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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 isintended for two audiences:
Video Subsystem Designers and Software Developers.

This specification will be updated as appropriate. Please check 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 architectureis 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 data rate (50M bytes/sec.).

* Memory size options:

512K bytes using one 256K x16 device.
2M bytes using one 1Mx16 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 M C68000 microprocessors/microcontrollers.
8/16-bit interface to 8/16/32-bit M C68030 microprocessors/microcontrollers.
Philips PR31500/PR31700 (MIPS).

ToshibaTX3912 (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
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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: allows 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-hit 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).
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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 voltsto 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 4
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§ FPDAT[7:0] LD[7:0]
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_ VRTC Display
CKio BUSCLK g G L 588
RESET# < o u g
RESET# 22868 IREF IREF
A
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256Kx16
FPM/EDO-DRAM
Figure 3-1: Typical System Diagram (SH-4 Bus)
Power Oscillator
Management
SH-3
BUS 4
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Figure 3-2: Typical System Diagram (SH-3 Bus)
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Power Oscillator
Management
MC68000
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Figure 3-3: Typical System Diagram (MC68K Bus 1, 16-Bit 68000)
Power Oscillator
Management
MC68030
BUS
. B:3 —
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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
E —_
A[27:21] O—> MIR# z é FPDAT[15:8] » UD[7:0]
% FPDAT[7:0] LD[7:0]
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Figure 3-5: Typical System Diagram (Generic Bus)
Power Oscillator
Management
MIPS
BUS 4 4
8 <
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Figure 3-6: Typical System Diagram (NEC VR41xx (MIPS) Bus)
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Power Oscillator
Management
Philips
PR31500 v
B3 —_
/PR31700 BUS gléz# % é FPDAT[15:8] » UD[7:0]
Bs# % FPDAT[7:0] » LD[7:0]
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D[31:16] DB[15:0] FPFRAME »| FPFRAME Display
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Figure 3-7: Typical System Diagram (Philips PR31500/PR31700 Bus)
Power Oscillator
Management
Toshiba
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Figure 3-8: Typical System Diagram (Toshiba TX3912 Bus)
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Power Oscillator
Management
PowerPC
BUS 4
. M _
A[0:10] @O ) wRe S 3 FPDAT[15:8] »| Up[7:0]
w
3} FPDAT[7:0] LD[7:0]
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Figure 3-9: Typical System Diagram (Power PC Bus)
Power Oscillator
Management
PC Card
BUS 4 4
B3 —
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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 y
v A 4
CPU < > LCD R
RIW » LCD
Host Display| | I/F
CPU/MPU < FIFO
I/F Look-
< » Up
Tables » DAC » CRT
Cursor |
FIFO
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 (I/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

| 60
59
EX
57
56
55
54
53
EN
51
EN
49
a8
a7
46
45
44
43
a2
4
40
39
38
EX
36
135
EN
33

|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

MAS5
MA1
MAG6
MAO
MA7
MA10
UCAS#
LCAS#

MA2
MA4

MA3

vss

CLKI
TESTEN
SUSPEND#
VDD
FPFRAME
FPLINE
LCDPWR
DRDY
FPSHIFT
Vss
FPDATO
FPDAT1
FPDAT2
FPDAT3
FPDAT4
FPDATS
FPDAT6
FPDAT7
vss
FPDAT8
FPDAT9
FPDAT10
FPDAT11
FPDAT12
FPDAT13
FPDAT14

S1D13505

VSS
DBO
DB1
DB2
DB3
DB4
DB5
DB6
DB7
DB8
DB9
DB10
DB11
DB12
DB13
DB14
DB15
WAIT#
VSS
BUSCLK
VDD
RESET#
RD/WR#
WE1#
WEO#
RD#
BS#
M/R#
Cs#
ABO

FPDAT15 O AB1
VSS AB2

‘1 ‘2 ‘3 ‘4 ‘5 ‘6 ‘7 ‘8 ‘9 ‘10‘11 ‘12‘13‘14‘15‘16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31‘32

Figure 5-1: Pinout Diagram

128-pin QFP15 surface mount package

S1D13505
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5.2 Pin Description

Key:

CD
CS
COx
TSx

TSxD

CNXx

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 100K€/180K<Q 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 O (A0).

¢ For Generic Bus, this pin inputs system address bit O (AO).

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

¢ 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 (A0).

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

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

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).

» 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

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

e 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).

e For Toshiba TX3912 Bus, this pin inputs the card control register
(CARDREGH).

« 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.

S1D13505

X23A-A-001-14

Hardware Functional Specification
Issue Date: 2008/12/16

Revision 14.2




Epson Research and Development

Vancouver Design Center

Page 21

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

Pin Name

Type

Pin #

Cell

RESET#
State

Description

DB[15:0]

16-31

CITS2

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#

CSITS

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 30.

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 30. 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

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.

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

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

e 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.

Hi-Z

BS#

(O]

This is a multi-purpose pin:

e 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.

Hi-Z

RD/WR#

10

CS

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.

» 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.

Hi-Z « 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
signhal (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# | 7

(O]

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 (SIZ1).

For Generic Bus, this pin inputs the read command for the lower data
byte (RDO#).
For MIPS/ISA Bus, this pin inputs the memory read signal (MEMR#).

For Philips PR31500/31700 Bus, this pin inputs the memory read
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 (TSIZO0).

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# | 8

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 (SIZ0).

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

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.

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

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

e 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

(O]

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# (0] 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# o 52

Co1

This is a multi-purpose pin:

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

« 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# (0] 53

Co1

¢ 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# (0] 54

Co1

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

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

MD[15:0] 10

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)

Pin Name

Type

Pin #

Cell

RESET#
State

Description

MA[8:0]

58, 60, 62,
64, 66, 67,
65, 63, 61

Co1

Output

Multiplexed memory address - see Memory Interface Timing for
functionality.

MA9

56

CITS

Output

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).

« For symmetrical 512K byte DRAM, this pin can be used as general
purpose 10 pin 3 (GPI0O3).

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.

MA10

59

CITS

Output

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
can be used as general purpose |0 pin 1 (GPIO1).

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.

MA11

57

CITS

Output

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
can be used as general purpose 10 pin 2 (GPI0O2).

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
FPDATI[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 (@) 77 CO3 |Output Shift clock
Output if LCD power control output. The active polarity of this output is selected
LCDPWR o 75 Cco1 |MD[10]=0 by thg statg of MD'10 at th_e rising e_dge of RESET# - see Summary of
) Configuration Options. This output is controlled by the power save
1if MD[10]=1 | pode circuitry - see Power Save Modes for detalils.
This is a multi-purpose pin:
e 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 o] 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 L
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:

* 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.

* When MD[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.

* 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] = 0:

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] = GPIO2,1 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 Act.ive Igw LCDPWR pplarity or Act.ive 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

SlD51350 MC68K | MC68K Philips Toshiba PC Card
Pin SH-3 SH-4 Bus 1 Bus 2 Generic | MIPS/ISA PR31500 TX3912 PowerPC (PCMCIA)
Names /PR31700
AB20 A20 A20 A20 A20 A20 LatchA20 ALE ALE A1l A20
AB19 A19 A19 A19 A19 A19 SA19 /CARDREG | CARDREG* Al12 A19
AB18 A18 A18 A18 A18 A18 SA18 /CARDIORD | CARDIORD* A13 A18
AB17 Al17 Al17 Al17 Al7 Al17 SA17 /CARDIOWR | CARDIOWR* Al4 Al17
AB[16:13] | A[16:13] | A[16:13] | A[16:13] | A[16:13] | A[16:13] | SA[16:13] Vpp Vpp 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 Aot A31 Aot
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# | /ICARDXCSH | CARDXCSH* Bl# -CE2
M/R# External Decode Vpp External Decode
Cs# External Decode Vpp External Decode
BUSCLK | CKIO CKIO CLK CLK BCLK CLK DCLKOUT DCLKOUT | CLKOUT CLKI
BS# BS# BS# AS# ASH# Vpp Vbp Vpp Vpp TSH# Vpp
RD/WR# | RD/WR# | RD/WR# | R/W# R/W# RD1# Vbp /ICARDXCSL | CARDXCSL* | RD/WR# -CE1
RD# RD# RD# Vpp Siz1 RDO# MEMR# /RD RD* TSIZ0 -OE
WEO# WEO# WEO# Vpp SI1Z0 WEOQ# | 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 Thebus signal AQ isnot used by the S1D13505 internally.
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Table 5-7: Memory Interface Pin Mapping

FPM/EDO-DRAM
Fii\Dl\}:r?Sass Sym 256Kx16 Asym 256Kx16 Sym 1Mx16 Asym 1Mx16
2-CAS# 2-WE# 2-CAS# 2-WE# 2-CASH# ‘ 2-WE# 2-CAS# 2-WE#
MD[15:0] D[15:0]
MA[8:0] A[8:0]
MA9 GPIO3 A9
MA10 GPIO1 A10
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 Vggor IO 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 FPSIFT MOD DRDY
FPDATO |driven 0 DO LDO |driven 0 DO DO DO LDO LDO R2 R3 R5
FPDAT1 |driven 0 D1 LD1 |drivenO D1 D1 D1 LD1 LD1 R1 R2 R4
FPDAT2 |driven 0 D2 LD2 |driven 0 D2 D2 D2 LD2 LD2 RO R1 R3
FPDAT3 |driven 0 D3 LD3 |driven 0 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 uD1 uD1 GO Gl G3
FPDAT6 D2 D6 ubD2 D2 D6 D6 D6 ubD2 ubD2 B2 B3 B5
FPDAT7 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 driven0| LD4 BO B1 B3
FPDAT9 |driven O | driven O | driven O | driven O | driven O | driven O D9 driven 0| 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 0| 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 0| D12 |drivenO| UD4 |driven O |driven O Gl
FPDAT13 | driven O | driven O | driven O | driven O | driven O | driven 0| D13 |driven0| UD5 |driven O | driven O GO
FPDAT14 | driven 0| driven O | driven O | driven O |driven O | driven 0| D14 |drivenO| UDG6 |drivenO 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 t0 5.5V
1.5kQ
1%
1uF
46 mA 4.6 mA
IREF |- 4:6 MA " L E—"
2N2222 V+
R LM334
140Q 1kQ v
1% 1%
DACVss DAC Vgg 29Q
1% 1N457
290Q
1%
R DACVgs 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 Vgg-0.3106.0 \%
DAC Vpp Supply Voltage Vgg-0.3t06.0 \Y
VN Input Voltage Vgg - 0.3t0 Vpp +0.5 \Y
Vout Output Voltage Vgs - 0.3t0 Vpp + 0.5 \Y
Tste 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
Vpp Supply Voltage Vgg=0V 2.7 3.0/3.3/5.0 |5.5 \Y
VN Input Voltage Vsg Vpp \Y
Topr Operating Temperature -40 25 85 °C
S1D13505
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Table 6-3: Electrical Characteristics for VDD = 5.0V typical

Symbol Parameter Condition Min Typ Max Units
Ibbs Quiescent Current Quiescent Conditions 400 UuA
Iz Input Leakage Current -1 1 UA
loz Output Leakage Current -1 1 UA

VDD = min
: lor=  -4mA (Typel), i
VoH High Level Output Voltage _8mA (Type2) Vpp - 0.4 \Y
-12mA (Type3)
VDD = min
lo.=  4mA (Typel),
VoL Low Level Output Voltage 8mA (Type2) 0.4 \Y
12mA (Type3)
V4 High Level Input Voltage CMOS level, Vpp =max |3.5 \Y
\in Low Level Input Voltage CMOS level, Vpp = min 1.0 \%
. CMOS Schmitt,
V14 High Level Input Voltage Vpp = 5.0V 4.0 \Y
CMOS Schmitt,
V1. Low Level Input Voltage Vpp = 5.0V 0.8 \%
. CMOS Schmitt,
Vi Hysteresis Voltage Vpp = 5.0V 0.3 \%
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
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Table 6-4: Electrical Characteristics for VDD = 3.3V typical

Symbol Parameter Condition Min Typ Max Units
Ibbs Quiescent Current Quiescent Conditions 290 UA
Iz Input Leakage Current -1 1 HA
loz Output Leakage Current -1 1 HA

VDD = min
. loL= -2mA (Typel), i
VoH High Level Output Voltage _4mA (Type2) Vpp - 0.3 \Y,
-6mA (Type3)
VDD = min
loo=  2mA (Typel),
VoL Low Level Output Voltage 4mA (Type2) 0.3 \Y,
6mA (Type3)
A High Level Input Voltage CMOS level, Vpp = max |2.2 \Y,
\in Low Level Input Voltage CMOS level, Vpp = min 0.8 \Y
. CMOS Schmitt,
V14 High Level Input Voltage Vpp = 3.3V 2.4 \%
CMOS Schmitt,
V1. Low Level Input Voltage Vpp = 3.3V 0.6 \Y
. CMOS Schmitt,
Vi 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
Cio 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
Ibbs Quiescent Current Quiescent Conditions 260 UuA
Iz Input Leakage Current -1 1 UA
loz Output Leakage Current -1 1 UA

VDD = min
: loL = -1.8mA (Typel), i
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 \Y
5mA (Type3)
V4 High Level Input Voltage CMOS level, Vpp =max |2.0 \Y
\in Low Level Input Voltage CMOS level, Vpp = min 0.8 \%
. CMOS Schmitt,
V14 High Level Input Voltage Vpp = 3.0V 2.3 \%
CMOS Schmitt,
V1. Low Level Input Voltage Vpp = 3.0V 0.5 \Y
. CMOS Schmitt,
Vi 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

Tiise @d Ty, for all 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
D B
CKIO H { / . %_\_/
t4 t5
A[20:0], M/R#
RD/WR# '
6 | t7,
BS#
8 t12
CSn#
t9 t10
—> |
WEnN# ‘
RD#
t11 t12
— “_ >
RDY# -
y t13 . . t14
D[15:0](write) 4<:J
t15 t16
—> | <
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
16 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
t11! 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"Y 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 2.5 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 thefalling

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  t3
CKlo[/[;[/Ly/ﬁ\/
t4 t5
A[20:0], M/R#
RD/WR# '
6 | 7,
BS#
t8 . t12 R
CSn#
t9 t10
—» |
WEnN#
RD#
t11 t12
‘4— RN
WAIT# |
le t13 t14
D[15:0](write) 4<:J
t15 t16
N
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
t6 BS# setup 4 4 ns
t7 BS# hold 1 1 ns
t8 CSn# setup 4 4 ns
t9? Falling edge RD# to D[15:0] driven 0 0 ns
t10 Rising edge CSn# to WAIT# tri-state 5 25 25 10 ns
t11! 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"Y 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

a8 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 CKI10O 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 the first 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)

t1 2, 3
CLK r\¥jFiij\JF\/\L/\¥J[\Jﬁ\/jL
. t4 55
A[20:1] 1
M/R#
6
cs# L
17
—b| l—
ASH
11
UDS# )
LDS#

t7 t8
—
RIW# E E
19 110
DTACK# —

t12 t13

A
A

D[15:0](write)

t14 t15 t16
[

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
t4 A_[20: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
t6 CS# hold from AS# 0 0 ns
t7 R/W# setup to before to either UDS#=0 or LDS# =0 10 10 ns
18 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
t142 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
t16 UDS# and LDS# high to D[15:0] invalid/high impedance (read 5 5 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.
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7.1.4 MCG68K Bus 2 Interface Timing (e.g. MC68030)

tl t2 t3
CLK m:ULT\ NN NN
’ 4 N
A[20:0] DL
SIZ[1:0] M/R#
6
CS# L
t17
—> [¢—
ASH
11
DS#

t7

t8
L > |
R/W# >E L
t9 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
t4 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
t6 CS# hold from AS# 0 0 ns
t7 R/WH# setup to DS# 10 10 ns
18 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
t142 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
t16 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 isrelative 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 S1D13505 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
CLKI ; I I :TL/ (VA A A A
t4 t5
A[20:0]
M/R#
-CE[1:0]
t6
CS#
-OE
-WE
t7 t8
-WAIT
t9 t10
D[15:0](write)
t11 t12 t13
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
t4 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
t6 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
t9 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
t112 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 oneis later.

2. If the S1ID13505 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
CLKI ; I I :TL/ (VA A A A
t4 t5
A[20:0]
M/R#
t6
CS#
RDO#,RD1#
WEO#,WE1#
t7 t8
WAIT#
t9 t10
D[15:0](write)
t11 t12 t13
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#,WEOQO# or WE1# =0
5 A[20:0], M/R# hold from rising edge of either RDO#,RD1#,WEOQ# or 0 0 ns
WE1#=0
t6 CS# hold from rising edge of either RDO#,RD1#,WEOQO# 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
8 Rising edge of either RDO#,RD1#,WEO0# or WE1# to WAIT# tri-state 5 25 25 10 ns
{9 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 isrelative 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
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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: MIPSISA 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 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 Falling edge of either MEMR# or MEMW# to IOCHRDY# driven 0 0 ns
low
t8 Rising edge of either MEMR# or MEMW# to IOCHRDY# tri-state 5 25 2.5 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
t11° 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 LatchA20,
SA[19:0], M/R# becomes valid, whichever oneislater.

2. If the S1ID13505 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 oneislater.
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7.1.8 Philips Interface Timing (e.g. PR31500/PR31700)
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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 ADDRJ[12:0] setup to first CLK of cycle 10 10 ns
t5 ADDRJ[12:0] hold from command invalid 0 0 ns
t6 ADDRJ[12:0] setup to falling edge ALE 10 10 ns
t7 ADDRJ[12:0] hold from falling edge ALE 5 5 ns
t8 -CARDREG hold from command invalid 0 0 ns
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 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 25 10 ns

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

2. If the S1D13505 host interface is disabled, the timing for D[31:16] driven isrelative to the
falling edge of chip select or the second positive edge of DCLKOUT after ADDR[12:0] be-
comes valid, whichever oneislater.

Note
The Philipsinterface has different clock input requirements as follows:
* tpwH " i >
90%
VIH
Vi
10%
t, —» «— —> I S tf
« T osc >
Figure 7-9: Clock Input Requirement
Table 7-9: Clock Input Requirements for BUSCLK using Philips local bus
Symbol Parameter Min Max Units
Tosc Input Clock Period) 13.3 ns
towH 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 ADDRJ[12:0] setup to falling edge ALE 10 10 ns
t7 ADDRJ[12:0] hold from falling edge ALE 5 5 ns
t8 CARDREG* hold from command invalid 0 0 ns
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 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 25 10 ns

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

2. If the S1D13505 host interface is disabled, the timing for D[31:16] driven isrelative to the
falling edge of chip select or the second positive edge of DCLKOUT after ADDR[12:0] be-
comes valid, whichever oneislater.

Note
The Toshibainterface has different clock input requirements as follows:
‘ tpwH " PWL >
90%
ViH
Vi
10%
tr —> I —> 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)
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—» ‘4— <>
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t14 t15 |[t16
“r
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{17 1§
D[0:15](write) 1)—
119 j 120 F,‘ t21

Figure 7-12: Power PC Timing

D[0:15](read)

Note
The above timing diagram is not applicable if the BUSCLK divided by 2 configuration optionis
selected.
S1D13505 Hardware Functional Specification
X23A-A-001-14 Issue Date: 2008/12/16

Revision 14.2



Epson Research and Development Page 57
Vancouver Design Center
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
t9 TS# hold 5 0 ns
t10 CLKOUT to TA# driven 0 0 ns
t11 CLKOUT to TA# low 3 19 3 12 ns
t12 CLKOUT to TA# high 3 19.7 3 13 ns
t13 negative edge CLKOUT to TA# tri-state 5 25 25 10 ns
t14 CLKOUT to BI# driven 0 18 0 11 ns
t15 CLKOUT to BI# high 3 16 3 10 ns
t16 negative edge CLKOUT to Bl# tri-state 5 25 25 10 ns
t17 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
t20 D[0:15] valid to TA# falling edge (read cycle) 0 0 ns
t21 CLKOUT to D[0:15] tri-state (read cycle) 5 25 2.5 10 ns
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7.2 Clock Input Requirements

R — e -
tpwH TpwL
90%
ViH
Vi
10%
| — et
< osc >

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

Figure 7-13: Clock Input Requirement

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

t Input Clock Fall Time (10% - 90%) ns
t Input Clock Rise Time (10% - 90%) ns
Table 7-14: Clock Input Requirements for CLKI

Symbol Parameter Min Max Units
Tosc Input Clock Period 25 ns
towH 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).
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7.3 Memory Interface Timing
7.3.1 EDO-DRAM Read/Write/Read-Write Timing
t1
N oo ﬁﬂﬂ_/wm
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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 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
t3 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# to CAS# delay time (REG[22h] bit 4 =0 and ol -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) 14511 -3 ns
t5 CAS# precharge time 045t1-3 ns
t6 CAS# pulse width 0.45t1-3 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) 21 ns

Row address setup time (REG[22h] bits 3-2 = 10) 14511 ns
i ic)))w address hold time (REG[22h] bits 3-2 = 00 or 04511 -3 ns

Row address hold time (REG[22h] bits 3-2 = 01) 1t1-3 ns
t10 Column address setup time 045t1-3 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 bhits 34511 -3 ns

3-2=00)

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

3-2=10)

Read Command Setup (REG[22h] bits 3-2 = 01) 34511 -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) 24511 -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
t18 Write Command Setup 0.451t1-3 ns
t19 Write Command Hold 045t1-3 ns
t20 Write Data Setup 045t1-3 ns
t21 Write Data Hold 045t1-3 ns
t22 MD Tri-state 0.451t1 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
125 Last Reaq 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

tl
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
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) 11 -3 ns
RAS# pulse width (REG[22h] bit 6-5 = 00 and bits 3-2 3t1-3 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 RAS# pulse width (REG[22h] bit 6-5 = 01 and bits 3-2 24511 - 3 ns
=01)
RAS# pulse width (REG[22h] bit 6-5 = 01 and bits 3-2 3t1-3 ns
=10)
RAS# pulse width (REG[22h] bit 6-5 = 10 and bits 3-2 111-3 ns
= 00)
RAS# pulse width (REG[22h] bit 6-5 = 10 and bits 3-2 14511 -3 ns
=01)
?AS# 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
t5
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 2 4511 -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)
t6 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
tl 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) 2t1-3 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
t3 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

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

bits 3-2 = 00 or 10) 1.45t-3 ns
;f;s;;oz%%sci (igl)ay time (REG[22h] bit 4 = 0 and 24511 -3 ns
“ R_AS# to CAS# delay time (REG[22h] bit 4 = 1 and 1t1 - 3 ns
bits 3-2 = 01)
R_AS# to CAS# delay time (REG[22h] bit 4 = 0 and otl -3 ns
bits 3-2 = 01)
t5 CAS# precharge time 045t1-3 ns
t6 CAS# pulse width 045t1-3 ns
t7 RAS# hold time 0.45t1-3 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
1-3 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 045t1-3 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 )

- 3-2= 01 or 10) 34511-3 ns
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

3-2= 01 or 10) 2451t1-3 ns

Read Command Hold (REG[22h] bit 4 = 0 and bits 3- 411-3 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-

2t1-3 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

118 Write Data Setup 045t1-3 ns

t19 Write Data Hold 0.45t1-3 ns

t20 MD Tri-state 04511 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

t1
N oo ﬂ/ﬂm
Clock
t2 R t3 R
RAS# — Lﬁ
t4 L6 t6 R
CAS# l L

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
” 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
RA_\S# 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)
RA_\S# 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
3-2 = 01 or 10) 3.451t1-3 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
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
3-2= 01 or 10) 14511-3 ns
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7.3.6 FPM-DRAM Self-Refresh Timing

Stopped for Restarted for
" suspend mode active mode
Memory /
Clock L: j m
t2
RAS#
t3 L4

CAS# 4/—1 e

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

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

Symbol Parameter Min Max Units

t1 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) 2t1 ns

RAS# to CAS# precharge time (REG[22h] bits 3-2 = 01 or 10) 1t1 ns

t4 CAS# setup time (CAS# before RAS# refresh) 0451t1-2 ns
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7.4 Power Sequencing

7.4.1 LCD Power Sequencing

SUSPEND# or
LCD Enable Bit

16

LCDPWR

t3
FPFRAME ——— —

A

FPLINE
FPSHIFT
FPDATA
DRDY ’ t4 . r t7

CLKI

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

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

Symbol Parameter Min Max Units
2T +
t1 SUSPEND# or LCD ENABLE BIT low to LCDPWR off %PTF:?LMKE 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 T ns
FPDATA, DRDY active 8Tpcik
6 FPLINE, FPSHIFT, FPDATA, DRDY active to LCDPWR, on and 128 Frames
FPFRAME active
t7 CLKI active to SUSPEND# inactive 0 ns
Note
Where Teprrame IS the period of FPFRAME and Tpgy i iSthe period of the pixel clock.
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7.4.2 Power Save Status

Power Save
tl t2
Power Save Status Bit
t3
Memory Access —allowed not allowed y_allowed

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

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

Table 7-22: Power Save 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.
2 Power Save deactivated to falling edge of Power Save Status 12 MCLK
3 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

| VDP | VNDP |
I T ]
FPFRAME
FPLINE  __]| I I N I | I I I I I 1N
MOD X B X
UD[E:0] LINEL X LINE2 X LINE3 X LINE4 — —XLINE239XLINE240 LINE1 X LINE2 )}
FPLINE [ o ]
MOD L B
| HDP | HNDP |
< >« >|
FPSHIFT
_ gy - o J e e e
uD3 11 ¥ 15 £ — — X K 1817y £ b
uD2 12 X 16 X p L — — X X p Y 1318) [ X
uD1 13 X 17 £ — — X139 L X
uDO { 14X 18 — X X ¥ 1-320 ) { 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

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

= (REG[OAh] bits [5:0]) + 1
= ((REG[04h] bits [6:0]) + 1)*8Ts
= ((REG[05h] bits [4:0]) + 1)*8Ts

VDP = Vertical Display Period

VNDP = Vertical Non-Display Period
HDP = Horizontal Display Period
HNDP = Horizontal Non-Display Period
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o tl 2
Sync Timing J >
FPFRAME
I ) P C N
FPLINE h ‘
5
Nigl
MOD
Data Timing
FPLINE
t6
t7 8
B t9 | 110 11 | 112
FPSHIFT 7/ L ‘\L;
113 | 114
UD[3:0] ! 2 -
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
16 FPSHIFT falling edge to FPLINE pulse leading edge note 5
t7 FPLINE pulse trailing edge to FPSHIFT falling edge t10 + t11 Ts
18 FPSHIFT period 4 Ts
t9 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. tlgin = t4min - 14Ts
3. t4min = [((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 + ((REG[05h] bits [4:0]) + 1)*8)-1] Ts
5. t6min = [((REG[O5h] bits [4:0]) + 1)*8 - 27] Ts
6. t9min = [((REG[O5h] bits [4:0]) + 1)*8 - 18] Ts
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7.5.2 8-Bit Single Monochrome Passive LCD Panel Timing

y VDP e VNDP
| ] ]
FPFRAME — | --
FPLINE | | I I I | | I I I I 1N
MOD N
UD[3:0], LD[3:0] LINEL X LINE2 X LINE3 X LINE4 ¥ — -XLINE479XLINE480 LINEL X LINE2 X
FPLINE [ — — 1
MOD _ -
5 HDP | HNDP |
Dy N i
FPSHIFT [ [ I )
ub3 . 11 X 19 X X v — — X X X ¥ 1633 o £ X
ubD2 o 12 Y 110 — — ) 1-634 A X
uD1 . 13 X 111 — — X h X1esy L
uDO o 14 Y 112 — — X X ¥ 1-636 Y X
LD3 o 15 X 113 X — — X X X X 1-637 o £ X
LD2 o 16 ¥ 114 — — X ¥ 1-638 A X
LD1 o 17 Y 115 — — 1639 £ X
LDO o 18 X 116 £ — — ) 1-640 A b
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-26: 8-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[0ANh] 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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t
2
Sync Timing ‘ 7 ’
FPFRAME
t3 t4
FPLINE ‘
15
MOD
Data Timing
FPLINE
t6
7 < t8 »
19 | 110 tl | 112
FPSHIFT _/ S *\‘\—
113 | t14
UDI3:0]
LD[3:0] ! 2
Figure 7-27: 8-Bit Sngle Monochrome Passive LCD Panel A.C. Timing
Table 7-24: 8-Bit Single Monochrome Passive LCD Panel A.C. Timing
Symbol Parameter Min Typ Max Units
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 110 + t11 Ts
t8 FPSHIFT period 8 Ts
19 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 4 Ts
t12 FPSHIFT pulse width low 4 Ts
t13 UDJ3:0], 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 - 14Ts
3. t4nin = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] + 33 Ts
4. t5qin = [(((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 ‘
|< =‘< >‘
FPFRAME - -
EPUNE ! I I I I .. I I I I I 1N
MOD - X
UD[3:0] LINEL Y LINE2 X LINE3 X LINE4 —  XLINE479) LINE480) LINEL X LINE2
FPLINE [ S 1
MOD _
L HDP L HNDP R
< >« gl
FPSHIFT [ L - e
UDs e e er: e e - W e
uD2 A 1G1y1-B2 ) 1-R4 — — X X R320, A
uD1 181 X 1R3 Y 1G4 — = L X
UDo 1R2 Y 1-G3Y 184 — — A X B0y L X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

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

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

S1D13505

X23A-A-001-14

Hardware Functional Specification
Issue Date: 2008/12/16

Revision 14.2



Epson Research and Development Page 77
Vancouver Design Center
tl "
Sync Timing ‘ K4 >
FPFRAME
_ 3 4
FPLINE %
i5
MOD
Data Timing
FPLINE
t6
« 7 : 8
3 t9 110 1 12
FPSHIFT _J o i
L 113 | t14
UD[3:0] ! 2
Figure 7-29: 4-Bit Sngle Color Passive LCD Panel A.C. Timing
Table 7-25: 4-Bit Sngle 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
18 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 UD[3:0], setup to FPSHIFT falling edge 0.45 Ts
t14 UD[3:0], hold from FPSHIFT falling edge 0.45 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlpin = tmin - 14Ts
3. t4min = [((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 + ((REG[05h] bits [4:0]) + 1)*8)-1] Ts
5. t6min = [((REG[O5h] bits [4:0]) + 1)*8 - 28] Ts
6. t9min = [((REG[O5N] bits [4:0]) + 1)*8 - 19] Ts
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7.5.4 8-Bit Single Color Passive LCD Panel Timing (Format 1)

VDP VNDP

A

FPFRAME
FPLINE ]| M M I I I [ I I I I I 1

UDI[3:0], LD[3:0] LINE1 LINE2 X LINE3 X LINE4 — —HALINE479 X LINE480; LINE1 >< LINE2

FPLINE ] — - ]
L HDP . HNDP
= o i
FPSHIFT ‘ ‘ [ | | ‘ ] ]
FPSHIFT2 [ \ \ | | R T
ub3 . 1R1 X 161 ) 1:G6 ¥ 1-B6 X 1BILY 1RI2}- — — o £ by
ub2 N 181 ¥ 1R2 X 1R7 Y 167 1oy 1B} — — o { ¥
Wi e asGmemaesy — - XX e X
ubo o 1R3 X 163 ) 1-G8) 188X 113X 1R — — X ¥ X1Res), { \
LD3 - 183 Y 1Ra X 1RO X 1-Go 1Y 1814 — — X X Y1Bess, { X
LD2 B 1G4 Y 184 Y 189 Y 1RI0Y1R15 Y 1.GI5- — — 1-G639 L X
LD1 B 1-R5 Y 1-G5 ¥ 1-G10X 1-B10Y(1-815 X 1-R16%- — — X X X1Red0 o A X
LDO - 185 ¥ 1R6 Y 1-RIIY 1GL1Y1-G16 Y 1BI6Y- — — 1-B640 ) A 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 = (REGJ[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 ANV
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3¢ t4 ,
FPLINE P—\
Data Timing FPLINE
< t5a
< t5b > < t6 t7 R
« t8a L9 to 1
FPSHIFT  _/ *
t8b R
FPSHIFT2
t12 | ti3
UDI[3:0] L )
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 + t10 Ts
edge
t7 FPSHIFT2, FPSHIFT period 4 Ts
t8a FPSHIFT falling edge to FPLINE pulse trailing edge note 6
t8b FPSHIFT2 falling edge to FPLINE pulse trailing edge note 7
t9 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 UDI[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. tlmin = t4min - 14Ts
3. t4nin = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] Ts
4. t5min = [((REG[O5h] bits [4:0]) + 1)*8 - 27] Ts
5. t5qin = [((REG[O5h] bits [4:0]) + 1)*8 - 29] Ts
6. t8nin = [((REG[O5h] bits [4:0]) + 1)*8 - 20] Ts
7. t8min = [((REG[O5N] bits [4:0]) + 1)*8 - 18] Ts
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7.5.5 8-Bit Single Color Passive LCD Panel Timing (Format 2)

FPFRAME

FPLINE
MOD

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

FPLINE
MOD

FPSHIFT

uD3
ubD2
ubD1
ubo
LD3
LD2
LD1
LDO

e VDP . VNDP N
|« b ”|
] I
1 I I | | 1 | I | 1 | IS
LINE1 LINE2 X LINE3 LINE4 LINE479 X LINE480Q LINE1L X LINE2
-
| |
N - B
| HDP . HNDP
I« re——
BV ETY ETX) §=-) G G G SR G G (== N G
wa(Ray(aBe ) N (6 — — S0 e X
L aenre(aw — XX R X
(e e O % — — O oaess (X
1@ Y 1Rs ) 187 Xk — — XX ey, X
e - e — X Sheey L X
C_famaes s Xk — — o 0 ey L X
1.c3 ) 1R ) B8 Xk — — K eeey L X

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

Figure 7-32: 8-Bit Sngle 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 = (REGJ0Ah] 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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FPSHIFT / W
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Figure 7-33: 8-Bit Single Color Passive LCD Panel A.C. Timing (Format 2)
Table 7-27: 8-Bit Sngle Color Passive LCD Panedl A.C. Timing (Format 2)
Symbol Parameter Min Typ Max Units
tl FPFRAME setup to FPLINE pulse trailing edge note 2
2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts (note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD transition to FPLINE pulse trailing edge 1 note 4 Ts
t6 FPSHIFT falling edge to FPLINE pulse leading edge note 5
t7 FPSHIFT falling edge to FPLINE pulse trailing edge note 6
18 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 UDI3:0], 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. tlmin = t3min - 14Ts
3. t3nin = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] + 33 Ts
4. t5qin = [(((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 - 28] Ts
6. t7min = [((REG[O5N] bits [4:0]) + 1)*8 - 19] Ts
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7.5.6 16-Bit Single Color Passive LCD Panel Timing

e VDP o VNOP__
FPFRAME [ - I
FPLINE | I I I I I [ I— | I I | | 1N
MOD )
UD[7:0], LD[7:0] LINEL ){ LINE2 }_LINE3 X_LINE4 ¥~ — -XLINE479) LINE480) LINEL X LINE2 X
-
FPLINE ] - 1
MOD - -
le HDP ¢ HNDP
et e Y e o 0 s A [
up7 - faRi)(1ee {1811 e D G X N G
uD6 Camnamnae M — — — A (e
uDs 1.2 ¥ 187 Y 1-R13 L— — — LRE3T _/<:><
uD4 _ [(1rs (LGB Y1B13 - — — — A X
uD3 CAss(awre)aea( 0 X O — — — ) Shees L X
uD2 1-G4 ) 1-B9 ¥ 1-R15 X - — — — A Y Marez AL
uD1 . 1-R5 ¥ 1:G10 Y 1-B15 F— — — XX Yaeesn L X
uDo - A 1B5 Y 1-R11Y{1-Gl6 - — — XX aesd, X
LD7 . 1-G1 Y 1-B6 Y 1-R12 A — o _B
LD6 VG 6550 € GID GHD GHED S G G =) W G
LD5 o 1-82 Y 1-R8 Y 1-G13 £ — — — X Yacesry L X
LD4 ey mmyEmRE ) % — — — X (R X
LD3 1R4 ¥ 1G9 X 1-B14 Fo— — — XX aBessy X
LD2 __ A4 (1ri0)(161s - — = A X
L1 ey e X W O — — — X s, X
LDO 1-R6 ¥ 1-G11 ) 1-B16 £ — — — A
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-34: 16-Bit Sngle Color Passive LCD Panel Timing

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

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

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

HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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Figure 7-35: 16-Bit Sngle Color Passive LCD Panel A.C. Timing
Table 7-28: 16-Bit Single Color Passive LCD Panel A.C. Timing
Symbol Parameter Min Typ Max Units

t1 FPFRAME setup to FPLINE pulse trailing edge note 2

2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts (note 1)

t3 FPLINE period note 3

t4 FPLINE pulse width 9 Ts

t5 MOD transition to FPLINE pulse trailing edge 1 note 4 Ts

16 FPSHIFT falling edge to FPLINE pulse leading edge note 5

t7 FPSHIFT falling edge to FPLINE pulse trailing edge note 6

t8 FPLINE pulse trailing edge to FPSHIFT falling edge t14+3 Ts

t9 FPSHIFT period 5 Ts

t10 FPSHIFT pulse width low 2 Ts

t11 FPSHIFT pulse width high 2 Ts

t12 UD[7:0], LD[7:0] setup to FPSHIFT falling edge 2 Ts

t13 UDI7:0], LD[7:0] hold to FPSHIFT falling edge 2 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. tlyin =1t3min - 14Ts
3. t3min = [((REG[04h] bits [6:0])+1)*8 + (REG[05h] bits [4:0]) + 1)*8] + 33 Ts
4. t5pin = [(((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 - 27] Ts
6. t7min = [((REG[O5h] bits [4:0]) + 1)*8 - 18] Ts
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7.5.7 8-Bit Dual Monochrome Passive LCD Panel Timing

| VDP _  VNDP ‘
r T l
FPFRAME - - \—
FPLINE I ] I I ..l I I I I l 1N
MOD X N X
UD[3:0], LD[3:0] LINE 11241 X| LINE 2/242 X LINE 3243 X LINE 41244 — WUNE 2401480 LINE 1/241 ¥ LINE 21242

FPLINE [] - [l
MOD o
p HDP " HNDP o
LI e e Y St e e e e S o B
up3 11 ¥ 15 o — — 1-637 X
up2 1-2 16 X X - — — X X Y X Y 1-638 i 7@
ublr 13 ¥ 17 —_ ) 1-639 A X
ubo 1-4 1-8 — — = 1-640 o _/<:><
s fmnmeS O — — XX e X
b2 a2y 206X X — — X X Yeares L X
Lo 241-3 { 2417 — parsad ﬂ
Do (mmema X % — — X0 X eed, X

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

Figure 7-36: 8-Bit Dual Monochrome Passive LCD Panel Timing

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

VNDP = Vertical Non-Display Period = (REGJ0Ah] 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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FPSHIFT |
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Figure 7-37: 8-Bit Dual Monochrome Passive LCD Panel A.C. Timing
Table 7-29: 8-Bit Dual Monochrome Passive LCD Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE pulse trailing edge note 2
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
t6 FPSHIFT falling edge to FPLINE pulse leading edge note 5
t7 FPSHIFT falling edge to FPLINE pulse trailing edge note 6
t8 FPLINE pulse trailing edge to FPSHIFT falling edge t14 + 2 Ts
19 FPSHIFT period 4 Ts
t10 FPSHIFT pulse width low 2 Ts
t11 FPSHIFT pulse width high 2 Ts
t12 UD[3:0], LD[3:0] setup to FPSHIFT falling edge 2 Ts
t13 UDJ3:0], LD[3:0] hold to FPSHIFT falling edge 2 Ts
t14 FPLINE pulse trailing edge to FPSHIFT rising edge 12 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 = t3min - 14Ts
3. t3hin = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0]) + 1)*8] + 33 Ts
4. t5qin = [(((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 - 19] Ts
6. t7min = [((REG[O5N] bits [4:0]) + 1)*8 - 10] Ts
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7.5.8 8-Bit Dual Color Passive LCD Panel Timing

| VDP _  VNDP ‘
r T l
FPFRAME - - \—
FPLINE I ] I I ..l I I I I l 1N
MOD o X
UD[3:0], LD[3:0] LINE 11241 X| LINE 2/242 X LINE 3243 X LINE 41244 — WUNE 2401480 LINE 1/241 ¥ LINE 21242

FPLINE [] S — [l
MOD _
|« HDP > HNDP >
FPSHIFT i ririri. _ _ rlLur e g
FPDAT7(UDS) fumr)(wer)(ies)ameXieeX ek — — A X s (X
FPDAT6 (UD2) _ . 161X 182 { 1Ra X105 X 186  1R8 - — — X X Yareao L ¥
FPDAT5 (UD1) __ . 181 X 1R Y 164 X 185 X 1R7 {168 ) — — % X reeao) L X
FPDAT4 (UDO) __ __ 1Rz (163 )(18a ) 1Re }(1e7 (188 X — — (X aeesn L X
FPDAT3 (LD3) 241-R1Y241-G2X241-83X 241-R5X241-G6 Y 241-B7 — 2N _D<
FPDAT2 (UD2) farenfaareaeairafesrcsieareolearre — — X YAon . A X
FPDATL (UD1) fear81)ea1-Rafea1-Ga 2er B ar RT)2ALCEN — — X
FPDATO (UDO) — - - A241-R2)241-63)241-B4)241 RE)241-GTY241-BE K- — — Y G |

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

Figure 7-38: 8-Bit Dual Color Passive LCD Panel Timing

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

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

HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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Figure 7-39: 8-Bit Dual Color Passive LCD Panel A.C. Timing
Table 7-30: 8-Bit Dual Color Passive LCD Panel A.C. Timing
Symbol Parameter Min Typ Max Units
t1 FPFRAME setup to FPLINE pulse trailing edge note 2
2 FPFRAME hold from FPLINE pulse trailing edge 14 Ts (note 1)
t3 FPLINE period note 3
t4 FPLINE pulse width 9 Ts
t5 MOD transition to FPLINE pulse trailing edge 1 note 4 Ts
16 FPSHIFT falling edge to FPLINE pulse leading edge note 5
t7 FPSHIFT falling edge to FPLINE pulse trailing edge note 6
t8 FPLINE pulse trailing edge to FPSHIFT falling edge t14 +t11 Ts
t9 FPSHIFT period 1 Ts
t10 FPSHIFT pulse width low 0.45 Ts
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 pulse trailing edge to FPSHIFT rising edge 13 Ts
1. Ts = pixel clock period = memory clock, [memory clock]/2, [memory clock]/3, [memory clock]/4 (see REG[19h] bits [1:0])
2. tlgin = t3min - 14Ts
3. t3min = [((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. t6min = [((REG[O5h] bits [4:0]) + 1)*8 - 20] Ts
6. t7min = [((REG[O5h] bits [4:0]) + 1)*8 - 11] Ts
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7.5.9 16-Bit Dual Color Passive LCD Panel Timing

e VDP e VNDP |
FPFRAME -
FPLINE ] I | I | I 1 I I | I | 1N
MOD ] X

UD[7:0], LD[7:0]

LINE 1/241

LINE 2/242 LINE 3/243 X LINE 4/244 — LINE 239/479LINE 240/480, LINE 1/241>< LINE 2/242

FPLINE [ L ]
MOD :: o
e HDP ., HNDP
4 ¢ gl
FPSHIFT [ L[ L L)L/ [ A
uD7, LD7 . s ik - — G &= N G
UDS, LD6 Y &N &) Sl G GHD %7 Y N G
UD5, LD5 . R ) - — — X e X
UD4, LD4 o Fitke it - — — X X A X
UD3, LD3 T X — — XX e A X
UD2, LD2 AR GRS X X X X M- — — X AR A X
uD1, LD1 . 2 Y iP5 X - — — X A X
uDo, LDO 2103 X 261 R6 - — — e N | X

* Diagram drawn with 2 FPLINE vertical blank period

Example timing for a 640x480 panel

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

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

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

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

HNDP = Horizontal Non-Display Period = ((REG[05h] bits [4:0]) + 1)*8Ts
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Figure 7-41: 16-Bit Dual Color Passive LCD Panel A.C. Timing
Table 7-31: 16-Bit Dual Color Passive LCD Panel A.C. Timing
Symbol Parameter Min Typ Max Units
tl 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
16 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
19 FPSHIFT period 2 Ts
t10 FPSHIFT pulse width low 1 Ts
t11 FPSHIFT pulse width high 1 Ts
t12 UDI[7:0], LD[7:0] setup to FPSHIFT falling edge 1 Ts
t13 UDI7:0], LD[7:0] hold to FPSHIFT falling edge 1 Ts
t14 FPLINE pulse trailing edge to FPSHIFT rising edge 12 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 =1t3min - 14Ts
3. t3min = [((REG[04h] bits [6:0])+1)*8 + (REG[05h] bits [4:0]) + 1)*8] + 33 Ts
4. t5pin = [(((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 - 20] Ts
6. t7min = [((REG[O5h] bits [4:0]) + 1)*8 - 11] Ts
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7.5.10 16-Bit TFT/D-TFD Panel Timing

5 VNDP R VDP N
|« »€ »
FPFRAME L
FPLINE U I I I ] I I U U
R[5:1], G[SZO], B[5:l] LINE48O ) LINE1 |[X— — —X LINE480
DRDY
FPLINE

HDP HNDP,

»
> »|

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

DROY I
RST} — — e o
el i €= W o
BGSL} A X e X — — — Kwewon
Note: DRDY is used to indicate the first pixel
Example Timing for 640x480 panel
Figure 7-42: 16-Bit TFT/D-TFD Panel Timing
VDP = Vertical Display Period = (REG[09h] bits [1:0], REG[08h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period = (REG[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 7-43: TFT/D-TFD A.C. Timing
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Table 7-32: TFT/D-TFD 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
18 FPFRAME cycle time note 4
9 FPFRAME pulse width low note 5
t10 horizontal display period note 6
t11 FPLINE setup to FPSHIFT falling edge 0.45 Ts
t12 FPFRAME pulse Iead!ng edge to FPLINE pulse note 7

leading edge 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 pulse leading note 9
edge
t16 DRDY hold from FPSHIFT falling edge 0.45 Ts
t17 FPLINE pulse leading 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])

t6min = [((REG[04h] bits [6:0])+1)*8 + ((REG[05h] bits [4:0])+1)*8] Ts

t7min = [((REG[O7h] bits [3:0])+1)*8] Ts

t8 min = [((REG[09h] bits [1:0], REG[08h] bits [7:0])+1) + ((REG[0AN] bits [5:0])+1)] lines
9min = [((REG[OCH] bits [2:0])+1)] lines

t10/min = [((REG[04h] bits [6:0])+1)*8] Ts

t12,hin = [((REG[06h] bits [4:0])*8)+1] Ts

t14in = [((REG[04h] bits [6:0])+1)*8] Ts

. t15.n = [((REG[O6h] bits [4:0])+1)*8 - 2] Ts

10. t174i, = [((REG[05N] bits [4:0])+1)*8 - ((REG[06h] bits [4:0])+1)*8 + 2]

© XN O ®DNPRE
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7.5.11 CRT Timing

. VNDP v VDP R
| < »i¢ »
VRTC R
wrte [ i I I I J I I N [ |
RED,GREEN,BLUE LINE480) LINEL [X— — 7>< LINE480
HRTC m 77777
« HNDP, 9 HDP ye HNDP,
RED,GREEN,BLUE . 2 - — — e
Example Timing for 640x480 CRT

Figure 7-44: CRT Timing

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

VNDP = Vertical Non-Display Period = (REG[0AN] 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
Note

The signals RED, GREEN and BLUE are analog signals from the embedded DAC and represent
the color components which make up each pixel.

Hardware Functional Specification S1D13505
Issue Date: 2008/12/16 X23A-A-001-14

Revision 14.2



Page 94 Epson Research and Development

Vancouver Design Center

A

v

VRTC \: =/ (

T
B e

HRTC U U U U U " U

Figure 7-45: CRT A.C. Timing

c e

Symbol Parameter Min Typ Max Units
tl VRTC cycle time note 1
2 VRTC pulse width low note 2
13 VRTC fa}lling edge to FPLINE falling edge note 3
phase difference
1. 8 min = [((REG[09N] bits 1:0, REG[08h] bits 7:0)+1) + ((REG[0Ah] bits 6:0)+1)] lines
2. t9min = [((REG[OCH] bits 2:0)+1)] lines
3. t12.in = [((REG[O6h] bits 4:0)+1)*8] Ts
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8 Registers

8.1 Register Mapping

The S1D13505 registers are memory mapped. The system addresses the registers through the CS#,
M/R#, and AB[5:0] input pins. When CS# = 0 and M/R# = 0, the registers are mapped by address
bits AB[5:0], e.g. REG[00h] is mapped to AB[5:0] = 000000, REG[01h] is mapped to AB[5:0] =
000001. See the table below:

Table 8-1: S1D13505 Addressing

CS# M/R# Access

Register access:

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 S1D13505 not selected

8.2 Register Descriptions

Unless specified otherwise, al register bits are reset to 0 during power-on. 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 for the
S1D13505 is 000011,

bits 1-0 Revision Code Bits[1:0]
Thisisaread-only register that indicates the revision code of the chip. The revision code for the
S1D13505F00A is 00.
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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 divisor used to generate the DRAM refresh rate from the input clock (CLKI).
Table 8-2: DRAM Refresh Rate Selection
DRAM Refresh Rate CLKI Frequency Example Refresh Rate Example period for
Select Bits [2:0] Divisor for CLKI = 33MHz 256 refresh cycles at
' - CLKI = 33MHz
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 32 ms
111 8192 4 kHz 64 ms
bit 2 WE# Control
When thisbit = 1, 2-WE# DRAM s selected.
When thisbit = 0, 2-CAS# DRAM s selected.
bit 0 Memory Type
When thisbit = 1, FPM-DRAM is selected.
When thisbit = 0, EDO-DRAM s selected.
Thisbit should be changed only when there are no read/write DRAM cycles. This condition occurs
when all of the following are true: the Display FIFO is disabled (REG[23h] bit 7 = 1), and the Half
Frame Buffer is disabled (REG[1Bh] bit O = 1), and the Ink/Cursor isinactive
(Reg[27h] bits 7-6 = 00). This condition al so occurs when the CRT and L CD enable bits (Reg[ODh]
bits 1-0) have remained 0 since chip reset. For further programming information, see SID13505
Programming Notes and Examples, document number X23A-G-003-xx.
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8.2.3 Panel/Monitor Configuration Registers

Panel Type Register
REG[02h] RW
EL Panel n/a Panel Data Panel Data Panel Data Color/Mono. | Dual/Single IEE/ E::z:ve
Enable Width Bit 1 Width Bit 0 Format Select | Panel Select |Panel Select Select
bit 7 EL Panel Mode Enable
When thisbit = 1, EL Panel support mode is enabled. Every 262143 frames (approximately 1 hour
at 60Hz frame rate) the identical panel datais sent to two consecutive frames, i.e. the frame rate
modulation circuitry is frozen for one frame.
bits 5-4 Panel Data Width Bits[1:0]
These bits select the LCD interface data width as shown in the following table.
Table 8-3: Panel Data Width Selection
. . . Passive LCD Panel Data TFT/D-TFD Panel Data Width
Panel Data Width Bits [1:0] Width Size 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, color passive LCD panel dataformat 2 is selected.
When this bit = 0, passive LCD panel dataformat 1 is selected.
bit 2 Color/Mono Panel Select
When this bit = 1, color passive LCD panél is selected.
When this bit = 0, monochrome passive LCD panel is selected.
bit 1 Dual/Single Panel Select
When this bit = 1, dual passive LCD panel is selected.
When this bit = 0, single passive LCD panel is selected.
bit 0 TFT/Passive LCD Panel Select

When thisbit = 1, TFT/D-TFD panel is selected.
When this bit = 0, passive LCD panel is selected.

MOD Rate Register
REG[03h] RW
MOD Rate Bit | MOD Rate Bit | MOD Rate Bit | MOD Rate Bit | MOD Rate Bit | MOD Rate Bit
n/a n/a
5 4 3 2 1 0
bits 5-0 MOD Rate Bits [5:0]

When the DRDY pinis configured as MOD, this register controls the toggle rate of the MOD out-
put. When this register is zero, the MOD output signal toggles every FPFRAME. When thisregis-
ter is non-zero, its value represents the number of FPLINE pulses between toggles of the MOD
output signal.
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Horizontal Display Width Register

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

n/a Display Width | Display Width | Display Width | Display Width | Display Width | Display Width | Display Width
Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

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

These hits 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 display
width is 1024 pixels.

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

Note
When setting a horizontal resolution greater than 767 pixels, with a color depth of 15/16 bpp, the

Memory Offset Registers (REG[16h], REG[17h]) must be set to a virtual horizontal pixel
resolution of 1024.

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.
Horizontal non-display period (pixels) = (Horizontal Non-Display Period Bits[4:0] + 1) x 8
The recommended minimum value which should be programmed into this register is 3 (32 pixels).
The maximum value which can be programmed into this register is 1Fh, which gives a horizontal
non-display period of 256 pixels.
Note
This register must be programmed such that
REG[05h] > 3 and (REG[05h] + 1) > (REG[06h] + 1) + (REG[07h] bits[3:0] +1)
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HRTC/FPLINE Start Position Register

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

n/a n/a n/a FPLINE Start | FPLINE Start | FPLINE Start | FPLINE Start | FPLINE Start
Position Bit 4 | Position Bit 3 | Position Bit 2 | Position Bit 1 | Position Bit 0

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

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

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

Note

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

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
This bit selects the polarity of the HRTC pulse to the CRT.
When this bit = 1, the HRTC pulse is active high.
When this bit = 0, the HRTC pulseis active low.
bit 6 FPLINE Polarity Select
This hit selects the polarity of the FPLINE pulseto TFT/D-TFD or passive LCD.
When this bit = 1, the FPLINE pulse is active high for TFT/D-TFD and active low for passive
LCD. When this bit = 0, the FPLINE pulse is active low for TFT/D-TFD and active high for pas-
sive LCD.
Table 8-4: FPLINE Polarity Selection
FPLINE Polarity Select Passive LCD FPLINE Polarity | TFT/D-TFD FPLINE Polarity
0 active high active low
1 active low active high
bits 3-0 HRTC/FPLINE Pulse Width Bits[3:0]

For CRT and TFT/D-TFD, these bits specify the pulse width of HRTC and FPLINE respectively.
For passive LCD, FPLINE is automatically created and these bits have no effect.

HRTC/FPLINE pulse width (pixels) = (HRTC/FPLINE Pulse Width Bits[3:0] + 1) x 8
The maximum HRTC pulse width is 128 pixels.

Note

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

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 0

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 vertical display height.

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

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

* For dual-panel passive LCD not in simultaneous display mode, this register is programmed to:
((vertical resolution of the display)/2) - 1, e.g. EFh for a 480-line display.

« For all smultaneous display modes, this register is programmed to:
(vertical resolution of the CRT) - 1, e.g. 1DFh for a480-line CRT.

Vertical Non-Display Period Register

REG[0Ah] RW
Vgrtlcal Non- Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non-
Display - . ) - ) )

Period Status n/a Display Display Display Display Display 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

Note

Vertical Non-Display Period Status
Thisis aread-only status bit.
When this bit = 1, avertical non-display period isindicated.
When this bit = 0, avertical display period is indicated.

Vertical Non-Display Period Bits [5:0]
These bits specify the vertical non-display period.

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

Vertical non-display period (lines) = Vertical Non-Display Period Bits [5:0] + 1
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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
Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

bits 5-0

VRTC/FPFRAME Start Position Bits [5:0]
For CRT and TFT/D-TFD, these bits specify the delay in lines from the start of the vertical non-dis-

play period to the leading edge of the VRTC pulse and FPFRAME pulse respectively. For passive
LCD, FPFRAME is automatically created and these bits have no effect.

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

Note

This register must be programmed such that
(REG[0Ah] hits[5:0] + 1) > (REG[0Bh] + 1) + (REG[OCh] hits[2:0] + 1)
For exact timing please use the timing diagramsin section 7.5

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
This hit selects the polarity of the VRTC pulse to the CRT.
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 FFFRAME pulseto the TFT/D-TFD or passive LCD.

When this bit = 1, the FPFRAME pulseis active high for TFT/D-TFD and active low for passive.
When this bit = 0, the FPFRAME pulseis active low for TFT/D-TFD and active high for passive.

Table 8-5: FPFRAME Polarity Selection

FPFRAME Polarity Select

Passive LCD FPFRAME Polarity TFT/D-TFD FPFRAME Polarity

0

active high active low

1

active low active high

bits 2-0

VRTC/FPFRAME Pulse Width Bits [2:0]

For CRT and TFT/D-TFD, these bits specify the pulse width of VRTC and FPFRAME respectively.
For passive LCD, FPFRAME is automatically created and these bits have no effect.

VRTC/FPFRAME pulse width (lines) = VRTC/FPFRAME Pulse Width Bits [2:0] + 1

Note

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

Display Mode Register
REG[0Dh] RW
Simultaneous | Simultaneous
SwivelView Display Display Bit-per-pixel | Bit-per-pixel | Bit-per-pixel
Enable Option Select | Option Select | Select Bit 2 Select Bit 1 Select Bit 0 CRT Enable | LCD Enable
Bit 1 Bit 0
bit 7 SwivelView Enable
When thisbit = 1, all CPU accesses to the display buffer are translated to provide clockwise 90°
hardware rotation of the display image. Refer to “ Section 13 Swivel View” for application and limi-
tations.
bits 6-5 Simultaneous Display Option Select Bits [1:0]

These hitsare 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 the CRT, typically 640x480, and LCD. The following
table describes 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 Mode

Mode Description

00

Normal

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

It is necessary to suit the vertical retrace period to the CRT. This results in a lower LCD
duty cycle (1/525 compared to the usual 1/481). This reduced duty cycle may result in
lower contrast on the LCD.

01

Line Doubling

Each line is replicated on the CRT. This mode is used to display a 240-line image on a
240-line LCD and stretch it to a 480-line image on the CRT. The CRT has a heightened
aspect ratio.

It is necessary to suit the vertical retrace period to the CRT. This results in a lower LCD
duty cycle (2/525 compared to the usual 1/241). This reduced duty cycle is not extreme
and the contrast of the LCD image should not be greatly reduced.

10

Interlace

The odd and even fields of a 480-line image are interlaced on the LCD. This mode is used
to display a 480-line image on the CRT and squash it onto a 240-line LCD. The full image
is viewed on the LCD but the interlacing may create flicker. The LCD has a shortened
aspect ratio.

It is necessary to suit the vertical retrace period to the CRT. This results in a lower LCD
duty cycle (2/525 compared to the usual 1/241). This reduced duty cycle is not extreme
and the contrast of the LCD image should not be greatly reduced.

11

Even Scan Only

Only the even field of a 480-line image is displayed on the LCD. This is an alternate
method to display a 480-line image on the CRT and squash it onto a 240-line LCD. Only
the even scans are viewed on the LCD. The LCD has a shortened aspect ratio.

It is necessary to suit the vertical retrace period to the CRT. This results in a lower LCD
duty cycle (2/525 compared to the usual 1/241). This reduced duty cycle is not extreme
and the contrast of the LCD image should not be greatly reduced.

Note

1. Dua Panel Considerations: When configured for adual LCD panel and using
Simultaneous Display, the Half Frame Buffer Disable, REG[1Bh] bit 0, must be set to 1.
Thisresultsin alower contrast on the LCD panel, which may require adjustment.

2. TheLine doubling option is not supported with dual panel.
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bits 4-2 Bit-per-pixel Select Bits[2:0]
These bits select the color depth (bpp) for the displayed data. See* Section 10.1 Display Mode For-
mats’ for details of how the pixels are mapped into the image buffer.
Table 8-7: Bit-per-pixel Selection
Bit-per-pixel Select Bits [2:0] Color Depth (bpp)
000 1 bpp
001 2 bpp
010 4 bpp
011 8 bpp
100 15 bpp
101 16 bpp
110 -111 Reserved
bit 1 CRT Enable
This bit enables the CRT monitor.
When this bit = 1, the CRT is enabled.
When this bit = 0, the CRT is disabled.
bit 0 LCD Enable

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

REG[OEh]

Screen 1 Line Compare Register 0

RW

Screen 1 Line
Compare Bit 7

Screen 1 Line
Compare Bit 6

Screen 1 Line
Compare Bit 5

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 Bit 0

REG[OFh]

Screen 1 Line Compare Register 1

RW

n/a

n/a

n/a

n/a

n/a

n/a

Screen 1 Line
Compare Bit9

Screen 1 Line
Compare Bit 8

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

Screen 1 Line Compare Bits [9:0]
These bitsare set to 1 during power -on.

The display can be split into two images: Screen 1 and Screen 2, with Screen 1 above Screen 2.
This 10-bit value specifies the height of Screen 1.

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

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

See “Display Configuration” for details.
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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 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Screen 1 Display Start Address Register 1

REG[11h] RW
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

Screen 1 Display Start Address Register 2

REG[12h] RW
n/a n/a n/a n/a Start Address | Start Address | Start Address | Start Address

Bit 19 Bit 18 Bit 17 Bit 16

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

Screen 1 Start Address Bits[19:0]
These registers form the 20-bit address for the starting word of the Screen 1 imagein
the display buffer.

Note that thisis aword address.
A combination of this register and the Pixel Panning register (REG[18h]) can be used to uniquely
identify the start (top left) pixel within the Screen 1 image stored in the display buffer.

See “Display Configuration” for details.

Screen 2 Display Start Address Register 0

REG[13h] RW
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Screen 2 Display Start Address Register 1

REG[14h] RW
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

Screen 2 Display Start Address Register 2

REG[15h] RW
n/a n/a n/a n/a Start Address | Start Address | Start Address | Start Address

Bit 19 Bit 18 Bit 17 Bit 16

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

Screen 2 Start Address Bits[19:0]
These registers form the 20-bit address for the starting word of the Screen 2 imagein
the display buffer.

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

See “Display Configuration” 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 Memory

n/a n/a n/a n/a n/a Address Address Address
Offset Bit 10 | Offset Bit 9 Offset Bit 8

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

Memory Address Offset Bits [10:0]

These bits form the 11-bit address offset from the starting word of line n to the starting word of line
n+1. Thisvalueis applied to both Screen 1 and Screen 2.

Note that this valueisin words.

A virtual image can be formed by setting this register to avalue greater than the width of the dis-
play. The displayed image is awindow into the larger virtual image.

See “ Section 10 Display Configuration” for details.

Pixel Panning Register

REG[18h] RW
Screen 2 Screen 2 Screen 2 Screen 2 Screen 1 Screen 1 Screen 1 Screen 1
Pixel Panning | Pixel Panning | Pixel Panning | Pixel Panning | Pixel Panning | Pixel Panning | Pixel Panning | Pixel Panning
Bit 3 Bit 2 Bit 1 Bit O Bit 3 Bit 2 Bit 1 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 Bits to a non-
zero value. The value representsthe number of pixelspanned. The maximum pan valueis dependent
on the display mode.

Table 8-8: Pixel Panning Selection

Display Mode Maximum Pan Value Pixel Panning Bits active
1 bpp 16 Bits [3:0]
2 bpp 8 Bits [2:0]
4 bpp 4 Bits [1:0]
8 bpp 1 Bit 0
15/16 bpp 0 none

bits 7-4

bits 3-0

Smooth horizontal panning can be achieved by a combination of thisregister and the Display Start
Address registers.

See “ Section 10 Display Configuration” for details.

Screen 2 Pixel Panning Bits [3:0]
Pixel panning bits for screen 2.

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
Reserved n/a n/a na n/a MCLK Divide |PCLK Divide |PCLK Divide
Select Select Bit 1 Select Bit 0
bit 7 Reserved
This bit must be set to O.
Note
There must always be a source clock at CLKI.
bit 2 MCLK Divide Select
When thisbit = 1 the MCLK frequency is half of its source frequency.
When this bit = 0 the MCLK frequency is equal to its source frequency.
The MCLK fregquency should always be set to the maximum frequency allowed by the DRAM; this
provides maximum performance and minimum overall system power consumption.
bits 1-0 PCLK Divide Select Bits[1:0]

These bits select the MCLK: PCLK frequency ratio

Table 8-9: PCLK Divide Selection

PCLK Divide Select Bits [1:0] MCLK: PCLK Frequency Ratio
00 1.1
01 2:1
10 31
11 4:1

See section on “Maximum MCLK:PCLK Freguency Ratios’ for selection of clock ratios.

8.2.6 Power Save Configuration Registers

Power Save Configuration Register
REG[1Ah] RW
Power Save Suspend Suspend Software
Status n/a n/a n/a Eciigbﬁgwer Refresh Refresh Suspend
RO Select Bit 1 Select Bit 0 Mode Enable
bit 7 Power Save Status
Thisis aread-only status bit.
This bit indicates the power-save state of the chip.
When this bit = 1, the panel has been powered down and the memory controller is either in self
refresh mode or is performing only CAS-before-RAS refresh cycles.
When this bit = 0, the chip is either powered up, in transition of powering up, or in transition of
powering down. See Section 15 Power Save Modes for details.
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bit 3 LCD Power Disable
This hit is used to override the panel on/off sequencing logic.
When this bit = 0 the LCDPWR output is controlled by the panel on/off sequencing logic.
When this bit = 1 the LCDPWR output is directly forced to the off state.

The LCDPWR “On/Off” polarity is configured by MD10 at therising edge of RESET# (MD10=0
configures LCDPWR = 0 as the Off state; MD10 = 1 configures LCDPWR = 1 as the Off state).

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 CAS-before-RAS (CBR) refresh
01 Self-Refresh
1X No Refresh
Note

These bits should not be changed while suspend mode is active.

bit 0 Software Suspend Mode Enable
When this bit = 1 software Suspend mode is enabled.
When this bit = 0 software Suspend mode is disabled.
See Section 15 Power Save Modes for details.
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8.2.7 Miscellaneous Registers

Miscellaneous Register

REG[1Bh] RW
Host Interface n/a n/a na n/a n/a na Half Frame
Disable Buffer Disable
bit 7 Host Interface Disable

Thisbit isset to 1 during power -on/r eset.
This bit must be programmed to 0 to enable the Host Interface. When this bit is high, all memory
and all registers except REG[1Ah] (read-only) and REG[1Bh] are inaccessible.

bit 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
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 (the duty cycle of the LCD is halved). Thismodeis
not normally used except under specia circumstances such as simultaneous display on a CRT and
dual panel LCD. When this mode is used the Alternate Frame Rate Modulation scheme should be
used (see REG[31h]). For details on Frame Rate cal culation see Section 14.2, “Frame Rate Calcu-
lation” on page 137.

MD Configuration Readback Register 0
REG[1Ch] RO

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

MD Configuration Readback Register 1

REG[1Dh] RO
MDI[15] MD[14] MD[13] MD[12] MD[11] MD[10] MDI[9] MDI8]
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#. MD[15:0] are used to configure the chip at the rising edge of RESET# — see Pin Descrip-
tions and Summary of Configuration Options for details.
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General 10 Pins Configuration Register 0
REG[1Eh] RW
n/a n/a n/a n/a GPIO3 Pin GPIO2 Pin GPIO1 Pin n/a

10 Config. 10 Config. 10 Config.

Pins MA9, MA10, MA11 are multi-functional — they can be DRAM address outputs or general
purpose |0 dependent on the DRAM type. MD[7:6] are used to identify the DRAM type and
configure these pins as follows:

Table 8-11: MA/GPIO Pin Functionality

MD[7:6] at Pin Function
rising edge of
RESET# MA9 MA10 MA11
00 GPIO3 GPIO1 GPIO2
01 MA9 GPIO1 GPIO2
10 MA9 GPIO1 GPIO2
11 MA9 MA10 MA11

These bits are used to control the direction of these pins when they are used as general purpose 10.
These bits have no effect when the pins are used as DRAM address outputs.

bit 3 GPIO3 Pin IO Configuration

When this bit = 1, the GPIO3 pin is configured as an output pin.
When this bit = 0 (default), the GPIO3 pinis configured as an input pin.

bit 2 GPIO2 Pin 1O Configuration
When this bit = 1, the GPIO2 pin is configured as an output pin.
When this bit = 0 (default), the GPIO2 pinis configured as an input pin.

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

General 10 Pins Configuration Register 1
REG[1Fh] RW

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

Thisregister position is reserved for future use.

General 10 Pins Control Register 0
REG[20h] RW
GPIO3 Pin GPIO2 Pin GPIO1 Pin

n/a na na n/a 10 Status 10 Status 10 Status na

bit 3 GPIO3 Pin IO Status
When GPIO3 is configured as an output (see REG[1Eh]), a“1” in this bit drives GPIO3 high and a
“0” in this bit drives GPIO3 low.
When GPIO3 is configured as an input, a read from this bit returns the status of GPIO3.

Hardware Functional Specification S1D13505
Issue Date: 2008/12/16 X23A-A-001-14

Revision 14.2



Page 110 Epson Research and Development
Vancouver Design Center
bit 2 GPIO2 Pin 1O Status
When GPIO2 is configured as an output (see REG[1Eh]), a“1” in thisbit drives GPIO2 high and a
“0” inthis bit drives GPIO2 low.
When GPIO2 is configured as an input, aread from this bit returns the status of GPIO2.
bit 1 GPIO1 Pin IO Status

When GPIO1 is configured as an output (see REG[1Eh]), a“1” in this bit drives GPIO1 high and a
“0” in this bit drives GPIO1 low.
When GPIOL1 is configured as an input, aread from this bit returns the status of GPIOL1.

General IO Pins Control Register 1

REG[21h] RW
GPO Control |n/a n/a n/a n/a n/a n/a n/a

bit 7 GPO Control

Thisbit is used to control the state of the SUSPEND# pin when it is configured as General Purpose
Output (GPO). When this bit = 0, the GPO output is set to the reset state. When this bit = 1, the
GPO output is set to the inverse of the reset state. For information on the reset state of this pin see
“Miscellaneous I nterface Pin Descriptions* on page 28 and “ Summary of Power On/Reset
Options* on page 29.

Performance Enhancement Register 0
REG[22h] RW
RAS# RAS#
- . RAS#-to-
RC Timing RC Timing Precharge Precharge
Reserved Value Bit 1 Value Bit 0 CAS# Delay Timing Value |Timing Value Reserved Reserved
Value . .
Bit 1 Bit 0
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 all of the following are
true: the Display FIFO is disabled (REG[23h] bit 7 = 1), and the Half Frame Buffer is disabled
(REG[1Bh] bit 0 = 1), and the Ink/Cursor is inactive (Reg[27h] bits 7-6 = 00). This condition
also occurs when the CRT and LCD enable bits (Reg[0Dh] bits 1-0) have remained 0 since chip
reset. For further programming information, see S1ID13505 Programming Notes and Examples,
document number X23A-G-003-xx.
bit 7 Reserved
S1D13505 Hardware Functional Specification

X23A-A-001-14

Issue Date: 2008/12/16

Revision 14.2



Epson Research and Development Page 111

Vancouver Design Center

bits 6-5 RC Timing Value (Ngc) Bits[1:0]
These bits select the DRAM random-cycle timing parameter, tgc. These bits specify the number
(Nrc) of MCLK periods (Ty,) 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)
Nrc = Round-Up (tgag/Tm + Ngrp) if Ngp=1or2
= ROUnd'Up (tRAS/TM + 155) if NRP =15
Theresulting tgc isrelated to Ny asfollows:
tre =(Nrc) Tm
Table 8-12: Minimum Memory Timing Selection
. . Minimum Random Cycle
REG[22h] bits [6:5] Nrc Width (te)
00 5 5
01 4 4
10 3 3
11 Reserved Reserved
bit 4 RAS#-to-CASH Delay Value (Nrcp)

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

NRCD = ROUnd-Up((tRAC + 5)/TM - 1) if EDO and NRP =lor2

=2 if EDO and Ngp= 1.5

= Round-Up(trac/Tpm - 1) if FPM and Ngp=1o0r 2

= Round-U p(tRAC/TM - 045) if FPM and NRP =15
Note that for EDO-DRAM and Nrp = 1.5, thishit is automatically forced to O to select 2 MCLK for
NRrcp- Thisis done to satisfy the CAS# address setup time, tagc.

The resulting trc isrelated to Nrcp as follows:

tRCD = (NRCD) TM if EDO and NRP =lor2
tRCD = (15) TM if EDO and NRP =15
tRCD = (NRCD + 05) TM if FPM and NRP =lor2
tRCD = (NRCD) TM if FPM and NRP =15

Table 8-13: RAS#-t0-CAS# Delay Timing Select

REG[22h] bit 4 Nrcp RAS#-to-CAS# Delay (tRCD)
0 2 2
1 1 1
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bits 3-2 RASH# Precharge Timing Value (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
(Nrp) of MCLK periods (T)y,) used to create tgp — see the following formulae. Note, these formulae
assume an MCLK duty cycle of 50 +/- 5%.
Nrp =1 if (trp/Tm) <1
=15 if 1< (trp/Ty) <1.45
The resulting trc isrelated to Ngp as follows:
trp =(Ngrp+0.5) Ty if FPM refresh cycleand Ngp =1 or 2
tRP = (NRP) TM for al other
bits 1-0 Reserved
These bits must be set to 0.
Table 8-14: RAS Precharge Timing Select
REG[22h] bits [3:2] Ngrp RAS# Precharge Width (tgrp)
00 2 2
01 1.5 1.5
10 1 1
11 Reserved Reserved
Optimal DRAM Timing
Thefollowing table contains the optimal ly programmed values of Ngc, Ngp, and Nrcp for different
DRAM types, at maximum MCLK freguencies.
Table 8-15: Optimal Ngc, Ngp, and Ngcp values at maximum MCLK frequency
DRAM Speed Tm Nrc Nrp NrcD
DRAM Type ns) (ns) #MCLK) #MCLK) (#MCLK)
50 25 4 1.5 2
EDO 60 30 4 15 2
70 33 5 2 2
60 40 4 15 2
FPM 70 50 3 1.5 1
bit 0 Reserved
This reserved bit must be set to 0.
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Performance Enhancement Register 1
REG[23h] RW
CPU to CPU to . . . . .

. . .. | Display FIFO |Display FIFO |Display FIFO |Display FIFO |Display FIFO
D!splay FIFO | Memory Wait | Memory Wait Threshold Threshold Threshold Threshold Threshold
Disable State State Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Bit 1 Bit O
bit 7 Display FIFO Disable
When this bit = 1 the display FIFO is disabled and all data outputs are forced to zero (i.e., the
screen is blanked). This accelerates screen updates by allocating more memory bandwidth to CPU
aCCesses.
When this bit = 0 the display FIFO is enabled.
Note
For further performance increase in dual panel mode disable the half frame buffer (see section
8.2.7) and disable the cursor (see section 8.2.9).
bit 6-5 CPU to Memory Wait State Bits[1:0]
These bits are used to optimize the handshaking between the host interface and the memory con-
troller. The bits should be set according to the relationship between BCLK and MCLK — seethe
table below where Tg and Ty, are the BCLK and MCLK periods respectively.
Table 8-16: Minimum Memory Timing Selection
Wait State Bits [1:0] Condition
00 no restrictions (default)
01 2TM -4ns > TB
10 undefined
11 undefined
bits 4-0 Display FIFO Threshold Bits [4:0]

These bits specify the display FIFO depth required to sustain uninterrupted display fetches. When
these bitsare all “0”, the display FIFO depth is calculated automatically.
These bits should always be set to 0, except in the following configurations:
Landscape mode at 15/16 bpp (with MCLK=PCLK),
Portrait mode at 8/16 bpp (with MCLK=PCLK).
When in the above configurations, a value of 1Bh should be used.

Note
The utility 13505CFG will, given the correct configuration values, automatically generate the

correct values for the Performance Enhancement Registers.
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8.2.8 Look-Up Table Registers

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

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

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

For example, writing avalue 03h into the LUT Address Register sets the pointer to R[3]. A subse-
quent accessto the LUT Data Register accesses R[3] and moves the pointer onto G[ 3]. Subsequent
accessestothe LUT Data Register move the pointer onto B[3], R[4], G[4], B[4], R[], etc. Note that
the RGB dataisinserted into the LUT after the Blue dataiswritten, i.e. all three colors must be
written before the LUT is updated.

Look-Up Table Data Register
REG[26h] RW
LUT Data LUT Data LUT Data LUT Data n/a n/a na n/a
Bit 3 Bit 2 Bit 1 Bit 0
bits 7-4 LUT Data
This register is used to read/write the RGB Look-Up Tables. This register accesses the entry at the
pointer controlled by the Look-Up Table Address Register (REG[24h]) — see above.
Accesses to the Look-Up Table Data Register automatically increment the pointer.Note that the
RGB dataisinserted into the LUT after the Blue dataiswritten, i.e. al three colors must be written
beforethe LUT is updated.
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8.2.9 Ink/Cursor Registers
Ink/Cursor Control Register
REG[27h] RW
Ink/Cursor Ink/Cursor Cursor High | Cursor High | Cursor High | Cursor High
Mode Mode n/a n/a Threshold Threshold Threshold Threshold
Bit 1 Bit0 Bit 3 Bit 2 Bit 1 Bit0
bit 7-6 Ink/Cursor Control Bits[1:0]
These bits select the operating mode of the Ink/Cursor circuitry. See table below
Table 8-17: Ink/Cursor Selection
REG[27h] .
- - Operating Mode
Bit 7 Bit 6
0 0 inactive
0 1 Cursor
1 0 Ink
1 1 reserved
bit 3-0 Ink/Cursor FIFO Threshold Bits[3:0]

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

Cursor X Position Register 0

REG[28h] RW

Cursor X Cursor X Cursor X Cursor X Cursor X Cursor X Cursor X Cursor X

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

Cursor X Position Register 1

REG[29h] RW
Cursor X Cursor X

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

REG[29] bit 7 Reserved

This bit must be set to 0.

REG[28] bits 7-0
REG[29] bits 1-0

Cursor X Position Bits[9:0]

In Cursor mode, this 10-bit register is used to program the horizontal pixel position of the Cursor’s
top left pixel.

This register must be set to 0 in Ink mode.

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

REG[2Ah] RW
Cursor Y Cursor Y Cursor Y Cursor Y Cursor Y Cursor Y Cursor Y Cursor Y
Position Bit 7 | Position Bit 6 | Position Bit 5 | Position Bit 4 | Position Bit 3 | Position Bit 2 | Position Bit 1 | Position Bit 0
Cursor Y Position Register 1
REG[2Bh] RW
Cursor Y Cursor Y
Reserved n/a n/a n/a n/a n/a Position Bit 9 | Position Bit 8
REG[2Bh] bit 7 Reserved

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

This bit must be set to 0.

left pixel.
This register must be set to 0 in Ink mode.

Note

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

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

REG[2Ch]

Ink/Cursor Color 0 Register 0

RwW

Cursor Color
0Bit7

Cursor Color
O Bit6

Cursor Color
0 Bit5

Cursor Color
0 Bit4

Cursor Color
0 Bit 3

Cursor Color
0 Bit 2

Cursor Color
0Bit1l

Cursor Color
0BitO

Ink/Cursor C
REG|[2Dh]

olor 0 Register 1

RwW

Cursor Color

Cursor Color

Cursor Color

Cursor Color

Cursor Color

Cursor Color

Cursor Color

Cursor Color

0 Bit 15 0 Bit 14 0 Bit 13 0 Bit12 0Bit11 0 Bit 10 0 Bit9 0 Bit8
REG[2C] hits 7:0 Ink/Cursor Color 0 Bits[15:0]
REG[2D] bits 7:0 These bits define the 5-6-5 RGB Ink/Cursor color 0.

REG[2Eh]

Ink/Cursor Color 1 Register 0

RW

Cursor Color
1Bit7

Cursor Color
1 Bit6

Cursor Color
1Bit5

Cursor Color
1Bit4

Cursor Color
1Bit3

Cursor Color
1Bit2

Cursor Color
1Bit1l

Cursor Color
1Bit0

Ink/Cursor C
REG[2Fh]

olor 1 Register 1

RwW

Cursor Color
1 Bit 15

Cursor Color
1 Bit 14

Cursor Color
1Bit 13

Cursor Color
1Bit12

Cursor Color
1Bit11

Cursor Color
1 Bit 10

Cursor Color
1Bit9

Cursor Color
1Bit8

REG[2E] bits 7

REG[2F] bits 7:0

:0

Ink/Cursor Color 1 Bits[15:0]
These bits define the 5-6-5 RGB Ink/Cursor color 1
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Ink/Cursor Start Address Select Register

REG[30h] RW
Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Select Select Select Select Select Select Select Select

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

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

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

The start address for the Ink/Cursor buffer is programmed as shown in the following table where
Display Buffer Size represents the size in bytes of the attached DRAM device (see MD[7:6] in
Summary of Configuration Options):

Table 8-18: Ink/Cursor Sart Address Encoding

Ink/Cursor Start Address Bits [7:0]

Start Address (Bytes)

0 Display Buffer Size - 1024

n=255..1 Display Buffer Size - (n X 8192)

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

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

Cursor Address Offset (words) = 8

Alternate FRM Register

REG[31h] RW
Alternate Alternate Alternate Alternate Alternate Alternate Alternate Alternate
FRM FRM FRM FRM FRM FRM FRM FRM

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 7-0 Alternate Frame Rate Modul ation Select

Register that controls the alternate FRM scheme. When all bits are set to zero, the default FRM is
selected. For single passive, or dual passive with the half frame buffer enabled, either the origina
or the alternate FRM scheme may be used. The aternate FRM scheme may produce more visually
appealing output. The following table shows the recommended alternate FRM scheme values.

Table 8-19: Recommended Alter nate FRM Scheme

Panel Mode Register Value

Single Passive 0000 0000 or 1111 1111

Dual Passive w/Half Frame Buffer Enabled 0000 0000 or 1111 1010

Dual Passive w/Half Frame Buffer Disabled 1111 1111
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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]. See the table below:

Table 9-1: S1D13505 Addressing

Cs# M/R# Access

Register access:

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

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

1 X S1D13505 not selected

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

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

buffer.

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

512K Byte Buffer

Image Buffer

Ink/Cursor Buffer

Half-Frame Buffer

Image Buffer

Ink/Cursor Buffer

Half-Frame Buffer

Image Buffer

Ink/Cursor Buffer

Half-Frame Buffer

Image Buffer

Ink/Cursor Buffer

Half-Frame Buffer

AB[20:0]
000000h

07FFFFh
080000h

OFFFFFh
100000h

17FFFFh
180000h

1FFFFFh

2M Byte Buffer

Image Buffer

Ink/Cursor Buffer

Half-Frame Buffer

Figure 9-1: Display Buffer Addressing
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9.1 Image Buffer
The image buffer contains the formatted display mode data— see “ Display Mode Data Formats’ .

The displayed image(s) could take up only a portion of this space; the remaining area may be used
for multiple images — possibly for animation or general storage. See “Display Configuration” on
page 120 for the relationship between the image buffer and the display.

9.2 Ink/Cursor Buffers

The Ink/Cursor buffers contain formatted image data for the Ink or Cursor. There may be several
Ink/Cursor images stored in the display buffer but only one may be active at any given time. See
“Ink/Cursor Architecture” on page 129 for details.

9.3 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 type:

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.
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10 Display Configuration

10.1 Display Mode Data Format

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

1 bpp: ) .
bit 7 bit 0 PoP1P,P3P4P5Pg Py
Byte 0 Apg | AL | A2 |As | Ag | As | Ag | A7 EEEEEEE
Pn=(Ap)
Panel Display
Host Address Display Memory
2 bpp: bit 7 bit 0 PoP1P2P3P,PsPg Py
HEEEEEN
Byte 0 Ao [Bo | AL [B1 | A2 [ By | A3 | B3
Byte 1 Ay | Bsg | As | Bs | Ag | Bg | A7 | B7
Pn = (An, Bp)
Panel Display
Host Address Display Memory
4 bpp:
it 7 bit 0 PoP1P2P3P4PsPe Py
Byte 0 Ao |Bo | Co | Do |Ar | By |Cy| Dy LTI T
Byte 1 Az | B2 | Co | Dy | Az | B3 | C5 | D3
P,=(A, B, C, D
Byte 2 Ag [ Bg | Cq|Dyg|As | Bs|Cs|Ds = A B G Br)
Panel Display
Host Address Display Memory
8 bpp:
bit 7 bit 0 PoP1P;P3P4PsPgP7
Byte O Ay |Bo |Co Do |Eo |Fo [Go [Ho [TTTTTT]
Byte 1 Al Bl Cl Dl El Fl Gl Hl
P, = (An: Bns Cryy DnoEps Frys Gy Hp)
Byte 2 A, 1By |G |Dy |E, [Fa [G2 [Ha n = A Pns ony Pnsbns P Bns Pl
Panel Display
Host Address Display Memory
Figure 10-1: 1/2/4/8 Bit-per-pixel Format Memory Organization
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15 bpp:
5.5.5 RGB PoP1 P P3P4PsPg Py
bit 7 bit 0 HEEEEEE
Byte 0 Go? |Go' [Go® [Bo* [Bo® [Bo? [Bo! [Bo®
_(p 40 40 p 40
Byte 1 Ro* |Ro3 [Ro? |Ro! |Re? [Go* [Go® Pn=(Ry"", Gy "7 By )
2 1 0 4 3 2 1 0
Byte 2 G,% |G |G,2|B.* |B2 |By? |B1! |B
yie ! ! Gl i ! ! ! : Panel Display
Byte 3 Ri? |R3 |R.2 |RL RO [G1* [643
Host Address Display Memory
16 bpp:
5-6-5RGB PoP1P,P3P4PsPgP7
bit 7 bit 0 [TTTTTT]
Byte 0 Go? |Go" |Go° [Bo* |Bo® |Bo? [Bot [Bo?
Byte 1 Ro* [Ro® |Ro? [Ro® |Re® |Go® (Go* |Gl Pr=(R,*, G, %0, B,*0)
Byte 2 G.? |G1" |G1° B1* |B:® |B42 [By! [B,°
Panel Display
Byte 3 Ri* [R:® [R? Ry Ry |G1° |G4* |G,3
Host Address Display Memory
Figure 10-2: 15/16 Bit-per-pixel Format Memory Organization
Note
1. TheHost-to-Display mapping shown hereisfor alittle-endian system.
2. For 15/16 bpp formats, R, Gy, B, represent the red, green, and blue color components.
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10.2 Image Manipulation

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

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

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

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

« (REG[OFh],REG[0Eh]) define the last line of Screen 1, the remainder of the display is taken up

by Screen 2

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

REG[18h] bits [3:0]

=

(REG[15h], REG[14h], REG[13h])

REG[18h] bits [7:4]

L[« 1]

Screen 2

«——— (REG[17h], REG[l6h]) ——»

Display

((REG[09h], REG[08h])+1) lines

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\“_

Screen 2

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

Figure 10-3: Image Manipulation
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11 Look-Up Table Architecture

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

11.1 Monochrome Modes

The green Look-Up Table (LUT) is used for al monochrome modes.

1 Bit-per-pixel Monochrome mode

Green Look-Up Table 256x4

00 EEEEio\\ 4-bit Grey Data
01 I by A

1 bit-per-pixel data
from Image Buffer

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

2 Bit-per-pixel Monochrome Mode

Green Look-Up Table 256x4

\

82 82 4-bit Grey Data
02 10 g
03 11

E A
FC
FD
FE
FF

2 bit-per-pixel data
from Image Buffer

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

Green Look-Up Table 256x4
00 0000
01 0001
02 0010
03 0011
04 0100
82 0101
0110 _bi

07 0111 4-bit Grey Data R
08 1000
09 1001
0A 1010
0B 1011
0C 1100
ob 1101
OE 1110
OF 1111
FC

FD

FE

FF

4 bit-per-pixel data
from Image Buffer

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

1 Bit-per-pixel Color Mode

Red Look-Up Table 256x4

00
01

4-bit Red Data

°/

R

Green Look-Up Table 256x4

00
01

4-bit Green Data

o

Blue Look-Up Table 256x4

00
01

4-bit Blue Data

e

FC
FD
FE
FFI— T 1 | |
1 bit-per-pixel data
from Image Buffer
Figure 11-4: 1 Bit-per-pixel Color Mode Data Output Path
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2 Bit-per-pixel Color Mode

Red Look-Up Table 256x4

89 8(1) 4-bit Red Data
02 10 4
03 11
: [
FC 4T
FD
FE
FF

88 00\‘ 4-bit Green Data

02 ” >
03 L 1

FC [

FD

FE

FF

00 4-bit Blue Data
01

10
11

[eleolele]
WN RO
Xy
v

‘|'|
0O

2 bit-per-pixel data
from Image Buffer

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

4 bit-per-pixel data

Red Look-Up Table 256x4

0000

0001

0010

0011

0100

0101

0110

0111

4-bit Red Data

1000

1001

1010

1011

1100

1101

1110

Green Look-Up Table 256x4

1111

0000

0001

0010

0011

0100

0101

0110

0111

4-bit Green Data

v

1000
1001

1010

1011

1100

1101

1110

1111

| &

0000

0001

0010

0011

0100

0101

0110

0111

4-bit Blue Data

v

1000

1001

1010

1011

1100

1101

1110

X

1111

from Image Buffer

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

8 bit-per-pixel data
from Image Buffer

Red Look-Up Table 256x4

00 0000 0000
01 0000 0001
02 0000 0010
03 0000 0011
04 0000 0100
05 0000 0101
06 0000 0110
07 0000 0111
F8 1111 1000
F9 1111 1001
FA 1111 1010
FB 11111011
FC 1111 1100
FD 11111101
FE 1111 1110
FF 11111111

00 0000 0000
01 0000 0001
02 0000 0010
03 0000 0011
04 0000 0100
05 0000 0101
06 0000 0110
07 0000 0111
F8 1111 1000
F9 1111 1001
FA 1111 1010
FB 1111 1011
FC 1111 1100
FD 1111 1101
FE 11111110
FF 11111111

00 0000 0000
01 0000 0001
02 0000 0010
03 0000 0011
04 0000 0100
05 0000 0101
06 0000 0110
07 0000 0111
F8 1111 1000
F9 1111 1001
FA 1111 1010
FB 1111 1011
FC 1111 1100
FD 11111101
FE 1111 1110
FF 11111111

4-bit Red Data

4-bit Green Data

v

4-bit Blue Data

Figure 11-7: 8 Bit-per-pixel Color Mode Data Output Path

15/16 Bit-per-pixel Color Modes

The LUT is bypassed and the color datais directly mapped for this color mode — See “ Display

Configuration” on page 120.
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12 Ink/Cursor Architecture

12.1 Ink/Cursor Buffers

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

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

Table 12-1: Ink/Cursor Start Address Encoding

Ink/Cursor Start

Address Bits [7:0] Start Address (Bytes) Comments

. . This default value is suitable for a cursor
0 Display Buffer Size - 1024
Isplay Butler size when there is no half-frame buffer.

These positions can be used to:
¢ position an Ink buffer at the top of the

display buffer;
n=255 1 Display Buffer Size - « position an Ink buffer between the image
(n x 8192) and half-frame buffers;

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

« select from a multiple of Cursor buffers.

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

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

Cursor Address Offset (words) = 8

12.2 Ink/Cursor Data Format

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

2 bpp: bit 7 bit 0 PoP1P»P3P,PsPg P,
HEEEEEN
Byte 0 » Ao | Bo | A1 | Br | A2 | B2 | A3 | B3
Byte 1 » A4 | By | As | Bs | Ag | Bg | A7 | By
Pn = (An, Bp)
Panel Display
Host Address Ink/Cursor Buffer
Figure 12-1: Ink/Cursor Data Format
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Theimage data for pixel n, (A,,B},), selects the color for pixel n asfollows:
Table 12-2: Ink/Cursor Color Select

(An.Bp) Color Comments
00 Color 0 Ink/Cursor Color 0 Register, (REG[2Dh],REG[2Ch])
01 Color 1 Ink/Cursor Color 1 Register, (REG[2Fh],REG[2Eh])
10 Background Ink/Cursor is transparent — show background
11 Inverted Background IbnakéE;r?Sr:cijs transparent — show inverted

12.3 Ink/Cursor Image Manipulation

12.3.1 Ink Image
The Ink image should always start at the top |eft pixel, i.e. Cursor X Position and Cursor Y Position
registersshould always be set to zero. The width and height of theink image are automatically cal cu-
lated to completely cover the display.

12.3.2 Cursor Image

The Cursor image size is always 64x64 pixels. The Cursor X Position and Cursor Y Position
registers specify the position of the top |eft pixel. The following diagram shows how to position a

cursor.
[T
P(0;0)
P(X;y) P(x+63y)
- O
|
|
I |
Oo_ _ _ _0O
P(x;y+63) P(x+63;y+63)
Figure 12-2: Cursor Positioning
where x = (REG[29h] bits[1:0], REG[28h]) REG[29h] bit 7=0
y = (REG[2Bh] bits[1:0], REG[2A]) REG[2Bh] bit 7=0
Note

There is no means to set a negative cursor position. If acursor must be set to a negative position,
this must be dealt with through software.
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13 SwivelView™

13.1 Concept

Computer displaysarerefreshed in landscape—from left to right and top to bottom; computer images
are stored in the same manner. When adisplay isused in SwivelView it becomes necessary to rotate
the display buffer image by 90°. SwivelView rotates the image 90° clockwise asit is written to the
display buffer. Thisrotationisdonein hardware and istransparent to the programmer for all display
buffer reads and writes.

SwivelView uses a 1024 x 1024 pixel virtual image. The following figures show how the
programmer sees the image and how the image is actually stored in the display buffer. The display
isrefreshed in the following sense: C-A—-D-B. The application imageiswritten to the S1ID13505 in
the following sense: A—-B—C-D. The S1D13505 rotates and stores the application image in the
following sense: C-A—D-B, the same sense as display refresh.

1024 pixels 1024 pixels
A B A A o >
) £ 3
display 5 S H
start g s
portrait W " address = -
window T o w

s < >

S w

o

—

C D v
>
H
v
image seen by programmer image in display buffer
Figure 13-1: Relationship Between The Screen Image and the Image Residing in the Display Buffer
Note
The image must be written with a 1024 pixel offset between adjacent lines (e.g. 1024 bytes for
8 bpp mode or 2048 bytes for 16 bpp mode) and a display start address that is non-zero.
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13.2 Image Manipulation in SwivelView

Display Start Address

It can be seen from Figure 13-1 that the top | eft pixel of the display isnot at the top |eft corner of the
virtual image, i.e. it is non-zero. The Display Start Address register must be set accordingly:
Display Start Address (words) =(1024 - W) for 16 bpp mode
=(1024-W) /2 for 8 bpp mode

Memory Address Offset
The Memory Address Offset register must be set for a 1024 pixel offset:
Memory Address Offset (words) =1024 for 16 bpp mode
=512 for 8 bpp mode

Horizontal Panning

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

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

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

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

Vertical Scrolling

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

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

Because the programmer must now deal with avirtual display, the amount of image buffer required
for aparticular display mode has increased. The minimum amount of image buffer required is:
Minimum Required Image Buffer (bytes)
=(1024 x H) x 2 for 16 bpp mode
=(1024 x H) for 8 bpp mode

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

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

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

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

For example, a640x480 single panel running 8 bpp mode requires 480K byte of image buffer and
OK byte of half-frame buffer memory. The virtual display sizeis 1024x1024 = 1M byte. The
programmer may use a 512K byte DRAM which is smaller than the 1M byte virtual display but
greater than the 480K byte minimum required image buffer. The maximum accessible horizontal
virtual sizeis= (512K byte - OK byte) / 1024 = 512. The programmer therefore has room to pan the
portrait window to the right by 512 - 480 = 32 pixels. The programmer also should not read/write to
the memory beyond the maximum accessible horizonta virtual size because that memory is either
reserved for the half-frame buffer or not associated with any real memory at all.

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

panel Size | Panel Tvoe Display Display |Half-Frame| Minimum L:per:tgﬂ?fker Ink/Cursor
yp Mode Buffer Size|Buffer Size | DRAM Size Y Size Layer Location
8b 240KB
Color —5 bIOIO 480KB
Single i OKB 496K B/ 480KB
Mono 8 bpp 240K B
16 bpp 480KB
320 x 240 1KB/18.75KB
X 8 bpp 240KB 512KB 480K B/464KB
Color 18.75KB
oul 16 bpp 480KB 480K B/
8 bpp 240K B
Mono | ke | 469KB 496K B/480KB
coror | 8PP 480KB 496K B/
Sndle 16 bpp 960KB oKE >MB 032K B/1968KB
g oo |__8DPP 480KB 512KB 496K B/
16 bpp 960K B
640 x 480 1KB/75KB
% corer | 8PP 480KB e oMB 2032K/1968K
ou 16 bpp 960KB
8 bpp 480KB 512KB 496K B/
Moo — & bop geokg | o7oKB 032K B/1968KB
8b 600KB
Color i
Sindle 16 bpp 1.2MB OKB
g oo |__85PP 600KB
800 x 600 16 bpp 1.2MB 2MB KB/ | 032K B/1920KB
8 bpp 600KB 117.19KB
Color 117.19KB
ou 16 bpp 12MB
Mono |__SPPP O00KB | 29.30kB
16 bpp 1.2MB '

Where KB = K bytesand MB = 1024K bytes

13.4 Limitations

The following limitations apply to SwivelView:

« Only 8 bpp and 16 bpp modes are supported — 1/2/4 bpp modes are not supported.

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

 Split screen images appear side-by-side, i.e. the portrait display is split verticaly.

 Pixel panning works vertically.
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14 Clocking

14.1 Maximum MCLK: PCLK Ratios

Table 14-1: Maximum PCLK Freguency with EDO-DRAM

Ink Display t N Maximum PCLK Allowed
n Isplay type RC
1bpp ‘ 2 bpp | 4 bpp | 8 bpp ‘ 16 bpp
« Single Panel.
¢ CRT.
» Dual Monochrome/Color Panel with Half Frame Buffer
Disabled. 54,3 MCLK
e Simultaneous CRT + Single Panel.
¢ Simultaneous CRT + Dual Monochrome/Color Panel
with Half Frame Buffer Disabled.
off I, Dual Monochrome Panel with Half Frame Buffer 5 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
Enabled. 4 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
* Simultaneous CRT + Dual Monochrome Panel with
Half Frame Buffer Enable. 3 MCLK MCLK MCLK/2 | MCLK/2 | MCLK/2
» Dual Color Panel with Half Frame Buffer Enabled. 5 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3 | MCLK/3
¢ Simultaneous CRT + Dual Color Panel with Half 4 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
Frame Buffer Enable.
3 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
« Single Panel. 5 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
¢ CRT. 4 MCLK | MCLK | MCLK/2 | MCLK/2 | MCLK/2
» Dual Monochrome/Color Panel with Half Frame Buffer
Disabled.
e Simultaneous CRT + Single Panel. 3 MCLK MCLK MCLK | MCLK/2 | MCLK/2
¢ Simultaneous CRT + Dual Monochrome/Color Panel
with Half Frame Buffer Disabled.
ON |+ Dual Monochrome Panel with Half Frame Buffer 5 MCLK/2 | MCLK/3 | MCLK/3 | MCLK/3 | MCLK/3
Enabled. 4 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3 | MCLK/3
¢ Simultaneous CRT + Dual Monochrome Panel with
Half Frame Buffer Enable. 3 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
» Dual Color Panel with Half Frame Buffer Enabled. 5 MCLK/3 | MCLK/3 | MCLK/3 | MCLK/3 | MCLK/4
e Simultaneous CRT + Dual Color Panel with Half 4 MCLK/2 | MCLK/2 | MCLK/3 | MCLK/3 | MCLK/3
Frame Buffer Enable.
3 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
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Table 14-2: Maximum PCLK Frequency with FPM-DRAM

Ink Display t N Maximum PCLK allowed
n Isplay type RC
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.
off « Dual Monochrome with Half Frame Buffer Enabled. 5 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
¢ Simultaneous CRT + Dual Monochrome Panel with 4 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2
Half Frame Buffer Enable.

3 MCLK MCLK MCLK | MCLK/2 | MCLK/2
¢ Dual Color with Half Frame Buffer Enabled. 5 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
« Simultaneous CRT + Dual Color Panel with Half 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
¢ Single Panel. 5 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
* CRT. 4 MCLK | MCLK | MCLK/2 | MCLK/2 | MCLK/2
¢ Dual Monochrome/Color Panel with Half Frame Buffer

Disabled.
* Simultaneous CRT + Single Panel. 3 MCLK | MCLK | MCLK | MCLK/2 | MCLK/2
¢ Simultaneous CRT + Dual Monochrome/Color Panel
with Half Frame Buffer Disabled.
on g Dual Monochrome with Half Frame Buffer Enabled. 5 MCLK/2 | MCLK/2 | MCLK/3 | MCLK/3 | MCLK/3
* Simultaneous CRT + Dual Monochrome Panel with 4 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
Half Frame Buffer Enable.

3 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
¢ Dual Color with Half Frame Buffer Enabled. 5 MCLK/3 | MCLK/3 | MCLK/3 | MCLK/3 | MCLK/4
¢ Simultaneous CRT + Dual Color Panel with Half 4 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3 | MCLK/3

Frame Buffer Enable.
3 MCLK/2 | MCLK/2 | MCLK/2 | MCLK/2 | MCLK/3
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14.2 Frame Rate Calculation

The frame rateis calculated using the following formula:

PCLKax
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 = REG[0AhR] hits [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 14-3: Example Frame Rates with Ink Disabled

Maximum Minimum Maximum Frame
1 .
(SDE:;I\; (-?r/z(je) Display Resolution Col(()brp[r)spth glgsll( Panel Rate (Hz)
4
(MH2) HNDP(Ts) | Panel CRT
« Single Panel. 2 1/2/4/8 32 80 60
800x600 3
* CRT. 15/16 56 78 60
» Dual Monochrome/Color Panel
with Half Frame Buffer Disabled.® 640x480 L2/a/8 32 123 85
 Simultaneous CRT + Single Panel. 15/16 o6 119 85
50ns « Simultaneous CRT + Dual 172/4/8 32 247 -
. 640x240 40
EDO-DRAM | Monochrome/Color Panel with Half 15/16 56 242 .
Frame Buffer Disabled.®
1/2/4/8 32 243 -
MCIk = 40MHz 480x320
Nor = 4 15/16 56 232 -
RC =
Nrp = 1.5 1/2/4/8 32 471 -
N =2 320x240
RCD 15/16 56 441 -
» Dual Color with Half Frame Buffer 800x60023 1/2/4/8 20 32 80 -
X ,
Enabled. 15/168 13.3 32 53 -
* Dual Mono with Half Frame Buffer 12418 20 32 123
Enabled. 640x480
15/16 13.3 32 82 -
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Table 14-3: Example Frame Rates with Ink Disabled (Continued)

Maximum Minimum Maximum Frame
1 .
(gseée,\(;l gzge) Display Resolution Colz)rpl?spth glgi Panel Rate (Hz)
4
(MH2) HNDP(Ts) | Panel CRT
« Single Panel. 2 1/2/4/8 32 66 55
800x600 5
* CRT. 15/16 56 65 55
» Dual Mono/Color Panel with Half
Frame Buffer Disabled.? 640x480 1/2/4/8 32 101 8
 Simultaneous CRT + Single Panel. 1516 o6 98 8
60ns « Simultaneous CRT + Dual 172418 32 203 -
M . 640x240 33
EDO-DRAM ono/Color Panel with Half Frame 15/16 56 200 .
Buffer Disabled.®
1/2/4/8 32 200 -
MClk = 33MHz 480x320
Now = 4 15/16 56 196 -
RC =
Ngp =15 1/2/4/8 32 388 -
N =2 320x240
RCD 15/16 56 380 -
 Dual Color with Half Frame Buffer 800x60023 1/2/4/8 16.5 32 66 -
X ,
Enabled. 15/16° 11 32 43 -
* Dual Mono with Half Frame Buffer 12148 165 32 103
Enabled. 640x480 :
15/16 11 32 68 -
« Single Panel. 800x600° 1/2/4/8 32 50 -
X
* CRT. 15/16° 56 48 -
» Dual Mono/Color Panel with Half
Frame Buffer Disabled.? 640x480 1/2/4/8 32 " 60
 Simultaneous CRT + Single Panel. 1516 o6 75 60
« Simultaneous CRT + Dual 1/2/4/18 32 142 -
Mono/Color Panel with Half Frame | 640%240 15/16 25 56 136 .
60N Buffer Disabled.®
S 1/2/4/8 32 152 -
FPM-DRAM 480x320
15/16 56 145 -
MClk = 25MHz 1/2/4/8 32 294 -
Np~ = 4 320x240
N RC_ L5 15/16 56 280 -
Nmep =2 |* Dual Mono with Half Frame Buffer | 800x600% |1/2/4/8/15/16°| 125 32 50 i
Enabled. 640x480 | 1/2/4/8/15/16 | 125 32 77 -
640x400 | 1/2/4/8/15/16 12.5 32 92 -
* Dual Color with Half Frame Buffer 800x6002:3 1/2/4/8 125 32 50 -
X ,
Enabled. 15/16° 8.33 32 33 -
1/2/4/8 125 32 77 -
640x480
15/16 8.33 32 51 -
1. Must set Ngc = 4MCLK. See REG[22h], Performance Enhancement Register.
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.
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4. Optimum frame rates for panels range from 60Hz to 150Hz. If the maximum refresh rate istoo
high for apanel, MCLK should be reduced or PCLK should be divided down.

5. Half Frame Buffer disabled by REG[1BH] bit 0.

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

14.3 Bandwidth Calculation
When cal culating the average bandwidth, there are two periods that must be calculated separately.

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

The second period isthetimewhen the CPU hasfull accessto the memory, with no competition from
the display refresh. The CPU bandwidth during this period is called the “bandwidth during non
display period.”

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

Bandwidth during non display period

Based on simulation, it requires aminimum of 12 MCLKsto service one, two byte, CPU access to
memory. Thisincludesall theinternal handshaking and assumesthat Ng¢ is set to AMCLKs and the
wait state bits are set to 10b.

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

Bandwidth during display period
The amount of time taken up by display refresh fetchesis a function of the color depth, and the
display type. Below is atable of the number of MCLKSs required for various memory fetches to
display 16 pixels. Assuming Ngc = 4MCLKs.

Table 14-4: Number of MCLKSs required for various memory access

Memory access Number of MCLKs
Half Frame Buffer, monochrome 7
Half Frame Buffer, color 11

Display @ 1 bpp
Display @ 2 bpp
Display @ 4 bpp

Display @ 8 bpp 11

Display @ 16 bpp 19

CPU 4
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Table 14-5: Total # MCLKs taken for Display refresh

MCLKs for Display Refresh

Display
lbpp|2bpp |4 bpp|8bpp |16 bpp

« Single Panel.
* CRT.

Buffer Disabled.

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

Buffer Enable.

¢ Dual Monochrome Panel with Half Frame Buffer Enabled.
« Simultaneous CRT + Dual Monochrome Panel with Half Frame 11 12 14 18 26

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

Average Bandwidth

Bandwidth during display period = MIN (bandwidth during non display period, B/C/D)
where B = number of MCLKs |eft available for CPU access after every 16 pixels drawn
= (f(MCLK)/f(PCLK) * 16 - Total MCLK for Display refresh), unitsin MCLK's 16 pixels
where C = number of MCLKs required to service 1 CPU access (2 bytes of data)
=4, unitsin MCLK</2 bytes
where D = time to draw 16 pixels
=16/ f(PCLK), unitsin 16 pixels

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

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

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

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

Average Bandwidth =
Percentage of non display period * Bandwidth during non display period +
(1- Percentage of non display period) * Bandwidth during display period
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Table 14-6: Theoretical Maximum Bandwidth M byte/sec, Cursor/Ink disabled

DRAM Typel . Max. Pixel Maximum Bandwidth (M byte/sec)
d d 640x480 Display Clock
(Speed Grade) (MH2) lbpp | 2bpp | 4bpp | 8bpp | 16 bpp
* CRT.
 Simultaneous CRT + Single Panel.
« Simultaneous CRT + Dual 40 6.67 | 6.67 | 667 | 636 | 179
Monochrome/Color Panel with Half
Frame Buffer Disabled.
« Single Panel. 40 6.67 6.67 6.60 6.27 0.41
» Dual Monochrome/Color Panel with Half
50ns Frame Buffer Disabled. 20 6.67 6.67 6.67 6.67 6.67
EDO-DRAM -
MCLK = 40MHz |° gu?fl Mgnokc)lhrgme Panel with Half Frame 40 6.27 5.11 - - -
utter Enapled. 20 667 | 667 | 667 | 6.67 | 3.94
13.3 6.67 6.67 6.67 6.67 6.67
« Simultaneous CRT + Dual Mono Panel
with Half Frame Buffer Enable. 40 6.36 5.44 ) ) )
» Dual Color Panel with Half Frame Buffer 20 6.67 6.67 6.27 6.27 -
Enabled. 13.3 667 | 667 | 667 | 667 | 667
¢ CRT.
 Simultaneous CRT + Single Panel.
» Simultaneous CRT + Dual 33 5.5 5.5 5.5 5.24 1.47
Monochrome/Color Panel with Half
Frame Buffer Disabled.
« Single Panel. 33 55 5.5 5.5 5.17 0.34
» Dual Monochrome/Color Panel with Half
60ns Frame Buffer Disabled. 16.5 5.5 5.5 5.5 5.5 5.5
EDO-DRAM -
MCLK = 33MHz |* [B)u?fl Mgnoglhrgme Panel with Half Frame 33 5.17 4.21 - - -
utter Enabled. 16.5 5.5 5.5 5.5 55 | 3.25
11 55 55 55 55 55
* Simultaneous CRT + Dual Monochrome
Panel with Half Frame Buffer Enable. 33 5.24 4.49 ) ) )
» Dual Color Panel with Half Frame Buffer 16.5 5.5 55 55 5.17 -
Enabled. 11 5.5 5.5 5.5 5.5 5.5
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Table 14-6: Theoretical Maximum Bandwidth M byte/sec, Cursor/Ink disabled (Continued)

DRAM Typel _ Max. Pixel Maximum Bandwidth (M byte/sec)
640x480 Display Clock
(Speed Grade) (MH2) lbpp | 2bpp | 4bpp | 8bpp | 16 bpp
* CRT.
 Simultaneous CRT + Single Panel.
« Simultaneous CRT + Dual 25 4.16 4.16 4.16 3.97 1.11
Monochrome/Color Panel with Half
Frame Buffer Disabled.
« Single Panel. 25 4.16 4.16 4.16 3.92 0.26
» Dual Monochrome/Color Panel with Half
60ns Erame Buffer Disabled. 12.5 416 | 416 | 416 | 416 | 4.16
FPM-DRAM -
MCLK = 25MHz |* Pual Monochrome with Half Frame Buffer 25 3.92 3.19 - - -
Enabled. 125 416 | 416 | 416 | 416 | 246
8.3 4.16 4.16 4.16 4.16 4.16
* Simultaneous CRT + Dual Monochrome
Panel with Half Frame Buffer Enable. 25 3.97 340 ) ) )
» Dual Color Panel with Half Frame Buffer 12.5 4,16 4.16 4.16 3.92 -
Enabled. 8.33 416 | 416 | 416 | 416 | 4.16
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15 Power Save Modes

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

Table 15-1: Power Save Mode Function Summary

Power Save Mode (PSM)
Function Normal No Display Software Hardware
(Active) LCDEnable =0 Suspend Suspend
CRTEnable=0 P P
Display Active? Yes No No No
Register Access Possible? Yes Yes Yes No
Memory Access Possible? Yes Yes No No
LUT Access Possible? Yes Yes Yes No
Table 15-2: Pin Satesin Power-save Modes
Pin State
Pins Normal No Display Software Hardware
(Active) LCDEnable =0 Suspend Suspend
CRTEnable =0 P P
Active 2 2 2
LCD outputs (LCDEnable = 1) Forced Low Forced Low Forced Low
LCDPWR on off off off

(LCDEnable = 1)

CBR Refresh

DRAM outputs Active only Refresh Only! | Refresh Only?
Active . . .
CRT/DAC outputs (CRTEnable = 1) Disabled Disabled Disabled
Host Interface outputs Active Active Active Disabled

1. Refresh method is selectable by REG[1Ah]. Supported methods are CBR refresh, self-refresh
or no refresh at all.

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

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

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

Hardware Functional Specification S1D13505
Issue Date: 2008/12/16 X23A-A-001-14

Revision 14.2



Page 144 Epson Research and Development

Vancouver Design Center

16 Mechanical Data

128-pin QFP15 surface mount package Unit: mm
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Figure 16-1: Mechanical Drawing QFP15
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17 Sales and Technical Support

AMERICA

ASIA

EPSON ELECTRONICS AMERICA, INC.
2580 Orchard Parkway
San Jose, CA 95131,USA

Phone: +1-800-228-3964 FAX: +1-408-922-0238

EUROPE

EPSON EUROPE ELECTRONICS GmbH
Riesstrasse 15, 80992 Munich,
GERMANY

Phone: +49-89-14005-0 FAX: +49-89-14005-110

17.1 Ordering Information

EPSON (CHINA) CO., LTD.

7F, Jinbao Bldg., N0.89 Jinbao St.,

Dongcheng District,

Beijing 100005, CHINA

Phone: +86-10-6410-6655  FAX: +86-10-6410-7320

SHANGHAI BRANCH

7F, Block B, High-Tech Bldg., 900, Yishan Road,
Shanghai 200233, CHINA

Phone: +86-21-5423-5522  FAX: +86-21-5423-5512

SHENZHEN BRANCH

12F, Dawning Mansion, Keji South 12th Road,

Hi-Tech Park, Shenzhen 518057, CHINA

Phone: +86-755-2699-3828 FAX: +86-755-2699-3838

EPSON HONG KONG LTD.

20/F, Harbour Centre, 25 Harbour Road

Wanchai, Hong Kong

Phone: +852-2585-4600 FAX: +852-2827-4346
Telex: 65542 EPSCO HX

EPSON TAIWAN TECHNOLOGY & TRADING LTD.
14F, No. 7, Song Ren Road,

Taipei 110, TAIWAN

Phone: +886-2-8786-6688  FAX: +886-2-8786-6660

EPSON SINGAPORE PTE., LTD.

1 HarbourFront Place,

#03-02 HarbourFront Tower One, Singapore 098633
Phone: +65-6586-5500 FAX: +65-6271-3182

SEIKO EPSON CORP.

KOREA OFFICE

50F, KLI 63 Bldg., 60 Yoido-dong
Youngdeungpo-Ku, Seoul, 150-763, KOREA
Phone: +82-2-784-6027 FAX: +82-2-767-3677

SEIKO EPSON CORP.
SEMICONDUCTOR OPERATIONS DIVISION

IC Sales Dept.

IC International Sales Group

421-8, Hino, Hino-shi, Tokyo 191-8501, JAPAN
Phone: +81-42-587-5814  FAX: +81-42-587-5117

To order the S1D13505 Embedded RAMDAC LCD/CRT Controller, contact the Epson

sales representative in your area.
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Change Record

X23A-A-001-14 Revision 14.2 - Issued: December 16, 2008
« all changes from the last revision of the spec are highlighted in Red
« section 17 - update Sales and Technical Support addresses
* release as revision 14.2 to align with Japan numbering
X23A-A-001-14 Revision 14.01 - Issued: September 19, 2007
« all changes from the last revision of the spec are highlighted in Red

« added section 17 with Sales and Technical Support addresses
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