO#,RD1# to D[15:0] tri-state (read cycle) 5 25 5 10 ns

1. If the S1ID13505 host interface is disabled, the timing for WAIT# driven low is relative to the
falling edge of RDO#, RD1#, WEOQ#, WEL# or the first positive edge of CLK after A[20:0],
M/R# becomes valid, whichever oneislater.

2. If the S1D13505 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 CLK after A[20:0], M/R# becomesvalid,
whichever oneislater.
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7.1.7 MIPS/ISA Interface Timing

t1 2 t3
< ¢ !
BUSCLK J \J*L AV (A WA A A N
le t4 ) B
LatchA20 X "
SA[19:0] (
M/R#, SBHE#
t6
ey
Cs#
MEMR#
MEMW#
t7 t8
—» ‘4— e
IOCHRDY
L t9 R B t10 R
SD[15:0](write)
t11 t12 t13
—> ’47 —> —> A
SD[15:0](read)
Figure 7-7: MIPSISA Timing
Note
The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option is
selected.
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Table 7-7: MIPSI1SA Timing
3.0V 5.0V
Symbol Parameter Min Max Min Max Units
t1 Clock period 20 20 ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
ta LatchA20, SA[19:0], M/R#, SBHE# setup to first BUSCLK where 10 10 ns
CS# = 0 and either MEMR# = 0 or MEMW# =0
5 LatchA20, SA[19:0], M/R#, SBHE# hold from rising edge of 0 0 ns
either MEMR# or MEMW#
t6 CS# hold from rising edge of either MEMR# or MEMW# 0 0 ns
t71 IFalling edge of either MEMR# or MEMW# to IOCHRDY# driven 0 0 ns
ow
t8 Rising edge of either MEMR# or MEMW# to IOCHRDY# tri-state 5 25 25 10 ns
t9 SD[15:O] setup to third BUSCLK where CS# = 0 MEMW# = 0 10 10 ns
(write cycle)
t10 SD[15:0] hold (write cycle) 0 0 ns
t112 Falling edge MEMR# to SD[15:0] driven (read cycle) 0 0 ns
t12 SD[15:0] setup to rising edge IOCHRDY# (read cycle) 0 0 ns
t13 Rising edge of MEMR# toSD[15:0] tri-state (read cycle) 5 25 5 10 ns

1. If the S1ID13505 host interface is disabled, the timing for IOCHRDY driven low isrelative to
the falling edge of MEMR#, MEMW# or the first positive edge of BUSCLK after LatchA 20,

SA[19:0], M/R# becomes valid, whichever oneislater.

2. If the S1D13505 host interface is disabled, the timing for SD[15:0] driven isrelative to the
falling edge of MEMR# or the first positive edge of BUSCLK after LatchA20, SA[19:0],

M/R# becomes valid, whichever oneis later.
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7.1.8 Philips Interface Timing (e.g. PR31500/PR31700)
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t4 R t5
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6 t7
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8
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-CARDXCSH
-CARDxCSL
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Figure 7-8: Philips Timing
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Table 7-8: Philips Timing
3.0v 5.0v
Symbol Parameter Min Max Min Max Units
t1 Clock period 13.3 13.3 ns
t2 Clock pulse width low 6 6 ns
t3 Clock pulse width high 6 6 ns
t4 ADDR[12:0] setup to first CLK of cycle 10 10 ns
t5 ADDR[12:0] hold from command invalid 0 0 ns
t6 ADDR[12:0] setup to falling edge ALE 10 10 ns
t7 ADDR][12:0] hold from falling edge ALE 5 5 ns
t8 -CARDREG hold from command invalid 0 0 ns
to? Falling edge of chip select to -CARDXWAIT driven 0 15 0 9 ns
t10 Command invalid to -CARDXWAIT tri-state 5 25 2.5 10 ns
t11 D[31:16] valid to first CLK of cycle (write cycle) 10 10 ns
t12 D[31:16] hold from rising edge of -CARDXWAIT 0
1132 Chip select to D[31:16] driven (read cycle) 1 1 ns
t14 D[31:16] setup to rising edge -CARDXWAIT (read cycle) 0 ns
t15 Command invalid to D[31:16] tri-state (read cycle) 5 25 2.5 10 ns

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

2. If the S1ID13505 host interface is disabled, the timing for D[31:16] driven isrelative to the
falling edge of chip select or the second positive edge of DCLKOUT after ADDR[12:0] be-
comes valid, whichever oneislater.

Note
The Philipsinterface has different clock input requirements as follows:
¢ PwH " we, — *
90%
VIH
ViL
10% f
t, J — —> L tf
< T oscC >
Figure 7-9: Clock Input Requirement
Table 7-9: Clock Input Requirements for BUSCLK using Philipslocal bus
Symbol Parameter Min Max Units
Tosc Input Clock Period) 13.3 ns
town Input Clock Pulse Width High 6 ns
towL Input Clock Pulse Width Low 6 ns
t. Input Clock Fall Time (10% - 90%) ns
t Input Clock Rise Time (10% - 90%) ns
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7.1.9 Toshiba Interface Timing (e.g. TX3912)
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Figure 7-10: Toshiba Timing
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Table 7-10: Toshiba Timing
3.0V 5.0V
Symbol Parameter Min Max Min Max Units
t1 Clock period 13.3 13.3 ns
t2 Clock pulse width low 5.4 5.4 ns
t3 Clock pulse width high 5.4 5.4 ns
t4 ADDRJ[12:0] setup to first CLK of cycle 10 10 ns
t5 ADDRJ[12:0] hold from command invalid 0 0 ns
t6 ADDR[12:0] setup to falling edge ALE 10 10 ns
t7 ADDR][12:0] hold from falling edge ALE 5 5 ns
t8 CARDREG?* hold from command invalid 0 0 ns
to? Falling edge of chip select to CARDxWAIT* driven 0 15 0 9 ns
t10 Command invalid to CARDXWAIT* tri-state 5 25 25 10 ns
t11 D[31:16] valid to first CLK of cycle (write cycle) 10 10 ns
t12 D[31:16] hold from rising edge of CARDXWAIT* 0 0
1132 Chip select to D[31:16] driven (read cycle) 1 1 ns
t14 D[31:16] setup to rising edge CARDXWAIT* (read cycle) 0 0 ns
t15 Command invalid to D[31:16] tri-state (read cycle) 5 25 2.5 10 ns

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

2. If the S1ID13505 host interface is disabled, the timing for D[31:16] driven isrelative to the
falling edge of chip select or the second positive edge of DCLKOUT after ADDR[12:0] be-
comes valid, whichever oneislater.

Note

The Toshibainterface has different clock input requirements as follows:
T %wn MY e
90%
VIH
Vi
10%
ty J L —> L tf
* Tosc >
Figure 7-11: Clock Input Requirement
Table 7-11: Clock Input Requirements for BUSCLK using Toshiba local bus
Symbol Parameter Min Max Units
Tosc Input Clock Period) 13.3 ns
town Input Clock Pulse Width High 5.4 ns
towL Input Clock Pulse Width Low 5.4 ns
t. Input Clock Fall Time (10% - 90%) ns
t Input Clock Rise Time (10% - 90%) ns
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7.1.10 Power PC Interface Timing (e.g. MPC8xx, MC68040, Coldfire)
t1 2 3

CLKOUT

:LﬁL ﬂ//m M
t5

i

A[11:31], RD/WR#
TSIZ[0:1], M/R#

t6 t7
CS#

.

t8 | t9
TSH# [
t10 t11 t12 | t13
—> ‘4— l—>| > »>
TA# j
t14 t15 [t16
—> ’4* [ »
Bl#

t17 tig
D[0:15](write) %—

t19 t20 ‘ t21
« e

D[0:15](read)

Figure 7-12: Power PC Timing

Note
The above timing diagram is not applicable if the BUSCLK divided by 2 configuration option is
selected.
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Table 7-12: Power PC Timing
3.0V 5.0V
Symbol Parameter Min Max Min Max Units

t1 Clock period 25 20 ns
t2 Clock pulse width low 6 6 ns
t3 Clock pulse width high 6 6 ns
t4 AB[11:31], RD/WR#, TSIZ[0:1], M/R# setup 10 10 ns
t5 AB[11:31], RD/WR#, TSIZ[0:1], M/R# hold 0 0 ns
t6 CS# setup 10 10 ns
t7 CS# hold 0 0 ns
t8 TS# setup 7 10 ns
9 TS# hold 5 0 ns
t10 CLKOUT to TA# driven 0 0 ns
t11 CLKOUT to TA# low 3 19 3 12 ns
t12 CLKOUT to TA# high 3 19.7 3 13 ns
t13 negative edge CLKOUT to TA# tri-state 5 25 25 10 ns
t14 CLKOUT to Bl# driven 0 18 0 11 ns
t15 CLKOUT to BI# high 3 16 3 10 ns
t16 negative edge CLKOUT to BI# tri-state 5 25 2.5 10 ns
t17 D[0:15] setup to 2nd CLKOUT after TS# = 0 (write cycle) 10 10 ns
t18 D[0:15] hold (write cycle) 0 0 ns
t19 CLKOUT to D[0:15] driven (read cycle) 0 0 ns
120 D[0:15] valid to TA# falling edge (read cycle) 0 0 ns
21 CLKOUT to D[0:15] tri-state (read cycle) 5 25 2.5 10 ns

Hardware Functional Specification S1D13505

Issue Date: 01/02/02

X23A-A-001-14



Page 62 Epson Research and Development
Vancouver Design Center

7.2 Clock Input Requirements
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Figure 7-13: Clock Input Requirement
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Table 7-13: Clock Input Requirements for CLKI divided down internally (MCLK = CLKI1/2)

Symbol Parameter Min Max Units
Tosc Input Clock Period 125 ns
owh Input Clock Pulse Width High 5.6 ns
towL Input Clock Pulse Width Low 5.6 ns

t Input Clock Fall Time (10% - 90%) 5 ns
t Input Clock Rise Time (10% - 90%) 5 ns

Table 7-14: Clock Input Requirements for CLKI

Symbol Parameter Min Max Units
Tosc Input Clock Period 25 ns
owh Input Clock Pulse Width High 11.3 ns
towL Input Clock Pulse Width Low 11.3 ns

t. Input Clock Fall Time (10% - 90%) 5 ns
t Input Clock Rise Time (10% - 90%) 5 ns
Note

When CLKI is more than 40MHz, REG[19h] bit 2 must be set to 1 (MCLK = CLKI/2).

S1D13505 Hardware Functional Specification
X23A-A-001-14 Issue Date: 01/02/02



Epson Research and Development Page 63
Vancouver Design Center

7.3 Memory Interface Timing

7.3.1 EDO-DRAM Read/Write/Read-Write Timing
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Figure 7-14: EDO-DRAM Read/Write Timing
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Figure 7-15: EDO-DRAM Read-Write Timing
Table 7-15: EDO-DRAM Read/Write/Read-Write Timing
Symbol Parameter Min Max Units
t1 Internal memory clock period 25 ns

Random read cycle REG[22h] bit 6-5 == 00 5t1 ns
t2 Random read cycle REG[22h] bit 6-5 == 01 411 ns

Random read cycle REG[22h] bit 6-5 == 10 3tl ns

RAS# precharge time (REG[22h] bits 3-2 = 00) 2t1-3 ns
t3 RAS# precharge time (REG[22h] bits 3-2 = 01) 14511 -3 ns

RAS# precharge time (REG[22h] bits 3-2 = 10) 11 -3 ns

RAS# to CAS# delay time (REG[22h] bit 4 = 0 and o1-3 ns

bits 3-2 = 00 or 10)
t4 RAS# to CAS# delay time (REG[22h] bit 4 = 1 and 1t1-3 ns

bits 3-2 = 00 or 10)

RAS# to CAS# delay time (REG[22h] bits 3-2 = 01) 145t11-3 ns
t5 CAS# precharge time 0.451t1-3 ns
t6 CAS# pulse width 0.451t1-3 ns
t7 RAS# hold time 1t1-3 ns

Row address setup time (REG[22h] bits 3-2 = 00) 24511 ns
t8 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 04511 -3 ns
t9 10)

Row address hold time (REG[22h] bits 3-2 = 01) 1t1-3 ns
t10 Column address setup time 0.45t1-3 ns
t11 Column address hold time 0.451t1-3 ns
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Table 7-15: EDO-DRAM Read/Write/Read-Write Timing
Symbol Parameter Min Max Units

Read Command Setup (REG[22h] bit 4 = 0 and bits 44511 -3 ns

3-2=00)

Read Command Setup (REG[22h] bit 4 = 0 and bits 34511 -3 ns

3-2=10)
t12 Read Command Setup (REG[22h] bit 4 = 1 and bits 34511 -3 ns

3-2=00)

Read Command Setup (REG[22h] bit 4 = 1 and bits 24511 -3 ns

3-2=10)

Read Command Setup (REG[22h] bits 3-2 = 01) 3.4511-3 ns

Read Command Hold (REG[22h] bit 4 = 0 and bits 3- 34511 -3 ns

2 =00)

Read Command Hold (REG[22h] bit 4 = 0 and bits 3- 24511 -3 ns

2=10)
t13 Read Command Hold (REG[22h] bit 4 = 1 and bits 3- 24511 -3 ns

2 =00)

Read Command Hold (REG[22h] bit 4 = 1 and bits 3- 14511 -3 ns

2=10)

Read Command Hold (REG[22h] bits 3-2 = 01) 2.4511-3 ns
t14 Read Data Setup referenced from CAS# 5 ns
t15 Read Data Hold referenced from CAS# 3 ns
t16 Last Read Data Setup referenced from RAS# 5 ns
t17 Bus Turn Off from RAS# 3 t1-5 ns
118 Write Command Setup 0.4511- 3 ns
t19 Write Command Hold 0.45t1-3 ns
t20 Write Data Setup 045t1-3 ns
t21 Write Data Hold 0.45t1-3 ns
t22 MD Tri-state 0.4511 0.45t1 + 21 ns
t23 CAS# to WE# active during Read-Write cycle 1t1-3 ns
t24 Write Command Setup during Read-Write cycle 1.4511-3 ns
25 Last Rea_d Data Setup referenced from WE# during 10 ns

Read-Write cycle
t26 Bus Tri-state from WE# during Read-Write cycle 0 t1-5 ns
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7.3.2 EDO-DRAM CAS Before RAS Refresh Timing

t1
Memory ‘ ’
Clock
t2 t3

t4 t5 t6

CAS# J: 1 1

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

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

Symbol Parameter Min Max Units

1 Internal memory clock period 25 ns
RAS# precharge time (REG[22h] bits 3-2 = 00) 2t1-3 ns

t2 RAS# precharge time (REG[22h] bits 3-2 = 01) 1.45t1-3 ns
RAS# precharge time (REG[22h] bits 3-2 = 10) 11 -3 ns
RAS# pulse width (REG[22h] bit 6-5 = 00 and bits 3-2 311-3 ns
=00)

RAS# pulse width (REG[22h] bit 6-5 = 00 and bits 3-2 34511 -3 ns
=01)
RAS# pulse width (REG[22h] bit 6-5 = 00 and bits 3-2 4t1-3 ns
=10)
RAS# pulse width (REG[22h] bit 6-5 = 01 and bits 3-2 211-3 ns
=00)

3 Sg%# pulse width (REG[22h] bit 6-5 = 01 and bits 3-2 24511 -3 ns
RAS# pulse width (REG[22h] bit 6-5 = 01 and bits 3-2 311-3 ns
=10)

RAS# pulse width (REG[22h] bit 6-5 = 10 and bits 3-2 111-3 ns
=00)
?AS# pulse width (REG[22h] bit 6-5 = 10 and bits 3-2 14511 -3 ns
=01)
RAS# pulse width (REG[22h] bit 6-5 = 10 and bits 3-2 211-3 ns
=10)
t4 CAS# pulse width t2 ns
. CAS# setup time (REG[22h] bits 3-2 = 00 or 10) 045t1-3 ns

t

CAS# setup time (REG[22h] bits 3-2 = 01) 1t1-3 ns
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Table 7-16: EDO-DRAM CAS Before RAS Refresh Timing
Symbol Parameter Min Max Units
CAS# Hold to RAS# (REG[22h] bit 6-5 = 00 and bits 24511 - 3 ns
3-2 =00)
CAS# Hold to RAS# (REG[22h] bit 6-5 = 00 and bits
3t1-3 ns
3-2=01)
CAS# Hold to RAS# (REG[22h] bit 6-5 = 00 and bits 34511 - 3 ns
3-2=10)
CAS# Hold to RAS# (REG[22h] bit 6-5 = 01 and bits 14511 -3 ns
3-2 =00)
6 CAS# Hold to RAS# (REG[22h] bit 6-5 = 01 and bits 211-3 ns
3-2=01)
CAS# Hold to RAS# (REG[22h] bit 6-5 = 01 and bits 24511 - 3 ns
3-2=10)
CAS# Hold to RAS# (REG[22h] bit 6-5 = 10 and bits 04511 -3 ns
3-2 =00)
CAS# Hold to RAS# (REG[22h] bit 6-5 = 10 and bits
1t1-3 ns
3-2=01)
CAS# Hold to RAS# (REG[22h] bit 6-5 = 10 and bits 14511 -3 ns
3-2=10)
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7.3.3 EDO-DRAM Self-Refresh Timing
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Figure 7-17: EDO-DRAM Self-Refresh Timing
Table 7-17: EDO-DRAM Sdlf-Refresh Timing
Symbol Parameter Min Max Units
t1 Internal memory clock period 25 ns
RAS# precharge time (REG[22h] bits 3-2 = 00) 2t1-3 ns
t2 RAS# precharge time (REG[22h] bits 3-2 = 01) 1.45t1 -3 ns
RAS# precharge time (REG[22h] bits 3-2 = 10) 1t1-3 ns
3 RAS# to CAS# precharge time (REG[22h] bits 3-2 = 00) 1.45t1-3 ns
RAS# to CAS# precharge time (REG[22h] bits 3-2 = 01 or 10) 0.45t1 -3 ns
“ CAS# setup time (REG[22h] bits 3-2 = 00 or 10) 0.45t1 - 3 ns
CAS# setup time (REG[22h] bits 3-2 = 01) 111-3 ns
5 CAS# precharge time (REG[22h] bits 3-2 = 00) 211-3 ns
CAS# precharge time (REG[22h] bits 3-2 = 01 or 10) 1t1-3 ns
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7.3.4 FPM-DRAM Read/Write/Read-Write Timing
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Figure 7-18: FPM-DRAM Read/Write Timing
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Figure 7-19: FPM-DRAM Read-Write Timing

Table 7-18: FPM-DRAM Read/Write/Read-Write Timing

Symbol Parameter Min Max Units
t1 Internal memory clock period 40 ns
Random read cycle REG[22h] bit 6-5 == 00 5t1 ns
t2 Random read cycle REG[22h] bit 6-5 == 01 4t1 ns
Random read cycle REG[22h] bit 6-5 == 10 3tl ns
RAS# precharge time (REG[22h] bits 3-2 = 00) 2t1-3 ns
3 RAS# precharge time (REG[22h] bits 3-2 = 01) 145t1-3 ns
RAS# precharge time (REG[22h] bits 3-2 = 10) 1t1-3 ns

RAS# to CAS# delay time (REG[22h] bit 4 = 1 and

bits 3-2 = 00 or 10) 145t -3 ns
. ;@Si;ozigsci cigl)ay time (REG[22h] bit 4 = 0 and 24511 -3 ns
RAS# to CAS# delay time (REG[22h] bit 4 = 1 and 1t1-3 ns
bits 3-2 = 01)
RAS# to CAS# delay time (REG[22h] bit 4 = 0 and otl - 3 ns
bits 3-2 = 01)
t5 CAS# precharge time 04511 -3 ns
t6 CAS# pulse width 0.4511-3 ns
t7 RAS# hold time 0.451t1-3 ns
Row address setup time (REG[22h] bits 3-2 = 00) 211-3 ns
t8 Row address setup time (REG[22h] bits 3-2 = 01) 145t1-3 ns
Row address setup time (REG[22h] bits 3-2 = 10) 1t1-3 ns
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Table 7-18: FPM-DRAM Read/Write/Read-Write Timing
Symbol Parameter Min Max Units
Row address hold time (REG[22h] bits 3-2 = 00 or
t1-3 ns
t9 10)

Row address hold time (REG[22h] bits 3-2 = 01) 0.451t1-3 ns
t10 Column address setup time 045t1-3 ns
t11 Column address hold time 0.45t1-3 ns

Read Command Setup (REG[22h] bit 4 = 0 and bits 44511 -3 ns

3-2=00)

Read Command Setup (REG[22h] bit 4 = 0 and bits 34511 -3 ns
12 3-2=01o0r 10)

Read Command Setup (REG[22h] bit 4 = 1 and bits 34511 -3 ns

3-2=00)

Read Command Setup (REG[22h] bit 4 = 1 and bits i

3-2 = 01 or 10) 245t1-3 ns

Read Command Hold (REG[22h] bit 4 = 0 and bits 3- 4tl-3 ns

2=00)

Read Command Hold (REG[22h] bit 4 = 0 and bits 3-

3t1-3 ns
13 2=01o0r10)
Read Command Hold (REG[22h] bit 4 = 1 and bits 3-
3t1-3 ns
2=00)

Read Command Hold (REG[22h] bit 4 = 1 and bits 3- 211-3 ns

2=01o0r10)
t14 Read Data Setup referenced from CAS# ns
t15 Bus Tri-State t1- 5 ns
t16 Write Command Setup 0.4511-3 ns
t17 Write Command Hold 0.45t1-3 ns
t18 Write Data Setup 0.45t1-3 ns
t19 Write Data Hold 0.451t1-3 ns
t20 MD Tri-state 0.451t1 0.45t1 + 21 ns
t21 CAS# to WE# active during Read-Write cycle 045t1-3 ns
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7.3.5 FPM-DRAM CAS Before RAS Refresh Timing
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Figure 7-20: FPM-DRAM CAS Before RAS Refresh Timing

Table 7-19: FPM-DRAM CAS Before RAS Refresh Timing

Symbol Parameter Min Max Units
t1 Internal memory clock period 40 ns
I RAS# precharge time (REG[22h] bits 3-2 = 00) 24511 -3 ns

RAS# precharge time (REG[22h] bits 3-2 = 01 or 10) 145t1-3 ns
RAS# pulse width (REG[22h] bits 6-5 = 00 and bits 3- 24511 -3 ns
2=00)
RAS# pulse width (REG[22h] bits 6-5 = 00 and bits 3- 34511 -3 ns
2=01o0r10)
RAS# pulse width (REG[22h] bits 6-5 = 01 and bits 3- 14511 -3 ns
3 2=00)
RAS# pulse width (REG[22h] bits 6-5 = 01 and bits 3- 24511 -3 ns
2=01o0r10)
RAS# pulse width (REG[22h] bits 6-5 = 10 and bits 3- 04511 -3 ns
2=00)
RAS# pulse width (REG[22h] bits 6-5 = 10 and bits 3- 14511 -3 ns
2=01o0r10)
“ CAS# pulse width (REG[22h] bits 3-2 = 00) 2t1-3 ns
CAS# pulse width (REG[22h] bits 3-2 = 01 or 10) 1t1-3
t5 CAS# Setup to RAS# 04511 -3 ns
CAS# Hold to RAS# (REG[22h] bits 6-5 = 00 and bits 24511 -3 ns
3-2=00)
CAS# Hold to RAS# (REG[22h] bits 6-5 = 00 and bits i
3-2 = 01 or 10) 34511 -3 ns
CAS# Hold to RAS# (REG[22h] bits 6-5 = 01 and bits 14511 -3 ns
© 3-2 =00)
CAS# Hold to RAS# (REG[22h] bits 6-5 = 01 and bits i
3-2 = 01 or 10) 24511 -3 ns
CAS_# Hold to RAS# (REG[22h] bits 6-5 = 10 and bits 04511 -3 ns
3-2=00)
CAS# Hold to RAS# (REG[22h] bits 6-5 = 10 and bits i
3-2 = 01 or 10) 14511-3 ns
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7.3.6 FPM-DRAM Self-Refresh Timing

Restarted for
active mode

/-

/ﬁ/—\_/—\_/—\

Stopped for
suspend mode
t1
Memory :
Clock
t2
RAS#
3, 14,

CASH#

Figure 7-21: FPM-DRAM Sdlf-Refresh Timing

Table 7-20: FPM-DRAM CBR Self-Refresh Timing

Symbol Parameter Min Max Units

tl Internal memory clock 40 ns
o 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
3 RAS# to CAS# precharge time (REG[22h] bits 3-2 = 00) 211 ns

RAS# to CAS# precharge time (REG[22h] bits 3-2 = 01 or 10) 1t1 ns
t4 CAS# setup time (CAS# before RAS# refresh) 04511 -2 ns
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7.4 Power Sequencing

7.4.1 LCD Power Sequencing

SUSPEND#or
LCD Enable Bit

t A5, 6
LCDPWR :L

t3

A

FPFRAME —————

|

FPLINE
FPSHIFT
FPDATA
DRDY t4

t7
CLKI r_’

Figure 7-22: LCD Panel Power Off / Power On Timing. Drawn with LCDPWR set to active high polarity

Table 7-21: LCD Panel Power Off/ Power On

Symbol Parameter Min Max Units
2T +

t1 SUSPEND# or LCD ENABLE BIT low to LCDPWR off %PTF:&'T'(E ns

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

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

t4 SUSPEND# to CLKI inactive 130 Frames

5 SUSPEND# or LCD ENABLE BIT high to FPLINE, FPSHIFT, TepFRAME + ns
FPDATA, DRDY active 8TpcLk

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

t7 CLKI active to SUSPEND# inactive 0 ns

Note
Where Teprrame 1S the period of FPFRAME and Tpgy  is the period of the pixel clock.
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7.4.2 Power Save Status

Power Save Status Bit

Power Save

a

allowed

not allowed

Memory Access

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

Note

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

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

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

Note

It is recommended that memory access not be performed after a Power Save Mode has been

initiated.
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7.5 Display Interface

7.5.1 4-Bit Single Monochrome Passive LCD Panel Timing

5 VDP  VNDP
I T ]
FPFRAME . [ ]
FPLNE ]| I I I I I | I I I I 1 1N
MOD X N X
UD[3;O] LINE1 LINE2 >< LINE3 LINE4 — LINE239 LINE24OX LINE1 >< LINE2

FPLINE [ o 1
MOD X o
5 HDP | HNDP
FPSHIFT m _ J_\_I_\_I_\_I_\_l—\L - _'l‘_L
uD3 o 11 {15 X (— — X Yo Ywmry o X
uD2 . 2y X % — — (X X ey L X
uD1 o 13 X 17 X ¥ — — X X X [ EED N D
ubo L1418 X — — XX sy L X

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

Figure 7-24: 4-Bit Sngle Monochrome Passive LCD Panel Timing

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

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

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

HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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tl t2
Sync Timing f—
FPFRAME
I < P C N
FPLINE P—\ ﬂ
t5
Nid
MOD k
Data Timing
FPLINE
t6
7 8,
B to | 110 1 | 112
FPSHIFT | - ‘\Li
113 | t14
UD[3:0] ! 2 ><7
Figure 7-25: 4-Bit Sngle Monochrome Passive LCD Panel A.C. Timing
Table 7-23: 4-Bit Single Monochrome Passive LCD Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE pulse trailing edge note 2
t2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts (note 1)
t3 FPLINE pulse width 9 Ts
t4 FPLINE period note 3
t5 MOD transition to FPLINE pulse trailing edge 1 note 4 Ts
t6 FPSHIFT falling edge to FPLINE pulse leading edge note 5
t7 FPLINE pulse trailing edge to FPSHIFT falling edge t10 +t11 Ts
t8 FPSHIFT period 4 Ts
9 FPSHIFT falling edge to FPLINE pulse trailing edge note 6
t10 FPLINE pulse trailing edge to FPSHIFT rising edge 20 Ts
t11 FPSHIFT pulse width high 2 Ts
t12 FPSHIFT pulse width low 2 Ts
t13 UD[3:0] setup to FPSHIFT falling edge 2 Ts
t14 UD[3:0] hold to FPSHIFT falling edge 2 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlmin = t4min -14Ts
3. t4nin = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] + 33 Ts
4. t54n = [(((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8)-1] Ts
5. 6y, = [((REG[05h] bits [4:0]) + 1)*8 - 27] Ts
6. 1t95in = [((REG[O5h] bits [4:0]) + 1)*8 - 18] Ts
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7.5.2 8-Bit Single Monochrome Passive LCD Panel Timing

5 VDP . WNDP
I T ]
FPFRAME — | --
FPLINE ! I | I 1 [ I I I 1 1 [
MOD . X
UD[3:0], LD[3:0] LINEL Y LINE2 X LINE3 X LINE4 ¥~ — -XLINE479)LINE480 A LINEL X LINE2
FPLINE [ — — 1
MOD X - ]
5 HDP | HNDP |
Dy N i
FPSHIFT 171 Juwrie. - il
ubD3 o 1-1 1-9 X X — — X X 1-633 ) { X
uD2 o 12 X 110 X X L — — X X X ) 1-634 /£ X
uD1 . 131X X — — XX X Xaesy L X
uDO o 14 X 112X X ¥ — — X X X X 1-636 [ X
LD3 o 15 Y 113 ') X — — X X 1637 e |
LD2 . 16 X 114 X X — — X X X X168\ [ X
LD1 N 7 (s X X — — XX (1639 AL X
LDO . 18 X 116 X X £ — — X X X X 1-640 £ X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-26: 8-Bit Single Monochrome Passive LCD Panel Timing
VDP = Vertical Display Period = (REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period = (REG[0OAh] bits [5:0]) + 1
HDP = Horizontal Display Period = ((REGJ[04h] bits [6:0]) + 1)*8Ts
HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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f 2
Sync Timing ‘ 7 ’ r
FPFRAME
13l t4 >
FPLINE % W
t5
MOD
Data Timing
FPLINE
t6
. t7 < t8 R
t9 | 110 11 | 112
FPSHIFT _/ S —
13 | 114
UD[3:0]
LD[3:0] ! 2 ><
Figure 7-27: 8-Bit Sngle Monochrome Passive LCD Panel A.C. Timing
Table 7-24: 8-Bit Sngle Monochrome Passive LCD Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE pulse trailing edge note 2
t2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts (note 1)
t3 FPLINE pulse width 9 Ts
t4 FPLINE period note 3
t5 MOD transition to FPLINE pulse trailing edge 1 note 4 Ts
t6 FPSHIFT falling edge to FPLINE pulse leading edge note 5
t7 FPLINE pulse trailing edge to FPSHIFT falling edge t10 + t11 Ts
t8 FPSHIFT period 8 Ts
t9 FPSHIFT falling edge to FPLINE pulse trailing edge note 6
t10 FPLINE pulse trailing edge to FPSHIFT rising edge 20 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. tlyin = t4min - 14Ts
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 + ((REG[05h] bits [4:0]) + 1)*8)-1] Ts
5. t6min = [((REG[O5h] bits [4:0]) + 1)*8 - 25] Ts
6. t9min = [((REG[O5h] bits [4:0]) + 1)*8 - 16] Ts
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7.5.3 4-Bit Single Color Passive LCD Panel Timing

| VDP VNDP |
* 0 "
FPFRAME
FPLINE I I I | I [ ]l I I | I I I
MOD X - X
UD[3;O] LINE1 LINE2 X LINE3 LINE4 — LINE479 X LINE480) LINE1 X LINE2
FPLINE [ S [ ]
MOD X _
> HDP Ll HNDP N
I~ g gl
FPSHIFT [ /oL /oo e
UD3 o famiwea e ) ) k — — O wsag o L X
we . Aren(mE iR () % — — WO mRm [
uD1 e iRs e 0 0 % — — ) kel X
Do _arey e (e 0 0k — — A e, X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-28: 4-Bit Single Color Passive LCD Panel Timing

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

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

HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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: 2
Sync Timing
FPFRAME
BN < t4
FPLINE % /
t5
MOD
Data Timing
FPLINE
t6
< > « 8 >
B t9 | 110 ou1ou2
FPSHIFT _/ / N i
13 | t14
UD[3:0] ! 2
Figure 7-29: 4-Bit Single Color Passive LCD Panel A.C. Timing
Table 7-25: 4-Bit Single Color Passive LCD Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE pulse trailing edge note 2
t2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts (note 1)
t3 FPLINE pulse width 9 Ts
t4 FPLINE period note 3
t5 MOD transition to FPLINE pulse trailing edge 1 note 4 Ts
t6 FPSHIFT falling edge to FPLINE pulse leading edge note 5
t7 FPLINE pulse trailing edge to FPSHIFT falling edge t10 +t11 Ts
t8 FPSHIFT period 1 Ts
t9 FPSHIFT falling edge to FPLINE pulse trailing edge note 6
t10 FPLINE pulse trailing edge to FPSHIFT rising edge 21 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 -14Ts
3. t4pin = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] + 33 Ts
4. t5,in =[(((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8)-1] Ts
5. t6in = [((REG[O5h] bits [4:0]) + 1)*8 - 28] Ts
6. 1t9,in = [((REG[O5h] bits [4:0]) + 1)*8 - 19] Ts
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7.5.4 8-Bit Single Color Passive LCD Panel Timing (Format 1)

L VDP . VNDP |
I T 'l
FPFRAME -
FPLINE ]| I I I I [ 1 I ] 1 1 L
UD[3:0], LD[3:0] _ X LINEL X LINE2 X LINE3 X LINE4 X~ — -XLINE479)LINE480) LINEL X LINE2 X
FPLINE [ ] S 1
L HDP . HNDP
I~ "‘ "
FPSHIFT | \ | | [ [ S L
FPSHIFT2 \ | \ \ \ I T T
s 1RLY 161 Y 166 ) 186 Y 1BILY 1R12Y- — — Y Y Y1Re3s e |
ub2 o 181 Y 1Rz Y 1R7 X 1:G7 Y1-GL2 ) 1Bl2)}- — — X X
ubr 1-G2 X 1-B2 Y 1-B7 X 1-R8 ¥ 1-R13 X 1-G13 — XX Yweesn (X
ubo o 1R3 Y 1-63 Y 1-68 ) 1-B8 ¥ 1-B13) 1R14 — X X Xamem) [ X
LD3 o 183 Y 1Ra X 1RO X 1-Go 1Gua) 1B1aY- — — X X Y1Bes, { X
LD2 o 1G4 Y 1B4 ¥ 1B9 X 1RI0Y 1RI5Y 1-GI5)- — — L X
LD1 o 1R5 \(1-G5 ) 1-GI0)Y 1BLOY 1815 X 1-R16)- — — X ¥ YiRea [ X
LDO o 185 X 1-R6 1G11Y1-G16 X 1-B16 — X X Yameao) [ X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-30: 8-Bit Sngle Color Passive LCD Panel 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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t1
Sync Timing /AN
FPFRAME 4
13l t4 >
FPLINE P—\ L
Data Timing FPLINE
< t5a R
« t5b > « 16 7
« t8a AN 10 til |
FPSHIFT /| / 4
t8b R
FPSHIFT2 |
t12 | t13
L —
UDI[3:0] L >k )
LD[3:0]
Figure 7-31: 8-Bit Single Color Passive LCD Panel A.C. Timing (Format 1)
Table 7-26: 8-Bit Single Color Passive LCD Panel A.C. Timing (Format 1)
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE pulse trailing edge note 2
t2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts (note 1)
t3 FPLINE pulse width 9 Ts
t4 FPLINE period note 3
t5a FPSHIFT2 falling edge to FPLINE pulse leading edge note 4
t5b FPSHIFT falling edge to FPLINE pulse leading edge note 5
t6 FPLINE pulse trailing edge to FPSHIFT2 rising, FPSHIFT falling {9 + 10 Ts
edge
t7 FPSHIFT2, FPSHIFT period 4 Ts
t8a FPSHIFT falling edge to FPLINE pulse trailing edge note 6
t8b FPSHIFT2 falling edge to FPLINE pulse trailing edge note 7
19 FPLINE pulse trailing edge to FPSHIFT rising edge 20 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 UDI3:0], 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. tlynin =tmin - 14Ts
3. t4min = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] Ts
4. 54, = [((REG[05h] bits [4:0]) + 1)*8 - 27] Ts
5. t55in = [((REG[O5h] bits [4:0]) + 1)*8 - 29] Ts
6. t8yin = [((REG[O5h] bits [4:0]) + 1)*8 - 20] Ts
7. 1t8nin = [((REG[O5h] bits [4:0]) + 1)*8 - 18] Ts
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7.5.5 8-Bit Single Color Passive LCD Panel Timing (Format 2)

L VDP R VNDP
e pie »
FPFRAME -- [—
FPLINE | I I 1 [ 1 I I 1 1 IS
MOD X .
UD[3:0], LD[3:0] LINEL X LINE2 X LINE3 X LINE4 ¥ — -XLINE479)XLINE480 LINEL X LINE2 X
-
| |
FPLINE [ - [
MOD X _
| HDP ‘ HNDP
< re—
I |
FPSHIFT
A e O Y ) B B
uD3 LR 1-B3 ) 1G6 X X — — X X Neees ( X
ubD2 o 1-GL X 1-R4 X 1B6 — — X X X1-B638), o { X
bt fmen(re)(eR ) C (0 k — — CaRed L X
uDo LR X 1BAY 1-GTX X X  — — X X Y139 { X
b3 [ 1@ ¥ 1Rs X 1B7 X Y X o — — A X fwBes) { X
2 feaey ) X F — — ) e L)
LD1 . A LRe)(1B5 (168 XX — = O ey L X
LDO L 1®@ X 1Re } 1B8 X e — — X X aeed) £ X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

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

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 J—>
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_ t3
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MOD
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¢ t8 R < t9
t7 114 ti1 110
FPSHIFT |
a3
UD[3:0] 1 2 ><:
LD[3:0]
Figure 7-33: 8-Bit Sngle Color Passive LCD Panel A.C. Timing (Format 2)
Table 7-27: 8-Bit Single Color Passive LCD Panel A.C. Timing (Format 2)
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE pulse trailing edge note 2
t2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts (note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD transition to FPLINE pulse trailing edge 1 note 4 Ts
6 FPSHIFT falling edge to FPLINE pulse leading edge note 5
t7 FPSHIFT falling edge to FPLINE pulse trailing edge note 6
t8 FPLINE pulse trailing edge to FPSHIFT falling edge t14+2
t9 FPSHIFT period 2 Ts
t10 FPSHIFT pulse width low 1 Ts
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 pulse trailing edge to FPSHIFT rising edge 20 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlpn = t3min - 14Ts
3. t3min = [((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 + ((REG[05h] bits [4:0]) + 1)*8)-1] Ts
5. t6in = [((REG[O5h] bits [4:0]) + 1)*8 - 28] Ts
6. t7min = [((REG[O5h] bits [4:0]) + 1)*8 - 19] Ts
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7.5.6 16-Bit Single Color Passive LCD Panel Timing

VDP

VNDP

FPFRAME

y
A
v

FPLINE

—
—
|
|
’:I

1 1 I | I I [ I—

MOD

UD[7:0], LD[7:0] LINEL X LINE2 X LINE3 X LINE4 X~ —

LINE479X LINE48@

LINEL1 X LINE2 X

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

FPLINE [ B 1

MOD X - ]
« HDP b« HNOP_

FPSRFT e o o I e I
ub7 . 1-R1 Y 1-G6 )(1-B11 X = — 16635\ L X
uD6 A1 )(1R7 (1GL2 M X - — — (X yxese, (X
us [ )(1B7 (1R c— — — XX R L X
4 Lrrs Y 1GBY1BI3Y X X - — — ( X1-B637 AL X
s faes)areacu( Y Co o O ey X
u2 1-G4 Y 1-B9 X 1-R15 L — — (X a-reso e
ubD1 o 1-R5 X(1-G10Y(1-B15 £ — — L X
UDo | EEmDEE ) X - —