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S1D13506
S1D13506 COLOR LCD/CRT/TV CONTROLLER March 2001

The S1D13506 is a color LCD/CRT/TV graphics controller interfacing to a wide range of CPUs and display devices.
The S1D13506 architecture is designed to meet the low cost, low power requirements of the embedded
markets, such as Mobile Communications, Hand-Held PC’s, and Office Automation.

The S1D13506 supports multiple CPUs, all LCD panel types, CRT, TV, and additionally provides a number of
differentiating features. Products requiring digital camera input can take advantage of the directly supported
WINNOV VideumCam™ digital interface. EPSON Independent Simultaneous Display allows the user to configure
two different images on two different displays, while the SwivelView™, Hardware Cursor, Ink Layer, and BitBLT
engine offer substantial performance benefits. These features, combined with the S1D13506’s Operating System
independence, make it an ideal display solution for a wide variety of applications.

m FEATURES

* 16-bit EDO-DRAM or FPM-DRAM interface. * SwivelView™: 90°, 180°, 270° hardware =t

* Memory size options: rotation of displayed image.
512K bytes using one 256Kx16 device. * EPSON Independent Simultaneous Display:
2M bytes using one 1Mx16 device. displays different images on different displays.

* Multiple CPU interface support. * Virtual Display Support: displays images larger

* Resolutions up to: than the panel size through the use of panning.
640x480 at a color depth of 16 bpp. * Hardware Cursor or full screen Ink Layer.
800x600 at a color depth of 16 bpp. * 2D BitBLT Engine.

* Display Support for: * WINNOV Videum® Cam digital camera interface.
4/8/16-bit passive panels. * Software initiated Power Save Mode.

9/12 TFT/D-TFD panels.

18-bit TFT/D-TFD to a depth of 64K colors.
CRT.

NTSC and PAL TV Output.

* Operating System Independent.
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m DESCRIPTION

Memory Interface
® 16-bit EDO-DRAM or FPM-DRAM interface.

® Addressable as a single linear address space.
CPU Interface

® Supports the following interfaces:
EPSON EOC33 NEC MIPS VR41xx
Hitachi SH-4/SH-3 PC Card (PCMCIA)

ISA bus Philips MIPS PR31500/PR31700
Motorola M68xxx StrongARM (PC Card)
Motorola MPC821 Toshiba MIPS TX39xx

MPU with programmable READY
® CPU Write buffer.
Display Support
® L CD Panels: 4/8/16-bit passive LCD interface.
9/12-bit TFT/D-TFD.
18-bit TFT/D-TFD to a depth of 64K colors.

® CRT: Embedded RAMDAC for direct analog CRT.
*TV: Composite/S-Video TV output.

NTSC/PAL support.

Flicker filter.

Luminance filter.
Chrominance filter.

® Maximum resolution of 800x600 at 16 bpp.

Power Down Modes
® Software initiated power save mode.

® LCD Power Sequencing.

Digital Video Camera Interface
® Built-in WINNOV Videum® Cam digital camera interface.
Display Modes
® 4/8/16 bit-per-pixel (bpp) support on LCD, CRT adTV.
® Up to 64 shades of gray on monochrome LCD panels using
FRM and Dithering.
® Up to 64K colors on passive LCD, active matrix TFT/D-TFD,
CRT and TV in 16 bpp modes.
® SwivelView™: 90°, 180°, 270° hardware rotation of displayed
image.
® EPSON Independent Simultaneous Display (EISD): displays
different images on different displays.

® Virtual Display Support: displays images larger than the panel
size through the use of panning and scrolling.

® Hardware Cursor or full screen Ink Layer.
Acceleration
® 2D Engine including the following BitBLTs:
Write BLT Move BLT
Solid Fill Pattern Fill
Transparent Write BLT Transparent Move BLT
Read BLT Color Expansion
Move BLT with Color Expansion
Operating Voltage
® 2.7 volts to 5.5 volts.
Package
® 128-pin QFP15.

CONTACT YOUR SALES REPRESENTATIVE FOR THESE COMPREHENSIVE DESIGN TOOLS
« S1D13506 Technical Manual « QNX" Photon Display Driver

* S5U13506 Evaluation
Boards

¢ CPU Independent Software

Utilities
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1 Introduction

1.1 Scope

Thisis the Hardware Functional Specification for the S1D13506 Color LCD/CRT/TV
Controller. Included in this document are timing diagrams, AC and DC characteritics,
register descriptions, and power management descriptions. This document is intended for
two audiences: Video Subsystem Designers and Software Developers.

This specification will be updated as appropriate. Please check the Epson Electronics
AmericaWebsite at http://www.eea.epson.com for the latest revision of this document
before beginning any devel opment.

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

1.2 Overview Description

The S1D13506 is acolor LCD/CRT/TV graphics controller interfacing to a wide range of
CPUs and display devices. The S1D13506 architecture is designed to meet the low cost,
low power requirements of the embedded markets, such as Mobile Communications,
Hand-Held PC's, and Office Automation.

The S1D 13506 supports multiple CPUs, all LCD pand types, CRT, TV, and additionally
provides a number of differentiating features. Products requiring digital camerainput can
take advantage of the directly supported WINNOV VideumCam™ digital interface. The
EPSON I ndependent Simultaneous Display (EISD) capability allows the user to configure
two different images on two different displays, whilethe Sviwel View™  Hardware Cursor,
Ink Layer, and BitBL T engine offer substantial performance benefits. These features,
combined with the S1D13506' s Operating System independence, make it an ideal display
solution for awide variety of applications.

Hardware Functional Specification S1D13506

Issue Date: 01/02/06

X25B-A-001-10



Page 18

Epson Research and Development
Vancouver Design Center

2 Features

2.1 Memory Interface

* 16-bit DRAM interface;

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

* Memory size options:

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

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

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

2.2 CPU Interface

« Supports the following interfaces:

Epson EOC33 (16-hit interface to 32-bit microprocessor).

Hitachi SH-4 businterface.

Hitachi SH-3 bus interface.

MIPS/ISA.

Motorola M C68000 (16-bit interface to 16/32-bit microprocessor/microcontroller).
Motorola M C68030 (16-hit interface to 16/32-bit microprocessor/microcontroller).
Motorola PowerPC MPC82x (16-bit interface to 32-bit microprocessor).

MPU bus interface with programmable READY .

NEC MIPS VR41xx.

PC Card (PCMCIA).

Philips MIPS PR31500/31700.

Toshiba MIPS TX39xx.

StrongARM (PC Card).

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

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

S1D13506
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2.3 Display Support

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

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

Direct support for 9/12-bit TFT/D-TFD, 18-bit TFT/D-TFD is supported up to 64K
colors.

Direct support for CRT up to 64K colors using Embedded RAMDAC.
Direct support for NTSC/PAL TV output using Embedded RAMDAC.

2.4 Display Modes

4/8/15/16 bit-per-pixel (bpp) color depths.

Up to 64 shades of gray on monochrome passive LCD panels using Frame Rate M odu-
lation (FRM) and Dithering.

Up to 32K/64K colorsin 15/16 bpp modes on color passive LCD panels using dithering.
Up to 64K colorson TFT/D-TFD, CRT and TV.

4/8 bit-per-pixel color depths are mapped using three 256x4 Look-Up Tables (LUT)
allowing 16/256 out of a possible 4096 colors.

Separate LUTsfor LCD and CRT/TV.
15/16 bit-per-pixel color depths are mapped directly, bypassing the LUT.

Example Resolutions:
320 x 240 at a color depth of 16 bpp.
640 x 240 at a color depth of 16 bpp.
640 x 480 at a color depth of 16 bpp.
800 x 600 at a color depth of 16 bpp.

2.5 Display Features

SwivelView™: 90°, 180°, 270° hardware rotation of display image.

EPSON Independent Simultaneous Display (EISD): displaysindependent images on
different displays (CRT or TV and passive or TFT/D-TFD panel).

Virtual Display Support: displaysimages larger than the panel size through the use of
panning and scrolling.

Hardware Cursor/Ink Layer: separate 64x64x2 hardware cursor or 2-bit ink layer for
both LCD and CRT/TV.

Double Buffering/Multi-pages: for smooth animation and instantaneous screen update.
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2.6 Clock Source

» Memory clock can be derived from CLKI or BUSCLK pin. It can be internaly divided
by 2.

 Pixel clock can be derived from CLKI, CLKI2, or BUSCLK pin. It can beinternally
divided by 2, 3 or 4.

» Busclock can be BUSCLK or (BUSCLK)/2, i.e. a2x clock may be used.

2.7 Acceleration

2D Engine including the following 2 ROP BitBlts:
Write BLT.
MoveBLT.
Solid Fill.
Pattern Fill.
Transparent Write BLT.
Transparent Move BLT.
Read BLT.
Color Expansion.
Move BLT with Color Expansion.

2.8 MediaPlug Interface

 Built-in WINNOV MediaPlug interface.
* Videum®Cam support at resolution of 320x240x256 color at 30fps.

2.9 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 availableif upper Memory
Address pins are not required for asymmetric DRAM support.

« Power save mode is initiated by software.

 Operating voltage from 2.7 voltsto 5.5 volts.

128-pin QFP15 surface mount package.
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3 Typical System Implementation Diagrams

For the pin mapping of each system implementation, see Table 5-7:, “CPU Interface Pin
Mapping,” on pag e40.

‘ Oscillator

‘ Oscillator
Generic
BUS 4
VDD ~ _
~ 4
e 3 3
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] .
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249 3 38
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1Mx16
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Figure 3-1: Typical System Diagram (Generic Bus)
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Oscillator ‘ Oscillator
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Figure 3-2: Typical System Diagram (Hitachi SH-4 Bus)
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Figure 3-3: Typical System Diagram (Hitachi SH-3 Bus)
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Figure 3-4: Typical System Diagram (MC68K Bus 1, Motorola 16-Bit 68000)
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Figure 3-5: Typical System Diagram (MC68K Bus 2, Motorola 32-Bit 68030)
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Figure 3-6: Typical System Diagram (Motorola Power PC Bus)
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Figure 3-7: Typical System Diagram (NECVR41xx MIPS Bus)
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‘ Oscillator ‘ Oscillator
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Figure 3-8: Typical System Diagram (PC Card Bus)
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Figure 3-9: Typical System Diagram (Philips MIPS PR31500/PR31700 Bus)

Hardware Functional Specification

Issue Date: 01/02/06

S1D13506

X25B-A-001-10



Page 26 Epson Research and Development
Vancouver Design Center
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Figure 3-10: Typical System Diagram (Toshiba MIPS TX3912 Bus)
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4 Internal Description
4.1 Block Diagram Showing Pipelines
DRAM
r—-----"-"--"--"\-—"-—-"-" - - -"- -—" -—"=—-—-"=-"-"-"=-"=-"=-=-"=- = A
[ [
I I
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[ [
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I < » op [ !
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ipeli LUT —>
| |Register Pipeline DAC [ 1" /v
| v |
| Encoder |
I I
[ [
[ [
| Power Save |
I I
L - e e e o D — — —— — — — -
Figure 4-1: S1D13506 Block Diagram
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5 Pins

5.1 Pinout Diagram
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Figure5-1: Pinout Diagram
128-pin QFP15 surface mount package
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5.2 Pin Description

Key:

TSx
TSu
TSxD

CNx
CNxU
CNxD

Input

Output

Bi-Directional (Input/Output)

Analog

Power pin

CMOS level input

CMOS level input with pull down resistor (typical values of 50Q/90KQat 5V/3.3V respectively)
CMOS level Schmitt input

CMOS output driver, x denotes driver type (1=4/-4mA, 2=8/-8mA, 3=12/-12mA @ 5V)
Tri-state CMOS output driver, x denotes driver type (1=4/-4mA, 2=8/-8mA, 3=12/-12mA @ 5V), x denotes
driver type (1=4/-4mA, 2=8/-8mA, 3=12/-12mA @ 5V)

TSx with pull up resistor (typical values of 100KQ/180KQ at 5V/3.3V respectively)

TSx with pull down resistor, x denotes driver type (1=4/-4mA, 2=8/-8mA, 3=12/-12mA @ 5V) (typical
values of 100KQ/180KQ at 5V/3.3V)

CMOS low-noise output driver, x denotes driver type (1=4/-4mA, 2=8/-8mA, 3=12/-12mA @ 5V)
CNx with pull up resistor, x denotes driver type (1=4/-4mA, 2=8/-8mA, 3=12/-12mA @ 5V)
CNx with pull down resistor, x denotes driver type (1=4/-4mA, 2=8/-8mA, 3=12/-12mA @ 5V)

5.2.1 Host Bus Interface

Table 5-1: Host Bus Interface Pin Descriptions

Pin Name

RESET#

Type Pin # Cell Description

State

ABO

* For SH-3/SH-4 Bus, this pin must be connected to Vgg or Vpp.
» For MC68K Bus 1, this pin inputs the lower data strobe (LDS#).
» For MC68K Bus 2, this pin inputs system address bit 0 (A0O).

* For Generic Bus, this pin must be connected to Vgg or Vpp.
 For MIPS/ISA Bus, this pin inputs system address bit 0 (SAQ).

« For Philips PR31500/31700 Bus, this pin inputs system address bit
3 CS Hi-Z 0 (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 must be connected to Vgg or
VDD.
SeeTable 5-7:, “CPU Interface Pin Mapping,” on page 40 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
12 c Hi-Z through 1 (A[12:1]).

See Table 5-7:, “CPU Interface Pin Mapping,” on page 40 for summary.
See the respective AC Timing diagram for detailed functionality.
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Table 5-1: Host Bus Interface Pin Descriptions (Continued)

Pin Name

Type

Pin #

Cell

RESET#
State

Description

AB[16:13]

115-118

* 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 Table 5-7:, “CPU Interface Pin Mapping,” on page 40 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 Table 5-7:, “CPU Interface Pin Mapping,” on page 40 for summary.
See the respective AC Timing diagram for detailed functionality.

AB18

113

Hi-Z

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

« For Toshiba TX3912 Bus, this pin inputs the 10 read command
(CARDIORDY).

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

See Table 5-7:, “CPU Interface Pin Mapping,” on page 40 for summary.
See the respective AC Timing diagram for detailed functionality.

AB19

112

Hi-Z

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

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

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

See Table 5-7:, “CPU Interface Pin Mapping,” on page 40 for summary.
See the respective AC Timing diagram for detailed functionality.

AB20

111

Hi-Z

« 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 hit 20 (A20).

See Table 5-7:, “CPU Interface Pin Mapping,” on page 40 for summary.
See the respective AC Timing diagram for detailed functionality.
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Table 5-1: Host Bus Interface Pin Descriptions (Continued)

Pin Name

Type

Pin #

Cell

RESET#
State

Description

DB[15:0]

16-31

C/TS2

Hi-Z

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

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

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

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

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

* For Philips PR31500/31700 Bus, pins DB[15:8] are connected to
D[23:16] and pins DBJ[7:0] are connected to D[31:24].

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

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

See Table 5-7:, “CPU Interface Pin Mapping,” on page 40 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 Table 5-7:, “CPU Interface Pin Mapping,” on page 40 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 S1D13506. M/R#
is set high to access the display buffer and low to access the
registers. See Register Mapping.

See Table 5-7:, “CPU Interface Pin Mapping,” on page 40.

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 5-7:, “CPU Interface Pin Mapping,” on page 40. See the
respective AC Timing diagram for detailed functionality.
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Table 5-1: Host Bus Interface Pin Descriptions (Continued)

Pin Name

Type

Pin #

Cell

RESET#
State

Description

BUSCLK

13

Hi-Z

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

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

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

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

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

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

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

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

 For PowerPC Bus, this pin is connected to CLKOUT.

« For PC Card (PCMCIA) Bus, this pin is connected to an external
input clock source.

See Table 5-7:, “CPU Interface Pin Mapping,” on page 40 for summary.
See the respective AC Timing diagram for detailed functionality.

BS#

CS

Hi-Z

This is a multi-purpose pin:
» For SH-3/SH-4 Bus, this pin inputs the bus start signal (BS#).
« For MC68K Bus 1, this pin inputs the address strobe (AS#).
« For MC68K Bus 2, this pin inputs the address strobe (AS#).
« For Generic Bus, this pin is connected to Vpp.
« For MIPS/ISA Bus, this pin is connected to Vpp.
« For Philips PR31500/31700 Bus, this pin is connected to Vpp.
* For Toshiba TX3912 Bus, this pin is connected to Vpp.
» For PowerPC Bus, this pin inputs theTransfer Start signal (TS#).
* For PC Card (PCMCIA) Bus, this pin is connected to Vpp.

See Table 5-7:, “CPU Interface Pin Mapping,” on page 40 for summary.
See the respective AC Timing diagram for detailed functionality.

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 S1D13506 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.

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

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

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

See Table 5-7:, “CPU Interface Pin Mapping,” on page 40 for summary.
See the respective AC Timing diagram for detailed functionality.
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Table 5-1: Host Bus Interface Pin Descriptions (Continued)

Pin Name Type Pin # Cell RESET# Description
State

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#).

RD# I 7 cs Hi-Z « 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 (TS1Z0).

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

See Table 5-7:, “CPU Interface Pin Mapping,” on page 40 for summary.
See the respective AC Timing diagram for detailed functionality.

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 Table 5-7:, “CPU Interface Pin Mapping,” on page 40 for summary.
See the respective AC Timing diagram for detailed functionality.

WEO# | 8 (O] Hi-Z
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Table 5-1: Host Bus Interface Pin Descriptions (Continued)

Pin Name

Type

Pin #

Cell

RESET#
State

Description

WAIT#

15

TS2

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

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

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

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

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

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

« For MIPS/ISA Bus, this pin outputs the 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.

» 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 Table 5-7:, “CPU Interface Pin Mapping,” on page 40 for summary.
See the respective AC Timing diagram for detailed functionality.

RESET#

11

CS

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

&Vhen the MD configuration at RESET# is set such that WAIT# can be tristated.
PWhen the MD configuration at RESET# is set such that WAIT# is always driven and active low.
“When the MD configuration at RESET# is set such that WAIT# is always driven and active high.
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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# o

51

Cco1

* 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 Table 5-8:, “Memory Interface Pin Mapping,” on page 41 for

summary. See Memory Interface Timing on page 70 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 (UCASH#).
« For single-CAS# DRAM, this is the write enable signal for the
upper byte (UWE#).
See Table 5-8:, “Memory Interface Pin Mapping,” on page 41 for
summary. See Memory Interface Timing on page 70 for detailed
functionality.

WE# 0]

53

Cco1

* For dual-CAS# DRAM, this is the write enable signal (WE#).
* For single-CAS# DRAM, this is the write enable signal for the lower
byte (LWE#).
See Table 5-8:, “Memory Interface Pin Mapping,” on page 41 for
summary. See Memory Interface Timing on page 70 for detailed
functionality.

RAS# o

54

Co1

Row address strobe - see Memory Interface Timing on page 70 for
detailed functionality.

MDI[15:0] 10

34, 36, 38,

40, 42, 44,

46, 48, 49,

47, 45, 43,

41, 39, 37
35

C/TS1D

Hi-Z
(pull 0)

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 on page 39. 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 on page 70 for detailed functionality.
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Table 5-2: Memory Interface Pin Descriptions (Continued)
. . RESET# I
Pin Name Type Pin # Cell Description
State
58, 60, 62, Multiplexed memory address - see Memory Interface Timing on page
MA[8:0] © 64,66,67, | CO1 0 70 foFr) detailed funci/ionalit ! 900 pag
65, 63, 61 Y-
This is a multi-purpose pin:
* For 2M byte DRAM, this is memory address bit 9 (MA9).
« For asymmetrical 512K byte DRAM, this is memory address bit 9
(MA9).
02 » For symmetrical 512K byte DRAM, this pin can be used as general
MA9 10 56 CITS1 or purpose IO pin 3 (GPIO3).
Hi-Z° Note that unless configured otherwise, this pin defaults to an input and
must be driven to a valid logic level.
See Table 5-8:, “Memory Interface Pin Mapping,” on page 41 for
summary. See Memory Interface Timing on page 70 for detailed
functionality.
This is a multi-purpose pin:
« For asymmetrical 2M byte DRAM this is memory address bit 10
(MA10).
c » For symmetrical 2M byte DRAM and all 512K byte DRAM this pin
0 can be used as general purpose 10 pin 1 (GPI0O1).
MA10 10 59 C/TS1 or i . - .
Hi-zd Note that unless configured otherwise, this pin defaults to an input and
must be driven to a valid logic level.
See Table 5-8:, “Memory Interface Pin Mapping,” on page 41 for
summary. See Memory Interface Timing on page 70 for detailed
functionality.
This is a multi-purpose pin:
« For asymmetrical 2M byte DRAM this is memory address bit 11
(MA11).
* For symmetrical 2M byte DRAM and all 512K byte DRAM this pin
08 can be used as general purpose 10 pin 2 (GP102).
or Note that unless configured otherwise, this pin defaults to an input and
MA11 10 57 C/TS1 Hi-zf  |must be driven to a valid logic level.
og See Table 5-8:, “Memory Interface Pin Mapping,” on page 41 for
1 summary. See Memory Interface Timing on page 70 for detailed
functionality.
This pin can also be configured as the MediaPlug power pin
VMPEPWR - see Table 5-10:, “MA11, MA10, MA9, and DRDY Pin
Mapping,” on page 43 for details.
AV hen the MD configuration at RESET# is set such that MA9 is used as MA9.
PWhen the MD configuration at RESET# is set such that MA9 is used as GPIO3.
“When the MD configuration at RESET# is set such that MA10 is used as MA10.
dWhen the MD configuration at RESET# is set such that MA10 is used as GPIO1.
®When the MD configuration at RESET# is set such that MA11 is used as MA11.
fWhen the MD configuration at RESET# is set such that MA11 is used as GPIO2.
9When the MD configuration at RESET# is set such that MA11 is used as VMPEPWR.
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5.2.3 LCD Interface

Table 5-3: LCD Interface Pin Descriptions

RESET#
Pin N T Pin # Cell D ipti
in Name ype in e State escription
Panel data bus. Not all pins are used for some panels - see Table 5-9:,
“LCD Interface Pin Mapping,” on page 42 for details. Unused pins are
FPDATI[8:0] (0] 88, 86-79 CN3 0 driven low. FPDAT[15:8] can be configured for MediaPlug interface -
see Table 5-11:, “MediaPlug Interface Pin Mapping,” on page 43 for
details.
Panel data bus. Not all pins are used for some panels - see Table 5-9:,
02 “LCD Interface Pin Mapping,” on page 42 for details. Unused pins are
FPDAT9 (0] 89 CN3D or driven low. FPDAT[15:8] can be configured for MediaPlug interface -
Hi-Z° |see Table 5-11:, “MediaPlug Interface Pin Mapping,” on page 43 for
details.
Panel data bus. Not all pins are used for some panels - see Table 5-9:,
o “LCD Interface Pin Mapping,” on page 42 for details. Unused pins are
FPDAT[13:10] 10 93-90 C/TS3U or driven low. FPDAT[15:8] can be configured for MediaPlug interface -
Hi-z4 |see Table 5-11:, “MediaPlug Interface Pin Mapping,” on page 43 for
details.
Panel data bus. Not all pins are used for some panels - see Table 5-9:,
“LCD Interface Pin Mapping,” on page 42 for details. Unused pins are
FPDAT[15:14] @) 95,94 CN3 0 driven low. FPDAT[15:8] can be configured for MediaPlug interface -
see Table 5-11:, “MediaPlug Interface Pin Mapping,” on page 43 for
details.
FPFRAME (0] 73 CN3 0 Frame pulse
FPLINE (0] 74 CN3 0 Line pulse
FPSHIFT ] 77 COos3 0 Shift clock
This is a multi-purpose pin:
» For TFT/D-TFD panels this is the display enable output (DRDY).
* For passive LCD with Format 1 interface this is the 2nd Shift Clock
(FPSHIFT2).
0® « For all other LCD panels this is the LCD backplane bias signal
DRDY o) 76 co3 or (MOD).
1f See Table 5-9:, “LCD Interface Pin Mapping,” on page 42 and
REG[030h] for details.
This pin can also be configured as the MediaPlug power pin
VMPEPWR - see Table 5-10:, “MA11, MA10, MA9, and DRDY Pin
Mapping,” on page 43 for details.
a\hen the MD configuration at RESET# is set such that FPDAT9 is used as FPDATO.
PWhen the MD configuration at RESET# is set such that FPDAT9 isused as VMPRCTL.
“When the MD configuration at RESET# is set such that FPDAT[13:10] is used as FPDAT[13:10].
%When the MD configuration at RESET# is set such that FPDAT([13:10] isused as VMPD[3:0].
SWhen the MD configuration at RESET# is set such that DRDY is used as DRDY (MOD).
fwhen the MD configuration at RESET# is set such that DRDY isused as VMPEPWR.
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5.2.4 CRT Interface

Table 5-4: CRT Interface Pin Descriptions

RESET#
Pin N T Pin # Cell D ipti
in Name ype in e State escription
HRTC (0] 107 CN3 0 Horizontal retrace signal for CRT
VRTC (0] 108 CN3 0 Vertical retrace signal for CRT
RED (0] 100 A n(c:)uc;lrggtxt Analog output for CRT color Red / S-Video Luminance
GREEN (0] 103 A ngu?;letgtjt Analog output for CRT color Green / Composite Video Out
BLUE (0] 105 A ngu?lrjetgtn Analog output for CRT color Blue / S-Video Chrominance
IREE | 101 A _ Currgnt reference for DAC. This pin must be connected to Vg if the
DAC is not needed.

5.2.5 Miscellaneous

Table 5-5: Miscdlaneous Interface Pin Descriptions

. . RESET# _—
Pin Name | Type Pin # Cell State Description
CLKI | 69 c _ Selectable input clock. Can be used for the internal pixel clock (PCLK),
memory clock (MCLK), and MediaPlug Clock.
CLKI2 | 7 C N Selectab!e input clock. Can be used for the internal pixel clock (PCLK)
and MediaPlug Clock.
TESTEN | 70 CD - Test Enable. This pin should be connected to Vgg for normal operation.
12, 33, 55,
vbD P 172,097,100 | P = |Veo
DACVDD P 99, 102, 104 P - DAC Vpp
14, 32, 50,
VSS P 68, 78, 87, P - Vss
96, 110
DACVSS P 98, 106 P - DAC Vgg
NC - 75 -- Not connected
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5.3 Summary of Configuration Options

Table 5-6: Summary of Power-On/Reset Options

Pin Name value of this pin at rising edge of RESET# is used to configure:(1/0)
1 0
MDO Not used, value of this pin at rising edge of RESET# can be read at REG[00Ch] bit 0
Select Host Bus Interface as follows:
MD11 MD3 MD2 MD1 Host Bus

0 0 0 0 SH-4/SH-3 Bus interface

0 0 0 1 MCG68K Bus 1

0 0 1 0 MCG68K Bus 2
MD11,MD[3:1] 0 0 1 1 Generic

0 1 0 0 Reserved

0 1 0 1 MIPS/ISA

0 1 1 0 PowerPC

0 1 1 1 PC Card (PCMCIA)

1 1 1 1 Philips PR31500/PR31700 / Toshiba TX3912
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:
(See Table 5-10:, “MA11, MA10, MA9, and DRDY Pin Mapping,” on page 43)
00 = symmetrical 256Kx16 DRAM. MA[8:0] = DRAM address. MA[11:9] can be used as GP102,1,3 pins.

MDI[7:6] 01 = symmetrical 1IMx16 DRAM. MA[9:0] = DRAM address. MA[11:10] can be used as GPIO2,1 pins.
10 = asymmetrical 256Kx16 DRAM. MA[9:0] = DRAM address. MA[11:10] can be used as GPI02,1 pins.
11 = asymmetrical 1Mx16 DRAM. MA[11:0] = DRAM address.

MD8 Not used, value of this pin at rising edge of RESET# can be read at REG[00Dh] bit 0

MD9 Not used, value of this pin at rising edge of RESET# can be read at REG[00Dh] bit 1

MD10 Not Used, value of this pin at rising edge of RESET# can be read at REG[00Dh] bit 2

MD12 BUSCLK input divided by 2 BUSCLK input not divided

MD13 Configure FPDAT[15:8] for MediaPlug I/F. External Support 16-bit passive panels directly

latches required to support 16-bit passive panels.

DRDY is configured as a normal LCD I/F output pin.
MA11 is configured as either a memory address or

GPIO2. (See Table 5-10:, “MA11, MA10, MA9, and
DRDY Pin Mapping,” on page 43)

DRDY or MA11 is configured as MediaPlug power
MD14 down pin (VMPEPWR). (See Table 5-10:, “MA11,
MA10, MA9, and DRDY Pin Mapping,” on page 43)

WAIT# is tristated when the chip is not accessed by the

MD15 WAIT# is always driven
host
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5.4 Multiple Function Pin Mapping

Table 5-7: CPU Interface Pin Mapping

S1D13506 Hitachi Motorola | Motorola Motorola Philips Toshiba
Pin Generic . MIPS/ISA | MC68K MCe8K | o oc | PC Card PR31500 Y3912
Names Bus 1 Bus 2 /PR31700
AB20 A20 A20 LatchA20 A20 A20 Al1l A20 ALE ALE
AB19 A19 A19 SA19 A19 A19 Al12 A19 /ICARDREG | CARDREG*
AB18 A18 A18 SA18 Al18 A18 A13 A18 /ICARDIORD | CARDIORD*
AB17 Al17 A17 SA17 Al7 Al7 Al4 Al7 /ICARDIOWR | CARDIOWR*
AB[16:13] | A[16:13] | A[16:13] | SA[16:13]| A[16:13] | A[16:13] | A[15:18] | A[16:13] |Connected to Vpp | Connected to Vpp
AB[12:1] | A[12:1] A[12:1] SA[12:1] | AJ12:1] Al12:1] | A[19:30] | A[12:1] A[12:1] A[12:1]
ABO Connectfd Connectied to SAO LDS# AO A31 Connectied to AO AO
to Vpp Vbp Vbp
DB[15:8] | D[15:0] D[15:8] | SD[15:0] | D[15:8] | D[31:24] D[0:7] D[15:0] D[23:16] D[23:16]
DBJ[7:0] D[7:0] D[7:0] SD[7:0] D[7:0] D[23:16] | D[8:15] D[7:0] D[31:24] D[31:24]
WE1# WE1# WE1# SBHE# UDS# DS# BI CE2# | ICARDXCSH | CARDXxCSH*
M/R# External Decode Connected to Vpp | Connected to Vpp
CS# External Decode Connected to Vpp | Connected to Vpp
External
BUSCLK | BCLK CKIO CLK CLK CLK CLKOUT | J iator2| PCLKOUT DCLKOUT
BS# Connected BS# Connected to ASH ASH TS Connectedto Connected to Vpp | Connected to Vpp
to Vpp Vbp Vbp
Connected to —_—
RD/WR# | RD1# | RD/WR# v R/W# RIW# RD/WR CE1# | /ICARDXCSL | CARDXCSL*
DD
RD# RDO# RD# MEMR# C°”rl/e“e" ©l siz1 TSIZO OE# IRD RD*
DD
WEO# WEO# WEO# | MEMW# °°”r:f°te" 1 sizo TSIZ1 WE# IWE WE*
DD
WAIT# | WAIT# /\F/Qvi# 4 | IOCHRDY | DTACK# | DSACK1# TA WAIT# | /CARDXWAIT | CARDXWAIT*
inverted inverted "
RESET# | RESET# | RESET# | oo | RESET# | RESET# | RESET# | oo RESET# PON
Note
All GPIO pins default to input on reset and unless programmed otherwise, must be con-
nected to either Vgg or 10 Vpp if not used.
Note
1 ABOis not used internally for these busses and must be connected to either Vg5 or
2 For further information on interfaci ng the S1D13506 to the PC Card bus, see Interfac-
ing to the PC Card Bus, document number X25B-G-005-xx.
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Table 5-8: Memory Interface Pin Mapping

FPM/EDO-DRAM
:iD’\T:;Zi Sym 256Kx16 Asym 256Kx16 Sym 1Mx16 Asym 1Mx16
2-CAS# \ 2-WE# 2-CASH# \ 2-WE# 2-CASH# \ 2-WE# 2-CASH# 2-WE#
MDI[15:0] D[15:0]
MA[8:0] A[8:0]
MAQ9! GPIO3? A9 A9
MA10! GPI01? A10
MA111 GPI102? All
UCAS# UCAS# UWE# UCAS# UWE# UCAS# UWE# UCAS# UWE#
LCASH# LCAS# CAS# LCASH# CASH# LCAS# CAS# LCAS# CASH#
WE# WE# LWE# WE# LWE# WE# LWE# WEH# LWE#
RASH# RAS#
Note

1. For MA9, MA10, and MA11 functionality see Table 5-10;, “MA11, MA10, MA9,

and DRDY Pin Mapping,” on page 43.
2. All GPIO pins default to input on reset and unless programmed otherwise, should be

connected to either Vggor 10 Vpp if not used.
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Table 5-9: LCD Interface Pin Mapping
S1D13506 Monoch;c;r:; Passive Color Passive Panel
Bin . _ Single | Single _ Color TFT/D-TFD Panel
Names Single Dual Single cormat 1 | Eormat 2 Single Dual
4-bit | 8bit | 8bit | 4-bit | 8-bit | 8-bit | 16-Bit | 8-bit | 16-bit | 9-bit | 12-bit | 18-bit
FPFRAME FPFRAME
FPLINE FPLINE
FPSHIFT FPSHIFT
DRDY MOD FPSHIFT2 MOD DRDY
FPDATO |driven 0O DO LDO |drivenO DO DO DO LDO LDO R2 R3 R5
FPDAT1 |driven 0O 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 G1 G2 G4
FPDAT5 D1 D5 uD1 D1 D5 D5 D5 uD1 uD1 GO Gl G3
FPDAT6 D2 D6 uD2 D2 D6 D6 D6 ubD2 ubD2 B2 B3 B5
FPDAT? D3 D7 uD3 D3 D7 D7 D7 uD3 uD3 B1 B2 B4
FPDAT8 |driven O |driven O | driven O | driven O | driven O | driven O D8 driven 0| LD4 BO Bl B3
FPDAT9 |driven O |driven O | driven O | driven O | driven O | driven O D9 driven 0| LD5 |driven 0O RO R2
FPDAT10 |driven O |driven O |driven O | driven O | driven O [driven 0| D10 |drivenO| LD6 |driven O|drivenO R1
FPDAT11 |driven O |driven O | driven O | driven O |driven O driven 0| D11 |drivenO| LD7 |drivenO GO G2
FPDAT12 |driven O | driven O | driven O | driven O |driven O [driven 0| D12 |drivenO| UD4 |driven O |driven O G1
FPDAT13 |driven O | driven O | driven O | driven O | driven O |driven 0| D13 |drivenO| UD5 |drivenO|drivenO| GO
FPDAT14 |driven O | driven O | driven O | driven O |driven O [ driven 0| D14 |drivenO| UD6 |driven 0O BO B2
FPDAT15 |driven O | driven O | driven O | driven O | driven O [driven 0| D15 |drivenO| UD7 |driven O |driven O B1

Note
DRDY and FPDAT[15:8] may be used by the MediaPlug interface when the MediaPlug
isenabled. For MediaPlug Interface pin mapping, see Table 5-11..

Note

For FPDATxx to LCD interface hardware connections, refer to Section 7.5, “Display In-

terface” on page 81.
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Table 5-10: MA11, MA10, MA9, and DRDY Pin Mapping

MD14, MD7, MD6 MA11 MA10 MA9 DRDY
000 GPIO2 GPIO1 GPIO3 DRDY
001 GPI102 GPIO1 MA9 DRDY
010 GPIO2 GPIO1 MA9 DRDY
011 MA11 MA10 MA9 DRDY
100 VMPEPWR GPIO1 GPIO3 DRDY
101 VMPEPWR GPIO1 MA9 DRDY
110 VMPEPWR GPIO1 MA9 DRDY
111 MA11 MA10 MA9 VMPEPWR

Table 5-11: MediaPlug Interface Pin Mapping

S1D13506 Pin Names 10 Type MediaPlug I/F (MD13=1 at RESET)
FPDATS8 @) VMPLCTL
FPDAT9 I VMPRCTL
FPDAT10 10 VMPDO
FPDAT11 10 VMPD1
FPDAT12 10 VMPD2
FPDAT13 10 VMPD3
FPDAT14 o VMPCLK
FPDAT15 o VMPCLKN

DRDY or MA11* O VMPEPWR
Note

L Either DRDY or MA11 may be used for VMPEPWR (see Table 5-10: “MA11, MA10,
MA9, and DRDY Pin Mapping”). If DRDY isrequired by the LCD interfaceand MA11
isrequired by the DRAM interface then VMPEPWR is not available.
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5.5 CRT/TV Interface

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

IREF

O

CRT/TV
(REG[05Bh] bit 3 = 0)

DAC Vpp = 3.3V

1.5kQ
9.2 mA 1%
or
4.6 mA 9.2 mA
2N2222
69.8Q 1kQ
1% 1%
DACVgg DAC Vgg

} To CRT/TV

DAC Vsg

150Q 150Q 150Q
1% 1% 1%

DACVgs DAC Vsg

CRT Only
(REG[05Bh] bit 3 =1)

OR

2N2222

140Q
1%

DAC Vgs

DAC Vpp = 3.3V

1.5kQ
1%

1kQ
1%

DAC Vss

OR

CRT Only
(REG[05Bh] bit 3 =1)

DAC Vpp = 2.7V 10 5.5V

s6mA L 1pF

V+
R LM334
V-

290
2900> 1% 1N457

1%

DAC Vgs DAC Vgg

Figure 5-2: External Circuitry for CRT/TV Interface

Note

Example implementation only, individual characteristics of components may affect

actual |IREF current.
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6 D.C. Characteristics
Table 6-1: Absolute Maximum Ratings
Symbol Parameter Rating Units
Vop Supply Voltage Vgs - 0.3106.0 \Y,
DAC Vpp Supply Voltage Vgg - 0.3106.0 \Y,
VN Input Voltage Vgg - 0.3t0 Vpp +0.5 \Y,
Vout Output Voltage Vgg-0.3t0Vpp +0.5 \Y,
Tsto Storage Temperature -65 to 150 °C
TsoL Solder Temperature/Time 260 for 10 sec. max at lead °C
Table 6-2: Recommended Operating Conditions
Symbol Parameter Condition Min Typ Max Units
Vbbp Supply Voltage Vgg =0V 2.7 3.0/3.3/5.0 |5.5 \Y
VN Input Voltage Vssg Vpp \
Topr Operating Temperature -40 25 85 °C
Table 6-3: Electrical Characteristics for VDD = 5.0V typical
Symbol Parameter Condition Min Typ Max Units
Ipps Quiescent Current Quiescent Conditions 400 UuA
Iz Input Leakage Current -1 1 MA
loz Output Leakage Current -1 1 MA
VDD = min
: lo.=  -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)
ViH High Level Input Voltage CMOS level, Vpp = max 3.5 \Y
Vi Low Level Input Voltage CMOS level, Vpp = min 1.0 \Y
. CMOS Schmitt,
Vs High Level Input Voltage Vpp = 5.0V 4.0
CMOS Schmitt,
V1. Low Level Input Voltage Vpp = 5.0V 0.8 \%
. CMOS Schmitt,
A Hysteresis Voltage Vpp = 5.0V 0.3 \Y
Rpp Pull Down Resistance V,=Vpp 50 100 200 kQ
C Input Pin Capacitance 12 pF
Co Output Pin Capacitance 12 pF
Cio Bi-Directional Pin Capacitance 12 pF
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Table 6-4: Electrical Characteristicsfor VDD = 3.3V typical

Symbol Parameter Condition Min Typ Max Units
Ibbs Quiescent Current Quiescent Conditions 290 uA
liz Input Leakage Current -1 1 MHA
loz Output Leakage Current -1 1 MHA

VDD = min
: lo,= -2mA (Typel), i
VoH High Level Output Voltage -4mA (Type2) Vpp - 0.3 \Y
-6mA (Type3)
VDD = min
lo. = 2mA (Typel),
VoL Low Level Output Voltage 4mA (Type2) 0.3 \Y
6mA (Type3)
V4 High Level Input Voltage CMOS level, Vpp =max (2.2 \Y
VL Low Level Input Voltage CMOS level, Vpp = min 0.8 \Y
. CMOS Schmitt,
V14 High Level Input Voltage Vpp = 3.3V 2.4
CMOS Schmitt,
V1. Low Level Input Voltage Vpp = 3.3V 0.6 \%
. CMOS Schmitt,
A Hysteresis Voltage Vpp = 3.3V 0.1 \Y
Rpp Pull Down Resistance V,=Vpp 90 180 360 kQ
C Input Pin Capacitance 12 pF
Co Output Pin Capacitance 12 pF
Co Bi-Directional Pin Capacitance 12 pF
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Table 6-5: Electrical Characteristics for VDD = 3.0V typical

Symbol Parameter Condition Min Typ Max Units
Ibps Quiescent Current Quiescent Conditions 260 uA
liz Input Leakage Current -1 1 MHA
loz Output Leakage Current -1 1 MHA

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)
ViH High Level Input Voltage CMOS level, Vpp = max (2.0 \Y
Vi Low Level Input Voltage CMOS level, Vpp = min 0.8 \Y
. CMOS Schmitt,
Vi High Level Input Voltage Vpp = 3.0V 2.3
CMOS Schmitt,
V1. Low Level Input Voltage Vpp = 3.0V 0.5 \%
. CMOS Schmitt,
A 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
Hardware Functional Specification S1D13506

Issue Date: 01/02/06

X25B-A-001-10



Page 48 Epson Research and Development
Vancouver Design Center

7 A.C. Characteristics

Conditions: Vpp =3.0V + 10% and Vpp = 5.0V + 10%
Tp=-40°Cto85°C
Tise @nd T4 for al inputs must be < 5 ns (10% ~ 90%)
C_ = 50pF (CPU Interface), unless noted
C_ = 100pF (LCD Panédl Interface)
C_ = 10pF (Display Memory Interface)
C_ = 10pF (CRT Interface)

7.1 CPU Interface Timing

7.1.1 Generic Timing

CLKJ ; j T / A2 N A A N2 A A N
e t4 R t5
A[20:1] N i
M/R#
16
CS#
RDO#,RD1#
WEO#,WE1#
t7 t8
— ‘4— — "
WAIT#
‘ t9 t10
D[15:0](write)
111 t12 113
— r— —»| —
D[15:0](read)
Figure 7-1: Generic Timing
Note

The above timing diagram is not applicable if MD12 = 1 (BUSCLK divided by 2).
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Table 7-1: Generic Timing
3.0v 5.0V
Symbol Parameter Min Max Min Max | Units
fek Clock frequency 50 50 MHz
Tek Clock period ek ek ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
ta A[20:1], M/R# setup to first CLK where CS# = 0 and either RDO#, 4 3 ns
RD1#= 0 or WEO#, WE1#=0
A[20:1], M/R# hold from rising edge of either RDO#, RD1# or WEOQ#,
t5 0 0 ns
WE1#
t6 CS# hold from rising edge of either RDO#, RD1# or WEO#, WE1# 0 0 ns
t7 Falling edge of either RDO#, RD1# or WEO#, WE1# to WAIT# driven low 4 21 3 13 ns
t8 Rising edge of either RDO#, RD1# or WEO#, WE1# to WAIT# tri-state 3 14 2 7 ns
9 D[15:0] setup to third CLK where CS# = 0 and WEO#, WE1# = 0O (write 0 0 ns
cycle)
t10 D[15:0] hold (write cycle) 0 0 ns
t11 Falling edge RDO#, RD1# to D[15:0] driven (read cycle) 3 3 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) 7 31 4 15 ns
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7.1.2 Hitachi SH-4 Interface Timing

re—o/
CKIO I /_:E h:L/ A 7% (N
4 t5,
A[20:1], M/R#
RD/WR#
SRCIURIA
BS#
— ey
S8 112
CSn#
t9 » — t}g
WEn#
RD#
t18
o 12 ndl
RDY# | Y
y t13 N . t14 R
D[15:0](write) 4<:J‘
) lus ﬂﬂ
D[15:0](read)
Figure 7-2: Hitachi SH-4 Timing
Note
The above timing diagram is not applicable if MD12 = 1 (BUSCLK divided by 2).
Note
The SH-4 Wait State Control Register for the areain which the S1D13506 resides must
be set to a non-zero value. The SH-4 read-to-write idle cycle transition must be set to a
non-zero value (with referenceto BUSCLK).
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Table 7-2: Hitachi SH-4 Timing
3.0v! 5.0V¢
Symbol Parameter Min Max Min Max Units
fekio Clock frequency 0 66 0 66 MHz
Tckio Clock period 1ffekio Ufckio

t2 Clock pulse width low 6 16 ns
t3 Clock pulse width high 6 6 ns
t4 A[20:1], M/R#, RD/WR# setup to CKIO 4 3 ns
t5 A[20:1], M/R#, RD/WR# hold from CSn# 0 0 ns
t6 BS# setup 4 3 ns
t7 BS# hold 3 2 ns
8 CSn# setup 3 2 ns
t9 Falling edge RD# to D[15:0] driven 3 3 ns
t10 CKIO to RDY# high 4 21 3 13 ns
t11 Falling edge CSn# to RDY# driven 3 11 2 7 ns
t12 CKIO to RDY# delay 4 20 3 13 ns
t13 D[15:0] setup to 2" CKIO after BS# (write cycle) 0 0 ns
t14 D[15:0] hold (write cycle) 0 0 ns
t15 D[15:0] valid to RDY# falling edge (read cycle) 0 0 ns
t16 Rising edge RD# to D[15:0] tri-state (read cycle) 6 30 3 16 ns
t17 CSn# high setup to CKIO 3 2 ns
t18 Falling edge CKIO to RDY# tri-state 3 14 2 10 ns

1. Two software WAIT states are required.

2. One software WAIT state is required.
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7.1.3 Hitachi SH-3 Interface Timing
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D[15:0](read)

Figure 7-3: Hitachi SH-3 Timing

Note
The above timing diagram is not applicable if MD12 = 1 (BUSCLK divided by 2).

Note
The SH-3 Wait State Control Register for the areain which the S1D13506 resides must
be set to a non-zero value.
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Table 7-3: Hitachi SH-3 Timing
3.0v! 5.0V¢
Symbol Parameter Min Max Min Max Units
fekio Clock frequency 66 66 MHz
Tckio Clock period 1ffekio Ufckio ns

t2 Clock pulse width low 6 6 ns
t3 Clock pulse width high 6 6 ns
t4 A[20:1], M/R#, RD/WR# setup to CKIO 4 3 ns
t5 A[20:1], M/R#, RD/WR# hold from CSn# 0 0 ns
t6 BS# setup 4 3 ns
t7 BS# hold 3 2 ns
8 CSn# setup 3 3 ns
t9 Falling edge RD# to D[15:0] driven 3 2 ns
t10 Rising edge CSn# to WAIT# tri-state 2 10 1 6 ns
t11 Falling edge CSn# to WAIT# driven 3 16 2 10 ns
t12 CKIO to WAIT# delay 4 20 3 13 ns
t13 D[15:0] setup to 2" CKIO after BS# (write cycle) 0 0 ns
t14 D[15:0] hold (write cycle) 0 0 ns
t15 D[15:0] valid to WAIT# rising edge (read cycle) 0 0 ns
t16 Rising edge RD# to D[15:0] tri-state (read cycle) 6 30 3 15 ns
t17 CSn# high setup to CKIO 3 2 ns

1. Two software WAIT states are required when fok g is greater than 33MHz.

2. One software WAIT state is required when fox g is greater than 33MHz.
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7.1.4 MIPS/ISA Interface Timing (e.g. NEC VR41xx)

Teusclk t2 3
Saaa s
BUSCLK A N S 2 N A N2 N N
le t4 ) B
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SD[15:0](write)
t11 t12 113
—> ’47 —> — —>
SD[15:0](read)

Figure 7-4: MIPS1SA Timing

Note

The above timing diagram is not applicable if MD12 = 1 (BUSCLK divided by 2).
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Table 7-4: MIPYISA Timing
3.0v 5.0v
Symbol Parameter Min Max Min Max Units
fesuscLk | Clock frequency 50 50 MHz
Tguscik |Clock period fguscik Utguscik ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
LatchA20, SA[19:0], M/R#, SBHE# setup to first
t4 BUSCLK where CS# = 0 and either MEMR# = 0 or 4 3 ns
MEMW# =0
5 LatghAZO, SA[19:0], M/R#, SBHE# hold from rising edge 0 0 ns
of either MEMR# or MEMW#
t6 CS# hold from rising edge of either MEMR# or MEMW# 0 0 ns
t7 gz\l/lg\r?;;svge of either MEMR# or MEMWH# to IOCHRDY# 2 17 2 10 ns
8 R.ising edge of either MEMR# or MEMW# to IOCHRDY# 2 12 1 7 ns
tri-state
9 SD[15:0] setup tp third BUSCLK where CS# =0 0 0 ns
MEMWH# = 0 (write cycle)
t10 SD[15:0] hold (write cycle) 0 0 ns
t11 Falling edge MEMR# to SD[15:0] driven (read cycle) 4 3 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) 7 31 4 15 ns
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7.1.5 Motorola MC68K Bus 1 Interface Timing (e.g. MC68000)

Tewk 2, 3

CLK r\¥jFAIHjP\JF\/ﬁ\L/\¥J[\Jﬁ\/jL

. t4 55
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t12 t13

A
4

D[15:0](write)

t14 t15 t16
l—

D[15:0](read)

Figure 7-5: Motorola MC68000 Timing

Note
The above timing diagram is not applicable if MD12 = 1 (BUSCLK divided by 2).
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Table 7-5: Motorola MC68000 Timing
3.0v 5.0v
Symbol Parameter Min Max Min Max Units
fok Clock frequency 50 50 MHz
Telk Clock period ek ek ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
ta A[20:1], M/R# setup to first CLK where CS# = 0 AS# =0, and 5 3 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
t8 R/W# hold from AS# 0 0 ns
t9 AS# = 0 and CS# = 0 to DTACK# driven high 1 1 ns
t10 AS# high to DTACK# high 4 18 3 11 ns
t11 First BCLK where AS# = 1 to DTACK# high impedance 3 15 2 10 ns
t12 D[15:0] valid to third CLK.Where CS# =0 AS# =0, and either 0 0 ns
UDS#=0 or LDS# = 0 (write cycle)
113 D[15:0] hold from falling edge of DTACK# (write cycle) 0 0 ns
14 E;(I;l:g)g edge of UDS#=0 or LDS# = 0 to D[15:0] driven (read 3 3 ns
t15 D[15:0] valid to DTACK# falling edge (read cycle) 0 0 ns
16 (L:Jyl?:%f and LDS# high to D[15:0] invalid/high impedance (read 6 31 4 15 ns
t17 AS# high setup to CLK 4 3 ns
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7.1.6 Motorola MC68K Bus 2 Interface Timing (e.g. MC68030)
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—» | —>| | <
D[31:16](read)

Figure 7-6: Motorola MC68030 Timing

Note
The above timing diagram is not applicable if MD12 = 1 (BUSCLK divided by 2).
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Table 7-6: Motorola MC68030 Timing
3.0v 5.0V
Symbol Parameter Min Max Min Max Units
fok Clock frequency 50 50 MHz
Tclk Clock period ek ek ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
ta A[20:0], SIZ[1:0], M/R# setup to first CLK where CS# = 0, 5 3 ns
AS#=10,and DS# =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/W# setup to DS# 10 10 ns
t8 R/W# hold from AS# 0 0 ns
t9 AS# = 0 and CS# = 0 to DSACKZ1# driven high 1 1 ns
t10 AS# high to DSACK1# high 4 18 3 12 ns
t11 First BCLK where AS# = 1 to DSACKZ1# high impedance 3 15 2 14 ns
12 D[31:16] valid to third CLK where CS# = 0, AS# =0, and 0 0 ns
DS# = 0 (write cycle)
113 D[31:16] hold from falling edge of DSACKZ1# (write cycle) 0 0 ns
t14 Falling edge of DS# = 0 to D[31:16] driven (read cycle) 3 3 ns
t15 D[31:16] valid to DSACK1# falling edge (read cycle) 0 0 ns
t16 DS# high to D[31:16] invalid/high impedance (read cycle) 6 31 4 15 ns
t17 AS# high setup to CLK 4 3 ns
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7.1.7 Motorola PowerPC Interface Timing (e.g. MPC8xx, MC68040, Coldfire)
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Figure 7-7: Motorola Power PC Timing

Note
The above timing diagram is not applicable if MD12 = 1 (BUSCLK divided by 2).
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Table 7-7: Motorola Power PC Timing

3.0v 5.0V

Symbol Parameter Min Max Min Max Units

feukouT | Clock frequency 45 50 MHz

Tcikour | Clock period Ufcikout Ufcikour 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 0 0 ns
t5 AB[11:31], RD/WR#, TSIZ[0:1], M/R# hold 0 0 ns
t6 CS# setup 1 0 ns
t7 CS# hold 0 1 ns
t8 TS# setup 1 1 ns
t9 TS# hold 0 1 ns
t10 CLKOUT to TA# driven 2 1 ns
t11 CLKOUT to TA# low 3 15 2 9 ns
t12 CLKOUT to TA# high 3 16 2 10 ns
t13 negative edge CLKOUT to TA# tri-state 3 14 2 9 ns
t14 CLKOUT to BI# driven 3 13 2 8 ns
t15 CLKOUT to BI# high 3 13 2 8 ns
t16 negative edge CLKOUT to BI# tri-state 3 14 2 8 ns
t17 DBJ[15:0] setup to 2nd CLKOUT after TS# = 0 (write cycle) 0 0 ns
118 DBJ[15:0] hold (write cycle) 0 0 ns
t19 CLKOUT to DB driven (read cycle) 3 2 ns
t20 DBJ[15:0] valid to TA# falling edge (read cycle) 0 0 ns
t21 CLKOUT to DBJ[15:0] tri-state (read cycle) 3 14 2 9 ns

Note
Output pin loading on DB[15:0], TA#, Bl#is 10pF.
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7.1.8 PC Card Timing (e.g. StrongARM)
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Figure 7-8: PC Card Timing

Note

The above timing diagram is not applicable if MD12 = 1 (BUSCLK divided by 2).
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Table 7-8: PC Card Timing
3.0V 5.0V
Symbol Parameter Min Max Min Max | Units
fek Clock frequency 50 50 MHz
Tek Clock period ek ek ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
ta A[20:1], M/R# setup to first CLK where CE1# = 0 or CE2# = 0 and either 4 3 ns
OE#=00r WE#=0
t5 A[20:1], 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
t7 Falling edge of either OE# or WE# to WAIT# driven low 2 21 2 9 ns
t8 Rising edge of either OE# or WE# to WAIT# tri-state 3 14 2 9 ns
9 D[1_5:0] setup to third CLK where CE1# =0, CE2# =0 and WE# =0 0 0 ns
(write cycle)
t10 D[15:0] hold (write cycle) 0 0 ns
t11 Falling edge OE# to D[15:0] driven (read cycle) 10 8 ns
t12 D[15:0] setup to rising edge WAIT# (read cycle) 0 0 ns
113 Rising edge of OE# to D[15:0] tri-state (read cycle) 7 34 5 17 ns
Hardware Functional Specification S1D13506

Issue Date: 01/02/06

X25B-A-001-10



Page 64

Epson Research and Development
Vancouver Design Center

7.1.9 Philips Interface Timing (e.g. PR31500/PR31700)

TocLkout

t2

t3

<« «
DCLKOUT mm

D[31:16](read)

t4 A t5
ADDR[12:0] L
t6 t7
ALE
t8
/ICARDREG
/CARDXCSH
/CARDXCSL
/CARDIORD
/ICARDIOWR
/WE /RD
t9 t10
—» ’4— < »
/CARDXWAIT
t11 A t12 R
D[31:16](write)
t13 t14 t15

A

ﬂ

Figure 7-9: Philips Timing
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Table 7-9: Philips Timing

3.0v 5.0V
Symbol Parameter Min Max Min Max Units
focLkouT |Clock frequency 75 75 MHz
Tocikour | Clock period Ufpcrkourt UfpcLkout ns
2 Clock pulse width low 6 6 ns
t3 Clock pulse width high 6 6 ns
t4 ADDR[12:0] setup to first CLK of cycle 10 10 ns
t5 ADDR[12:0] hold from command invalid 0 0 ns
6 ADDRJ[12:0] setup to falling edge ALE 10 10 ns
t7 ADDRJ[12:0] hold from falling edge ALE 5 ns
t8 /CARDREG hold from command invalid 0 0 ns
t9 Falling edge of chip select to /CARDXWAIT driven 2 14 1 9 ns
t10 Command invalid to /CARDXWAIT tri-state 2 13 2 12 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
t13 Chip select to D[31:16] driven (read cycle) 4 3 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) 7 30 4 16 ns

Note
If BUSCLK exceeds 37.5MHz, it must be divided by 2 using MD12 (see Table 5-6:,
“Summary of Power-On/Reset Options,” on page 39).
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7.1.10 Toshiba Interface Timing (e.g. TX39xx)
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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

focLkouT |Clock frequency 75 75 MHz

Tocikour |Clock period UfpcLkout UfpcLkout ns
t2 Clock pulse width low 6 6 ns
t3 Clock pulse width high 6 6 ns
t4 ADDR[12:0] setup to first CLK of cycle 10 10 ns
t5 ADDR[12:0] hold from command invalid 0 0 ns
6 ADDR][12:0] setup to falling edge ALE 10 10 ns
t7 ADDRJ[12:0] hold from falling edge ALE 5 5 ns
t8 CARDREG* hold from command invalid 0 0 ns
t9 Falling edge of chip select to CARDXWAIT* driven 2 14 1 9 ns
t10 Command invalid to CARDXWAIT* tri-state 2 13 2 12 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
t13 Chip select to D[31:16] driven (read cycle) 4 3 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) 7 30 4 16 ns

Note
If BUSCLK exceeds 37.5MHz, it must be divided by 2 using MD12 (see Table 5-6:,
“Summary of Power-On/Reset Options,” on page 39).
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7.2 Clock Timing

7.2.1 Input Clocks

— —

tpwH — bw
90%
Viy
ViL
10%

| — L—tf
< TOSC »

Figure 7-11: CLKI Clock Input Requirements

Table 7-11: Clock Input Requirements for CLKI/CLKI2/BUSCLK divided down internally

Symbol Parameter Min Max Units
fosc Input Clock Frequency 80 MHz
Tosc Input Clock Period 1/ffosc ns
town Input Clock Pulse Width High 5.6 ns
towt Input Clock Pulse Width Low 5.6 ns

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

Table 7-12: Clock Input Requirements for CLKI or BUSCLK if used directly for MCLK?

Symbol Parameter Min Max Units
fosc Input Clock Frequency 40 MHz
Tosc Input Clock Period 1ffosc ns
o Input Clock Pulse Width High 11.31 ns
towl Input Clock Pulse Width Low 11.31 ns

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

1. MCLK must have aduty cycle of 50% + 5%.

S1D13506 Hardware Functional Specification
X25B-A-001-10 Issue Date: 01/02/06



Epson Research and Development Page 69
Vancouver Design Center
7.2.2 Internal Clocks
Table 7-13: Internal Clock Requirements
Symbol Parameter Min Max Units
fvcLk Memory Clock Frequency 0 40 MHz
fLep PeLk LCD Pixel Clock Frequency 0 40 MHz
ferRT/TV PCLK CRT/TV Pixel Clock Frequency 0 Note 1 MHz
fMediaPlug Clock MediaPlug Clock Frequency 0 10 MHz
1. The maximum CRT pixel clock is 40MHz.
The TV pixel clock for NTSC output is fixed at 14.318MHz.
The TV pixel clock for PAL output is fixed at 17.734MHz.
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7.3 Memory Interface Timing

7.3.1 EDO-DRAM Read, Write, Read-Write Timing
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Figure 7-12: EDO-DRAM Page Mode Timing
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Figure 7-13: EDO-DRAM Read-Write Timing
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Table 7-14: EDO-DRAM Read, Write, Read-Wkite Timing
Symbol Parameter Min Max Units
t1 Memory clock period 25 ns
Random read or write cycle time (REG[02Bh] bits 1-0 = 00) 511 ns
t2 Random read or write cycle time (REG[02Bh] bits 1-0 = 01) 411 ns
Random read or write cycle time (REG[02Bh] bits 1-0 = 10) 3tl ns
RAS# precharge time (REG[02Ah] bits 1-0 = 00) 2t1 ns
t3 RAS# precharge time (REG[02Ah] bits 1-0 = 01) 14511 ns
RAS# precharge time (REG[02Ah] bits 1-0 = 10) t1 ns
Sgii:olg)AS# delay time (REG[02Ah] bit 4 = 0 and bits 1-0 211-3 211 ns
t4 RAS# to CAS# delay time (REG[02Ah] bit 4 = 1 and bits 1-0
= 00 or 10) t1-3 t1 ns
RAS# to CAS# delay time (REG[02Ah] bits 1-0 = 01) 14511-3 155t1 ns
t5 CAS# precharge time 04511 ns
t6 CAS# pulse width 045t1-1 ns
t7 RASH# hold time tl ns
Row address setup time (REG[02Ah] bits 1-0 = 00 24511 -3 ns
t8 Row address setup time (REG[02Ah] bits 1-0 = 01) 211-3
Row address setup time (REG[02Ah] bits 1-0 = 10) 14511 -3
0 Row address hold time (REG[02Ah] bits 1-0 = 00 or 10) 045t1-1 ns
Row address hold time (REG[02Ah] bits 1-0 = 01) t1-3 ns
t10 Column address setup time 0.451t1-3 ns
t11 Column address hold time 045t1-1 ns
(I?Oe)ad Command setup (REG[02Ah] bit 4 = 0 and bits 1-0 = 44511 - 1 ns
t12 Read Command setup (REG[02Ah] bit 4 = 1 and bits 1-0 =
10) 245t1-1
Read Command setup (all other REG[02Ah] values) 34511 -1
Read Command hold (REG[02Ah] bit 4 = 0 and bits 1-0 = 00) 34511 -1
t13 Read Command hold (REG[02Ah] bit 4 = 1 and bits 1-0 = 10) 14511 -1
Read Command hold (all other REG[02Ah] values) 24511 -1 ns
t14 Read data setup referenced from CAS# 4
t15 Read data hold referenced from CAS# 2
t16 Last read data setup referenced from RAS# 3
t17 Bus turn-off from RAS# 2
t18 Write command setup time 045t1-1 ns
t19 Write command hold time 045t1-1 ns
t20 Write Data setup time 045t1-4 ns
t21 Write Data hold time 0.45t1 ns
t22 MD tri-state 0.4511 0.55t1 + 19 ns
t23 CAS# to WE# active during read-write cycle t1 ns
t24 Write command setup during read-write cycle 145t1-1 ns
25 Ia';l:lteread data setup referenced from WE# during read-write 18 ns
t26 Bus tri-state from WE# during read-write cycle 0 t1-6 ns
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7.3.2 EDO-DRAM CAS Before RAS Refresh Timing
tl
Memory H
Clock
t2 t3
O i
t4 t5 t6
Figure 7-14: EDO-DRAM CAS Before RAS Refresh Timing
Table 7-15: EDO-DRAM CAS Before RAS Refresh Timing
Symbol Parameter Min Max Units
t1 Memory clock period 25 ns
RAS# precharge time (REG[02Ah] bits 1-0 = 00) 211 ns
t2 RAS# precharge time (REG[02Ah] bits 1-0 = 01) 14511 ns
RAS# precharge time (REG[02Ah] bits 1-0 = 10) t1 ns
RAS# pulse width (REG[02Bh] bits 1-0 = 00, REG[02Ah] bits 1-0 = 00) 3tl-7 ns
RAS# pulse width (REG[02Bh] bits 1-0 = 00, REG[02Ah] bits 1-0 = 01) 345t1-1 ns
RAS# pulse width (REG[02Bh] bits 1-0 = 00, REG[02Ah] bits 1-0 = 10) 4t1-7 ns
RAS# pulse width (REG[02Bh] bits 1-0 = 01, REG[02Ah] bits 1-0 = 00) 2t1-7 ns
t3 RAS# pulse width (REG[02Bh] bits 1-0 = 01, REG[02Ah] bits 1-0 = 01) 245t1-1 ns
RAS# pulse width (REG[02Bh] bits 1-0 = 01, REG[02Ah] bits 1-0 = 10) 3tl-7 ns
RAS# pulse width (REG[02Bh] bits 1-0 = 10, REG[02Ah] bits 1-0 = 00) t1-7 ns
RAS# pulse width (REG[02Bh] bits 1-0 = 10, REG[02Ah] bits 1-0 = 01) 145t1-1 ns
RAS# pulse width (REG[02Bh] bits 1-0 = 10, REG[02Ah] bits 1-0 = 10) 2t1-7 ns
" CAS# precharge time (REG[02Ah] bits 1-0 = 00) 211 ns
CAS# precharge time (REG[02Ah] bits 1-0 = 01 or 10) t1 ns
5 CAS# setup time (REG[02Ah] bits 1-0 = 00 or 10) 0.4511 ns
CAS# setup time (REG[02Ah] bits 1-0 = 01) t1-4 ns
CAS# hold to RAS# (REG[02Bh] bits 1-0 = 00, REG[02Ah] bits 1-0 = 00) | 2.45t1-4 ns
CAS# hold to RAS# (REG[02Bh] bits 1-0 = 00, REG[02Ah] bits 1-0 = 01) 3tl ns
CAS# hold to RAS# (REG[02Bh] bits 1-0 = 00, REG[02Ah] bits 1-0 = 10) | 3.45t1- 4 ns
CAS# hold to RAS# (REG[02Bh] bits 1-0 = 01, REG[02Ah] bits 1-0 =00) | 1.45t1-4 ns
t6  |CAS# hold to RAS# (REG[02Bh] bits 1-0 = 01, REG[02Ah] bits 1-0 = 01) 211 ns
CAS# hold to RAS# (REG[02Bh] bits 1-0 = 01, REG[02Ah] bits 1-0 = 10) | 2.45t1-4 ns
CAS# hold to RAS# (REG[02Bh] bits 1-0 = 10, REG[02Ah] bits 1-0 = 00) | 0.45t1 -4 ns
CAS# hold to RAS# (REG[02Bh] bits 1-0 = 10, REG[02Ah] bits 1-0 = 01) t1 ns
CAS# hold to RAS# (REG[02Bh] bits 1-0 = 10, REG[02Ah] bits 1-0 = 10) | 1.45t1-4 ns
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7.3.3 EDO-DRAM Self-Refresh Timing

MCLK can be stopped
(See Note)
t1
Memory \
Clock m
t2
RAS#
t3 t5|
t4
I
CASH#
Figure 7-15: EDO - DRAM Sdlf-Refresh Timing
Note
MCLK can be stopped. For timing see Section 7.4.2, “Power Save Mode” on page 79.
Table 7-16: EDO - DRAM Self-Refresh Timing
Symbol Parameter Min Max Units
t1 Memory clock period 25 ns
RAS# precharge time (REG[02Ah] bits 1-0 = 00) 211 ns
t2 RAS# precharge time (REG[02Ah] bits 1-0 = 01) 1.4511 ns
RAS# precharge time (REG[02Ah] bits 1-0 = 10) t1 ns
. RAS# to CAS# precharge time (REG[02Ah] bits 1-0 = 00) 14511 ns
RAS# to CAS# precharge time (REG[02Ah] bits 1-0 = 01 or 10) 04511 ns
" CAS# precharge time (REG[02Ah] bits 1-0 = 00) 2111 ns
CAS# precharge time (REG[02Ah] bits 1-0 =01 or 10) t1 ns
5 CAS# setup time (REG[02Ah] bits 1-0 = 00 or 10) 04511 ns
CAS# setup time (REG[02Ah] bits 1-0 = 01) t1-4 ns
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7.3.4 FPM-DRAM Read, Write, Read-Write Timing

tl
el m@mm
Clock
t2 R
RAS#
3 t4 OLERPELCN « B A
CAS# Jﬁﬁ\ _/
t8 19, t10 11 10111
MA R C1 a2 c3
. t12 N t13 N
WE#(read) {
114 rt15
MD(read) di d2 d3
t16 t17
WE#(write) l
t18 |t1 120
MD(write) d1 A dz d3
Figure 7-16: FPM-DRAM Page Mode Timing
tl
Memory
Clock
RAS# 4,(7
¢ B, ><t5=<t6=‘< ., 7
CAS# \ ,ﬁL / /
. t8 |19 110/ t11
MA R U( c1 C2 c3 C1 XX c2 XX cB XX
y t12 . t21 16 t17
WE# L
t14 t15
MD(read) di E; d3
t18(t19 120
MD(write) d1 d2 XX d3
Figure 7-17: FPM-DRAM Read-Write Timing
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Table 7-17: FPM-DRAM Read, Write, Read-Wkite Timing
Symbol Parameter Min Max Units
t1 Memory clock 40 ns
Random read or write cycle time (REG[02Bh] bits 1-0 = 00) 511 ns
t2 Random read or write cycle time (REG[02Bh] bits 1-0 = 01) 411 ns
Random read or write cycle time (REG[02Bh] bits 1-0 = 10) 3tl ns
RAS# precharge time (REG[02Ah] bits 1-0 = 00) 21 ns
t3 RAS# precharge time (REG[02Ah] bits 1-0 = 01) 14511 ns
RAS# precharge time (REG[02Ah] bits 1-0 = 10) t1 ns
Sggi:olg)AS# delay time (REG[02Ah] bit 4 = 0 and bits 1-0 24511 - 3 25511 ns
E{AS# to CAS# delay time (REG[02Ah] bit 4 = 1 and bits 1-0 14511 -3 15511 ns
" =00 or 10) . . .
ng;# to CAS# delay time (REG[02Ah] bit 4 = 0 and bits 1-0 211-3 o1 ns
ng;# to CAS# delay time (REG[02Ah] bit 4 = 1 and bits 1-0 -3 1 ns
t5 CAS# precharge time 04511 ns
t6 CAS# pulse width 045t1-1 ns
t7 RAS# hold time 0.4511 ns
Row address setup time (REG[02Ah] bits 1-0 = 00 2t1-2 ns
t8 Row address setup time (REG[02Ah] bits 1-0 = 01) 1.451t1-2 ns
Row address setup time (REG[02Ah] bits 1-0 = 10) t1-2 ns
9 Row address hold time (REG[02Ah] bits 1-0 = 00 or 10) t1-3 ns
Row address hold time (REG[02Ah] bits 1-0 = 01) 0.45t1-3 ns
t10 Column address set-up time 045t1-3 ns
t11 Column address hold time 0.45t1-1 ns
gg)ad Command setup (REG[02Ah] bit 4 = 0 and bits 1-0 = 44511 -1 ns
t12 geleicri f(;mmand setup (REG[02Ah] bit 4 = 1 and bits 1-0 = 24511 -1 ns
Read Command setup (all other REG[02Ah] values) 345t1-1 ns
Read Command hold (REG[02Ah] bit 4 = 0 and bits 1-0 =
00) 4t1-1 ns
113 Read Command hold (REG[02Ah] bit 4 = 1 and bits 1-0 = 01
or 10) 2t1-1 ns
Read Command hold (all other REG[02Ah] values) 3t1-1 ns
t14 Read data setup referenced from CAS# 3 ns
t15 Read Data turn-off from CAS# 3 ns
t16 Write command setup time 045t1-1 ns
t17 Write command hold time 045t1-1 ns
118 Write Data setup time 0.45t1 -4 ns
t19 Write Data hold time 0.4511 ns
t20 MD tri-state 0.4511 0.55t1 + 19 ns
t21 CAS# to WE# active during read-write cycle 04511 ns
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7.3.5 FPM-DRAM CAS Before RAS Refresh Timing

t1
N oo mgw
Clock
t2 R t3 R
RAS# — Li
t4 L5 t6 R
CAS# l L

Figure 7-18: FPM-DRAM CAS Before RAS Refresh Timing

Table 7-18: FPM-DRAM CAS Before RAS Refresh Timing

Symbol Parameter Min Max Units
t1 Memory clock 40 ns
© RAS# precharge time (REG[02Ah] bits 1-0 = 00) 24511 ns

RAS# precharge time (REG[02Ah] bits 1-0 = 01 or 10) 14511 ns
RAS# pulse width (REG[02Bh] bits 1-0 = 00, i
REG[02Ah] bits 1-0 = 00) 2451 -7 ns
RASH# pulse width (REG[02Bh] bits 1-0 = 00, i
REG[02Ah] bits 1-0 = 01 or 10) 3451 -7 ns
RAS# pulse width (REG[02Bh] bits 1-0 = 01, i

5 |REGIO2AN] bits 1-0 = 00) Last-7 ns
RAS# pulse width (REG[02Bh] bits 1-0 = 01, 2 A5t -7 ns
REG[02Ah] bits 1-0 = 01 or 10) '

RAS# pulse width (REG[02Bh] bits 1-0 = 10, i
REG[02Ah] bits 1-0 = 00) 04511 -7 ns
RAS# pulse width (REG[02Bh] bits 1-0 = 10, i
REG[02Ah] bits 1-0 = 01 or 10) Lasti-7 ns

“ CAS# precharge time (REG[02Ah] bits 1-0 = 00) 2t1 ns
CAS# precharge time (REG[02Ah] bits 1-0 = 01 or 10) tl ns

t5 CAS# setup time 0.4511 ns
CAS# hold to RAS# (REG[02Bh] bits 1-0 = 00, i
REG[02Ah] bits 1-0 = 00) 24511-4 ns
CAS# hold to RAS# (REG[02Bh] bits 1-0 = 00, i
REG[02Ah] bits 1-0 = 01 or 10) 3.4511-4 ns
CAS# hold to RAS# (REG[02Bh] bits 1-0 = 01, ]

6 |REGIO2AN] bits 1-0 = 00) lasti-4 ns
CAS# hold to RAS# (REG[02Bh] bits 1-0 = 01, 24511 -4 ns
REG[02Ah] bits 1-0 = 01 or 10) '

CAS# hold to RAS# (REG[02Bh] bits 1-0 = 10, ]

REG[02Ah] bits 1-0 = 00) 0.4511-4 ns

CAS# hold to RAS# (REG[02Bh] bits 1-0 = 10, ]

REG[02Ah] bits 1-0 = 01 or 10) lasti-4 ns
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7.3.6 FPM-DRAM Self-Refresh Timing

MCLK can be stopped
a (See Note)

Memory MW

t2

RAS#

t3 4

CAS# 4/—1

Figure 7-19: FPM - DRAM Sdlf-Refresh Timing

N

Note
MCLK can be stopped. For timing see Section 7.4.2, “Power Save Mode” on page 79.

Table 7-19: FPM-DRAM Self-Refresh Timing

Symbol Parameter Min Max Units

tl Memory clock 40 ns
© RAS# precharge time (REG[02Ah] bits 1-0 = 00) 24511 ns

RAS# precharge time (REG[02Ah] bits 1-0 = 01 or 10) 1.4511 ns
A RAS# to CAS# precharge time (REG[02Ah] bits 1-0 = 00) 2t1 ns

RAS# to CAS# precharge time (REG[02Ah] bits 1-0 = 01 or 10) t1 ns
t4 CAS# setup time 0.4511 ns
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7.4 Power Sequencing

7.4.1 LCD Power Sequencing

#RESET

LCD Enable Bit
(REG[1FCh] bit 0)

FPFRAME

t1 t2

t4

FPLINE, FPSHIFT ‘—"
FPDATA, DRDY

LCD Power Save t4
Status Bit
(REG[1F1h] bit 1)

A
v

Figure 7-20: LCD Panel Power-off/Power-on Timing

Table 7-20: LCD Panel Power-off/Power-on Timing

Symbol Parameter Min Max Units
tl LCD Enable Bit high to FPFRAME active TEPERAME ns
t2 FPFRAME inactive to LCD Power Save Status bit high 5TEPERAME ns
t3 LCD Enable Bit high to FPLINE, FPSHIFT, FPDATA, DRDY active 3TEpLINE ns
ta LCD Enable Bit low to FPL'INI.E, FPSHIFT, FPDATA, DRDY active and note 1 ns

LCD Power Save Status bit high
1. t4 = 130Tgprranme for dual panels

= 65TEprraME fOr single panels

Note
Where TrprramEe 1S the period of FPFRAME and Tep N IS the period of FPLINE.
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7.4.2 Power Save Mode

Power Save
Mode Enable Bit

(REG[1FOh] bit 0)

FPFRAME

FPLINE, FPSHIFT
FPDATA, DRDY

LCD Power Save
Status Bit
(REG[1F1h] bit 1)

Memory Controller
Power Save Status Bit
(REGI[1F1h] bit 0)

Memory Access

allowed

SR TN 2
¢
3 t4
t5 J/ t6
t7 ‘Ls’ t9
Y -

not allowed

allowed

Note
Memory accesses cannot be performed after a Power Save Mode has been initiated.

Note
The Memory Controller Power Save Status Bit will go high only if the Refresh Select
Bits (REG[021h] bits 7-6) are set to Self-Refresh or No Refresh.

Figure 7-21: Power Save Mode Timing
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Table 7-21: Power Save Mode Timing

Symbol Parameter Min Max Units
t1 | Power Save Mode Enable Bit high to FPFRAME inactive TF_IF_’FFES',‘\"': * ns
t2 Power Save Mode Enable Bit low to FPFRAME active 3TEpLINE ns

Power Save Mode Enable Bit high to FPLINE, FPSHIFT, FPDATA, 129TprraME +
t3 . . ns
DRDY inactive TFPL|NE
Power Save Mode Enable Bit low to FPLINE, FPSHIFT, FPDATA, DRDY
“ | active TEPFRAME ns
t5 Power Save Mode Enable Bit high to LCD Power Save Status Bit high 128TEprRAME 129TEpRAME ns
t6 Power Save Mode Enable Bit low to LCD Power Save Status Bit low TpcLk ns
7 Power S_ave_ Mode Enable Bit high to Memory Controller Power Save note 1 ns
Status Bit high (self-refresh or no refresh selected)
8 Power S_ave Mode Enable Bit low to Memory Controller Power Save 12T ns
Status Bit low (self-refresh or no refresh selected) MCLK
9 Memory Controll_er Power Save Status Bit low to the earliest time where 8T ns
memory access is allowed (self-refresh or no refresh selected) MCLK

1. t14,. = (1 DRAM refresh clock period) + 12 MCLK periods

Note
Where Teperame 1S the period of FPFRAME, Tep e IS the period of FPLINE,
TpcLk isthe period of the pixel clock, and Ty, k iSthe period of the memory clock.

Note
The DRAM refresh clock period is programmed using REG[021h].
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7.5 Display Interface

7.5.1 Single Monochrome 4-Bit Panel Timing

‘ VDP . VNDP
“ rr r‘
FPFRAME - ]
FPLINE I | | I I .l I I I I | 1N
DRDY (MOD) B \
FPDAT[74] LINE1 LINE2 LINE3 LINE4 — LINE239 XLINE240 LINE1 >< LINE2

FPLINE [ o ]
DRDY (MOD) .

L HDP | HNDP ‘

I o "
FRSHIFT SN [ U O B B [ S
FPDAT7 o 11 X 15 X ¥ — — X X X ey £ X
FPDAT6 - 2 )16 ) X X — — A X D S T) N G
FPDATS o 1:3 X 17 X X e — — X X X =T Y G
FPDAT4 . {14 ) 18  — — X X N 1-320)\ £ X

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

Figure 7-22: Single Monochrome 4-Bit Panel Timing

VDP = Vertical Display Period = (REG[039h] bits [1:0], REG[038h] bits [7:0]) + 1

VNDP = Vertical Non-Display Period = (REGJ[03Ah] bits [5:0]) + 1

HDP = Horizontal Display Period = ((REG[032h] bits [6:0]) + 1) x 8 Ts

HNDP = Horizontal Non-Display Period = ((REG[034h] bits [4:0]) + 1) x 8 Ts
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tl 12
Sync Timing 7 i
FPFRAME
t3
FPLINE ¥ /
« 15
DRDY (MOD) j

Data Timing
FPLINE
t6
t7 8
B 19 | 10 1l | 112
FPSHIFT | 4
113 | t14
FPDAT[7:4] ! 2 ><
Figure 7-23: Sngle Monochrome 4-Bit Panel A.C. Timing
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Table 7-22: Single Monochrome 4-Bit Panel A.C. Timing
Min. . Max. .
Symbol Parameter Setting Typical Setting Units
t1 FPFRAME setup to FPLINE falling edge 28 note 2 1268 Ts (note 1)
t2 FPFRAME hold from FPLINE falling edge 12 Ts
t3 FPLINE pulse width 11 Ts
t4 FPLINE period 40 note 3 1280 Ts
t5 DRDY (MOD) delay from FPLINE falling edge 3 note 4 259 Ts
t6a FPSHIFT falling edge to FPLINE rising edge, 4 bpp or 8 bpp 5 note 5 229 Ts
téb FPSHIFT falling edge to FPLINE rising edge, 15/16 bpp 7 note 5 231 Ts
t7a FPLINE falling edge to FPSHIFT falling edge, 4 bpp or 8 bpp 20 Ts
t7b FPLINE falling edge to FPSHIFT falling edge, 15/16 bpp 18 Ts
t8 FPSHIFT period 4 Ts
t9a FPSHIFT falling edge to FPLINE falling edge, 4 bpp or 8 bpp 16 note 6 240 Ts
t9b FPSHIFT falling edge to FPLINE falling edge, 15/16 bpp 18 note 6 242 Ts
t10a FPLINE falling edge to FPSHIFT rising edge, 4 bpp or 8 bpp 18 Ts
t10b FPLINE falling edge to FPSHIFT rising edge, 15/16 bpp 16 Ts
t11 FPSHIFT pulse width high 2 Ts
t12 FPSHIFT pulse width low 2 Ts
t13 FPDATI[7:4] setup to FPSHIFT falling edge 2 Ts
t14 FPDATI[7:4] hold to FPSHIFT falling edge 2 Ts
1. Ts = LCD pixel clock period. LCD pixel clock frequency is LCD pixel clock source divided by 1, 2, 3 or 4
(see REG[014h]).
2. 11 =t4-12
3. 14 = [((REG[032h] bits [6:0]) + 1) x 8 + ((REG[034h] bits [4:0]) + 1) x 8]
4. t5 = [((REG[034h] bits [4:0]) + 1) x 8 + 3]
5. 16 = [((REG[034h] bits [4:0]) + 1) x 8 - 27] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 25] for 15/16 bpp color depth
6. 19 = [((REG[034h] bits [4:0]) + 1) x 8 - 16] for 4 bpp or 8 bpp color depth

= [((REG[034h] bits [4:0]) + 1) x 8 - 14] for 15/16 bpp color depth
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7.5.2 Single Monochrome 8-Bit Panel Timing

L VDP N VNDP K
I T g
FPFRAME -
N | I | N N N | | N | NN N
DRDY (MOD) . X
FPDAT[?:O] LINE1 LINE2 LINE3 LINE4 >§ — LINE479 LINE480>\ LINE1 LINE2

FPLINE 1 — = ]

DRDY (MOD) X . -

5 HDP |, HNDP |

FPSHIFT 7_%\_1_\_1_\_1_\_ o J_\_I_\_I_\_I_\_I_\L_ri
FPDAT7 o 11 ¥ 19 X X — — X X X X 1-633 e ¢
FPDAT6 . 12 110 S G G G G €-) N G |
FPDAT5 N XX X % — — K O O O Xees) o L X
FPDAT4 N ED S S G S S G SR G €7 —" S
FPDAT3 o 15 )} 113 ) X — — X Y X Xwes7y, L X
FPDAT2 o 16 X 114 — — X X X X Y A
FPDAT1 N (s X — — XX X 639) L X
FPDATO B 18 ) 116 L — XX X Ymee\ L X

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

Figure 7-24: Single Monochrome 8-Bit Panel Timing

VDP = Vertical Display Period = (REGJ[039h] bits [1:0], REG[038h] bits [7:0]) + 1

VNDP = Vertical Non-Display Period = (REGJ03AN] bits [5:0]) + 1

HDP = Horizontal Display Period = ((REG[032h] bits [6:0]) + 1) x 8 Ts

HNDP = Horizontal Non-Display Period = ((REG[034h] bits [4:0]) + 1) x 8 Ts
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Figure 7-25: Single Monochrome 8-Bit Panel A.C. Timing
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Table 7-23: Single Monochrome 8-Bit Panel A.C. Timing
Min. . Max. )
Symbol Parameter Setting Typical Setting Units
t1 FPFRAME setup to FPLINE falling edge 28 note 2 1268 Ts (note 1)
t2 FPFRAME hold from FPLINE falling edge 12 Ts
t3 FPLINE pulse width 11 Ts
t4 FPLINE period 40 note 3 1280 Ts
t5 DRDY (MOD) delay from FPLINE falling edge 3 note 4 259 Ts
t6a FPSHIFT falling edge to FPLINE rising edge, 4 bpp or 8 bpp 7 note 5 231 Ts
téb FPSHIFT falling edge to FPLINE rising edge, 15/16 bpp 9 note 5 233 Ts
t7a FPLINE falling edge to FPSHIFT falling edge, 4 bpp or 8 bpp 22 Ts
t7b FPLINE falling edge to FPSHIFT falling edge, 15/16 bpp 20 Ts
t8 FPSHIFT period 8 Ts
t9a FPSHIFT falling edge to FPLINE falling edge, 4 bpp or 8 bpp 18 note 6 242 Ts
t9b FPSHIFT falling edge to FPLINE falling edge, 15/16 bpp 20 note 6 244 Ts
t10a FPLINE falling edge to FPSHIFT rising edge, 4 bpp or 8 bpp 18 Ts
t10b FPLINE falling edge to FPSHIFT rising edge, 15/16 bpp 16 Ts
t11 FPSHIFT pulse width high 4 Ts
t12 FPSHIFT pulse width low 4 Ts
t13 FPDAT([7:0] setup to FPSHIFT falling edge 4 Ts
t14 FPDATI[7:0] hold to FPSHIFT falling edge 4 Ts
1. Ts =LCD pixel clock period. LCD pixel clock frequency is LCD pixel clock source divided by 1, 2, 3 or 4
(see REG[014h]).
2. 11 =t4-12
3. t4  =[(REG[032h] bits [6:0]) + 1) x 8 + ((REG[034h] bits [4:0]) + 1) x 8]
4. t5 = [(REG[034h] bits [4:0]) + 1) x 8 + 3]
5. t6 = [((REG[034h] bits [4:0]) + 1) x 8 - 25] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 23] for 15/16 bpp color depth
6. t9 = [((REG[034h] bits [4:0]) + 1) x 8 - 14] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 12] for 15/16 bpp color depth
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7.5.3 Single Color 4-Bit Panel Timing
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= >« >
FPSHIFT S [ ([ A
Y €V 6 =7 €= s e s S G G - W
FPDAT6 - _/< 1'Gl>< 1'BZ>< 1'R4>< >< >< >é - -- o 4/:><
EPDAT5S - - m 1'R3><£>< X X >§ - --@ - __/:X
EPDAT4 . _/< 1'R2>< 1-G3 1'B4>< X X ><_ A Y AN | wldcs/A _/<:><

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

Figure 7-26: Single Color 4-Bit Panel Timing

VDP = Vertical Display Period = (REG[039h] bits [1:0], REG[038h] bits [7:0]) + 1

VNDP = Vertical Non-Display Period = (REG[03Ah] bits [5:0]) + 1

HDP = Horizontal Display Period = ((REG[032h] bits [6:0]) + 1) x 8 Ts

HNDP = Horizontal Non-Display Period = ((REG[034h] bits [4:0]) + 1) x 8 Ts
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/ t2
Sync Timing
FPFRAME
t3 t4
FPLINE P_\
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DRDY (MOD)
Data Timing
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)
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. t9 | 1o 1 t12
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Figure 7-27: Single Color 4-Bit Panel A.C. Timing
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Table 7-24: Single Color 4-Bit Panel A.C. Timing
Min. . Max. .
Symbol Parameter Setting Typical Setting Units
t1 FPFRAME setup to FPLINE falling edge 28 note 2 1268 Ts (note 1)
t2 FPFRAME hold from FPLINE falling edge 12 Ts
t3 FPLINE pulse width 11 Ts
t4 FPLINE period 40 note 3 1280 Ts
t5 DRDY (MOD) delay from FPLINE falling edge 3 note 4 259 Ts
t6a FPSHIFT falling edge to FPLINE rising edge, 4 bpp or 8 bpp 4.5 note 5 228.5 Ts
téb FPSHIFT falling edge to FPLINE rising edge, 15/16 bpp 6.5 note 5 230.5 Ts
t7a FPLINE falling edge to FPSHIFT falling edge, 4 bpp or 8 bpp 195 Ts
t7b FPLINE falling edge to FPSHIFT falling edge, 15/16 bpp 175 Ts
t8 FPSHIFT period 1 Ts
t9a FPSHIFT falling edge to FPLINE falling edge, 4 bpp or 8 bpp 155 note 6 239.5 Ts
t9b FPSHIFT falling edge to FPLINE falling edge, 15/16 bpp 175 note 6 2415 Ts
tl0a |FPLINE falling edge to FPSHIFT rising edge, 4 bpp or 8 bpp 19 Ts
t10b | FPLINE falling edge to FPSHIFT rising edge, 15/16 bpp 17 Ts
t11 FPSHIFT pulse width high 0.5 Ts
t12 FPSHIFT pulse width low 0.5 Ts
t13 FPDAT[7:4] setup to FPSHIFT falling edge 0.5 Ts
t14 FPDAT(7:4] hold from FPSHIFT falling edge 0.5 Ts
1. Ts = LCD pixel clock period. LCD pixel clock frequency is LCD pixel clock source divided by 1, 2, 3 or 4
(see REG[014h]).
2. 11 =t4-12
3. 14 = [((REG[032h] bits [6:0]) + 1) x 8 + ((REG[034h] bits [4:0]) + 1) x 8]
4. t5 = [((REG[034h] bits [4:0]) + 1) x 8 + 3]
5. 16 = [((REG[034h] bits [4:0]) + 1) x 8 - 27.5] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 25.5] for 15/16 bpp color depth
6. 19 = [((REG[034h] bits [4:0]) + 1) x 8 - 16.5] for 4 bpp or 8 bpp color depth

= [((REG[034h] bits [4:0]) + 1) x 8 - 14.5] for 15/16 bpp color depth
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7.5.4 Single Color 8-Bit Panel Timing (Format 1)

L VDP O VNDP |
[« o g
FPFRAME o
FPLINE _ 1 I ] I [ — ] I ] 1 1 s
FPDAT[7:0] LINE1 ) LINE2 X LINE3 X LINE4 X- — -XLINE479 XLINE480 LINEL X LINE2 X

FPLINE [ ] - ]
L HDP . HNDP
" i g
FPSHIFT ] | [ ‘ ‘ ‘ o ] T
FPSHIFT2 - ‘ ‘ ‘ ‘ ‘ . . [
FPDAT7 o 1RL ) 1-61 ) 1-G6 X 1-86 X 1-B1L X 1-R12}- — — L
FPDAT6 - 181 ) 1-R2 Y 1R7 X 167 X1-G12 ) 1-B12)- — — (¥ X1-Be36) { X
FPDAT5 o A 162 X 182 X 187 X 1-R8 X1R13Y1-G13% — — X X X163 L X
FPDAT4 o 1R3 Y 1-G3 )Y 1-e8 )X 188 X 1B13YX 1R — — X X XiRess\ { X
FPDAT3 o 1-B3 X 1-R4 X 1-R9 X 1-G9 X1-G14 X 1B14Y- — — ( X1-B638) o { X
FPDAT2 o 1G4 Y 1-B4 ) 1-89 X\ 1R10Y1R15X1-G15 — — Y Y1-Ge) { X
FPDAT1 o 1R5 X(1-G5 ¥ 1-G10)( 1-B10 1-B15 X 1-R16)- — — ¥ ¥ Y1-Re40\ { X
FPDATO o 185 ¥ 1-R6 X 1-R11X 1-G11)1-G16 X 1BI6X- — — o { X

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

Figure 7-28: Single Color 8-Bit Panel Timing (Format 1)

VDP = Vertical Display Period = (REG[039h] bits [1:0], REG[038h] bits [7:0]) + 1

VNDP = Vertical Non-Display Period = (REG[03Ah] bits [5:0]) + 1

HDP = Horizontal Display Period = ((REG[032h] bits [6:0]) + 1) x 8 Ts

HNDP = Horizontal Non-Display Period = ((REG[034h] bits [4:0]) + 1) x 8 Ts
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t1
Sync Timing J e
FPFRAME 4
SRR -} PR C S
FPLINE P—\
Data Timing FPLINE
< t5 »
t6
> 17 8
19 (ot t2 113
FPSHIFT / \
t10 R
FPSHIFT2 |
t14 | 115
I —
FPDAT[7:0] g 1 >k 2
Figure 7-29: Single Color 8-Bit Panel A.C. Timing (Format 1)
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Table 7-25: Sngle Color 8-Bit Panel A.C. Timing (Format 1)

Min. . Max. .
Symbol Parameter Setting Typical Setting Units
t1 FPFRAME setup to FPLINE falling edge 28 note 2 1268 | Ts (note 1)
t2 FPFRAME hold from FPLINE falling edge 12 Ts
t3 FPLINE pulse width 11 Ts
t4 FPLINE period 40 note 3 1280 Ts
tba FPSHIFT2 falling edge to FPLINE rising edge, 4 bpp or 8 bpp 5 note 4 229 Ts
t5b FPSHIFT2 falling edge to FPLINE rising edge, 15/16 bpp 7 note 4 231 Ts
t6a FPSHIFT falling edge to FPLINE rising edge, 4 bpp or 8 bpp 3 note 5 227 Ts
téb FPSHIFT falling edge to FPLINE rising edge, 15/16 bpp 5 note 5 229 Ts
t7a FPLINE falling edge to FPSHIFT2 rising, FPSHIFT falling edge, 4/8 bpp 20 Ts
t7b FPLINE falling edge to FPSHIFT2 rising, FPSHIFT falling edge, 15/16 bpp 18 Ts
t8 FPSHIFT2, FPSHIFT period 4 Ts
t9a FPSHIFT falling edge to FPLINE falling edge, 4 bpp or 8 bpp 14 note 6 238 Ts
t9b FPSHIFT falling edge to FPLINE falling edge, 15/16 bpp 16 note 6 240 Ts
tl0a |FPSHIFT2 falling edge to FPLINE falling edge, 4 bpp or 8 bpp 16 note 7 240 Ts
t10b | FPSHIFT2 falling edge to FPLINE falling edge, 15/16 bpp 18 note 7 242 Ts
tlla |FPLINE falling edge to FPSHIFT rising edge, 4 bpp or 8 bpp 18 Ts
tllb | FPLINE falling edge to FPSHIFT rising edge, 15/16 bpp 16 Ts
112 FPSHIFT2, FPSHIFT pulse width high 2 Ts
113 FPSHIFT2, FPSHIFT pulse width low 2 Ts
t14 FPDAT[7:0] setup to FPSHIFT2 rising, FPSHIFT falling edge 1 Ts
t15 FPDAT[7:0] hold from FPSHIFT2 rising, FPSHIFT falling edge 1 Ts
1. Ts = LCD pixel clock period. LCD pixel clock frequency is LCD pixel clock source divided by 1, 2, 3 or 4
(see REG[014h]).
2. 11 =t4-12
3. 4 = [((REG[032h] bits [6:0]) + 1) x 8 + (REG[034h] bits [4:0]) + 1) x 8]
4. t5 = [((REG[034h] bits [4:0]) + 1) x 8 - 27] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 25] for 15/16 bpp color depth
5. 16 = [((REG[034h] bits [4:0]) + 1) x 8 - 29] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 27] for 15/16 bpp color depth
6. t9 = [((REG[034h] bits [4:0]) + 1) x 8 - 18] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 16] for 15/16 bpp color depth
7. t10 = [((REG[034h] bits [4:0]) + 1) x 8 - 16] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 14] for 15/16 bpp color depth
S1D13506 Hardware Functional Specification
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7.5.5 Single Color 8-Bit Panel Timing (Format 2)

}: VDP ;11 VNDP ;}
FPFRAME o - ]
FPLINE I | | I | I Ml | I I 1N
DRDY (MOD) X - X
FPDAT[7:0] LINEL ) LINE2 ¥ LINE3 X LINE4 X~ — -XLINE479)(LINE480 LINEL X LINE2
| e
FPLINE ] — - [
DRDY (MOD) o
14 HDP b€ HNDP R
(L e I e e Y Y O e I s s I o B
FPDAT7 . AvR(mesy(aee) X X % — — K X esd L X
FPDATE e (ira)(1ee) % = = A eesey X
FPDATS [1B1)(16 ) 1R7 ) X — — KX eRed o L X
FPDATA (rre)(wea) zor)(_ X - — A ey X
FPDATS /i) irs)(187 — = K Oemes, (X
FPDAT2 (18216 (1R  — — KO ey L X
FPDATL  farsyaesyaee)( (X — — A ) e L X
FPDATO _ A 1G3)(1Re (188 e G G €7 N G {
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-30: Single Color 8-Bit Panel Timing (Format 2)

VDP = Vertical Display Period = (REG[039h] bits [1:0], REG[038h] bits [7:0]) + 1
VNDP = Vertical Non-Display Period = (REG[03Ah] bits [5:0]) + 1

HDP = Horizontal Display Period = ((REG[032h] bits [6:0]) + 1) x 8 Ts

HNDP = Horizontal Non-Display Period = ((REG[034h] bits [4:0]) + 1) x 8 Ts
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Figure 7-31: Single Color 8-Bit Panel A.C. Timing (Format 2)
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Table 7-26: Sngle Color 8-Bit Panel A.C. Timing (Format 2)
Min. . Max. .
Symbol Parameter Setting Typical Setting Units
t1 FPFRAME setup to FPLINE falling edge 28 note 2 1268 Ts (note 1)
t2 FPFRAME hold from FPLINE falling edge 12 Ts
t3 FPLINE pulse width 11 Ts
t4 FPLINE period 40 note 3 1280 Ts
t5 DRDY (MOD) delay from FPLINE falling edge 3 note 4 259 Ts
t6a FPSHIFT falling edge to FPLINE rising edge, 4 bpp or 8 bpp 4 note 5 228 Ts
téb FPSHIFT falling edge to FPLINE rising edge, 15/16 bpp 6 note 5 230 Ts
t7a FPLINE falling edge to FPSHIFT falling edge, 4 bpp or 8 bpp 20 Ts
t7b FPLINE falling edge to FPSHIFT falling edge, 15/16 bpp 18 Ts
t8 FPSHIFT period 2 Ts
t9a FPSHIFT falling edge to FPLINE falling edge, 4 bpp or 8 bpp 15 note 6 239 Ts
t9b FPSHIFT falling edge to FPLINE falling edge, 15/16 bpp 17 note 6 241 Ts
t10a FPLINE falling edge to FPSHIFT rising edge, 4 bpp or 8 bpp 18 Ts
t10b FPLINE falling edge to FPSHIFT rising edge, 15/16 bpp 16 Ts
t11 FPSHIFT pulse width high 1 Ts
t12 FPSHIFT pulse width low 1 Ts
t13 FPDAT][7:0] setup to FPSHIFT falling edge 1 Ts
t14 FPDAT][7:0] hold to FPSHIFT falling edge 1 Ts
1. Ts = LCD pixel clock period. LCD pixel clock frequency is LCD pixel clock source divided by 1, 2, 3 or 4
(see REG[014h]).
2. 11 =t4-12
3. 14 = [((REG[032h] bits [6:0]) + 1) x 8 + ((REG[034h] bits [4:0]) + 1) x 8]
4. t5 = [((REG[034h] bits [4:0]) + 1) x 8 + 3]
5. 16 = [((REG[034h] bits [4:0]) + 1) x 8 - 28] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 26] for 15/16 bpp color depth
6. 19 = [((REG[034h] bits [4:0]) + 1) x 8 - 17] for 4 bpp or 8 bpp color depth

= [((REG[034h] bits [4:0]) + 1) x 8 - 15] for 15/16 bpp color depth
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7.5.6 Single Color 16-Bit Panel Timing

’ VDP e VNDP .
FPFRAME o ]
FPLINE | I I I I I .1 I I I I I 1N
DRDY (MOD) X
FPDAT[15:0] LNEL X LINE2 X LINE3 X LINE4 Y- — -XLINE479 X LINE480 LINEL X _LINE2
K —
FPLINE 1 S [
DRDY (MOD) —
” HDP bl HNOP
i Y Y Y e Y Y e [y S e I
FPDAT15 - 1-R1 (166 )(1-B11 X X — — — A eesy L X
FPDAT14 . 181 X(1R7 Y1612} (X - — — — A eessy L X
FPDAT13 o 1-G2 (187 Y(1R13 X ¢ — — — A R L X
FPDAT12 - fare (168 )(1BIs Y Xk — — — XX e L X
FPDAT11 o 183 )} 1:R9 }(1-614( X — — — XX Daessey L X
FPDAT10 o freawee(aRis) X % — — — A amese) L X
FPDAT9 o 1-R5 X 1-G10 X(1-B15 X X e — — — X X aee L X
FPDAT8 A aBs (TR (TG Y X - — — L ees L X
FPDAT7 o Awe1)(18e 1Ry Xk — — — X mese X
FPDAT6 o 1Rz (167 )} 1-B12)( X C— — — X e X
FPDAT5 A2 ) (aRe)(1613) Xk — — — X X essy L X
FPDAT4 o fres(ams AR X X Xk — — — XX aRed L X
FPDAT3 o 1-R4 X 1-G9 X 1-B14X X X C— — — A X Yamess) X
FPDAT2 - 184 X(1-R10 X 1-G15X X - — — XX Yweess L X
FPDATL o fresy(mmio(iRie( X (6 — — — (X iweon L X
FPDATO Y S0 CECTY G-Iy QD G ¢ c— — — L X Naeeon L X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-32: Single Color 16-Bit Panel Timing

VDP = Vertical Display Period = (REGJ[039h] bits [1:0], REG[038h] bits [7:0]) + 1

VNDP = Vertical Non-Display Period = (REGJ[03Ah] bits [5:0]) + 1

HDP = Horizontal Display Period = ((REG[032h] bits [6:0]) + 1) x 8 Ts

HNDP = Horizontal Non-Display Period = ((REG[034h] bits [4:0]) + 1) x 8 Ts
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Figure 7-33: Sngle Color 16-Bit Pand A.C. Timing
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Table 7-27: Single Color 16-Bit Panel A.C. Timing

Min. . Max. .
Symbol Parameter Setting Typical Setting Units
t1 FPFRAME setup to FPLINE falling edge 28 note 2 1268 Ts (note 1)
t2 FPFRAME hold from FPLINE falling edge 12 Ts
t3 FPLINE pulse width 11 Ts
t4 FPLINE period 40 note 3 1280 Ts
t5 DRDY (MOD) delay from FPLINE falling edge 3 note 4 259 Ts
t6a FPSHIFT falling edge to FPLINE rising edge, 4 bpp or 8 bpp 5 note 5 229 Ts
téb FPSHIFT falling edge to FPLINE rising edge, 15/16 bpp 7 note 5 231 Ts
t7a FPLINE falling edge to FPSHIFT falling edge, 4 bpp or 8 bpp 21 Ts
t7b FPLINE falling edge to FPSHIFT falling edge, 15/16 bpp 19 Ts
t8 FPSHIFT period 5 Ts
t9a FPSHIFT falling edge to FPLINE falling edge, 4 bpp or 8 bpp 16 note 6 240 Ts
t9b FPSHIFT falling edge to FPLINE falling edge, 15/16 bpp 18 note 6 242 Ts
t10a FPLINE falling edge to FPSHIFT rising edge, 4 bpp or 8 bpp 18 Ts
t10b FPLINE falling edge to FPSHIFT rising edge, 15/16 bpp 16 Ts
t11 FPSHIFT pulse width high 2 Ts
t12 FPSHIFT pulse width low 2 Ts
t13 FPDATI[15:0] setup to FPSHIFT falling edge 2 Ts
t14 FPDAT[15:0] hold to FPSHIFT falling edge 2 Ts
1. Ts = LCD pixel clock period. LCD pixel clock frequency is LCD pixel clock source divided by 1, 2, 3 or 4
(see REG[014h]).
2. 11 =t4-12
3. 4 = [((REG[032h] bits [6:0]) + 1) x 8 + (REG[034h] bits [4:0]) + 1) x 8]
4. t5 = [((REG[034h] bits [4:0]) + 1) x 8 + 3]
5. 16 = [((REG[034h] bits [4:0]) + 1) x 8 - 27] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 25] for 15/16 bpp color depth
6. t9 = [((REG[034h] bits [4:0]) + 1) x 8 - 16] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 14] for 15/16 bpp color depth
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7.5.7 Single Color 16-Bit Panel Timing with External Circuit

_ VDP aia VNDP
FPFRAME I I
FPLINE __]| Ml Ml M Ml M . 1 I I I M Ml 1N
DRDY (MOD) X ‘ —
FPDAT[15:0] LINE 1 UNE2 X UNE3 X LINE4 X—— — ) LINE 479 X LINE 480 unel X LINE2
‘ i
f —
5,  FPLINE [ _ [
= .
Z DRDY (MOD) X -
'_
2
e} < HDP > HNDP
(o]
% FPSHIFT o [ \ \ \ [ [ . [
8 FPDAT? . R )G X X X X —— —)iBe3s1-RE36)N
% FPDAT6 . 1e (1R ) X X — —— —)-ce36)1B636)
FPDAT5 - vea )(ae2 ) 6 XXX — —rearfices
EPDAT4 B 1R3 X 1-G3 X X X X— — —X1B637)1-Re38\
FPDAT3 N vea Y 1Ra )Y X X— — —aeeas)isesm)
FPDAT2 - 1-Ga ¥ 1-B4 X X X— — —X1-Re39)1-Ge3o)
FPDAT1 N 1rs X165 X X X— — —fuseas(iRrea\
FPDATO B 185 X 1-Re X X X — —— —ALGea0(iBeo)
b1s ) — — X Tem
D14 N 1-B1 ><— — —X 1-G636 )\ B
D13 B 1-G2 X— — —X__1Re37T )\
D12 N 1-R3 X— — —X___1-B637T ) B
D11 ) X X — e
D10 ) — — X amem
) D9 B 1-R5 X— — —X__1B639 )\
E D8 B 1-B5 X— — —X_ 1-G640 K
z
—
I D7 B A 161 ) — — =X X1-R636N\
& D6 B 1R2 X X X —_— 1-B636)
g D5 B A1B2 X — — —X X-G637T)\
D4 - 163 X XX — — —X__XaRes)
D3 e S . = N
D2 L L XY — X aoem,
D1 B 1-G5 X X X —_— — X1-R640), B
DO - A1R6 X — — A (Bead
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-34: 16-Bit Single Color Panel Timing with External Circuit

VDP = Vertical Display Period = (REG[039h] bits [1:0], REG[038h] bits [7:0]) + 1

VNDP = Vertical Non-Display Period = (REGJ[03AN] bits [5:0]) + 1

HDP = Horizontal Display Period = ((REG[032h] bits [6:0]) + 1) x 8 Ts

HNDP = Horizontal Non-Display Period = ((REG[034h] bits [4:0]) + 1) x 8 Ts

Hardware Functional Specification S1D13506

Issue Date: 01/02/06 X25B-A-001-10



Page 100 Epson Research and Development
Vancouver Design Center

D[7:0]
TO 16-BIT
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S1D13506
FPSHIFT CK

Figure 7-35: External Circuit for Color Sngle 16-Bit Panel When the Media Plug is Enabled
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Figure 7-36: Sngle Color 16-Bit Panel (with External Circuit) A.C. Timing
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Table 7-28: Sngle Color 16-Bit Panel (with External Circuit) A.C. Timing
Min. . Max. .
Symbol Parameter Setting Nominal Setting Units
t1 FPFRAME setup to FPLINE falling edge 28 note 2 1268 Ts (note 1)
t2 FPFRAME hold from FPLINE falling edge 12 Ts
t3 FPLINE pulse width 11 Ts
t4 FPLINE period 40 note 3 1280 Ts
t5 DRDY (MOD) delay from FPLINE falling edge 3 note 4 259 Ts
t6a FPSHIFT falling edge to FPLINE rising edge, 4 bpp or 8 bpp 5 note 5 229 Ts
téb FPSHIFT falling edge to FPLINE rising edge, 15/16 bpp 7 note 5 231 Ts
t7a FPLINE falling edge to FPSHIFT falling edge, 4 bpp or 8 bpp 22 Ts
t7b FPLINE falling edge to FPSHIFT falling edge, 15/16 bpp 20 Ts
t8 FPSHIFT period 4 Ts
t9a FPSHIFT falling edge to FPLINE falling edge, 4 bpp or 8 bpp 16 note 6 240 Ts
t9b FPSHIFT falling edge to FPLINE falling edge, 15/16 bpp 18 note 6 242 Ts
tl0a |FPLINE falling edge to FPSHIFT rising edge, 4 bpp or 8 bpp 20 Ts
t10b FPLINE falling edge to FPSHIFT rising edge, 15/16 bpp 18 Ts
t11 FPSHIFT pulse width high 2 Ts
t12 FPSHIFT pulse width low 2 Ts
t13 FPDAT][7:0] setup to FPSHIFT rising edge 1 Ts
t14 FPDATI[7:0] hold to FPSHIFT rising edge 1 Ts
t15 FPDAT]7:0] setup to FPSHIFT falling edge 1 Ts
t16 FPDAT][7:0] hold to FPSHIFT falling edge 1 Ts
1. Ts = LCD pixel clock period. LCD pixel clock frequency is LCD pixel clock source divided by 1, 2, 3 or 4
(see REG[014h]).
2. 11 =t4-12
3. 14 = [((REG[032h] bits [6:0]) + 1) x 8 + ((REG[034h] bits [4:0]) + 1) x 8]
4. t5 = [((REG[034h] bits [4:0]) + 1) x 8 + 3]
5. 16 = [((REG[034h] bits [4:0]) + 1) x 8 - 27] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 25] for 15/16 bpp color depth
6. 19 = [((REG[034h] bits [4:0]) + 1) x 8 - 16] for 4 bpp or 8 bpp color depth

= [((REG[034h] bits [4:0]) + 1) x 8 - 14] for 15/16 bpp color depth
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7.5.8 Dual Monochrome 8-Bit Panel Timing
5 VDP VNDP N
I T ]
FPFRAME [ - o
FPLINE | I I Ml I M.l I I I I I I
DRDY (MOD) X )
FPDAT[7:0] e vz ) e 2202 ) e 3260 ) L s - — e zsoars)(une z40ied unE wen ) LINE 2242
| I
FPLINE [ S ]
DRDY (MOD) X o
L HDP | HNDP
I e g
FPSHIFT i - e
FPDAT7 w1 s X X % — — X Y XX Yt L X
FPDATG TS e e > U e |
FPDAT5 w3 X a7 X X — — XX X X 1-639 A X
FPDAT4 (e XX — — X X o) A X
FPDAT3 AR — — O emen X
FPDAT2 2012 2416 X X — — X X X 241-638 L X
FPDAT1 ans)oar X % — — XXX eaead A X
FPDATO ana)oane ) (6 — — XXX Deasad L X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-37: Dual Monochrome 8-Bit Panel Timing

VDP = Vertical Display Period = (REGJ[039h] bits [1:0], REG[038h] bits [7:1])

VNDP = Vertical Non-Display Period = (REGJ03Ah] bits [5:0]) + 1

HDP = Horizontal Display Period = ((REG[032h] bits [6:0]) + 1) x 8 Ts

HNDP = Horizontal Non-Display Period = ((REG[034h] bits [4:0]) + 1) x 8 Ts
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Figure 7-38: Dual Monochrome 8-Bit Panel A.C. Timing
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Table 7-29: Dual Monochrome 8-Bit Panel A.C. Timing

Min. . Max. .
Symbol Parameter Setting Typical Setting Units
t1 FPFRAME setup to FPLINE falling edge 28 note 2 1268 Ts (note 1)
t2 FPFRAME hold from FPLINE falling edge 12 Ts
t3 FPLINE pulse width 11 Ts
t4 FPLINE period 40 note 3 1280 Ts
t5 DRDY (MOD) delay from FPLINE falling edge 3 note 4 259 Ts
t6a FPSHIFT falling edge to FPLINE rising edge, 4 bpp or 8 bpp 13 note 5 237 Ts
téb FPSHIFT falling edge to FPLINE rising edge, 15/16 bpp 15 note 5 239 Ts
t7a FPLINE falling edge to FPSHIFT falling edge, 4 bpp or 8 bpp 12 Ts
t7b FPLINE falling edge to FPSHIFT falling edge, 15/16 bpp 10 Ts
t8 FPSHIFT period 4 Ts
t9a FPSHIFT falling edge to FPLINE falling edge, 4 bpp or 8 bpp 24 note 6 248 Ts
t9b FPSHIFT falling edge to FPLINE falling edge, 15/16 bpp 26 note 6 250 Ts
tl0a |FPLINE falling edge to FPSHIFT rising edge, 4 bpp or 8 bpp 10 Ts
t10b | FPLINE falling edge to FPSHIFT rising edge, 15/16 bpp 8 Ts
t12 FPSHIFT pulse width low 2 Ts
t11 FPSHIFT pulse width high 2 Ts
t13 FPDAT([7:0] setup to FPSHIFT falling edge 2 Ts
t14 FPDATI[7:0] hold to FPSHIFT falling edge 2 Ts
1. Ts = LCD pixel clock period. LCD pixel clock frequency is LCD pixel clock source divided by 1, 2, 3 or 4
(see REG[014h]).
2. 11 =t4-12
3. t4 = [((REG[032h] bits [6:0]) + 1) x 8 + ((REG[034h] bits [4:0]) + 1) x 8]
4. t5 = [((REG[034h] bits [4:0]) + 1) x 8 + 3]
5. t6 = [((REG[034h] bits [4:0]) + 1) x 8 - 19] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 17] for 15/16 bpp color depth
6. t9 = [((REG[034h] bits [4:0]) + 1) x 8 - 8] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 6] for 15/16 bpp color depth
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7.5.9 Dual Color 8-Bit Panel Timing

L VDP ., VNDP R
I T ]
FPFRAME [ [
FPLINE | I 1 I I M1l I I I I I 1N
DRDY (MOD) N X
FPDAT[7:0] v sz )| e 2oz ) e w2 Y e azse Y- — Y zsmers e ne [onezer (e ez
| I
FPLINE [ S 1
DRDY (MOD) X -
}4 HDP ﬁ‘ HNDP ‘
Gk e ) O e Y e e e e A o IO
FPDAT7 1R X 162 X 183 X 1-R5 X 1-66 X 1-B7 — — X X Yamess L X
FPDATE ver)( ez 1re Yaes X e }(aRe X — — X Nemeaoh L X
FPDATS _ . o1 1R3 164 ) 185 }(1R7)(1G8 ) — — L X
FPDAT4 . 1R2 (163 (184 X 1Re ¥ 167 Y 188 Y- — — X X Yimeao) ( X
FPDAT3 241-R1)(241-G2)(241-B3)(241-R5)\241-G6Y 24187 — — ) . L X
FPDAT2 2a1-61)(241-82)2a1Ra 24165 aarBeyar R — — X X X@hn A X
EPDATI 241-81)(241-R3)(241-G4)(241-B5 )(241-R7)(241-GEY- — — . _B
EPDATO . . 241-R2)(241-G3)241-Ba Y241 RE)241-67Y2arB8 - — — X X Y 2A A X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-39: Dual Color 8-Bit Panel Timing

VDP = Vertical Display Period

VNDP = Vertical Non-Display Period

HDP = Horizontal Display Period
HNDP = Horizontal Non-Display P

eriod

= ((REG[039h] bits [1:0], REG[038h] bits [7:0]) + 1) /2
= (REG[03Ah] bits [5:0]) + 1

= ((REG[032h] bits [6:0]) + 1) x 8 Ts
= ((REG[034h] bits [4:0]) + 1) x 8 Ts
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, t2
Sync Timing ‘
FPFRAME
t3 t4
FPLINE P—\ /
5
DRDY (MOD)
Data Timing
FPLINE
t6
7, 3 8
t9 | 110 t11 | t12
FPSHIFT | i
113 | t14
FPDAT[7:0] 1 2 ><

Figure 7-40: Dual Color 8-Bit Panel A.C. Timing
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Table 7-30: Dual Color 8-Bit Pand A.C. Timing
Min. ) Max. )
Symbol Parameter Setting Typical Setting Units
t1 FPFRAME setup to FPLINE falling edge 28 note 2 1268 Ts (note 1)
t2 FPFRAME hold from FPLINE falling edge 12 Ts
t3 FPLINE pulse width 11 Ts
t4 FPLINE period 40 note 3 1280 Ts
t5 DRDY (MOD) delay from FPLINE falling edge 3 note 4 259 Ts
t6a FPSHIFT falling edge to FPLINE rising edge, 4 bpp or 8 bpp 12 note 5 236 Ts
téb FPSHIFT falling edge to FPLINE rising edge, 15/16 bpp 14 note 5 238 Ts
t7a FPLINE falling edge to FPSHIFT falling edge, 4 bpp or 8 bpp 105 Ts
t7b FPLINE falling edge to FPSHIFT falling edge, 15/16 bpp 8.5 Ts
t8 FPSHIFT period 1 Ts
t9a FPSHIFT falling edge to FPLINE falling edge, 4 bpp or 8 bpp 23 note 6 247 Ts
t9b FPSHIFT falling edge to FPLINE falling edge, 15/16 bpp 25 note 6 249 Ts
tl0a |FPLINE falling edge to FPSHIFT rising edge, 4 bpp or 8 bpp 11 Ts
t10b | FPLINE falling edge to FPSHIFT rising edge, 15/16 bpp 9 Ts
t11 FPSHIFT pulse width high 0.5 Ts
t12 FPSHIFT pulse width low 0.5 Ts
t13 FPDATI[7:0] setup to FPSHIFT falling edge 0.5 Ts
t14 FPDATI[7:0] hold to FPSHIFT falling edge 0.5 Ts
1. Ts = LCD pixel clock period. LCD pixel clock frequency is LCD pixel clock source divided by 1, 2, 3 or 4
(see REG[014h]).
2. 11 =t4-12
3. t4 = [((REG[032h] bits [6:0]) + 1) x 8 + (REG[034h] bits [4:0]) + 1) x 8]
4. t5 = [((REG[034h] bits [4:0]) + 1) x 8 + 3]
5. 16 = [((REG[034h] bits [4:0]) + 1) x 8 - 20] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 18] for 15/16 bpp color depth
6. 19 = [((REG[034h] bits [4:0]) + 1) x 8 - 9] for 4 bpp or 8 bpp color depth

= [((REG[034h] bits [4:0]) + 1) x 8 - 7] for 15/16 bpp color depth
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7.5.10 Dual Color 16-Bit Panel Timing

FPFRAME
FPLINE
DRDY (MOD)
FPDAT[15:0]

VDP

€

»!
>¢

| | ] 1 l I I 1 I I 1 [

LINE 1/241 LINE 2/242 >< LINE 3/243 X LINE 4/244 >é —

LINE 239/479 XLINE 240/480 LINE 1/241 X LINE 2/242

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

FPLINE 1 o 1
DRDY (MOD) o
’ HDP i HNDP
FPSHIFT ] N M1 B I
FPDATI15,7] ARG - = e L X
FPDAT[14,6] Y &7 & ol G G-V S G
FPDAT[13,5] D ¢ G | X - - = = XX R L X
FPDAT[12,4] e €5 G - = SN G
FPDATI[11,3] o EEGR X XC — — — ) A X
FPDAT[10,2] AR (R X X ——— > Cafen . AL X
FPDAT[9,1] 2% X X Sl G G 57 - N G |
FPDATI[8,0] LA R X - — = = XX A X

Figure 7-41: Dual Color 16-Bit Panel Timing

VDP = Vertical Display Period = ((REG[039h] bits [1:0], REG[038h] bits [7:0]) + 1) /2

VNDP = Vertical Non-Display Period = (REGJ[03Ah] bits [5:0]) + 1

HDP = Horizontal Display Period = ((REG[032h] bits [6:0]) + 1) x 8 Ts

HNDP = Horizontal Non-Display Period = ((REG[034h] bits [4:0]) + 1) x 8 Ts
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t1 t2
Sync Timing J o
FPFRAME
_ 3 t4
FPLINE J/_\ W
t5
DRDY (MOD) J
Data Timing
FPLINE
t6
. t7 t8 R
t9 t10 t11  t12
< >e——> N a—
FPSHIFT /
t13 t14
1 2 X
FPDAT[15:0]
Figure 7-42: Dual Color 16-Bit Panel A.C. Timing
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Table 7-31: Dual Color 16-Bit Panel A.C. Timing

Min. . Max. .
Symbol Parameter Setting Typical Setting Units
t1 FPFRAME setup to FPLINE falling edge 28 note 2 1268 Ts (note 1)
t2 FPFRAME hold from FPLINE falling edge 12 Ts
t3 FPLINE pulse width 11 Ts
t4 FPLINE period 40 note 3 1280 Ts
t5 DRDY (MOD) delay from FPLINE falling edge 3 note 4 259 Ts
t6a FPSHIFT falling edge to FPLINE rising edge, 4 bpp or 8 bpp 12 note 5 236 Ts
téb FPSHIFT falling edge to FPLINE rising edge, 15/16 bpp 14 note 5 238 Ts
t7a FPLINE falling edge to FPSHIFT falling edge, 4 bpp or 8 bpp 12 Ts
t7b FPLINE falling edge to FPSHIFT falling edge, 15/16 bpp 10 Ts
t8 FPSHIFT period 2 Ts
t9a FPSHIFT falling edge to FPLINE falling edge, 4 bpp or 8 bpp 23 note 6 247 Ts
t9b FPSHIFT falling edge to FPLINE falling edge, 15/16 bpp 25 note 6 249 Ts
tl0a |FPLINE falling edge to FPSHIFT rising edge, 4 bpp or 8 bpp 10 Ts
t10b | FPLINE falling edge to FPSHIFT rising edge, 15/16 bpp 8 Ts
t11 FPSHIFT pulse width high 1 Ts
t12 FPSHIFT pulse width low 1 Ts
t13 FPDATI[15:0] setup to FPSHIFT falling edge 1 Ts
t14 FPDATI[15:0] hold to FPSHIFT falling edge 1 Ts
1. Ts = LCD pixel clock period. LCD pixel clock frequency is LCD pixel clock source divided by 1, 2, 3 or 4
(see REG[014h]).
2. 11 =t4-12
3. 4 = [((REG[032h] bits [6:0]) + 1) x 8 + (REG[034h] bits [4:0]) + 1) x 8]
4. t5 = [((REG[034h] bits [4:0]) + 1) x 8 + 3]
5. 16 = [((REG[034h] bits [4:0]) + 1) x 8 - 20] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 18] for 15/16 bpp color depth
6. t9 = [((REG[034h] bits [4:0]) + 1) x 8 - 9] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 7] for 15/16 bpp color depth
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7.5.11 Dual Color 16-Bit Panel Timing with External Circuit

< VDP pg VNDP
“A FPFRAME
FPLINE || I I I I M . _1l I I M M I L
DRDY (MOD) X :
FPDAT[lSO] LINE 1/241 ‘ LINE 2/242 LINE 3/243 LINE 4/244 X—— —— XLINE 239/479 XLINE 240/480 LINE 1/241>< LINE 2/242
—
| —
FPLINE [ _ M1
2 DRDY (MOD) X _ -
8 < HDP . HNDP >
@ FPSHIFT - \ \ \ \ ] 1
5 EPDATY - ETY €¥7D @XT Y — —Yeem(iesy
FPDAT6 - 161 Y 1-82 X _1-R4 X— — —XuBesg(ireao)
FPDATS - 81 )(1Re X 1G4 X X— — —aress)1-cea0\
FPDAT4 - 1Rz (163 )( 184 XX — —essofieeaon
EPDAT3 . 241-R1X241-G2X 241-B3 X e 7”
EPDAT2 N 241-G1X241-B2)241-R4 X X X— — —X o X A N
EPDAT1 N 241-B1)(241-R3Y241-B4 X X X— — — N
FPDATO , 241-R2(241-63)(241-84 X X— — )& (8 )\
up? B Y — —X_tows )\
uD6 B 1-G1 ¥— — —X_ 1-B638 )
ubs . ver X X— — —X_1Re3s )\
uD4 N 1-R2 X ¥— — —X_ 1-G639 )\
uD3 o 162 X XX X X— — X asesnn
” uD2 - [182 XX X — =X Nureaon
5 uD1 B A2Ra X X X— — —X___feeson
< uDo - Area ) X X X— — =X aseson
% LD7 . ZaiRL_ Y Y — X aamess )\
E LD6 B 24161 X ¥— — —X_ 241-B638 )
- LD5 B 241-B1 X X — —X__2a1R639 )\
LD4 - 2Rz X Y — —Xaarosm )\
LD3 - Aear-c2 X X X— — X (N
LD2 . 24182 XX X — X XAt )\
LD1 - 241R3 X X— — X et
LDO . D) G G ¢ X— — (et
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-43: 16-Bit Dual Color Panel Timing with External Circuit
VDP = Vertical Display Period = ((REG[039h] bits [1:0], REG[038h] bits [7:0]) + 1) /2
VNDP = Vertical Non-Display Period = (REGJ[03AR] bits [5:0]) + 1
HDP = Horizontal Display Period = ((REG[032h] bits [6:0]) + 1) x 8 Ts
HNDP = Horizontal Non-Display Period = ((REG[034h] bits [4:0]) + 1) x 8 Ts
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UD[3:0]
LD[3:0] TO 16-BIT
FPDAT[7:4] 5 9 up[7:a)  PANEL
FPDATI[3:0] LD[7:4]
FROM
S1D13506
FPSHIFT CK

Figure 7-44: External Circuit for Color Dual 16-Bit Panel When the Media Plug is Enabled

Sync Timing Jw e
FPFRAME
t3
FPLINE ; /

DRDY (MOD)

Data Timing

FPLINE

t9 t10 t11 t12

FPSHIFT | AL

t13 | t14 t15| t16

Figure 7-45: Dual Color 16-Bit Panel (with External Circuit) A.C. Timing
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Table 7-32: Dual Color 16-Bit Panel (with External Circuit) A.C. Timing
Min. . Max. .
Symbol Parameter Setting Typical Setting Units
t1 FPFRAME setup to FPLINE falling edge 28 note 2 1268 Ts (note 1)
t2 FPFRAME hold from FPLINE falling edge 12 Ts
t3 FPLINE pulse width 11 Ts
t4 FPLINE period 40 note 3 1280 Ts
t5 DRDY (MOD) delay from FPLINE falling edge 3 note 4 259 Ts
t6a FPSHIFT falling edge to FPLINE rising edge, 4 bpp or 8 bpp 125 note 5 236.5 Ts
téb FPSHIFT falling edge to FPLINE rising edge, 15/16 bpp 14.5 note 5 238.5 Ts
t7a FPLINE falling edge to FPSHIFT falling edge, 4 bpp or 8 bpp 125 Ts
t7b FPLINE falling edge to FPSHIFT falling edge, 15/16 bpp 105 Ts
t8 FPSHIFT period 2 Ts
t9a FPSHIFT falling edge to FPLINE falling edge, 4 bpp or 8 bpp 23.5 note 6 247.5 Ts
t9b FPSHIFT falling edge to FPLINE falling edge, 15/16 bpp 25.5 note 6 2495 Ts
tl0a |FPLINE falling edge to FPSHIFT rising edge, 4 bpp or 8 bpp 115 Ts
t10b | FPLINE falling edge to FPSHIFT rising edge, 15/16 bpp 9.5 Ts
t11 FPSHIFT pulse width high 1 Ts
t12 FPSHIFT pulse width low 1 Ts
t13 FPDAT([7:0] setup to FPSHIFT rising edge 0.5 Ts
t14 FPDAT[7:0] hold to FPSHIFT rising edge 0.5 Ts
t15 FPDAT][7:0] setup to FPSHIFT falling edge 0.5 Ts
t16 FPDATJ[7:0] hold to FPSHIFT falling edge 0.5 Ts
1. Ts = LCD pixel clock period. LCD pixel clock frequency is LCD pixel clock source divided by 1, 2, 3 or 4
(see REG[014h]).
2. 11 =t4-12
3. 14 = [((REG[032h] bits [6:0]) + 1) x 8 + ((REG[034h] bits [4:0]) + 1) x 8]
4. t5 = [((REG[034h] bits [4:0]) + 1) x 8 + 3]
5. 16 = [((REG[034h] bits [4:0]) + 1) x 8 - 19.5] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - 17.5] for 15/16 bpp color depth
6. 19 = [((REG[034h] bits [4:0]) + 1) x 8 - 8.5] for 4 bpp or 8 bpp color depth

= [((REG[034h] bits [4:0]) + 1) x 8 - 6.5] for 15/16 bpp color depth
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7.5.12 TFT/D-TFD Panel Timing

5 VNDP 9 VDP R
FPFRAME N
rrLNE I I I | I -
R[5:1], G[SZO], B[5:l] LINE4BO )\ LINE1 [X— — —X LINE480
DRDY - 1~ [

FPLINE I

FPSHIFT 1L LI L1 ] [ S [ [ A A A I

pROY J o L

RS 2 — — — Kewo) -
e} 12 ) — — = faeo) -
B2 A X2 6 — — — H{aeso) -

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

Figure 7-46: TFT/D-TFD Panel Timing

VDP = Vertical Display Period = (REGJ[039h] bits [1:0], REG[038h] bits [7:0]) + 1

VNDP = Vertical Non-Display Period = (REGJ[03Ah] bits [5:0]) + 1

HDP = Horizontal Display Period = ((REG[032h] bits [6:0]) + 1) x 8 Ts

HNDP = Horizontal Non-Display Period = HNDP; + HNDP, = ((REG[034h] bits [4:0]) + 1) x 8 Ts
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Note: DRDY is used to indicate the first pixel

Figure 7-47: TFT/D-TFD A.C. Timing
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Table 7-33: TFT/D-TFD A.C. Timing

Min. . Max. .
Symbol Parameter Setting Typical Setting Units
t1 FPSHIFT period 1 Ts (note 1)
2 FPSHIFT pulse width high 0.5 Ts
t3 FPSHIFT pulse width low 0.5 Ts
t4 data setup to FPSHIFT falling edge 0.5 Ts
5 data hold from FPSHIFT falling edge 0.5 Ts
t6 FPLINE cycle time 40 note 2 1280 Ts
t7 FPLINE pulse width low 8 note 3 128 Ts
t8 FPFRAME cycle time 2 note 4 1088 lines
t9 FPFRAME pulse width low 1 note 5 8 lines
t10 horizontal display period 8 note 6 1024 Ts
t11 FPLINE setup to FPSHIFT falling edge 0.5 Ts
t12 FPFRAME falling edge to FPLINE falling edge phase difference 1 note 7 249 Ts
t13 DRDY to FPSHIFT falling edge setup time 0.5 Ts
t14 DRDY pulse width 8 note 8 1024 Ts
tl5a | DRDY falling edge to FPLINE falling edge, 4 bpp or 8 bpp 4 note 9 252 Ts
t15b | DRDY falling edge to FPLINE falling edge, 15/16 bpp 6 note 9 254 Ts
t16 DRDY hold from FPSHIFT falling edge 0.5 Ts
tl7a | FPLINE Falling edge to DRDY active, 4 bpp or 8 bpp -6 note 10 250 Ts
t17b | FPLINE Falling edge to DRDY active, 15/16 bpp -8 note 10 248 Ts
1. Ts = LCD pixel clock period. LCD pixel clock frequency is LCD pixel clock source divided by 1, 2, 3 or 4
(see REG[014h]).
2. 16 = [((REG[032h] bits [6:0]) + 1) x 8 + ((REG[034h] bits [4:0]) + 1) x 8]
3. t7 = [((REG[036h] bits [3:0]) + 1) x 8]
4. 18 = [((REG[039h] bits [1:0], REG[038h] bits [7:0]) + 1) + (REG[03Ah] bits [5:0]) + 1)]
5 19 = [((REG[03Ch] bits [2:0]) + 1)]
6. t10 = [((REG[032h] bits [6:0]) + 1) x 8]
7. t12 = [(REG[035h] bits [4:0]) x 8 + 1]
8. tl4 = [((REG[032h] bits [6:0]) + 1) x 8]
9. t15 = [(REG[035h] bits [4:0]) x 8 + 4] for 4 bpp or 8 bpp color depth
= [(REG[035h] bits [4:0]) x 8 + 6] for 15/16 bpp color depth
10. t17 = [((REG[034h] bits [4:0]) + 1) x 8 - (REG[035h] bits [4:0]) x 8 - 4] for 4 bpp or 8 bpp color depth
= [((REG[034h] bits [4:0]) + 1) x 8 - (REG[035h] bits [4:0]) x 8 - 6] for 15/16 bpp color depth
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7.5.13 CRT Timing

. VNDP 9 VDP R
| < < ql
VRTC R
HRTC I 1 I I I I R N [ [ |
RED,GREEN,BLUE LINE480) LINEL [X\— — 7>< LINE480
HRTC m 77777
« HNDP, 9 HDP ye HNDPp
RED,GREEN,BLUE o 2 ) — — — e
Example Timing for 640x480 CRT

Figure 7-48: CRT Timing

VDP = Vertical Display Period = (REG[057h] bits [1:0], REG[056h] bits [7:0]) + 1

VNDP = Vertical Non-Display Period = (REG[058h] bits [5:0]) + 1

HDP = Horizontal Display Period = ((REG[050h] bits [6:0]) + 1) x 8 Ts

HNDP = Horizontal Non-Display Period = HNDP, + HNDP,= ((REG[052h] bits [5:0]) + 1) x 8 Ts
Note

The signals RED, GREEN and BLUE are analog signals from the embedded DA C and represent
the color components which make up each pixel.
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Figure 7-49: CRT A.C. Timing

i

Table 7-34: CRT A.C. Timing

Min. . Max. .
Symbol Parameter Setting Typical Setting Units
t1 VRTC cycle time 2 note 1 1152 lines
t2 VRTC pulse width low 1 note 2 8 lines
t3 VRTC falling edge to FPLINE falling edge phase difference 8 note 3 512 Ts
1. t1 = [((REG[057h] bits 1:0, REG[056h] bits 7:0) + 1) + (REG[058h] bits 6:0) + 1)] lines
2. 12 = [((REG[05Ah] bits 2:0) + 1)] lines
3. t3 = [((REG[053h] bits 5:0) + 1) x 8] Ts
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7.6 TV Timing

7.6.1 TV Output Timing

Theoverall NTSC and PAL video timing is shown in Figure 7-50: and Figure 7-51: respec-
tively.

Register Programming: ) - '
Vertical Non-Display Period = 20 < ertical blanking intervall= 20 lines |
VRTC Start Position =0

4
=
=

v

261| 262| 1 2 3 4 5 6 7 8 9 10 22 19| 20 | 21

pretequalizing vertical sync post-equalizing

Field 1 ?//M\ < pulse interyal h¢ pulse interval e pulse interyal ;? L 1) ?
CTTrTr et ¢
<« tart of field |1

b VNDP ) R
I~ ((
TV VRTC Start Position (field 1) )
{

l261| 26212631 L 12 1314151617 1819]100 )] 19/20]2L]|

e e Y R E I nanan e an s am ot dh

< start of field 2

VNDP

(
TV VRTC Start Position (field 2) [T )

4

Start of Vertical Sync

Figure 7-50: NTSC Video Timing
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Register Programming:
Vertical Non-Display Period = 26 ertical blanking infterval = 25 lines N
VRTC Start Position = 0

—~ =
=
v

620| 621| 622 623| 624|625| 1 2 0] 4 5 6 7 9 211 22 | 23 | 24

i e e e

start of field |1

\ 4

A

VNDP

TV VRTC Start Position (field 1)

[ 308309310 | 311|312 |313 | 314 | 315 | 316 | 317 | 318 | 319 | 320 | 8|334|335 336 |

foaz | ¥ A L [HﬂHﬂFTfoTHﬁfoTKW

start of field 2

v

TV VRTC Start Position (field 2)

=

620| 621| 622 623| 624|625| 1 2 0] 4 5 6 7 82 211 22 | 23 | 24

Field 3 VW\/V\ﬁ A
g avatiiR S P T e

start of field 3
VNDP

TV VRTC Start Position (field 3) )
(

| 30813091310 | 3111312 1313 | 314 1 315 [ 316 1317 318 1319 1320 | |} | 3841335 | 336 |

e R aaanman onasamandh

< start of field 4
VNDP

h

TV VRTC Start Position (field 4)

==

A

Start of Vertical Sync

Figure 7-51: PAL Video Timing
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IRE
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—| t10 «—— Equalizing Pulse Vertical Sync Pulse [¢— t11—»
Startof % )
Horizontal Sync J
Figure 7-52: Horizontal Timing for NTSC/PAL
Table 7-35: Horizontal Timing for NTSC/PAL
Symbol Parameter NTSC PAL Units
Tssc | (4x Subcarrier clock) period 69.841 56.387 ns
t1 Front Porch note 1 note 1 Tusc
t2 Horizontal Sync 67 83 Tasc
t3 Breezeway 9 16 Tasc
t4 Color Burst 39 44 Tasc
t5 Color Back Porch note 2 note 3 Tasc
t6 Horizontal Blanking note 4 note 5 Tasc
t7 Active Video note 6 note 6 Tasc
t8 Line Period 910 1135 Tasc
t9 Half Line Period 455 568 / 567 Tasc
t10 Equalizing Pulse 33 41 Tasc
t11 Vertical Serration 67 83 Tasc
1. 11 = ((REG[053] bits[5:0]) + 1) x 8 - 7 (4 bpp, 8 bpp modes)
= ((REGJ053] bits[5:0]) + 1) x 8 - 5 (15/16 bpp modes)
2. t5y7sc = ((REGJ052] bits[5:0]) x 8) + 6) - (((REG[053] bits[5:0]) + 1) x 8) - 108 (4 bpp, 8 bpp modes)
= (((REG[052] bits[5:0]) x 8) + 6) - (((REG[053] bits[5:0]) + 1) x 8) - 110 (15/16 bpp modes)
3. t5paL = ((REGJ052] bits[5:0]) x 8) + 7) - ((REG[053] bits[5:0]) + 1) x 8) - 136 (4 bpp, 8 bpp modes)
= (((REG[052] bits[5:0]) x 8) + 7) - (((REG[053] bits[5:0]) + 1) x 8) - 138 (15/16 bpp modes)
4. t6NTsc = ((REG[052] bits[5:0]) x 8) + 6
6. t6ps. = ((REG[052] bits[5:0]) x 8) + 7
7. t7 = ((REG[050] bits[6:0]) + 1) x 8
Important:
REG[050] and REG[052] must be programmed to satisfy the Line Period (t8).
For NTSC, (((REG[050] bits[6:0]) + 1) x 8) + (((REG[052] bits[5:0]) x 8) + 6) = 910.
For PAL, (((REG[050] bits[6:0]) + 1) x 8) + (((REG[052] bits[5:0]) x 8) + 7) = 1135.
Hardware Functional Specification S1D13506

Issue Date: 01/02/06

X25B-A-001-10



Page 122 Epson Research and Development
Vancouver Design Center

909 (NTSC)
0 1134 (PAL)
Vertical 1 4 !
Non-Display Vertical —~ > I 2
Period Sync |
v ! v
Odd 4 I
Field :
13 !
\égglcg : u 0Odd Lines (1, 3, 5, ...)
Period |
|
|
v v [ 5
Vertical t4 :
Non-Display Vertical —% > . 3
Period Sync |
Even ¥ ; ¥
Field |
2,4 |
\Iéiesr[t)ilcaa;/l : u Even Lines (2, 4, 6, ...)
Period |
|
|
Horizontal Sync
Figure 7-53: Vertical Timing for NTSC/PAL
Table 7-36: Vertical Timing for NTSC/PAL
Symbol Parameter NTSC PAL Units
Tune | Line Period 63.55556 63.99964 us
t1 Vertical Field Period note 1 note 1 TUNE
t2 Vertical Blanking (Fields 1, 3) note 2 note 2 TUNE
t3 Vertical Blanking (Fields 2, 4) note 3 note 3 TUNE
t4 Vertical Sync Position note 4 note 5 TUNE
t5 Frame Period 525 625 TUNE
1. 1 = ({(REG[057] bits[1:0]), (REG[056] bits[7:0])} + 1) / 2
2. t2 = ((REG[058] bits[6:0]) + 1) for fields 1 & 3
3. t3 = ((REG[058] bits[6:0]) + 2) for fields 2 & 4
4. tdytse = ((REG[059] bits[6:0]) + 4)  for field 1
= ((REG[059] bits[6:0]) + 4.5) for field 2
5. t4pa. = ((REG[059] bits[6:0]) + 5)  for field 1 and field 3
= ((REGJ[059] bhits[6:0]) + 4.5) for field 2 and field 4
Important

REG[056], REG[057], and REG[058] must be programmed to satisfy the Frame Period (t5).
For NTSC, ({(REG[057] bits[1:0]), (REG[056] bits[7:0])} + 1) + ((REG[058] bits[6:0]) + 1) x 2 + 1) = 525
For PAL, ({(REG[057] bits[1:0]), (REG[056] bits[7:0])} + 1) + ((REG[058] bits[6:0]) + 1) x 2 + 1) = 625.
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7.7 MediaPlug Interface Timing
T1
VMPCLK R
t2 t2 t2 t2
> |+ -»| —> ‘4—
VMPCLKN 4 ’¢ N '«
t3
VMPDIN[3:0] X
t4
VMPCTRL t
t5
> |«
VMPLCTRL
t6 v
> [« >
VMPDout ‘/
Figure 7-54: MediaPlug A.C. Timing
Note
The above timing diagram assumes no load.
Table 7-37: MediaPlug A.C. Timing
Symbol Parameter Min Max Units
T1 MediaPlug clock period 100 ns
t2 VMPCLKN delay from VMPCLK 3 ns
t3 Input data setup ns
t4 VMPCTRL setup
Local control signal delay from VMPCLK falling
t5 2 ns
edge
t6 Output data delay from VMPCLK falling edge 1 ns
7 Output data tristate delay from VMPCLK falling 14 ns
edge
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8 Registers

This section discusses how and where to access the S1D13506 registers. It also provides
detailed information about the layout and usage of each register.

8.1 Initializing the S1D13506

Before programming the S1D13506 registers, the Register/Memory Select bit
(REG[000h] bit 7) must be set.

8.1.1 Register/Memory Select Bit

At reset, the Register/Memory Select bit isset to 1. This means that only REG[000h] (read-
only) and REG[001h] are accessible until a writeto REG[001h] sets bit 7 to 0 making
all registers and memory accessible. When debugging a new hardware design, this can
sometimes give the appearance that the interface is not working, so it isimportant to
remember to clear this bit before proceeding with debugging.

8.2 Register Mapping

The S1D 13506 registers are memory-mapped. When the system decodes the input pins as
CS#=0and M/R# = 0, the registers may be accessed. The register space is decoded by
A20-AO0.

When A20 = 1 the BitBIt data register ports are decoded allowing the system to accessthe
display buffer through the 2D BitBIt engine using address lines A19-A0. When A20=0
and A12 = O the registers are decoded using A8-A0 as an index. When A20 = 0 and

A12 =1 the MediaPlug register ports are decoded using A11-A0.

TheMediaPlug register portsare defined only when configurationinput MD13 =1 onreset.
When MD13 = 0 on reset, A12 isaways treated as 0 and the MediaPlug register spaceis
not available - see Table 5-6:, “ Summary of Power-On/Reset Options,” on page 39.

Table 8-1: “Register Mapping with CS# = 0 and M/R# = 0" shows the decoding for each

register type.
Table 8-1: Register Mapping with CS#= 0and M/R#= 0
Register Types (Range) Address A20-A0 Decoding
BitBIt data registers (1M byte) 100000h to 1FFFFFh
MediaPlug registers (4K bytes) 1000h to 1FFFh
Main Registers (512 bytes) 0to 1FFh
Note

The registers may be aiased within the allocated register space. If aliasing is
undesirable, the register space must be fully decoded.

S1D13506 Hardware Functional Specification
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8.3 Register Descriptions

8.3.1 Basic Registers

Revision Code Register

REG[000h] 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 S1D13506 is 000100b.

bits 1-0 Revision Code Bits [1:0]

Thisisaread-only register that indicates the revision code of the chip. Therevision codeis
01b.

Miscellaneous Register
REG[001h] RW
Register/
Memory n/a n/a n/a n/a Reserved Reserved Reserved
Select
bit 7 Register Memory Select
At reset, the Register/Memory Select hit is set to 1. This means that only REG[000h]
(read-only) and REG[001h] are accessible until awriteto REG[001h] setsbhit 7to 0
making all registers and memory accessible. When debugging a new hardware design,
this can sometimes give the appearance that the interface is not working, so it isimportant
to remember to clear this bit before proceeding with debugging.
bit 2 Reserved.
This bit must be set to 0.
bit 1 Reserved.
This bit must be set to 0.
bit 0 Reserved.
This bit must be set to 0.
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8.3.2 General IO Pins Registers

General 10 Pins Configuration Register
REG[004h] RW
Reserved Reserved Reserved Reserved ?g Igjﬂg; (|3(§ Igfﬂggf (|3(§ g}]hzén Reserved
bit 3 GPIO3 Pin IO Configuration
When this bit = 1, GPIO3 is configured as an output pin.
When this bit = 0 (default), GPIO3 is configured as an input pin.
Note
Note that MD[7:6] must be properly configured at the rising edge of RESET# to enable
GPIO3, otherwise GPIO3 will be used asMA[9] for the DRAM and this bit will have no
hardware effect. (See Table 8-2: “MA[11:9]/GPIO[1:3] Pin Functionality”).
bit 2 GPI0O2 Pin IO Configuration
When this bit = 1, GPIO2 is configured as an output pin.
When this bit = 0 (default), GPIO2 is configured as an input pin.
Note
Note that MD[14] and MD[7:6] must be properly configured at the rising edge of RE-
SET# to enable GPIO2, otherwise GPIO2 will be used as MA[11] for the DRAM or as
the MediaPlug VMPEPWR output and this bit will have no hardware effect. (See Table
8-2: “MA[11:9]/GPIQ[1:3] Pin Functionality”).
bit 1 GPIO1 Pin IO Configuration
When this bit = 1, GPIO1 is configured as an output pin.
When this bit = 0 (default), GPIOL1 is configured as an input pin.
Note
Note that MD[7:6] must be properly configured at the rising edge of RESET# to enable
GPIO1, otherwise GPIO1 will be used as MA[10] for the DRAM and this bit will have
no hardware effect. (See Table 8-2: “MA[11:9]/GPIO[1:3] Pin Functionality”).
Table 8-2: MA[11:9]/GPIO[ 1:3] Pin Functionality
MDI[14] on MD[7:6] on Pin
Reset Reset MA[9]/GPIO3 MA[10]/GPIO1 MA[11]/GPI102
0 00 GPIO3 GPIO1 GPI0O2
0 01 MA9 GPIO1 GPIO2
0 10 MA9 GPIO1 GPIO2
0 11 MA9 MA10 MA11
1 00 GPIO3 GPIO1 VMPEPWR
1 01 MA9 GPIO1 VMPEPWR
1 10 MA9 GPIO1 VMPEPWR
1 11 MA9 MA10 MA11
S1D13506 Hardware Functional Specification
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General 10 Pins Control Register

REG[008h] RW

GPIO3 Pin GPIO2 Pin GPIO1 Pin

Reserved Reserved Reserved Reserved 1O Status 1O Status 10 Status Reserved

bit 3 GPIO3 Pin 10 Status
When GPIO3 is configured as an output, writing a 1 to this bit drives GPIO3 high and

writing a 0 to this bit drives GPIO3 low.
When GPIO3 is configured as an input, aread from this bit returns the status of GPIO3.

Note
Note that MD[7:6] must be properly configured at the rising edge of RESET# to enable

GPI0O3, otherwise GPIO3 will be used as MA9 for the DRAM and this bit will have no
hardware effect. (See Table 8-2: “MA[11:9]/GPIO[1:3] Pin Functionality”).

bit 2 GPIO2 Pin 10 Status
When GPIO2 is configured as an output, writing a 1 to this bit drives GPIO2 high and

writing a 0 to this bit drives GPIO2 low.
When GPIO2 is configured as an input, aread from this bit returns the status of GPIO2.

Note
Note that MD[14] and MD[7:6] must be properly configured at the rising edge of RE-

SET# to enable GPIO2, otherwise GPIO2 will be used asMA 11 for the DRAM or asthe
MediaPlug VM PEPWR output and this bit will have no hardware effect. (See Table 8-2:

“MA[11:9]/GPIQ[1:3] Pin Functionality™).

bit 1 GPIO1 Pin 10O Status
When GPIO1 is configured as an output, writing a 1 to this bit drives GPIO1 high and

writing a 0 to this bit drives GPIOL1 low.
When GPIO1 is configured as an input, aread from this bit returns the status of GPIO1.

Note
Note that MD[7:6] must be properly configured at the rising edge of RESET# to enable

GPI01, otherwise GPIO1 will be used as MA 10 for the DRAM and this bit will have no
hardware effect. (See Table 8-2: “MA[11:9]/GPIO[1:3] Pin Functionality”).
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8.3.3 MD Configuration Readback Registers

REG[00Ch]

MD Configuration Status Register 0

RO

MDI[7]
Config. Status

MDI[3]
Config. Status

MD[2]
Config. Status

MDI[1]
Config. Status

MDI[0]
Config. Status

MDI[6]
Config. Status

MD[5]
Config. Status

MD[4]
Config. Status

REG[00Dh]

MD Configuration Status Register 1

RO

MD[15]
Config. Status

MDI[8]
Config. Status

MD[12]
Config. Status

MD[11]
Config. Status

MD[10]
Config. Status

MDI[9]
Config. Status

MD[14]
Config. Status

MD[13]
Config. Status

REG[00CHh] bits 7-0
REG[00DH] bits 7-0

MDJ[15:0] Configuration Status Bits[15:0]
These read-only bits return the status of MD[15:0] at the rising edge of RESET#.

8.3.4 Clock Configuration Registers

Memory Clock Configuration Register
REG[010h] RW
/ / / MCLK / / / MCLK Source
na na na Divide Select na na na Select
bit 4 MCLK Divide Select
When this bit = 1, the internal memory clock frequency is half of the MCLK source fre-
guency.
When this bit = 0, the memory clock frequency is equal to the MCLK source frequency.
The MCLK frequency should aways be set to the maximum frequency alowed by the
DRAM. This provides maximum performance and minimizes overall system power
consumption.
bit 0 MCLK Source Select
When this bit = 1, the source for the internal MCLK is derived from BUSCLK.
When this bit = 0, the source for MCLK is derived from CLKI.
Table 8-3: MCLK Source Select
MCLK Source Select MCLK Source
0 CLKI
1 BUSCLK
Note
The MCLK Divide Select bit must be set to 1 before changing the MCLK Source Select
bit.
Note
For further information on MCLK, refer to Section 20.2, “Clock Descriptions’ on page
225.
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LCD Pixel Clock Configuration Register
REG[014h] RW
LCD PCLK LCD PCLK LCD PCLK LCD PCLK
n/a n/a Divide Select | Divide Select n/a n/a Source Select | Source Select
Bit 1 Bit 0 Bit 1 Bit 0
bits 5-4 LCD PCLK Divide Select Bits[1:0]
These bits determine the divide used to generate the LCD pixel clock from the LCD pixel
clock source.
Table 8-4: LCD PCLK Divide Sdlection
LCD PCLK Divide Select Bits LCD PCLK Source to LCD PCLK Frequency Ratio
00 1:1
01 2:1
10 3:1
11 4:1
bits 1-0 LCD PCLK Source Select Bits[1:0]

These bits determine the source of the LCD pixel clock for the LCD display.
Table 8-5: LCD PCLK Source Selection

LCD PCLK Source Select Bits LCD PCLK Source
00 CLKI
01 BUSCLK
10 CLKI2
11 MCLK (see note)

Note
MCLK may be aprevioudy divided down version of CLKI, CLKI2 or BUSCLK.

CRT/TV Pixel Clock Configuration Register
REG[018h] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
PCLK 2X n/a PCLK Divide | PCLK Divide n/a n/a PCLK Source | PCLK Source
Enable Select Bit 1 Select Bit 0 Select Bit 1 Select Bit 0
bit 7 CRT/TV PCLK 2X Enable

This bit multipliesthe CRT/TV pixel clock by 2.
This bit must be set to 1 when TV with flicker filter is enabled. See REG[1FCh] bits 2-0.

S1D13506
X25B-A-001-10

Hardware Functional Specification
Issue Date: 01/02/06



Page 130 Epson Research and Development
Vancouver Design Center
bits 5-4 CRT/TV PCLK Divide Select Bitg[1:0]
These bits determine the divide used to generate the CRT/TV pixel clock from the
CRT/TV pixel clock source.
Table 8-6: CRT/TV PCLK Divide Sdlection
CRT/TV PCLK Divide Select Bits CRT/TV PCLK Sourceto CRT/TV PCLK
Frequency Ratio
00 1:1
01 2:1
10 31
11 4:1
bits 1-0 CRT/TV PCLK Source Select Bits[1:0]

These bits determine the source of the CRT/TV pixel clock for the CRT/TV
display.
Table 8-7: CRT/TV PCLK Source Selection

CRT/TV PCLK Source Select Bits CRT/TV PCLK Source
00 CLKI
01 BUSCLK
10 CLKI2
11 MCLK (see note)

Note
MCLK may be apreviously divided down version of CLKI, CLKI2 or BUSCLK.

MediaPlug Clock Configuration Register
REG[01Ch] RW
MediaPlug MediaPlug MediaPlug MediaPlug
n/a n/a Clock Divide | Clock Divide n/a n/a Clock Source | Clock Source
Select Bit 1 Select Bit 0 Select Bit 1 Select Bit 0
bits 5-4 MediaPlug Clock Divide Select Bitg[1:0]
These bits determine the divide used to generate the MediaPlug Clock from the CRT/TV
pixel clock source.
Table 8-8: MediaPlug Clock Divide Selection
MediaPlug Clock Divide Select Bits MediaPlug Clock Source to CRT/TV Pixel
Clock Frequency Ratio
00 1:1
01 2:1
10 31
11 4:1
S1D13506 Hardware Functional Specification
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bits 1-0 MediaPlug Clock Source Select Bits[1:0]
These bits determine the source of the MediaPlug Clock for the MediaPlug I nterface.
See Section 7.7, “MediaPlug Interface Timing” on page 123 for AC Timing.

Table 8-9: Video Clock Source Salection

MediaPlug Clock Source Select Bits MediaPlug Clock Source
00 CLKI
01 BUSCLK
10 CLKI2
11 MCLK (see note)
Note

MCLK may be aprevioudy divided down version of CLKI, CLKI2 or BUSCLK.

CPU To Memory Wait State Select Register

REG[01Eh] RW
CPU to CPU to
n/a n/a n/a n/a n/a n/a Memory Wait | Memory Wait

State Select | State Select
Bit 1 Bit 0

bits 1-0 CPU to Memory Wait State Select Bits [1:0]
These hits are used to optimize the handshaking between the host interface and the mem-
ory controller. The bits should be set according to the relationship between BCLK and
MCLK (memory clock).

Note
BCLK can be either BUSCLK or BUSCLK + 2 depending on the setting of MD12 (see
Table 5-6:, “Summary of Power-On/Reset Options,” on pag €39).

Failure to meet the following conditions may lead to system failure which is recoverable
only by RESET.

Table 8-10: Minimum Memory Timing Selection

Wait State Bits [1:0] Condition
00 no restrictions
01 2 X period (MCLK) - 4ns > period(BCLK)
10 period(MCLK) - 4ns > period(BCLK)
11 Reserved
Hardware Functional Specification S1D13506
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8.3.5 Memory Configuration Registers

Memory Configuration Register
REG[020h] RW
Memory Type | Memory Type
n/a n/a n/a n/a n/a n/a Bit 1 Bit 0
bits 1-0 Memory Type Bits[1:0]
These bits specify the memory type.
Table 8-11: Memory Type Selection
Memory Type Bits [1:0] Memory Type
00 EDO-DRAM with 2-CAS#
01 FPM-DRAM with 2-CAS#
10 EDO-DRAM with 2-WE#
11 FPM-DRAM with 2-WE#
DRAM Refresh Rate Register
REG[021h] RW
Refresh Refresh DRAM DRAM DRAM
Select Bit 1 Select Bit 0 n/a n/a n/a Refresh Rate | Refresh Rate | Refresh Rate
Bit 2 Bit 1 Bit 0
bits 7-6 Refresh Select Bits[1:0]
These bits specify the type of DRAM refresh used while in power save mode.
Table 8-12: Refresh Selection
Refresh Select Bits [1:0] DRAM Refresh Type
00 CBR Refresh
01 Self-Refresh
1X No Refresh
Note
These bits should not be changed while power save mode is enabled.
S1D13506 Hardware Functional Specification
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bits 2-0 DRAM Refresh Rate Select Bits[2:0]
These bits specify the divide used to generate the DRAM refresh clock rate, which is equal
to 2(ValueofThessBits +6) from the MCLK source (either BUSCLK or CLKI as determined
by REG[010h] bit 0).

Table 8-13: DRAM Refresh Rate Selection

DRAM Refresh MCLK Source Divide Refresh Rate for 40MHz DRAM Refresh
Rate Bits [2:0] Amount MCLK Source Time/256 cycles
000 64 625 kHz 0.4 ms
001 128 312 kHz 0.8 ms
010 256 156 kHz 1.6 ms
011 512 78 kHz 3.3ms
100 1024 39 kHz 6.6 ms
101 2048 20 kHz 13.1 ms
110 4096 10 kHz 26.2 ms
111 8192 5 kHz 52.4 ms
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DRAM Timing Control Register 0

REG[02Ah] RW
DRAM Timing | DRAM Timing | DRAM Timing | DRAM Timing | DRAM Timing | DRAM Timing | DRAM Timing | DRAM Timing
Control Control Control Control Control Control Control Control
Register Register Register Register Register Register Register Register
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

DRAM Timing Control Register 1

REG[02Bh] RW
DRAM Timing | DRAM Timing
Control Control
n/a n/a n/a n/a n/a n/a . .
Register Register
Bit 9 Bit 8

REG[02Ah] bits4-0 = DRAM Timing Control Bits[9:0]

REG[02Bh] bits1-0  The DRAM Timing Control registers must be set based on the type of DRAM, speed of
DRAM, and MCLK frequency used. The following table provides the optimal values
for each register.

Table 8-14: DRAM Timing Control Selection

MCLK
DRAM Speed DRAM Timing DRAM Timing
DRAM Type Frequency Control Register 0 | Control Register 1
s) (MH2) g g
50 40 01h 01h
50
33 01h 01h
60 01h 01h
50 12h 02h
60 30 01h 01h
70 00h 00h
50 12h 02h
EDO 60 5 12h 02h
70 01h 01h
80 00h 01h
50 12h 02h
60
20 12h 02h
70 12h 02h
80 01h 01h
50
o5 12h 02h
60 01h 01h
50 12h 02h
FPM 60 20 12h 02h
70 11h 02h
80 01h 01h
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8.3.6 Panel Configuration Registers
Panel Type Register
REG[030h] RW
EL Panel / Panel Data Panel Data Panel Data | Color/Mono. Dual/Single TE(-I:-IDPF?SSN'G
Mode Enable na Width Bit 1 Width Bit0 | Format Select | Panel Select | Panel Select Selei?e
bit 7 EL Panel Mode Enable
When this bit = 1, the EL Panel support circuit is enabled.
When this bit = O, there is no hardware effect.
This bit enables the S1D13506 built-in circuit for EL panels which require the Frame Rate
Modulation (FRM) to remain static for one frame after every 262143 frames (approxi-
mately 1 hour at 60Hz refresh). When this bit is enabled, the need for external circuitry to
perform the above function is eliminated.
bits 5-4 Panel Data Width Bits[1:0]
These bits select passive LCD/TFT/D-TFD panel data width size.
Table 8-15: Panel Data Width Selection
Panel Data Width Bits [1:0] Passivsvli_;:tﬁ SPizineel Data TFT/D-TFD P;r;(eel Data Width
00 4-bit 9-bit
01 8-bit 12-bit
10 16-hit 18-hit (64K color)
11 Reserved Reserved
bit 3 Panel Data Format Select
When this bit = 1, 8-bit single color passive LCD panel dataformat 2 is selected. For AC
timing see Section 7.5.5, “ Single Color 8-Bit Panel Timing (Format 2)” on page 93.
When this bit = 0, 8-bit single color passive LCD panel dataformat 1 is selected. For AC
timing see Section 7.5.4, “ Single Color 8-Bit Panel Timing (Format 1)” on page 90.
bit 2 Color/Mono Panel Select
When this bit = 1, color LCD panel is selected.
When this bit = 0, monochrome LCD panél is selected.
bit 1 Dual/Single Panel Select
When this bit = 1, dual LCD panel is selected.
When this bit = 0, single LCD panel is selected.
bit 0 TFT/Passive LCD Panel Select

When this bit = 1, TFT/D-TFD panel is selected.
When this bit = 0, passive LCD panel is selected.
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MOD Rate Register
REG[031h] 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]

For a non-zero value these bits specify the number of FPLINE between toggles of the

MOD output signal (DRDY).
When these bitsare al 0's the MOD output signal toggles every FPFRAME. These bits
are for passive LCD panelsonly.

LCD Horizontal Display Width Register
REG[032h] RW
LCD LCD LCD LCD LCD LCD LCD
n/a Horizontal Horizontal Horizontal Horizontal Horizontal Horizontal Horizontal
Display Width | Display Width | Display Width | Display Width | Display Width | Display Width | Display Width
Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
bits 6-0 LCD Horizontal Display Width Bits [6:0]
These hits specify the LCD panel horizontal display width, in 8 pixel resolution.
Horizontal display width in number of pixels = ((ContentsOf ThisRegister)+ 1) x 8
The Horizontal Display Width has certain limitations on the values that may be used for
each type of LCD panel. Use of values that do not meet the limitations listed in the
following table will result in undefined behavior.
Table 8-16: Horizontal Display Width (Pixels)
Panel Type Horizontal Display Width (Pixels)
Passive Single must be divisible by 16
Passive Dual must be divisible by 32
TFT must be divisible by 8
Note
This register must be programmed such that REG[032h] = 3 (32 pixels).
S1D13506 Hardware Functional Specification
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LCD Horizontal Non-Display Period Register
REG[034h] RW
LCD LCD LCD LCD LCD
n/a n/a n/a Horizontal Horizontal Horizontal Horizontal Horizontal
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 LCD Horizontal Non-Display Period Bits [4:0]

These bits specify the LCD panel horizontal non-display period width in 8 pixel resolu-

tion.

Horiz. non-display period width in number of pixels = ((ContentsOf ThisRegister) + 1) x 8

Note

This register must be programmed such that REG[032h] = 3 (32 pixels).

Note

For TFT/D-TFD only:
REG[034h] + 1 =(REG[035h] + 1) + (REG[036h] bits 3-0 + 1)

TFT FPLINE Start Position Register
REG[035h] RW
TFT FPLINE | TFT FPLINE | TFT FPLINE | TFT FPLINE | TFT FPLINE
n/a n/a n/a Start Position | Start Position | Start Position | Start Position | Start Position
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 4-0 TFT FPLINE Start Position Bits[4:0]

For TFT/D-TFD panel only, these bits specify the delay, in 8 pixel resolution, from the
start of the horizontal non-display period to the leading edge of the FPLINE pulse.

For 4/8 bpp color depth:
FPLINE start position in number of pixels = [(ContentsOf ThisRegister) x 8 + 4]

For 15/16 bpp color depth:
FPLINE start position in number of pixels = [(ContentsOf ThisRegister) x 8 + 6]

Note

For TFT/D-TFD only:
REG[034h] + 1 = (REG[035h] + 1) + (REG[036h] bits 3-0 + 1)
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TFT FPLINE Pulse Width Register
REG[036h] RW
LCD FPLINE TFT FPLINE | TFT FPLINE | TFT FPLINE | TFT FPLINE
Polarity n/a n/a n/a Pulse Width | Pulse Width | Pulse Width | Pulse Width
Select Bit 3 Bit 2 Bit 1 Bit 0
bit 7 LCD FPLINE Polarity Select

This bit selects the polarity of FPLINE for al LCD panels.
When thisbit = 1, the FPLINE pulseis active high for TFT/D-TFD and active low for pas-

sive LCD.
When thisbit = 0, the FPLINE pulse is active low for TFT/D-TFD and active high for pas-

sive LCD.

Table 8-17: LCD FPLINE Polarity Selection
TFT FPLINE Polarity

active low

LCD FPLINE Polarity Select | Passive LCD FPLINE Polarity
0 active high

1 active low

active high

bits 3-0 TFT FPLINE Pulse Width Bits[3:0]

For TFT/D-TFD panel only, these bits specify the pulse width of the FPLINE output sig-
nal in 8 pixel resolution.

FPLINE pulse width in number of pixels = ((ContentsOf ThisRegister) + 1) x 8

The maximum FPLINE pulse width is 128 pixels.

Note

For TFT/D-TFD only:
REG[034h] + 1= (REG[035h] + 1) + (REG[036h] bits 3-0 + 1)

LCD Vertical Display Height Register 0
REG[038h] RW
LCD Vertical | LCD Vertical | LCD Vertical | LCD Vertical | LCD Vertical | LCD Vertical | LCD Vertical | LCD 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
LCD Vertical Display Height Register 1
REG[039h] RW
LCD Vertical | LCD Vertical
n/a n/a n/a n/a n/a n/a Display Display
Height Bit 9 Height Bit 8

REG[038Hh] bits 7-0
REG[039h] bits 1-0

LCD Vertical Display Height Bits[9:0]
These bits specify the LCD panel vertical display height, in 1 line resolution.

Vertical display height in number of lines = (ContentsOf ThisRegister) + 1
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LCD Vertical Non-Display Period Register
REG[03Ah] RW
h%?_\é;rti; al LCD Vertical | LCD Vertical | LCD Vertical | LCD Vertical | LCD Vertical | LCD Vertical
Period Stgtu); n/a Non-Display | Non-Display | Non-Display | Non-Display | Non-Display | Non-Display
(RO) Period Bit 5 Period Bit 4 Period Bit 3 Period Bit 2 Period Bit 1 Period Bit 0
bit 7 LCD Vertical Non-Display Period Status
Thisisaread-only status bit.
When aread from this bit = 1, a LCD pand vertical non-display period is occurring.
When aread from this bit = 0, the LCD panel output isin a vertical display period.
bits 5-0 LCD Vertical Non-Display Period Bits [5:0]

These bits specify the LCD panel vertical non-display period height in 1 line resol ution.
Vertical non-display period height in number of lines = (ContentsOf ThisRegister) + 1
Note

For TFT/D-TFD only:
(REG[03Ah] bits 5-0 + 1) = (REG[03Bh] + 1) + (REG[03Ch] bits 2-0 + 1)

TFT FPFRAME Start Position Register
REG[03Bh] RW
TFT TFT TFT TFT TFT TFT
n/a n/a FPFRAME FPFRAME FPFRAME FPFRAME FPFRAME FPFRAME
Start Position | Start Position | Start Position | Start Position | Start Position | Start Position
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 5-0 TFT FPFRAME Start Position Bits [5:0]

For TFT/D-TFD panel only, these bits specify the delay in lines from the start of the ver-
tical non-display period to the leading edge of the FPFRAME pulse.

FPFRAME start position in number of lines = (ContentsOf ThisRegister) + 1
Note

For TFT/D-TFD only:
(REG[03AN] bits 5-0 + 1) = (REG[03Bh] + 1) + (REG[03Ch] bits 2-0 + 1)
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TFT FPFRAME Pulse Width Register
REG[03Ch] RW
LCD TFT TFT TFT
FPFRAME n/a n/a n/a n/a FPFRAME FPFRAME FPFRAME
Polarity Pulse Width | Pulse Width | Pulse Width
Select Bit 2 Bit 1 Bit O
bit 7 LCD FPFRAME Polarity Select

This hit selects the polarity of FPFRAME for all LCD panels.
When this bit = 1, the FPFRAME pulseis active high for TFT/D-TFD and active low for

passive LCD.
When this bit = 0, the FPFRAME pulseis active low for TFT/D-TFD and active high for
passive LCD.
Table 8-18: LCD FPFRAME Polarity Selection
LCD FPFRAME Polarity Select| ' 2551Ve LCD FPFRAME TFT FPFRAME Polarity
Polarity
active high active low
active low active high

TFT FPFRAME Pulse Width Bits [2:0]
For TFT/D-TFD panel only, these bits specify the pulse width of the FPFRAME output

signal in number of lines.
FPFRAME pulse width in number of lines = (ContentsOf ThisRegister) + 1

bits 2-0

Note
For TFT/D-TFD only:
(REG[03AN] bits5-0 + 1) = (REG[03Bh] + 1) + (REG[03Ch] bits2-0 + 1)

8.3.7 LCD Display Mode Registers

LCD Display Mode Register
REG[040h] RW
. . N LCD Bit-per- | LCD Bit-per- | LCD Bit-per-
LC[;lDlspIay n/a n/a SleeIV|e\_N n/a pixel Select pixel Select pixel Select
ank Enable Bit 1 Bit 2 Bit 1 Bit 0
bit 7 LCD Display Blank
When this bit = 1, the LCD display pipelineisdisabled and all LCD data outputs are
forced to zero (i.e., the screen is blanked).
When this bit = 0, the LCD display pipeline is enabled.
Note
If adual pand isused, the Dual Panedl Buffer (REG[041h] bit 0) must be disabled (set to
1) before blanking the LCD display.
S1D13506 Hardware Functional Specification
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bit 4 SwivelView™ Enable Bit 1
When this bit = 1, the LCD display image is rotated 180° clockwise. Please refer to
Section 15, “ Swivel View™” on page 201 for application and limitations.
When this bit = O, there is no hardware effect.
Thisbit in conjunction with SwivelView™ Enable Bit 0 achieves the following hardware
rotations.

Table 8-19: Setting Swivel View Modes

) ] ) SwivelView™ Modes

SwivelView Enable Bits - - - - - -
Normal SwivelView 90° SwivelView 180° SwivelView 270°

SwivelView Enable Bit 0

(REG[1FCh] bit 6) 0 1 0 1
SwivelView Enable Bit 1

(REG[040h] bit 4) 0 0 1 1

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

These bits select the color depth (bit-per-pixel) for the displayed data.

Note
15/16 bpp color depths bypass the LUT. Passive panels are supported up to 32K/64K
colors (4096 colorsif dithering disabled, see REG[041h] bit 1). TFT/D-TFD panels are
supported up to 32K/64K colors.

Table 8-20: LCD Bit-per-pixel Selection

Bit-per-pixel Select Bits [1:0] Color Depth (bpp)

000 Reserved
001 Reserved
010 4 bpp
011 8 bpp
100 15 bpp
101 16 bpp

110-111 Reserved
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REG[041h]

LCD Miscellaneous Register

RwW

n/a

n/a

Dithering Dual Panel

n/a na na na Disable Buffer Disable

bit 1

bit 0

Dithering Disable

When this bit = 1, dithering on the passive LCD panel for 15/16 bpp mode is disabled
allowing a maximum of 4096 colors (212) or 16 gray shades.

When this bit = 0, dithering on the passive LCD panel for 15/16 bpp mode is enabled
allowing a maximum of 64K colors (21%) or 64 gray shades.

Note
This bit has no effect in 4/8 bpp modes where dithering is not supported.

All passive STN color panels are controlled using 3 bits for each pixel (RGB) for atotal of
8 possible colors. LCD controllers use a combination of Frame Rate Modulation (FRM)
and dithering to achieve more than 8 colors per pixel. FRM can achieve 16 shades of color
for each RGB component resulting in atotal of 4096 possible colors (16x16x16). Dithering
uses a4 pixel square formation and applies aset of 4 hard-coded patterns for each of the 16
shades of color. This expands the original 16 shades of color from the FRM logic to 64
shades per RGB component which resultsin 256K colors per pixel (64x64x64).

For the S1D13506, 16 bpp is arranged as 5-6-5 RGB. In this mode, when dithering is
enabled, the LUT is bypassed and the original 16-bit datais used as a pointer into the 64
shades per color in the following manner.

(5-6-5 RGB) 32 possible Red, 64 possible Green, 32 possible Blue

This combination of FRM and dithering resultsin 256K colors/pixel, however, the 16 bpp
limitation of the S1D13506 limits thisto 64K colors/pixel.

Dual Panel Buffer Disable

This bit is used to disable the Dual Panel Buffer.

When this bit = 1, the Dual Panel Buffer is disabled.

When this bit = 0, the Dual Panel Buffer is enabled.

When asingle panel is selected, the Dual Panel Buffer is automatically disabled and this
bit has no effect.

The Dual Panel Buffer is needed to fully support dual panels. Disabling the Dual Panel
Buffer will improve performance, reduce power consumption, and alow higher resolu-
tion/ color display modes than would otherwise be possible; however, disabling the Dual
Panel Buffer will reduce image contrast and overall display quality. This mode is not nor-
mally used except in special circumstances such as simultaneous display ona CRT/TV
and dual panel LCD. For details on Frame Rate Cadl culation, see Section 17.
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LCD Display Start Address Register 0
REG[042h] RW
LCD Display | LCD Display | LCD Display | LCD Display | LCD Display | LCD Display | LCD Display | LCD Display
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
LCD Display Start Address Register 1
REG[043h] RW
LCD Display | LCD Display | LCD Display | LCD Display | LCD Display | LCD Display | LCD Display | LCD Display
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
LCD Display Start Address Register 2
REG[044h] RW
LCD Display | LCD Display | LCD Display | LCD Display
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[042h] bits 7-0
REG[043h] bits 7-0

REG[044h] bits 3-0

play buffer.

LCD Display Start Address Bits[19:0]
Thisregister forms the 20-bit address for the starting word of the LCD image in the dis-

Notethat thisisaword address. An entry of 00000h into these registers represents the

first word of display memory, an entry of 00001h represents the second word of the dis-
play memory, and so on.

LCD Memory Address Offset Register 0

REG[046h] RW
LCD Memory | LCD Memory | LCD Memory | LCD Memory | LCD Memory | LCD Memory | LCD Memory | LCD 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

LCD Memory Address Offset Register 1
REG[047h] RW
LCD Memory | LCD Memory | LCD Memory
n/a n/a n/a n/a n/a Address Address Address
Offset Bit 10 Offset Bit 9 Offset Bit 8

REG[046h] bits 7-0
REG[047h] bits 2-0

LCD Memory Address Offset Bits[10:0]
These bits arethe LCD display’s 11-bit address offset from the starting word of line“n” to
the starting word of line“n+ 1".

A virtua image can be formed by setting this register to avalue greater than the width of
the display. The displayed image is awindow into the larger virtual image.
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LCD Pixel Panning Register
REG[048h] RW
LCD Pixel LCD Pixel
n/a n/a n/a n/a Reserved Reserved Panning Bit 1 | Panning Bit 0
bits 3-2 Reserved.
Must be set to 0.
bits 1-0 LCD Pixel Panning Bits[1:0]

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

Table 8-21: LCD Pixel Panning Selection

Color Depth (bpp) Screen 2 Pixel Panning Bits Used
4 bpp Bits [1:0]
8 bpp Bit 0
15/16 bpp

Smooth horizontal panning can be achieved by a combination of this register and the LCD
Display Start Address register.

LCD Display FIFO High Threshold Control Register
REG[04Ah] RW
LCD Display | LCD Display | LCD Display | LCD Display | LCD Display | LCD Display
n/a n/a FIFO High FIFO High FIFO High FIFO High FIFO High FIFO High
Threshold Threshold Threshold Threshold Threshold Threshold
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 5-0 LCD Display FIFO High Threshold Bits [5:0]
These bits are used to optimize the display memory request arbitration. When thisregister
is set to 00h, the threshold is automatically set in hardware. However, programming may
be required if screen corruption is present (see Section 18.2, “Example Frame Rates’ on
page 216).
Note
This register does not need to be used in single display modes and may only be required
in some display modes where two displays are active (see Section 16.2, “ Bandwidth
Limitation” on page 211).
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LCD Display FIFO Low Threshold Control Register
REG[04Bh] RW
LCD Display | LCD Display | LCD Display | LCD Display | LCD Display | LCD Display
n/a n/a FIFO Low FIFO Low FIFO Low FIFO Low FIFO Low FIFO Low
Threshold Threshold Threshold Threshold Threshold Threshold
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 5-0 LCD Display FIFO Low Threshold Bits [5:0]

When this register is set to 00h, the threshold is automatically set in hardware. If it
becomes necessary to adjust REG[04Ah] from its default value, then the following
formula must be maintained:

REG[04Bh] > REG[04Ah] and REG[04BHh] < 3Ch

8.3.8 CRT/TV Configuration Registers

CRT/TV Horizontal Display Width Register
REG[050h] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
n/a Horizontal Horizontal Horizontal Horizontal Horizontal Horizontal Horizontal
Display Width | Display Width | Display Width | Display Width | Display Width | Display Width | Display Width
Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit O
bits 6-0 CRT/TV Horizontal Display Width Bits[6:0]
These bits specify the CRT/TV horizontal display width, in 8 pixel resolution.
Horizontal display width in number of pixels = ((ContentsOf ThisRegister)+ 1) x 8
CRT/TV Horizontal Non-Display Period Register
REG[052h] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
na n/a Horizontal Horizontal Horizontal Horizontal Horizontal Horizontal
Non-Display | Non-Display | Non-Display | Non-Display | Non-Display | Non-Display
Period Bit 5 Period Bit 4 Period Bit 3 Period Bit 2 Period Bit 1 Period Bit 0
bits 5-0 CRT/TV Horizontal Non-Display Period Bits [5:0]

These bits specify the CRT/TV horizontal non-display period width in 8 pixel resolution.

Horizontal non-display period width in number of pixels =
((ContentsOf ThisRegister) + 1) x 8 for CRT mode

(ContentsOf ThisRegister) x 8 + 6 for TV mode with NTSC output
(ContentsOf ThisRegister) x 8 + 7 for TV mode with PAL output

Note
For CRT mode, the recommended minimum value which should be programmed into

thisregister is 3 (32 pixels).

Note
REG[052h] + 1 = (REG[053h] + 1) + (REG[054h] bits 3-0 + 1)
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REG[053h]

CRT/TV HRTC Start Position Register

RwW

n/a

n/a

CRT/TV
HRTC Start
Position Bit 1

CRT/TV
HRTC Start
Position Bit 0

CRT/TV
HRTC Start
Position Bit 3

CRT/TV
HRTC Start
Position Bit 2

CRT/TV
HRTC Start
Position Bit 5

CRT/TV
HRTC Start
Position Bit 4

bits 5-0

CRT/TV HRTC Start Position Bits [5:0]
For CRT/TV, these bits specify the delay, in 8 pixel resolution, from the start of the hori-
zontal non-display period to the leading edge of the HRTC pulse.

The following equations can be used to determine the HRTC start position in number of
pixelsfor each display type:

HRTC start position in number of pixels=:

[(ContentsOf ThisRegister) x 8 + 3] for CRT with 4/8 bpp color depth
[(ContentsOf ThisRegister) x 8 + 5] for CRT in 15/16 bpp color depth
[((ContentsOf ThisRegister) + 1) x 8 - 7] for TV-NTSC in 4/8 bpp color depth
[((ContentsOf ThisRegister) + 1) x 8 - 5] for TV-NTSC in 15/16 bpp color depth
[((ContentsOf ThisRegister) + 1) x 8 - 7] for TV-PAL in 4/8 bpp color depth
[((ContentsOf ThisRegister) + 1) x 8 - 5] for TV-PAL in 15/16 bpp color depth

Note
REG[052h] + 1 = (REG[053h] + 1) + (REG[054h] bits 3-0 + 1)

CRT HRTC Pulse Width Register
REG[054h] RW
CRT HRTC CRTHRTC | CRTHRTC | CRTHRTC | CRTHRTC
Polarity n/a n/a n/a Pulse Width | Pulse Width | Pulse Width | Pulse Width
Select Bit 3 Bit 2 Bit 1 Bit 0
bit 7 CRT HRTC Polarity Select
This bit selects the polarity of HRTC for CRTs.
When this bit = 1, the HRTC pulseis active high.
When this bit = 0, the HRTC pulseis active low.
Note
For NTSC/PAL maodes, this bit must be set to Ob.
bits 3-0 CRT HRTC Pulse Width Bits[3:0]
These bits specify the pulse width of the CRT HRTC output signal in 8 pixel resolution.
HRTC pulse width in number of pixels = ((ContentsOf ThisRegister) + 1) x 8
Note
For NTSC/PAL modes, these bits must be set to 0000b.
Note
REG[052h] + 1 = (REG[053h] + 1) + (REG[054h] bits 3-0 + 1)
S1D13506 Hardware Functional Specification
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CRT/TV Vertical Display Height Register 0
REG[056h] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
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
CRT/TV Vertical Display Height Register 1
REG[057h] RW
CRT/TV CRT/TV
Vertical Vertical
n/a n/a n/a n/a n/a n/a : )
Display Display
Height Bit 9 Height Bit 8
REG[056h] bits7-0 ~ CRT/TV Vertical Display Height Bits [9:0]
REG[057h] bits 1-0 These bits specify the CRT/TV vertical display height, in 1 line resolution.
Vertical display height in number of lines = (ContentsOf ThisRegister) + 1
CRT/TV Vertical Non-Display Period Register
REG[058h] RW
Vei:j:;{-rN\gn- CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
. Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non-
Display . . . . . . .
Period Status D_|spla3_/ D_|spla)_/ D_|splay D_|spla3_/ D_|spla)_/ D_|splay D_|spla3_/
(RO) Period Bit 6 Period Bit 5 Period Bit 4 Period Bit 3 Period Bit 2 Period Bit 1 Period Bit 0
bit 7 CRT/TV Vertical Non-Display Period Status
Thisisaread-only status bit.
When aread from this bit = 1, a CRT/TV vertical non-display period is occurring.
When aread from this bit = 0, the CRT/TV output isin avertical display period.
bits 6-0 CRT/TV Vertical Non-Display Period Bits [6:0]

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

Vertical non-display period height in number of lines = (ContentsOf ThisRegister) + 1

Note
(REG[058h] bits 5-0 + 1) = (REG[059h] + 1) + (REG[05Ah] bits 2-0 + 1)
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CRT/TV VRTC Start Position Register
REG[059h] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
n/a VRTC Start VRTC Start VRTC Start VRTC Start VRTC Start VRTC Start VRTC Start
Position Bit 6 | Position Bit 5 | Position Bit 4 | Position Bit 3 | Position Bit 2 | Position Bit 1 | Position Bit 0
bits 6-0 CRT/TV VRTC Start Position Bits [6:0]

For CRT/TV, these bits specify the delay in lines from the start of the vertical non-display
period to the leading edge of the VRTC pulse.

VRTC dtart position in number of lines = (ContentsOf ThisRegister) + 1

Note

(REG[058h] bits 5-0 + 1) = (REG[059h] + 1) + (REG[05Ah] bits 2-0 + 1)

CRT/TV VRTC Pulse Width Register
REG[05Ah] RW
CRT VRTC CRTVRTC | CRTVRTC | CRTVRTC
Polarity n/a n/a n/a n/a Pulse Width | Pulse Width | Pulse Width
Select Bit 2 Bit 1 Bit 0
bit 7 CRT VRTC Polarity Select
This bit selects the polarity of VRTC for CRT.
When this bit = 1, the VRTC pulseis active high.
When this bit = 0, the VRTC pulseis active low.
Note
For PAL/NTSC, this bit must be set to Ob.
bits 2-0 CRT VRTC Pulse Width Bits[2:0]
These bits specify the pulse width of the CRT VRTC output signal in number of lines.
VRTC pulse width in number of lines = (ContentsOf ThisRegister) + 1
Note
For NTSC/PAL modes, these bits should be set to 000b.
Note
(REG[058h] bits5-0 + 1) = (REG[059h] + 1) + (REG[05Ah] bits 2-0 + 1)
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CRT/TV Output Control Register
REG[05Bh] RW
TV TV TV S-Video/ TV
n/a n/a Chrominance | Luminance Eg/cezlgl:lgzi n/a Composite PAL/NTSC
Filter Enable | Filter Enable Output Select | Output Select

bit 5 TV Chrominance Filter Enable
When this bit = 1, the TV chrominance filter is enabled.
When this bit = O, there is no hardware effect.
The chrominance filter adjusts the color of the TV by limiting the bandwidth of the
chrominance signal (reducing cross-luminance distortion). This reduces the “ragged
edges’ seen at boundaries between sharp color transitions. Thisfilter is most useful for
composite video output.

bit 4 TV Luminance Filter Enable
When this bit = 1, the TV luminance filter is enabled.
When this bit = 0, there is no hardware effect.
The luminance filter adjusts the brightness of the TV by limiting the bandwidth of the
luminance signal (reducing cross-chrominance distortion). This reduces the “rainbow-
like” colors at boundaries between sharp luminance transitions. Thisfilter is most useful
for composite video output.

bit 3 DAC Output Level Select
This bit should be set based on the conditions in the following table. When thisbit is set to
1it allows IREF to be reduced. For an example implementation of the required external
CRT/TV circuitry, see Figure 5-2: “Externa Circuitry for CRT/TV Interface,” on page 44.

Table 8-22: DAC Output Level Selection
LCD CRT TV REG[05Bh] bit 3 IREF (mA)
Supported Not Supported Not Supported X X
X Supported Not Supported 1 4.6
X Supported Supported 0 9.2
| X |= don't care

bit 1 TV S-Video/Composite Output Select
When this bit = 1, S-Video TV signal output is selected.
When this bit = 0, Composite TV signal output is selected.

bit O TV PAL/NTSC Output Select

When this bit = 1, PAL format TV signal output is selected.
When this bit = 0, NTSC format TV signal output is selected.
Thisbit must be set to 0 when CRT modeis enabled.
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8.3.9 CRT/TV Display Mode Registers

CRT/TV Display Mode Register
REG[060h] RwW
CRT/TV CRT/T\/ Bit- CRTFI'\_/ Bit- CRT/T\/ Bit-
Display Blank n/a n/a n/a n/a per-plxgl per-plxgl per-plxgl
Select Bit 2 Select Bit 1 Select Bit 0
bit 7 CRT/TV Display Blank
When this bit = 1 the CRT/TV display pipelineis disabled and all CRT/TV data outputs
are forced to zero (i.e., the screen is blanked).
When thisbit = 0 the CRT/TV display pipelineis enabled.
bits 2-0 CRT/TV Bit-per-pixel Select Bits[2:0]
These bits select the bit-per-pixel for the displayed data.
Note
15/16 bpp color depths bypassthe LUT.
Table 8-23: CRT/TV Bit-per-pixel Selection
Bit-per-pixel Select Bits [2:0] Color Depth (bpp)
000 Reserved
001 Reserved
010 4 bpp
011 8 bpp
100 15 bpp
101 16 bpp
110-111 Reserved
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CRT/TV Display Start Address Register 0

REG[062h] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
Display Start | Display Start | Display Start | Display Start | Display Start | Display Start | Display Start | Display Start
Address Address Address Address Address Address Address Address
Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit O

CRT/TV Display Start Address Register 1
REG[063h] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
Display Start | Display Start | Display Start | Display Start | Display Start | Display Start | Display Start | Display Start
Address Address Address Address Address Address Address Address
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
CRT/TV Display Start Address Register 2
REG[064h] RW
CRT/TV CRT/TV CRT/TV CRT/TV
Display Start | Display Start | Display Start | Display Start
na n/a na na Address Address Address Address
Bit 19 Bit 18 Bit 17 Bit 16

REG[062h] bits 7-0
REG[063h] bits 7-0

REG[064h] bits 3-0

CRT/TV Start Address Bits[19:0]
Thisregister forms the 20-bit address for the starting word of the CRT/TV imagein the

display buffer. Note that thisisa word address. An entry of 00000h into these registers

word of the display memory, and so on.

represents the first word of display memory, an entry of 00001h represents the second

CRT/TV Memory Address Offset Register 0

REG[066h] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
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

CRT/TV Memory Address Offset Register 1

REG[067h] RW

CRT/TV CRT/TV CRT/TV

Memory Memory Memory

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

REG[066h] bits 7-0
REG[067h] bits 2-0

CRT/TV Memory Address Offset Bits [10:0]
These bits are the CRT/TV display’s 11-bit address offset from the starting word of line

“n” to the starting word of line“n + 1”. A virtual image can be formed by setting this
register to avalue greater than the width of the display. The displayed image is a window
into the larger virtual image.
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CRT/TV Pixel Panning Register
REG[068h] RW
CRT/TV Pixel | CRT/TV Pixel
n/a n/a n/a n/a Reserved Reserved Panning Bit 1 | Panning Bit 0
bits 3-2 Reserved.
Must be set to 0.
bits 1-0 CRT/TV Pixel Panning Bits[1:0]

This register is used to control the horizontal pixel panning of the CRT/TV display. The
display can be panned to the left by programming its respective Pixel Panning Bitsto a
non-zero value. This value represents the number of pixels panned. The maximum pan
value is dependent on the display mode as shown in the table below.

Table 8-24: CRT/TV Pixel Panning Selection

Color Depth (bpp) Screen 2 Pixel Panning Bits Used
4 bpp Bits [1:0]
8 bpp Bit 0
15/16 bpp

Smooth horizontal panning can be achieved by a combination of thisregister and the
CRT/TV Display Start Addressregister.

CRT/TV Display FIFO High Threshold Control Register
REG[06Ah] RwW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
Display FIFO | Display FIFO | Display FIFO | Display FIFO | Display FIFO | Display FIFO
n/a n/a High High High High High High
Threshold Threshold Threshold Threshold Threshold Threshold
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 5-0 CRT/TV Display FIFO High Threshold Bits [5:0]
These bits are used to optimize the display memory request arbitration. When this register
is set to 00h, the threshold is automatically set in hardware. However, programming may
be required if screen corruption is present (see Section 18.2, “Example Frame Rates’ on
page 216).
Note
This register does not need to be used in single display modes and may only be required
in some display modes where two displays are active (see Section 16.2, “ Bandwidth
Limitation” on page 211).
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CRT/TV Display FIFO Low Threshold Control Register
REG[06Bh] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
Display FIFO | Display FIFO | Display FIFO | Display FIFO | Display FIFO | Display FIFO
n/a n/a Low Low Low Low Low Low
Threshold Threshold Threshold Threshold Threshold Threshold
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 5-0 CRT/TV Display FIFO Low Threshold Bits[5:0]

When this register is set to 00h, the threshold is automatically set in hardware. If it
becomes necessary to adjust REG[04Ah] from its default value, then the following
formula must be maintained:

REG[04Bh] > REG[04Ah] and REG[04BHh] < 3Ch

8.3.10 LCD Ink/Cursor Registers

LCD Ink/Cursor Control Register
REG[070h] RwW
LCD LCD
n/a n/a n/a n/a n/a n/a Ink/Cursor Ink/Cursor
Mode Mode
Bit 1 Bit O
bits 1-0 LCD Ink/Cursor Control Bits[1:0]
These bits enable the LCD Ink/Cursor circuitry.
Table 8-25: LCD Ink/Cursor Selection
LCD Ink/Cursor Bits [1:0] Mode
00 Inactive
01 Cursor
10 Ink
11 Reserved
Note
Whilein Ink mode, the Cursor X & Y Position registers must be set to 00h.
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LCD Ink/Cursor Start Address Register
REG[071h] RW
LCD LCD LCD LCD LCD LCD LCD LCD
Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 7-0 LCD Ink/Cursor Start Address Bits[7:0]

Encoded bits defining the start address for the LCD Ink/Cursor. For Cursor modes, a start
address of 0 should be valid for most applications. For Ink or special Cursor modes, the
start address should be set at an address |ocation that does not conflict with the display
memory of Dual Panel Buffer, which always takes the top M memory locations in bytes,
where

M = (Panel Height x Panel Width / 16) x ¢, ¢ = 1 for monochrome, 4 for color panel.

Table 8-26: LCD Ink/Cursor Start Address Encoding

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

0 Memory Size - 1024

n=255.1 Memory Size - n X 8192
Note
The effect of thisregister takes place at the next LCD vertical non-display period.
Note

See Section 10, “Display Buffer” on page 182 for display buffer organization.

LCD Cursor X Position Register 0

REG[072h] RW
LCD Cursor X | LCD Cursor X | LCD Cursor X | LCD Cursor X | LCD Cursor X | LCD Cursor X | LCD Cursor X | LCD Cursor X
Position Position Position Position Position Position Position Position
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

LCD Cursor X Position Register 1
REG[073h] RW
LCD Cursor X LCD Cgrsor X | LCD Cgrsor X
Sian n/a n/a n/a n/a n/a Position Position
9 Bit 9 Bit 8

REG[073h] bit 7

REG[072H] bits 7-0
REG[073h] bits 1-0

LCD Cursor X Sign

When this bit = 1, it defines the LCD Cursor X Position register to be a negative number.
The negative number shall not exceed 63 decimal .
When this bit = 0, it defines the LCD Cursor X Paosition register to be a positive number.

LCD Cursor X Position Bits[9:0]
A 10-bit register that defines the horizontal position of the LCD Cursor’s top left hand

corner in pixel units. This register is only valid when Cursor has been selected in the LCD
Ink/Cursor select registers.
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LCD Cursor Y Position Register 0
REG[074h] RW
LCD CursorY |LCDCursorY |LCD CursorY |LCDCursorY |LCDCursorY | LCD CursorY | LCD CursorY | LCD CursorY
Position Position Position Position Position Position Position Position
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
LCD Cursor Y Position Register 1
REG[075h] RW
LCD Cursor Y LCD Cgrsor Y | LCD Cgrsor Y
Sian n/a n/a n/a n/a n/a Position Position
9 Bit 9 Bit 8

REG[075h] bit 7

REG[074h] bits 7-0
REG[075h] bits 1-0

LCD Cursor Y Sign

When this bit = 1, it definesthe LCD Cursor Y Position register to be a negative number.
The negative number shall not exceed 63 decimal.
When this bit = 0, it definesthe LCD Cursor Y Position register to be a positive number.

LCD Cursor Y Position Bits[9:0]
A 10-bit register that defines the vertical position of the LCD Cursor’stop left hand corner

in pixel units. This register isonly valid when Cursor has been selected in the LCD
Ink/Cursor select registers.

Note

The effect of REG[072h] through REG[074h] takes place only after REG[075h] is writ-
ten and at the next LCD vertical non-display period.The effect of REG[075h] takes
place at the next LCD vertical non-display period.

LCD Ink/Cursor Blue Color 0 Register
REG[076h] RW
LCD LCD LCD LCD LCD
n/a n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Blue Color 0 | Blue Color 0 | Blue Color 0 | Blue Color 0 | Blue Color O
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 4-0 LCD Ink/Cursor Blue Color 0 Bitg[4:0]
These bits define the blue LCD Ink/Cursor color O.
LCD Ink/Cursor Green Color 0 Register
REG[077h] RW
LCD LCD LCD LCD LCD LCD
n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Green Color 0 | Green Color 0 | Green Color 0 | Green Color 0 | Green Color 0 | Green Color 0
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 5-0 LCD Ink/Cursor Green Color 0 Bitg[5:0]
These bits define the green LCD ink/Cursor color 0.
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LCD Ink/Cursor Red Color 0 Register
REG[078h] RW
LCD LCD LCD LCD LCD
n/a n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Red Color0 | Red ColorO | Red Color0O | Red Color0 | Red Color 0
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 4-0 LCD Ink/Cursor Red Color 0 Bits[4:0]
These bits define the red LCD Ink/Cursor color 0.
LCD Ink/Cursor Blue Color 1 Register
REG[07AR] RW
LCD LCD LCD LCD LCD
n/a n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Blue Color 1 | Blue Color 1 | Blue Color 1 | Blue Color 1 | Blue Color 1
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 4-0 LCD Ink/Cursor Blue Color 1 Bitg[4:0]
These bits define the blue LCD Ink/Cursor color 1.
LCD Ink/Cursor Green Color 1 Register
REG[07Bh] RW
LCD LCD LCD LCD LCD LCD
n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Green Color 1 | Green Color 1 | Green Color 1 | Green Color 1 | Green Color 1 | Green Color 1
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 5-0 LCD Ink/Cursor Green Color 1 Bitg[5:0]
These bits define the green LCD Ink/Cursor color 1.
LCD Ink/Cursor Red Color 1 Register
REG[07Ch] RW
LCD LCD LCD LCD LCD
n/a n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Red Color 1 Red Color 1 Red Color 1 Red Color 1 Red Color 1
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 4-0 LCD Ink/Cursor Red Color 1 Bits[4:0]
These bits define the red LCD Ink/Cursor color 1.
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LCD Ink/Cursor FIFO High Threshold Register
REG[07Eh] RW
LCD LCD LCD LCD
Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
n/a n/a n/a n/a FIFO High FIFO High FIFO High FIFO High
Threshold Threshold Threshold Threshold
Bit 3 Bit 2 Bit 1 Bit O
bits 5-0 LCD Ink/cursor FIFO High Threshold Bits [3:0]

These bits are used to optimize the display memory request arbitration for the Hardware
Cursor/Ink Layer. When thisregister is set to 00h, the threshold is automatically set in
hardware.

8.3.11 CRT/TV Ink/Cursor Registers

CRT/TV Ink/Cursor Control Register
REG[080h] RW
CRT/TV CRT/TV
n/a n/a n/a n/a n/a n/a Ink/Cursor Ink/Cursor
Mode Mode
Bit 1 Bit 0
bits 1-0 CRT/TV Ink/Cursor Control Bits [1:0]

These bits enable the CRT/TV Ink/Cursor circuitry.

Table 8-27: CRT/TV Ink/Cursor Sdection

CRT/TV Ink/Cursor Bits [1:0] Mode
00 Inactive
01 Cursor
10 Ink
11 Reserved

During Ink mode, the Cursor X & Y Position registers must be programmed to zero.
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CRT/TV Ink/Cursor Start Address Register
REG[081h] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 7-0 CRT/TV Ink/Cursor Start Address Bits[7:0]

Encoded bits defining the start address for the CRT/TV Ink/Cursor. For Cursor modes, a
start address of 0 should be valid for most applications. For Ink or special Cursor modes,
the start address should be set at an address location that does not conflict with the display
memory of Dual Panel Buffer, which always takes the top M memory locations in bytes,
where

M = (Panel Height x Panel Width / 16) x ¢, ¢ = 1 for monochrome, 4 for color panel.

Table 8-28: CRT/TV Ink/Cursor Start Address Encoding

CRT/TV Ink/Cursor Start Address Bits [7:0] Start Address

0 Memory Size - 1024

n=255..1 Memory Size - n X 8192

Note
The effect of thisregister takes place at the next CRT/TV vertical non-display period.

Note
See Section 10, “Display Buffer” on page 182 for display buffer organization.

CRT/TV Cursor X Position Register 0

REG[082h] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
Cursor X Cursor X Cursor X Cursor X Cursor X Cursor X Cursor X Cursor X

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

CRT/TV Cursor X Position Register 1

REG[083h] RW
CRT/TV CRT/TV CRT/TV

Cursor X Sian n/a n/a n/a n/a n/a Cursor X Cursor X

9 Position Bit 9 | Position Bit 8

REG[083h] bit 7

CRT/TV Cursor X Sign

When this bit = 1, it defines the CRT/TV Cursor X Position register to be a negative num-
ber. The negative number shall not exceed 63 decimal.

When this bit = 0, it defines the CRT/TV Cursor X Pasition register to be a positive num-
ber.
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REG[082h] bits 7-0
REG[083h] bits 1-0

CRT/TV Cursor X Position Bits[9:0]
A 10-bit register that defines the horizontal position of the CRT/TV Cursor's top left hand

corner in pixel units. This register is only valid when Cursor has been selected in the
CRT/TV Ink/Cursor select registers.

CRT/TV Cursor Y Position Register 0

REG[084h] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
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

CRT/TV Cursor Y Position Register 1

REG[085h] RW
CRT/TV CRT/TV CRT/TV

Cursor Y Sian n/a n/a n/a n/a n/a Cursor Y Cursor Y

9 Position Bit 9 | Position Bit 8

REG[084h] bit 7

REG[084h] bits 7-0
REG[085h] bits 1-0

CRT/TV Cursor Y Sign

When thisbit = 1, it definesthe CRT/TV Cursor Y Position register as a negative number.
The negative number shall not exceed 63 decimal.
When this bit = 0, it definesthe CRT/TV Cursor Y Position register as a positive number.

CRT/TV Cursor Y Position Bits[9:0]
A 10-bit register that definesthe vertical position of the CRT/TV Cursor's top left hand

corner in pixel units. Thisregister is only valid when Cursor has been selected in the
CRT/TV Ink/Cursor select registers.

Note

The effect of REG[082h] through REG[084h] takes place only after REG[085h]is writ-
ten to and at the next CRT/TV vertical non-display period.The effect of REG[085h]

takes place at the next CRT/TV vertical non-display period.

CRT/TV Ink/Cursor Blue Color 0 Register
REG[086h] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
n/a n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Blue Color 0 | Blue Color 0 | Blue Color 0 | Blue Color 0 | Blue Color 0
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 4-0 CRT/TV Ink/Cursor Blue Color 0 Bitg[4:0]
These bits define the blue CRT/TV Ink/Cursor color O.
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CRT/TV Ink/Cursor Green Color 0 Register
REG[087h] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Green Color 0 | Green Color 0 | Green Color 0 | Green Color 0 | Green Color 0 | Green Color 0
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 5-0 CRT/TV Ink/Cursor Green Color 0 Bitg[5:0]
These bits define the green CRT/TV Ink/Cursor color 0.
CRT/TV Ink/Cursor Red Color 0 Register
REG[088h] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
n/a n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Red Color0 | Red ColorO | Red Color0O | Red Color0 | Red Color 0
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 4-0 CRT/TV Ink/Cursor Red Color 0 Bitg[4:0]
These bits define the red CRT/TV Ink/Cursor color O.
CRT/TV Ink/Cursor Blue Color 1 Register
REG[08AR] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
n/a n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Blue Color 1 | Blue Color 1 | Blue Color 1 | Blue Color 1 | Blue Color 1
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 4-0 CRT/TV Ink/Cursor Blue Color 1 Bitg[4:0]
These bits define the blue CRT/TV Ink/Cursor color 1.
CRT/TV Ink/Cursor Green Color 1 Register
REG[08Bh] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Green Color 1 | Green Color 1 | Green Color 1 | Green Color 1 | Green Color 1 | Green Color 1
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 5-0 CRT/TV Ink/Cursor Green Color 1 Bitg[5:0]
These bits define the green CRT/TV Ink/Cursor color 1.
CRT/TV Ink/Cursor Red Color 1 Register
REG[08Ch] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
n/a n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Red Color 1 Red Color 1 Red Color 1 Red Color 1 Red Color 1
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 4-0 CRT/TV Ink/Cursor Red Color 1 Bitg4:0]
These bits define the red CRT/TV Ink/Cursor color 1.
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CRT/TV Ink/Cursor FIFO High Threshold Register
REG|[08Eh] RW
CRT/TV CRT/TV CRT/TV CRT/TV
Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
n/a n/a n/a n/a FIFO High FIFO High FIFO High FIFO High
Threshold Threshold Threshold Threshold
Bit 3 Bit 2 Bit 1 Bit 0
bits 5-0 CRT/TV Ink/cursor FIFO High Threshold Bits [5:0]

These hits are used to optimize the display memory request arbitration for the Hardware
Cursor/Ink Layer. When thisregister is set to 00h, the threshold is automatically set in
hardware.

8.3.12 BitBIt Configuration Registers

BitBlt Control Register 0
REG[100h] RW
. . BitBIt FIFO BitBIt FIFO BitBIt FIFO BitBIt .
Bltz[[ta?;;lve Not Empty Half Full Full n/a n/a Destination Elrt]E;IatlrSg;recg
Status (RO) | Status (RO) | Status (RO) Linear Select
bits 7 BitBIt Active Status

Thisregister bit has two data paths, one for write, the other for read.

Write Data Path
When software writes a one to this bit, it will initiate the 2D operation.

Read Data Path
Theread back of this register indicates the status of the 2D engine.
When aread from this bit = 1, the 2D engine is busy.
When aread from thisbit = 0, the 2D engineisidle and is ready for the next operation.

Table 8-29: BitBIt Active Satus

BitBIt Active Status
- State
Write Read
0 0 Idle
0 1 Reserved
1 0 Initiating operation
1 1 Operation in progress
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bit 6 BitBIt FIFO Not-Empty Status
Thisis aread-only status bit.
When this bit = 1, the BitBIt FiFO has at |east one data.
When this bit = 0, the BitBIt FIFO is empty.
To reduce system memory read latency, software can monitor this bit prior to a BitBIt read
burst operation.
The following table shows the number of data available in BitBIt FIFO under different
status conditions.
Table 8-30: BitBIt FIFO Data Available
BitBIt FIFO Full BitBIt FIFO Half BitBIt FIFO Not Number of Data
Status (REG[100h] Full Status Empty Status available in BitBlt
Bit 4) (REG[100h] Bit 5) | (REG[100h] Bit 6) FIFO
0 0 0 0
0 0 1 1t06
0 1 1 7t0 14
1 1 1 15t0 16
bit 5 BitBIt FIFO Half Full Status
Thisis aread-only status bit.
Software can use this bit to optimize BitBIt write burst operations.
When thisbit = 1, the BitBIt FIFO is half full or greater than half full.
When this bit = 0, the BitBIt FIFO is less than half full.
bit 4 BitBIt FIFO Full Status
Thisis aread-only status bit.
Software can use this bit to optimize BitBIt write burst operations.
When this bit = 1, the BitBIt FIFO is full.
When this bit = 0, the BitBIt FIFO is not full.
bit 1 BitBIt Destination Linear Select
When this bit = 1, the Destination Blit is stored as a contiguous linear block of memory.
When this bit = 0, the Destination Blit is stored as arectangular region of memory.
The BitBIt Memory Address Offset (REG[10Ch], REG[10Dh]) determines the address
offset from the start of one lineto the next line.
bit 0 BitBIt Source Linear Select
When this hit = 1, the Source Blit is stored as a contiguous linear block of memory.
When this bit = 0, the Source Blit is stored as a rectangular region of memory.
The BitBIt Memory Address Offset (REG[10Ch], REG[10Dh]) determines the address
offset from the start of one lineto the next line.
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BitBlt Control Register 1
REG[101h] RW
n/a n/a n/a Reserved n/a n/a n/a BitBit Color
Format Select
bit 4 Reserved.
Must be set to 0.
bit 0 BitBIt Color Format Select
This bit selectsthe color format that the 2D operation is applied to.
When this bit = 0, 8 bpp (256 color) format is selected.
When this bit = 1, 16 bpp (64K color) format is selected.
BitBlt ROP Code/Color Expansion Register
REG[102h] RW
BitBIt ROP BitBIt ROP BitBIt ROP BitBIt ROP
n/a n/a n/a n/a Code Code Code Code
Bit 3 Bit 2 Bit 1 Bit 0
bits 3-0 BitBIt Raster Operation Code/Color Expansion Bits [3:0]

ROP Caode for Write Blit and Move Blit. Bits 2-0 also specify the start bit position for
Color Expansion.

Table 8-31: BitBlt ROP Code/Color Expansion Function Selection

. . Boolean Function for Write  |Boolean Function for Start Bit Position for Color
BitBIt ROP Code Bits [3:0] Blit and Move Blit Pattern Fill Expansion
0000 0 (Blackness) 0 (Blackness) bit 0
0001 ~S.~Dor~(S+D) ~P.~Dor~(P +D) bit 1
0010 ~S.D ~P.D bit 2
0011 ~S ~P bit 3
0100 S.~D P.~D bit 4
0101 ~D ~D bit 5
0110 SAD PAD bit 6
0111 ~S+~Dor~(S.D) ~P+~Dor~(P.D) bit 7
1000 S.D P.D bit 0
1001 ~(S~D) ~(P~D) bit 1
1010 D D bit 2
1011 ~S+D ~P+D bit 3
1100 S P bit 4
1101 S+-~D P+~D bit 5
1110 S+D P+D bit 6
1111 1 (Whiteness) 1 (Whiteness) bit 7

Note

S = Source, D = Destination, P = Pattern.
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BitBIt Operation Register
REG[103h] RW
BitBIt BitBIt BitBlIt BitBlIt
n/a n/a n/a n/a Operation Operation Operation Operation
Bit 3 Bit 2 Bit 1 Bit O
bits 3-0 BitBIt Operation Bits [3:0]
Specifies the 2D Operation to be carried out based on the following table:
Table 8-32: BitBIt Operation Selection
BitBIt Operation Bits [3:0] Blit Operation

0000 Write Blit with ROP.
0001 Read Blit.
0010 Move Blit in positive direction with ROP.
0011 Move Blit in negative direction with ROP.
0100 Transparent Write Blit.
0101 Transparent Move Blit in positive direction.
0110 Pattern Fill with ROP.
0111 Pattern Fill with transparency.
1000 Color Expansion.
1001 Color Expansion with transparency.
1010 Move Blit with Color Expansion.
1011 Move Blit with Color Expansion and transparency.
1100 Solid Fill.

Other combinations Reserved

Note
The BitBIt operations Pattern Fill with ROP and Pattern Fill with transparency require a
BitBIt width > 2. The BitBIt width is set in REG[110h], REG[111h].
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BitBlt Source Start Address Register 0
REG[104h] RW
BitBIt Source | BitBIt Source | BitBlt Source | BitBlt Source | BitBIt Source | BitBIt Source | BitBIt Source | BitBlt Source
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
BitBlt Source Start Address Register 1
REG[105h] RW
BitBIt Source | BitBIt Source | BitBIt Source | BitBlt Source | BitBIt Source | BitBlt Source | BitBlt Source | BitBIt Source
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
BitBlt Source Start Address Register 2
REG[106h] RW
BitBIt Source | BitBIt Source | BitBlt Source | BitBIt Source | BitBIt Source
n/a n/a n/a Start Address | Start Address Start Start Address | Start Address
Bit 20 Bit 19 Bit 18 Bit 17 Bit 16

REG[104h] bits 7-0
REG[105h] bits 7-0
REG[106h] bits 4-0

BitBIt Source Start Address Bits[20:0]
A 21-bit register that specifies the source start address for the BitBIt operation.
If datais sourced from the CPU, then bit 0 is used for byte alignment within a 16-bit word

and the other address bits are ignored. In pattern fill operation, the BitBIt Source Start
Addressis defined by the following equation:
Value programmed to the Source Start Address Register =
Pattern Base Address + Pattern Line Offset + Pixel Offset.

The following table shows how Source Start Address Register is defined for 8 and 16 bpp color depths.

Table 8-33: BitBIt Source Sart Address Salection

Color Format

Pattern Base Address[20:0]

Pattern Line Offset[2:0]

Pixel Offset[3:0]

BitBIt Source Start Address[20:6],

BitBIt Source Start

1'b0, BitBIt Source Start

8 bpp 6'b0 Address[5:3] Address[2:0]
16 b BitBIt Source Start Address[20:7], BitBIt Source Start BitBIt Source Start
PP 7b0 Address[6:4] Address[3:0]
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BitBIt Destination Start Address Register 0
REG[108h] RW
BitBIt BitBIt BitBlt BitBIt BitBIt BitBlt BitBIt BitBIt
Destination Destination Destination Destination Destination Destination Destination Destination
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
BitBIt Destination Start Address Register 1
REG[109h] RW
BitBIt BitBIt BitBIt BitBIt BitBIt BitBIt BitBIt BitBIt
Destination Destination Destination Destination Destination Destination Destination Destination
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
BitBIt Destination Start Address Register 2
REG[10Ah] RW
BitBIt BitBIt BitBlt BitBIt BitBIt
n/a n/a n/a Destination Destination Destination Destination Destination
Start Address | Start Address | Start Address | Start Address | Start Address
Bit 20 Bit 19 Bit 18 Bit 17 Bit 16
REG[108h] bits 7-0 BitBIt Destination Start Address Bits [20:0]
REG[109h] bits 7-0 A 21-bit register that specifies the destination start address for the BitBIt operation.
REG[10Ah] bits 4-0
BitBIt Memory Address Offset Register 0
REG[10Ch] RW
BitBIt Memory | BitBIt Memory | BitBlt Memory | BitBIlt Memory | BitBIt Memory | BitBlt Memory | BitBIlt Memory | BitBIt 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
BitBlt Memory Address Offset Register 1
REG[10Dh] RW
BitBIt Memory | BitBlt Memory | BitBlt Memory
n/a n/a n/a n/a n/a Address Address Address
Offset Bit 10 Offset Bit 9 Offset Bit 8
REG[10Ch] bits7-0  BitBIt Memory Address Offset Bits[10:0]

REG[10Dh] b

its 2-0

These bits are the display’s 11-bit address offset from the starting word of line “n” to the

starting word of line“n + 1”. They are used only for address cal culation when the Blit is
configured as a rectangular region of memory. They are not used for the displays.

BitBIt Width Register 0
REG[110h] RW
BitBIt Width BitBIt Width BitBIt Width BitBIt Width BitBIt Width BitBIt Width BitBIt Width BitBIt Width
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
S1D13506 Hardware Functional Specification
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BitBlt Width Register 1
REG[111h] RW
n/a n/a n/a n/a n/a n/a BitBlt Width BitBIt Width
Bit 9 Bit 8
REG[110h] bits7-0  BitBIt Width Bits[9:0]

REG[111h] bits 1-0

Note

A 10-bit register that specifies the BitBIt width in pixels-1.

The BitBIt operations Pattern Fill with ROP and Pattern Fill with transparency require a

BitBIt width > 2.

BitBIt Height Register 0

REG[112h] RW
BitBIt Height | BitBIt Height | BitBIt Height | BitBIt Height | BitBIt Height | BitBIt Height | BitBlt Height | BitBIt Height
Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit O

BitBlt Height Register 1
REG[113h] RW
BitBIt Height | BitBIt Height
n/a n/a n/a n/a n/a n/a Bit 9 Bit 8
REG[112h] bits7-0  BitBIt Height Bits[9:0]
REG[113h] bits 1-0 A 10-bit register that specifiesthe BitBIt height in lines-1.
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BitBIt Background Color Register 0
REG[114h] RW
BitBlIt BitBIt BitBIt BitBIt BitBIt BitBIt BitBlIt BitBIt
Background | Background | Background | Background | Background | Background | Background | Background
Color Color Color Color Color Color Color Color
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
BitBIt Background Color Register 1
REG[115h] RW
BitBlIt BitBlIt BitBlIt BitBIt BitBlIt BitBlIt BitBlIt BitBlIt
Background | Background | Background | Background | Background | Background | Background | Background
Color Color Color Color Color Color Color Color
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

REG[114h] bits 7-0
REG[115h] bits 15-8

BitBIt Background Color Bits[15:0]
A 16-bit register that specifies the BitBIt background color for Color Expansion or key

color for Transparent Blit. For 16 bpp mode (REG[101h] bit 0 = 1), all 16 bits are used.

For 8 bpp mode (REG[101h] bit 0 = 0), only bits 7-0 are used.

BitBIt Foreground Color Register 0
REG[118h] RW
BitBIt BitBIt BitBIt BitBIt BitBlIt BitBIt BitBIt BitBIt
Foreground Foreground Foreground Foreground Foreground Foreground Foreground Foreground
Color Color Color Color Color Color Color Color
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
BitBIt Foreground Color Register 1
REG[119h] RW
BitBlIt BitBlIt BitBlIt BitBlIt BitBlIt BitBlIt BitBlIt BitBlIt
Foreground Foreground Foreground Foreground Foreground Foreground Foreground Foreground
Color Color Color Color Color Color Color Color
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

REG[118H] bits 7-0
REG[119H] bits 7-0

BitBIt Foreground Color Bits[15:0]
A 16-bit register that specifies the BitBIt foreground color for Color Expansion or Solid

Fill. For 16 bpp mode (REG[101h] bit 0 = 1), all 16 bits are used. For 8 bpp mode

(REG[101h] bit 0 = 0), only bits 7-0 are used.
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8.3.13 Look-Up Table Registers

Note
Accessing the LCD Look-Up Table (LUT) requires an active LCD PCLK and accessing
the CRT/TV LUT requires an active CRT/TV PCLK. Additionally, accessto the
LUT registersis not permitted during power save mode. For further information on the
clocks, see Section 20, “Clocks’ on page 224.

Look-Up Table Mode Register
REG[1EOh] RwW
LUT Mode Bit | LUT Mode Bit
n/a n/a n/a n/a n/a n/a 1 0
bits 1-0 Look-Up Table Mode Bits[1:0]

These bits determine which of the Look-Up Tables (LCD and CRT/TV) are accessible by
REG[1E2h] and REG[1E4h].

Table 8-34: LUT Mode Salection

LUT Mode Bits [1:0] Read Write
00 LCD LUT LCD and CRT/TV LUT’s
01 LCD LUT LCD LUT
10 CRT/TV LUT CRT/TV LUT
11 Reserved Reserved

Look-Up Table Address Register
REG[1E2h] 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 bits control a pointer into the Look-UpTables (LUT). The S1D13506 has three
256-position, 4-bit wide LUTSs, one for each of red, green, and blue —refer to Section 12,
“Look-Up Table Architecture’ on page 186 for details.

Thisregister selects which LUT entry is read/write accessible through the LUT Data Reg-
ister (REG[1E4h]). Writing the LUT Address Register automatically setsthe pointer to the
Red LUT. Accessesto the LUT Data Register automatically increment the pointer.

For example, writing avalue 03h into the LUT Address Register sets the pointer to R[3].
A subsequent accessto the LUT Data Register accesses R[3] and moves the pointer onto
G[3]. Subsequent accesses to the LUT Data Register move the pointer onto B[ 3], R[4],
G[4], B[4], R[5], etc.

Note
The RGB dataisinserted into the LUT after the Blue dataiswritten, i.e. al three colors

must be written before the LUT is updated.
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Look-Up Table Data Register
REG[1E4h] RW
LUT Data LUT Data LUT Data LUT Data n/a n/a n/a n/a
Bit 3 Bit 2 Bit 1 Bit O
bits 7-4 LUT DataBits[3:0]

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[1E2h]).
Accesses to the Look-Up Table Data Register automatically increment the pointer.

Note
The RGB dataisinserted into the LUT after the Blue datais written, i.e. all three colors

must be written beforethe LUT is updated.

8.3.14 Power Save Configuration Registers

Power Save Configuration Register
REG[1FOh] RW
Power Save
n/a n/a n/a Reserved n/a n/a n/a Mode Enable
bit 4 Reserved.
This bit must be set to 0.
bit 0 Power Save Mode Enable
When this bit = 1, the software initiated power save mode is enabled.
When this bit = 0, the software initiated power save mode is disabled.
Power Save Status Register
REG[1F1h] RO
Memory
n/a n/a n/a n/a n/a n/a LCD Power Controller
Save Status | Power Save
Status
bit 1 LCD Power Save Status
This bit indicates the power save state of the LCD panel.
When this bit = 1, the pandl is powered down.
When this bit = 0, the pandl is powered up, or in transition of powering up or down.
Note
When this bit reads a 1, the system may safely shut down the LCD pixel clock source.
S1D13506 Hardware Functional Specification
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bit 0

Memory Controller Power Save Status

This bit indicates the power save state of the memory controller.

When this bit = 1, the memory controller is powered down and is either in self refresh or
no refresh mode.

When this bit = 0, the memory controller is powered up and is either in CBR refresh or
normal mode.

Note
When this bit reads a 1, the system may safely shut down the memory clock source.

8.3.15 Miscellaneous Registers

CPU-to-Memory Access Watchdog Timer Register
REG[1F4h] RW
Mem. Access | Mem. Access | Mem. Access | Mem. Access | Mem. Access | Mem. Access
n/a n/a Watchdog Watchdog Watchdog Watchdog Watchdog Watchdog
Timer bit 5 Timer bit 4 Timer bit 3 Timer bit 2 Timer bit 1 Timer bit 0
bits 5-0 CPU-to-Memory Access Watchdog Timer

A non-zero value in this register enables the watchdog timer for CPU-to-memory access.
When enabled, any CPU-to-memory access cycle will be completed successfully within a
time determined by the following equation:

Maximum CPU-to-memory access cycletime = (8n + 7) x Tpq + 13 X Tk

where:
n = A non-zero value in this register
Thak = Busclock period, or Bus clock period x 2 (if MD12 =1, see
Table 5-6: on page 39)
Tmak = Memory clock period

Thisfunction is required by some busses which time-out if the cycle duration exceeds a
certain time period. This function isnot intended to arbitrarily shorten the
CPU-to-memory access cycle timein order gain higher CPU bandwidth. Doing so may
significantly reduce the available display refresh bandwidth which may cause display
corruption. This register does not affect CPU-to-register access or blit access.
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8.3.16 Common Display Mode Register

Display Mode Register
REG[1FCh] RwW
SwivelView™ Display Mode | Display Mode | Display Mode
na Enable Bit 0 na na na Select Bit 2 Select Bit 1 Select Bit 0
bit 6 SwivelView™ Enable Bit 0

When this bit = 1, the LCD display image is rotated 90° clockwise. Please refer to Section
15, “SwivelView™” on page 201 for application and limitations.

When this bit = 0, there is no hardware effect.

This bit in conjunction with SwivelView™ Enable Bit 1 achieves the following hardware
rotations.

Table 8-35: Setting Swivel View Modes

) ] ] SwivelView™ Modes

SwivelView Enable Bits - - - - - -
Normal SwivelView 90° SwivelView 180° SwivelView 270°

SwivelView Enable Bit 0

(REG[1FCh] bit 6) 0 1 0 1
SwivelView Enable Bit 1

(REG[040h] bit 4) 0 0 1 1

bits 2-0 Display Mode Select Bits [2:0]

These bits select the display model according to the following table. The LCD display
mode is enabled/disabled using bit 0. Programming this bit from a0 to a 1 starts the
power-on sequence. Programming this bit from a 1 to a 0 starts the power-off sequence.

Table 8-36: Display Mode Selection

Display Mode Select Bits [2:0] Display Mode Enabled
000 no display
001 LCD only
010 CRT only
011 EISD (CRT and LCD)
100 TV with flicker filter off
101 EISD (TV with flicker filter off and LCD)
110 TV with flicker filter on
111 EISD (TV with flicker filter on and LCD)
Note

REG[018h] bit 7 must be set to 1 when the flicker filter is enabled.

Note
The Flicker Filter reducesthe “flickering” effect seen on interlaced displays by averag-
ing adjacent lineson the TV display. This“flickering” is caused by sharp vertical image
transitions that occur over one line (1 vertical pixel). For example, one pixel high lines,
edges of window boxes, etc. Flickering occurs because these high resolution lines are ef -
fectively displayed at half the refresh frequency due to interlacing.
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8.3.17 MediaPlug Register Descriptions

The S1D 13506 has built-in support for Winnov’ sMediaPlug connection designed for video
cameras. The following registers are used to control the connection and accept data from
the camera. The MediaPlug registersdecode A11-AO and require A20=0and A12=1.The
M ediaPlug registers are 16-bit wide. Byte accessto the MediaPlug registersis not allowed.
For further information, see Section 17, “MediaPlug Interface” on page 212.

Note
The MediaPlug control registers must not be accessed while Power Save Modeis
enabled (REG[1FOh] bit 0 = 1).

MediaPlug LCMD Register
REG[1000h] RW

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

LCMD Bit15 | LCMD Bit14 | LCMD Bit 13 | LCMD Bit 12 | LCMD Bit11 | LCMD Bit 10 | LCMD Bit 9 LCMD Bit 8

REG[1000h] bits15-0 MediaPlug LCMD Bits [15:0]
A 16-bit register for setting and detecting various modes of operation of the MediaPlug
Local Slave. Thisregister is handled differently for reads and writes. The following table
shows the MediaPlug description of the LCMD Register. See bit descriptions for details.

Table 8-37: MediaPlug LCMD Read/Write Descriptions

Data | D15 \ D14 | D13 \ D12 \ D11 \ Dlo‘ D9 \ D8 \ D7 \ D6 \ D5 \ D4 | D3 | D2 | D1 | DO
Write TO[2:0] XXXXXXXXXX IC MC P w
Read | TO[2:0] oob | Rev[3:0] | Rstat[2:0] oo [ 1Ic [mc| P | W
bits 15-14 Timeout Option (MediaPlug Parameter TO)

These bits select the timeout delay in MediaPlug clock cycles:
Table 8-38: Timeout Option Delay

Timeout Option . .
Bits[15:14] Timeout (MediaPlug clock cycles)

00 1023 (default)

01 64

10 128

11 64
bits 13-12 A read from these bitswill always return 00b.

A write to these bits has no hardware effect.

bits 11-8 MediaPlug IC Revision (MediaPlug Parameter Rev)

Therevision for thisMediaPlug IC is“0011b”".
A write to these bits has no hardware effect.
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bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Cable Detected Status (MediaPlug Parameter Rstat)

The cable detected status as determined by the MPD(1) pin.
When this bit = 0, aMediaPlug cable is connected.

When thishit = 1, aMediaPlug cable is not detected.

A write to this bit has no hardware effect.

A read from this bit will always return Ob.
A write to this bit has no hardware effect.

Remote Powered Status (M ediaPlug Parameter Rstat)
The remote powered status as determined by the RCTRL pin.
When this bit = 0, the remote is not powered.
When this bit = 1, the remote is powered and connected.
A write to this bit has no hardware €effect.

Table 8-39: Cable Detect and Remote Powered Status

Cable Detected
Status [bit 7]

Remote Powered
Status [bit 5]

Status

0

0

cable connected but remote not powered

0

1

cable connected and remote powered

1

X

cable not connected

A read from this bit will always return Ob.
A writeto thisbit has no hardware effect.

MediaPlug Interface Clock Enable (MediaPlug Parameter |C)
When this bit = 0, the MediaPlug interface clock is enabled (default).
When this bit = 1, the MediaPlug interface clock is disabled.

MediaPlug Clock (MediaPlug Parameter MC)

When this bit = 0, the MediaPlug cable clock is disabled (default).
When thishit = 1, the MediaPlug cable clock is enabled.

Power Enable to Remote (M ediaPlug Parameter P)
When this bit = 0, power to remoteis off (default).
When this bit =1, power to remoteis on.

Watchdog Disable (MediaPlug Parameter W)
When this bit = 0, the MediaPlug watchdog is enabled (default).
When this bit = 1, the MediaPlug watchdog is disabled.

MediaPlug Reserved LCMD Register

REG[1002h] RW
LCMD Bit23 | LCMD Bit22 | LCMD Bit21 | LCMDBit20 | LCMD Bit19 | LCMD Bit 18 | LCMD Bit 17 | LCMD Bit 16
LCMDBIit31 | LCMD Bit30 | LCMD Bit29 | LCMD Bit28 | LCMD Bit 27 | LCMD Bit 26 | LCMD Bit 25 | LCMD Bit 24
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REG[1002h] bits 15-0 MediaPlug Reserved LCMD Bits[15:0]

Thisregister is not implemented and is reserved for future expansion of the LCMD regis-
ter. A write to this register has no hardware effect. A read from this register always return
0000h.

MediaPlug CMD Register

REG[1004h] RW
CMD Bit 7 CMD Bit 6 CMD Bit5 CMD Bit 4 CMD Bit 3 CMD Bit 2 CMD Bit1 CMD Bit0
CMD Bit 15 CMD Bit 14 CMD Bit 13 CMD Bit 12 CMD Bit 11 CMD Bit 10 CMD Bit9 CMD Bit8

REG[1002h] bits 15-0 MediaPlug CMD Bits[15:0]
A 16-hit register for setting the MediaPlug commands. Thisregister is handled differently
for reads and writes. The following table shows the MediaPlug description of the CMD
Register. See hit descriptions for details.

Table 8-40: MediaPlug CMD Read/Write Descriptions
Data D15‘D14‘D13‘D12‘D11‘D10‘ D9 \ D8 \ D7 \ D6 \ D5 \ D4 \ D3

Dz\Dl\Do

Write 1[12:0] C[2:0]
Read| D | T | 1[10:0] C[2:0]
bit 15 Dirty Bit (MediaPlug Parameter D)

Thisbit is set by the hardware when the command register is written.

It is cleared by hardware by the following conditions:

1. Remote-Reset (After this command has been acknowledged by remote.

2. End_Stream (After this command has been acknowledged by remote.

3. Writeto DATA register if the CCC field is Write_Reg.

4. Read to DATA register if the CCC field is Read_Reg.

It is also set when the Remote Machine loses power or the cableis disconnected.

bit 14 Timeout Bit (MediaPlug Parameter T)
It is set when Watchdog is enabled and MediaPlug read or write cycle takes longer than
64, 128, 1024 cycles of MediaPlug clock depending on LCMD register settings.
It is also set when the remote is not powered.
It is cleared at the beginning of every command write by the host.

Index Field (MediaPlug Parameter )

Thisfield is the address presented by the remote to the remote function. MediaPlug trans-
mits the entire 16-bits of the first word of the command Register as written, but 112 (D15)
and 111 (D14) are hidden from readback by the dirty bit and Watchdog error bit.

bits 13-3
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bit 2-0 Command Field (MediaPlug Parameter C)
Selects the command as follows:

Table 8-41: MediaPlug Commands

Command Field Command
[bits 2:0]
000 Remote-Reset: Hardware reset of remote.
001 Stream-End: Indicates end of data streaming operation.
010 Write-Register: Write remote register INDEX[5:0] with DATA.
011 Read-Register: Read remote register INDEX[5:0] to DATA.
100 Write_Stream: Begin streaming data to the remote.
101 NOP: The command is sent across the MediaPlug. There is no other effect.
110 NOP: The command is sent across the MediaPlug. There is no other effect.
111 Read-Stream: Begin streaming data from the remote.
MediaPlug Reserved CMD Register
REG[1006h] RW

CMD Bit 23 CMD Bit 22 CMD Bit 21 CMD Bit 20 CMD Bit 19 CMD Bit 18 CMD Bit 17 CMD Bit 16

CMD Bit 31 CMD Bit 30 CMD Bit 29 CMD Bit 28 CMD Bit 27 CMD Bit 26 CMD Bit 25 CMD Bit 24

REG[1006h] bits 15-0 MediaPlug Reserved CMD Bits[15:0]
Thisregister is not implemented and is reserved for future expansion of the CMD register.
A write to thisregister has no hardware effect. A read from thisregister always return
0000h.

MediaPlug Data Register
REG[1008h] to REG[1FFEh], even address RwW

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

Data Bit 15 Data Bit 14 Data Bit 13 Data Bit 12 Data Bit 11 Data Bit 10 Data Bit9 Data Bit 8

Data Register bits 15-0 MediaPlug Data Bits[15:0]
A 16-bit register used for read/write and streaming read/write of MediaPlug data. This
register isloosely decoded from 1008h to 1FFEh so that the port may be accessed using
DWORD block transfer instructions.
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8.3.18 BitBIt Data Registers Descriptions

The BitBIt data registers decode A19-A0 and require A20 = 1. The BitBIt dataregistersare
16-bit wide. Byte accessto the BitBIt data registersis not allowed.

BitBlt Data Register 0
A20-A0 = 100000h-1FFFFEh, even address RW

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

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

Data Register bits 15-0 BitBIt Data Bits[15:0]
A 16-bit register that specifies the BitBIt data. This register isloosely decoded from
100000h to 1FFFFEh.

Hardware Functional Specification S1D13506
Issue Date: 01/02/06 X25B-A-001-10



Page 178

Epson Research and Development
Vancouver Design Center

9 2D BitBIt Engine

The S1D13506 has a built-in 2D BitBIt engine which increases the performance of Bit
Block Transfers (BitBIt). This section will discuss the BitBIt engine design and function-
ality.

9.1 Functional Description

The 2D BitBIt engine is designed using a 16-hit architecture. It implements a 16-bit data
bus and supports both 8 and 16 bit-per-pixel color depths. The design does not support
VGA planar mode.

The BitBIt engine supports rectangular and linear addressing modes for source and desti-
nation in apositive direction for all BitBIt operations except the move blit which also
supportsin negative direction.

The BitBIt operations support byte alignment of all types. The BitBIt engine hasadedicated
BitBIt 10 access space alowing it to support multi-tasking applications. This allows the
BitBIt engine to support simultaneous BitBIt and CPU read/write operations.

9.2 BitBIt Operations

Note
For details on the operation of the BitBlIt registers, see Section 8.3.12, “BitBIt Configu-
ration Registers’ on page 161.

Write Blit
The Write Blit provides 16, two operand, ROP functions.

Move Blit
TheMoveBlit provides 16, two operand, ROP functions and is supported in both apositive
and negative direction.

Read Blit
The Read Blit supports bit block transfers from the display buffer to the host. No ROP
function is applied.
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Solid Fill

The Solid Fill Blit fills a specified blit areawith a solid color as defined in the Foreground
Color Register. In 8 bpp mode, only the low byte of the Foreground Color is used for solid
fill.

Pattern Fill

The Pattern Fill Blit fills a specified blit areawith an 8 pixel by 8 line pattern in full color
defined in off-screen display buffer. The pattern data has to be stored in a contiguous
address (i.e. for 8 and 16 bpp, the pattern data will occupy 64 and 128 bytes respectively
starting from the base address).

Any pixel within the 8x8 pattern can be used to start the fill area. The least significant bits
of the source address start register are used to specify the starting pixel.

The 2D engine can detectsthe end of each line and continues from the beginning of the next
line. When the last line of pattern is encountered, the first line of the pattern will be drawn
on the following line.

Supports two full 16-bit operand ROP functions.

Note
The BitBIt operation Pattern Fill with ROP requires a BitBIt width = 2. The BitBIt width
isset in REG[110h], REG[111h].

Transparent Pattern Fill

The Transparent Pattern Fill fillsaspecified blit areawith an 8 pixel by 8 line patternin full
color defined in off-screen display buffer. The pattern data hasto be stored in acontiguous
address (i.e. for 8 and 16 bpp, the pattern data will occupy 64 and 128 bytes respectively
starting from the base address).

When the pattern color is equal to the key color, which is defined in Background Color
Register, the destination areais not updated. In 8 bpp mode, only the low byte of the key
color isused for comparison.

For this blit no raster operation is applied.

Note
The BitBIt operation Pattern Fill with transparency requires a BitBlt width = 2. The
BitBIt width is set in REG[110h], REG[111h].

Transparent Write Blit

The Transparent Write Blit supports bit block transfers from the host to display buffer.
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When the source color is equal to key color, which is defined in Background Color
Register, the destination area is not updated. In 8 bpp mode, only the low byte of the key
color is used for comparison.

For thisblit no raster operation is applied.
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Transparent Move Blit

The Transparent Move Blit supports bit block transfers from display buffer to display
buffer in positive direction only.

When the source color is equal to key color, which is defined in Background Color
Register, the destination areais not updated. In 8 bpp mode, only the low byte of key color
isused for comparison.

For this blit no raster operation is applied.

Color Expansion
The Color Expansion Blit expandsthe host’smonochrome datato 8 or 16 bpp color format.

A 1 expandsto the color defined in the Foreground Color Register. In 8 bpp mode, only the
low byte of the Foreground Color Register is used.

A 0 expands to the color defined in the Background Color Register. In 8 bpp mode, only
the low byte of the Background Color Register is used. If background transparency is
enabled, then the destination color will remain untouched.

The host will be continuously feeding a 16-bit data package. When the end of thelineis
reached, any unused bitswill be discarded. The datafor the next line will be taken from the
next data package. The low byte write datawill be used first for the operation. Each bit is
seridly expanded to the destination data starting from MSB (Bit 7) to LSB (Bit 0).

This blit supports any bit alignment, but supportsin a positive direction only.

Move Blit with Color Expansion

The Move Blit with Color Expansion expands off-screen source’ s monochrome datato 8
or 16 bpp color format.

A 1 expands to the color defined in the Foreground Color Register.

A 0 expands to the color defined in the Background Color Register. If background trans-
parency is enabled, then the destination color will remain untouched.

In 8 bpp mode, only the low byte of the Foreground Color Register and Background Col or
Register are used for color expansion. The low byte write data will be used first for the
operation. Each bit is serially expanded to the destination data starting from MSB (Bit 7) to
LSB (Bit 0).

This blit supports byte alignment only and supports in a positive direction only.
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10 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, thedisplay buffer isaddressed by bits AB[20:0]. Seethetable

below:
Table 10-1: S1D13506 Addressing
CS# M/R# Access
Register access - see Section 8.2, “Register Mapping” on
page 124.
0 0 * REG[000h] is addressed when AB[12:0] = 0
* REG[001h] is addressed when AB[12:0] = 1
* REGJn] is addressed when AB[12:0] = n
0 1 Memory access: the 2M byte display buffer is addressed by
AB[20:0]
1 X S1D13506 not selected

Thedisplay buffer address spaceisaways2M bytes. However, the physical display buffer
may be either 512K bytes or 2M bytes — see Section 5.3, “ Summary of Configuration
Options’ on page 39.

A 512K byte display buffer isreplicated in the 2M byte address space — see Figure 10-1:
“Display Buffer Addressing,” on page 182.

The display buffer can contain an image buffer, one or more Ink Layer/Hardware Cursor
buffers, and a Dual Panel Buffer.

512K Byte Buffer ABJ[20:0] 2M Byte Buffer
000000h
Image Buffer
Ink/Cursor Buffer
Dual Panel Buffer 07FFFFh Image Buffer
080000h
Image Buffer
Ink/Cursor Buffer
Dual Panel Buffer OFFEFFh
100000h
Image Buffer

Ink/Cursor Buffer
Dual Panel Buffer

17FFFFh
180000h
Image Buffer
Tnk/Cursor Buffer Ink/Cursor Buffer

Figure 10-1: Display Buffer Addressing
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10.1 Image Buffer

The image buffer contains the formatted display mode data — see Section 11.1, “Display
Mode Data Format” on page 184.

The displayed image(s) may occupy only a portion of this space; the remaining area may
be used for multiple images — possibly for animation or general storage. Section 11,
“Display Configuration” on page 184 for the rel ationship between theimage buffer and the

displayed image.

10.2 Ink Layer/Hardware Cursor Buffers

Thelnk Layer/Hardware Cursor buffers contain formatted image datafor the Ink Layer and
Hardware Cursor.

There may be several Ink Layer/Hardware Cursor images stored in the display buffer but
only one may be active at any given time.

For details see Section 14, “Ink Layer/Hardware Cursor Architecture” on page 197.

10.3 Dual Panel Buffer

In dual panel mode a buffer isrequired and allocated by hardware. With this Dual Panel
Buffer enabled, the top of the display buffer isallocated to the Dual Panel Buffer. The size
of the Dual Panel Buffer isafunction of the panel resolution and whether the panel is color
or monochrome:

Dual Panel Buffer Size (in bytes) = (panel width x panel height) x factor / 16

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

Note
Calculating the size of the Dua Panel Buffer is required to avoid overwriting the

Hardware Cursor/Ink Layer buffer.

Example 1: For a 640x480 8 bpp color panel the Dual Panel Buffer size is 75K bytes. In a
512K byte display buffer, the Dual Panel Buffer resides from 6D400h to
7FFFFh. In a 2M byte display buffer, the Dual Panel Buffer resides from
1ED400h to 1FFFFFh.
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11 Display Configuration

11.1 Display Mode Data Format

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

4 bpp: ) )
bit 7 bit 0 PoP1 P, P3P, PsPg Py
Byte 0 » Ay | By | Co| Do | A |Bi|Cy| Dy [T T]
Byte 1 » A2 | B2 | Co | Dy | A3 | B3 | C3 | Ds
Pn = (An, B, Cp, Dp)
Byte 2 » Ay | B4 | C4 | Dy | As | Bs | Cs | Dg n n' Bne “ns P
Host Address Display Buffer Panel Display
8 bpp:
bit 7 bit 0 PoP1P;P3P4PsPg Py
Byte 0 MA, |Bo |Co |Do |Eo |Fo [Go |Ho I .
Byte 1 > Al Bl Cl Dl El Fl Gl Hl
P, = (An Bp, Cryy DoEns Fris Gy Hp)
Byte 2 A, |B, C, |D, E, F, G, H, n n: Pns ~ne Ynobns Fns e P
Host Address Display Buffer Panel Display
15 bpp:
i 5-5-5 RGB i
bit Z T it 0 PoP1P2P3P,PsPs Py
Byte 0 "Go® [Go™ |Go” [Bo* [Bo? |Bo? [Bo' [Bo° I I A
— (R 40 5 40 g 40
Byte 1 » Ro* |Rg% |Ro2 |Ro! |R? |Go* |Go® Pn=(Rn™" Gy ", By)
Byte 2 "G.? G1 G0 B* |B,® |B4? |By! [B,O
N 4|n3|Rr.2|R1|R.O (G4 |G,3
Byte 3 Ri” [Re” [Ra” Ry [Ra” [G1 [Go Panel Display
Host Address Display Buffer
16 bpp: e
P i o L
Byte 0 »Go? |Go® |GoP [Bo* |Bo® |Bo? |Bo® [Bo?
Byte 1 »Ro* |Ro® |Ro? [Ro® |Ro? |Go® |Go* |Go® Pn = Ry, G, %0, B,*0)
Byte 2 G,? |G1" |G,° [B,* |B4® |B12 [By! [B,°
Byte 3 Ri* |R:2 |R2 Ryt RO |G4® |G1* |63 Panel Display
Host Address Display Buffer
Figure 11-1: 4/8/15/16 Bit-per-pixel Format Memory Organization
Note
1. The Host-to-Display mapping shown hereisfor alittle endian system.
2. For 15/16 bit-per-pixel formats, R;,, G, B, represent the red, green, and blue color
components.
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11.2 Image Manipulation

The figure below shows how the screen image is stored in the image buffer and positioned
on the LCD display. The screen image on the CRT/TV is manipulated similarly. When
EISD isenabled (see Section 16, “EPSON Independent Simultaneous Display (EISD)” on
page 210), the images on the LCD and on the CRT/TV are independent of each other.

For LCD: REG[047h], REG[046h] defines the width of the virtual image.
For CRT/TV: REG[067h], REG[066h] defines the width of the virtual image.

For LCD: REG[044h], REG[043h], REG[042h] defines the starting word of the

displayed image.
For CRT/TV: REG[064h], REG[063h], REG[062h] defines the starting word of the

displayed image.
For LCD: REG[048h] defines the starting pixel within the starting word.
For CRT/TV: REG[068h] defines the starting pixel within the starting word.

For LCD: REG[032h] defines the width of the LCD display.
For CRT/TV: REG[050h] defines the width of the CRT/TV display.

For LCD: REG[039h], REG[038h] defines the height of the LCD display.
For CRT/TV: REG[057h], REG[056h] defines the height of the CRT/TV display.

Image Buffer LCD Display

Starting Word

}EG[OMh], REG[043h], REG[042h])
Starting Pixel of Word (REG[048h])

[ [ "]

Screen

Height of LCD Display ((REG[039h], REG[038h])+1) lines

Line O

\ Line 1

(REG[047h],

«——— Width of Virtual Image —

Screen

Width of LCD Display (REG[032h]+1)x8) pixels

REG[046h])

Figure 11-2: Image Manipulation
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12 Look-Up Table Architecture

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

12.1 Monochrome Modes

The green LUT is used for all monochrome modes.

4 Bit-Per-Pixel Monochrome Mode

Green Look-Up Table 256x4

4 bit-per-pixel data

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

from Image Buffer

4-bit Gray Data

Figure 12-1: 4 Bit-Per-Pixel Monochrome Mode Data Output Path
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12.2 Color Modes

4 Bit-Per-Pixel Color

4 bit-per-pixel data
from Image Buffer

Red Look-Up Table 256x4

0000

0001

0010

0011

0100

0101

0110

0111

1000

1001

1010

1011

1100

1101

1110

Loo

k-Up Table 256x4

1111

Blue Look-Up Table 256x4

4-bit Red Data

4-bit Green Data

4-bit Blue Data

Figure 12-2: 4 Bit-Per-Pixel Color Mode Data Output Path
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8 Bit-Per-Pixel Color

8 bit-per-pixel data

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 1111 1011
FC 1111 1100
FD 1111 1101
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 11111101
FE 1111 1110
FF 1111 1111

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 1111 1101
FE 1111 1110
FF 11111111

from Image Buffer

4-bit Red Data

4-bit Green Data

4-bit Blue Data

v

Figure 12-3: 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 these color depths— See

“Display Configuration” on page 184.
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13 TV Considerations

13.1 NTSC/PAL Operation

NTSC or PAL video is supported in either composite or S-video format. Filters may be
enabled to reduce the distortion associated with displaying high resolution computer
images on an interlaced TV display. The image can be vertically and horizontally
positioned on the TV. Additionally, a dedicated Hardware Cursor (independent from the
LCD display) is supported.

13.2 Clock Source

The required clock frequencies for NTSC/PAL are given in the following table:

Table 13-1: Required Clock Freguencies for NTSC/PAL

TV Format Required Clock Frequency
NTSC 14.318180 MHz (3.579545 MHz subcarrier)
PAL 17.734475 MHz (4.43361875 MHz subcarrier)
Hardware Functional Specification S1D13506
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13.3 Filters

When displaying computer imageson a TV, severa image distortions are likely to arise:
« cross-luminance distortion.
« cross-chrominance distortion.

« flickering.

These distortions are caused by the high-resolution nature of computer images which
typically contain sharp color transitions, and sharp luminance transitions (e.g., high
contrast one pixel wide lines and fonts, window edges, etc.). Threefilters are available to
reduce these distortions.

13.3.1 Chrominance Filter (REG[05Bh] bit 5)

The chrominancefilter adjuststhe color of the TV by limiting the bandwidth of the chromi-
nance signal (reducing cross-luminance distortion). This reduces the “ragged edges’ seen
at boundaries between sharp color transitions. Thisfilter is controlled using REG[05Bh]
bit 5 and is most useful for composite video output.

13.3.2 Luminance Filter (REG[05Bh] bit 4)

The luminance filter adjusts the brightness of the TV by limiting the bandwidth of the
luminance signal (reducing cross-chrominancedistortion). Thisreducesthe”rainbow-like”
colors at boundaries between sharp luminance transitions. This filter is controlled using
REG[05Bh] bit 4 and is most useful for composite video output.

13.3.3 Anti-flicker Filter (REG[1FCh] bits [2:1])

The“flickering” effect seen on interlaced displaysis caused by sharp vertical image transi-
tionsthat occur over oneline (1 vertical pixel). For example, one pixel high lines, edges of
window boxes, etc. Flickering occurs because these high resolution lines are effectively
displayed at half the refresh frequency due to interlacing. The anti-flicker filter averages
adjacent lines on the TV display to reduce flickering. Thisfilter is controlled using the
Display Mode register (REG[1FCh] bits [2:1]).
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13.4 TV Output Levels

Vuhite
Vyellow
chan
Vgreen
Vmagenta
Vred
Vblue
Vblank Viack !
Vsync
Figure 13-1: NTSC/PAL SVideo-Y (Luminance) Output Levels
Table 13-2: NTSC/PAL SVideo-Y (Luminance) Output Levels
NTSC / PAL NTSC / PAL
Symbol Parameter RGB mv) (IRE)
Vihite | White 1F 3F 1F 996 99.5
Vyellow | Yellow 1F 3F 00 923 89
Veyan | Cyan 00 3F 1F 798 72
Vgreen | Green 00 3F 00 725 62
Vinagenta | Magenta 1F 00 1F 608 45
Viea |Red 1F 00 00 536 35
Voue | Blue 00 00 1F 410 17
Voack | Black 00 00 00 338 73
Vblanking Blanking N.A. 284 0
Veync | Sync Tip N.A. 0 -40
Note
RGB values assume a 16 bpp color depth with 5-6-5 pixel packing.
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Vleyan Vleq
Vlgreen Vlmagenta
Vlyellow Vipe
Vipyrst
Vblanking
Vzburst
V2ye|l0w V2hiue
Vzgfee” Vzmagenta
Vzcyan V2eq
Figure 13-2: NTSC/PAL SVideo-C (Chrominance) Output Levels
Table 13-3: NTSC/PAL SVideo-C (Chrominance) Output Levels
NTSC / PAL NTSC / PAL
Symbol Parameter RGB (mv) (IRE)
Vlgyst | Burst positive peak N.A. 552 / 541
Vleiow | Yellow positive peak 1F 3F 00 700
Vlean |Cyan positive peak 00 3F 1F 815
Vlgreen | Green positive peak 00 3F 00 751
V1mnagenta | Magenta positive peak 1F 00 1F 751
V1,4 |Red positive peak 1F 00 00 815
V1l |Blue positive peak 00 00 1F 700
Vblanking Blanking N.A. 410
V2uurst | Burst negative peak N.A. 268 /279
V2yeliow | Yellow negative peak 1F 3F 00 121
V2cyan | Cyan negative peak 00 3F 1F 5
V2green | Green negative peak 00 3F 00 70
V2magenta | Magenta negative peak 1F 00 1F 70
V2,eq | Red negative peak 1F 00 00 5
V2,ue | Blue negative peak 00 00 1F 121
Note
RGB values assume a 16 bpp color depth with 5-6-5 pixel packing.
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Viyelow Vieyan
Vlgreen
Vuwhite
V2
yelow Vlmagenta
V2eyan Vleg
Vzgreen
V3yeliow VZpagenta
Vipiue
V2ieqd
Vlburst
V3 Vzblue
Viorank. back e V3green
V2 V3magenta
Vsync burst Vg Voo
Figure 13-3: NTSC/PAL Composite Output Levels
Table 13-4: NTSC/PAL Composite Output Levels
Symbol Parameter RGB NTSC / PAL (mv) | NTSC / PAL (IRE)
V1jeliow | Yellow chrominance positive peak 1F 3F 00 1211 130
Vlcan | Cyan chrominance positive peak 00 3F 1F 1202 128
Vlgeen |Green chrominance positive peak 00 3F 00 1065 109
V1nagenta | Magenta chrominance positive peak 1F 00 1F 948 93
Vl1,q |Red chrominance positive peak 1F 00 00 939 92
Vl1pue |Blue chrominance positive peak 00 00 1F 699 58
Vuwhite | White luminance level 1F 3F 1F 995 99
V2yeliow | Yellow luminance level 1F 3F 00 923 89
V2cyan | Cyan luminance level 00 3F 1F 797 72
V24reen | Green luminance level 00 3F 00 725 62
V2magenta | Magenta luminance level 1F 00 1F 608 45
V2,eq | Red luminance level 1F 00 00 535 35
V2pue | Blue luminance level 00 00 1F 411 18
Vplack | Black luminance level 00 00 00 338 7.3
V3yellow | Yellow chrominance negative peak 1F 3F 00 634 49
V3cyan | Cyan chrominance negative peak 00 3F 1F 392 15
V3green | Green chrominance negative peak 00 3F 00 384 14
V3magenta | Magenta chrominance negative peak 1F 00 1F 267 -2.6
V3eq | Red chrominance negative peak 1F 00 00 130 -22
V3pue |Blue chrominance negative peak 00 00 1F 122 -23
Vpiank | Blank Level N.A. 284 0
Vst | Burst positive peak N.A. 426/ 415 20/18
V2uurst | Burst negative peak N.A. 142 /153 -20/-19
Veyne | Sync Tip N.A. 0 -40
Note

RGB values assume a 16 bpp color depth with 5-6-5 pixel packing.
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13.5 TV Image Display and Positioning

This section describes how to setup and position an imageto bedisplayedonaTV. Figure
13-4: “NTSC/PAL Image Positioning,” on page 195 shows an image positioned on the TV
display with the related programmable parameters. The TV display areais shaded.

The size of the display image determines the register values for the Horizontal Display
Period, Horizontal Non-Display Period, Vertical Display Period, and Vertical Non-Display
Period. The maximum and minimum values for these registers are given in Table 13-5:
“Minimum and Maximum Vauesfor NTSC/PAL”". Theline period and frame period deter-
mined by these registers must also satisfy the following equations:

NTSC:

(((REG[050] hitg[6:0]) + 1) x 8) + (((REG[052] bitg[5:0]) x 8) + 6) = 910

({ (REG[057] bitg[1:0]), (REG[056] bitg][7:0])} +1) + ((REG[058] bits[6:0])+1)x2+1) = 525
PAL:

(((REG[050] hitg[6:0]) + 1) x 8) + (((REG[052] bitg5:0]) x 8) + 7) = 1135

({ (REG[057] bitg[1:0]), (REG[056] bitg][7:0])} +1) + ((REG[058] bits[6:0])+1)x2+1) = 625
TheHRTC Start Position and VRTC Start Position registers position theimage horizontally
and vertically. The maximum and minimum register values for these registersare given in

Table 13-5; “Minimum and Maximum Valuesfor NTSC/PAL". Increasing the HRTC Start
Position will move the image left, while increasing the VRTC Start Position will movethe

image up.
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t1 t2
d »d B
al Ll Ll
y A y
t6 | 5
Vertical—Y » !
Sync |
| A4
| 4
Odd '
Field :
1,3 , t4/2 Image
| Odd Lines (1, 3,5, ...)
I
|
y |
A ® | A
I
Vertical v » I
Sync | 5+ 1T N
| A 4
4
I
Even |
Field |
| :
2,4 | /2 Even Lines (2, 4, 6, ...)
I
3 !
v !

ot

Horizontal Sync

v

909 (NTSC)
1134 (PAL)

Figure 13-4: NTSC/PAL Image Positioning

The maximum Horizontal and Vertical Display Widths shown in Table 13-5; “Minimum
and Maximum Values for NTSC/PAL” include display areas that are normally hidden by
the edges of the TV. The visible display dimensions are shown in Figure 13-5: “Typical
Total Display and Visible Display Dimensions for NTSC and PAL,” on page 196 asa
guideline. The actual visible display areafor aparticular TV may differ ightly from those
dimensions given. Table 13-6: “Register Values for Example NTSC/PAL Images’ lists
register values for some example images.

Table 13-5: Minimum and Maximum Values for NTSC/PAL

Symbol Parameter Register(s) g NTSC g PAL Units
min max min max
t1 TV Horizontal Non-Display Period 52 158 510 215 511 Tusc
t2 TV Horizontal Display Width 50 400 752 624 920 Tusc
t3 TV HRTC Start Position 53 25 t2 - 158 25 t2-215 | Tyusc
t4 TV Vertical Display Height 57, 56 396 484 496 572 TLUNE
t5 TV Vertical Non-Display Period 58 20 64 26 64 TLUNE
t6 TV VRTC Start Position 59 0 t5- 20 0 t5-26 | TN
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Total Display Total Display
752 x 484 920 x 572
Visible Display Visible Display
696 x 436 856 x 518

NTSC PAL

Figure 13-5: Typical Total Display and Visible Display Dimensions for NTSC and PAL

Note
For most implementations, the visible display does not equal the total display. The total
display dimensions and the visible display dimensions must be determined for each
specific implementation.

Table 13-6: Register Values for Example NTSC/PAL Images

Parameter Register NTSC PAL
752x484 | 696x436 | 640x480 | 920x572 | 856x518 | 800x572 | 640x480
TV Horizontal Display Width 50 5Dh 56h 4Fh 72h 6Ah 63h 4Fh
TV Horizontal Non-Display Period 52 13h 1Ah 21h 1Ah 22h 29h 3Dh
TV HRTC Start Position 53 02h 04h 08h 02h 05h 09h 13h
. . . 57 01lh 01h 01h 02h 02h 02h 01h
TV Vertical Display Height 56 E3h | B3h | DFh | 38h | 05h | 3Bh | DFh
TV Vertical Non-Display Period 58 13h 2Bh 15h 19h 34h 19h 47h
TV VRTC Start Position 59 00h 0Ch 01lh 00h 0Dh 00h 16h

13.6 TV Cursor Operation

See Section 14, “Ink Layer/Hardware Cursor Architecture” on page 197.
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14 Ink Layer/Hardware Cursor Architecture

14.1 Ink Layer/Hardware Cursor Buffers

The Ink Layer/Hardware Cursor buffers contain formatted image data for the Ink Layer or
Hardware Cursor. There may be several Ink Layer/Hardware Cursor images stored in the
display buffer but only one may be active at any giventime. Theactive Ink Layer/Hardware
Cursor buffer is selected by the Ink/Cursor Start Address register (REG[071h] for LCD,
REG[081h] for CRT/TV). 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 theimage
buffer and Dual Panel Buffer. The start address for the Ink/Cursor buffer is programmed as
shown in the following table.

Table 14-1: Ink/Cursor Sart 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 when there is no Dual Panel 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 % 8192) and Dual Panel Buffers;

* position a Cursor buffer between the
image and Dual Panel Buffers;

« select from a multiple of Cursor buffers.

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

LCD Ink Address Offset (words) = REG[032h] + 1
CRT/TV Ink Address Offset (words) = REG[050h] + 1
LCD or CRT/TV Cursor Address Offset (words) = 8
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14.2 Ink/Cursor Data Format

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

2-b . .
PP bit 7 bit 0 PoP1PyP3P,4PsPg P,
HEEEEEE
Byte O » Ao [ Bo | AL [ B1 | A2 | By | A3 | B3
Byte 1 » Ay | By | As | Bs | Ag | B | A7 | By
Pn = (An, Bp)
Panel Display
Host Address Ink/Cursor Buffer
Figure 14-1: Ink/Cursor Data Format
Theimage datafor pixel n, (A,,B,), selectsthe color for pixel n asfollows.
Table 14-2: Ink/Cursor Color Select
(An.Bp) Color Comments
Ink/Cursor Color 0 Register, (REG[078h], REG[077h],
00 Color 0 REG[076h] for LCD, REG[088h], REG[087h], REG[086h] for
CRT/TV)
Ink/Cursor Color 1 Register, (REG[07Ah],
01 Color 1 REG[07Bh],REG[07Ah] for LCD, REG[08Ah], REG[08Bh],
REG[08Ah] for CRT/TV)
10 Background Ink/Cursor is transparent — show background
11 Inverted Background Ink/Cursor is transparent — show inverted background
S1D13506 Hardware Functional Specification
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14.3 Ink/Cursor Image Manipulation

14.3.1 Ink Image

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

14.3.2 Cursor Image

The Cursor image size is ways 64 x 64 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 an unclipped cursor.

P(0;0)
P(X;y) P(x+63y)
- -0

| |
I I
P(x;y+63) P(x+63;y+63)

Figure 14-2: Unclipped Cursor Positioning

where

For LCD:
x = (REG[073h] bits[1:0], REG[072h]) and REG[073h] bit 7=0
y = (REG[075h] bits[1:0], REG[074h]) and REG[075h] bit 7=0

For CRT/TV:
x = (REG[083h] hits[1:0], REG[082h]) and REG[083h] bit 7= 0
y = (REG[085h] bits[1:0], REG[084h]) and REG[085h] hit 7=0

The following diagram shows how to position a cursor that is clipped at the top and left
sides of the display.
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P(-x;-y)
— 1
|
0;0) |
|
L | _— _O
P(63-x;63-y)

Figure 14-3: Clipped Cursor Positioning

where

For LCD:
x = (REG[073h] bits[1:0], REG[072h]) <= 63 and REG[073h] bit 7=1
y = (REG[075h] bits[1:0], REG[074h]) <= 63 and REG[075h] bit 7 =1

For CRT/TV:
x = (REG[083h] bits [1:0], REG[082h]) <= 63 and REG[083h] bit 7 =1
y = (REG[085h] hits[1:0], REG[084h]) <= 63 and REG[085h] bit 7 =1

S1D13506 Hardware Functional Specification
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15 SwivelView™

15.1 Concept

Most computer displays are refreshed in landscape — from left to right and top to bottom.
Computer images are stored in the same manner. SwivelView™ is designed to rotate the
displayed image on an LCD by 90°, 180°, or 270° in a clockwise direction. Therotationis
donein hardware and is transparent to the user for all display buffer reads and writes. By
processing the rotation in hardware, SwivelView™ offers a performance advantage over
software rotation of the displayed image.

15.2 90° SwivelView™

90° SwivelView™ uses a 1024 x 1024 pixd virtual window. The following figures show
how the display buffer memory map changesin 90° SwivelView™. The display is
refreshed in the following sense: C-A—D-B. The application image is written to the

S1D 13506 in the following sense: A—B—C-D. The S1D13506 rotates and stores the
application image in the following sense: C-A-D-B, the same sense as display refresh.

The user can read/write to the display buffer naturally, without the need to rotate theimage
first in software. The registersthat control the panning and scrolling of the panel window
are designed for a landscape window. However, it is still possible to pan and scroll the
portrait window in 90° SwivelView ™ but the user must program these registers somewhat
differently (See Section 15.2.1, “Register Programming” on page 202).

1024 pixels 1024 pixels
A B A A o > A
i £ 3T
display 5 S H
start g g
portrait W " afdress =~
window T o Wy
i=a < >
S w
o
i
C D v
>
H
v
Image seen by the user Rotated image in the display buffer
Figure 15-1: Relationship Between Screen Image and 90° Rotated Image in the Display Buffer
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Note
W isthe width of the LCD panel in number of pixels, (or the height of the portrait win-
dow in number of lines).
H isthe height of the panel in number of lines, (or the width of the portrait window in
number of pixels).

Note
The image must be written with a 1024 pixel offset between adjacent lines (1024 bytes
for 8 bpp mode or 2048 bytes for 15/16 bpp mode) and the display start address must be
calculated (see below).

15.2.1 Register Programming

Enabling 90° Rotation on CPU Read/Write to Display Buffer

Set SwivelView™ Enable bit 0to 1. All CPU accesses to the display buffer are trand ated
to provide 90° clockwiserotation of the display image. SwivelView™ Enable bit 1 should
be set to 0.

Memory Address Offset

The LCD Memory Address Offset register (REG[046h], REG[047h]) must be set for a
1024 pixel offset:

LCD Memory Address Offset (words)
=1024 for 15/16 bpp mode
=512 for 8 bpp mode

Display Start Address

AsseeninFigure 15-1: “ Relationship Between Screen Image and 90° Rotated Imagein the
Display Buffer,” on page 201, the Display Start Addressis determined by the location of
theimage corner “C”, and itisgenerally non-zero. The LCD Display Start Address register
(REG[042h], REG[043h], REG[044h]) must be set accordingly.

LCD Display Start Address (words)
= (1024 - W) for 15/16 bpp mode
=(1024-W) /2 for 8 bpp mode

where W is the width of the panel in number of pixels.

S1D13506 Hardware Functional Specification
X25B-A-001-10 Issue Date: 01/02/06



Epson Research and Development Page 203

Vancouver Design Center

Horizontal Panning

Horizontal panning is achieved by changing the LCD Display Start Address register:
* Increase/decrease LCD Display Start Addressregister by 1024 (15/16 bpp mode) or 512
(8 bpp mode) pans the display window to the right/left by 1 pixel.

The amount the display window can be panned to theright islimited to 1024 pixels and
limited by the amount of physical memory installed.

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

* Increment/decrement LCD Display Start Address register in 8 bpp mode scrolls the
display window up/down by 2 lines.

* Increment/decrement LCD Display Start Address register in 15/16 bpp mode scrollsthe
display window up/down by 1 line.

* Increment/decrement LCD Pixdl Panning register in 8 bpp mode scrolls the display
window up/down by 1 line.

15.2.2 Physical Memory Requirement

Because the user must now deal with a 1024x1024 virtual display, the amount of image
buffer required for aparticular display mode hasincreased. The minimum amount of image
buffer required is:

Minimum Required Image Buffer (bytes)
= (1024 x H) x 2 for 15/16 bpp mode
= (1024 x H) for 8 bpp mode

where H is the height of the panel in number of lines.

This minimum amount is required to display a90° SwivelView™ image without panning;
scrolling, however, is permissible. The degree an image can be panned depends on the
amount of physical memory installed and how much of that is used by the Dual Panel
Buffer, Ink Layer, or Hardware Cursor. Animage cannot be panned outside the 1024x1024
virtual display. Often it cannot be panned within the entire virtual display because part of
thevirtual display memory may betaken up by the Dual Panel Buffer, Ink Layer, Hardware
Cursor, or even the CRT/TV display buffer.
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The Dual Panel Buffer isused for dual panel mode. Its memory requirement is.

Dual Panel Buffer (bytes)
=(W x H) /4 for color mode
=(W xH)/16 for monochrome mode

where W is the width of the panel in number of pixels, and H isthe height of the panel in
number of lines.

The Dual Panel Buffer isawayslocated at the end of the physical memory.

TheHardware Cursor or Ink Layer also takes up memory. If thismemory is> 1KB, it must
be located at an 8KB boundary, otherwise it may be located at the last 1KB area. The
Hardware Cursor or Ink Layer must not overlap the image buffer or the Dual Panel Buffer.

The following table summarizes the DRAM size requirement for 90° SwivelView™ for
different panel sizes and display modes. Notethat DRAM size for the S1D13506 islimited
to either 512K byte or 2M byte. The calculation is based on the minimum required image
buffer size and the Dual Panel Buffer size. The Hardware Cursor/Ink Layer may or may not
fit within this minimum DRAM configuration —thisis noted in the table. The hardware
cursor requires only 1KB of memory and so may resides at the last 1KB areaif thereisno
Dual Panel Buffer, otherwise it must reside at an 8KB boundary. The 2-bit ink layer
requires (W x H) / 4 bytes of memory; it must reside at an 8K B boundary. Thetable shows
only one possible Hardware Cursor/Ink Layer location — at the highest possible location
without interfering with the Dual Pand Buffer. Itisalso assumed that CRT/TV isnot used.
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Table 15-1: Minimum DRAM Sze Required for Swivel View™
Panel Size Panel Tvoe Display Min. Image | Dual Panel | Minimum Ink/Cursor Ink/Cursor
yp Mode Buffer Size | Buffer Size | DRAM Size | Buffer Size Location
8 bpp 240KB
Color
. 15/16 bpp 480KB
320 x 240 | Single OKB 18.75KB/1KB | 488KB/511KB
8 bpp 240KB 512KB
Mono
15/16 bpp 480KB
8 bpp 480KB --/511KB
Color
. 15/16 bpp 960KB 2MB 1968KB/2047KB
Single O0KB
M 8 bpp 480KB 512KB --/511KB
ono
15/16 bpp 960KB 1968KB/2047KB
640 x 480 75KB/1KB
8 bpp 480KB 2MB
Color 75KB 1896KB/1968KB
bual 15/16 bpp 960KB
ua
8 bpp 480KB 512KB --/488KB
Mono 18.75KB
15/16 bpp 960KB 1952KB/2024KB
8 bpp 600KB
Color
. 15/16 bpp 1.2MB
Single OKB 1928KB/2047KB
8 bpp 600KB
Mono
15/16 bpp 1.2MB 2MB
800 x 600 117.19KB/1KB
8 bpp 600KB
Color 117.19KB 1808KB/1928KB
15/16 bpp 1.2MB
Dual
8 bpp 600KB
Mono 29.30KB 1896KB/2016KB
15/16 bpp 1.2MB

Where KB = 1024 bytes and MB = 1024KB

15.2.3 Limitations

The following limitations apply to 90° SwivelView™:

» Only 8/15/16 bpp modes are supported — 4 bpp mode is not supported.

» Hardware cursor and ink images are not rotated — software rotation must be used.
SwivelView™ Enable bit 0 must be set to 0 when the user is accessing the Hardware
Cursor or the Ink Layer buffer.

» CRT/TV modeis not supported. SwivelView™ Enable bit 0 must be set to 0 when the
user is accessing the CRT/TV display buffer.

» 90° SwivelView™ does not support BitBlts.
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15.3 180° SwivelView™

180° SwivelView™ is accomplished by fetching the display buffer image in the reverse
address direction, starting at the bottom-right corner of the image. Unlike 90°
SwivelView™ the 180° SwivelView™ image is not rotated in the display buffer. The
image is simply displayed 180° clockwise rotated. Furthermore, a virtual window is not
required and all color depths (4/8/15/16 bpp) are supported.

15.3.1 Register Programming

Reverse Display Buffer Fetching Address Direction

Set SwivelView™ Enable bit 1 to 1. During screen refresh, the direction of the address for
display buffer fetching isreversed. Thissetting does not affect CPU to display buffer access
in any way. SwivelView™ Enable bit 0 should be set to 0.

Display Start Address

The Display Start Address must be programmed to be at the bottom-right corner of the
image, since the display is now refreshed in the reverse direction. The LCD Display Start
Address register (REG[042h], REG[043h], REG[044h]) must be set accordingly.

LCD Display Start Address (words)
=(MA_Offset x H) - (MA_Offset - W) -1 for 15/16 bpp mode
=(MA_Offset x H) - (MA_Offset —W/2) =1 for 8 bpp mode
=(MA_Offset x H) - (MA_Offset —W/4) =1 for 4 bpp mode

where H isthe height of the panel in number of lines, W isthe width of the panel in number
of pixels, and MA_Offset isthe LCD Memory Address Offset.

Horizontal Panning

Horizontal panning works in the same way as when SwivelView™ is not enabled, except
that the effect of the LCD Pixdl Panning register is reversed:

* Increment/decrement LCD Display Start Address register pans the display window to
the right/l eft.

* Increment/decrement LCD Pixel Panning register pans the display window to the
left/right.

Vertical Panning

Vertical panning works in the same way as when SwivelView™ is not enabled:

* Increase/decrease LCD Display Start Address register by one memory address offset
scrolls the display window down/up by 1 line.

S1D13506
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15.3.2 Limitations

The following limitations apply to 180° SwivelView™:

» Hardware Cursor and Ink Layer images are not rotated — software rotation must be used.
e CRT/TV mode is not supported.

» 180° SwivelView™ does not support all BitBIts.

15.4 270° SwivelView™

270° SwivelView™ is acombination of 90° SwivelView™ and 180° SwivelView™. The
image stored in the display buffer is 90° rotated, and the image is further 180° rotated
during screen refresh, resulting in a270° rotated display image. The user must use a 1024
x 1024 pixel virtual window asin 90° SwivelView™. See Figure 15-1: “Relationship
Between Screen Image and 90° Rotated Image in the Display Buffer,” on page 201.

15.4.1 Register Programming

Enabling 90° Rotation on CPU Read/Write to Display Buffer

Set SwivelView™ Enable bit 0 to 1. All CPU access to the display buffer istrandated to
provide 90° clockwise rotation of the display image.

Reverse Display Buffer Fetching Address Direction

Set SwivelView™ Enable bit 1 to 1. During screen refresh, the direction of the address for
display buffer fetchingisreversed. This setting does not affect CPU to display buffer access
inany way.

Memory Address Offset

The LCD Memory Address Offset register (REG[046h], REG[047h]) must be set for a
1024 pixel offset.

LCD Memory Address Offset (words)
=1024 for 15/16 bpp mode
=512 for 8 bpp mode
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Display Start Address

The Display Start Address must be programmed to be at the bottom-right corner of the
image, since the display is now refreshed in the reverse direction. The LCD Display Start
Address register (REG[042h], REG[043h], REG[044h]) must be set accordingly.

LCD Display Start Address (words)
= ((LCD Memory Address Offset) x H) — 1

where H isthe height of the panel in number of lines.

Horizontal Panning

Horizontal panning is achieved by changing the LCD Display Start Addressregister. It

worksin the same way asin 90° SwivelView™ mode:

* Increase/decrease LCD Display Start Addressregister by 1024 (15/16 bpp mode) or 512
(8 bpp mode) pans the display window to the right/left by 1 pixel.

The amount the display window can be panned to the right is limited to 1024 pixels and
limited by the amount of physical memory installed.

Vertical Scrolling

Vertical scrolling is achieved by changing the LCD Display Start Address register and/or
the LCD Pixel Panning register. It works in the same way asin 90° SwivelView™ mode,
except that the effect of the LCD Pixel Panning register is reversed:

* Increment/decrement LCD Display Start Address register in 8 bpp mode scrolls the
display window up/down by 2 lines.

* Increment/decrement LCD Display Start Address register in 15/16 bpp mode scrollsthe
display window up/down by 1 line.

* Increment/decrement LCD Pixel Panning register in 8 bpp mode scrolls the display
window down/up by 1 line.

15.4.2 Physical Memory Requirement

270° SwivelView™ mode has the same physical memory requirement asin 90°
SwivelView™ mode.

S1D13506
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15.4.3 Limitations

The following limitations apply to 270° SwivelView™:
» Only 8/15/16 bpp modes are supported — 4 bpp mode is not supported.

» Hardware Cursor and Ink Layer images are not rotated — software rotation must be used.
SwivelView™ Enable bit 0 must be set to 0 when the user is accessing the Hardware
Cursor or the Ink Layer memory.

» CRT/TV modeis not supported. SwivelView™ Enable bit 0 must be set to 0 when the
user is accessing the CRT/TV display buffer.

o 270° SwivelView™ does not support BitBIts.
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16 EPSON Independent Simultaneous Display (EISD)

16.1 Introduction

EPSON Independent Simultaneous Display (EISD) allows the S1D13506 to display
independent imageson two different displays (LCD panel and CRT or TV). The LCD panel
timings and mode setup are programmed through the Panel Configuration Registers
(REG[03Xh]) and the LCD Display Mode Registers (REG[04Xh]). The CRT/TV timings
and mode setup are programmed through the CRT/TV Configuration Registers
(REG[05Xh]) and the CRT/TV Display Mode Registers (REG[06Xh]). The Ink Layer or
Hardware Cursor can aso be independently controlled on the two displays. The LCD
Ink/Cursor Registers (REG[07Xh]) control the Ink/Cursor on the LCD display; the
CRT/TV Ink/Cursor Registers (REG[08Xh]) control the Ink/Cursor on the CRT or TV.
Each display usesits own Look-Up Table (LUT), although thereisonly one set of LUT
Registers (REG[1EOh], REG[1E2h], REG[1E4h]). Use the LUT Mode Register
(REG[1EOh]) to select accessto the LCD and/or CRT/TV LUTs.

Thepixel clock sourcefor the two displays may also beindependent. Usethe Clock Config-
uration Registers (REG[014h], REG[018h]) to select the LCD pixel clock source and the
CRT/TV pixel clock source, respectively. Typically, CLKI2 isused for the CRT/TV
display, while CLKI isused for the LCD display. Memory clock may come from CLKI or
BUSCLK.

Todisplay different images onthe LCD and CRT/TV, thetwo images should residein non-
overlapping areas of the display buffer, and the display start addresses point to the corre-
sponding areas. The display buffer is mapped to the CPU address AB[20:0] linearly.

Example 1: Assuming a 2M byte display buffer, the LCD image may locate in the first 1M
byte of the display buffer (AB[20:0] = 000000h-OFFFFFh), and the CRT/TV
image may locate in the second 1M byte of the display
buffer (AB[20:0] = 100000h-1FFFFFh).

The LCD and CRT/TV may display identical images by setting the display start addresses
for the LCD and the CRT/TV to the same address. In this case only oneimageis needed in
the display buffer. However, the display pipelines are still independent so the same image
isfetched twicefrom the display buffer; oncefor the LCD refresh and oncefor the CRT/TV
refresh.
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16.2 Bandwidth Limitation

When EISD is enabled, the LCD and CRT/TV displays must share the total bandwidth
availableto the S1D13506. The result isthat display modes with ahigh resolution or color
depth may not be supported. In some cases, Ink Layers may not be possible on one or both
of the displays. EISD increasesthetotal demand for display refresh bandwidth and reduces
CPU bandwidth, resulting in lower CPU performance.

In afew cases when EISD is enabled, the default LCD and CRT/TV Display FIFO High
Threshold Control register values are not optimally set, causing display problemswith one
or both of the displays. This condition may be corrected by adjusting the values of the LCD
and CRT/TV Display FIFO High Threshold Control registers (REG[04Ah] for LCD and
REG[06Ah] for CRT/TV).

When the FIFO High Threshold Control register is set to 00h (default), the following
settings are used:

» 11hfor 4 bpp mode
 21hfor 8 bpp mode
 23h for 15/16 bpp mode

Changing this register to a non-zero value sets the high threshold FIFO levd to this value.
Thisregister may not exceed 59 decimal. The high threshold FIFO level controls how often
display fetch requestsareissued by the FIFO. In general, ahigher high threshold FIFO level
increases the bandwidth to that display pipe, and a lower level reducesit.

Most display problems may be corrected by increasing the associated high threshold FIFO
level for that display. However, because the total available bandwidth isfixed, this change
may create display problem for the other display. In this case, reducing the high threshold
FIFO level for the other display instead may work. Sometimes, acombination of these two
methodsis required. Correcting EISD display problems by adjusting the FIFO High
Threshold Control registersis mostly atrial-and-error process. While the user isfreeto
experiment with these registers, recommended FIFO level settings for some of the more
common EISD modes requiring non-default FIFO level settings are listed in Section 18.2,
“Example Frame Rates” on page 216.
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17 MediaPlug Interface

Winnov's MediaPlug Slave interface has been incorporated into the S1D13506. The
MediaPlug Slave follows the Specification For Winnov MediaPlug Save, Local module,
Document Rev 0.3 with the following exceptions.

17.1 Revision Code

The MediaPlug Slave Revision Code can be determined by reading bits 11:8 of the LCMD
register. Therevision code for this implementation is 0011b.

17.2 How to enable the MediaPlug Slave

The MediaPlug Slave interface uses the upper eight pins of the LCD data bus
(FPDAT[15:8]) for the data bus, clock, and control lines. When pin MD13 is high at the
rising edge of RESET#, FPDAT[15:8] are dedicated to the MediaPlug interface.

Table 17-1: MediaPlug Interface Pin Mapping

;i\D’\T:i%i 10 Type MediaPlug I/F
FPDATS8 ¢} VMPLCTL
FPDAT9 | VMPRCTL
FPDAT10 (¢ VMPDO
FPDAT11 10 VMPD1
FPDAT12 (¢ VMPD2
FPDAT13 (¢ VMPD3
FPDAT14 ¢} VMPCLK
FPDAT15 ¢ VMPCLKN

DRDY or MA11 ¢} VMPEPWR
Note
If MediaPlug is enabled, any 16-bit LCD panel must use an external circuit to support
FPDAT[15:8].

Either pin MA11 or pin DRDY can be configured as the MediaPlug power control output,
VMPEPWR. Thisis selected by the states of MD14, MD7, MD6 at the rising edge of
RESET# - see Table 5-6:, “ Summary of Power-On/Reset Options,” on pag €39.

VMPEPWR is controlled by bit 1 of the MediaPlug LCMD register.
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18 Clocking

18.1 Frame Rate Calculation

18.1.1 LCD Frame Rate Calculation

The maximum LCD framerate is cal culated using the following formula.

LCD PCLK
max. LCD Frame Rate = max

(LHDP+ LHNDP) x %%ﬂ LVNDP

Where:

LCD PCLKmax=maximum LCD pixel clock frequency

LVDP =LCD Vertical Display Height
= (REG[039h] bits[1:0], REG[038h] bits[7:0]) + 1
LVNDP = LCD Vertica Non-Display Period
= REG[03Ah] bits[5:0] +1
LHDP = LCD Horizontal Display Width
= (REG[032h] bits[6:0] + 1) x 8Ts
LHNDP = LCD Horizontal Non-Display Period
= (REG[034h] bits[4:0] + 1) x 8Ts
Ts =minimum LCD pixel clock (LPCLK) period
n =1 for single panel

= 2 for dual panel
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18.1.2 CRT Frame Rate Calculation

The maximum CRT frame rate is calculated using the following formula.

CRT PCLK .,
(CHDP+ CHNDP) x (CVDP + CVNDP)

max. CRT Frame Rate =

Where:

CRT PCLKmax= maximum CRT pixel clock frequency

CVDP = CRT Vertical Display Height
= (REG[057h] bits[1:0], REG[056h] bits[7:0]) + 1
CVNDP = CRT Vertical Non-Display Period
= REG[058h] bits[6:0] + 1
CHDP = CRT Horizontal Display Width
= (REG[050h] bits[6:0] + 1) x 8Ts
CHNDP = CRT Horizontal Non-Display Period
= (REG[052h] bits[5:0] + 1) x 8Ts
Ts = minimum CRT pixel clock (CPCLK) period
S1D13506 Hardware Functional Specification
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18.1.3 TV Frame Rate Calculation

The maximum TV framerateis calculated using the following formula.

TV PCLK 0
(THDP+ THNDP) x (TVDP+ TVNDP + 0.5)

max. TV Frame Rate =

Where:
TV PCLKmax= maximum TV pixel clock frequency

TVDP =TV Vertica Display Height
= (REG[057h] bits[1:0], REG[056h] bits[7:0]) + 1

TVNDP =TV Vertica Non-Display Period
= REG[058h] bits[6:0] + 1

THDP =TV Horizontal Display Width
= (REG[050h] bits[6:0] + 1) x 8Ts

THNDP =TV Horizontal Non-Display Period
= (REG[052h] bits[5:0] x 8Ts) + 6 for NTSC output
= (REG[052h] bits[5:0] x 8Ts) + 7 for PAL output

Ts =minimum TV pixel clock (TPCLK) period
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18.2 Example Frame Rates

For all example frame rates the following conditions apply:

« Dual panel buffer is enabled for dual panel.
e TV flicker filter isenabled for TV.

* MCLK is40MHz.

18.2.1 Frame Rates for 640x480 with EISD Disabled

Table 18-1: Frame Rates for 640x480 with EISD Disabled

. . : max H

o | me o] vt | [ i [ T T | [herielver T Tocunoe oo e
(pixels) | (lines) (MH2) | pixels) | (ines) | 3~ v (pixels) | (lines) (MHz) | (pixels) | (lines) | 15y

No | 640 | 480 20 | 56 | 1 |119| - | - | - | = | = | = [ = [ ==

Sir':;‘lzs}"TeFT No | 640 | 480 | 8 | 40 | 64 | 1 |118| ~ | - | - | = | = | = | = | = | -
No | 640 | 480 | 16 | 34 | 86 | 1 | 101 | — | — | - | - | = | = | = | = | =

No | 640 | 480 40 | 64 | 1 | 235 | - | - | - | - | = | — [ = <= 1=

MonoPassive "No [ea0 [480 | 8 |40 | 72 | 1 |28 | —~ | - | ~ | -~ | -~ | - | - | - | -
No | 640 | 480 | 16 | 27 | 86 | 1 | 161 | - | - | - | - | = | = | = | = | =

No | 640 | 480 35 |64 | 1 |206]| —~ | - | - | - | - | = [ = <=

ColorPassve "No 640 (480 | 8 |33 |64 | 1 |04 | ~ | ~ | — | — [ [ - [~ [~ ]~
No | 640 | 480 | 16 | 23 | 48 | 1 |138 | — | - | - | - | = | = | = | = | =

Yes | 640 | 480 20 | 56 | 1 |119| - | - | - | - | = | = [ = ==

Si:;zsl“fﬁ Yes | 640 | 480 | 8 | 40 | 64 | 1 |118 | — | - | - | - | - | - [ = | = | =
Yes | 640 | 480 | 16 | 30 | 48 | 1 | 90 | — | - | - | - | - [ = [ = = =

Yes | 640 | 480 39 |64 | 1 |220]| - | - | - | = | = [ = < <7T=
MonoPassive "ves [640 [480 | 8 |31 |56 | 1 |184| —~ | ~ | - | - | - | - [ - |~ [~
Yes | 640 | 480 | 16 | 22 | 48 | 1 |132 | - | - | - | - | - | = [ = [ = | =

Yes | 640 | 480 31 | 56 | 1 184 | ~ | - | - | - | - | = | = | = [ -
ColorPassve "ves [640 [480 | 8 | 26 | 48 | 1 |16 | — | — | ~ | ~ | = | - | - | - | -
Yes | 640 | 480 | 16 | 20 | 40 | 1 |122 | - | - | - | - | = [ = [ = [ = =

o - - -1 -1 ~1~1 -1~ 1crt| No |e40| 480 36 | 192 | 29 | 85
o o = <] =] <] -~ crt|No|es 480 8 | 36 | 192 | 29 | 85
o - = - -1 ~1 -1~ 1crr| No |es0 480 | 16 | 36 | 192 | 29 | 85
- - - - - -- -- -- - -- |n1scTv| No | 640 | 480 14.32| 270 | 22 62

- - - - - - - - - - |ntscTv| No | 640 | 480 | 8 |14.32| 270 | 22 | 62
oS o o = ] < |wsewv| No | 640 | 480 | 16 |14.32| 270 | 22 | 62
o - = =1 =1 ~1 1 ~ |earv| No | 640 | 480 17.73| 495 | 72 | 56
oS o = = = < leaitv| No | 640 | 480 | 8 |17.73] 495 | 72 | 56
o - = - = =1 1 -1 ~ |pacrv| No | 640 | 480 | 16 |17.73] 495 | 72 | 56
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Table 18-1: Frame Rates for 640x480 with EISD Disabled (Continued)
Horiz| Vert max | min | min | Ma&X Horiz| Vert Frame
LCD Type | Ink | Res | Res | bpp [PCLK [HNDP |VNDP | Frame CRT1 10k | Res | Res bpp |FSHK HN[?P YNDP Rate
(pixels) | (lines) (MH2) | Gixels) | (ines) | S | TV (pixels) | (lines) (MHz) | (pixels) | (tines) |y 7y
- - - - - - - - - -~ | CRT |Yes | 640 | 480 | 4 | 36 |[192 | 29 | 85
| - | - | -] - -] -1 -] -1] -~ |CRT|Yes|640 | 480 | 8 | 36 | 192 | 29 | 85
- - - - - - - - - -~ | CRT | Yes | 640 | 480 | 16 | 315|200 | 20 | 75
e | = | = = = | - | = | - | - | -~ |ntsctv| Yes | 640 | 480 | 4 [14.32| 270 | 22 | 62
- - - - - - - - - - |nTscTv| Yes | 640 | 480 | 8 [14.32| 270 | 22 | 62
e | = | = = | - | - | = | - | - | -~ |ntsctv| Yes | 640 | 480 | 16 [14.32| 270 | 22 | 62
- - - - - - - - - - |PALTV| Yes | 640 | 480 | 4 [17.73| 495 | 72 | 56
- | - | - - | - | - | - | - | - |PALTV| Yes | 640 | 480 | 8 |17.73| 495 | 72 | 56
- - - - - - - - - - |PALTV| Yes | 640 | 480 | 16 [17.73| 495 | 72 | 56
\:’z Example Frame Rates with Ink Layer Enabled
18.2.2 Frame Rates for 800x600 with EISD Disabled
Table 18-2: Frame Rates for 800x600 with EISD Disabled
Horiz | Vert max | min | min | Ma&X Horiz| Vert Frame
LCD Type | Ink | Res | Res | bpp |PCLK |HNDP |VNDP | frame CRT/1 10k | Res | Res bpp PCLK HN[?P \fﬁeDSP Rate
(pixels) | (lines) (MHZ) | (pixels) | (lines) H2) TV (pixels) | (lines) (MHz) | (pixels) | (lines) | ;)
No | 800 | 600 40 | 64 | 1 | 153 | -- - - - - - - - -
ColorPassive 'No [ oo [600 | 8 [33 |64 | 1 [126| ~ [ - | - [ - [ -] -[-]-1]-
No [ 800 | 600 | 16 | 23 | 48 | 1 | 90 | - - - - - - - - -
Yes | 800 | 600 31 | 56 | 1 |120 | - e
ColorPassie ["ves | 800 | 600 26 | 48 | 1 |101]| - | - | - | = | -] = -1 <1 =
Yes | 800 | 600 | 16 | 20 | 40 | 1 | 79 | -- e
- - - - - - - - - -~ | CRT | No | 800 | 600 40 | 256 | 28 | 60
| - | - | -] - -1 -1] -1 -1 -~ |CRT| No |800/|600| 8 | 40 | 256 | 28 | 60
- - - - - - - - - - | CRT | No | 800 | 600 | 16 | 36 | 224 | 25 | 56
| - | - | -] - -1 -1 -1 -1 -~ |CRT|Yes| 800|600 40 | 256 | 28 | 60
- - - - - - - - - -~ | CRT | Yes | 800 | 600 40 | 256 | 28 | 60
w | - | - | -] - -] =] -] -] - |CRT|Yes |800|600| 16 315|224 | 25 | 49
\:’z Example Frame Rates with Ink Layer Enabled
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18.2.3 Frame Rates for LCD and CRT (640x480) with EISD Enabled

Table 18-3: Frame Ratesfor LCD and CRT (640x480) with EISD Enabled

: : | max :
LCD Type | Ink Hr\?e”sz \F_/Q%rst bpp |PCLK Hn_rlglp VNDP Frame | CRTH -y HRoeréZ \F_/e%rst bpp | FCHK(|HNDP VNDP e
(pixels) | (lines) (MH2) | Gixels) | (ines) | 75 ™V (pixels) | (lines) MHz) | (pixels) | (lines) | )y
No | 320 | 240 | 16 | 97 | 40 | 1 [ 111 | CRT | No | 640 | 480 | 16 [25.175| 160 | 44 | 60
passive | No | 640 [ 240 | 16 | 97 | 40 | 1 | 59 | CRT | No | 640 | 480 | 16 |25.175]| 160 | 44 | 60
Single / TFT | No | 640 | 480 40 | 112 | 1 | 110 | CRT | No | 640 | 480 25.175| 160 | 44 | 60
No | 640 | 480 27 | 96 | 1 | 76 | CRT | No | 640 | 480 25.175| 160 | 44 | 60
Co'ogzaalss“’e No | 640 [ 480 | 8 | 18 | 72 | 1 | 104 | CRT | No | 640 | 480 | 8 |[25.175| 160 | 44 | 60
TFT No [ 800|600 8 | 27 | 96 | 1 | 50 | CRT| No | 640 | 480 | 8 [25.175| 160 | 44 | 60
ColorPassive| No | 800 | 600 | 4 [ 27 | 80 | 1 | 101 | CRT | No | 640 | 480 | 4 [25.175| 160 | 44 | 60
Dual No [ 800|600 8 | 18 | 72 | 1 | 68 | CRT | No | 640 | 480 | 8 [25.175| 160 | 44 | 60
passive | Yes | 640 | 480 | 4 | 32 | 88 | 1 | 91 |CRT | No | 640|480 | 4 [25.175| 160 | 44 | 60
Single / TFT | ves [ 640 | 480 | 8 | 20 | 72 | 1 | 58 | CRT | No | 640 | 480 | 8 [25.175| 160 | 44 | 60
MonoPassive | Yes | 640 | 480 | 4 | 25 | 80 | 1 | 144 | CRT | No | 640 | 480 | 4 [25.175| 160 | 44 | 60
Dual Yes | 640 | 480 | 8 | 17 | 64 | 1 | 100 | CRT | No | 640 | 480 | 8 [25.175| 160 | 44 | 60
Yes | 640 | 480 | 4 | 22 | 64 | 1 | 129 | CRT | No | 640 | 480 | 4 [25.175| 160 | 44 | 60
CO'OrDZiTS“’e Yes | 640 | 480 | 8 | 15 | 56 | 1 | 89 | CRT | No | 640 | 480 | 8 [25.175| 160 | 44 | 60
Yes | 800 | 600 | 4 | 22 | 64 | 1 | 84 | CRT| No | 640 | 480 | 4 [25.175| 160 | 44 | 60
No | 640 | 240 | 8 | 20 | 72 | 1 | 116 | CRT | Yes | 640 | 480 | 8 [25.175| 160 | 44 | 60
Si:gaisli\fl?FT No | 640 | 480 | 4 | 32 | 88 | 1 | 91 | CRT | Yes | 640 | 480 | 4 [25.175| 160 | 44 | 60
No | 640 | 480 | 8 | 20 | 72 | 1 | 58 | CRT | Yes | 640 | 480 | 8 [25.175| 160 | 44 | 60
MonoPassive| No | 640 | 480 | 4 | 24 | 72 | 1 | 139 | CRT | Yes | 640 | 480 | 4 [25.175| 160 | 44 | 60
Dual No | 640 | 480 | 8 | 16 | 64 | 1 | 94 | CRT | Yes | 640 | 480 | 8 [25.175| 160 | 44 | 60
No | 640 | 480 | 4 | 21 | 64 | 1 | 123 | CRT | Yes | 640 | 480 | 4 [25.175| 160 | 44 | 60
Co'ogﬁfswe No | 640 [ 480 | 8 | 14 | 56 | 1 | 83 | CRT | Yes | 640 | 480 | 8 |[25.175| 160 | 44 | 60
No [ 800|600 4 | 21 | 64 | 1 | 80 | CRT | Yes | 640 | 480 | 4 [25.175| 160 | 44 | 60
passive | Yes | 640 [ 240 | 8 | 16 | 56 | 1 | 95 | CRT | Yes | 640 | 480 | 8 [25.175| 160 | 44 | 60
Single /TFT | ves | 640 | 480 | 4 | 24 | 64 | 1 70 | CRT | Yes | 640 | 480 | 4 |25.175| 160 | 44 | 60
MonoPassive | Yes | 640 | 480 | 4 | 20 | 64 | 1 | 117 | CRT | Yes | 640 | 480 | 4 [25.175| 160 | 44 | 60
Dual Yes | 640 | 480 | 8 | 13 | 56 | 1 | 77 | CRT | Yes | 640 | 480 | 8 [25.175| 160 | 44 | 60
Yes | 640 | 480 | 4 | 17 | 56 | 1 | 101 | CRT | Yes | 640 | 480 | 4 [25.175| 160 | 44 | 60
ColorPassive I 'ves | 640 [ 480 | 8 | 12 | 48 | 1 | 72 | CRT | Yes | 640 | 480 | 8 |[25.175[ 160 | 44 | 60
Yes | 800 | 600 | 4 | 17 | 56 | 1 | 66 | CRT | Yes | 640 | 480 | 4 [25.175| 160 | 44 | 60
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18.2.4 Frame Rates for LCD and CRT (800x600) with EISD Enabled
Table 18-4: Frame Rates for LCD and CRT (800x600) with EISD Enabled
Horiz| Vert max | min | min | M&X Horiz| Vert Frame
LCD Type | Ink | Res | Res | bpp [PCLK [HNDP |VNDP | Frame CRT1 10k | Res | Res bpp |FSHK HNETP X{:ES Rate
(pixels) | (lines) (MHZ) | (pixels) | (lines) H2) TV (pixels) | (lines) (MHZ) | (pixels) (MH2)
No | 640 | 240 20 | 72 | 1 | 116 | cRT | No | 800 | 600 40 | 256 | 28 | 60
Passive No | 640 | 480 40 | 1122 | 1 | 120 | crRT| No | 800 |600| 4 | 40 | 256 | 28 | 60
Single / TFT
No | 640 [480| 8 | 20 | 72 | 1 | 58 | cCRT | No | 800 [ 600 | 8 | 40 | 256 | 28 | 60
CO'OSUZT?“’E No | 640 |480 | 8 | 13 | 56 | 1 | 77 | CRT | No | 800 | 600 | 8 | 40 | 256 | 28 | 60
CO'OBZZTS“’Q No [ 800|600 | 4 | 24 | 72 | 1 | 91 | CRT| No | 800 | 600 | 4 | 40 | 256 | 28 | 60
CO'OSUZTES“’E No [ 800 |600| 8 | 15 | 56 | 1 | 58 | CRT | No | 800 | 600 | 8 | 40 | 256 | 28 | 60
TFTS No | 800 | 600 | 8 | 30 | 72 | 28 | 54 | CRT | No | 800 [ 600 | 8 | 40 | 256 | 28 | 60
passive | Yes | 640 (240 | 8 | 15 | 56 | 1 | 89 | CRT | No [ 800 [ 600 | 8 | 40 | 256 | 28 | 60
Single /TFT | ves | 640 | 480 | 4 | 29 | 80 | 1 | 83 | CRT | No | 800|600 4 | 40 | 256 | 28 | 60
MonoPassive | Yes | 640 | 480 | 4 | 23 | 72 | 1 | 134 [ CcRT | No [ 800 [ 600 | 4 | 40 | 256 | 28 | 60
Dual Yes [ 640 | 480 | 8 | 11 | 56 | 1 | 65 | CRT | No | 800 | 600 | 8 | 40 | 256 | 28 | 60
CO'OBF;ZISS“’E Yes | 640 | 480 | 4 | 19 | 56 | 1 | 113 | CRT | No | 800 | 600 | 4 | 40 | 256 | 28 | 60
No | 640 | 240 | 4 | 27 | 72 157 | cRT | Yes | 800 | 600 | 4 | 40 | 256 | 28 | 60
Passive No | 640 | 240 | 8 | 13 | 48 78 | CRT | Yes | 800 | 600 | 8 | 40 | 256 | 28 | 60
Single / TFT
No | 640 480 | 4 | 27 | 72 78 | CRT | Yes | 800 | 600 | 4 | 40 [ 256 | 28 | 60
M°”°Dzzlss“’e No | 640 | 480 | 4 | 21 | 64 | 1 | 123 | CRT | Yes | 800 | 600 | 4 | 40 | 256 | 28 | 60
ColorPassive| No | 640 | 480 | 4 | 17 | 56 | 1 | 101 | CRT | Yes [ 800 | 600 | 4 | 40 | 256 | 28 | 60
Dual No | 640 |480 | 8 | 88| 40| 1 | 53 | CRT | Yes| 800|600 8 | 40 | 256 | 28 | 60
passive | Yes | 640 [ 240 | 4 | 20 | 56 | 1 [ 119 | CRT | Yes | 800 [ 600 | 4 | 40 | 256 | 28 | 60
Single /TFT | ves | 640 | 480 | 4 20 | 56 1 59 | CRT | Yes | 800 | 600 | 4 40 | 256 | 28 | 60
M°”°Dzzlss“’e Yes | 640 | 480 | 4 | 17 | 56 | 1 | 101 | CRT | Yes | 800 | 600 | 4 | 40 | 256 | 28 | 60
CO'OBZZTS“’Q Yes | 640 | 480 | 4 | 14 | 48 | 1 | 84 | CRT | Yes | 800 | 600 | 4 | 40 | 256 | 28 | 60
\:’z Example Frame Rates with Ink Layer Enabled
The FIFO values for these display modes must be set as follows:
1. REG[04Ah] must be set to 1Ah.
2. REGJ[04Ah] must be set to Fh.
3. REGJ[04Ah], REG[06Ah] must be set to 30h. REG[04Bh], REG[06Bh] must be set to 32h.
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18.2.5 Frame Rates for LCD and NTSC TV with EISD Enabled

Table 18-5: Frame Rates for LCD and NTSC TV with EISD Enabled

Horiz| Vert max | min | min | MaX Horiz| Vert Frame
LCD Type | Ink | Res | Res | bpp [PCLK [HNDP|VNDP |Frame CRT 1ok | Res | Res bpp |FStK HNEIJP \(ﬁ:eDS'; Rate
(ixels) | (lines) (MHZ) | (pixels) | (lines) H2) TV (ixels) | (lines) (MHZ) | (pixels) (MHz)
No | 320 | 240 | 16 | 53 | 32 | 1 | 62 [ntsctv| No | 640 | 480 | 16 [14.32] 270 | 22 | 62
passive | No | 640 [ 240 | 16 | 9 [ 32 | 1 | 55 [wrscv| No | 640 | 480 | 16 [14.32] 270 | 22 | 62
Single/ TFT | No | 640 | 480 | 4 31 | 120 | 1 84 |ntscTv| No | 640 | 480 | 4 |14.32| 270 | 22 | 62
No | 640 | 480 | 8 | 18 | 88 | 1 | 51 [ntsctv| No | 640 | 480 | 8 [1432] 270 | 22 | 62
MonoPassive | NO | 640 | 480 | 4 | 25 [ 104 | 1 [ 139 [ntsctv| No | 640 | 480 | 4 [14.32 270 | 22 | 62
Dual No | 640 | 480 | 8 | 15 | 80 | 1 | 86 |ntsctv| No | 640 | 480 | 8 [14.32]| 270 | 22 | 62
ColorPassive | No | 640 [ 480 | 4 | 21 | 88 | 1 | 119 [wscv| No | 640 | 480 | 4 [14.32] 270 | 22 | 62
Dual No | 640 |480 | 8 | 13 | 72 | 1 | 75 [ntsctv| No | 640 | 480 | 8 [1432] 270 | 22 | 62
Co'ogzaalss“’e No | 800 | 600 | 8 | 13 | 72 | 1 | 49 |ntsctv| No | 640 | 480 | 8 [14.32| 270 | 22 | 62
Passive
. Yes | 640 | 480 | 4 | 24 | 96 | 1 | 67 |ntscv| No | 640 | 480 | 4 [1432| 270 | 22 | 62
Single / TFT
MonopPassive | Yes | 640 [ 480 | 4 | 20 | 80 | 1 | 115 [nsctv| No | 640 | 480 | 4 [1432] 270 | 22 | 62
Dual Yes | 640 | 480 | 8 | 12 | 64 | 1 | 70 [ntscv] No | 640 | 480 | 8 [14.32] 270 | 22 | 62
ColorPassive | Yes | 640 [ 480 | 4 [ 17 | 72 | 1 | 99 [wnsctv| No | 640 [ 480 | 4 [1432] 270 | 22 | 62
Dual Yes | 640 | 480 | 8 | 11 | 64 | 1 | 64 |ntscv] No | 640 | 480 | 8 [14.32] 270 | 22 | 62
No | 640 | 240 | 4 | 19 | 72 | 1 | 110 [ntscv| Yes | 640 | 480 | 4 [1432] 270 | 22 | 62
Si:;ZS/IYI?FT No | 640 | 240 | 8 | 12 | 64 | 1 | 70 [ntsctv| Yes | 640 | 480 | 8 [1432] 270 | 22 | 62
No | 640 | 480 | 4 | 19 | 72 | 1 | 55 [ntsctv| Yes | 640 | 480 | 4 [1432] 270 | 22 | 62
MonoPassive | NO | 640 | 480 | 4 | 16 | 64 | 1 | 94 [wrsctv| Yes | 640 | 480 | 4 [14.32] 270 | 22 | 62
Dual No | 640 | 480 | 8 | 10 | 56 | 1 | 59 [ntsctv| Yes | 640 | 480 | 8 [14.32] 270 | 22 | 62
ColorPassive | No | 640 [ 480 | 4 | 14 | 56 | 1 | 83 [wscwv| Yes | 640 | 480 | 4 [14.32] 270 | 22 | 62
Dual No | 640 | 480 | 8 | 93 | 48 | 1 | 56 |[ntsctv| Yes | 640 | 480 | 8 [14.32] 270 | 22 | 62
passive | Yes | 640 | 240 | 4 | 16 | 64 | 1 | 94 [wrscwv| Yes [ 640 | 480 | 4 [14.32] 270 | 22 | 62
Single /TFT | Yes | 640 | 240 | 8 | 10 | 56 | 1 | 59 |ntscTv| Yes | 640 | 480 | 8 [14.32] 270 | 22 | 62
MonoPassive | Yes | 640 | 480 | 4 | 14 | 56 | 1 | 83 [wtsctv| Yes | 640 | 480 | 4 [14.32 270 | 22 | 62
Dual Yes | 640 | 480 | 8 9 | 48 | 1 | 54 [ntscrv| Yes | 640 | 480 | 8 [1432] 270 | 22 | 62
C°'°'DF:;|SS“’E Yes | 640 | 480 | 4 | 12 | 48 | 1 | 72 |ntsc7v| Yes | 640 | 480 | 4 |14.32| 270 | 22 | 62
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18.2.6 Frame Rates for LCD and PAL TV with EISD Enabled

Table 18-6: Frame Rates for LCD and PAL TV with EISD Enabled

Horiz| Vert max | min | min | MaX Horiz| Vert Frame
LCD Type | Ink | Res | Res | bpp [PCLK [HNDP |VNDP | Frame CRT1 10k | Res | Res bpp |FSHK HN[?P X{:eDS'; Rate
(pixels) | (lines) (MHZ) | (pixels) | (lines) H2) TV (pixels) | (lines) (MHZ) | (pixels) (MH2)
Passve |No |640 |480 |4 |31 [120 |1 |84 [PaLTV [No |640 |480 |4 |17.73]a95 |72 |56
Single / TFT |No 640 |480 |8 18 88 1 51 PALTV [No 640 (480 |8 17.731495 |72 56
MonoPassive INO 640 [480 |4 |25 104 |1 [139 |PALTvV [No |640 [480 |4  |17.73|495 |72 |56
Dual No 640 (480 |8 15 80 1 86 PALTV [No 640 (480 |8 17.731495 |72 56
No 640 |480 |4 21 88 1 119 |PALTV |No 640 |480 |4 17.73|495 |72 56
°°'°Bzzlss"’e No |640 |480 |8 |13 |72 |1 |75 |PALTV |[No |640 |480 |8  |17.73|495 |72 |56
No 800 |600 |8 16 72 1 60 PALTV [No 640 |480 |8 17.73|495 |72 56
TFT No 800 (600 |8 23 88 1 43 PALTV |No 640 (480 |8 17.731495 |72 56
Passive Yes (640 |480 |4 24 96 1 67 PALTV [No 640 |480 |4 17.73|495 |72 56
Single / TFT
MonoPassive |Yes 640 [480 |4 |20 |80 |1 [115 [PALTV [No |640 480 |4  |17.73]495 |72 |56
Dual Yes |640 |480 |8 12 64 1 70 PALTV [No 640 |480 |8 17.73|495 |72 56
ColorPassive | Yes |640 [480 |4 |17 |72 |1 Jo9 [Patv|No [640 [480 [4  [17.73[a95 [72 |56
Dual Yes |640 |480 |8 11 64 1 64 PALTV [No 640 |480 |8 17.73|495 |72 56
No 640 (240 |4 19 72 1 110 |PALTV |Yes |640 |480 |4 17.73|495 |72 56
Sif;ZS/"’TeFT No |640 [240 |8 12 lea |1 70 |PALTV |Yes |640 [480 |8 1773|495 |72 |56
No 640 (480 |4 19 72 1 55 PALTV |Yes |640 (480 (4 17.73|495 |72 56
MonoPassive INO 640 [480 |4 |16 |64 |1 |94 |PALTV |Yes |640 |480 |4  |17.73|495 |72 |56
Dual No 640 (480 |8 10 56 1 59 PALTV |Yes |640 (480 (8 17.73|495 |72 56
ColorPassive INO 640 |480 |4 |14 |56 |1 |83 |PALTV |Yes |640 (480 |4  |17.73]495 |72 |56
Dual No 640 (480 |8 9.3 48 1 56 PALTV |Yes |640 (480 (8 17.73|495 |72 56
Passve |Yes |640 |240 |4 |16 |64 |1 |94 |PALTV |Yes |640 |480 |4  |17.73]a95 |72 |56
Single /TFT |Yes (640 (240 |8 10 56 1 59 PALTV |Yes |640 (480 (8 17.73|495 |72 56
MonoPassive | Yes |640 |480 |4 |14 |56 |1 |83 |PALTV |Yes |640 |480 |4  |17.73|495 |72 |56
Dual Yes |640 (480 |8 9 48 1 54 PALTV |Yes |640 (480 (8 17.73|495 |72 56
ColorPassive [Yes (640 |480 |4 12 48 1 72 PALTV [Yes (640 |480 |4 17.73|495 |72 56
Dual
\:’= Example Frame Rates with Ink Layer Enabled
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19 Power Save Mode

The S1D13506 has been designed for very low-power applications. During normal
operation, internal clock networks are dynamically disabled when not required. Similarly,
the LCD and/or CRT/TV pipelines are shut down when not required in the sel ected display
mode. Additionally, the S1D13506 has a software initiated power save mode.

19.1 Display Modes

The S1D 13506 resets with both displaysinactive, i.e. neither the LCD nor CRT/TV
pipelines are active. The displays are independently enabled/disabled by REG[1FCh] bits
2-0: the CRT/TV isinstantaneously enabled/disabled by these bits; the LCD is powered
up/down according to the sequences in Section 7.4, “Power Sequencing” on page 78.

19.2 Power Save Mode

Power save mode isinvoked by setting REG[1FO0h] bit O to 1. In power save mode, both
displays are disabled: the CRT/TV isinstantaneously disabled; the LCD is powered down
according to the sequencesin Section 7.4, “Power Sequencing” on page 78. Accessto
memory is not alowed and the memory controller merely refreshes the memory in the
method selected by REG[021h]. Register accessis allowed.

19.3 Power Save Status Bits
LCD Power Save Status bit

The LCD Power Save Status bit (REG[1F1h] bit 0), when 1, indicates that the panel is
powered down. When thishit is 0, the panel is powered up, or in transition of powering up
or down. The system may disable the LCD pixel clock sourcewhen thishitis 1. Thisbitis
1 after chip reset.

Memory Controller Power Save Status bit

The Memory Controller Power Save Status bit (REG[1F1h] bit 1, when 1, indicates that the
DRAM interfaceis powered down - the DRAM iseither in self-refresh mode or completely
idle. Thiscondition occursshortly after power save modeisinvoked, provided Self-Refresh
or No Refreshis pre-selected (see REG[021h] bits 7-6); this condition will never occur if

CBR Refreshisselected. When thishitis0, the DRAM interfaceisactive. The system may
disable the memory clock source when thisbitis 1. Thisbit is O after chip reset.

S1D13506 Hardware Functional Specification
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19.4 Power Save Mode Summary
Table 19-1: Power Save Mode Summary
Function LCD Disabled CRT/TV Disabled Power Save Mode
Enabled
LCD Display Active? no -- No
CRT/TV Display Active? -- no No
Register Access Possible? Yes Yes Yes
Memory Access Possible? Yes Yes No
LCD LUT Access Possible? Yes?! -- Yes
CRT/TV LUT Access Possible? -- Yes? Yes
LCD interface Forced Low -- Forced Low
CRT/TV interface -- No Output Current No Output Current
DRAM interface Active Active Refresh Only®
Host Interface Active Active Active
Note
1. LCD pixel clock required.
2. CRT/TV pixel clock required.
3. Selectable; may observe CBR refresh, self-refresh or no refresh at all.
Hardware Functional Specification S1D13506
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20 Clocks

20.1 Clock Selection

The following diagram provides alogical representation of the S1D13506 internal clocks.
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Figure 20-1: Clock Selection
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20.2 Clock Descriptions

20.2.1 MCLK

MCLK should be configured as close to its maximum (40M Hz) as possible. The S1D 13506
contains sophisticated clock management, therefore, very little power is saved by reducing
the MCLK frequency.

The frequency of MCLK isdirectly proportional to the bandwidth of the video memory.
Thebandwidth availableto the CPU (for screen updates) isthat |eft over after screenrefresh
takesits share. CPU bandwidth can be seriously reduced when the MCLK frequency is
reduced, especialy for high-resolution, high-color modes where screen refresh has high
bandwidth requirements.

20.2.2 LCD PCLK

LCD PCLK should be chosen to match the optimum frame rate of the panel. See Section
18, “Clocking” on page 213 for details on the relationship between PCLK and frame rate,
and for the maximum supportable PCLK frequencies for any given video mode.

Some flexibility is possible in the selection of PCLK. Panelstypically have arange of
permissible frame rates making it possible to choose a higher PCLK frequency and adjust
the horizontal non-display period (see REG[052h]) to bring the frame-rate down to its
optimal value.

20.2.3 CRT/TV PCLK

TVsand older CRTs usually have very precise frequency requirements, so it may be
necessary to dedicate one of the clock inputs to this function. More recent CRTs work
within arange of frequencies, so it may be possible to support them with BUSCLK or
MCLK.

TV mode with flicker filter requires PCLK to be twice (2x) the standard NTSC
(14.xxxMHz) and PAL (17.xxxMH2z) clocks. A clock multiplier isused to create thisclock,
REG[018h] bit 7 is used to enable it. Note that the clock 2x clock could also be used for
CRT support.

20.2.4 MediaPlug Clock

The MediaPlug Clock must be twice (2x) the frequency of VMPCLK. For timing see
Section 7.7, “MediaPlug Interface Timing” on page 123. VMPCLK istypically intherange
6-8MHz so MediaPlug Clock must be in the range of 12-16MHz.

Hardware Functional Specification S1D13506
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20.3 Clocks vs. Functions

The S1D13506 hasfive clock signals. Not all clock signals must be active for certain chip
functions to be carried out. The following table shows which clocks are required for each

chip function.

Table 20-1: Clocks vs. Functions

] Required Clocks
Function -
BUSCLK LCD PCLK CRT/TV PCLK MCLK MediaPlug Clock
Register Yes No No No No
read/write
LCD LU.T Yes Yes -- - -
read/write
CRT/TV _LUT ves _ ves _ _
read/write
Memor.y Yes -- - Yes -
read/write
2D Operation Yes -- - Yes -
MediaPlug
Registers Yes -- - -- Yes
read/write
Power Save -- -- - -- -
Note
The S1D13506 contains sophisticated power management that dynamically shuts down
clocks when not needed.
S1D13506 Hardware Functional Specification
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21 Mechanical Data
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Figure 21-1: Mechanical Drawing QFP15
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1 Introduction

This guide provides information on programming the S1D13506 Color LCD/CRT/TV
Controller. Included are algorithms which demonstrate how to program the S1D13506.
This guide discusses Power-on Initialization, Panning and Scrolling, LUT initialization,

L CD Power Sequencing, SwivelView™, etc. The example source code referenced in this
guide is available on the web at www.eea.epson.com.

This guide also introduces the Hardware Abstraction Layer (HAL), which is designed to
simplify the programming of the S1D13506. M ost S1D1350x and S1D1370x products have
HAL support, thus allowing OEMs to do multiple designs with a common code base.

Thisdocument will be updated as appropriate. Please check the Epson Electronics America
Website at www.eea.epson.com for the latest revision of this document and source before
beginning any development.

We appreciate your comments on our documentation. Please contact us viaemail at
techpubs@erd.epson.com.
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2 Initialization

This section describes how to initialize the S1ID13506. Sample code for performing initial-
ization of the S1D13506 is provided in the file init13506.c which is available on the
internet at www.eea.epson.com.

S1D13506 initialization can be broken into three steps.

» Enable the S1D13506 controller (if necessary identify the specific controller).

» Set al the registersto their initial values.

* Program the Look-Up Table (LUT) with color values. This section does not deal with
programming the LUT, for details see Section 4, “Look-Up Table (LUT)” .

The simplest way to generate initialization tables for the S1D13506 is to use the utility
program 13506CFG.EX E which to generates aheader file that can be used by Windows CE
or the HAL. Otherwise modify the init13506.c file directly.

The following table represents the sequence and values written to the S1D13506 registers
to control a configuration with these specifications:

» 640x480 color format 1 dual passive LCD @ 78Hz.

16-bit datainterface.

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

40 MHz input clock CLKI.

CLKI used for BUSCLK (1:1); PCLK (2:1); MCLK (1:1).
50 ns EDO-DRAM, 2 CAS, 32 msrefresh.

Table 2-1: S1D13506 Initialization Sequenc e

Register Value Notes See Also
[001h] 0000 0000 |Enable the Memory/Register Select Bit.
[LIFCh] | 0000 0000 |Disable the display outputs.
[004h] 0000 0000 |Setup GPIO as inputs; force low if outputs. The OEM may wish
GPIO for other purposes which our example does not
[008h] | 0000 0000 |accommodate for.
Program the Clock Source selects.
010h 0000 0000 |In this case we have a single input clock source attached to the
[ ] In thi h ingle i lock hed to th
CLKI pin. This example uses this as BUSCLK, as MCLK and
[014h] 0001 0000 divide by 2 for PCLK. The CRT clock and MediaPlug clocks are
set to reducing power consumption (there is no in
018h 0000 0010 CLKI2 reduci i here i CLKI2i
[01Ch] | 0000 0010 this example). If either the CRT or MediaPIug is to be used an
input clock must be enabled before accessing the control
registers or LUT.
[01Eh] | 0000 0001 (Program CPU Wait States. see REG[01Eh] for details
S1D13506 Programming Notes and Examples
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Table 2-1: S1D13506 Initialization Sequence (Continued)

Register Value Notes See Also

[020h] 0000 0000 Program the Frame Buffer Memory Configuration
Registers.

[021h] | 0000 0110 see REG[020h] -

[02Ah] | 0000 0001 REG[02Bh] for details

[02Bh] | 0000 0001

[030n] | 00100110 |Program the LCD Panel type and Panel Timing Registers.

[031h] 0000 0000 |Panel width = 16-bit; Color Format = don’t care; Color Panel
selected; Dual Panel selected; Passive LCD selected.

[032h] | 01001111
MOD rate = don't care;

[034h] | 0001 1111 ) ) ]
Display width = 640 pixels = 4Fh.

[035h] | 0000 0000 ] ) ) ) )
Horizontal and Vertical Non-display time has been adjusted to

[036h] 0000 0000 provide 78Hz frame rate.

(038h] 11011111 |TFT FPLINE registers = don't care for passive panels.

[039h] 0000 0001 Display height = 480 therefore register = 1DFh

[03Ah] | 00101100 |TET FPFRAME = don't care for passive panels.

[03Bh] | 0000 0000

[03Ch] | 0000 0000

[040h] 0000 0003 |Program the Display Output Format and Start Locations for
the LCD output. This includes programming the FIFOs.

[041h] | 0000 0000 .
Select 8 bpp in REG[040h]

[042h] | 0000 0000 i )
Ensure that the Dual Panel Buffer is enabled REG [41h] bit 0 =

[043h] | 00000000 |q

[044h] | 00000000 |LCD Start Address should typically be from location 0 in the

[046h] | 01000000 |frame buffer.

[047h] | 0000 0001 Pixel Pan register is 0 for normal operation.

[048h] | 00000000 |Memory offset register is set to ‘the panel width for normal
operation, therefore 640 + 2 for words = 320 words= 140h

[04Ah] | 00000000 |\ords

[04Bh] | 00000000 |set FIFO values to O for “automatic” calculation.

[050h] 0000 0000 |Program the CRT/TV Timing control registers.

[052h] 0000 0000 |All values are = don't care for this example.

[053h] | 0000 0000

[054h] | 0000 0000

[056h] | 0000 0000

[057h] | 0000 0000

[058h] | 0000 0000

[059h] | 0000 0000

[05Ah] | 0000 0000

[05Bh] | 0000 0000
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Table 2-1: SID13506 Initialization Sequence (Continued)
Register Value Notes See Also
[060R] | 0000 0000 |program the CRT/TV Display Output Format and
[062h] 0000 0000 |Configuration Registers including the FIFOs.
[063h] | 0000 0000
[064h] | 0000 0000 |For this example, these values are = don't care.
[066h] | 0000 0000
[067h] | 0000 0000
[068h] | 0000 0000
[06Ah] | 0000 0000
[06Bh] | 0000 0000
[070h] | 0000 0000 Program the LCD Ink Layer/Cursor Control, Position, Color
[071h] 0000 0000 |and FIFO registers.
[072h] | 0000 0000
[073h] 0000 0000 |For this example, since no Ink Layer or Cursor is used, these
[074h] 0000 0000 registers are = don't care.
[075h] | 0000 0000
[076h] | 0000 0000
[077h] | 0000 0000
[078h] | 0000 0000
[07Ah] | 0000 0000
[07Bh] | 0000 0000
[07Ch] | 0000 0000
[07Eh] | 0000 0000
[080h] | 0000 0000 |Program the CRT/TV Ink Layer/Cursor Control, Position,
Color and FIFO registers.
[081h] | 0000 0000
[082h] | 0000 0000
For this example, since no Ink Layer or Cursor is used, these
[083h] 0000 0000 registers are = don't care.
[084h] | 0000 0000
[085h] | 0000 0000
[086h] | 0000 0000
[087h] | 0000 0000
[088h] | 0000 0000
[08Ah] | 0000 0000
[08Bh] | 0000 0000
[08Ch] | 0000 0000
[08Eh] | 0000 0000
S1D13506 Programming Notes and Examples
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Table 2-1: S1D13506 Initialization Sequence (Continued)

Register Value Notes See Also

[100h] | 00000000 |program the 2D acceleration (BitBLT) registers to a known

[101h] | 00000000 |State.

[102h] | 0000 0000

[103h] | 0000 0000

[104h] | 0000 0000

[105h] | 0000 0000

[106h] | 0000 0000

[108h] | 0000 0000

[109h] | 0000 0000

[10Ah] | 0000 0000

[10Ch] | 0000 0000

[10Dh] | 0000 0000

[110h] | 0000 0000

[111h] | 0000 0000

[112h] | 0000 0000

[113h] | 0000 0000

[114h] | 0000 0000

[115h] | 0000 0000

[116h] | 0000 0000

[118h] | 0000 0000

[119h] | 0000 0000

[LEOJh | 0000 0001 Program the Look-Up Table to a known state. see Section Section 4,

[1E2h] | 00000000 |Selects LUT access tothe LCD LUT only. Programming the |« 5ok-Up Table (LUT)” on
Look-Up Table is dealt with in a separate section of this page 19.

[1E4h] | 00000000 |gocument. The init13506.c file shows the example.

[LFOh]] | 0000 0000 |Turn off Power Save Mode

[LF4h] | 0000 0000 |Disable Watchdog Timer ‘

[LFCh] | 0000 0001 Enable the Display see REG[1FCh]
For this example, enable LCD only
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3 Memory Models

The S1D13506 is capable of several color depths. The memory model for each color depth
is packed pixel. The S1D13506 supports 4, 8, 15 and 16 bit-per-pixel (bpp) memory
models.

3.1 Display Buffer Location

The S1D13506 supports either a512k byte or 2M byte display buffer. The display bufferis
memory mapped and is accessible directly by software. The memory block location
assigned to the S1D 13506 display buffer varies with each individual hardware platform.

For further information on the display buffer, see the SID13506 Hardware Functional
Soecification, document number X 25B-A-001-xx.

3.2 Memory Organization for 4 Bpp (16 Colors/16 Gray Shades)

Bit 7

Bit 6

Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

Pixel 0 Pixel 1
Bits 3-0 Bits 3-0

Figure 3-1: Pixel Sorage for 4 Bpp in One Byte of Display Buffer

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

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

S1D13506
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3.3 Memory Organization for 8 Bpp (256 Colors/16 Gray Shades)

Bit 7

Bit 6

Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Pixel 0
Bits 7-0

Figure 3-2: Pixel Sorage for 8 Bpp in One Byte of Display Buffer

At acolor depth of eight bpp each byte of display buffer representsone pixel onthedisplay.
At this color depth the read-modify-write cycles of 4 bpp are eliminated making the update
of each pixel faster.

Each byte indexes into one of the 256 positions of the LUT. The S1D13506 LUT supports
four bits per primary color. Thistranslates into 4096 possible colors when color modeis
selected. Therefore the displayed mode has 256 colors avail able out of a possible 4096.

When a monochrome panel is selected, the green component of the LUT is used to
determine the gray shade intensity. The green indices, with only four bits, can resolve 16
gray shades.

Note
When a monochrome panel (REG[030h] bit 2 = 0) is selected, afour bpp color depth
also provides 16 gray shades and uses less display buffer.

3.4 Memory Organization for 15 Bpp (32768 Colors/32 Gray Shades)

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Red Component Green Component
Reserved Bits 4-0 Bits 4-3
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Green Component Blue Component
Bits 2-0 Bits 4-0
Figure 3-3: Pixel Sorage for 15 Bpp in Two Bytes of Display Buffer
At acolor depth of 15 bpp the S1D13506 is capable of displaying 32768 colors. The 32768
color pixel isdivided into four parts: one reserved bit, five bitsfor red, five bits for green,
and five bits for blue. In this mode the LUT is bypassed and output goes directly into the
Frame Rate Modulator.
Programming Notes and Examples S1D13506
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When dithering isenabled (REG[041h) bit 1) thefull color rangeisavailable on al display
types. If dithering is disabled the full color rangeisonly available on TFT/D-TFD or CRT
displays. Passive LCD displays arelimited to using the four most significant bitsfrom each
of the red, green and blue portions of each color resulting in 4096 (2* x 2* x 2%) possible
colors.

Should amonochrome panel be used at this color depth, the output sendsthefive bitsof the
green LUT component to the modulator for atotal of 32 possible gray shades. If dithering
is disabled, the maximum number of gray shadesis 16.

3.5 Memory Organization for 16 Bpp (65536 Colors/64 Gray Shades)

Bit 15

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

Red Component Green Component
Bits 4-0 Bits 5-3

Bit 7

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

Green Component Blue Component
Bits 2-0 Bits 4-0

Figure 3-4: Pixel Soragefor 16 Bpp in Two Bytes of Display Buffer

At acolor depth of 16 bpp the S1D13506 is capable of displaying 65536 colors. The 65536
color pixel isdivided into three parts: five bits for red, six bits for green, and five bits for
blue. In this mode the LUT is bypassed and output goes directly into the Frame Rate
Modulator.

When dithering isenabled (REG[041h) bit 1) thefull color rangeisavailable on al display
types. If dithering is disabled the full color rangeisonly available on TFT/D-TFD or CRT
displays. Passive LCD displays arelimited to using the four most significant bitsfrom each
of the red, green and blue portions of each color resulting in 4096 (2* x 2* x 2%) possible
colors.

Should monochrome mode be chosen at this color depth, the output sendsthe six bits of the
green LUT component to the modulator for atotal of 64 possible gray shades. If dithering
is disabled, the maximum number of gray shadesis 16.
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4 Look-Up Table (LUT)

4.1 Registers

This section discusses programming the S1D13506 Look-Up Table (LUT). Includedisa
summary of the LUT registers, recommendations for color/gray shade LUT values, and
additional programming considerations. For adiscussion of the LUT architecture, refer to
the SLD 13506 Hardware Functional Specification, document number X25B-A-001-xx.

The S1D13506 isdesigned with aseparate LUT for both the LCD and CRT/TV. EachLUT
consists of 256 indexed red/green/blue entries. Each LUT entry isfour bitswide. The color
depth determines how many indices are used to output the image to the display. 4 bpp uses
thefirst 16 indices, 8 bpp uses all 256 indices, and 15/16 bpp color depths bypassthe LUT
entirely.

In color modes, the pixel values stored in the display buffer index directly to an RGB value
stored in the LUT. In monochrome modes, the pixel value indexes into the green
component of the LUT and the amount of green at that index controls the intensity.

M onochrome mode |ook-ups are done based on the Color/Mono Panel Select bit
(REG[030h] bit 2). The CRT interface receives the RGB values from the LUT even if
simultaneous display is used with a monochrome panel. Therefore, it isimportant to
program the R, G, and B components of the CRT LUT either with a unique set of values,
or with R, G, and B values al equivalent.

REG[1EOh] Look-Up Table Mode Register

n/a

n/a

LUT Mode
Bit 1

LUT Mode

n/a n/a n/a n/a Bit 0

The S1D13506 is designed with aseparate LUT for both the LCD and CRT/TV. The LUT
M ode register selects which of the LUTs will be accessed by the CPU when reads/writes
are made to REG[1E2h] and REG[1E4h]. LUT mode selection allowsthe LUTsto be
individually written or have identical datawritten to both LUTSs. Individual writesto these
registers are useful for Epson Independent Simultaneous Display (EISD) modes where
independent images are displayed on the LCD and the CRT/TV. For further information on
Epson Independent Simultaneous Display, see the S1D13506 Hardware Functional
Specification, document number X25B-A-001-xx.

For normal operation, this register should be set to 00h which will read the LCD LUT and
write both the LCD and CRT/TV LUTswith identical data. For selection of other LUT
modes, see REG[1EOh] in the S1D13506 Hardware Functional Specification, document
number X 25B-A-001-xx.

REG[1E2h] Look-Up Table Address Register
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
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The LUT address register selects which of the 256 LUT entries will be accessed. Writing
to thisregister will select the red bank. After three successive reads or writesto the data
register (REG[1E4h]) this register is automatically incremented by one.

REG[1E4h] Look-Up Table Data Register

LUT Data LUT Data LUT Data LUT Data

Bit 3 Bit 2 Bit 1 Bit 0 nfa n/a n/a nla

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

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

4.2 Look-Up Table Organization

* The Look-Up Tabletreatsthe value of apixel asan index into an array of colors or gray
shades. For example, a pixel value of zero would point to the first LUT entry, whereas a
pixel value of seven would point to the eighth LUT entry.

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

* The S1D13506 Look-Up Tableislinear. This meansincreasing the LUT entry number
resultsin alighter color or gray shade. For example, aLUT entry of OFh in the red bank
resultsin bright red output while a LUT entry of 05h resultsin dull red.

Table 4-1: Look-Up Table Configurations

Effective Gray Effective Gray
. - Shades/Colors on an Shades/Colors on a
Display Mode 4-Bit Wide Look-Up Table Passive Panel With Passive Panel With
Dithering Disabled Dithering Enabled
RED GREEN BLUE
4 bpp gray 16 16 gray shades 16 gray shades
8 bpp gray 16 16 gray shades 16 gray shades
15 bpp gray 16 gray shades 64 gray shades
16 bpp gray 16 gray shades 64 gray shades
4 bpp color 16 16 16 16 colors 16 colors
8 bpp color 256 256 256 256 colors 256 colors
15 bpp color 4096 colors 32768 colors
16 bpp color 4096 colors 65536 colors

= Indicates the Look-Up Table is not used for that display mode

S1D13506 Programming Notes and Examples
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4.2.1 Color Modes

In color display modes, the number of LUT entries used is automatically selected
depending on the color depth.

4 bpp color

When the S1D13506 is configured for 4 bpp color mode thefirst 16 entriesinthe LUT are
used. Each byte in the display buffer contains two adjacent pixels. The upper and lower

nibbles of the byte are used asindicesinto the LUT.

The following table shows LUT values that will simulate those of aVVGA operating in 16

color mode.

Table 4-2: Suggested LUT Valuesto Smulate VGA Default 16 Color Palette

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

00 00 00
FF 00 00 00

l:lz Indicates unused entries in the LUT
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8 bpp color

When the S1D13506 is configured for 8 bpp color modeall 256 entriesinthe LUT are used.
Each byte in the display buffer correspondsto one pixel and is used as an index value into
the LUT.

The S1D13506 LUT has four bits (16 intensities) of intensity control per primary color
while a standard VGA RAMDAC has six bits (64 intensities). This four to one difference
must be considered when attempting to match colors between aVGA RAMDAC and the
S1D13506 LUT. (i.e. VGA levels0- 3mapto LUT level O, VGA levels4 - 7mapto LUT
level 1...). Additionally, the significant bits of the color tablesarelocated at different offsets
withintheir respective bytes. After cal cul ating the equivalent intensity val uethe result must
be shifted into the correct bit positions.

Thefollowing table shows LUT valuesthat will approximatethe VGA default color palette.

Table 4-3: Suggested LUT Values to Smulate VGA Default 256 Color Palette

Index R G B Index R G B Index R G B Index R G B
00 00 00 00 40 FO 70 70 80 30 30 70 Co 00 40 00
01 00 00 A0 41 FO 90 70 81 40 30 70 C1 00 40 10
02 00 A0 00 42 FO BO 70 82 50 30 70 Cc2 00 40 20
03 00 A0 A0 43 FO DO 70 83 60 30 70 C3 00 40 30
04 A0 00 00 44 FO FO 70 84 70 30 70 C4 00 40 40
05 A0 00 A0 45 DO FO 70 85 70 30 60 C5 00 30 40
06 A0 50 00 46 BO FO 70 86 70 30 50 C6 00 20 40
07 A0 A0 A0 47 90 FO 70 87 70 30 40 Cc7 00 10 40
08 50 50 50 48 70 FO 70 88 70 30 30 C8 20 20 40
09 50 50 FO 49 70 FO 90 89 70 40 30 (03°] 20 20 40
OA 50 FO 50 4A 70 FO BO 8A 70 50 30 CA 30 20 40
0B 50 FO FO 4B 70 FO DO 8B 70 60 30 CB 30 20 40
ocC FO 50 50 4C 70 FO FO 8C 70 70 30 cC 40 20 40
0D FO 50 FO 4D 70 DO FO 8D 60 70 30 CD 40 20 30
OE FO FO 50 4E 70 BO FO 8E 50 70 30 CE 40 20 30
OF FO FO FO 4F 70 90 FO 8F 40 70 30 CF 40 20 20
10 00 00 00 50 BO BO FO 90 30 70 30 DO 40 20 20
11 10 10 10 51 CO BO FO 91 30 70 40 D1 40 20 20
12 20 20 20 52 DO BO FO 92 30 70 50 D2 40 30 20
13 20 20 20 53 EO BO FO 93 30 70 60 D3 40 30 20
14 30 30 30 54 FO BO FO 94 30 70 70 D4 40 40 20
15 40 40 40 55 FO BO EO 95 30 60 70 D5 30 40 20
16 50 50 50 56 FO BO DO 96 30 50 70 D6 30 40 20
17 60 60 60 57 FO BO CO 97 30 40 70 D7 20 40 20
18 70 70 70 58 FO BO BO 98 50 50 70 D8 20 40 20
19 80 80 80 59 FO Cco BO 99 50 50 70 D9 20 40 20
1A 90 90 90 5A FO DO BO 9A 60 50 70 DA 20 40 30
1B A0 A0 AO 5B FO EO BO 9B 60 50 70 DB 20 40 30
1C BO BO BO 5C FO FO BO 9C 70 50 70 DC 20 40 40
1D CO CO CO 5D EO FO BO aD 70 50 60 DD 20 30 40
1E EO EO EO 5E DO FO BO 9E 70 50 60 DE 20 30 40
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Table 4-3: Suggested LUT Values to Smulate VGA Default 256 Color Palette (Continued)

Index| R G B Index| R G B Index| R G B Index| R G B
1F FO FO FO 5F CO FO BO 9F 70 50 50 DF 20 20 40
20 00 00 FO 60 BO FO BO A0 70 50 50 EO 20 20 40
21 40 00 FO 61 BO FO Co Al 70 50 50 El 30 20 40
22 70 00 FO 62 BO FO DO A2 70 60 50 E2 30 20 40
23 BO 00 FO 63 BO FO EO A3 70 60 50 E3 30 20 40
24 FO 00 FO 64 BO FO FO A4 70 70 50 E4 40 20 40
25 FO 00 BO 65 BO EO FO A5 60 70 50 ES5 40 20 30
26 FO 00 70 66 BO DO FO A6 60 70 50 E6 40 20 30
27 FO 00 40 67 BO Co FO A7 50 70 50 E7 40 20 30
28 FO 00 00 68 00 00 70 A8 50 70 50 E8 40 20 20
29 FO 40 00 69 10 00 70 A9 50 70 50 E9 40 30 20
2A FO 70 00 6A 30 00 70 AA 50 70 60 EA 40 30 20
2B FO BO 00 6B 50 00 70 AB 50 70 60 EB 40 30 20
2C FO FO 00 6C 70 00 70 AC 50 70 70 EC 40 40 20
2D BO FO 00 6D 70 00 50 AD 50 60 70 ED 30 40 20
2E 70 FO 00 6E 70 00 30 AE 50 60 70 EE 30 40 20
2F 40 FO 00 6F 70 00 10 AF 50 50 70 EF 30 40 20
30 00 FO 00 70 70 00 00 BO 00 00 40 FO 20 40 20
31 00 FO 40 71 70 10 00 Bl 10 00 40 F1 20 40 30
32 00 FO 70 72 70 30 00 B2 20 00 40 F2 20 40 30
33 00 FO BO 73 70 50 00 B3 30 00 40 F3 20 40 30
34 00 FO FO 74 70 70 00 B4 40 00 40 F4 20 40 40
35 00 BO FO 75 50 70 00 B5 40 00 30 F5 20 30 40
36 00 70 FO 76 30 70 00 B6 40 00 20 F6 20 30 40
37 00 40 FO 77 10 70 00 B7 40 00 10 F7 20 30 40
38 70 70 FO 78 00 70 00 B8 40 00 00 F8 00 00 00
39 90 70 FO 79 00 70 10 B9 40 10 00 F9 00 00 00
3A BO 70 FO 7A 00 70 30 BA 40 20 00 FA 00 00 00
3B DO 70 FO 7B 00 70 50 BB 40 30 00 FB 00 00 00
3C FO 70 FO 7C 00 70 70 BC 40 40 00 FC 00 00 00
3D FO 70 DO 7D 00 50 70 BD 30 40 00 FD 00 00 00
3E FO 70 BO 7E 00 30 70 BE 20 40 00 FE 00 00 00
3F FO 70 90 7F 00 10 70 BF 10 40 00 FF 00 00 00

15 bpp color

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

16 bpp color

The Look-Up Table is bypassed at this color depth, hence programming the LUT is not
required.
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4.2.2 Gray Shade Modes

This discussion of gray shade (monochrome) modes only appliesto the panel interface.
Monochrome mode is selected when REG[030h] bit 2 returns a 0. In this mode the value
output to the panel is derived solely from the green component of the LUT. The CRT/TV
image isformed from all three LUT components (RGB).

Note
In order to match the colorson a CRT/TV with the colors on a monochrome panel when
displaying identical images on the panel and CRT/TV, the red and blue components of
the LUT must be set to the same intensity as the green component.

4 bpp gray shade

The 4 bpp gray shade mode uses the green component of thefirst 16 LUT entries. The
remaining indices of the LUT are unused.

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

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

Required to match CRT to panel
Unused entries

S1D13506
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8 bpp gray shade

The 8 bpp gray shade mode usesthe green component of thefirst 16 LUT entries. Thegreen
portion of the LUT provides 16 possible intensities. Thereis no increasein gray shades
when selecting 8 bpp mode over 4 bpp mode; however, Swivelview and the BitBLT engine
can be used in 8 bpp mode but not in 4 bpp mode.

15 bpp gray shade

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

Aswith 8 bpp there are limitations to the colors which can be displayed. In this mode the
five bits of green are used to set the absolute intensity of theimage. Thisresultsin 32 gray
shades when dithering is enabled and 16 gray shades when dithering is disabled.

16 bpp gray shade

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

Aswith 8 bpp there are limitations to the colors which can be displayed. In this mode the
six bits of green are used to set the absolute intensity of the image. Thisresultsin 64 gray
shades when dithering is enabled and 16 gray shades when dithering is disabled.
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5 Virtual Displays

This section discussesthe concept of avirtual display and coversnavigation withinavirtual
display using panning and scrolling.

5.1 Virtual Display

Virtual display iswheretheimageto beviewed islarger than the physical display. Thiscan
bein the horizontal, vertical or both dimensions. To view the image, the display isused as
awindow (or viewport) into the display buffer. At any given time only a portion of the
image isvisible. Panning and scrolling are used to view the full image. For further infor-
mation on panning and scrolling, see Section 5.2, “Panning and Scrolling” on page 30.

The Memory Address Offset registers determine the number of horizontal pixelsin the
virtual image. The offset registers can be set for a maximum of 2% or 2048 words. At a
color depth of 4 bpp, 2048 words cover 8,192 pixels. At acolor depth of 16 bpp, 2048 words
cover 2048 pixels.

The maximum number of lines of the virtual image isthe size of the display buffer divided
by the number of bytes per horizontal line. The number of bytes per line equal sthe number
of words in the offset register multiplied by two. At the maximum horizontal size, the
greatest number of lines that can be displayed using 2M bytes of display memory is512.
Reducing the horizontal size makes more display buffer available, thus increasing the
available virtual vertical size.

In addition to the calculated limit, the virtual vertical sizeislimited by the size and location
of the Dual Panel Buffer and the Ink Layer/Hardware Cursor (if present).

The maximum horizontal/vertical sizes are seldom used. Figure 5-1: “Viewport Inside a
Virtual Display,” showsamoretypical use of avirtual display. With adisplay panel of
320x240 pixels, an image of 640x480 pixels can be viewed by navigating a 320x240 pixel
viewport around the image using panning and scrolling.

320x240 —
Viewport

640x480
“Virtual” Display

Figure 5-1: Viewport Inside a Virtual Display
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5.1.1 Registers

REG[046h] LCD Memory Address Offset Register 0

LCD Memory | LCD Memory | LCD Memory | LCD Memory | LCD Memory | LCD Memory | LCD Memory | LCD 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

REG[047h] LCD Memory Address Offset Register 1

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

These registers form the 11-bit memory address offset for the LCD display. This offset
equals the number of words from the beginning of one line of the LCD display to the
beginning of the next line.

To maintain a constant virtual width as color depth changes, the memory address offset
must also change. At a color depth of 4 bpp each word contains 4 pixels, at 16 bpp each
word contains one pixel. The formulato determine the value for the memory address
regisersis:

Offset = PixelsPerVirtualLine + PixelsPerWord

This value may not necessarily represent the number of words shown on the LCD display.
Thisisthe virtual width of the display image and may be greater than or equal to the
physical display width. If PixelsPerVirtualLine equals the physical display width as set in
the LCD Horizontal Display Width register (REG[032h]), then the virtual display and
physical display are the same size.

REG[066h] CRT/TV Memory Address Offset Register 0

CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
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

REG[067h] CRT/TV Memory Address Offset Register 1

CRT/TV CRT/TV CRT/TV
Memory Memory Memory
na na na na na Address Address Address

Offset Bit 10 Offset Bit 9 Offset Bit 8

Theseregistersform the 11-bit memory address offset for the CRT/TV display. This offset
equals the number of words form the beginning of one line of the CRT/TV display to the
beginning of the next line.

To maintain a constant virtual width as color depth changes, the memory address offset
must also change. At a color depth of 4 bpp each word contains 4 pixels, at 16 bpp each
word contains one pixel. The formulato determine the value for the memory address
regisersis:
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5.1.2 Examples

Offset = PixelsPerVirtualLine + PixelsPerWord

This value may not necessarily represent the number of words shown on the CRT/TV
display. Thisisthe virtual width of the display image and may be greater than or equal to
the physical display width. If PixelsPerVirtualLine equalsthe physical display width as set
inthe CRT/TV Horizontal Display Width register (REG[050h]), then the virtual display
and physical display are the same size.

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

At acolor depth of 8 bpp each byte contains one pixel, therefore each word contains two
pixels.

PixelsPerWord =16+ bpp
=16+8
=2

To calculate the offset value for this example, the following formulais used.

Offset = PixelsPerVirtualLine + PixelsPerWord
=800+2
=400
= 190h words

For the LCD, REG[047h] is set to 01h and REG[046h] is set to 90h.
For the CRT/TV, REG[067h] is set to 01h and REG[066h] is set to 90h.

Example 2: Program the Memory Address Offset Registers to support a 16 color (4
bpp) 800x600 virtual display on a 640x480 LCD panel.

To create avirtua display the offset registers must be programmed to the horizontal size of
thelarger “virtual” image. After determining the amount of memory used by each line (see
example 1), calculate whether there is enough memory to support the desired number of
lines.

1. [Initialize the S1D13506 registers for a 640x480 panel. (See Section 2, “Initialization”
on page 12).

2. Calculate the number of pixels per word.

PixelsPerWord =16+ bpp
=16+4
=4

3. Determine the offset register value.

S1D13506
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Offset = PixelsPerVirtualLine + PixelsPerWord
=800+4
= 200 words
= 0C8h words

For the LCD, REG[047h] is set to 00h and REG[046h] is set to C8h.
For the CRT/TV, REG[067h] is set to 00h and REG[066h] is set to C8h.

4. To confirm whether there is enough memory for the required virtual height, the
following formulais used.

MemoryRequired = WordsPerVirtualLine x 2 x NumberOfLines
=200 x 2 x 600
= 240,000 bytes

This display configuration is supported on a system with the minimum supported
memory size of 512K bytes. It is safe to continue with these val ues.
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5.2 Panning and Scrolling

Theterms panning and scrolling refer to the actions used to move aviewport about avirtual
display. Although the entire image is stored in the display buffer, only aportion isvisible
a any given time.

Panning describesthe horizontal (sideto side) motion of the viewport. When panning to the
right the image in the viewport appears to slide to the left. When panning to the left the
imageto appearsto dlideto theright. Scrolling describesthe vertical (up and down) motion
of the viewport. Scrolling down causes the image to appear to slide up and scrolling up
causes the image to appear to slide down.

Both panning and scrolling are performed by modifying the start addressregisters. The start
address refers to the word offset in the display buffer where the beginning of theimageis
displayed from. At color depths less than 15 bpp, another register is required for smooth
movement. The pixel pan registers (REG[048h] for LCD, REG[068h] for CRT/TV) allow
panning in smaller increments than changing the start address alone.

Internally, the S1D13506 latches different signals at different times. Due to thisinternal
sequence, the start address and pixel pan registers should be accessed in a specific order
during panning and scrolling operations, in order to provide the smoothest scrolling. Setting
the registersin the wrong sequence, or at the wrong time, resultsin a“tearing” or jitter
effect on the display.

The start addressis latched at the beginning of each frame, so the start address can be set
within the vertical non-display period (VNDP). The pixel pan register values are latched at
the beginning of each display line and must be set during the vertical non-display period.
The correct sequence for programing these registersis:

1. Wait for the beginning of the vertical non-display period - For the LCD, REG[03Ah]
bit 7 will return a1 during VNDP; for the CRT/TV, REG[058h] bit 7 will returna 1
during VNDP. Wait for the transition of the appropriate bit to go from 0 to 1. Thisen-
sures the register updates are carried out at the beginning of VNDP.

2. Update the start address registers - For the LCD, REG[042h], REG[043h],
REG[044h]; for the CRT/TV, REG[062h], REG[063h], REG[064h].

3. Updatethe pixel panning register - For the LCD, REG[048h] bits 1-0; for the CRT/TV
REG[068h] bits 1-0.

Sample code for panning and scrolling is availablein the file hal_virt.c which isincluded
in the HAL source code available on the internet at www.eea.epson.com.
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5.2.1 Registers

REG[042h] LCD Display Start Address Register 0

LCD Display | LCD Display | LCD Display | LCD Display | LCD Display | LCD Display | LCD Display | LCD Display
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

REG[043h] LCD Display Start Address Register 1

LCD Display | LCD Display | LCD Display | LCD Display | LCD Display | LCD Display | LCD Display | LCD Display
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

REG[044h] LCD Display Start Address Register 2

LCD Display | LCD Display | LCD Display | LCD Display
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[062h] CRT/TV Display Start Address Register 0

CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
Display Start | Display Start | Display Start | Display Start | Display Start | Display Start | Display Start | Display Start
Address Address Address Address Address Address Address Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

REG[063h] CRT/TV Display Start Address Register 1

CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
Display Start | Display Start | Display Start | Display Start | Display Start | Display Start | Display Start | Display Start
Address Address Address Address Address Address Address Address
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

REG[064h] CRT/TV Display Start Address Register 2

CRT/TV CRT/TV CRT/TV CRT/TV
Display Start | Display Start | Display Start | Display Start
na na na na Address Address Address Address
Bit 19 Bit 18 Bit 17 Bit 16

The Display Start Address registers form the word address to the display buffer where the
LCD or CRT/TV starts displaying from. An address of 0 points to the beginning of the
display buffer. Changing the start address registers by one pans from 1 to 4 pixels
depending on the current color depth. The following table lists the maximum number of
pixels affected by a change of one to these registers.

Table 5-1: Number of Pixels Panned When Start Address Changed By 1

Color Depth (bpp) | Pixels per Word Number of Pixels Panned
4 4 4
8 2 2
15 1 1
16 1 1
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REG[048h] LCD Pixel Panning Register

LCD Pixel LCD Pixel
n/a n/a n/a n/a Reserved Reserved Panning Bit 1 | Panning Bit 0
REG[068h] CRT/TV Pixel Panning Register
CRT/TV Pixel | CRT/TV Pixel
n/a n/a n/a n/a Reserved Reserved Panning Bit 1 | Panning Bit 0

The pixel panning register offersfiner control over panning than is available using the start
addressregisters. Using the pixel panning register, it is possibleto pan the displayed image
one pixel at atime. The number of bitsrequired to pan asingle pixel at atime, change with
the color depth. The following table shows the bits of the pixel pan register which are used
for each color depth.

Table 5-2: Active Pixel Pan Bits

Color Depth (bpp) | Pixel Pan bits used
4 bits [1:0]
8 bit 0
15/16 none

Note
The pixel panning registers are not required for color depths of 15 or 16 bpp.

The pixel panning registers must be updated in conjunction with the start addressregisters.
The pixel panning registers can be thought of as the least significant bit(s) of the start
addressregisters.

When panning to the right on an LCD set for a color depth of 4 bpp, the registerswould be

updated as follows.
1. Panright by 1 pixel - increment the pixel panning register by 1: REG[048h] = 01b.
Pan right by 1 pixel - increment the pixel panning register by 1: REG[048h] = 10b.

2
3. Panright by 1 pixel - increment the pixel panning register by 1: REG[048h] = 11b.
4

Pan right by 1 pixel - reset the pixel panning register to 0: REG[048h] = 00b.
- increment the start address register by 1. (REG[042h],
REG[043h], REG[044h]) + 1.
Note

The above example assumes the pixel panning register isinitially set at 0.
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5.2.2 Examples

When panning to the left on an LCD set for a color depth of 4 bpp, the registers would be
updated as follows.

1. Panleftby 1 pixel - decrement the pixel panning register by 1: REG[048h] = 11b.
- decrement the start address register by 1: (REG[042h],
REG[043h], REG[044h]) - 1.

2. Panleftby 1 pixel - decrement the pixel panning register by 1: REG[048h] = 10b.
3. Panleftby 1 pixel - decrement the pixel panning register by 1: REG[048h] = 01b.
4. Panleftby 1 pixel - decrement the pixel panning register by 1: REG[048h] = 00b.

Note
The above example assumes the pixel panning register isinitialy set at O.

Thefollowing examples assume the display system has been configured to view a800x600
pixel image in a 640x480 viewport. Refer to Section 2, “Initialization” on page 12 and
Section 5.1, “Virtual Display” on page 26 for assistance with these settings.

Example 3: Panning - Right and Left

To pan to theright, increment the value in the pixel panning register (REG[048h] for LCD,
REG[068h] for CRT/TV). When the pixel pan value reaches the maximum value for the
current color depth (i.e. 11b for 4 bpp, 1b for 8 bpp) then set the pixel pan valueto zero and
increment the start address value. To pan to the left (assuming the pixel panning register is
zero), decrement the value in the pixel panning register and decrement the start address
register. When the pixel pan value reaches zero then decrement both the pixel panning
register and start address register again. If the pixel panning register contains a value other
than zero, decrement the value in the pixel panning register only and when the pixel pan
value reaches zero, decrement both the pixel panning register and start address register.

Note
Panning operations are easier to follow if avariable (e.g. PanValue) isused to track both
the pixel panning and start address registers. The least significant bits of PanVa ue will
represent the pixel panning register value and the more significant bits are the start ad-
dress register value.

The following example pans to the right by one pixel when the color depth is 4 bpp.

1. Increment PanValue.
PanVaue = PanVaue+1

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

PixelPan = PanVaue AND 3
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3.

StartAddress = PanValue SHR 2 (remove Pixel Pan bits)

Write the pixel panning and start address register values using the procedure outlined
in Section 5.2.1, “Registers’ on page 31.

Example 4: Scrolling - Up and Down

To scroll down, increase the value in the Display Start Address Registers (REG[042h],
REG[043h], REG[044h] for LCD, REG[062h], REG[063h], REG[064h] for CRT/TV) by
the number of wordsin onevirtual scan line. To scroll up, decrease thevaluein the Display
Start Address Registers by the number of words in one virtual scan line.

Thefollowing example scrolls down oneline for a 16 color (4 bpp) 800x600 virtual image
using a 640x480 single panel LCD.

1

Determine the number of wordsin each line of the virtual image. For a color depth of
4 bpp each byte contains two pixels so each word contains 4 pixels.

OffsetWords = PixelsPerVirtualLine + PixelsPerWord
=800+4
=200
=C8h

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

StartAddress = StartAddress + OffsetWords
= StartAddress + C8h

Separate the display start address value into three bytes. For the LCD, write the LSB
to REG[042h] and the MSB to REG[044h]. For the CRT/TV, write the LSB to
REG[062h] and the M SB to REG[064h].

For the LCD, REG[044h] is set to 00h, REG[043h] is set to 00h, and REG[042h] is set
to C8h.

For the CRT/TV, REG[064h] is set to 00h, REG[063h] is set to 00h, and REG[062h]
is set to C8h.

Note

The above example assumes the display start address was initially 0 (the beginning of
the display buffer).
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6 Power Save Mode

6.1 Overview

6.2 Registers

The S1D13506 has been designed for very low-power applications. During normal
operation, the internal clocks are dynamically disabled when not required. The S1D13506
design also includes a Power Save Modeto further save power. When Power Save Modeis
initiated, automatic LCD power sequencing takes place to ensure the LCD bias power
supply isdisabled properly. For further information on LCD power sequencing, see Section
7, “LCD Power Sequencing” on page 38.

For Power Save Mode AC Timing, see the S1D13506 Hardware Functional
Specification, document number X25B-A-001-xx.

The S1D 13506 supports a software initiated Power Save Mode. Enabling/disabling Power
Save Mode s controlled using the Power Save Mode Enable bit (REG[1FO0h] bit 0). The
type of DRAM refresh used during Power Save Mode can also be selected by software.

While Power Save Mode is enabled the following conditions apply.
 Display(s) areinactive.

» Registers are accessible.

» Memory isin-accessible.

* LUT isaccessible.

6.2.1 Enabling Power Save Mode

REG[1FOh] Power Save Configuration Register

Power Save
n/a n/a n/a Reserved n/a n/a n/a Mode Enable
The Power Save Mode Enable hit initiates Power Save M ode when set to 1. Setting the bit
back to 0 returns the S1D 13506 back to normal mode.
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6.2.2 Power Save Status Bits

REG[1F1h] Power Save Status Register

Memory
LCD Power Controller
Save Status | Power Save
Status

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

The LCD Power Save Status bit is a read-only status bit which indicates the power save
state of the LCD panel. When this bit returns a 1, the panel is powered-off. When this bit
returns a0, the LCD panel is powered up or in transition of powering up or down. This bit
will return a 1 after achip reset.

Note
The LCD pixel clock source may be disabled when this bit returns a 1.

REG[1F1h] Power Save Status Register

Memory
LCD Power Controller
Save Status | Power Save
Status

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

The Memory Controller Power Save Status bit isaread-only status bit which indicates the
power save state of the S1D13506 DRAM interface. When this bit returnsa 1, the DRAM
interface is powered down (the DRAM is either in self-refresh mode or completely idle).
When thisbit returns a0, the DRAM interfaceis active. Thisbit will return a0 after achip
reset.

For thishit toreturn al, the DRAM Refresh Select bits must select either salf-refresh or no
refresh. For information on the DRAM Refresh Select bits, see Section 6.2.3, “DRAM
Refresh Selection” on page 37.

Note
The memory clock source may be disabled when this bit returnsa 1.
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6.2.3 DRAM Refresh Selection

REG[021h] DRAM Refresh Rate Register

Refresh
Select Bit 1

Refresh
Select Bit 0

n/a

n/a

n/a

DRAM
Refresh Rate
Bit 2

DRAM
Refresh Rate
Bit 1

DRAM
Refresh Rate
Bit 0

The Refresh Select bits specify the type of DRAM refresh used while Power Save Modeis
enabled. DRAM refresh selection is as follows.

Table 6-1: Refresh Selection

Refresh Select Bits [1:0]

DRAM Refresh Type

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

The Refresh Select bits must be set before Power Save Modeisenabled. While CBR refresh
is selected the memory controller cannot be powered down and the memory clock source
must remain active. If either self-refresh or no refresh is selected the memory controller
may be powered down and the memory clock source may be disabled. For further infor-
mation, see Section 6.2.2, “ Power Save Status Bits” on page 36.

Note

The Refresh Select bits must not be changed while in power save mode.
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7 LCD Power Sequencing

The S1D13506 is designed with internal circuitry which automates L CD power sequencing
(the process of powering-on and powering-off the LCD panel). LCD power sequencing
allowsthe LCD bias voltage to discharge prior to shutting down the LCD signals,
preventing long term damage to the panel and avoiding unsightly “lines’ at power-
on/power-off.

Proper LCD power sequencing for power-off requiresadelay fromthetimethe LCD power
is disabled to the time the LCD signals are shut down. Power-on requires the LCD signals
to be active prior to applying power to the LCD. Thistime interval varies depending on the
L CD bias power supply design. For example, the LCD bias power supply on the S5U13506
Evaluation board requires 0.5 seconds to fully discharge. Other power supply designs may
vary.

For most applications automatic power sequencing is the appropriate choice, see Section
7.1, “Automatic Sequencing” . However, there may be situations where the interna time
delay isinsufficient to discharge the LCD bias power supply before the LCD signals are
shut down. For the sequence used to manually power-off the LCD panel, see Section 7.2,
“Manual Sequencing” .

7.1 Automatic Sequencing

L CD power sequencing is automatically provided when the S1D13506 is powered-on or
powered-off using the built-in Power Save Mode. The Power Save Mode is enabled using
REG[ 1F0h] bit 0. For more information on Power Save Mode, see Section 6, “Power Save
Mode" .

For LCD power sequencing AC Timing, see the S1D13506 Hardware Functional
Fpecification, document number X 25B-A-001-xXx.

7.2 Manual Sequencing

In caseswhere automatic LCD power sequencing is not applicable, manual sequencing can
be done. This section assumes the LCD bias power is controlled through GPIO1. The
S1D13506 GPIO pins are multi-use pins and may not be availablein all system designs.
For further information on the availability of GPIO pins, see the S1ID13506 Hardware
Functional Specification, document number X25B-B-001-xx.
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7.2.1 Registers

REG[040h] LCD Display Mode Register

LCD Display SwivelView LF:D . L.CD . L(.:D .
Blank n/a n/a Enable Bit 1 n/a Bit-per-pixel | Bit-per-pixel | Bit-per-pixel
Select Bit 2 Select Bit 1 Select Bit 0

When set to 1, thisbit disables the LCD display pipeline and forces all LCD data outputs
to zero. This effectively blanks the screen.

Note
If adual panel isused, the Dual Panel Buffer must be disabled before blanking the LCD

display. Thisis done by setting REG[041h] bit 0 to 1b.

7.2.2 Enabling the LCD Panel

If the LCD bias power supply timing requirements are different than those timingsbuilt into
the S1D13506 automated L CD power sequencing, it may be necessary to manually enable
the LCD panel. In such a case, the following procedure applies.

1. Enablethe LCD signals- Set REG[040h] = 0.

Note
If adua panel is used, enable the Dual Panel Buffer by setting REG[041h] bit O = Ob.

2. Enable GPIOL to activate the LCD bias power.

7.2.3 Disabling the LCD Panel

If the LCD bias power supply timing requirements are different than those timingsbuilt into
the S1D 13506 automated L CD power sequencing, it may be necessary to manually disable
the LCD panel. In such a case, the following procedure applies.

1. Disablethe LCD power using GPIOL.

2. Wait the required delay time for the LCD bias power supply to discharge.
3. Disablethe LCD signals- Set REG[040h] = 1.
4

Disable the LCD pixel clock source if desired. (Optional)
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8 Hardware Cursor/Ink Layer

8.1 Introduction

The S1D13506 supports either a Hardware Cursor or an Ink Layer for the LCD, and either
aHardware Cursor or an Ink Layer for the CRT/TV. The LCD and CRT/TV are supported
independently, so it is possible to select combinations such as a Hardware Cursor on the
LCD and an Ink Layer on the CRT/TV.

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

AnlInk Layer isdesigned to support stylus or peninput. Without an ink layer, the operating
system must save the area of the display buffer (possibly all) where pen input isto occur.

After the system recognizes the characters entered, the display would have to be restored

and the characters redrawn in a system font. When an Ink Layer is present, the stylus path
isdrawninthelnk Layer whereit overlaysthe displayed image. After character recognition
finishes the display is updated with the new characters and the ink layer is simply cleared.
Saving and restoring the display datais not required providing faster throughput.

The S1D13506 Hardware Cursor/Ink Layer supports a 2 bpp (four color) overlay image.
Two of the available colors are transparent and invert. The remaining two colors are user
definable.

The Hardware Cursor uses many of the same registers asthe Ink Layer. Additionally, the
cursor has positional registers for movement. The cursor resolution is 64x64 at a color
depth of 2 bpp. The Ink Layer resolution is the width of the display by the height of the
display at acolor depth of 2 bpp. Both the Hardware Cursor and the Ink Layer use the same
pixel values to select colors. The Hardware Cursor requires 1024 bytes of display buffer
and the Ink Layer requires (display width x display height + 4) bytes of display buffer.
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8.2 Registers
REG[070h] LCD Ink/Cursor Control Register
LCD LCD
n/a n/a n/a n/a n/a n/a Ink/Cursor Ink/Cursor
Mode Bit 1 Mode Bit 0
REG[080h] CRT/TV Ink/Cursor Control Register
CRT/TV CRT/TV
n/a n/a n/a n/a n/a n/a Ink/Cursor Ink/Cursor
Mode Bit 1 Mode Bit 0
The Ink/Cursor mode bits determine which of the Hardware Cursor or Ink Layer is active
as shown in following table.
Table 8-1: Ink/Cursor Mode
Ink/Cursor Control Operating Mode
bit 1 bit 0 perating
0 0 Inactive
0 1 Cursor
1 0 Ink
1 1 Reserved
Note

When cursor mode is selected the cursor image is always 64x64 pixels. Selecting an ink
layer will result in an areawhich completely coversthe display.

REG[071h] LCD Ink/Cursor Start Address Register
LCD LCD LCD LCD LCD LCD LCD LCD
Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[081h] CRT/TV Ink/Cursor Start Address Register
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

REG[071h] and REG[081h] determine the display buffer location of the Hardware
Cursor/Ink Layer for the LCD and CRT/TV respectively. The Ink/Cursor Start Address
register does not contain an actual address, but a value based on the following table.

Table 8-2: Cursor/Ink Start Address Encoding

Ink/Cursor Start Address Bits [7:0]

Start Address (Bytes)

0

Display Buffer Size - 1024

1-FFh

Display Buffer Size - (n X

8192)
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REG[072h] LCD Cursor X Position Register 0

LCD Cursor X | LCD Cursor X | LCD Cursor X | LCD Cursor X | LCD Cursor X | LCD Cursor X | LCD Cursor X | LCD Cursor X
Position Position Position Position Position Position Position Position
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

REG[073h] LCD Cursor X Position Register 1
LCD Cursor X LCD Cgrsor X | LCD Cgrsor X
Sian n/a n/a n/a n/a n/a Position Position
g Bit 9 Bit 8
REG[082h] CRT/TV Cursor X Position Register 0
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
Cursor X Cursor X Cursor X Cursor X Cursor X Cursor X Cursor X Cursor X
Position Bit 7 | Position Bit 6 | Position Bit 5 | Position Bit 4 | Position Bit 3 | Position Bit 2 | Position Bit 1 | Position Bit O
REG[083h] CRT/TV Cursor X Position Register 1
CRT/TV CRT/TV CRT/TV
Cursor X Sian n/a n/a n/a n/a n/a Cursor X Cursor X
9 Position Bit 9 | Position Bit 8

REG[072h], REG[073h] and REG[082h], REG[083h] control the horizontal position of the
Hardware Cursor for the LCD and CRT/TV respectively. The value in these registers

specify the location of theleft edge of the cursor. When ink modeis selected these registers
must be set to zero.

The Cursor X Position supports values of the range -63 to 1023. Negative values allow for
the Cursor to be clipped (partialy off the screen). The following procedure sets the Cursor
X Position.

1. Write the absolute (non-negative) value of the position in bits 9-0.

2.

If the position is negative, writea 1l inthe Cursor X Sign bit; otherwise writea0 to the

sign hit.
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REG[074h] LCD Cursor Y Position Register 0
LCD CursorY |LCDCursorY |LCD CursorY |LCDCursorY |LCDCursorY | LCD CursorY | LCD CursorY | LCD CursorY
Position Position Position Position Position Position Position Position
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[075h] LCD Cursor Y Position Register 1
LCD Cursor Y LCD Cgrsor Y | LCD Cgrsor Y
Sian n/a n/a n/a n/a n/a Position Position
9 Bit 9 Bit 8
REG[084h] CRT/TV Cursor Y Position Register 0
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
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
REG[085h] CRT/TV Cursor Y Paosition Register 1
CRT/TV CRT/TV CRT/TV
Cursor Y Sian n/a n/a n/a n/a n/a Cursor Y Cursor Y
9 Position Bit 9 | Position Bit 8

REG[074h], REG[075h] and REG[084h], REG[085h] control the vertical position of the
Hardware Cursor for the LCD and CRT/TV respectively. The value in these registers
specify thelocation of the top edge of the cursor. When ink modeis sel ected these registers
must be set to zero.

The Cursor Y Position supports values of the range -63 to 1023. Negative values allow for
the Cursor to be clipped (partially off the screen). The following procedure sets the Cursor
X Position.

1. Writethe absolute (non-negative) value of the position in bits 9-0.

2.

If the position is negative, writealin the Cursor Y Sign bit; otherwise writea0 to the

sign hit.
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REG[076h] LCD Ink/Cursor Blue Color 0 Register
LCD LCD LCD LCD LCD
n/a n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Blue Color 0 | Blue Color 0 | Blue Color O | Blue Color 0 | Blue Color O
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[077h] LCD Ink/Cursor Green Color 0 Register
LCD LCD LCD LCD LCD LCD
n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Green Color 0 | Green Color O | Green Color 0 | Green Color 0 | Green Color 0 | Green Color 0
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[078h] LCD Ink/Cursor Red Color 0 Register
LCD LCD LCD LCD LCD
n/a n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Red Color 0 Red Color 0 Red Color 0 Red Color 0 Red Color 0
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

These registers form the 16 bpp (5-6-5) RGB values of user-defined color O for the LCD
Ink Layer/Hardware Cursor.

REG[07Ah] LCD Ink/Cursor Blue Color 1 Register
LCD LCD LCD LCD LCD
n/a n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Blue Color 1 | Blue Color1 | Blue Color 1 | Blue Color 1 | Blue Color 1
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[07Bh] LCD Ink/Cursor Green Color 1 Register
LCD LCD LCD LCD LCD LCD
n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Green Color 1 | Green Color 1 | Green Color 1 | Green Color 1 | Green Color 1 | Green Color 1
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[07Ch] LCD Ink/Cursor Red Color 1 Register
LCD LCD LCD LCD LCD
n/a n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Red Color 1 Red Color 1 Red Color 1 Red Color 1 Red Color 1
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
These registers form the 16 bpp (5-6-5) RGB values of user-defined color 1 for the LCD
Ink Layer/Hardware Cursor.
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REG[086h] CRT/TV Ink/Cursor Blue Color 0 Register
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
n/a n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Blue Color 0 | Blue Color 0 | Blue Color 0 | Blue Color 0 | Blue Color 0
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[087h] CRT/TV Ink/Cursor Green Color 0 Register
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
na n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Green Color 0 | Green Color O | Green Color 0 | Green Color 0 | Green Color 0 | Green Color 0
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[088h] CRT/TV Ink/Cursor Red Color 0 Register
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
na n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Red Color 0 Red Color 0 Red Color 0 Red Color 0 Red Color 0
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Theseregistersform the 16 bpp (5-6-5) RGB values of user-defined color O for the CRT/TV
Ink Layer/Hardware Cursor.

REG[08Ah] CRT/TV Ink/Cursor Blue Color 1 Register
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
n/a n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Blue Color 1 | Blue Color1 | Blue Color1 | Blue Color 1 | Blue Color 1
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[08Bh] CRT/TV Ink/Cursor Green Color 1 Register
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Green Color1 | Green Color 1 | Green Color 1 | Green Color 1 | Green Color 1 | Green Color 1
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[08Ch] CRT/TV Ink/Cursor Red Color 1 Register
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
na n/a n/a Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
Red Color 1 Red Color 1 Red Color 1 Red Color 1 Red Color 1
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Theseregistersform the 16 bpp (5-6-5) RGB values of user-defined color 1 for the CRT/TV
Ink Layer/Hardware Cursor.
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REG[07Eh] LCD Ink/Cursor FIFO High Threshold Register
LCD LCD LCD LCD
Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
n/a n/a n/a n/a FIFO High FIFO High FIFO High FIFO High
Threshold Threshold Threshold Threshold
Bit 3 Bit 2 Bit 1 Bit 0
REG[08Eh] CRT/TV Ink/Cursor FIFO High Threshold Register
CRT/TV CRT/TV CRT/TV CRT/TV
Ink/Cursor Ink/Cursor Ink/Cursor Ink/Cursor
n/a n/a n/a n/a FIFO High FIFO High FIFO High FIFO High
Threshold Threshold Threshold Threshold
Bit 3 Bit 2 Bit 1 Bit 0
These registers control the Ink Layer/Hardware Cursor FIFO depth in order to sustain
uninterrupted display fetches.
REG[07Eh] determines the FIFO high threshold for the LCD Hardware Cursor/Ink Layer.
REG[08Eh] determines the FIFO high threshold for the CRT/TV Hardware Cursor/Ink
Layer. When this register is set to 00h, the threshold is automatically set in hardware. For
further information, see the 13506 Hardware Functional Specification, document number
X25B-A-001-xx.
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8.3 Initialization

This section describes the process of initializing the S1D13506 for a Hardware Cursor or
Ink Layer.

8.3.1 Memory Considerations

Both the Hardware Cursor and Ink Layer are positioned in the display buffer by the LCD
Ink/Cursor Start Address register (REG[071h]) and CRT/TV Ink/Cursor Start Address
register (REG[081h]). The Hardware Cursor and Ink Layer should be allocated the highest
possible available memory address. If a Dual Panel Buffer is required, or if another
Hardware Cursor or Ink Layer is required, additional memory must be allocated and
programmed in the appropriate Ink/Cursor Start Address register.

The size of the Dual Panel Buffer is determined by the following.
Dual Panel Buffer Size (in bytes) = (Panel Width x Panel Height) x factor + 16

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

Note
The dual panel buffer always starts at (Display Memory Size - Dual Panel Buffer Size).

The size of a hardware cursor is always 1024 bytes.
The size of the ink layer in bytesis (display width x display height + 4).
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8.3.2 Examples

Example 5: Initializing the Hardware Cursor

The following example places an LCD Hardware Cursor at the end of a2M byte display
buffer. SwivelView™ modes require software rotation of the Ink Layer. This can only
occur when aDual Panel Buffer isnot required. Color O is set to black, and color 1isset to

white.

Note

The Hardware Cursor always requires 1024 (400h) bytes.

Table 8-3: LCD Hardware Cursor Initialization Sequence

Register Value Notes
[070h] 0000 0001 Enable LCD hardware cursor
[071h] 0000 0000 Set cursor start address to Memory Size - 1024
{8;3:} 8888 8888 Set LCD Cursor X Position to 0
{8;3:} 8888 8888 Set LCD Cursor Y Position to 0
[076h] 0000 0000
[077h] 0000 0000 Set Color 0 to black
[078h] 0000 0000
[07Ah] 0001 1111
[07Bh] 00111111 Set Color 1 to white
[07Ch] 0001 1111
[07ER] 0000 0000 Set FIFO High Threshold to default

S1D13506
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Example 6: Initializing the Ink Layer
The following example places an Ink Layer at the end of a2M byte display buffer.

SwivelView™ modes require software rotation of the Ink Layer. Color Oisset to black, and
color 1 is set to white.

For a system with a 640x480 LCD display, the ink layer sizeis calculated as follows.
InkLayerSize = (PanelWidth x PanelHeight) + 4
= (640 x 480) ~ 4
= 76,800 bytes

The Ink Layer must be alocated in 8K byte blocks. The value of the LCD Ink/Cursor Start
Address register is determined from the following table and calculation.

Table 8-4: Ink Layer Sart Address Encoding

Ink/Cursor Start Address Bits [7:0] Start Address (Bytes)
0 Display Buffer Size - 1024
1-FFh Display Buffer Size - (n x 8192)
n = InkLayerSize + RequiredBlockSize
=76,800 +~ 8192
=9.375

Fractional values cannot be programmed, therefore round up to an address of 10 (OAh).
Thisreserves 10 x 8192 = 81,920 bytes for the Ink Layer from the end of display buffer.

Note

Always round up the Ink/Cursor Start Address when cal culating, otherwise insufficient
memory will be allocated for the Ink Layer.

Table 8-5: LCD Ink Layer Initialization Sequence

Register Value Notes
[070h] 0000 0010 Enable LCD ink layer
[071h] 0000 1010 Set cursor start address to 0Ah (Memory Size - (8192 x 10))
[076h] 0000 0000
[077h] 0000 0000 Set Color 0 to black
[078h] 0000 0000
[07Ah] 0001 1111
[07Bh] 0011 1111 Set Color 1 to white
[07Ch] 0001 1111
[07ER] 0000 0000 Set FIFO High Threshold to default
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8.4 Writing Cursor/Ink Layer Images

This section describes how to write images to the Hardware Cursor and Ink Layer. The
Hardware Cursor isa64x64 image at a color depth of 2 bpp. TheInk Layer isthe samesize
asthevirtual display (width x height) at a color depth of 2 bpp. The Ink Layer may be
described as a non-moveable cursor with the same resolution as the display device.

8.4.1 Hardware Cursor/Ink Layer Data Format

The Hardware Cursor/Ink Layer image isfixed at a color depth of 2 bpp. The following
diagram shows the Hardware Cursor/Ink Layer data format for alittle endian system.

2 bpp: bit 7 bit 0 PoP1P,P3P,P5PgP;
HEEEEEE
Byte 0 Ao | Bo | A1 | By | A2 | B2 | Ag | B3
Byte 1 Ay | By | As | Bs | Ag | Bs | A7 | By
Pn = (An, Bp)
Panel Display
Host Address Hardware Cursor/Ink Layer Buffer
Figure 8-1: Hardware Cursor/Ink Layer Data Format
Theimage datafor pixel n, (A,,B,), selectsthe color for pixel n asfollows:
Table 8-6: Ink/Cursor Color Select
(An.Bp) Color Comments

Ink/Cursor Color 0 Register:

00 Color 0 For LCD, REG[076h], REG[077h], REG[078h].
For CRT/TV, REG[086h], REG[087h], REG[088h].
Ink/Cursor Color 1 Register:

01 Color 1 For LCD, REG[07Ah], REG[07Bh],REG[07Ch].
For CRT/TV, REG[08Ah], REG[08Bh], REG[08Ch].

10 Background Ink/Cursor is transparent — show background

11 Inverted Background Ink/Cursor is transparent — show inverted background
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8.4.2 Cursor Image

The following procedures demonstrate how to write an image to the Hardware Cursor
buffer.

L andscape M ode (no rotation)

1

2.

For the LCD cursor, calculate the start address based on the value in REG[071h].
For the CRT/TV cursor, calculate the start address based on the valuein REG[081h].
Refer to the REG[071h] and REG[081h] register descriptions for more information.

Write the cursor image to the display buffer. The image must be exactly 1024 bytes.

SwivelView M odes

6.

Save the current state of REG[1FCh] bit 6.
Set REG[1FCh] bit 6 to 0.

For the LCD cursor, calculate the start address based on the value in REG[071h].
For the CRT/TV cursor, calculate the start address based on the valuein REG[081h].
Refer to the REG[071h] and REG[081h] register descriptions for more information.

Perform a software rotate of the cursor image.

Write the rotated cursor image to the display buffer. The image must be exactly 1024
bytes.

Restore the original state of REG[1FCh] bit 6.

Note

It

is possible to use the same cursor image for both LCD and CRT/TV displays. Program

the LCD and CRT/TV Ink/Cursor Start Address registers (REG[071h] and REG[081h])
to the same location. This saves some display buffer which would otherwise be used by
asecond cursor image. Note this saves 8192 bytes of display buffer, not 1024 bytes,
because the start address movesin steps of 8192 bytes.

Programming Notes and Examples
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8.4.3 Ink Layer Image

The following procedures demonstrate how to write an image to the Ink Layer buffer.

L andscape Mode (no rotation)

1. FortheLCD, caculatethe start address based on the value in REG[071h].
For the CRT/TV, calculate the start address based on the value in REG[081h].
Refer to the REG[071h] and REG[081h] register descriptions for more information.

2. Writethe Ink Layer image to the display buffer. The image must be exactly (display
width x display height + 4) bytes.

SwivelView Modes
1. Savethe current state of REG[1FCh] bit 6.
2. Set REG[1FCh] hit 6to 0.

3. Forthe LCD, calculate the start address based on the value in REG[071h].
For the CRT/TV, calculate the start address based on the value in REG[081h].
Refer to the REG[071h] and REG[081h] register descriptions for more information.

4. Perform a software rotate of the Ink Layer image.

5. Writetherotated Ink Layer image to the display buffer. The image must be exactly
(display width x display height + 4) bytes.

6. Restorethe original state of REG[1FCh] bit 6.

Note
It is possible to use the same Ink Layer image for both LCD and CRT/TV displays. Pro-
gram the LCD and CRT/TV Ink/Cursor Start Address registers (REG[071h] and
REG[081h]) to the same location. This save some display buffer which would otherwise
be used by asecond Ink Layer.

S1D13506
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8.5 Cursor Movement

The following section discusses cursor movement in landscape, SwivelView 90°,
SwivelView 180°, and SwivelView 270° modes.

Itis possible to move the top left corner of the cursor to a negative position (-63, -63). This
allows the cursor to be clipped (only a portion is visible on-screen).

Cursor positions don’t take effect until the most significant byte of the Y position register
iswritten. Therefore, the following register write order is recommended.

1

2
3.
4

Set X Position Register 0
Set X Position Register 1
Set Y Position Register 0

Set Y Position Register 1.

8.5.1 Move Cursor in Landscape Mode (no rotation)

In the following example, (X, y) represents the desired cursor position.

1
2.

Calculate abs(x), the absolute (non-negative) value of x.
Write the least significant byte of abs(x) to X Position Register O.

If X isnegative, take the value of the most significant byte of abs(x) and logically OR
with 80h. Write the result to X Position Register 1.
If x is positive, write the most significant byte of abs(x) to X Position Register 1.

Calculate abs(y), the absolute (non-negative) value of y.
Write the least significant byte of abs(y) to Y Position Register O.

If y isnegative, take the value of the most significant byte of abs(y) and logically OR
with 80h. Write the result to Y Position Register 1.

If y ispositive, take the value of the most significant byte of abs(y) and writeto Y Po-
sition Register 1.
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8.5.2 Move Cursor in SwivelView 90° Rotation

In the following example, (x, y) represent the desired cursor position.

1
2.
3.

Calculate abs(x), the absolute (non-negative) value of x.
Write the least significant byte of abs(x) to Y Position Register 0.

If X isnegative, take the value of the most significant byte of abs(x) and logically OR
with 80h. Write theresult to Y Position Register 1.
If x is positive, write the most significant byte of abs(x) to Y Position Register 1.

Calculate avauefor y2,
wherey?2 = display width - y - 64.

Calculate abs(y2), the absolute (non-negative) value of y2.
Write the least significant byte of abs(y2) to X Position Register 0.

If y2is negative, take the value of the most significant byte of abs(y2) and logically
OR with 80h. Write the result to X Position Register 1.
If y2ispositive, write the most significant byte of abs(y2) to X Position Register 1.

8.5.3 Move Cursor in SwivelView 180° Rotation

In the following example, (X, y) represent the desired cursor position.

1

Calculate the value of x2,
where x2 = display width - x - 64

Calculate abs(x2), the absolute (non-negative) value of x2.
Write the least significant byte of abs(x2) to X Position Register0.

If X2 is negative, take the value of the most significant byte of abs(x2) and logically
OR with 80h. Write the result to X Position Register 1.
If X2 is positive, write the most significant byte of abs(x2) to X Position Register 1.

Calculate the value of y2,
wherey2 = display height - y - 64

Calculate abs(y2), the absolute (non-negative) value of y2.
Write the least significant byte of abs(y2) to Y Position Register O.

If y2 is negative, take the value of the most significant byte of abs(y2) and logically
OR with 80h. Writetheresult to Y Position Register 1.
If y2ispositive, write the most significant byte of abs(y2) to Y Position Register 1.

S1D13506
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8.5.4 Move Cursor in SwivelView 270° Rotation

In the following example, (X, y) represent the desired cursor position.

1. Calculate thevalue of x2,
where x2 = display width - x - 64

2. Calculate abs(x2), the absolute (non-negative) value of x2.
3. Writethe least significant byte of abs(x2) to Y Position Register 0.

4. If x2isnegative, take the value of the most significant byte of abs(x2) and logically
OR with 80h. Write theresult to Y Position Register 1.
If X2 is positive, write the most significant byte of abs(x2) to Y Position Register 1.

5. Calculate abs(y), the absolute (non-negative) value of y.
6. Writethe least significant byte of abs(y) to X Position Register 0.

7. If yisnegative, take the value of the most significant byte of abs(y) and logically OR
with 80h. Write the result to X Position Register 1.
If y ispositive, write the most significant byte of abg(y) to X Position Register 1.
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9 SwivelView™

Most computer displays operatein landscape mode. In landscape mode the display iswider
thanit is high. For example, astandard display size of 640x480 is 640 pixels wide and 480
pixels wide.

SwivelView rotates the display image clockwisein ninety degreeincrements, possibly
resulting in adisplay that ishigher than it iswide. Rotating the image on a640x480 display
by 90 or 270 degreesyields a display that is now 480 pixels wide and 640 pixels high.

SwivelView also works with panels that are designed with a "portrait” orientation. In this
case, when SwivelView 0° is selected, the panel will bein a“portrait” orientation. A
selection of Swivel View 90° or SwivelView 270° rotates to alandscape orientation.

9.1 S1D13506 SwivelView

The S1D13506 provides hardware support for SwivelView in 8, 15 and 16 bpp color depths
on LCD panels. SwivelView is not supported on CRT or TV displays.
Certain conditions must be considered when SwivelView is enabled.

» Thevirtua display offset (scan line) must be set to 1024 pixels (1024 bytes in 8 bpp,
2048 bytesin 15/16 bpp) when SwivelView Enable Bit O is set to 1.

» Thedisplay start addressis calculated differently when SwivelView is enabled.

 Calculations that would result in panning in landscape mode, may result in scrolling
when SwivelView is enabled and vice-versa.

9.2 Registers

REG[01FCh] Display Mode Register
SwivelView Display Mode | Display Mode | Display Mode
na Enable Bit 0 na na na Select Bit 2 Select Bit 1 Select Bit 0
REG[040h] LCD Display Mode Register
LCD Display n/a n/a SwivelView n/a Bit-Per-Pixel | Bit-Per-Pixel |Bit-Per-Pixel
Blank Enable Bit 1 Select Bit 2 Select Bit 1 Select Bit 0
The SwivelView modes are enabled using a combination of 2 enable bits - SwivelView
Enable Bit 0 (REG[1FCh]) and SwivelView Enable Bit 1 (REG[040h]). The combinations
of these bits provide the following rotations.
S1D13506 Programming Notes and Examples
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Table 9-1: SwivelView Enable Bits

SwivelView Enable

SwivelView Enable

Display Rotated

Bit 1 Bit 0 (degrees)

0 0 0

0 1 90

1 0 180

1 1 270
REG[046h] LCD Memory Address Offset Register 0
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[047h] LCD Memory Address Offset Register 1
n/a n/a n/a n/a n/a Bit 10 Bit 9 Bit 8

The LCD Memory Address Offset Registers must be adjusted according to the desired

SwivelView rotation and color depth. Set the LCD Memory Address Offset Registersbased
on the values provided for each color depth in the following table. Panel Width (PW) isthe
horizontal panel sizein pixels(i.e. for a640x480 panel, PW is 640 regardless of the display

rotation).

Table 9-2: LCD Memory Address Offset Values

SwivelView Enable . Memory Address Offset Value
- : Display Rotated
Bit 1 Bit 0 15/16 bpp 8 bpp
0 0 0 degrees PW PW +2
0 1 90 degrees 1024 512
1 0 180 degrees PW PW =2
1 1 270 degrees 1024 512
Programming Notes and Examples S1D13506
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REG[042h] LCD Display Start Address Register 0

Bit 7

Bit 6

Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

REG[043h] L

CD Display Start Address Register 1

Bit 15

Bit 14

Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

REG[044h] L

CD Display Start Address Register 2

n/a

n/a

n/a n/a Bit 19 Bit 18 Bit 17 Bit 16

The LCD Display Start Address Registers must be adjusted according to the desired
SwivelView rotation and color depth. Set the LCD Display Start Address Registers based
on the values provided for each color depth in the following table. Panel Width (PW) isthe
horizontal panel size in pixels. Panel Height (PH) isthe vertical panel sizeinlines (i.e. for
a 640x480 panel, PW is 640 and PH is 480 regardless of display rotation). Stride is the
based on the previously calculated memory offset in bytes (Stride = MemoryOffset x 2).

Table 9-3: LCD Display Start Address Values

SwivelView Enable . LCD Display Start Address Value
- - Display Rotated
Bit 1 Bit O 15/16 Bpp mode 8 Bpp mode
0 0 0 degrees 0 0
0 1 90 degrees (1024 - PW) (1024 - PW) + 2
1 0 180 degrees (Stride X PH - (Stride - 2 X PW)) ~ 2 - 1 | (Stride X PH - (Stride - PW)) +2-1
1 1 270 degrees (Stride X PH) +2-1 (Stride X PH) ~2-1

9.3 Limitations

Thefollowing limitations apply when Swivel View bit Oisset to 1 (rotation by 90° or 270°):
» Only 8/15/16 bpp modes can be rotated 90 or 270 degrees.

» Hardware Cursor and Ink Layer images are not rotated - software rotation must be used.
SwivelView must be turned off when the programmer is accessing the Hardware Cursor
or the Ink Layer. The blit engine ignores the SwivelView bits also.

 Pixel panning works vertically.

* Itisnot possible to rotate an aready displayed image. The image must be redrawn.

Note
Drawing into the Hardware Cursor/Ink Layer with SwivelView enabled requires dis-
abling SwivelView, drawing in the Hardware Cursor/Ink Layer buffer, then re-enabling
SwivelView.

S1D13506
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9.4 Examples

Source code demonstrating various SwivelView rotationsis provided in thefile
13506swivel.c available on the internet at www.eea.epson.com.

Example 7: Rotate Image 90° for a 640x480 display at a color depth of 8 bpp.

Before enabling SwivelView, the display buffer should be cleared. This makes the
transition smoother as existing display images cannot be rotated by hardware - arepaint is
necessary.

1. Settheline offset to 1024 pixels. The Memory Offset register isthe offset in words.

Write 02h to REG[047h] and write 00h to REG[046h].

2. Setthe LCD Display Start Address. The Display Start Address registers form apoint-
er to aword, therefore the value to set the start.

Write COh (192 or (1024 - 480)+2) to REG[042h], REG[043h] and REG[044h]. That
is write COh) to REG[042h], 00h to REG[043h] and 00h to REG[044h].

3. Enable SwivelView Bit 0 and clear SwivelView Bit 1. Set REG[1FCh] to 1 and
REG[040h] to 0.

4. Thedisplay isnow configured for SwivelView 90° mode. Offset zero into the display
buffer corresponds to the upper left corner of the display. The only difference seen by
the programmer is the display offset is now 1024 pixels regardless of the physical
dimensions of the display.

5. Draw the desired image.

Example 8: Rotate Image 180 degrees for a 640x480 display at a color depth of 16
bpp.

Assuming the existing image is unrotated, the display buffer does not have to be cleared.
Existing display images are simply be rotated by hardware. In this case arepaint is not

necessary.
1. TheMemory Offset register does not need to be modified.

2. Setthe LCD Display Start Address. The Display Start Address registers form apoint-
er to aword, therefore the value to set the start. Calcul ate the value based on the fol -
lowing formula.

StartAddress = (ScanBytes x PanelHeight - (ScanBytes - 2 x PanelWidth)) + 2- 1
= (1280 x 480 - (1280 -2 x 640)) + 2- 1
=(1280%x480) +2-1
= 307199
= 4AFFFh
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Program the LCD Display Start Address Registers. REG[044h] is set to 04h,
REG[043h] is set to AFh, and REG[042h] is set to FFh.

3. Set SwivelView Bit 1 by setting bit 4 of REG[040h]

4. Thedisplay will now show the previous image rotated by 180 degrees. Offset zero
into display memory will correspond to the lower right corner of the display.

5. Draw any new desired image. The drawing software can be completely unaware of the
display being rotated.

9.5 Simultaneous Display Considerations

Although only the LCD panel image can berotated, it is possible to simultaneously display
an independent image on the CRT or TV display. In this case, the programmer should be
aware of the following:

» Asthe LCD display buffer must start at offset O when arotated display is required, the
CRT display buffer must be located after the LCD display buffer.

» When modifying the CRT display buffer, SwivelView Enable Bit 0 must be cleared and
then restored when finished. The following demonstrates this principle.

1. Save SwivelView Bit 0
Clear SwivelView Bit 0

Draw the CRT/TV image

A w0 DN

Restore the saved SwivelView Bit 0.

S1D13506
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10 2D BitBLT Engine

10.1 Registers

Theterm BitBLT isan acronym for Bit Block Transfer. During aBitBLT operation datais
transferred from one memory location (source) to another memory location (destination).
With current graphical user interfaces (GUIs) this term generally refersto the transfer of
bitmap images to or from video memory (display buffer).

The resulting bitmap image may be derived from up to three items or operands:
* the source data.
 anoptional pattern.

« the current destination data.

The operands are combined using logical AND, OR, XOR and NOT operations. The
combining processis called a Raster Operation (ROP). The S1D13506 2D Accelerator
supports all possible 16 ROPs between source data and destination data. The destinationis
alwaysthe display buffer and the sourceis either datain the display buffer, apattern in the
display buffer, or data provided by the host CPU.

The 2D BitBLT Engine in the S1D13506 is designed to increase the speed of the most
common GUI operations by off-loading work from the CPU, thus reducing traffic on the
system bus and improving the efficiency of the display buffer interface. The 2D BitBLT
Engineis designed to work at color depths of 8 bpp, 15 bpp, and 16 bpp.

The BitBLT control registers on the S1D13506 are located at registers 100h through 119h.
The following is a description of al BitBLT registers.

REG[100h] BitBLT Control Register 0
BItBLT Active | BItBLT FIFO | BitBLT FIFO | BitBLT FIFO BitBLT BitBLT
Status Not Empty Half Full Full Status n/a n/a Destination | Source Linear
Status (RO) | Status (RO) (RO) Linear Select Select
The BitBLT Active Status bit has two data paths, one for write and one for read.
Write Data Path
When thishit isset to 1, the BitBL T as selected in the BitBL T Operation Register
(REG[103h]) is started.
Read Data Path
Whenthishitisread, it returnsthe status of the blit engine. When aread from thisbit returns
0, theblit engineisidleand isready for the next operation. When aread from thisbit returns
al, theblit engineisbusy.
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REG[100h] BitBLT Control Register 0

BitBLT Active
Status

BitBLT FIFO
Not Empty
Status (RO)

BitBLT FIFO
Half Full
Status (RO)

BitBLT FIFO
Full Status
(RO)

n/a

n/a

BitBLT
Destination
Linear Select

BitBLT
Source Linear
Select

TheBitBLT FIFO Not Empty Status bit isaread-only status bit. When thisbit returns a0,
the BitBLT FIFO isempty. When thishit returnsa, the BitBL T FIFO contains at least one
data

REG[100h] BitBLT Control Register 0

BitBLT Active BitBLT FIFO | BitBLT FIFO | BitBLT FIFO BitBLT BitBLT
Status Not Empty Half Full Full Status n/a n/a Destination | Source Linear
Status (RO) | Status (RO) (RO) Linear Select Select

The BitBLT FIFO Half Full Status bit isaread-only status bit. When this bit returns a0,
the BitBLT FIFO isless than half full (contains 7 or less data). When this bit returnsa 1,
the BitBLT FIFO is half full or greater than half full (contains 8 or more data).

REG[100h] BitBLT Control Register 0

BitBLT Active BitBLT FIFO | BitBLT FIFO | BitBLT FIFO BitBLT BitBLT
Status Not Empty Half Full Full Status nla n/a Destination | Source Linear
Status (RO) | Status (RO) (RO) Linear Select Select

The BitBLT FIFO Full Status bit is aread-only status bit. When this bit returnsa 0, the
BitBLT FIFO isnot full (containslessthan 16 data). When thisbit returnsa 1, the BitBLT
FIFO isfull (contains 16 data).

REG[100h] BitBLT Control Register 0

BitBLT Active BitBLT FIFO | BitBLT FIFO | BitBLT FIFO BitBLT BitBLT
Status Not Empty Half Full Full Status nla nla Destination | Source Linear
Status (RO) | Status (RO) (RO) Linear Select Select

The BitBLT Destination Linear Select bit specifies the storage method of the destination
blit. If this bit = 0, the destination blit is stored as a rectangular region of memory. If this
bit = 1, the destination blit is stored as a contiguous linear block of memory.

REG[100h] BitBLT Control Register 0
BItBLT Active | BItBLT FIFO | BitBLT FIFO | BitBLT FIFO BitBLT BitBLT
Status Not Empty Half Full Full Status n/a n/a Destination | Source Linear
Status (RO) Status (RO) (RO) Linear Select Select
TheBitBLT Source Linear Select bit specifies the storage method of the source blit. If this
bit = 0, the sourceblit is stored as arectangular region of memory. If thisbit = 1, the source
blit is stored as a contiguous linear block of memory.
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REG[101h] BitBLT Control Register 1
n/a n/a n/a Reserved n/a n/a n/a BitBLT Color
Format Select
This bit is reserved and must be set to 0.
REG[101h] BitBLT Control Register 1
n/a n/a n/a Reserved n/a n/a n/a EAE) L el

Format Select

The BitBLT Color Format Select bit selects the color format that the BitBL T operation is
applied to. When thisbit = 0, 8 bpp (256 color) format is selected. When thisbit =1, 16 bpp

(64K color) format is selected.

REG[102h] BitBLT ROP Code/Color Expansion Register

n/a n/a

n/a n/a

BitBLT ROP | BitBLT ROP
Code Code
Bit 3 Bit 2

BitBLT ROP | BitBLT ROP
Code Code
Bit 1 Bit 0

TheBitBLT ROP Code/Color Expansion Register selectsthe Raster Operation (ROP) used
for the Write blit, Move blit, and Pattern fill. It is a so used to specify the start bit position
for BitBL Tswith color expansion. Thefollowing table summarizesthe functionality of this

register.

Table 10-1: BitBLT ROP Code/Color Expansion Function Selection

BitBLT ROP Code Boolean Function for Write Boolean Function for Start Bit Position for Color
Bits [3:0] Blit and Move Blit Pattern Fill Expansion
0000 0 (Blackness) 0 (Blackness) bit 0
0001 ~S.~Dor~(S+D) ~P.~Dor~(P +D) bit 1
0010 ~S.D ~P.D bit 2
0011 ~S ~P bit 3
0100 S.~D P.~D bit 4
0101 ~D ~D bit 5
0110 S~D P~D bit 6
0111 ~S+~Dor~(S.D) ~P +~Dor~(P.D) bit 7
1000 S.D P.D bit 0
1001 ~(S"D) ~(P D) bit 1
1010 D D bit 2
1011 ~S+D ~P+D bit 3
1100 S P bit 4
1101 S+-~D P+~D bit 5
1110 S+D P+D bit 6
1111 1 (Whiteness) 1 (Whiteness) bit 7
S = Source, D = Destination, P = Pattern
Operators: ~ = NOT, . = Logical AND, + = Logical OR, * = Logical XOR
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REG[103h] BitBLT Operation Register

n/a

n/a

n/a

n/a

BitBLT
Operation
Bit 3

BitBLT
Operation
Bit 2

BitBLT
Operation
Bit 1

BitBLT
Operation
Bit 0

TheBitBLT Operation Register selectsthe BitBLT operation to be carried out based on the
following table:

Table 10-2: BitBLT Operation Selection

BitBLT Operation Bits [3:0]

Blit Operation

0000 Write Blit with ROP
0001 Read Blit
0010 Move Blit in positive direction with ROP
0011 Move Blit in negative direction with ROP
0100 Transparent Write Blit
0101 Transparent Move Blit in positive direction
0110 Pattern Fill with ROP
0111 Pattern Fill with transparency
1000 Color Expansion
1001 Color Expansion with transparency
1010 Move Blit with Color Expansion
1011 Move Blit with Color Expansion and transparency
1100 Solid Fill

Other combinations Reserved

REG[104h] BitBLT Source Start Address Register 0
BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT
Source Start | Source Start | Source Start | Source Start | Source Start | Source Start | Source Start | Source Start
Address Address Address Address Address Address Address Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[105h] BitBLT Source Start Address Register 1
BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT
Source Start | Source Start | Source Start | Source Start | Source Start | Source Start | Source Start | Source Start
Address Address Address Address Address Address Address Address
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
REG[106h] BitBLT Source Start Address Register 2
BitBLT BitBLT BitBLT BitBLT BitBLT
n/a n/a n/a Source Start | Source Start Source Start Source Start | Source Start
Address Address Bit 18 Address Bit Address
Bit 20 Bit 19 17 Bit 16
TheBitBLT Source Start Address Registersform a 21-bit register that specifiesthe source
start address for the BitBL T operation selected by the BitBLT Operation Register
(REG[103h]).
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If datais sourced from the CPU, then bit 0 is used for byte alignment within a 16-bit word
and the other address bits are ignored. In pattern fill operation, the BitBL T Source Start
Addressis defined by the following equation:

Source Start Address Register = Pattern Base Address + Pattern Line Offset + Pixel Offset.

The following table shows how Source Start Address Register is defined for 8 and 16 bpp
color depths:

Table 10-3: BitBLT Source Sart Address Selection

Color Format

Pattern Base Address[20:0]

Pattern Line Offset[2:0]

Pixel Offset[3:0]

BitBLT Source Start Address[20:6],

BitBLT Source Start

1'b0, BitBLT Source Start

8 bpp 6'b0 Address[5:3] Address[2:0]
16 b BitBLT Source Start Address[20:7], BitBLT Source Start BitBLT Source Start
PP 7'b0 Address[6:4] Address[3:0]
REG[108h] BitBLT Destination Start Address Register 0O
BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT
Destination Destination Destination Destination Destination Destination Destination Destination
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[109h] BitBLT Destination Start Address Register 1
BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT
Destination Destination Destination Destination Destination Destination Destination Destination
Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address | Start Address
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
REG[10Ah] BitBLT Destination Start Address Register 2
BitBLT BitBLT BitBLT BitBLT BitBLT
na n/a n/a Destination Destination Destination Destination Destination
Start Address | Start Address | Start Address | Start Address | Start Address
Bit 20 Bit 19 Bit 18 Bit 17 Bit 16

The BitBLT Destination Start Address Registers form a 21-bit register that specifies the
destination start address for the BitBL T operation selected by the BitBL T Operation
Register (REG[103h]). The destination address represents the upper left corner of the
BitBLT rectangle (lower right corner of the BitBL T rectangle for Move Blit in Negative
Direction).
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REG[10Ch] BitBLT Memory Address Offset Register O
BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT
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
REG[10Dh] BitBLT Memory Address Offset Register 1
BitBLT BitBLT BitBLT
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

The BitBLT Memory Address Offset Registers form the BitBL Ts 11-bit address offset
from the starting word of line “n” to the starting word of line“n + 1". They are used for
address calculation only when the BitBL T is configured as arectangular region of memory
using the BitBL T Destination/Source Linear Select bits (REG[100h] bits 1-0). They are not

used for the displays.
REG[110h] BitBLT Width Register 0
BitBLT Width | BitBLT Width | BitBLT Width | BitBLT Width | BitBLT Width | BitBLT Width | BitBLT Width | BitBLT Width
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[111h] BitBLT Width Register 1
na na na na na na BitBLT Width | BitBLT Width
Bit 9 Bit 8
The BitBLT Width Registersform a 10-bit register that specifiesthe BitBLT width in
pixelsless 1.
Note

The BitBLT operations Pattern Fill with ROP and Pattern Fill with transparency require
aBitBLT Width > 2.

REG[112h] BitBLT Height Register O

BitBLT Height | BitBLT Height | BitBLT Height | BitBLT Height | BitBLT Height | BitBLT Height | BitBLT Height | BitBLT Height
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[113h] BitBLT Height Register 1
BitBLT Height | BitBLT Height
n/a n/a n/a n/a n/a n/a Bit 9 Bit 8
The BitBLT Height Registers form a 10-bit register that specifiesthe BitBLT height in
pixelsless 1.
S1D13506
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REG[114h] BitBLT Background Color Register 0
BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT
Background | Background | Background | Background | Background | Background | Background | Background
Color Color Color Color Color Color Color Color
Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit O
REG[115h] BitBLT Background Color Register 1
BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT
Background | Background | Background | Background | Background | Background | Background | Background
Color Color Color Color Color Color Color Color
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

The BitBLT Background Color Registers form a 16-bit register that specifies the BitBLT
background color for Color Expansion or the key color for transparent blits. For 16 bpp
color depth (REG[101h] bit 0 = 1), all 16 bitsare used. For 8 bpp color depth (REG[101h]

bit 0 = 0), only bits 7-0 are used.

REG[118h] BitBLT Foreground Color Register 0
BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT
Foreground Foreground Foreground Foreground Foreground Foreground Foreground Foreground
Color Color Color Color Color Color Color Color
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[119h] BitBLT Foreground Color Register 1
BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT BitBLT
Foreground Foreground Foreground Foreground Foreground Foreground Foreground Foreground
Color Color Color Color Color Color Color Color
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

The BitBL T Foreground Color Registers form a 16-bit register that specifies the BitBLT
foreground color for Color Expansion or the Solid Fill BitBLT. For 16 bpp color depth

(REG[101h] bit 0 = 1), all 16 bits are used. For 8 bpp color depth (REG[101h] bit 0 = 0),
only bits 7-0 are used.
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10.2 BitBLT Descriptions

The S1D 13506 supports 13 fundamental BitBLT operations:
» Write Blit with ROP.

* Read Blit.

» Move Blit in positive direction with ROP.

« Move Blit in negative direction with ROP.

e Transparent Write Blit.

» Transparent Move Blit in positive direction.

* Pattern Fill with ROP.

* Pattern Fill with Transparency.

» Color Expansion.

» Color Expansion with Transparency.

* Move Blit with Color Expansion.

* Move Blit with Color Expansion and Transparency.
* Solid Fill.

Most of the 13 operations are self completing. This means once they begin they complete
on their own, not requiring data transfers with the CPU. The remaining five BitBL T opera-
tions (Write Blit with ROP, Transparent Write Blit, Color Expansion, Color Expansion
with Transparency, Read Blit) require data to be written/read to/from the display buffer.
This data must be transferred one word (16-bits) at atime. This does not imply only 16-bit
CPU instructions are acceptable. If asystem isableto separate one DWORD writeinto two
WORD writes, then 32-bit CPU instructions are acceptable. Otherwise, two back to back
16-bit CPU instructions are required.

Thedataisnot directly written/read to/from the display buffer. It iswritten/read to/from the
BitBLT FIFO through the 1M blit aperture specified at the address of REG[100000h]. The
16 word FIFO can be written to only when not full and can be read from only when not
empty. Failing to monitor the FIFO status can result in aBitBLT FIFO overflow or
underflow.

While the FIFO is being written to by the CPU, it isaso being emptied by the S1D13506.
If the S1D 13506 empties the FIFO faster than the CPU can fill it, it may not be possible to
cause an overflow/underflow. In these cases, performance can be improved by not
monitoring the FIFO status. However, thisis very much platform dependent and must be
determined for each system.

Note
When TV with flicker filter is enabled or simultaneous display is active, alwaystest the
FIFO status beforereading from/writing to the FIFO.

S1D13506 Programming Notes and Examples
X25B-G-003-03 Issue Date: 01/02/06



Epson Research and Development Page 69
Vancouver Design Center

10.2.1 Write Blit with ROP

The Write Blit increases the speed of transferring data from system memory to the display
buffer.

The Write Blit with ROP fills a specified area of the display buffer with data supplied by
the CPU. Thisblit istypically used to copy a bitmap image from system memory to the
display buffer. The Write Blit supportsall 16 ROPs, although the most frequent ROP is
ROP 0Ch (Copy Source into Destination). It also supports both Destination Linear and
Destination Rectangular modes.

TheWrite Blit requiresthe CPU to provide data. Theblit engine expectsto receive acertain
number of WORDS. For 15/16 bpp color depths, the number of WORDS isthe same asthe
number of pixelsdueto thefact that each pixel isone WORD wide. The number of WORD
writes the blit engine expectsis calculated using the following formula.

nWORDS = nPixels
= BlitWidth x BlitHeight

For 8 bpp color depths, the formula must take into consideration that the blit engine accepts
only WORD accesses and each pixel isone BY TE. The blit engine needsto know whether
thefirst pixel of alineisstored in the low byte or high byte. Thisis determined by bit O of
the Source Start Address Register 0 (REG[104h]). If the Source Phaseis 1 (bit 0 of the
Source Start Address Register 0 is set), the first pixel of each lineisin the high byte of the
WORD and the contents of thelow byte areignored. If the Source Phaseis 0, thefirst pixel
isin the low byte and the second pixel isin the high byte. Depending on the Source Phase
and the Blit Width, the last WORD may contain only one pixel. Inthiscaseit isalwaysin
the low byte. The number of WORD writes the blit engine expects for 8 bpp color depths
isshown in the following formula.

NWORDS = ((BlitWidth + 1 + SourcePhase) + 2) x BlitHeight

Note
The blit engine counts WORD writesin the blit address space. This does not imply only
16-bit CPU instructions are acceptable. If a system is able to separate one DWORD
write into two WORD writes, then 32-bit CPU instructions are acceptable. Otherwise,
two back to back 16-bit CPU instructions are required.
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Example 9: Write a 100 x 20 rectangle at the screen coordinates x =25, y = 38 using

a 640x480 display at a color depth of 8 bpp.

1. Cadculate the destination address (upper left corner of the screen blit rectangle) using

the following formula.

DestinationAddress = (y x ScreenStride) + (x x BytesPerPixel)
= (38 x 640) + (25 x 1)
= 24345
= 5F19h

where:

BytesPerPixel = 1 for 8 bpp

BytesPerPixel = 2 for 15/16 bpp

ScreenStride = DisplayWidthinPixels x BytesPerPixel = 640 for 8 bpp

Program the BitBL T Destination Start Address Registers. REG[10Ah] is set to Q0h,
REG[109h] is set to 5Fh, and REG[108h] is set to 19h.

Program the BitBL T Width Registersto 100 - 1. REG[111h] is set to 00h and
REG[110h] is set to 63h (99 decimal).

Program the BitBLT Height Registersto 20 - 1. REG[113h] is set to 00h and
REG[112h] is set to 13h (19 decimal).

Program the Source Phasein the BitBLT Source Start Address Register. In this exam-
plethe datais WORD aligned, so the source phaseis 0. REG[104h] is set to 00h.

Program the BitBLT Operation Register to select the Write Blit with ROP.
REG[103h] is set to 00h.

Program the BitBLT ROP Code Register to select Destination = Source. REG[102h]
is set to OCh.

Program the BitBLT Color Format Select bit for 8 bpp operations. REG[101h] is set
to O0h.

Program the BitBLT Memory Offset Registers to the ScreenStridein WORDS:
BltMemoryOffset = DisplayWidthinPixels + BytesPerPixel
=640+ 2
= 140h

REG[10DH] is set to 01h and REG[10Ch] is set to 40h.

Calculate the number of WORDS the blit engine expectsto receive.

nWORDS = ((BlitWidth + 1 + SourcePhase) + 2) x BlitHeight
=(100+1)+2x20
= 1000
= 3E8h
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10. Program the BitBL T Destination/Source Linear Select bits for arectangular blit (Bit-
BLT Destination Linear Select = 0, BitBLT Source Linear Select = 0).

Start the blit operation and wait for the blit engineto start. REG[100h] is set to 80h,
then wait until REG[100h] bit 7 returnsa 1.

11. Prior to writing all NWORDS to the Blit FIFO, confirm the Blit FIFO is not full
(REG[100h] hit 4 returns a 0). If the BitBLT FIFO Not Empty Status returns a0 (the
FIFO isempty), write up to 16 WORDS. If the BitBLT FIFO Not Empty Status re-
turnsal and the BitBLT FIFO Half Full Status returns a0 then you can write up to 8
WORDS. If the BitBLT FIFO Full Statusreturnsa 1, do not writeto the BitBLT FIFO

until it returns aO.

The following table summarizes how many words can be written to the Blit FIFO.

Table 10-4: Possible Blit FIFO Writes

BitBLT Control Register 0 (REG[100h]) Word Writes
FIFO Not Empty Status FIFO Half Full Status FIFO Full Status Available
0 0 0 16
1 0 0 8
1 1 0 upto8
1 1 1 0 (do not write)
Note

The order of register initialization isirrelevant aslong as all relevant registers are pro-
grammed before the BitBLT is started.

10.2.2 Color Expand BitBLT

This Color Expand BitBLT issimilar to the Write BitBLT. It differsinthat abit setto 1in
the source data becomes a pixel of foreground color. A source bit set to 0 is converted to a
pixel of background color. This function increases the speed of writing text whilein

graphical modes.

This BitBL T operation includes severa options which enhance itstext handling capabil-

ities. Aswiththe Write BitBLT, all datasent to the blit engine must be word (16-bit) writes.
The blit engine expandsthelow byte, then the high byte starting at bit 7 of each byte.
The start byte of the first WORD to be expanded and the start bit position within this byte
must be specified. The start byte position is selected by setting source address bit 0to 0 to
start expanding the low byte or 1 to start expanding the high byte.
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Partially “masked” color expand BitBL T can be used when drawing a portion of a pattern
(i.e. aportion of acharacter) on the screen. The following examples illustrate how one
WORD is expanded using the Color Expand BitBLT.

1. To expand bits 0-1 of the word:

Source Address=0
Start Bit Position = 1
Blit Width=2

The following bits are expanded.

Word Sent To BitBLT Engine
15 8 7 0

High Byte Low Byte

2. To expand bits 0-15 of the word (entire word)

Source Address=0
Start Bit Position = 7 (bit seven of the low byte)
Blit Width = 16

The following bits are expanded.

Word Sent To BitBLT Engine
15 8 7 0

High Byte Low Byte
3. To expand bits 8-9 of the word

Source Address= 1
Start Bit Position = 1
Blit Width =2

The following bits are expanded.

Word Sent To BitBLT Engine
15 8 7 0

High Byte Low Byte

4. To expand bits 0,15-14 of the word
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Source Address=0
Start Bit Position =0
Blit Width=3

Thefollowing bits are expanded.

Word Sent To BitBLT Engine
15 8 7 0

High Byte Low Byte

All subsequent WORDS in one blit line are then serially expanded starting at bit 7 of the
low byte until the end of the blit line. All unused bitsin the last WORD are discarded. Itis
extremely important that the exact number of WORDS is provided to the blit engine. The
number of WORDS is calculated from the following formula. Thisformulais valid for all
color depths (8/15/16 bpp).

nWords = ((Sx MOD 16 + BItWidth + 15) + 16) x BltHeight

where:
Sx isthe X coordinate of the starting pixel in aword aligned monochrome bitmap.

Monochrome Bitmap
Byte 1 Byte 2

Sx= 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Example 10: Color expand a rectangle of 12 x 18 starting at the coordinates Sx =
125, Sy = 17 using a 640x480 display at a color depth of 8 bpp.

This example assumes a monochrome, WORD aligned bitmap of dimensions 300 x 600
withtheorigin at an address A. The color expanded rectanglewill be displayed at the screen
coordinates X = 20, Y = 30. The foreground color correspondsto the LUT entry at index
134, the background color to index 124.

1. First we need to calculate the address of the WORD within the monochrome bitmap
containing the pixel x =125,y = 17.

SourceAddress = BitmapOrigin + (y x SourceStride) + (X + 8)
= A + (Sy x SourceStride) + (Sx + 8)
=A + (17 x 38) + (125 + 8)
=A+646+15
=A + 661
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where:

SourceStride = (BitmapWidth + 15) + 16
=(300+15) + 16
=19 WORDS per line
=38BYTES per line

2. Calculate the destination address (upper left corner of the screen blit rectangle) using

the following formula.

DestinationAddress = (Y x ScreenStride) + (X x BytesPerPixel)
= (30 x 640) + (20 x 1)
= 19220
=4B14h

where:

BytesPerPixel = 1 for 8 bpp

BytesPerPixel = 2 for 15/16 bpp

ScreenStride = DisplayWidthinPixels x BytesPerPixel = 640 for 8 bpp

Program the BitBL T Degtination Start Address Registers. REG[10Ah] is set to 00h,
REG[109h] is set to 4Bh, and REG[108h] is set to 14h.

Program the BitBLT Width Registersto 12 - 1. REG[111h] is set to 00h, REG[110h]
isset to OBh (11 decimal).

Program the BitBLT Height Registersto 18 - 1. REG[113h] is set to 00h, REG[112h]
isset to 11h (17 decimad).

Program the Source Phase in the BitBL T Source Start Address Register. In this exam-
ple the source address equals A + 661 (odd), so REG[104h] isset to 1.

Since only bit O flags the source phase, more efficient code would simply write the
low byte of the SourceAddress into REG[104h] directly -- not needing to test for an
odd/even address. Note that in 15/16 bpp color depths the Source addressis guaran-
teed to be even.

Program the BitBLT Operation Register to select the Color Expand Blit. REG[103h]
is set to 08h.

Program the Color Expansion Register. The formulafor this exampleis asfollows.

Reg[102h] =7-(SXMOD 8)
=7- (125 MOD 8)
=7-5
=2

REG[102h] is set to 02h.

Program the Background Color Registers to the background color. REG[115h] is set
to 00h and REG[114h] is set to 7Ch (124 decimal).

Note that for 15/16 bpp color depths, REG[115h] and REG[114h] are both required
and programmed directly with the value of the background color.
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9. Program the Foreground Color Registersto the foreground color. REG[119h] is set to
00h and REG[118h] is set to 86h (134 decimal).

Note that for 15/16 bpp color depths REG[119h] and Reg[118h] are both required and
programmed directly with the value of the foreground color.

10. Program the BitBLT Color Format Register for 8 bpp operation. REG[101h] is set to
00h.

11. Program the BitBLT Memory Offset Registersto the ScreenStride in WORDS.

BltMemoryOffset = ScreenStride + 2
=640+ 2
= 140h

REG[10Dh] is set to 01h and REG[10CH] is set to 40h.

12. Calculate the number of WORDS the blit engine expects to receive.
First, the number of WORDS in one blit line must be calcul ated as follows.

nWordsOneLine =((125MOD 16) + 12 + 15) + 16
=(13+12+15)+ 16
=40+ 16
=2

Therefore, the total WORDS the blit engine expects to receive is calculated as fol -
lows.

nWords =nWordsOneLine x 18
=2x18
=36

13. Program the BitBL T Destination/Source Linear Select bitsfor arectangular blit (Bit-
BLT Destination Linear Select = 0, BitBLT Source Linear Select = 0).

Start the blit operation and wait for the Blit Engineto start. REG[100h] is set to 80h,
then wait until REG[100h] bit 7 returnsa 1.

14. Prior to writing all NWORDS to the Blit FIFO, confirm the Blit FIFO is not full
(REG[100h] hit 4 returns a 0). One WORD expandsinto 16 pixelswhich fillsall 16
FIFO wordsin 15/16 bpp or 8 FIFO wordsin 8 bpp.

The following table summarizes how many words can be written to the Blit FIFO.

Table 10-5: Possible Blit FIFO Writes

BitBLT Control Register 0 (REG[100h]) 8 bpp Word 16 bpp Word
FIFO Not Empty Status FIFO Half Full Status FIFO Full Status Writes Available | Writes Available
0 0 0 2 1
1 0 0 1
1 1 0 0 (do not write
i i 1 0 (do not write) ( )
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Note
The order of register initialization isirrelevant as long as all relevant registers are pro-
grammed before the BitBLT is initiated.

10.2.3 Color Expand BitBLT With Transparency

ThisBitBLT operation is virtually identical to the Color Expand BitBL T, except the
background color is completely ignored. All bitsset to 1 in the source monochrome bitmap
are color expanded to the foreground color. All bits set to 0 that would be expanded to the
background color in the Color Expand BitBLT are not expanded at all.

Program REG[103h] to 09h instead of 08h. Programming the background color is not
required.

10.2.4 Solid Fill BitBLT

The Solid Fill BitBLT fills arectangular area of the display buffer with asolid color. This
operation is used to paint large screen areas or to set areas of the display buffer to agiven
value.

Example 11: Fill ared 9 x 321 rectangle at the screen coordinates x =100, y = 10 us-
ing a 640x480 display at a color depth of 16 bpp.

1. Caculate the destination address (upper left corner of the destination rectangle) using
the following formula.

DestinationAddress = (y x ScreenStride) + (x x BytesPerPixel)
= (10 x (640 x 2)) + (100 x 2)
= 13000
=32C8h

where:

BytesPerPixel = 1 for 8 bpp

BytesPerPixel = 2 for 15/16 bpp

ScreenStride = DisplayWidthinPixels x BytesPerPixel = 1280 for 16 bpp.

Program the BitBL T Destination Start Address Registers. REG[10Ah] is set to Q0h,
REG[109h] is set to 32h, and REG[108h] is set to C8h.

2. Program the BitBLT Width Registersto 9- 1. REG[111h] is set to 00h and
REG[110h] is set to 08h.

3. Program the BitBLT Height Registersto 321 - 1. REG[113h] is set to 01h and
REG[112h] is set to 40h (320 decimal).

4. Program the BitBLT Foreground Color Registers. REG[119h] is set to F8h and
REG[118h] is set to 00h (Full intensity red in 16 bpp is F800h).

5. Program the BitBLT Operation Register to select Solid Fill. REG[103h] is set to OCh.
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6. Program the BitBLT Color Format Register for 16 bpp operations. REG[101h] is set
to 01h.

7. Program the BitBLT Memory Offset Registersto the ScreenStride in WORDS.

BltMemoryOffset = ScreenStride + 2
=640
=280h

REG[10Dh] is set to 02h and REG[10Ch] is set to 80h.

8. Program the BitBL T Destination/Source Linear Select bitsfor arectangular blit (Bit-
BLT Destination Linear Select = 0, BitBL T Source Linear Select = 0).

Start the blit operation. REG[100h] is set to 80h.

Note
The order of register initialization isirrelevant aslong as al relevant registers are pro-
grammed before the BitBL T isinitiated.

10.2.5 Move BitBLT in a Positive Direction with ROP

The Move BitBLT moves an area of the display buffer to a different area of the display
buffer. This operation has two intended purposes:

» Copying unattended display buffer to display buffer.
 Saving avisible bitmap to off-screen display buffer.

The Move BitBLT may move data from one rectangular areato another, or it may be
specified as linear. This allows the temporary saving of aportion of the visible display
buffer to an area of f-screen. The linear configuration may be applied to the source or desti-
nation. Defining the Move BitBLT as linear allows each line of the Move BitBL T areato
be placed directly after the previous line, rather than requiring a complete row of address
space for each line.

Note
When the destination area overlaps the origina source area and the destination address
is greater then the source address, use the Move BitBLT in Negative Direction with
ROP.
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D S
S D
Destination Address less than Source Address Destination Address greater than Source Address
Use Move BitBLT in Positive Direction Use Move BItBLT in Negative Direction

Figure 10-1: Move BitBLT Usage

Example 12: Copy a 9 x 321 rectangle at the screen coordinates x = 100, y = 10 to
screen coordinates x = 200, y = 20 using a 640x480 display at a color
depth of 16 bpp.

1. Caculate the source and destination addresses (upper left corners of the source and
destination rectangles), using the following formula.

SourceAddress = (y x ScreenStride) + (x x BytesPerPixel)
= (10 x (640 x 2)) + (100 x 2)
= 13000
= 32C8h

DestinationAddress = (y x ScreenStride) + (x x BytesPerPixel)
= (20 x (640 x 2)) + (200 x 2)
= 26000
= 6590h

where:

BytesPerPixel = 1 for 8 bpp

BytesPerPixel = 2 for 15/16 bpp

ScreenStride = DisplayWidthinPixels x BytesPerPixel = 1280 for 16 bpp

Program the BitBL T Source Start Address Registers. REG[106h] is set to 00h,
REG[105h] is set to 32h, and REG[104h] is set to C8h.

Program the BitBL T Destination Start Address Registers. REG[10Ah] is set to 00h,
REG[109h] is set to 65h, and REG[108h] is set to 90h.

2. Program the BitBLT Width Registersto 9- 1. REG[111h] is set to 00h and
REG[110h] is set to 08h.

3. Program the BitBLT Height Registersto 321 - 1. REG[113h] is set to 01h and
REG[112h] is set to 40h (320 decimal).

4. Program the BitBLT Operation Register to select the Move BitBLT in Positive Direc-
tion with ROP. REG[103h] is set to 02h.

S1D13506 Programming Notes and Examples
X25B-G-003-03 Issue Date: 01/02/06



Epson Research and Development Page 79

Vancouver Design Center

5. Program the BitBLT ROP Code Register to select Destination = Source. REG[102h]
is set to OCh.

6. Program the BitBLT Color Format Select bit for 16 bpp operations. REG[101h] is set
to 01h.

7. Program the BitBLT Memory Offset Registersto the ScreenStride in WORDS.

BltMemoryOffset = ScreenStride + 2
=640
=280h

REG[10Dh] is set to 02h and REG[10Ch] is set to 80h.

8. Program the BitBL T Destination/Source Linear Select bitsfor arectangular blit (Bit-
BLT Destination Linear Select = 0, BitBLT Source Linear Select = 0).

Start the blit operation. REG[100h] is set to 80h.

Note
The order of register initialization isirrelevant aslong as all relevant registers are pro-
grammed before the BitBLT isinitiated.

10.2.6 Move BitBLT in Negative Direction with ROP

The Move BitBLT in Negative Direction with ROP is very similar to the Move BitBLT in
Positive direction and must be used when the source and destination blit areas overlap and
the destination address is greater then the source address.

Note
For the Move BitBL T in Negative Direction it is necessary to cal cul ate the addresses of
the last pixel as opposed to the first pixel. This means calculating the addresses of the
lower right corners as opposed to the upper left corners.

Example 13: Copy a 9 x 321 rectangle at the screen coordinates x =100, y = 10 to
screen coordinates X = 105, Y = 20 using a 640x480 display at a color
depth of 16 bpp.

In the following exampl e, the coordinates of the source and destination rectangles inten-
tionally overlap.

1. Caculate the source and destination addresses (lower right corners of the source and
destination rectangles) using the following formula

SourceAddress
= ((y + Height - 1) x ScreenStride) + ((x + Width - 1) x BytesPerPixel)
=((10+321-1) x (640 x 2)) + ((100 +9- 1) x 2)
= 422616
= 672D8h
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DestinationAddress
= ((Y + Height - 1) x ScreenStride) + ((X + Width - 1) x BytesPerPixel)
=((20+321-1) x (640 x 2)) + ((105+9-1) x 2)
= 435426
= 6A4E2h

where:

BytesPerPixel = 1 for 8 bpp

BytesPerPixel = 2 for 15/16 bpp

ScreenStride = DisplayWidthinPixels x BytesPerPixel = 1280 for 16 bpp

Program the BitBLT Source Start Address Registers. REG[106h] is set to 06h,
REG[105h] is set to 72h, and REG[104h] is set to D8h.

Program the BitBL T Degtination Start Address Registers. REG[10Ah] is set to 06h,
REG[109h] is set to Adh, and REG[108h] is set to E2h.

Program the BitBLT Width Registersto 9- 1. REG[111h] is set to 00h and
REG[110h] is set to 08h.

Program the BitBLT Height Registersto 321 - 1. REG[113h] is set to 01h and
REG[112h] is set to 40h (320 decimal).

Program the BitBL T Operation Register to select the Move Blit in Negative Direction
with ROP. REG[103] is set to 03h.

Program the BitBLT ROP Code Register to select Destination = Source. REG[102h]
is set to OCh.

Program the BitBLT Color Format Select bit for 16 bpp operations. REG[101h] is set
to 01h.

Program the BitBLT Memory Offset Registers to the ScreenStride in WORDS.

BltMemoryOffsaet = ScreenStride + 2
=640
= 280h

REG[10Dh] is set to 02h and REG[10CHh] is set to 80h.

Program the BitBL T Destination/Source Linear Select bits for arectangular blit (Bit-
BLT Destination Linear Select = 0, BitBLT Source Linear Select = 0).

Start the blit operation. REG[100h] is set to 80h.

Note
The order of register initialization isirrelevant as long as al relevant registers are pro-
grammed before the BitBLT is initiated.
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10.2.7 Transparent Write Blit

The Transparent Write Blit increasesthe speed of transferring datafrom system memory to
the display buffer. Once the Transparent Write Blit begins, the blit engine remains active
until all pixels have been written.

The Transparent Write Blit updates aspecified area of the display buffer with data supplied
by the CPU. Thishlit istypically used to copy a bitmap image from system memory to the
display buffer with one color marked as transparent. Any pixel of the transparent color is
not transferred. This allows fast display of hon-rectangular images. For example, consider
asource bitmap having ared circle on ablue background. By selecting the blue color asthe
transparent color and using the Transparent Write Blit on the whole rectangle, the effect is
ablit of the red circle only. The Transparent Write Blit supports both Destination Linear
and Destination Rectangular modes.

This Transparent Write Blit requires the CPU to provide data. The blit engine expectsto

receive a certain number of WORDS. For 15/16 bpp color depths, the number of WORDS
isthe same as the number of pixels dueto the fact that each pixel isone WORD wide. The
number of WORD writes the blit engine expectsis cal culated using the following formula.

nNWORDS = nPixds
= Blit Width x Blit Height

For 8 bpp color depths, the formulamust take into consideration that the blit engine accepts
only WORD accesses and each pixel isone BY TE. The blit engine needsto know whether
thefirst pixel of alineisstored in the low byte or high byte. Thisis determined by bit O of
the Source Start Address Register 0 (REG[104h]). If the Source Phaseis 1 (bit 0 of the
Source Start Address Register 0 is set), the first pixel of each lineisin the high byte of the
WORD and the contents of thelow byte areignored. If the Source Phaseis 0, thefirst pixel
isin the low byte and the second pixel isin the high byte. Depending on the Source Phase
and the Blit Width, the last WORD in each line may contain only one pixel. Itisalwaysin
the low byte if more than one WORD per lineisrequired. The number of WORD readsthe
blit engine expects for 8 bpp color depthsis shown in the following formula.

NWORDS = ((BlitWidth + 1 + SourcePhase) + 2) x BlitHeight

Note
The blit engine counts WORD writesin the blit address space. This does not imply only
16-bit CPU instructions are acceptable. If a system is able to separate one DWORD
write into two WORD writes, then 32-bit CPU instructions are acceptable. Otherwise,
two back to back 16-bit CPU instructions are required.

Example 14: Write 100 x 20 pixels at the screen coordinates x =25, y = 38 using a
640x480 display at a color depth of 8 bpp. Transparent color is high in-
tensity blue (assumes LUT Index 124).

1. Caculate the destination address (upper left corner of the screen blit rectangle), using
the formula:
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DestinationAddress = (y x ScreenStride) + (x x BytesPerPixel)
= (38 x640) + (25 x 1)
= 24345
=5F19h

where:

BytesPerPixel = 1 for 8 bpp

BytesPerPixel = 2 for 15/16 bpp

ScreenStride = DisplayWidthinPixels x BytesPerPixel = 640 for 8 bpp

Program the BitBL T Degtination Start Address Registers. REG[10Ah] is set to 00h,
REG[109h] is set to 5Fh, and REG[108h] is set to 19h.

Program the BitBLT Width Registersto 100 - 1. REG[111h] is set to 00h and
REG[110h] is set to 63h (99 decimal).

Program the BitBLT Height Registersto 20 - 1. REG[113h] is set to 00h and
REG[112h] is set to 13h (19 decimal).

Program the Source Phase in the BitBLT Source Start Address Register. In this exam-
ple, the datais WORD aligned, so the source phase is 0. REG[104h] is set to 00h.

Program the BitBLT Operation Register to select Transparent Write Blit. REG[103h]
is set to 04h.

Program the BitBL T Background Color Registers to select transparent color.
REG[114h] isset to 7Ch (124 decimal).

Note that for 15/16 bpp color depths, REG[115h] and REG[114h] are both required
and programmed directly with the value of the transparent background color.

Program the BitBLT Color Format Select bit for 8 bpp operations. REG[101h] is set
to O0h.

Program the BitBLT Memory Offset Registers to the ScreenStride in WORDS.

BltMemoryOffset = ScreenStride + 2
=640+ 2
=320
= 140h

REG[10Dh] is set to 01h and REG[10CHh] is st to 40h.

Calculate the number of WORDS the blit engine expectsto receive.

nWORDS = ((BlitWidth + 1 + SourcePhase) + 2) x BlitHeight
=(100+1+0)+2x20
= 1000
= 3E8h
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10. Program the BitBL T Destination/Source Linear Select bits for arectangular blit (Bit-
BLT Destination Linear Select = 0, BitBLT Source Linear Select = 0).

Start the blit operation and wait for the blit engineto start. REG[100h] is set to 80h,
then wait until REG[100h] bit 7 returnsa 1.

11. Prior to writing all NWORDS to the Blit FIFO, confirm the Blit FIFO is not full
(REG[100h] hit 4 returns a 0). If the BitBLT FIFO Not Empty Status returns a0 (the
FIFO isempty), write up to 16 WORDS. If the BitBLT FIFO Not Empty Status re-
turns a0 and the BitBLT FIFO Half Full Status returns a0 then you can write up to 8
WORDS. If the BitBLT FIFO Full Statusreturnsa 1, do not write to the BitBLT FIFO
until it returnsaO.

The following table summarizes how many words can be written to the Blit FIFO.

Table 10-6: Possible Blit FIFO Writes

BitBLT Control Register 0 (REG[100h]) Word Writes
FIFO Not Empty Status FIFO Half Full Status FIFO Full Status Available
0 0 0 16
1 0 0 8
1 1 0 less than 8
1 1 1 0 (do not write)
Note

The order of register initialization isirrelevant aslong as all relevant registers are pro-
grammed before the BitBLT isinitiated.

10.2.8 Transparent Move BitBLT in Positive Direction

The Transparent Move BitBLT in Positive Direction moves an area of the display buffer to
adifferent area of the display buffer. It allows for selection of atransparent color whichis
not copied during the blit. Thisalowsfast display of non-rectangular images. For example,
consider a source bitmap having ared circle on ablue background. By selecting the blue

color asthetransparent color and using the Transparent Move Blit on the whole rectangle,

the effect isablit of the red circle only.

The Transparent Move BitBLT may move datafrom one rectangular area to another, or it
may be specified aslinear. The linear configuration may be applied to the source or desti-
nation. Defining the Move BitBLT as linear allows each line of the Move BitBL T areato
be placed directly after the previous line, rather than requiring a complete row of address
space for each line.

Note

The Transparent Move BitBLT is supported only in a positive direction.
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Example 15: Copy a 9 x 321 rectangle at the screen coordinates x = 100, y = 10 to

screen coordinates X = 200, Y = 20 using a 640x480 display at a color
depth of 16 bpp. Transparent color is blue.

1. Caculate the source and destination addresses (upper |eft corners of the source and

destination rectangles), using the formula:

SourceAddress = (y x ScreenStride) + (X x BytesPerPixel)
= (10 x (640 x 2)) + (100 x 2)
= 13000
=32C8h

DestinationAddress = (Y x ScreenStride) + (X x BytesPerPixel)
= (20 x (640 x 2)) + (200 x 2)
= 26000
= 6590h

where:

BytesPerPixel = 1 for 8 bpp

BytesPerPixel = 2 for 15/16 bpp

ScreenStride = DisplayWidthinPixels x BytesPerPixel = 1280 for 16 bpp

Program the BitBLT Source Start Address Registers. REG[106h] is set to 00h,
REG[105h] is set to 32h, and REG[104h] is set to C8h.

Program the BitBL T Degtination Start Address Registers. REG[10Ah] is set to 00h,
REG[109h] is set to 65h, and REG[108h] is set to 90h.

Program the BitBLT Width Registersto 9- 1. REG[111h] is set to 00h and
REG[110h] is set to 08h.

Program the BitBLT Height Registersto 321 - 1. REG[113h] is set to 01h and
REG[112h] is set to 40h (320 decimal).

Program the BitBLT Operation Register to select the Transparent Move Blit in Posi-
tive Direction. REG[103h] is set to 05h.

Program the BitBLT Background Color Registers to select blue as the transparent col-
or. REG[115h] is set to 00h and REG[114h] is set to 1Fh (Full intensity bluein 16 bpp
is 001Fh).

Program the BitBL T Color Format Register to select 16 bpp operations. REG[101h] is
set to O1h.

Program the BitBLT Memory Offset Registers to the ScreenStride in WORDS.

BltMemoryOffset = ScreenStride + 2
=640
=280h

REG[10DH] is set to 02h and REG[10CHh] is set to 80h.

S1D13506
X25B-G-003-03

Programming Notes and Examples
Issue Date: 01/02/06



Epson Research and Development Page 85
Vancouver Design Center

8. Program the BitBL T Destination/Source Linear Select bitsfor arectangular blit (Bit-
BLT Destination Linear Select = 0, BitBLT Source Linear Select = 0).

Start the blit operation. REG[100h] is set to 80h.

Note
The order of register initialization isirrelevant aslong as all relevant registers are pro-
grammed before the BitBL T isinitiated.

10.2.9 Pattern Fill BitBLT with ROP

The Pattern Fill BitBLT with ROP fills a specified rectangular area of the display buffer
with a pattern. Thefill patternisan array of pixels stored in off-screen display buffer. The
fill patternislimited to an eight by eight pixel array and must be loaded to off-screen
memory prior to the BitBL T starting. The pattern can belogically combined with the desti-
nation using al 16 ROP codes, but typically the copy pattern ROP is used (ROP code OCh).

The pattern itself must be stored in aconsecutive array of pixels. Asapatternis defined to
be eight pixels square, this resultsin 64 consecutive bytes for 8 bpp color depths and 128

bytesfor 15/16 bpp color depths. For 8 bpp color depthsthe pattern must begin on a64 byte
boundary, for 15/16 bpp color depths the pattern must begin on a 128 byte boundary.

Tofill an area using the pattern BitBL T, the blit engine requires the location of the pattern,
the destination rectangle position and size, and the ROP code. The blit engine also needsto
know which pixel from the pattern isthe first pixel in the destination rectangle (the pattern
start phase). This allows seamless redrawing of any part of the screen using the pattern fill.

Example 16: Fill a 100 x 250 rectangle at the screen coordinates x = 10, y = 20 with
the pattern in off-screen memory at offset 10 0000h using a 640x480 dis-
play at a color depth of 8 bpp. The first pixel (upper left corner) of the
rectangle is the pattern pixel at x =3, y = 4.

1. Cadculatethe destination address (upper |eft corner of the destination rectangle), using
the formula

DestinationAddress = (y x ScreenStride) + (x x BytesPerPixel)
= (20 x 640) + (10 x 1)
=12810
= 320Ah

where:

BytesPerPixel = 1 for 8 bpp

BytesPerPixel = 2 for 15/16 bpp

ScreenStride = DisplayWidthinPixels x BytesPerPixels = 640 for 8 bpp

Program the BitBL T Destination Start Address Registers. REG[10Ah] is set to 00h,
REG[109h] is set to 32h, and REG[108h] is set to OAh.

2. Calculate the source address. Thisisthe address of the pixd in the pattern that is the
origin of the destination fill area. The pattern begins at offset 1M, but the first pattern
pixel isat x = 3,y = 4. Therefore, an offset within the pattern itself must be calculated.
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SourceAddress

= PatternOffset + StartPatternY x 8 x BytesPerPixel + StartPatternX x BytesPerPixel
=IM+(4x8x1)+(3x1)

=1M + 35

=1048611

=100023h

where:
BytesPerPixel = 1 for 8 bpp
BytesPerPixel = 2 for 15/16 bpp

Program the BitBL T Source Start Address Registers. REG[106h] is set to 10h,
REG[105h] is set to 00h, and REG[104h] is set 23h.

Program the BitBL T Width Registersto 100 - 1. REG[111h] is set to 00h, REG[110h]
is set to 63h (99 decimad).

Program the BitBLT Height Registersto 250-1. REG[113h] is set to 00h, and
REG[112h] is set to FOh (249 decimal).

Program the BitBLT Operation Register to select the Pattern Fill with ROP.
REG[103h] is set to 06h.

Program the BitBLT ROP Code Register to select Destination = Source. REG[102h]
is set to OCh.

Program the BitBLT Color Format Select bit for 8 bpp operations. REG[101h] is set
to 00h.

Program the BitBLT Memory Offset Registers to the ScreenStridein WORDS.

BltMemoryOffset = ScreenStride + 2
=640+ 2
=320
= 140h

REG[10DH] is set to 01h and REG[10Ch] is set to 40h.

Program the BitBL T Destination/Source Linear Select bits for arectangular blit (Bit-
BLT Destination Linear Select =0, BitBLT Source Linear Select = 0).

Start the blit operation. REG[100h] is set to 80h.

Note
The order of register initialization isirrelevant as long as al relevant registers are pro-
grammed before the BitBL T isinitiated.
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10.2.10 Pattern Fill BitBLT with Transparency

The Pattern Fill BitBLT with Transparency fills a specified rectangular area of the display
buffer with apattern. When atransparent color is selected, pattern pixels of the transparent
color will not get copied, allowing creation of hatched patterns. Thefill pattern is an eight
by eight array of pixels stored in off-screen display buffer. The fill pattern must be loaded
to off-screen display buffer prior to the BitBLT starting.

The pattern itself must be stored in aconsecutive array of pixels. Asapatternis defined to
be eight pixels square, this resultsin 64 consecutive bytes for 8 bpp color depths and 128
bytesfor 15/16 bpp color depths. For 8 bpp color depths the pattern must begin on a64 byte
boundary, for 15/16 bpp color depths the pattern must begin on a 128 byte boundary.

Tofill an areausing the Pattern Fill BitBLT with Transparency, the blit engine requiresthe
location of the pattern, the destination rectangle position and size, and the transparency
color. The blit engine also needs to know which pixel from the pattern isthe first pixel in
the destination rectangle (the pattern start phase). This allows seamless redrawing of any
part of the screen using the pattern fill.

Example 17: Fill a 100 x 250 rectangle at the screen coordinates x = 10, y = 20 with
the pattern in off-screen memory at offset 10000h using a 640x480 dis-
play at a color depth of 8 bpp. The first pixel (upper left corner) of the
rectangle is the pattern pixel at x = 3, y = 4. Transparent color is blue (as-
sumes LUT index 1).

1. Cadculatethe destination address (upper left corner of destination rectangle), using the
formula:

DestinationAddress = (y x ScreenStride) + (x x BytesPerPixel)
= (20 x 640) + (10 x 1)
=12810
= 320Ah

where:

BytesPerPixel = 1 for 8 bpp

BytesPerPixel = 2 for 15/16 bpp

ScreenStride = DisplayWidthinPixels x BytesPerPixels = 640 for 8 bpp

Program the BitBL T Destination Start Address Registers. REG[10Ah] is set to 00h,
REG[109h] is set to 32h, and REG[108h] is set to OAh.

2. Calculate the source address. Thisisthe address of the pixel in the pattern that isthe
origin of the destination fill area. The pattern begins at offset 1M, but the first pattern
pixel isat x = 3,y = 4. Therefore, an offset within the pattern itself must be calculated.

SourceAddress

= PatternOffset + StartPatternY x 8 x BytesPerPixel + StartPatternX x BytesPerPixel
=IM+(4x8x1)+(3x1)

=1IM +35

= 1048611

= 100023h
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where:
BytesPerPixel = 1 for 8 bpp
BytesPerPixel = 2 for 15/16 bpp

Program the BitBLT Source Start Address Registers. REG[106h] is set to 10h,
REG[105h] is set to 00h, and REG[104h] is set 23h.

3. Program the BitBLT Width Registersto 100 - 1. REG[111h] is set to 00h and
REG[110h] is set to 63h (99 decimal).

4. Program the BitBLT Height Registers to 250-1. REG[113h] is set to 00h, and
REG[112h] is set to FOh (249 decimal).

5. Program the BitBLT Operation Register to select the Pattern Fill BitBLT with Trans-
parency. REG[103h] is set to O7h.

6. Program the BitBLT Background Color Registers to select transparent color. This ex-
ample uses blue (LUT index 1) as the transparent color. REG[114h] is set to Olh.

Note that for 15/16 bpp color depths, REG[115h] and REG[114h] are both required
and programmed directly with the value of the transparent background color. For ex-
ample, for full intensity green to be the transparent color in 16 bpp, REG[115h] is set
to 07h and REG[114h] is set to EOh.

7. Program the BitBLT Color Format Select bit for 8 bpp operations. REG[101h] is set
to 00h.

8. Program the BitBLT Memory Offset Registers to the ScreenStridein WORDS.
BltMemoryOffset = ScreenStride + 2
=640+ 2
=320
= 140h

REG[10Dh] is set to 01h and REG[10CHh] is set to 40h.

9. Program the BitBLT Destination/Source Linear Select bits for a rectangular blit (Bit-
BLT Destination Linear Select = 0, BitBLT Source Linear Select = 0).

Start the blit operation. REG[100h] is set to 80h.

Note
The order of register initialization isirrelevant as long as al relevant registers are pro-
grammed before the BitBL T isinitiated.

10.2.11 Move BitBLT with Color Expansion

The Move BitBLT with Color Expansion takes a monochrome bitmap as the source and
color expands it into the destination. Color expansion moves all bitsin the monochrome
source to pixelsin the destination. All bitsin the source set to one are expanded into desti-
nation pixelsof the selected foreground color. All bitsin the source set to zero are expanded
into pixels of the selected background color.
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The Move BitBLT with Color Expansion is used to accelerate text drawing on the screen.
A monochrome bitmap of afont in off-screen memory occupies very little space and takes
advantage of the hardware accel eration. Since the foreground and background colors are
programmable, text of any color can be created.

The Move BitBLT with Color Expansion may move data from one rectangular area to
another, or it may be specified aslinear. The linear configuration may be applied to the
source or destination. Defining the Move BitBLT as linear allows each line of the Move
BitBLT areato be placed directly after the previousline, rather than requiring a complete
row of address space for each line.

Note
The BitBLT ROP Code/Color Expansion Register must be programmed to value 07h
becausein thefirst word in aline color expansion is started with the most significant bit
of the low byte.

Example 18: Color expand a 9 x 16 rectangle using the pattern in off-screen memory
at 10 0000h and move it to the screen coordinates x = 200, y = 20. As-
sume a 640x480 display at a color depth of 16 bpp, Foreground color of
black, and background color of white.

1. Caculatethe destination and source addresses (upper left corner of the destination and
source rectangles), using the formula.

DestinationAddress = (y x ScreenStride) + (x x BytesPerPixel)
= (20 x (640 x 2)) + (200 x 2)
= 26000
= 6590h

where:

BytesPerPixel = 1 for 8 bpp

BytesPerPixel = 2 for 15/16 bpp

ScreenStride = DisplayWidthinPixels x BytesPerPixels = 1280 for 16 bpp

SourceAddress =1M
= 100000h

Program the BitBL T Destination Start Address Registers. REG[10Ah] is set to 00h,
REG[109h] is set to 65h, and REG[108h] is set to 90h.

Program the BitBLT Source Start Address Registers. REG[106h] is set to 10h,
REG[105h] is set to 00h, and REG[104h] is set to 00h.

2. Program the BitBLT Width Registersto 9 - 1. REG[111h] is set to 00h and
REG[110h] is set to 08h.

3. Program the BitBLT Height Registersto 16 - 1. REG[113h] is set to 00h and
REG[112h] is set to OFh.

4. Program the BitBLT ROP Code/Color Expansion Register. REG[102h] is set to
07h.
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5. Program the BitBLT Operation Register to select the Move Blit with Color Expan-
sion. REG[103h] is set to 0Bh.
6. Program the BitBLT Foreground Color Register to select black (in 16 bpp black =
0000h). REG[119h] is set to 00h and REG[118h] is set to 00h.
7. Program the BitBLT Background Color Register to select white (in 16 bpp white =
FFFFh). REG[115h] is set to FFh and REG[114h] is set to FFh.
8. Program the BitBLT Color Format Select bit for 16 bpp operations. REG[101h] is set
to 01h.
9. Program the BitBLT Memory Offset Registers to the ScreenStride in WORDS.
BltMemoryOffset = ScreenStride + 2
=640
= 280h
REG[10Dh] is set to 02h and REG[10Ch] is set to 80h.
10. Program the BitBL T Destination/Source Linear Select bits for a rectangular blit (Bit-
BLT Destination Linear Select =0, BitBLT Source Linear Select = 0).
Start the blit operation. REG[100h] is set to 80h.
Note

The order of register initialization isirrelevant as long as al relevant registers are pro-
grammed before the BitBL T isinitiated.

10.2.12 Transparent Move Blit with Color Expansion

10.2.13 Read Blit

The Transparent Move Blit with Color Expansion is virtually identical to the Move Blit
with Color Expansion. The background color isignored and bitsin the monochrome source
bitmap set to 0 are not color expanded.

This Read Blit increases the speed of transferring data from the display buffer to system
memory. Thisblit complements the Write Blit and istypically used to save a part of the
display buffer to the system memory. Once the Read Blit begins, the blit engine remains
active until al the pixels have been read.

Theblit engine requires the address to copy from and the size of the areato copy (width x
height). The blit engine expects to read a certain number of words. For 15/16 bpp color
depths, the number of words is the same as the number of pixels due to the fact that each
pixel isone WORD wide. The number of WORD readsthe blit engine expectsis calcul ated
using the following formula.

nWORDS = nPixels
= Blit Width x Blit Height
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For 8 bpp color depths, the formulamust take into consideration that the blit engine accepts
only WORD accesses and each pixel isone BY TE. The blit engine needsto know whether
thefirst pixel of each lineis stored in the low byte or high byte. Thisis determined by bit O
of the Destination Start Address Register 0 (REG[108h]). If the Destination Phaseis 1 (bit
0 of the Destination Start Address Register 0 is set), thefirst pixel of each lineis placed in
the high byte of the WORD and the contents of the low byteisundefined. If the Destination
Phaseis0, thefirst pixel is placed in the low byte and the second pixel isplaced in the high
byte. Depending on the Destination Phase and the Blit Width, the last WORD in each line
may contain only one pixel. It isalwaysin thelow byte if more than one WORD per lineis
required. The number of WORD reads the blit engine expects for 8 bpp color depthsis
shown in the following formula.

NWORDS = ((BlitWidth + 1 + DestinationPhase) + 2) x BlitHeight

Example 19: Read 100 x 20 pixels at the screen coordinates x = 25, y = 38 and save
to system memory. Assume a display of 640x480 at a color depth of 8

bpp.

1. Caculate the source address (upper left corner of the screen hlit rectangle), using the
formula.

SourceAddress = (y x ScreenStride) + (x x BytesPerPixel)
=(38x640) + (25 x 1)
= 24345
= 5F19h

where:

BytesPerPixel = 1 for 8 bpp
BytesPerPixel = 2 for 15/16 bpp
ScreenStride = DisplayWidthinPixels x BytesPerPixels = 640 for 8 bpp

Program the BitBL T Source Start Address Registers. REG[106h] is set to 00h,
REG[105h] is set to 5Fh, and REG[104h] is set to 19h.

2. Program the BitBLT Width Registersto 100 - 1. REG[111h] is set to 00h and
REG[110h] is set to 63h (99 decimal).

3. Program the BitBLT Height Registersto 20 - 1. REG[113h] is set to 00h and
REG[112h] is set to 13h (19 decimal).

4. Program the Destination Phase in the BitBL T Destination Start Address Register. In
this example, the datais WORD aligned, so the destination phase is 0. REG[108h] is
set to O.

5. Program the BitBLT Operation to select the Read Blit. REG[103h] is set to O1h.

6. Program the BitBLT Color Format Select bit for 8 bpp operations. REG[101h] is set
to 00h.

7. Program the BitBLT Memory Offset Registers to the ScreenStride in WORDS.
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BltMemoryOffset = ScreenStride + 2
=640+ 2
=320
= 140h

REG[10DH] is set to 01h and REG[10Ch] is set to 40h.

8. Calculate the number of WORDS the blit engine expectsto receive.

nWORDS = ((BlitWidth + 1 + DestinationPhase) + 2) x BlitHeight
=(100+1+0)+2x20
=1000
= 3E8h

9. Program the BitBLT Destination/Source Linear Select bits for a rectangular blit (Bit-
BLT Destination Linear Select = 0, BitBLT Source Linear Select = 0).

Start the blit operation and wait for the blit engineto start. REG[100h] is set to 80h,
then wait until REG[100h] bit 7 returns a 1.

10. Prior to reading all nWORDS from the Blit FIFO, confirm the Blit FIFO is not empty
(REG[100h] bit 4 returnsa 1). If the BitBLT FIFO Not Empty Statusreturnsa 1 and
the BitBLT FIFO Half Full Statusreturns a 0 then you can read up to 8 WORDS. If
the BitBLT FIFO Full Statusreturns a 1, read up to 16 WORDS. If the BitBLT FIFO
Not Empty Status returns a0 (the FIFO is empty), do not read from the BitBLT FIFO
until it returnsa 1.

The following table summarizes how many words can be read from the Blit FIFO.

Table 10-7: Possible Blit FIFO Reads

BitBLT Control Register 0 (REG[100h]) Word Reads
FIFO Not Empty Status | FIFO Half Full Status FIFO Full Status Available
0 0 0 0 (do not read)
1 0 0 upto 8
1 1 0 8
1 1 1 16
Note

The order of register initialization isirrelevant as long as al relevant registers are pro-
grammed before the BitBLT is initiated.

10.3 S1D13506 BitBLT Synchronization

A BitBLT operation can only be started if the blit engine is not busy servicing another blit.
Beforeanew BitBL T operationis started, software must confirm the BitBL T Active Status
bit (REG[100h] bit 7) returns a 0. Software can either test this bit after each BitBLT
operation, or before each BitBL T operation.

Testing the BitBLT Status After

S1D13506 Programming Notes and Examples
X25B-G-003-03 Issue Date: 01/02/06



Epson Research and Development Page 93
Vancouver Design Center

Testing the BitBL T Active Status after starting anew BitBLT issimpler and less proneto
errors.

To test after each BitBL T operation, perform the following.
1. Program and start the blit engine.

2. Wait for the current BitBL T operation to finish -- Poll the BitBLT Active Status bit
(REG[100h] bit) until it returnsaO.

3. Continue the program.
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Testing the BitBLT Status Before

Testing the BitBL T Active Status before starting anew BitBLT results in better perfor-
mance, as both CPU and blit engine can be running at the same time. Thisis most useful
for BitBLTsthat are self completing (once started they don’t require any CPU assi stance).
While the blit engineis busy, the CPU can do other tasks. To test before each BitBLT
operation, perform the following.

1. Wait for the current BitBL T operation to finish -- Poll the BitBLT Active Status bit
(REG[100h] bit 7) until it returnsaO.

2. Program and start the new BitBLT operation.

3. Continue the program (CPU and blit engine work independently).

However, this approach can pose problems if the CPU writes a pixel while the blit engine
isrunning a blit. If the CPU writes the pixel before the BitBLT finishes, the pixel may be
overwritten by the blit. To avoid this scenario, always assure no BitBLT isin progress
before accessing the display buffer with the CPU, or don’t use the CPU to access display
buffer at all.

10.4 S1D13506 BitBLT Known Limitations

The S1D13506 blit engine has the following limitations.
» BitBLT Width must be greater than 0.
 BitBLT Height must be greater than 0.

* The blit engine is not Swivel View aware. If BitBLTs are used when SwivelView is
enabled, the coordinates and verticies are swapped. It may be possible to recalculate
these coordinates and vertices allowing use of some of the BitBL T functions. However
the coordinate transformations required may nullify the benefits of the BitBLT.

* The Pattern Fill with ROP (0Ch or 03h) and Transparent Pattern Fill are designed such
that the BitBLT Width must be > 1 for 15/16 bpp color depths and > 2 for 8 bpp.

10.5 Sample Code

Sample code demonstrating how to program the S1D13506 BitBLT engineis provided in
the file 13506BL T.ZIP. Thisfileisavailable on the internet at www.eea.epson.com.
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11 CRT/TV Considerations

The S1D13506 is capable of driving an LCD panel, CRT display, or a TV monitor.
However, only an LCD panel and CRT or an LCD panel and TV can be driven simulta
neoudly. It is not possible to drive both a CRT and TV at the same time.

The horizontal and vertical timing requirements of LCD panels allows for a wide timing
variance. In comparison, a CRT display has very strict timing requirements with even a
very small timing variance degrading the displayed image. TV monitors require timings
based on the NTSC or PAL specifications.

The utility 13506CFG.EXE can be used to generate a header file containing the register
valuesrequired for CRT/TV or LCD panel timings. For further information on
13506CFG.EXE, see the 13506CFG Users Manual, document number X25B-B-001-xx.

11.1 CRT Considerations

CRT timings are based on the VESA Monitor Timing Specifications. The VESA specifi-
cation details all the parameters of the display and non-display times, as well as the input
clock required to meet the times. Failing to use correct timings can result in an unsyn-
chronized image on a particular monitor, which can per manently damagethe
monitor. Virtualy all VGA monitors sync if VESA timings are used.

For more information on VESA timings, contact the Video Electronics Standards Associ-
ation on the internet at www.vesa.org.

11.1.1 Generating CRT timings with 13506CFG

13506CFG.EXE will generate correct VESA timingsfor 640x480 and 800x600 if provided
the correct VESA input clock. The following timings can be generated:

» 640x480 @ 60Hz (Input Clock = 25.175 MHZ2)
640x480 @ 72Hz (Input Clock = 31.500 MH2z)
640x480 @ 75Hz (Input Clock = 31.500 MHz)
640x480 @ 85 Hz (Input Clock = 36.000 MHz)
800x600 @ 56 Hz (Input Clock = 36.000 MHz)
800x600 @ 60 Hz (Input Clock = 40.000 MHz)

11.1.2 DAC Output Level Selection

When the CRT is active, the DAC Output Level Select bit (REG[05Bh] bit 3) can be used
to double values outpu to the DAC. Thiswould normally result in very bright colors on the
display, but if IREF is reduced at the same time the display will remain at its intended
brightness and power consumption is reduced.
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11.1.3 Examples

Example 20: Enable the CRT display. Assume the CRT timing registers are already
programmed.

1. Confirmthe TV PAL/NTSC Output Select bit is clear. REG[05Bh] bit O is set to O.
2. Confirmthe CRT and TV displays are disabled. REG[1FCh] bits 2-1 are set to 0.

3. Enablethe CRT. REG[1FCh] isset to 1.

Sample code demonstrating how to enable the CRT display is provided in the file
56_CRT.c. Thisfileisavailable on the internet at www.eea.epson.com.

11.2 TV Considerations

TV timings are based on either the NTSC or PAL specifications. The TV display can be
output in either composite video or S-video format.

11.2.1 NTSC Timings

NTSC timings require a 14.318 MHz input clock. With the correct input clock the
following resolutions are supported.

* 640x480
* 696x436
* 752x484

11.2.2 PAL Timings

PAL timingsrequirea17.734 MHz input clock. With the correct input clock the following
resol utions are supported.

* 640x480
» 800x572
» 856x518
* 920x572
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11.2.3 TV Filters

11.2.4 Examples

The S1D13506 is designed with three filters which improve TV picture quality.

* Flicker Filter.

» Chrominance Filter.

» Luminance Filter.

Each filter isindependent and can be enabled/disabled separately. The TV picture quality

varies depending on the actual picture displayed (static image, moving image, number of
colors etc.) and may be improved using the filters.

Flicker Filter

The Flicker Filter is controlled by the Display Mode Select bits (REG[1FCh] bits 2-0). It
reduces the “flickering” effect seen on interlaced displays caused by sharp vertical image
transitionsthat occur over oneline (e.g. one pixel high lines, edges of window boxes, etc.).
The Flicker Filter may be used to for both composite video and S-video formats.

Note
The CRT/TV PCLK 2X Enable bit (REG[018h] bit 7) must be set to 1 when the Flicker
Filter is enabled.

Chrominance Filter

The Chrominance Filter is controlled by the TV Chrominance Filter Enable bit
(REG[05Bh] bit 5). It adjusts the color of the TV, reducing the “ragged edges’ seen athe
boundaries between sharp color transitions. The Chrominance Filter may improve the TV
picture quality when in composite video format.

Luminance Filter

The Luminance Filter iscontrolled by the TV Luminance Filter Enable bit (REG[05Bh] bit
4). It adjuststhe brightness of the TV, reducing the “ rainbow-like” colors at the boundaries
between sharp brightness transitions. The Luminance Filter may improve the TV picture
quality when in composite video format.

For further information on the TV filters, see the SLD13506 Hardwar e Functional Specifi-
cation, document number X25B-A-001-xx.

Example 21: Enable the TV display and set the Flicker Filter. Assume the TV timing
registers are already programmed.

1. Enablethe TV with Flicker Filter enabled. REG[1FCh] is set to 06h.

2. Enable the CRT/TV PCLK 2X bit (REG[018h] bit 7). REG[018h] bit 7 is set to 1b.
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Sample code demonstrating how to enablethe TV display isprovided inthefile 156 _TV.c.
Thisfileisavailable on the internet at www.eea.epson.com.

11.3 Simultaneous Display

The S1D 13506 supports simultaneous display of an LCD panel and CRT or an LCD panel
and TV. Both display images are completely independent. Each display can show separate
areas of the display buffer and display different color depths. There are separate Look-Up
Tables and Hardware Cursors/Ink Layers for both the LCD and CRT/TV. If desired, the

LUTsfor the LCD and CRT/TV may be written to simultaneously (REG[1EOh] bit 0 = 0).

Note

Not all combinations of panel and CRT/TV display resolutions are possible. For further

information, see the S1D13506 Hardware Functional Specification, document number
X25B-A-001-xXx.

S1D13506

Programming Notes and Examples
X25B-G-003-03

Issue Date: 01/02/06



Epson Research and Development Page 99
Vancouver Design Center

12 MediaPlug

The S1D13506 is designed with support for MediaPiug. MediaPlug is adigital interface
supporting the Winnov Videum camera. The Videum camera supports simultaneous video
and audio capture of streaming (real-time) and till images. It also supports streaming live
video at speeds near 30 frames per second on fast host systems (i.e. Pentium-2 300MHz or
faster).

12.1 Programming

M ediaPlug and the Winnov Videum cameraare a proprietary design of Winnov. Dueto the
complexity of the digital interface, all software and drivers for the camera are provided by
Winnov. Customersintending to use the MediaPlug interfacein their design should contact
Epson Electronics Americato obtain the latest S1D13506 MediaPlug drivers for testing
purposes.

The MediaPlug interface on the S1D 13506 must be enabled to function correctly. To enable
the MediaPlug interface, MD13 and MD14 must be high (1) on therising edge of RESET#.
When the MediaPlug interfaceisenabled, GPI O2iscontrolled by theM ediaPlugL CM D
register, and the GPIO2 bitsin both REG[004h] and REG[008h] have no effect. Also
when the MediaPlug interface is enabled, the camera power (VMPEPWR) is controlled by
MA11/GPIO2 pin.

The MediaPlug LCMD 16-hit register REG[1000h] contains status bits which can be read
by software. For further information on these status bits, see the S1D13506 Hardware
Functional Specification, document number X25B-A-001-xx.

The MediaPlug | C Revision bits (REG[1000h] bits 11-8) contain the revision of the
interface. The 16-bit value read from REG[1000h] should be masked with OFO0h and
compared with 0300h (the current revision of the interface).

The MediaPlug Cable Detected Status bit (REG[1000h] bit 7) determinesif acamerais
connected to the MediaPlug interface. When this bit returns a 0, a camerais connected.
When thisbit returns a 1, acamerais not connected.

The MediaPlug Power Enable to Remote bit (REG[1000h], bit 1) controls the power to the
remote camera. GPIO2 is controlled by this bit when the MediaPlug interface is enabled.
Therefore, this bit must be used instead of the GPIO2 control bitsin REG[004h] and
REG[008h] when programming the external ICD2061A clock chip used on the
S5U13506B00x evaluation boards. Writing this bit is necessary only when software needs
to control the MA11/GPIO2 pin.
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12.2 Considerations

Software can determine if the MediaPlug interface is enabled or disabled by reading the
MD Configuration Readback Register (REG[00Dh]) and masking the data with 60h. If the
masked result equals 60h, the MediaPlug Interfaceis enabled.

When the MediaPlug interface is enabled, FPDAT[15:8] are used exclusively for the
MediaPlug interface. Therefore, when the MediaPlug interface is enabled, Color 16-bit
panels cannot be used without an external multiplexing circuit. For further information on
the external circuit required, see the S1D13506 Hardware Functional Specification,
document number X25B-A-001-xx.

The MediaPlug interface requires a source clock between 8MHz and 19MHz to operate
(optimal is 14.318MHz). By default, the MediaPlug software assumes a 14.318MHz
frequency is available on CLKI2. If the frequency of CLKI2 is changed, software should
reprogram the MediaPlug Clock Register (REG[01Ch]) to select a clock source that is
suitable, or program the clock divide bits to obtain a frequency within the correct range.

If the S5U13506B00x evaluation board is used, the clock chip should be programmed to
support avalid clock for the MediaPlug interface. The ICD2061A clock chip selects
frequencies based on the states of GPIO1 and GPIO2. Since the MediaPlug interface uses
the GPIO2 pin for camera power, it isimportant to program the clock chip for the correct
MediaPlug interface frequency when the camerais both on or off (GPIO2 low or high). A
HAL function is avail able which programs the clock chip for the MediaPlug interface.
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13 Identifying the S1D13506

The S1D13506 can only be identified once the Memory/Register Select bitissetto 0. The
stepsto identify the S1D13506 are:

1

2
3
4.
5

Set the Memory/Register Select bit to 0 by writing 00h to REG[001h].

Read REG[000h].

The production version of the S1D13506 will return a value of 11h (00010001b).
The product code is 4 (000100b based on bits 7-2).

Therevision code is 1 (01b based on bits 1-0).
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14 Hardware Abstraction Layer (HAL)

The HAL isa processor independent programming library designed to help port applica-
tions and utilities from one S1D13x0x product to another. Epson has provided thislibrary
as aresult of developing test utilities for the SLD13x0x LCD controller products.

The HAL contains functions which are designed to be consistent between S1D13x0x
products, but as the semiconductor products evolve, so must the HAL; consequently there
are some differences between HAL functions for different S1ID13x0x products.

Note
Asthe S1D13x0x line of products changes, the HAL may change significantly or cease
to be auseful tool. Seiko Epson reserves the right to change the functionality of the
HAL or discontinue its use if no longer required.

14.1 API for 13506HAL

This section is adescription of the HAL library Application Programmers Interface (API).
Updates and revisionsto the HAL may include new functions not included in the following
documentation.

Table 14-1: HAL Functions

Function | Description

Initialization

seRegisterDevice

Registers the S1D13506 parameters with the HAL.
seRegisterDevice MUST be the first HAL function called by an application.

selnitReg

Initializes the registers, LUT, and allocates memory for and assigns.

seGetHalVersion

Returns HAL library version information

seGetld

Identifies the controller by interpreting the revision code register.

seGetlLibseVersion

Return version information on the LIBSE libraries (for non-x86 platforms)

General HAL Support:

seGetlnstalledMemorySize

Returns the total size of the display buffer memory.

seGetAvailableMemorySize

Determines the last byte of display memory, before the Dual Panel buffer, available to an
application

seGetResolution
seGetlLcdResolution
seGetCrtResolution
seGetTvResolution

Retrieve the width and height of the physical display device.

seGetBytesPerScanline
seGetLcdBytesPerScanline
seGetCrtBytesPerScanline
seGetTvBytesPerScanline

Returns the number of bytes in each scanline of the display including non-display size.

seSetSoftwareSuspend

Sets/resets software suspend mode.

seGetSoftwareSuspend

Returns the current software suspend state.

seCheckEndian

Retrieves the “endian-ness” of the host CPU platform.

seGetlLcdOrientation

Returns the SwivelView orientation of the LCD panel.

seDelay

Delays the given number of seconds before returning.
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Table 14-1: HAL Functions (Continued)

Function

Description

seDisplayBlank
seDisplayLcdBlank
seDisplayCrtBlank
seDisplayTvBlank

Blank/unblank the display by disabling the FIFO.

seDisplayEnable
selLcdDisplayEnable
seCrtDisplayEnable
seTvDisplayEnable

Enable/disable the display.

Advanced HAL Functions:

seBeginHighPriority

Increase thread priority for time critical routines.

seEndHighPriority

Return thread priority to normal.

seSetClock

Set the programmable clock.

Surface Support

seGetSurfaceDisplayMode

Returns the display surface associated with the active surface.

seGetSurfaceSize

Returns the number of bytes allocated to the active surface.

seGetSurfaceLinearAddress

Returns the linear address of the start of display memory for the active surface.

seGetSurfaceOffsetAddress

Returns the offset from the start of display memory to the start of surface memory.

seAllocLcdSurface
seAllocCrtSurface>
seAllocTvSurface

Use to manually allocate display buffer memory for a surface.

seFreeSurface

Free any allocated surface memory.

seSetLcdAsActiveSurface
seSetCrtAsActiveSurface
seSetTvAsActiveSurface

Call one of these function to change the active surface.

Register Access:

seReadRegByte Reads one register using a byte access.
seReadRegWord Reads two registers using a word access.
seReadRegDword Reads four registers using a dword access.
seWriteRegByte Writes one register using a byte access.
seWriteRegByte Writes two registers using a word access.
seWriteRegByte Writes four registers using a dword access.
Memory Access
seReadDisplayByte Reads one byte from display memory.
seReadDisplayWord Reads one word from display memory.
seReadDisplayDword Reads one dword from display memory.
seWriteDisplayBytes Writes one or more bytes to display memory.
seWriteDisplayWords Writes one or more words to display memory.
seWriteDisplayDwords Writes one or more dwords to display memory.
Color Manipulation:
seWriteLutEntry
zgw::ggiﬁg&:y Writes one RGB element to the lookup table.
seWriteTvLUutEntry
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Table 14-1: HAL Functions (Continued)

Function

Description

seReadLutEntry
seReadLcdLutEntry
seReadCrtLutEntry
seReadTvLutEntry

Reads one RGB element from the lookup table.

seWriteLut
seWriteLcdLut
seWriteCrtLut
seWriteTvLut

Write the entire lookup table.

seReadLut
seReadLcdLut
seReadCrtLut
seReadTvLut

Read the entire lookup table.

seSetBitsPerPixel
seSetLcdBitsPerPixel
seSetCrtBitsPerPixel
seSetTvBitsPerPixel

seSetLcdCrtBitsPerPixel
seSetLcdTvBitsPerPixel

Sets the color depth. In addition to setting the control bits to set the color depth this action
sets a default lookup table for the selected color depth.

Virtual Display

seVirtInit
selLcdVirtlnit
seCrtVirtlnit
seTvVirtlnit
seLcdCrtVirtInit
seLcdTvVirtInit

Initialize a surface to hold an image larger than the physical display size.

seVirtPanScroll
seVirtPanScroll
seVirtPanScroll
seVirtPanScroll
seVirtPanScroll
seVirtPanScroll

Pan (right/left) and Scroll (up/down) the display device over the indicated virtual surface.

Drawing

seSetPixel
seSetLcdPixel
seSetCrtPixel
seSetTvPixel

Set one pixel at the specified x,y co-ordinate and color.

seGetPixel
seGetlLcdPixel
seGetCrtPixel
seGetTvPixel

Returns the color of the pixel at the specified x,y co-ordinate.

seDrawLine
seDrawLcdLine
seDrawCrtlLine
seDrawTvLine

Draws a line between two endpoints in the specified color

seDrawRect
seDrawLcdRect
seDrawCrtRect
seDrawTvRect

Draws a rectangle. The rectangle can be outlined or filled.
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Table 14-1: HAL Functions (Continued)

Function Description

seDrawCircle
seDrawLcdCircle
seDrawCrtCircle
seDrawTvCircle

Draws a circle of given radius and color at the specified center point.

seDrawEllipse
seDrawLcdEllipse Draws an ellipse centered on a given point with the specified horizontal and vertical
seDrawCrtEllipse radius.

seDrawTVEllipse

Hardware Cursor

selnitCursor
selnitLcdCursor
selnitCrtCursor
selnitTvCursor

Prepares the hardware cursor for use.

seFreeCursor
seFreelLcdCursor
seFreeCrtCursor
seFreeTvCursor

Releases the memory allocated to the hardware cursor by the cursor init function.

seEnableCursor
seEnableLcdCursor
seEnableCrtCursor
seEnableTvCursor

Enable (show) or disable (hide) the hardware cursor.

seGetCursorLinearAddress
seGetLcdCursorLinearAddress
seGetCrtCursorLinearAddress
seGetTvCursorLinearAddress

Returns the linear address of the start of the cursor.

seGetCursorOffsetAddress
seGetLcdCursorOffsetAddress
seGetCrtCursorOffsetAddress
seGetTvCursorOffsetAddress

Returns the offset from the start of display memory to the start of the cursor memory.

seMoveCursor
seMovelcdCursor
seMoveCrtCursor
seMoveTvCursor

Moves the top-left corner of the hardware cursor to the specified X,y co-ordinates.

seSetCursorColor
seSetLcdCursorColor Allows the application to set the color values for either of the two changeable elements of
seSetCrtCursorColor the hardware cursor.

seSetTvCursorColor

seSetCursorPixel
seSetLcdCursorPixel
seSetCrtCursorPixel
seSetTvCursorPixel

Set one pixel at the specified x,y co-ordinate within the hardware cursor.

seDrawCursorLine
seDrawLcdCursorLine
seDrawCrtCursorLine
seDrawTvCursorLine

Draws a line between two endpoints within the hardware cursor, in the specified color.

seDrawCursorRect
seDrawl cdCursorRect Draws a hollow or filled rectangle within the hardware cursor.
seDrawCrtCursorRect
seDrawTvCursorRect
Ink Layer
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Table 14-1: HAL Functions (Continued)

seFreelLcdink
seFreeCrtlnk
seFreeTvink

Function Description
selnitink
selnitLcdink .
selnitCrink Prepares the hardware ink layer for use.
selnitTvink
seFreelnk

Frees memory allocated to the hardware ink layer.

seEnablelnk
seEnableLcdInk
seEnableCrtink
seEnableTvink

Enable (show) or disable (hide) the hardware ink layer.

seGetlnkLinearAddress
seGetlLcdInkLinearAddress
seGetCrtInkLinearAddress
seGetTvinkLinearAddress

Returns the linear address of the start of the hardware ink layer.

seGetlnkOffsetAddress
seGetlLcdInkOffsetAddress
seGetCrtInkOffsetAddress
seGetTvInkOffsetAddress

Returns the offset from the start of display memory to the start of ink layer memory.

seSetInkColor
seSetLcdInkColor
seSetCrtinkColor
seSetTvinkColor

Allows the application to set the color values for either of the two changeable elements of
the ink layer.

seSetinkPixel
seSetlLcdlnkPixel
seSetCrtInkPixel
seSetTvinkPixel

Set one pixel at the x,y co-ordinate within the ink layer.

seDrawlnkLine
seDrawLcdInkLine
seDrawCrtlnkLine
seDrawTvInkLine

Draws a line between two endpoints within the hardware ink layer.

seDrawlInkRect
seDrawLcdInkRect
seDrawCrtInkRect
seDrawTvInkRect

Draws an outlined or solid rectangle within the hardware ink layer.
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14.2 Initialization

Initialization functions are normally the first functionsin the HAL library that an appli-
cation calls. These routine allow the application to learn alittle about the controller and to
prepare the HAL library for use.

int seRegisterDevice(const LPHAL_STRUC IpHalinfo)

Description:

Parameters:

Return Value:

This function registers the S1D13506 device parameters with the HAL library. The device
parametersinclude such item as address range, register values, desired frame rate, and
more which are stored in the HAL_STRUCT structure pointed to by IpHallnfo. Addition-
ally this routine allocates system memory as address space for accessing registers and the
display buffer.

IpHalInfo A pointer to aHAL_STRUCT structure. This structure
must be filled with appropriate values prior to calling
seRegisterDevice.

ERR_OK operation completed with no problems

ERR_UNKNOWN_DEVICE The HAL was unableto locate the S1D13506.

ERR_FAILED The HAL was unable to map S1D13506 display memory
to the host platform.

In addition, on Win32 platforms, the following two error values may be returned:

ERR _PClI DRIVER - The HAL was unable to locate file SID13X0X.VXD

NOT_FOUND

ERR_PCI_BRIDGE - The driver file SID13X0X.V XD was unableto locate the

ADAPTER_NOT_FOUND  S1D13506.

Note
seRegisterDevice() MUST be called before any other HAL functions.
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int selnitReg(unsigned DisplayMode, unsigned Flags)

Description: This function initializes the S1D13506 registers, the LUT, assigns default surfaces and
allocates memory accordingly.

Parameters: DisplayMode  Set this parameter according to the type of initialization desired.
Valid values for DisplayMode are:
0 Use the values configured by 13506CFG.EXE
LCD Initialize for use with an LCD panel.
CRT Initialize for use with a monitor.
TV Initialize for use witha TV
LCD |CRT Initialize for both LCD panel and monitor.
LCD|TV Initialize for both LCD panel and TV.
Flags Provides additional information about how to perform theinitialization.

Valid values for Flags are:

CLEAR_MEMZero display memory as part of the initialization
DISP_BLANKBIank the display, for aesthetics, during initialization.

Return Value: ERR_OK Theinitialization completed with no problems.
ERR _FAILED selnitReg failed to initialize the system correctly.

void seGetHalVersion(const char ** pVersion, const char ** pStatus, const char
**pStatusRevision)

Description: Retrievesthe HAL library version information. By retrieving and displaying the HAL ver-
sion information al ong with application version information it is possible to determine at a
glance whether the latest version of the software is being run.

Parameters: pVersion A pointer to the array to receive the HAL version code.
pStatus A pointer to the array to receive the HAL status code
A “B” designates a betaversion of the HAL, aNULL indicates the
release version

pStatusRevision A pointer to the array to receive the HAL revision status.

Return Value: The version information is returned as the contents of the pointer arguments. A typica
return might be:
*pVersion =="1.01" (HAL version 1.01)
*pStatus == “B” (BETA release)
*pStatusRevision == “5" (fifth update of the beta)
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int seGetld(int * pld)

Description: Reads the S1D 13506 revision code register to determine the controller product and revi-
sion.
Parameters: pld A pointer to an integer to receive the controller ID. The value returned

isan interpreted version of the controller identification.
For the S1D13506 the return values are:

ID_S1D13506 REVO S1D13506 Test Sample version.
ID_S1D13506 REV1 S1D13506 Production version

ID_UNKNOWN The HAL was unable to identify the controller.
Return Value: ERR_OK The operation completed with no problems
ERR_UNKNOWN_DEVICE Return value when pID is ID_UNKNOWN.

Note
seGetld() will disable hardware suspend on x86 platforms, and enables the Memo-
ry/Register Select bit (REG[001h] bit 7) on all platforms.
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14.2.1 General HAL Support

This category of HAL functions provide several essential services which do not readily
group with other functions.

DWORD seGetInstalledMemorySize(void)

Description:

Parameters:
Return Value:

This function returns the size of display buffer memory in bytes.

Memory size is determined during the call to seRegisterDevice() by reading the status of
MD6 and MD7. seGetlnstalledM emorySize() returns the memory size determined during
the HAL initialization.

None

The return value is the size of the video memory buffer in bytes and will be either 80000h
(512kb) or 200000h (2 MB).

DWORD seGetAvailableMemorySize(void)

Description:

Parameters:
Return Value

This function returns an offset to the last byte memory, before the Dual Panel buffer,
accessible to an application.

An application can directly access memory from offset zero to the offset returned by this
function. On most systems the return value will be the last byte of physical display mem-
ory. On systems configured for adual STN panel the return value will account for the pres-
ence of the Dual Panel buffer.

None.

Thereturn value is an offset to the last byte memory directly accessible to an application.
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int seGetResolution(unsigned *Width, unsigned *Height)

void seGetLcdResolution(unsigned *Width, unsigned *Height)
void seGetCrtResolution(unsigned *Width, unsigned *Height)
void seGetTvResolution(unsigned *Width, unsigned *Height)

Description: These functions return the width and height of the physical display device. Virtual dimen-
sions are not accounted for in the return value.

seGetResolution() returns the width and height of the active surface. If there is more than
one display associated with the surface then precedence is given to the LCD.

seGetL cdResolution() returns the width and height of the LCD panel. The width and
height are adjusted for Swivel View orientation.

seGetCrtResolution() and seGetTvResolution() return the width and height of the display
indicated by the function name.

Parameters: Width A pointer to an unsigned integer which will receive the width, in pixels,
for the indicated surface.
Height A pointer to an unsigned integer which will receive the height, in pixels,
for the indicated surface.
Return Value: seGetResol ution() returns one of the following:
ERR_OK Function completed successfully

ERR_FAILED Returned when thereis not an active display surface.

seGetL cdResolution(), seGetCrtResolution(), and seGetTvResolution() do not return any
value.

unsigned seGetBytesPerScanline(void)
unsigned seGetLcdBytesPerScanline(void)
unsigned seGetTvBytesPerScanline(void)
unsighed seGetCrtBytesPerScanline(void)

Description: These functions return the number of bytes per scanline, including both displayed and
non-displayed for the current video mode.

seGetBytesPerScanling() returns the number of bytes per scanline for the current active
surface.

seGetL cdBytesPerScanline(), seGetTvBytesPerScanling(), and seGetCrtBytesPer Scan-
ling() return the number of bytes per scanline for the surface indicated in the function

name.
To work correctly the S1D 13505 registers have been initialized prior to calling any of
these routines.

Parameters: None.

Return Value: Thereturnvalueisthe “stride” or number of bytesfrom the first byte of one scanline to the

first byte of the next scanline. This value includes both the displayed and the non-dis-
played bytes on each logical scanline.

For rotated display modes the return value will be either 1024 (8 bpp) or 2048 (15/16 bpp)
to reflect the 1024 x 1024 virtual area of the rotated memory.
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void seSetSoftwareSuspend(BOOL Enable)
Description: This function enables or disables software power suspend.

When software suspend is enabled the S1D 13506 reduces power consumption by making
the displays inactive and ignoring memaory accesses. Disabling software suspend re-
enables the video system to full functionality.

Parameters: Enable Call with Enable set to TRUE to set software power suspend
Call with Enable set to FAL SE to disable software power suspend.

Return Value None.

BOOL seGetSoftwareSuspend(void)

Description: seGetSoftwareSuspend() returns the current state of software power suspend.
Parameters: None.
Return Value: Thereturn value is TRUE if software suspend is enabled. The return FALSE if software

suspend is not enabled.

int seCheckEndian(BOOL *ReverseBytes)
Description: This function returns the “endian-ness’ of the CPU the application is running on.

Parameters: ReverseBytes A pointer to boolean value to receive the endian-ness of the system. On
return from this function ReverseBytesis FALSE if the CPU islittle
endian (i.e. Intel). ReverseBytes will be TRUE if the CPU is
big-endian (i.e. Motorola)

Return Value: Thereturn value is always ERR_OK.

unsigned seGetLcdOrientation(void)
Description: This function retrieves the Swivel View orientation of the LCD display.

The SwivelView statusis read directly from the S1D13506 registers. Calling this function
when the LCD display is not enabled will result in an erroneous return avalue.

Note
Only the LCD interface supports SwivelView. A CRT/TV isaways assumed to bein
LANDSCAPE mode.
Parameters: None.
Return Value: LANDSCAPE Not rotated.

ROTATE90 Display is rotated 90 degrees clockwise.
ROTATE180 Display isrotated 180 degrees clockwise.
ROTATE270 Display isrotated 270 degrees.
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int seDelay(DWORD Seconds)

Description:

Parameters:

Return Value:

Thisfunction, intended for non-Intel platforms, delaysfor the specified number of seconds
then returns to the calling routine. On several evaluation platforms it was not readily
apparent where to obtain an accurate source of time delays. seDelay() was the result of the
need to delay a specified amount of time on these platforms.

seDelay works by calculating and counting the number of vertical non-display periodsin
the requested delay time. This implies two conditions for proper operation:

a) The S1D13506 contral registers must be configured to correct values.

b) Either the CRT or LCD display interface must be enabled.

On Intel and other supported platforms seDelay() cals the C library time functions to
delay the desired amount of time.

Seconds The number of secondsto delay for.

ERR_OK Returned by all platforms at the completion of a successful delay.
ERR_FAILED Returned by platforms which do not have time functionsin their
standard C library and either of the operating conditions is violated.

void seDisplayBlank(BOOL Blank)
void seDisplayLcdBlank(BOOL Blank)
void seDisplayCrtBlank(BOOL Blank)
void seDisplayTvBlank(BOOL Blank)

Description:

Parameters:

Return Value:

These functions blank the display by disabling the FIFO for the specified surface. Blank-
ing the display is afast convenient means of temporarily shutting down a display device

For instance updating the entire display in one write may produce a flashing or tearing
effect. If the display is blanked prior to performing the update then the operation is per-
ceived to be smoother and cleaner.

seDisplayBlank() will blank the display associated with the current active surface.

seDisplayL cdBlank(), seDisplayCrtBlank(), and seDisplay TvBlank() blank the display for
the surface indicated in the function name.

Blank Call with Blank set to TRUE to blank the display. Call with Blank set to
FAL SE to un-blank the display.

None.

Programming Notes and Examples S1D13506

Issue Date: 01/02/06

X25B-G-003-03



Page 114 Epson Research and Development
Vancouver Design Center

void seDisplayEnable(BOOL Enable)
void seLcdDisplayEnable(BOOL Enable)
void seCrtDisplayEnable(BOOL Enable)
void seTvDisplayEnable(BOOL Enable)

Description: These functions enable or disable the selected display device.
seDisplayEnable() enables or disables the display for the active surface.
sel cdDisplayEnable() enables or disablesthe LCD display.

seCrtDisplayEnable() enables or disables the CRT display. seCrtDisplayEnable() will dis-
able CRT/TV PCLK 2X clock and as aside effect will disable TV, if the TV was enabled.

seTvDisplayEnable() enables or disablesthe TV display. If the CRT is enabled then seT-
vDisplayEnable() disablesit. When seTvDisplayEnableis called the TV flicker filter is
enabled or disabled based on the values saved by the configuration program.

Parameters: Enable Call with Enable set to TRUE to enable the display device. Call with
Enable set to FAL SE to disable the device.

Return Value None.
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14.2.2 Advance HAL Functions

The advanced HAL functionsinclude alevel of access that most applications don’t will
never need to access.

int seBeginHighPriority(void)

Description:

Parameters:

Return Value:

Writing and debugging software under the Windows operating system greatly simplifies
the developing process for the S1D13506 evaluation system. One issue which impedes
application programming is that of latency. Time critical operations, performance mea-
surement for instance, are not guaranteed any set amount of processor time.

This function raises the priority of the thread and virtually eliminates the question of
latency for programs running on aWindows platform.

Note
The application should not leave it’ sthread running in a high priority state for long peri-
ods of time. Assoon as atime critical operation is complete the application should call
seEndHighPriorty().

None.

ERR_OK If the function completes successfully.

int seEndHighPriority(void)

Description: The function returns the thread priority of the calling application to normal.
After performing some time critical operation the application should call seEndHighPrior-
ity() to return the thread priority to anormal level.

Parameters: None.

Return Value: None.
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int seSetClock(CLOCKSELECT ClockSelect, FREQINDEX Freqglndex)

Description:

Parameters:

Return Value

Call seSetClock() to set the clock rate of the programmable clock.

ClockSelect The ICD2061A programmable clock chip supports two output clock
signals. ClockSelect chooses which of the two output clocks to adjust.
Valid ClockSelect values are defined by the HAL contents CLKI or
CLKI2
Freglndex Freglndex is an enumerated constant and determines what the output
frequency should be.
Valid values for Fregindex are:
FREQ_6000 6.000 MHz
FREQ 10000 10.000 MHz
FREQ 14318  14.318 MHz
FREQ 17734  17.734 MHz
FREQ_ 20000  20.000 MHz
FREQ 24000 24.000 MHz
FREQ 25000  25.000 MHz
FREQ 25175  25.175MHz
FREQ 28318 28.318 MHz
FREQ 30000  30.000 MHz
FREQ 31500 31.500 MHz
FREQ 32000 32.000 MHz
FREQ 33000 33.000 MHz
FREQ 33333 33.333 MHz
FREQ 34000 34.000 MHz
FREQ 35000 35.000 MHz
FREQ 36000  36.000 MHz
FREQ 40000  40.000 MHz
FREQ 49500  49.500 MHz
FREQ 50000 50.000 MHz
FREQ 56250  56.250 MHz
FREQ 65000 65.000 MHz
FREQ 80000  80.000 MHz
ERR_OK The function completed with no problems.
ERR_FAILED  seSetClock failed the cause may be aninvalid ClockSelect or an
invalid frequency index
Note

If seSetClock is called with a ClockSelect of CLKI12 and Freglndex of FREQ 17734
then the HAL will bypass the programmable clock and select the Feature Clock as the
input clock source. Thisis done with the assumption that the application is setting up for
TV output and the Feature Clock oscillator will provide a more stable clock for use with
TV. (The feature oscillator must be 17.734 MHZz)
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14.2.3 Surface Support

The S1D13506 HAL library depends heavily on the concept of surfaces. Through surfaces
the HAL tracks memory requirements of the attached display devices, hardware cursor and
ink layers, and the Dual Panel buffer.

Surfaces allow the HAL to permit or fail function calls which change the geometry of the
S1D13506 display memory. Most HAL functions either allocate surface memory or manip-
ulate a surface that has been alocated.

Thefunctionsin this sections allow the application programmer alittle greater control over
surfaces.

int seGetSurfaceDisplayMode(void)

Description: This function determines the type of display associated with the current active surface.
Parameters: None.
Return Value: Thereturn value indicates the active surface display type. Return values will be one of:
LCD The LCD pandl isthe active surface.
CRT The CRT display isthe active surface.
TV The TV isthe active display.

DWORD seGetSurfaceSize(void)

Description: This function returns the number of display memory bytes allocated to the current active
surface. The return value does not account for the size for the hardware cursor or ink layer
which may be associated with the surface.

Parameters: None.
Return Value: Thereturn value is the number of bytes allocated to the current active surface.

Thereturn value can be O if this function is called beforeinitializing and making active a
surface.

DWORD seGetSurfaceLinearAddress(void)

Description: This function returns the linear address of the start of memory for the active surface.
Parameters: None.
Return Value: Thereturn valueisthe linear address to the start of memory for the active surface. A linear

addressis a 32-bit offset, in CPU address space.

The return value will be NULL if thisfunction is called before a surface has been initial-
ized and made active.

Note
On 16-hit Intel platforms, thisfunction will always return NULL. The PClI memory may
be located beyond the addressing range of 16-bit programs so all S1D13505 controller
accesses must be made through the HAL.
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DWORD seGetSurfaceOffsetAddress(void)

Description:

Parameters:
Return Value:

This function returns the offset, from the first byte of display memory to the first byte of
memory associated with the active display surface.

None.

Thereturn value isthe offset, in bytes, from the start of display memory to the start of the
active surface. An address of 0 indicates the surface startsin thefirst byte of display buffer
memory.

Note
This function also returns O if there is no memory allocated to an active surface. You
must ensure that memory is allocated before calling seGetSurfaceOffsetAddress().

DWORD seAllocLcdSurface(DWORD Size)
DWORD seAllocCrtSurface(DWORD Size)
DWORD seAllocTvSurface(DWORD Size)

Description:

Parameters:
Return Value:

These functions allocate display buffer memory for a surface. If the surface previously had
memory allocated then that memory isfirst released. Newly allocated memory is not
cleared.

Call seAllocL cdSurface(), seAllocCrtSurface(), and seAllocTvSurface() to allocate the
requested amount of display memory for the indicated surface.

These functions allow an application to bypass the automatic surface allocation which
occurs when functions such as selnitReg() or seSetBitsPerPixel() are called.

Size The size in bytes of the requested memory block.

If the memory allocation succeeds then the return value is the linear address of the allo-
cated memory. If the allocation fails then the return value is 0. A linear address is a 32-bit
offset, in CPU address space.

int seFreeSurface(DWORD LinearAddress)

Description:

Parameters:

Return Value:

This function can be called to free any previously allocated display buffer memory.

This function is intended to complement seAllocL cdSurface(), seAllocCrtSurface(), and
seAllocTvSurface(). seFreeSurface can be used to free memory allocated for the hardware
cursor and ink layer however it is recommended that seFreeCursor() or seFreelnk() be
called for these surfaces.

After calling one of these functions the application must switch the active surface to one
which has memory allocated before calling any drawing functions.

LinearAddress A valid linear address. The linear address is a dword returned to the
application by any surface alocation call.

ERR_OK Function completed successfully.
ERR _FAILED Function failed.
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void seSetLcdAsActiveSurface(void)
void seSetCrtAsActiveSurface(void)
void seSetTvAsActiveSurface(void)

Description: These functions set the active surface to the display indicated in the function name.

Before calling one of these surface selection routines, that surface must have been alo-
cated using any of the surface allocation methods.

Parameters: None.
Return Value: None.
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14.2.4 Register Access

The Register Access functions provide convenient method of accessing the control
registers of the S1D13506 controller using byte, word or dword widths.

To reduce the overhead of the function call as much as possible, two steps were taken:

» To gain maximum efficiency on all compilers and platforms, byte and word size argu-
ments are passed between the application and the HAL as unsigned integers. This typi-
cally alows a compiler to produce more efficient code for the platform.

* Index alignment for word and dword accesses is not tested. On non-Intel platforms
attempting to access aword or dword on anon-aligned boundary may resultin a
processor trap. It isthe responsibility of the caller to ensure that the requested index
offset is correctly aligned for the target platform.

unsighed seReadRegByte(DWORD Index)

Description: This routine reads the register specified by Index and returns the value.
Parameters: Index Offset, in bytes, to the register to read.
Return Value: The return value is the byte read from the register.

unsigned seReadRegWord(DWORD Index)

Description: This routine read two consecutive registers as aword and returns the value.
Parameters: Index Offset to the first register to read.
Return Value: The return value is the word read from the S1D13506 registers.

DWORD seReadRegDword(DWORD Index)

Description: This routine reads four consecutive registers as a dword and returns the value.
Parameters: Index Offset to thefirst of the four registers to read.
Return Value: The return value is the dword read from the S1D13506 registers.

int seWriteRegByte(DWORD Index, unsigned Value)

Description: This routine writes Value to the register specified by Index.
Parameters: Index Offset to the register to be written
Value Thevalue, in the least significant byte, to write to the register
Return Value: None
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void seWriteRegWord(DWORD Index, unsighed Value)

Description: This routine writes the word contained in Value to the specified index.
Parameters: Index Offset to the register pair to be written.

Value The value, in the least significant word, to write to the registers.
Return Value: None.

void seWriteRegDword(DWORD Index, DWORD Value)

Description: This routine writes the value specified to four registers starting at Index.
Parameters: Index Offset to the register to be written to.
Value The dword value to be written to the registers.
Return Value: None.
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14.2.5 Memory Access

The Memory Access functions provide convenient method of accessing the display
memory on an S1D13506 controller using byte, word or dword widths.

To reduce the overhead of these function calls as much as possible, two steps were taken:

* To gain maximum efficiency on all compilers and platforms, byte and word size argu-
ments are passed between the application and the HAL as unsigned integers. This typi-
cally alows a compiler to produce more efficient code for the platform.

 Offset alignment for word and dword accesses is not tested. On non-Intel platforms
attempting to access aword or dword on anon-aligned boundary may resultin a
processor trap. It isthe responsibility of the caller to ensure that the requested offset is
correctly aligned for the target platform.

unsighed seReadDisplayByte(DWORD Offset)

Description: Reads a byte from the display buffer memory at the specified offset and returns the value.
Parameters: Offset Offset, in bytes, from start of the display buffer to the byte to read.
Return Value: The return vaue, in the least significant byte, isthe byte read from display memory.

unsigned seReadDisplayWord(DWORD Offset)

Description: Reads one word from display buffer memory at the specified offset and returns the value.
Parameters: Offset Offset, in bytes, from start of the display buffer to the word to read.
Return Value The return vaue, in the least significant word, isthe word read from display memory.

DWORD seReadDisplayDword (DWORD Offset)

Description: Reads one dword from display buffer memory at the specified offset and returns the value.
Parameters: Offset Offset, in bytes, from start of the display buffer to the dword to read.
Return Value: The DWORD read from display memory.

void seWriteDisplayBytes(DWORD Offset, unsigned Value, DIWORD Count)

Description: This routine writes one or more bytes to the display buffer at the offset specified by Offset.
Parameters: Offset Offset, in bytes, from start of display memory to the first byte to be
written.
Value An unsigned integer containing the byte to be written in the least
significant byte.
Count Number of bytes to write. All bytes will have the same value.
Return Value: None.
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Note
If ((Offset + Count) > memory size) then this function limits the writes to the end of dis-
play memory.

void seWriteDisplayWords(DWORD Offset, unsigned Value, DWORD Count)

Description: This routine writes one or more words to display memory starting at the specified offset.
Parameters: Offset Offset, in bytes, from the start of display memory to the first word to
write.
Value An unsigned integer containing the word to written in the least
significant word
Count Number of words to write. All words will have the same value.
Return Value: None.
Note
If ((Offset + (Count * 2)) > memory size) then this function limits the writes to the end
of display memory.

void seWriteDisplayDwords(DWORD Offset, DIWORD Value, DWORD Count)

Description: This routine writes one or more dwords to display memory starting at the specified offset.
Parameters: Offset Offset, in bytes, from the start of display memory to the first dword to
write.
Value The value to be written to display memory.
Count Number of dwords to write. All dwordswill have the same value.
Return Value: None.
Note
If ((Offset + (Count * 4)) > memory size) then this function limits the writes to the end
of display memory.
Programming Notes and Examples S1D13506

Issue Date: 01/02/06 X25B-G-003-03



Page 124 Epson Research and Development
Vancouver Design Center

14.2.6 Color Manipulation

The functions in the Color Manipulation section deal with altering the color valuesin the
Look-Up Table directly through the accessor functions and indirectly through the color
depth setting functions.

Keep in mind that all lookup table datais contained in the upper nibble of each byte.

void seWriteLutEntry(int Index, BYTE *pRGB)
void seWriteLcdLutEntry(int Index, BYTE *pRGB)
void seWriteCrtLutEntry(int Index, BYTE *pRGB)
void seWriteTvLutEntry(int Index, BYTE *pRGB)

IDescription: These routines write one lookup table entry to the specified index of the lookup table.

seWriteL utEntry() writes to the specified index of the current active surface. See seSetL -
cdAsActiveSurface(), seSetCrtAsActiveSurface() and seSetTvASActiveSurface() for
information about changing the active surface.

seWriteL cdL utEntry(), seWriteCrtLutEntry() and seWriteTvL utEntry() modify one entry
of the lookup table of the surface indicated in by the function name.

Parameter: Index Offset to the lookup table entry to be modified. (i.e. a0 will write the
first entry and a 255 will write the last lookup table entry)

pRGB A pointer to byte array of datato write to the lookup table. The array
must consist of three bytes; the first byte contains the red value the
second byte contains the green value and the third byte contains the
blue value.

Return Value None
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void seReadLutEntry(int Index, BYTE *pRGB)
void seReadLcdLutEntry(int Index, BYTE *pRGB)
void seReadCrtLutEntry(int Index, BYTE *pRGB)
void seReadTvLutEntry(int Index, BYTE *pRGB)

iDescription: These routines read one lookup table entry and return the results in the byte array pointed
to by pRGB.

seReadL utEntry() reads the specified index from the lookup table of the current active sur-
face. See seSetl cdAsActiveSurface(), seSetCrtAsActiveSurface() and seSetTvAsActive-
Surface() for information about changing the active surface.

seReadL cdL utEntry(), seReadCrtL utEntry(), and seReadTvL utEntry() read one entry
form the lookup table for the surface indicated by the function name.

Parameter: Index Offset to the lookup table entry to be read. (i.e. setting index to 2 will
return athe value of the third element of the lookup table)

pRGB A pointer to an array to receive the lookup table data. The array must be
at least three bytes long. On return from this function thefirst byte of
the array will contain the red data, the second byte will contain the
green data and the third byte will contain the blue data.

Return Value: None.

void seWriteLut(BYTE *pRGB, int Count)
void seWriteLcdLut(BYTE *pRGB, int Count)
void seWriteCrtLut(BYTE *pRGB, int Count)
void seWriteTvLut(BYTE *pRGB, int Count)

iDescription: These routines write one or more lookup table entries starting at offset zero.

seWriteL ut() modifies Count entries in the current active surface. See seSetl cdAsActive-
Surface(), seSetCrtAsActiveSurface() and seSetTvAsActiveSurface() for information
about changing the active surface.

seWriteL cdLut(), seWriteCrtLut(), and seWriteTvL ut() modifies the lookup table for the
surface indicated in the function name.

Thisroutine isintended to allow setting as many lookup table entries as the current color
depth alowsin call.

Par ameter: pRGB A pointer to an array of lookup table entry values to write to the LUT.
Each lookup table entry must consist of three bytes. The first byte must
contain the red value, the second byte must contain the green value and
the third byte must contain the blue value to modify the lookup table

with.
Count The number of lookup table entries to modify.
Return Value: None.
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void seReadLut(BYTE *pRGB, int Count)
void seReadLcdLut(BYTE *pRGB, int Count)
void seReadCrtLut(BYTE *pRGB, int Count)
void seReadTvLuUt(BYTE *pRGB, int Count)

IDescription: This routine reads one or more lookup table entries and returns the result in the array
pointed to by pRGB. The read always begins at the first [ookup table entry.

seReadL ut() reads the first Count lookup table entries from the current active surface. See
seSetl cdAsActiveSurface(), seSetCrtAsActiveSurface() and seSetTvAsActiveSurface()
for information about changing the active surface.

seReadL cdL ut(), seReadCrtL ut(), and seReadTvL ut() read the first Count entries from the
surface indicated by the function name.

Thisroutine allows reading al the lookup table elements used by the current color depthin

one library call.

Parameters: pRGB A pointer to an array of bytes large enough to hold the requested
number of lookup table entries. Each lookup table entry consists of
three bytes; thefirst byte will contain the red data, the second the green
data and the third the blue data.

Count The number of lookup table entriesto read.

Return Value: None.

DWORD seSetBitsPerPixel(unsigned BitsPerPixel)
DWORD seSetLcdBitsPerPixel(unsigned BitsPerPixel)
DWORD seSetCrtBitsPerPixel(unsigned BitsPerPixel)
DWORD seSetTvBitsPerPixel(unsigned BitsPerPixel)
DWORD seSetLcdCrtBitsPerPixel(unsigned BitsPerPixel)
DWORD seSetLcdTvBitsPerPixel(unsigned BitsPerPixel)

Description: These functions change the color depth of the display and update the appropriate LUT.
Display memory isautomatically released and then reall ocated as necessary for the dis-

play size.
seSetBitsPerPixel () changes the bits-per-pixel mode for the active surface. Memory is
reassigned according to the descriptions for each of the following mode sets.

seSetl cdBitsPerPixel () changes the bits-per-pixel mode for the panel display. This func-
tion uses the current register settings for SwivelView to determine the amount of memory
to allocate, and what starting register addresses are required.

Note
seSetl cdBitsPerPixel() frees CRT/TV memory in order to guarantee the LCD image
starts at the beginning of display buffer memory.

seSetCrtBitsPerPixel () and seSetTvBitsPerPixel () change the bits-per-pixel mode for the
indicated display device. These functionsignore the rotate90 and rotate180 register bits.
Memory is allocated only for the landscape mode.
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IMPORTANT

Parameters:

Return Value:

seSetL cdCrtBitsPerPixel () and seSetL cdTvBitsPerPixel () change the color depth for a sur-
face which combines LCD and CRT/TV. Portrait (SwivelView 90) is disabled. If the dis-
play resolution is not the same for the two displays then memory is allocated based on the
larger of the two.

When the LCD color depth is changed, memory allocated for the display buffer and ink
layer/hardware cursorsis freed and the display buffer memory is reassigned. The applica-
tion must redraw the display and re-initialize the cursor/ink and redraw after calling seSet-
BitsPerPixel().

seSetl cdCrtBitsPerPixel(), and seSetL cdTvBitsPerPixel () will free all allocated memory
for al displays and all ink layers/hardware cursors, then allocate memory only for the dis-
play(s) mentioned in the function name. The cursor/ink must be re-initialized and restored
after making one of these cadlls.

If the active surface is the pand then seSetBitsPerPixel() will free all allocated memory
for al displays and all ink layers/hardware cursors, then allocate memory ONLY for the
active surface (LCD). If the active surface isthe CRT or TV, seSetBitsPerPixel() will free
memory only for the active surface (CRT or TV), and then reallocate memory for this sur-
face asrequired.

BitsPerPixel The new color depth. BitsPerPixel can be one of the following:
4, 8, 15, 16.

Thereturn value is the thirty-two bit offset to the start of the surface display memory. I
thereis an error the return valueis 0. A linear addressis the 32-bit offset, in CPU address
space, where the application can directly read or write display memoary.

Thethirty-two bit address must be converted to a segment:offset for use with a 16-bit Intel
platform.

unsigned seGetBitsPerPixel(void)

unsigned seGetLcdBitsPerPixel(void)
unsigned seGetCrtBitsPerPixel(void)
unsigned seGetTvBitsPerPixel(void);

Description:

Parameters:

Return Value:

These functions returns the current color depth for athe associated display surface.
seGetBitsPerPixel () returns the color depth for the current active surface.

seGetL cdBitsPerPixel (), seGetCrtBitsPerPixel (), and seGetTvBitsPerPixel () return the
color depth for the surface indicated in the function name.

None.
The color depth of the surface. Thisvaluewill be 4, 8, 15 or 16.
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14.2.7 Virtual Display

int seVirtinit(OWORD Width, DWORD Height)

int seLcdVirtinit(DWORD Width, DWORD Height)
int seCrtVirtinit(DWORD Width, DWORD Height)

int seTvVirtinit(DWORD Width, DWORD Height)

int seLcdCrtVirtinit(DWORD Width, DWORD Height)
int seLcdTvVirtInit(DWORD Width, DWORD Height)

Description:

Parameters:

Return Value

These functions prepare the S1D13506 for displaying avirtual image.

“Virtual Image” describes the condition where the image contained in display memory is
larger than the physical display. In this situation the display surfaceis used as a window
into the larger display memory area. Panning (right/left) and scrolling (up/down) are used
move the display surfacein order to view the entire image a portion at atime.

seVirtlnit() prepares the current active surface for virtual image display. Memory isallo-
cated based on width, height and the current color depth.

sel_cdVirtlnit initializes and allocates memory for the LCD based on width and height and
color depth. If the panel surface isrotated 90 or 270 degrees then the height islimited to a
maximum 1024 lines.

seCrtVirtlnit and seTvVirtlnit initialize and allocate memory for the given display based
on current width and height and color depth.

selcdCrtVirtInit and seLcdTvVirtInit initialize and allocate memory for a surface which
combines both LCD and CRT/TV. Memory is allocated based on the requirements of the
larger of the two surfaces (if different). If the panel surfaceis rotated 90 or 270 degrees
then the height is limited to a maximum of 1024 lines.

Memory previously alocated for this surfaceis released then reallocated to the larger size.
Width The desired virtual width of the display in pixels.

Width must be a multiple of the number of pixels contained in one word
of display memory. At 15/16 bit per pixel Width may be any value. At 8
bit per pixel Width must be a multiple of two and at 4 bit per pixel
Width must be amultiple of four.

Height The desired virtual height of the display in pixels.

The HAL performs internal memory management to ensure that al
display surfaces and cursor/ink layer have sufficient memory for
operation. The Height parameter is required so the HAL can determine
the amount of memory the application requires for the virtual image.

ERR_OK The function completed successfully.

ERR_HAL_BAD ARG The requested virtual dimensions are smaller than
the physical display size.

ERR_NOT_ENOUGH_MEMORY Thereisinsufficient free display memory to set the
requested virtual display size.
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void seVirtPanScroll(DWORD x, DWORD vy)

void seLcdVirtPanScrol|(DWORD x, DWORD y)
void seCrtVirtPanScroll(DWORD x, DWORD y)
void seTvVirtPanScrol|(DWORD x, DWORD y)
void seLcdCrtVirtPanScroll(DWORD x, DWORD y)
void seLcdTvVirtPanScroll(DWORD x, DWORD vy)

Description:

Parameters:

Return Value:

When displaying a virtual image the display surface is smaller than the virtual image con-
tained in display memory. In order to view the entire image the display istreated asawin-
dow into the virtual image.

These functions allow an application to pan (right and left) and scroll (up and down) the
display over the virtual image.

seVirtPanScroll() will pan and scroll the current active surface.

sel cdVirtPanScroll(), seCrtVirtPanScroll(), seTvVirtPanScroll(), sel cdCrtVirtPan-
Scroll(), and seL.cdTvVirtPanScroll() will pan and scroll the surface indicated in the func-
tion name.

X The new x offset, in pixels, of the upper |eft corner of the display.
y The new y offset, in pixels, of the upper left corner of the display.
None.
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14.2.8 Drawing

Functionsin this category perform primitive drawing on the specified display surface.
Supported drawing primitive include pixels, lines, rectangles, ellipses and circles.

void seSetPixel(long x, longy, DWORD Color)
void seSetLcdPixel(long x, longy, DWORD Color)
void seSetCrtPixel(long x, longy, DWORD Color)
void seSetTvPixel(long x, longy, DWORD Color)

Description: These routines set a pixel at the location x,y with the specified color.

Use seSetPixel () to set one pixel on the current active surface. See seSetl cdAsActiveSur-
face(), seSetCrtAsActiveSurface() and seSetTvAsActiveSurface() for information about
changing the active surface.

Use seSetl cdPixel(), seSetCrtPixel (), and seSetTvPixel () to set one pixel on the surface
indicated in the function name.

Parameters: X The X co-ordinate, in pixels, of the pixel to set.
y TheY co-ordinate, in pixels, of the pixel to set.
Color Specifies the color to draw the pixel with. Color isinterpreted

differently at different color depths.

At 4 and 8 hit per pixel display colors are derived from the lookup table
values. The least significant byte of Color forms an index into the
lookup table.

At 15 and 16 bit per pixel the lookup table is bypassed and each word of
display memory forms the color to display. At 15 bit per pixel the least
significant word directly represents the color to draw the pixel with asa
5-5-5 RGB va ue with the most significant bit of the word discarded. In
16 bit per pixel display mode the least significant word describes the
color to draw the pixel with in 5-6-5 RGB format.

Return Value: None.
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DWORD seGetPixel(long x, long y)
DWORD seGetLcdPixel(long x, long y)
DWORD seGetCrtPixel(long x, long y)
DWORD seGetTvPixel(long x, long y)

Description:

Parameters:

Return Value:

Returns the pixel color at the specified display location

Use seGetPixel() to read the pixel color at the specified x,y co-ordinates on the current
active surface. See seSetl cdAsActiveSurface(), seSetCrtAsActiveSurface() and
seSetTvAsActiveSurface() for information about changing the active surface.

Use seGetLcdPixel (), seGetCrtPixel(), and seGetTvPixel () to read the pixel color at the
specified x,y co-ordinate on the display surface referenced in the function name.

X The X co-ordinate, in pixels, of the pixel to read
y TheY co-ordinate, in pixels, of the pixel to read

Thereturn value is a dword describing the color read at the x,y co-ordinate. Color isinter-
preted differently at different color depths.

At 4 and 8 bit per pixel, display colors are derived from the lookup table values. Thereturn
value is an index into the lookup table. The red, green and blue components of the color
can be determined by reading the lookup table values at the returned index.

At 15 and 16 bit per pixel the lookup table isbypassed and each word of display memory
form the color to display. At 15 bit per pixel the least significant word of the return value
directly represents the color of the pixel asa5-5-5 RGB value with the most significant bit
of the word discarded. In 16 bit per pixel display mode the least significant word of the
return value describes the color as a5-6-5 RGB value.
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void seDrawLine(long x1, long y1, long x2, long y2, DWORD Color)
void seDrawlLcdLine(long x1, long y1, long x2, long y2, DWORD Color)
void seDrawCrtLine(long x1, long y1, long x2, long y2, DWORD Color)
void seDrawTvLine(long x1, long y1, long x2, long y2, DWORD Color)

Description: These functions draw aline between two pointsin the specified color.

Use seDrawLing() to draw aline on the current active surface. See seSetL cdASA ctiveSur-
face(), seSetCrtAsActiveSurface() and seSetTvAsActiveSurface() for information about
changing the active surface.

Use seDrawL cdLine(), seDrawCrtLine(), and seDrawTvLing() to draw aline on the sur-
face referenced by the function name

The X co-ordinate, in pixels, of the first endpoint of thelineto be
drawn.

TheY co-ordinate, in pixels, or the first endpoint of thelineto be
drawn.

The X co-ordinate, in pixels, of the second endpoint of the lineto be
drawn.

TheY co-ordinate, in pixels, of the second endpoint of the lineto be
drawn.

Specifies the color to draw the line with. Color isinterpreted differently
at different color depths.

At 4 and 8 hit per pixel display colors are derived from the lookup table
values. The least significant byte of Color is an index into the lookup
table.

At 15 and 16 bit per pixel the lookup table is bypassed and each word of
display memory forms the color to display. At 15 bit per pixel the |least
significant word directly represents the color to draw theline with asa
5-5-5 RGB va ue with the most significant bit of the word discarded. In
16 bit per pixel display mode the least significant word describes the
color to draw the line with in 5-6-5 RGB format.

Parameters: x1

yl

X2

y2

Color
Return Value: None.
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void seDrawRect(long x1, long y1, long x2, long y2, DWORD Color, BOOL SolidFill)
void seDrawLcdRect(long x1, long y1, long x2, long y2, DWORD Color, BOOL SolidFill)
void seDrawCrtRect(long x1, long y1, long x2, long y2, DWORD Color, BOOL SolidFill)
void seDrawTvRect(long x1, long y1, long x2, long y2, DWORD Color, BOOL SolidFill)

Description: These routines draw arectangle on the screen in the specified color. Therectangle is
bounded on the upper left by the co-ordinate x1,y1 and on the lower right by the co-ordi-
nate x2,y2. The SolidFill parameter alows the programmer to select whether to fill the
interior or the rectangle or to only draw the border.

Use seDrawRect() to draw arectangle on the current active display surface.See seSetlL -
cdAsActiveSurface(), seSetCrtAsActiveSurface() and seSetTvAsActiveSurface() for
information about changing the active surface.

Use seDrawL cdRect(), seDrawCrtRect(), and seDrawTvRect() to draw arectangle on the
display surface indicated by the function name.

Parameters: x1

yl
X2

y2
Color

SolidFill

Return Value: None

The X co-ordinate, in pixels, of the upper left corner of the rectangle.
The Y co-ordinate, in pixels, of the upper left corner of the rectangle.
The X co-ordinate, in pixels, of the lower right corner of the rectangle.
TheY co-ordinate, in pixels, of the lower right corner of the rectangle.

Specifies the color to draw the line with. Color isinterpreted differently
at different color depths.

At 4 and 8 bit per pixel display colors are derived from the lookup table
values. The least significant byte of Color isan index into the lookup
table.

At 15 and 16 bit per pixel thelookup tableisbypassed and each word of
display memory forms the color to display. At 15 bit per pixel the least
significant word directly represents the color to draw the line with as a
5-5-5 RGB value with the most significant bit of the word discarded. In
16 bit per pixel display mode the least significant word describes the
color to draw the line with in 5-6-5 RGB format.

A boolean value specifying whether to fill the interior of the rectangle.

Set to FALSE “0” to draw only the rectangle border. Set to TRUE
“non-zero” to instruct this routine to fill the interior of the rectangle.
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void seDrawCircle(long xCenter, long yCenter, long Radius, DWORD Color)
void seDrawlLcdCircle(long xCenter, long yCenter, long Radius, DWORD Color)
void seDrawCrtCircle(long xCenter, long yCenter, long Radius, DWORD Color)
void seDrawTvCircle(long xCenter, long yCenter, long Radius, DWORD Color)

Description: These routines draw a circle on the screen in the specified color. The circle is centered at
the co-ordinate x,y and is drawn with the specified radius and Color. Circles cannot be
solid filled.

Use seDrawCircle() to draw the circle on the current active display surface. See seSetl -
cdAsActiveSurface(), seSetCrtAsActiveSurface() and seSetTvASActiveSurface() for
information about changing the active surface.

Use seDrawL cdCircle(), seDrawCrtCircle(), seDrawTvCircle() draw the circle on the dis-
play surface indicated by the function name

Parameters: X The X co-ordinate, in pixels, of the center of the circle.
y TheY co-ordinate, in pixels, or the center of the circle.
Radius Specifies the radius of the circle in pixels.
Color Specifying the color to draw the circle. Color isinterpreted

differently at different color depths.

At 4 and 8 hit per pixel display colors are derived from the lookup table
values. The least significant byte of Color is an index into the lookup
table.

At 15 and 16 bit per pixel the lookup table is bypassed and each word of
display memory forms the color to display. At 15 bit per pixel the least
significant word directly represents the color to draw thecirclewith asa
5-5-5 RGB value with the most significant bit of the word discarded. In
16 bit per pixel display mode the least significant word describes the
color to draw the circle with in 5-6-5 RGB format.

Return Value None.

S1D13506 Programming Notes and Examples
X25B-G-003-03 Issue Date: 01/02/06



Epson Research and Development
Vancouver Design Center

Page 135

void seDrawEllipse(long xc, long yc, long xr, long yr, DWORD Color)
void seDrawLcdEllipse(long xc, long yc, long xr, long yr, DWORD Color)
void seDrawCrtEllipse(long xc, long yc, long xr, long yr, DWORD Color)
void seDrawTvEllipse(long xc, long yc, long xr, long yr, DWORD Color)

Description: These routines draw an ellipse on the screen in the specified color. Thecircleis centered at
the co-ordinate x,y and is drawn in the specified color with the indicated radius for the x
and y axis. Ellipses cannot be solid filled.

Use seDrawEllipse() to draw the circle on the current active display surface. See seSetl -
cdAsActiveSurface(), seSetCrtAsActiveSurface() and seSetTvAsActiveSurface() for
information about changing the active surface.

Use seDrawL cdEllipse(), seDrawCrtEllipse(), seDrawTvEllipse() draw the ellipse on the
display surface indicated by the function name

Par ameters: XC
yc
Xr
yr
Color

Return Value: None.

The X co-ordinate, in pixels, of the center of the elipse.
The Y co-ordinate, in pixels, of the center of the ellipse.
A long integer specifying the X radius of the ellipse, in pixels.
A long integer specifying the Y radius of the ellipse, in pixels.

A dword specifying the color to draw the ellipse. Color isinterpreted
differently at different color depths.

At 4 and 8 hit per pixel display colors are derived from the lookup table
values. The least significant byte of Color isan index into the lookup
table.

At 15 and 16 bit per pixel the lookup tableis bypassed and each word of
display memory formsthe color to display. At 15 bit per pixel the least
significant word directly represents the color to draw the ellipse with as
a 5-5-5 RGB value with the most significant bit of the word discarded.
In 16 bit per pixel display mode the least significant word describes the
color to draw the circle with in 5-6-5 RGB format.
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14.2.9 Hardware Cursor

Theroutines in this section support hardware cursor. Most of the calls look similar to
normal drawing calls (i.e. seDrawCursorLing()); however, these calls remove the
programmer from having to know the particulars of the cursor memory location, layout and
whether portrait modeis enabled.

The same S1D 13506 uses the same hardware for both hardware cursor and ink layer which
means that only the cursor or the ink layer can be active at any given time.The difference
between the hardware cursor and the ink layer isthat in cursor modetheimageisa
maximum of 64x64 pixels and can be moved around the display whileinink layer mode
theimageisaslarge asthe physical size of the display and isfixed in position. Both the ink
layer and hardware cursor have the same number of colors and handle these colors identi-
cally.

DWORD selnitCursor(void)
DWORD selnitLcdCursor(void)
DWORD selnitCrtCursor(void)
DWORD selnitTvCursor(void)

Description:

Parameters:
Return Value:

These functions allocate cursor memory, fills the cursor image with a transparent block,
and enable the cursor. If memory was previously allocated for the cursor, this memory is
first released.

The S1D13506 supports two independent hardware cursors, one on a panel surface and
one on the CRT/TV surface.

Use selnitCursor() to initialize the cursor for the active surface.

Use selnitL.cdCursor(), selnitCrtCursor(), and selnitTvCursor() initialize the cursor on the
display surface indicated in the function name.

None.
The return value is the thirty-two bit offset to the start of the hardware cursor memory. If
thereis an error the return valueis 0.

Note
On a 16-bit DOS the return value must be converted into a segment:offset before use.
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void seFreeCursor(void)
void seFreelLcdCursor(void)
void seFreeCrtCursor(void)
void seFreeTvCursor(void)

Description: These functions release memory allocated to the hardware cursor by selnitCursor() func-
tions.

Use seFreeCursor() to free the hardware cursor memory for the current active surface.

Use sefFreelcdCursor(), seFreeCrtCursor(), and seFreeTvCursor() to free the resources
associated with the surface indicated by the function name.

Parameters: None.

Return Value: None.

void seEnableCursor(int Enable)
void seEnableLcdCursor(int Enable)
void seEnableCrtCursor(int Enable)
void seEnableTvCursor(int Enable)

Description: These functions enable or disable the hardware cursor. When enabled the cursor will be
visible on the display surface. When disabled the cursor will not be displayed.

Call seEnableCursor() to enable/disable the hardware cursor of the active surface.

Call seEnablel cdCursor(), seEnableCrtCursor(), and seEnableTvCursor() to enable/dis-
able the hardware cursor for the surface indicated by the function name.

Recall that the CRT and TV share the same cursor. Enabling/disabling the cursor for one
device will affect the other display aswell.

Parameters: Enable A flag indicating whether to enable or disable the hardware cursor.

Call with Enable set to FALSE “0" to disable the hardware cursor for
the surface. Call with Enable set to TRUE “non-0" to enable the
hardware cursor for the device.

Return Value: None.
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DWORD seGetCursorLinearAddress(void)
DWORD seGetLcdCursorLinearAddress(void)
DWORD seGetCrtCursorLinearAddress(void)
DWORD seGetTvCursorLinearAddress(void)

Description: These routines return address for the hardware cursor through which the application can
directly access the cursor memory.

Call seGetCursorLinearAddress() to retrieve the address of the hardware cursor associated
with the current active surface.

Call seGetlLcdCursorLinearAddress(), seGetCrtCursorLinearAddress(), or seGetTvCur-
sorLinearAddress() to retrieve the address of the hardware cursor associated with the dis-
play surfaceindicated by the function name.

Parameters: None.

Return Value: The return value is the linear address of the hardware cursor. A linear address is the 32 bit
offset in CPU address space where the application can directly read or write the hardware
Cursor.

DWORD seGetCursorOffsetAddress(void)
DWORD seGetLcdCursorOffsetAddress(void)
DWORD seGetCrtCursorOffsetAddress(void)
DWORD seGetTvCursorOffsetAddress(void)

Description: These routines return the offset in display memory of the hardware cursor. Using this off-
set the application can use HAL API calls such as seSetWriteDisplayBytes() to access the
hardware cursor image.

Call seGetCursorOffsetAddress() to get the offset to the hardware cursor associated with
the current active surface.

Call seGetL cdCursorOffsetAddress(), seGetCrtCursorOff setAddress(), and seGetTvCur-
sorOffsetAddress() to retrieve the offset to the hardware cursor for the surface indicated in
the function name.

Parameters: None.

Return Value: Thereturn value isthe offset, in bytes, from the start of display memory to the start of the
hardware cursor.
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void seMoveCursor(long x, long y)
void seMoveLcdCursor(long x, long y)
void seMoveCrtCursor(long x, long y)
void seMoveTvCursor(long x, long y)

Description: These routines are move where the hardware cursor is shown on the display surface.
Call seMoveCursor() to move the hardware cursor on the current active surface.

Call seMovel cdCursor(), ssMoveCrtCursor(), and seMoveTvCursor() to move the hard-
ware cursor associated with the surface indicated in the function name.

Par ameter: X The desired display surface X co-ordinate, in pixels, of the upper left
corner of the cursor.

y The desired display surface Y co-ordinate, in pixels, of the upper left
corner of the cursor.

Return Value: None.

void seSetCursorColor(int Index, DWORD Color)
void seSetLcdCursorColor(int Index, DWORD Color)
void seSetCrtCursorColor(int Index, DWORD Color)
void seSetTvCursorColor(int Index, DWORD Color)

Description: These routines allow the user to set the either of the two user definable colors.

The hardware cursor can be thought of as afour color image. Two of the colors cannot be
changed. Displaying these two colorsin acursor image will always result in transparent
and inverse video being displayed.

The remaining two colors can be changed.
Call seSetCursorColor() to change the cursor colors for the current active surface.

Call seSetLcdCursorColor(), seSetCrtCursorColor(), or seSetTvCursorColor() to change
the color for the surface associated with the function name.

Parameters: Index Specifies which of the two application changeable colors this operation
isto affect.

Legal valuesfor Index are 0 and 1.
Color The new color to set as the hardware cursor color.

The color valuesin the dword are arranged as follows:
XXXX XXXX XXXR RRRR xxGG GGGG xxxB BBB

Where x isdon’t care (set to 0), R isfive bits of red intendty, G is six
bits of green intensity and B isfive bits of blue intensity.

Return Value: None.
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void seSetCursorPixel(long x, longy, DWORD Color)
void seSetLcdCursorPixel(long x, long y, DWORD Color)
void seSetCrtCursorPixel(long x, longy, DWORD Color)
void seSetTvCursorPixel(long x, long y, DWORD Color)

Description: These functions are intended for drawing in the hardware cursor areaapixel at atime.

Call seSetCursorPixel() to set apixel in the cursor associated with the current active sur-
face.

Call seSetL cdCursorPixel (), seSetCrtCursorPixel(), and seSetTvCursorPixel () to set pixels
in the cursor associated with the display surface indicated in the function name.

Parameters: X The X co-ordinate of the cursor, in pixels, at which to set the pixel color.
Valid values for x range from 0 to 63.
y TheY co-ordinate of the cursor, in pixels, awhich to set the pixel color.
Valid values for y range from 0 to 63.
Color Specifies which of the four cursor colors set the pixel to.Valid values
for Color are:

0 - to set the pixel to the solid color O

1 - to set the pixel to the solid color 1

2 - to set the pixel to the transparent color
3 - to set the pixel to the inverted color.

Return Value None.
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void seDrawCursorLine(long x1, long y1, long x2, long y2, DWORD Color)
void seDrawLcdCursorLine(long x1, long y1, long x2, long y2, DWORD Color)
void seDrawCrtCursorLine(long x1, long y1, long x2, long y2, DWORD Color)
void seDrawTvCursorLine(long x1, long y1, long x2, long y2, DWORD Color)

Description: These routines assist in defining the cursor shape by drawing alinein the hardware cursor
between the specified points.

Call seDrawCursorLine() to draw aline in the hardware cursor image associated with the
current active surface.

Call seDrawL cdCursorLine(), seDrawCrtCursorLine(), or seDrawTvCursorLing() to draw
aline in the hardware cursor image associated with the display surface indicated in the
function name.

Parameter: x1 Specifiesthe X co-ordinate of the first endpoint of the line measured in
pixels from the left edge of the cursor image.

yl Specifiesthe Y co-ordinate of the first endpoint of the line measured in
pixels from the top edge of the cursor image.

X2 Specifiesthe X co-ordinate of the second endpoint of the line measured
in pixels from the left edge of the cursor image.

y2 Specifiesthe Y co-ordinate of the second endpoint of the line measured
in pixels from the top edge of the cursor image.

Color Specifies which of the four cursor colorsto draw the line with. Valid
vaues for Color are:

0 - todraw thelinein solid color O

1 -todraw thelinein solid color 1

2 - to draw the line in the transparent color
3 -todraw thelinein theinverted color.

Return Value: None.
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void seDrawCursorRect(long x1, long y1, long x2, long y2, DWORD color, BOOL SolidFlll)
void seDrawlLcdCursorRect(long x1, long y1, long x2, long y2, DWORD color, BOOL SolidFill)
void seDrawCrtCursorRect(long x1, long y1, long x2, long y2, DWORD color, BOOL SolidFill)
void seDrawTvCursorRect(long x1, long y1, long x2, long y2, DWORD color, BOOL SolidFill)

Description: These routines draw rectangles on the hardware cursor surface. The rectangle may be
drawn as just aborder or as asolid filled area.

Call seDrawCursorRect() to draw arectangle in the hardware cursor image associated
with the current active surface.

Call seDrawL cdCursorRect(), seDrawCrtCursorRect(), or seDrawTvCursorRect() to draw
arectanglein the hardware cursor image associated with the display surface indicated by
the function name.

Parameter: x1

yl

X2

y2

Color

SolidFill

Return Value: None.

The X co-ordinate for the top left corner of the rectangle measured in
pixels from the left edge of the cursor image.

TheY co-ordinate for the top left corner of the rectangle measured in
pixelsfrom the top of the cursor image.

The X co-ordinate for the bottom right corner of the rectangle measured
in pixels from the | eft edge of the cursor image.

TheY co-ordinate for the bottom right corner of the rectangle measured
in pixels from the top edge of the cursor image.

Specifies which of the four cursor colors to draw the line with.Valid
valuesfor Color are:

0 - to draw the rectangle in solid color O

1 - to draw the rectanglein solid color 1

2 - to draw the rectangle to the transparent color
3 - to draw therectangle in the inverted color.

Flags whether to fill the rectangle as or to only draw the border.

Set SolidFill to FALSE (“0") to draw only the outline of the rectangle.
Set SolidFill to TRUE (“1”) tofill the interior of the rectangle.
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14.2.10 Ink Layer

The functionsin this section support the hardware ink layer. These functions are nearly
identical to the routines to control the hardware cursor.

The same S1D 13506 uses the same hardware for both hardware cursor and ink layer which
means that only the cursor or the ink layer can be active at any given time.The difference
between the hardware cursor and the ink layer isthat in cursor mode theimageisa
maximum of 64x64 pixels and can be moved around the display whileinink layer mode
theimageisaslarge asthe physical size of thedisplay and isfixed in position. Both theink
layer and hardware cursor have the same number of colors and handle these colorsidenti-
cally.

DWORD selnitink(void)
DWORD selnitLcdInk(void)
DWORD selnitCrtink(void)
DWORD selnitTvink(void)

Description:

Parameters:

Return Value:

These functions initialize the ink layer for use. The initialization includes:. alocating ink
layer memory, filling the ink layer image with atransparent color, and enabling the ink

layer.

If memory was previously allocated for the ink layer or a hardware cursor on the surface
then this memory isfirst released.

Call selnitlnk() to initialize the ink layer for the current active surface.

Call selnitLcdInk(), selnitCrtink(), and selnitTvink() to initialize the ink layer for the sur-
face indicated in the display name.

None.
Thereturn value is the thirty-two bit offset in CPU address space to the start of theink
layer memory. If thereisan error the return valueis 0.

Note
On 16-bit DOS systems the return value must be converted into a segment:offset before
use.
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void seFreelnk(void)
void seFreeLcdInk(void)
void seFreeCrtink(void)
void seFreeTvink(void)

Description: These functions release the memory all ocations made by the call to the selnitink() calls.

Prior to calling the seFreel nk() functions the application must make acall to seEn-
ablelnk() to hide theink layer.

Call seFreelnk() to Free theink layer memory associated with the current active surface.

Call seFreelcdink(), seFreeCrtInk(), or seFreeTvink() to free the ink layer memory asso-
ciated with the surface indicated in the function name.

Parameters: None.
Return Value: None.

void seEnablelnk(int Enable)
void seEnableLcdInk(int Enable)
void seEnableCrtink(int Enable)
void seEnableTvink(int Enable)

Description: These functions enable or disable the hardware ink layer. When enabled the ink layer will
be visible and when disabled the ink layer will be hidden.

Call seEnablelnk() to enable/disable the ink layer associated with the current active sur-
face.

Call seEnablel cdink(), seEnableCrtink(), and seEnableTvInk() to enable/disable the hard-
wareink layer for the surface indicated by the function name.

Recall that the CRT and TV share the same ink layer. Enabling/disabling the ink layer for
one device will affect the other display as well.

Parameters: Enable A flag indicating whether to enable or disable the ink layer.
Set Enable to FAL SE (0) to disable the ink layer or set Enable to TRUE (non-0) to enable
theink layer.

Return Value: None.
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DWORD seGetInkLinearAddress(void)
DWORD seGetLcdInkLinearAddress(void)
DWORD seGetCrtinkLinearAddress(void)
DWORD seGetTvinkLinearAddress(void)

Description: These routines return address for the hardware ink layer through which the application can
directly accessthe ink layer memory.

Call seGetlnkLinearAddress() to retrieve the address of the ink layer associated with the
current active surface.

Call seGetl cdinkLinearAddress(), seGetCrtlnkLinearAddress(), or seGetTvInkLinearAd-
dress() to retrieve the address of the ink layer associated with the display surface indicated
in the function name.

Parameters: None.

Return Value: Thereturn valueisthe linear address of the hardware cursor. A linear address is the 32 bit
offset in CPU address space where the application can directly read or write the hardware
ink layer memory

DWORD seGetlnkOffsetAddress(void)
DWORD seGetLcdInkOffsetAddress(void)
DWORD seGetCrtiInkOffsetAddress(void)
DWORD seGetTvIinkOffsetAddress(void)

Description: These routines return the offset in display memory of the hardware ink layer. Using this
offset an application can use HAL API cals such as seSetWriteDisplayBytes() to access
the ink layer memory.

Call seGetlnkOffsetAddress() to get the offset to the ink layer associated with the current
active surface.

Call seGetL cdlnkOffsetAddress(), seGetCrtlnkOffsetAddress(), and seGet TvInkOff-
setAddress() to retrieve the offset to the ink layer for the surface indicated in the function

name.

Parameters: None.

Return Value: Thereturn value is the offset, in bytes, from the start of display memory to the start of ink
layer memory.
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void seSetinkColor(int index, DWORD color)
void seSetLcdInkColor(int index, DWORD color)
void seSetCrtinkColor(int index, DWORD color)
void seSetTvinkColor(int index, DWORD color)

Description: These routines allow the user to set the either of the two user definable hardware ink layer
colors.

The hardware ink layer can be thought of as afour color image of which only two colors
can be changed. The non-changeable colors will displays as transparent and inverted col-
ors.

Call seSetlnkColor() to change thein colors for the current active surface.

Call seSetl cdinkColor(), seSetCrtinkColor(), or seSetTvinkColor() to change the color
for the surface indicated by the function name.

Parameters: Index Index to specifies which of the two changeable colors to acces Valid
valuesfor Index are 0 and 1.

Color The new color to set asthe ink layer color.

The color valuesin the dword are arranged as follows:
XXXX XXXX XXXR RRRR xxGG GGGG xxxB BBB

Where x isdon't care (set to 0), R isfive bits of red intensity, G is six
bits of green intensity and B is five bits of blue intensity.

Return Value None.

void seSetinkPixel(long x, longy, DWORD color)
void seSetLcdInkPixel(long x, long y, DWORD color)
void seSetCrtinkPixel(long x, longy, DWORD color)
void seSetTvinkPixel(long x, long y, DWORD color)

Description: These functions are intended for drawing on the hardware ink layer a pixel at atime.

Call seSetInkPixel() to set apixel in the ink layer associated with the current active sur-
face.

Call seSetL cdinkPixel(), seSetCrtInkPixel(), and seSetTvInkPixel () to set pixelsin theink
layer associated with the display surface indicated in the function name.

Parameters: X The X co-ordinate of theink layer, in pixels, at which to set the pixel
color. Valid values for x range from O to display width - 1.
y TheY co-ordinate of the ink layer, in pixels, awhich to set the pixel
color. Valid valuesfor y range from 0 to display height - 1.
Color Specifies which of the four cursor colors set the pixel to.Valid values
for Color are:

0 - to set the pixel to the solid color O

1 - to set the pixel to the solid color 1

2 - to set the pixel to the transparent color
3 - to set the pixel to the inverted color.

Return Value None.
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void seDrawlInkLine(long x1, long y1, long x2, long y2, DWORD color)
void seDrawLcdInkLine(long x1, long y1, long x2, long y2, DWORD color)
void seDrawCrtinkLine(long x1, long y1, long x2, long y2, DWORD color)
void seDrawTvInkLine(long x1, long y1, long x2, long y2, DWORD color)

Description: These routines draw lines on the hardware ink layer between two points in the specified
color.

Call seDrawlInkLing() to draw aline in the hardware ink layer associated with the current
active surface.

Call seDrawlL cdinkLing(), seDrawCrtInkLine(), or seDrawTvInkLine() to draw alinein
the hardware ink layer image associated with the display surface indicated in the function

name.
Parameter: x1 Specifiesthe X co-ordinate of the first endpoint of the line measured in
pixels from the left edge of the display.
yl Specifiesthe Y co-ordinate of the first endpoint of the line measured in
pixels from the top edge of the display.
X2 Specifies the X co-ordinate of the second endpoint of the line measured
in pixels from the |eft edge of the display.
y2 Specifiesthe Y co-ordinate of the second endpoint of the line measured
in pixels from the top edge of the display.
Color Specifies which of the four ink layer colors to draw the line with. Valid
vaues for Color are:
0 - to draw thelinein solid color O
1-todraw thelinein solid color 1
2 - to draw the line in the transparent color
3 - to draw the linein the inverted color.
Return Value: None.
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void seDrawlInkRect(long x1, long y1, long x2, long y2, DWORD color, BOOL SolidFill)
void seDrawlLcdInkRect(long x1, long y1, long x2, long y2, DWORD color, BOOL SolidFill)
void seDrawCrtinkRect(long x1, long y1, long x2, long y2, DWORD color, BOOL SolidFill)
void seDrawTvInkRect(long x1, long y1, long x2, long y2, DWORD color, BOOL SolidFIll)

Description: These routines draw rectangles on the hardware ink layer surface. The rectangle may be
drawn as just aborder or as asolid filled area.

Call seDrawlnkRect() to draw arectangle in the hardware ink layer cursor image associ-
ated with the current active surface.

Call seDrawlL cdinkRect(), seDrawCrtlnkRect(), or seDrawTvInkRect() to draw a rectan-
glein the hardware ink layer associated with the display surface indicated by the function

name.

Parameter: x1

yl

X2

y2

Color

SolidFill

Return Value: None.

The X co-ordinate for the top left corner of the rectangle measured in
pixels from the left edge of the display surface.

TheY co-ordinate for the top left corner of the rectangle measured in
pixels from the top edge of the display surface.

The X co-ordinate for the bottom right corner of the rectangle measured
in pixels from the | eft edge of the display surface.

TheY co-ordinate for the bottom right corner of the rectangle measured
in pixels from the top edge of the display surface.

Specifies which of the four ink layer colorsto draw the line with.Valid
valuesfor Color are:

0 - to draw the rectangle in solid color O

1 - to draw the rectanglein solid color 1

2 - to draw the rectangle to the transparent color
3 - to draw therectangle in the inverted color.

Flags whether to fill the rectangle as or to only draw the border.

Set SolidFill to FALSE (“0") to draw only the outline of the rectangle.
Set SolidFill to TRUE (“1”) tofill the interior of the rectangle.
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14.2.11 PCI Support

The S1D13506 utilizes up to two megabytes of display memory. Addressing that much
memory on Intel |SA based evaluation platforms is difficult and prone to introducing
conflicts. To overcome these obstacles the standard PCI evaluation boar is PCI based.

By placing the S1D 13506 eval uation board on a PCl bustheissue of address spaceiselimi-
nated. In addition 32 bit software can be written and debugged in a Microsoft Windows
environment before being ported to an embedded platform.

In order for an application to access the S1D13506 memory and register the following two
functions are provided.

DWORD seGetLinearDisplayAddress(void)

Description:

Parameters:

Return Value:

This function returns the linear address for the start of physical display memory on a PCl
system

None.

Thereturn value is the linear address of the start of display memory. A linear addressis a
32-bit offset, in CPU address space.

DWORD seGetLinearRegAddress(void)

Description:
Parameters:

Return Value:

This function returns the linear address of the start of S1D13506 control registers.
None.

Thereturn value is the linear address of the start of S1D13506 control registers. A linear
addressis a 32-bit offset, in CPU address space.
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14.3 Porting LIBSE to a new target platform

Building Epson applications like asimple HelloApp for anew target platform requires 3
things, the HelloApp code, the 13506HAL library, and a some standard C functions
(portable ones are encapsulated in our mini C library LIBSE).

HelloApp Source code
HelloApp e CLibrary Functions (LIBSE for embedded platforms)

13506HAL Library

Figure 14-1: Components needed to build 13506 HAL application

For example, when building HELL OAPP.EXE for the x86 16-bit platform, you need the
HEL L OAPP sourcefiles, the 13506HAL library and itsincludefiles, and some Standard C
library functions (which in this case would be supplied by the compiler as part of its run-
timelibrary). AsthisisaDOS .EXE application, you do not need to supply start-up code
that sets up the chip selects or interrupts, etc... What if you wanted to build the application
for an SH-3 target, one not running DOS?

Before you can build that application to load onto the target, you need to build a C library
for the target that contains enough of the Standard C functions (like sprintf and strcpy) to
let you build the application. Epson suppliesthe LIBSE for this purpose, but your compiler
may come with oneincluded. Y ou also need to build the 13506HAL library for the target.
Thislibrary isthe graphics chip dependent portion of the code. Finally, you need to build
the final application, linked together with the libraries described earlier. The following
examples assume that you have a copy of the complete source code for the S1D13506
utilities, including the nmake makefiles, aswell asacopy of the GNU Compiler v2.7-96g3a
for Hitachi SH3. These are available on the Epson Electronics America Website at
http://www.eea.epson.com.
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14.3.1 Building the LIBSE library for SH3 target example

In the LIBSE files, there are three main types of files:
» Cfilesthat contain the library functions.
 assembler filesthat contain the target specific code.

» makefiles that describe the build process to construct the library.

The Cfilesare generic to all platforms, although there are some customizations for targets
intheform of #ifdef LCEVBSH3 code (theifdef used for the example SH3 target L ow Cost
Eval Board SH3). The mgjority of this code remains constant whichever target you build
for.

The assembler files contain some platform setup code (stacks, chip selects) and jumpsinto
the main entry point of the C code that is contained in the C file entry.c. For our example,
the assembler fileis STARTSH3.S and it performs only some stack setup and ajump into
the code at _mainEntry (entry.c).

In the embedded targets, printf (in file rprintf.c), putchar (putchar.c) and getch (kb.c)
resolve to serial character input/output. For SH3, much of the detail of handling serial 10
is hidden in the monitor of the evaluation board, but in genera the primitives are fairly
straight forward, providing the ability to get characters to/from the serial port.

For our target example, the nmake makefile is makesh3.mk. This makefile callsthe Gnu
compiler at aspecific location (TOOLDIR), enumeratesthe list of filesthat go into the
target and builds a .alibrary file as the output of the build process.

With nmake.exein your path run:;

nmake -fmakesh3.mk

14.3.2 Building a complete application for the target example

Source code for thisexampleisavailablein thefile 56_sh3_target.c. Thisfileis available
on the internet at www.eea.epson.com.
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15 Sample Code

Exampl e source code demonstrating programming the S1D13506 using the HAL library is
availble on the internet at www.eea.epson.com. Also included are three header files that
may make some of the structures used clearer.
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S1D13506 Register Summary

X25B-R-001-02

REG[000h] REVISION CODE REGISTER 2 (For S1D13506: Product Code=000100b, Revision Code=01b)RO REG[032h] LCD HORIZONTAL DisPLAY WIDTH REGISTER RW REG[04Ah] LCD DisPLAY FIFO HIGH THRESHOLD CONTROL REGISTER RW
Product Code Revision Code a ‘ ‘ FCD Hnrizontél Display Wid‘lh ‘ v a wa ‘ v LCD Disp!ay FIFO High Threshold ‘ v
Bit5 ‘ Bit4 Bit3 ‘ Bit 2 Bit1 Bit0 Bit1 ‘ Bit0 Bit 6 l Bit 5 ‘ Bit 4 Bit 3 Bit2 Bit 1 Bit 0 Bit 5 Bit4 Bit 3 Bit2 Bit 1 Bit 0
REG[034h] LCD HORIZONTAL NON-DISPLAY PERIOD REGISTER RW REG[04Bh] LCD DisPLAY FIFO Low THRESHOLD CONTROL REGISTER RW
REG[001h] MISCELLANEOUS REGISTER 110 RW LCD Horizontal Non-Display Period LCD Display FIFO Low Threshold
Reqister/ n/a nfa n/a ! v ’ ) ! n/a n/a ' : ; ) ' :
Memory nia nia nia nia Reserved Reserved Reserved Bit 4 Bit 3 Bit2 Bit 1 Bit 0 Bit 5 Bit4 Bit 3 Bit2 Bit 1 Bit 0
Select
REG[035h] TFT FPLINE START POSITION REGISTER RW REG[050h] CRT/TV HORIZONTAL DISPLAY WIDTH REGISTER RW
REG[004h] GENERAL 1/O PINS CONFIGURATION REGISTER * 1/0 RW y § § TFT FPLINE Start Position y CRT/TV Horizontal Display Width
Reserved | Reserved | Reserved | Reserved | GPIO3Pin | GPIO2 Pin | GPIOLPin | poceneq e e e Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 e Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1/0 Config | I/0 Config | 1/O Config
REG[036h] TFT FPLINE PULSE WIDTH REGISTER 17 RW REG[052h] CRT/TV HORIZONTAL NON-DISPLAY PERIOD REGISTER RW
REG[008h] GENERAL I/O PINS CONTROL REGISTER RW . ~ n -
GPIO3 P GPIOZ P GPIOLFI LCD TFT FPLINE Pulse Width p ’ CRT/TV Horizontal Non-Display Period
in in in FPLINE n/a nla n/a nia nia " " " " . .
Reserved ’ Reserved ’ Reserved | Reserved | /5 Status I /0 Status I 1/0 Status | Reserved Polarity Sict Bit 3 ‘ Bit2 Bit 1 l Bit0 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[00Ch] MD CONFIGURATION READBACK REGISTER O RW REG[038h] LCD VERTICAL DISPLAY HEIGHT REGISTER 0 RW REG[053h] CRT/TV HRTC START POSITION REGISTER Rw
MDI7] ‘ MDI6] | MDI5] | MD[4] | MDI3] | MDI2] | MDI1] | MDI0] LCD Vertical Display Height wa | a CRT/TV HRTC Start Position
Status Status Status Status Status Status Status Status i i i i i i
Bit7 | Bite Bit 5 Bit 4 Bit 3 Bit2 Bit 1 Bit0 Bits | B4 | B3 | Btz | Brt1 | 8o
REG[00Dh] MD CONFIGURATION READBACK REGISTER 1 RW
MD[[ls] ! DITa] NIDIT3] DIzl WIDITT] MDIT0] VDol VDiE] REG[039h] LCD VERTICAL DISPLAY HEIGHT REGISTER 1 RW REG[054h] CRT HRTC PuLSE WIDTH REGISTER RW
Status ’ Status Status Status Status I Status Status | Status LCD Vertical Display CRT HRTC nla nla nla CRT HRTC Pulse Width
nla n/a n/a na nla n/a Height Polarity Slct Bita | Btz | sit1 | Bito
REG[010h] MEMORY CLOCK CONFIGURATION REGISTER 4 RW Bit 9 Bit8
MCLK MCLK REG[056h] CRT/TV VERTICAL DISPLAY HEIGHT REGISTER O RW
n/a ’ n/a nfa Divide Slct n/a I n/a I nfa Source Slct REG[03Ah] LCD VERTICAL NON-DISPLAY PERIOD REGISTER RW CRT/TV Vertical Display Height
LCD VNDP na LCD Vertical Non-Display Period Bit7 | Bite Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[014h] LCD PIXEL CLOCK CONFIGURATION REGISTER 56 RW Status(RO) Bit5 Bit 4 Bit 3 Bit2 Bit 1 Bit0
p ” LCD PCLK Divide Select p ” LCD PCLK Source Select REG[057h] CRT/TV VERTICAL DISPLAY HEIGHT REGISTER 1 RW
na na Bit 1 | Bit0 na na Bit 1 ‘ Bit0 REG[03Bh] TFT FPFRAME START POSITION REGISTER RW CRT/TV Vertical Display
TFT FPFRAME Start Position nla n/a n/a n/a n/a n/a Height
78 na na ; i i ' ' ' Bit 9 Bit8
REG[018h] CRT/TV PIXEL CLOCK CONFIGURATION REGISTER '* RW Bit 5 Bit 4 Bit3 Bit2 Bit 1 Bit0
CRT/TV CRT/TV PCLK Divide Slct CRT/TV PCLK Source Slct|
PgnLaKblzeX n/a Bit1 | BitO n/a n/a Bit1 ‘ BitO REG[03Ch] TFT FPFRAME PULSE WIDTH REGISTER 18 RW REG[058h] CRT/TV VERTICAL NON-DISPLAY PERIOD REGISTER RW
LCD TFT FPFRAME Pulse Width CVRI\.I%LV CRT/TV Vertical Non-Display Period
FPFRAME n/a n/a n/a n/a . . . " . : : " . :
REG[01Ch] MEDIAPLUG CLOCK CONFIGURATION REGISTER 910 RW Polarity Slct Bit2 l Bit 1 l Bit0 Status (RO) Bite ‘ BitS ‘ Bit4 ‘ Bit3 ‘ Bit2 ‘ Bit1 ‘ Bit0
MediaPlua Clock Divide MediaPlua Clock Source
nla n/a Select nla n/a Select REG[040h] LCD DiSPLAY MODE REGISTER RW REG[059h] CRT/TV VRTC START POSITION REGISTER RW
Bit 1 Bit 0 Bit 1 Bit 0 i i CRT/TV VRTC Start Position
LCD Display na nia SwivelView n/a LCD Bit-per-pixel Select n/a : : _ ) h ’ :
Blank Enable Bit 1 Bit2 Bit 1 Bit0 Bité | Bits | Bit4a | B3 | Bit2 | Bit1 | Bit0
REG[01Eh] CPU To MEMORY WAIT STATE SELECT REGISTER 1 RW
CPUto Mesme?en(/:t\/\/aitstate REG[041h] LCD MISCELLANEOUS REGISTER RW REG[05Ah] CRT/TV VRTC PuLSE WIDTH REGISTER RW
nia na na nia nia na ! ! Dithering | DualPanel | [CRTVRTC| a wa wa CRT VRTC Pulse Width
Bit1 Bit 0 n/a n/a n/a n/a n/a n/a Dlisg{)l[ég Buffer Polarity Sct Bit 2 l Bit 1 l Bit0
Disable
12
REG[020] MEMORY CONFIGURATION REGISTER RW REG[05Bh] CRT/TV OUTPUT CONTROL REGISTER RW
Memory Type REG[042h] LCD DISPLAY START ADDRESS REGISTER O RW -
n/a n/a n/a n/a n/a n/a : - - v v DAC Output TV S-Video/ [ TV PAL/
Bit 1 Bit 0 LCD Display Start Address n/a nla Chrominance | Luminance | o2 et nla Composite NTSC
Bit 7 I Bit 6 I Bit5 | Bit 4 | Bit 3 | Bit2 I Bit 1 I Bit0 Filter Enable [Filter Enable Output Slct | Output Slct
REG[021h] DRAM REFRESH RATE REGISTER 1314 RW o
Refresh Select DRAM Refresh Rate REG[043h] LCD DISPLAY START ADDRESS REGISTER 1 RW REG[060h] CRT/TV DiSPLAY MODE REGISTER Rw
Bit1 I Bit0 n/a n/a n/a Bit 2 l Bit1 ‘ BitO CD Display Start Address CRT/TV CRT/TV Bit-per-pixel Select
Display n/a n/a n/a n/a . . .
Bit15 | sit14 | Bit13 | Bitiz | sit1a | sitio | Bits | Bits Blank Bit 2 Bit 1 l Bit0
REG[02Ah] DRAM TIMING CONTROL REGISTER 0 1 RW
DRAM Timing Control REG[044h] LCD DiSPLAY START ADDRESS REGISTER 2 RW REG[062h] CRT/TV DISPLAY START ADDRESS REGISTER O RW
Bit7 I Bit6 l Bit5 ‘ Bit4 ‘ Bit3 I Bit 2 I Bit 1 ‘ Bit0 LCD Display Start Address CRT/TV Display Start Address
n/a n/a nla n/a . . § . . . . i R . . .
Bit 19 Bit 18 Bit 17 Bit 16 Bit 7 ‘ Bit6 Bit 5 Bit4 Bit 3 Bit2 Bit 1 Bit 0
REG[02Bh] DRAM TIMING CONTROL REGISTER 1 15 RW
DRAM Timing Control REG[046h] LCD MEMORY ADDRESS OFFSET REGISTER O RW REG[063h] CRT/TV DISPLAY START ADDRESS REGISTER 1 RW
na na na na na na Bit9 Bit8 LCD Memory Address Offset CRT/TV Display Start Address
Btz | site | sits | sita | Bits | si2 Bit 1 Bit 0 Bit1s | Bit14 | Bit1s | Biti2 | Bsit1 Bit 10 Bit 9 Bit 8
REG[030h] PANEL TYPE REGISTER 16 RW
i MEM A
Ehzﬁge' v Panel Data Width Pe::noerlmDaatla Color/Mono | Dualisinale | TFT/Passive REG[047h] LCD MEMORY ADDRESS OFFSET REGISTER 1 — — — tRW REG[064h] CRT/TV DISPLAY START ADDRESS REGISTER 2 S —— RW
i i Panel Select|Panel Select|Panel Select lemol ress Offse isplay Star ress
Enable Bit1 ‘ Bit 0 Select n/a nla nla n/a nla . W‘ X n/a nla nla n/a . X pay X X
Bit 10 | Bit9 Bit8 Bit19 Bit 18 Bit17 Bit 16
REG[031h] MOD RATE REGISTER RW
MOD Rate REG[048h] LCD PIXEL PANNING REGISTER 2° RW REG[066h] CRT/TV MEMORY ADDRESS OFFSET REGISTER 0 RW
n/a n/a ' ' ) ) ' ' LCD Pixel Pannini CRT/TV Memory Address Offset
’ Bit 5 | Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 n/a n/a n/a n/a Reserved | Reserved ) _ o ! : ’ ) Y ) ’ ’ !
Bit 1 Bit 0 Btz | site Bit 5 Bit 4 Bit 3 Btz | Bit1 | Bito
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REG[067h] CRT/TV MEMORY ADDRESS OFFSET REGISTER 1 RW REG[080h] CRT/TV INK/CURSOR CONTROL REGISTER 2 RW REG[104h] BITBLT SOURCE START ADDRESS REGISTER 0 &0 RW
CRT/TV Memory Address Offset CRT/TV Ink/Cursor Mode BitBIt Source Start Address
n/a n/a n/a n/a n/a B ) ) n/a n/a n/a n/a n/a n/a . . 5 . . . . . . .
Bit 10 l Bit 9 Bit 8 Bit 1 Bit 0 Bit 7 ‘ Bit6 Bit 5 Bit4 Bit 3 Bit2 Bit 1 Bit 0
REG[068h] CRT/TV PIXEL PANNING REGISTER 22 RW REG[081h] CRT/TV INK/CURSOR START ADDRESS REGISTER 28 RW REG[105h] BITBLT SOURCE START ADDRESS REGISTER 1 &0 RW
CRT/TV Pixel Panning CRT/TV Ink/Cursor Start Address BitBIt Source Start Address
n/a n/a n/a n/a Reserved Reserved . ) ) . . ) ) . . . . ) . 3 . ) . .
Bit 1 Bit 1 Bit7 | Bite Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Bit1s | Bit14 | Bit13 | Bit12 Bit 11 Bit 10 Bit 9 Bit 8
REG[06Ah] CRT/TV DisPLAY FIFO HIGH THRESHOLD CONTROL REGISTER RW REG[082h] CRT/TV CURSOR X POSITION REGISTER O RW REG[106h] BITBLT SOURCE START ADDRESS REGISTER 2 30 RW
CRT/TV Display FIFO High Threshold CRT/TV Cursor X Position BitBIt Source Start Address
n/a nfa . . . . . . . . . . . . . . n/a nfa n/a . . . X .
Bit 5 Bit 4 Bit3 Bit2 Bit 1 Bit 0 Bit7 ‘ Bit 6 Bit 5 Bit 4 Bit3 Bit2 Bit 1 Bit0 Bit 20 Bit 19 Bit 18 Bit17 Bit 16
REG[06Bh] CRT/TV DIsPLAY FIFO LOW THRESHOLD CONTROL REGISTER RW REG[083h] CRT/TV CURSOR X POSITION REGISTER 1 RW REG[108h] BITBLT DESTINATION START ADDRESS REGISTER 0 RW
p ’ CRT/TV Display FIFO Low Threshold CRT/TV CRT/TV Cursor X Position BitBIt Destination Start Address
n/a n/a
Bts | sita | Btz | stz | i1 BitO C‘gfg’g X na na na na na Bito l Bits Btz | it Bit5 Bit4 Bit 3 Bit2 Bit1 BitO
REG[070h] LCD INK/CURSOR CONTROL REGISTER 2 RW REG[084h] CRT/TV CURSOR Y POSITION REGISTER 0 RW REG[109h] BITBLT DESTINATION START ADDRESS REGISTER 1 RW
nla l nia nia | nla | nla l nia LCD Ink/Cursor Mode CRT/TV Cursor Y Position BitBIt Destination Start Address
Bit1 | Bit0 Bit7 | site Bit5 Bit4 Bit 3 Bit2 Bit1 BitO Bit 15 | Bit 14 | Bit13 | Bit 12 | Bit11 | Bit 10 | Bit9 Bit8
REG[071h] LCD INK/CURSOR START ADDRESS REGISTER 24 RW REG[085h] CRT/TV CURSOR Y POSITION REGISTER 1 RW REG[10Ah] BITBLT DESTINATION START ADDRESS REGISTER 2 RW
LCD Ink/Cursor Start Address CRT/TV CRT/TV Cursor Y Position na nia nia BitBIt Destination Start Address
Bit7 | mite | Bits | Bita | B3 | Bit2 | Bit1 | BitO Cursor Y nia n/a n/a n/a n/a ! . Bit20 | Bit19 | Bitis | Bit17 Bit 16
Sign Bit 9 Bit8
REG[072h] LCD CURSOR X POSITION REGISTER O RW REG[10Ch] BITBLT MEMORY ADDRESS OFFSET REGISTER O RW
— REG[086h] CRT/TV INK/CURSOR BLUE COLOR O REGISTER RW -
LCD Cursor X Position BitBIt Memory Address Offset
§ . . . . . . . CRT/TV Ink/Cursor Blue Color 0 § . . . i . . .
Bit7 | mite | Bits | sita | Bit3 | Bit2 | Bitl Bit 0 n/a n/a n/a ) i ! ! ! Btz | mite | mits | sita | Bits | sit2 Bit 1 Bit 0
Bit4 | Bits | Bit2 | Bit1 | Bito
REG[073h] LCD CURXOR X POSITION REGISTER 1 RW REG[10Dh] BITBLT MEMORY ADDRESS OFFSET REGISTER 1 RW
— REG[087h] CRT/TV INK/CURSOR GREEN COLOR 0 REGISTER RW -
LCD Cursor LCD Cursor X Position BitBIt Memory Address Offset
X S n/a nla n/a n/a n/a | . CRT/TV Ink/Cursor Green Color 0 n/a n/a nla n/a n/a ) ) )
ign Bit9 Bit 8 n/a n/a . . . R . . Bit 10 Bit 9 Bit 8
Bits | Bita | Bita | stz | Bit1 | Bito
REG[074h] LCD CURSOR Y POSITION REGISTER O RW REG[110h] BITBLT WIDTH REGISTER O RW
— REG[088h] CRT/TV INK/CURSOR RED COLOR 0 REGISTER RW - —
LCD Cursor Y Position BitBIt Width
’ . . ) ) . . . CRT/TV Ink/Cursor Red Color 0 ) . . . } . . .
Bt7 | mite | Bits | Bita | B3 | Bitz | Bit1 Bit0 nla nia nia ) ’ ) ) ) Btz | mite | Bits | sita | Bit3a | mitz | it1 Bit0
Bit 4 Bit 3 Bit2 Bit 1 Bit 0
REG[075h] LCD CURSOR Y POSITION REGISTER 1 RW REG[111h] BITBLT WIDTH REGISTER 1 RW
— REG[08Ah] CRT/TV INK/CURSOR BLUE COLOR 1 REGISTER RW - —
LCD Cursor LCD Cursor Y Position BitBIt Width
Y Si n/a n/a n/a n/a n/a . . CRT/TV Ink/Cursor Blue Color 1 n/a n/a n/a n/a n/a n/a . .
ign Bit9 Bit 8 n/a n/a n/a . ) ) 3 . Bit9 Bit8
Bit 4 Bit 3 Bit2 Bit 1 Bit 0
REG[076h] LCD INK/CURSOR BLUE COLOR 0 REGISTER RW REG[112h] BITBLT HEIGHT REGISTER 0 RW
REG[08Bh] CRT/TV INK/CURSOR GREEN COLOR 1 REGISTER RW - -
LCD Ink/Cursor Blue Color 0 BitBIt Height
n/a n/a n/a . . ) . . CRT/TV Ink/Cursor Green Color 1 . . . . ) . . .
Bit 4 | Bit3 | Bit 2 | Bit1 | Bit0 nla nia . ) ) - ) ) Bit 7 | Bit6 | Bit5 | Bit4 | Bit 3 | Bit 2 | Bit 1 Bit0
Bits | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
REG[077h] LCD INK/CURSOR GREEN COLOR 0 REGISTER RW REG[113h] BITBLT HEIGHT REGISTER 1 RW
REG[08Ch] CRT/TV INK/CURSOR RED COLOR 1 REGISTER RW - -
LCD Ink/Cursor Green Color 0 BitBIt Height
n/a n/a . . ) ) . . CRT/TV Ink/Cursor Red Color 1 n/a n/a n/a n/a n/a n/a . .
Bits | Bita | Bits | sitz | Bitz1 | Bito nla n/a n/a ) ) ) ) ) Bit 9 Bit8
Bita | Bit3 Bit 2 Bit 1 Bit 0
REG[078h] LCD INK/CURSOR RED COLOR 0 REGISTER RW REG[114h] BITBLT BACKGROUD COLOR REGISTER 0 RW
REG[08Eh] CRT/TV INK/CURSOR FIFO THRESHOLD REGISTER RW -
LCD Ink/Cursor Red Color 0 BitBIt Background Color
n/a n/a n/a . } ) ) . CRT/TV Ink/Cursor FIFO Threshold ) . . . 3 . . .
Bit 4 Bit3 Bit 2 Bit1 Bit 0 n/a n/a n/a n/a . . . . Bit 7 ‘ Bit6 Bit 5 Bit4 Bit 3 Bit2 Bit 1 Bit0
Bita | Bit2 | Bit1 | Bito
REG[07Ah] LCD INK/CURSOR BLUE COLOR 1 REGISTER RW 27 REG[115h] BITBLT BACKGROUND COLOR REGISTER 1 RW
REG[100h] BITBLT CONTROL REGISTER 0 RW -
LCD Ink/Cursor Blue Color 1 - - - - - BitBIt Background Color
nla n/a n/a . . ) . . BitBIt Active BitBIt FIFO | BitBIt FIFO | BitBlt FIFO BitBIt BitBIt . ) . ) . . . .
Bit4 Bit3 Bit2 Bit1 Bit 0 Status Not Empty Half Full ul nla n/a Destination Source Bit 15 ‘ Bit 14 Bit13 Bit 12 Bit11 Bit 10 Bit9 Bit8
Status (RO) | Status (RO) | Status (RO) Linear Slct | Linear Slct
REG[07Bh] LCD INK/CURSOR GREEN COLOR 1 REGISTER RW REG[118h] BITBLT FOREGROUND COLOR REGISTER O RW
/ ‘ y LCD Ink/Cursor Green Color 1 REG[101h] BITBLT CONTROL REGISTER 1 Rw BitBIt Foreground Color
nl.a n/a - p
i i i i i i BitBIt FIFO BitBIt Color i i i i i i i i
Bit5 ‘ Bit 4 Bit3 Bit 2 Bit1 Bit 0 n/a I n/a n/a Depth | n/a | n/a I nla Format Sict Bit 7 ‘ Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REG[07Ch] LCD INK/CURSOR RED COLOR 1 REGISTER RW REG[102h] BITBLT ROP CODE/COLOR EXPANSION REGISTER 28 RW REG[119h] BITBLT FOREGROUND COLOR F?.EGISTER 1 RW
nia ‘ nia nia LCD Ink/Cursor Red Color 1 ; ] ] ; BIBILROP Code BitBIt Foreground Color
. . . . . na nia nia nia . . . . . . . .
Bit4a | Bit3 Bit 2 Bit 1 Bit 0 Bit3 Bit2 Bit1 Bito Bit1s | Bit14 | Bit13 | Biti2 | Bit11 | Bit10 | Bit9 Bit 8
d 31
REG[07Eh] LCD INK/CURSOR FIFO THRSHOLD REGISTER RW REG[103h] BITBLT OPERATION REGISTER 20 RW REG[1EOh] LOOK-UP TABLE MODE REGISTER RW
LCD Ink/Cursor FIFO Threshold - " LUT Mode
n/a n/a n/a n/a st Bit2 Bit1 Bit 0 nla nla nla nla BitBIt Operation n/a n/a n/a n/a n/a n/a Bit 1 Bit 0
i3 | B2 | B | et Bit3 Bit2 Bit 1 Bit0 it it
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REG[1E2h] Look-UP TABLE ADDRESS REGISTER RW
LUT Address
Bit7 | Bit6 Bit5 Bit4 | Bts | Btz | Btz | Bito
REG[1E4h] Look-UpP TABLE DATA REGISTER RW
LUT Data
) ) . . n/a n/a n/a n/a
Bits | Bit2 | Bit1 | Bito
REG[1F0h] POWER SAVE CONFIGURATION REGISTER RW
nla I n/a I n/a Reserved nla I n/a I n/a pﬁ[‘;"deé Ez‘éle
REG[1F1h] POWER SAVE STATUS REGISTER RO
Memory
LCD Power | Controller
n/a n/a n/a n/a n/a n/a Save Status | Power Save
Status
REG[1F4h] CPU-TO-MEMORY ACCESS WATCHDOG TIMER REGISTER RW
CPU-to-Memory Access Watchdog Timer
nla n/a . . ) ) . .
Bits | Bita | Bits | Bit2 Bit 1 Bit 0
REG[1FCh] DisPLAY MODE REGISTER %2 RW
SwivelView Display Mode Select
n/a - n/a n/a n/a
Enable Bit 0 | ‘ Bit 2 Bit 1 Bit 0
REG[1000h] MEDIAPLUG LCMD REGISTER RW
MediaPlug LCMD
Bit7 | Bite | Bits | Bita | B3 | Bit2 | Bit1 | BitO
Bit15 | Bitl4 | Bit13 | Bitl2 | Bitll | Bit10 | Bit9 | Bit8
REG[1002h] MEDIAPLUG RESERVED LCMD REGISTER RW
MediaPlug Reserved LCMD
Bit23 | Bitez | Bitzr | Biteo | Bit19 | Bit18 | Bit17 | Bit16
Bit3l | Bit30 | Bit29 | Bit28 | Bit27 | Bit26 | Bit25 | Bit24
REG[1004h] MEDIAPLUG CMD REGISTER RW
MediaPlug CMD
Bit7 | Bite | Bits | Bita | B3 | Bit2 | Bit1 | BitO
Bit15 | Bitl4 | Bit13 | Bitl2 | Bitll | Bit10 | Bit9 | Bit8
REG[1006h] MEDIAPLUG RESERVED CMD REGISTER RW
MediaPlug Reserved CMD
Bit23 | Bitez | Bitr | Biteo | Bit19 | Bit18 | Bit17 | Bit16
Bit3l | Bit30 | Bit29 | Bit28 | Bit27 | Bit26 | Bit25 | Bit24
REG[1008h] To REG[1FFEh], even address MEDIAPLUG DATA REGISTERS RW
MediaPlug Data
Bit7 | Bite | Bits | Bita | B3 | Bit2 | Bit1 | BitO
Bit15 | Bitl14 | Bit13 | Bitl2 | Bitll | Bit10 | Bit9 | Bit8
A20-A0 = 100000h-1FFFFEh, even address BITBLT DATA REGISTER O RW
BitBIt Data
Btz | site | sits | sita | B3 | itz | Bit1 | Bito
Bit15 | Bit14 | Bit13 | Bitl2 | Bitll | Bit10 | Bitd | Bit8

1 NJ/A bits should be written 0.
Reserved bits must be written 0.

N

3 REG[004h] MA[11:9)/GPIO[1:3] Pin Functionality
MD14 on MD[7:6] on Pin
Reset Reset MA9/GPI03 MA10/GPIO1 MA11/GPIO2
0 00 GPIO3 GPIO1 GPIO2
0 01 MA9 GPIO1 GPIO2
0 10 MA9 GPIO1 GPIO2
0 11 MA9 MA10 MA11

Page 3

REG[000h] These bits are used to identify the S1D13506. For the S1D13506 the product code should be 4; the
revision code should be 1. The host interface must be enabled before reading this register (set REG[001] b7=0).

MD14 on MD[7:6] on Pin
Reset Reset MA9/GPIO3 MA10/GPIO1 MA11/GPIO2
1 00 GPIO3 GPIO1 VMPEPWR
1 01 MA9 GPIO1 VMPEPWR
1 10 MA9 GPIO1 VMPEPWR
1 11 MA9 MA10 MA11

4 REG[010h] MCLK Source Select

MCLK Source Select

MCLK Source

0

CLKI

1

BUSCLK

5 REG[014h] LCD PCLK Divide Select

LCD PCLK Divide Select Bits [1:0] | LCD PCLK Source to LPCLK Frequency Ratio
00 11
01 2:1
10 31
11 41

6 REG[014h] LCD PCLK Source Select

11 REG[01Eh] Minimum Memory Timing Selection

X25B-R-001-02

Wait State Bits [1:0]

Condition

00 no restrictions

01 2 * period (MCLK) - 4ns > period(BCLK)
10 period(MCLK) - 4ns > period(BCLK)
11 Reserved

12 REG[020h] Memory Type Select

Memory Type Bits [1:0] Memory Type
00 EDO-DRAM with 2-CAS#
01 FPM-DRAM with 2-CAS#
10 EDO-DRAM with 2-WE#
11 FPM-DRAM with 2-WE#

13 REG[021h] DRAM Refresh Select

DRAM Refresh Select Bits [1:0]

DRAM Refresh Type

00 CBR Refresh
01 Self-Refresh
1X No Refresh

LCD PCLK Source Select Bits [1:0] LCD PCLK Source 14 REG[021h] DRAM Refresh Rate
00 CLKI
o1 BUSCLK DRAM Refresh MCLK Source Divide Refresh Rate for 40MHz DRAM Refresh
Rate Bits [2:0] Amount MCLK Source Time/256 cycles
10 CLKi2 000 64 625 kHz 0.4ms
1 MCLK 001 128 312 kHz 0.8 ms
010 256 156 kHz 1.6 ms
7 REG[018h] CRT/TV PCLK Divide Select 011 512 78 kHz 3.3ms
100 1024 39 kHz 6.6 ms
CRT/TV PCLK Divide Select Bits [1:0] CRT/TV PCLK Source to DPCLK Frequency Ratio 101 2048 20 kHz 13.1ms
00 11 110 4096 10 kHz 26.2ms
01 2:1 111 8192 5 kHz 52.4ms
10 31
11 4:1

8 REG[018h] CRT/TV PCLK Source Select

CRT/TV PCLK Source Select Bits [1:0] CRT/TV PCLK Source
00 CLKI
01 BUSCLK
10 CLKI2
11 MCLK

9 REG[01Ch] MediaPlug Clock Divide Select

MediaPlug Clock Divide Select

MediaPlug Clock Source to CRT/TV Pixel Clock

Bits [1:0] Frequency Ratio
00 11
01 2:1
10 31
11 4:1

10 REG[01Ch] MediaPlug Clock Source Select

MediaPlug Clock Source Select Bits [1:0] MediaPlug Clock Source
00 CLKI
01 BUSCLK
10 CLKI2
11 MCLK

01/02/08




S1D13506 Register Summary

15 REG[02Ah], REG[02Bh] DRAM Timing Control Registers

DRAM Type DRAM MCLK Frequency DRAM Timing DRAM Timing
yp Speed (ns) (MHz) Control Reg 0 Control Reg 1

50 40 01h 01h

50 01h 01h
33

60 01h 01h

50 12h 02h

60 30 01h 01h

70 00h 00h

50 12h 02h

EDO

60 12h 02h
25

70 01h 01h

80 00h 01h

50 12h 02h

60 12h 02h
20

70 12h 02h

80 01h 01h

50 12h 02h
25

60 01h 01h

50 12h 02h

FPM

60 12h 02h
20

70 11h 02h

80 01h 01h

16 REG[030h] Panel Data Width

Panel Data Width Bits [1:0] | Passive LCD Panel Data Width TFT/D-TFD Panel Data Width
00 4-bit 9-bit
01 8-bit 12-bit
10 16-bit 18-hit (64K color)
11 Reserved Reserved

17 REG[036h] LCD FPLINE Polarity Select

21 REG[060h] CRT/TV Bit-per-pixel Select

Bit-per-pixel Select Bits 1:0 Bit-per-pixel (bpp)
000-001 Reserved
010 4 bpp
011 8 bpp
100 15 bpp
101 16 bpp
110-111 Reserved

22 REG[068h] CRT/TV Pixel Planning

Color Depth Screen 2 Pixel Panning Bits Used
4 bpp Bits [1:0]
8 bpp Bit0
15/16 bpp
23 REG[070h] LCD Ink/Cursor Selection
LCD Ink/Cursor Bits [1:0] Mode

00 Inactive
01 Cursor
10 Ink
11 Reserved

24 REG[071h] LCD Ink/Cursor Start Address Encoding

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

Start Address

0

Memory Size - 1024

n=255.1

Memory Size - n * 8192

25 REG[080h] CRT/TV Ink/Cursor Selection

LCD FPLINE Polarity Select

Passive LCD FPLINE Polarity

TFT FPLINE Polarity

0

active high

active low

1

active low

active high

18 REG[03Ch] LCD FPFRAME Polarity Select

CRT/TV Ink/Cursor Bits [1:0] Mode
00 Inactive
01 Cursor
10 Ink
11 Reserved

LCD FPFRAME Polarity Select

Passive LCD FPFRAME Polarity

TFT FPFRAME Polarity

0

active high

active low

26 REG[081h] CRT/TV Ink/Cursor Start Address Encoding

1

active low

active high

CRT/TV Ink/Cursor Start Address Bits [7:0]

Start Address

19 REG[040h] LCD Bit-per-pixel Select

0

Memory Size - 1024

n=255.1

Memory Size - n * 8192

Bit-per-pixel Select Bits [1:0] Color Depth (bpp)
000-001 Reserved
010 4 bpp
011 8 bpp
100 15 bpp
101 16 bpp
110-111 Reserved

20 REG[048h] LCD Pixel Planning

Color Depth Screen 2 Pixel Panning Bits Used
4 bpp Bits [1:0]
8 bpp Bit 0
15/16 bpp

Page 4

27 REG[100h] BitBIt Active Status

BitBIt Active Status
- State
Write Read
0 0 Idle
0 1 Reserved
1 0 Initiatiating operation
1 1 Operation in progress

28 REG[102h] BitBIt ROP Code/Color Expansion Function Selection

BitBIt ROP Code BD.O‘SEHY Function for Boolean Function for | Start Bit Positon for
R Write Blit and Move " .
Bits [3:0] Blit Pattern Fill Color Expansion
0000 0 (Blackness) 0 (Blackness) bit 0
0001 ~S.~Dor~(S+D) ~P.~Dor~(P+D) bit 1
0010 ~S.D ~P.D bit 2
0011 ~S ~P bit 3
0100 S.~D P.~D bit 4

X25B-R-001-02

BitBIt ROP Code BD.CI\SaH. Function for Boolean Function for | Start Bit Positon for
. Write Blit and Move ) .
Bits [3:0] Blit Pattern Fill Color Expansion
0101 ~D ~D bit5
0110 S”AD P~D bit 6
0111 ~S+~Dor~(S.D) ~P+~Dor~(P.D) bit 7
1000 S.D P.D bit0
1001 ~(S~D) ~(P~D) bit 1
1010 D D bit 2
1011 ~S+D ~P+D bit3
1100 S P bit4
1101 S+-~D P+-~D bit5
1110 S+D P+D bit 6
1111 1 (Whiteness) 1 (Whiteness) bit 7

29 REG[103h] BitBIt Operation Selection

BitBIt Operation Bits [3:0] Blit Operation

0000 Write Blit with ROP.
0001 Read Blit.
0010 Move Blit in positive direction with ROP.
0011 Move Blit in negative direction with ROP.
0100 Transparent Write Blit.
0101 Transparent Move Blit in positive direction.
0110 Pattern Fill with ROP.
0111 Pattern Fill with transparency.
1000 Color Expansion.
1001 Color Expansion with transparency.
1010 Move Blit with Color Expansion.
1011 Move Blit with Color Expansion and transparency.
1100 Solid Fill.

Other combinations Reserved

30 REG[104h],[105h],[106h] BitBIt Source Start Address Selection

F(;or:;l Pattern Base Address[20:0] Pg;;:;:'[;'g]e Pixel Offset[3:0]
8 bpp BitBIt SDUY(?S Stfm BitBIt Scurce.Stan 1'b0, BitBIt Sour.ce Start
Address[20:6], 6'b0 Address|[5:3] Address[2:0]
16 bpp BitBlIt Sour?e St:'m BitBIt Source.Start BitBIt Source.Start
Address[20:7], 7'b0 Address|[6:4] Address[3:0]
31 REG[1EOh] LUT Mode Selection
LUT Mode Bits [1:0] Read Write
00 LCD LUT LCD and CRT/TV LUT's
01 LCD LUT LCD LUT
10 CRT/TV LUT CRT/TV LUT
11 Reserved Reserved

32 REG[1FCh] Display Mode Select

Display Mode Select Bits [2:0] Display Mode Enabled
000 no display
001 LCD only
010 CRT only
011 Double CRT and LCD
100 TV with flicker filter off
101 Double Display TV with flicker filter off and LCD
110 TV with flicker filter on
111 Double Display TV with flicker filter on and LCD
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13506CFG

13506CFG is an interactive Windows® 9x/M E/NT/2000 program that cal culates register

valuesfor auser defined S1D 13506 configuration. The configuration information can be

used to directly ater the operating characteristics of the S1D 13506 utilities or any program
built with the Hardware Abstraction Layer (HAL) library. Alternatively, the configuration
information can be saved in avariety of text file formats for use in other applications.

S1D13506 Supported Evaluation Platforms
13506CFG runs on PC systems running Windows 9x/ME/NT/2000 and can modify the
executabl e files based on the S1D13506 HAL for the following evaluation platforms:
» PC system with an Intel 80x86 processor.

» MG68ECO000IDP (Integrated Devel opment Platform) board, revision 3.0, with aMotorola
M68ECO000 processor.

» MC68030IDP (Integrated Development Platform) board, revision 3.0, with a Motorola
MC68030 processor.

e SH3-LCEVB board, revision B, with an Hitachi SH-3 HD6417780 processor.

* MPC821ADS (Applications Development System) board, revision B, with aMotorola
MPC821 processor.

13506CFG Configuration Program S1D13506
Issue Date: 01/03/14 X25B-B-001-02
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Installation

Create adirectory for 13506cfg.exe and the S1D13506 utilities. Copy the files
13506cfg.exe and panels.def to that directory. Panels.def contains configuration infor-
mation for anumber of panels and must reside in the same directory as 13506cfg.exe.

Usage

13506CFG can be started from the Windows desktop or from a Windows command
prompt.

To start 13506CFG from the Windows desktop, double click the program icon or the link
icon if one was created during installation.

To start 13506CFG from a Windows command prompt, change to the directory
13506cfg.exe was installed to and type the command 13506cfg.

The basic procedure for using 13506CFG is:
1. Start 13506CFG as described above.
2. Open an existing file to serve as a starting reference point (this step is optional).

3. Maodify the configuration. For specific information on editing the configuration, see
“13506CFG Configuration Tabs’ on page 7.

4. Savethe new configuration. The configuration information can be saved in two ways,
as an ASCII text file or by modifying the executable image on disk.

Several ASCII text file formats are supported. Most are formatted C header files used
to build display drivers or standalone applications.

Utility files based on the Hardware Abstraction Layer (HAL) can be modified directly
by 13506CFG.

S1D13506 13506CFG Configuration Program
X25B-B-001-02 Issue Date: 01/03/14
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13506CFG Configuration Tabs

13506CFG provides a series of tabs which can be selected at the top of the main window.
Each tab allows the configuration of a specific aspect of S1D13506 operation.

Thetabs are labeled “ Genera”, “Preference’, “Memory”, “Clocks’, “Pandl”, “CRT/TV”,
and “Registers’. The following sections describe the purpose and use of each of the tabs.

General Tab

s 51013506 Configuration Utility =T} |

File Help

General | F'referenu:el Memu:ur_l,ll I:I::u:ksl Fanel I I:F!T.-"T"v"l Hegistersl

Decode Addresses

— Memon mapped locations

v Decode addresses: i {Fpzon 50U 356B0B/EOC Evaluation Board

= |zer-Defined

" Motorola IDPESDOO

" Motorola IDPESDZ0

" Motorola MPCE214DS

" Hitachi SH-3 LCEVE

. ; MOTE: The decading of the
<Regiler addesshes} | 51013506 physical addiesses
Display Buffer Address | | - i depend: on pour particular hardware
* Display buffer address [hex]. I implermentation. The zelection of

Flatform Types above reflect only one

aof many poszible implementationg for
each platfarm.

Register Address

The General tab contains S1D13506 evaluation board specific information. The values
presented are used for configuring HAL based executable utilities. The settings on thistab
specify wherein CPU address space the registers and display buffer are located.

Decode Addresses Selecting one of the listed evaluation platforms changes
the values for the “ Register address’ and “Display
buffer address’ fields. The values used for each evalu-
ation platform are examples of possible implementa-
tionsas used by the Epson S1D 13506 eval uation board.
If your hardware implementation differs from the
addresses used, select the User-Defined option and
enter the correct addresses for “Register address’ and
“Display buffer address”.

13506CFG Configuration Program S1D13506
Issue Date: 01/03/14 X25B-B-001-02
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Register Address The physical address of the start of register decode
space (in hexadecimal).

Thisfield is automatically set according to the Decode
Address unless the “ User-Defined” decode addressis
selected.

Display Buffer Address The physical address of the start of display buffer
decode space (in hexadecimal).

Thisfield is automatically set according to the Decode
Address unless the “ User-Defined” decode addressis
selected.

Note
When “Epson S5U13506B00B/B00C Evaluation Board” is selected, the register and
display buffer addresses are blanked because the evaluation board uses the PCl interface
and the decode addresses are determined by the system BIOS during boot-up.

If using the S1D13506 Evaluation Board on a PCI based platform, both Windows and
the S1ID13X XX device driver must be installed. For further information on the
S1D13X XX device driver, see the SID13XXX Windows 9x/NT/2000 Device Driver In-
stallation Guide, document number X 00A-E-003-xx.

S1D13506 13506CFG Configuration Program
X25B-B-001-02 Issue Date: 01/03/14
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Preferences Tab

5"} 51013506 Configuration Utility

File Help

x|

Initial Display

General | Preference | Memnr_l,ll EI::n:ksI FPanel I EHT;’TR-"I Hegistersl

| | Panel SwivelView

L

| | Panel Color Depth

—CRT/TY color depth— ’

— Initial dizplay — Panel Swivelfigw
" None % Odegiees «— |
% Panel 90 degrees
" CRT " 180 Degrees
£ ik " 270 Degrees
g Eane: : gET — Panel color depth———
A 4 bpp
HOTE: After a program & 8hpp
starts, the initial displap or | ¢ 15 bpp
color depth may change. = 16 bpp
These settings are to
enzure that initial register
values meet timings " dbpp
specifications. + & bpp
" 15bpp
" 16 bpp

| | CRT/TV Color Depth

-«

The Preference tab contains settings pertaining to the initial display state. During runtime
the display or color depth may be changed.

Initial Display

Pane SwivelView

Panel Color Depth

CRT/TV Color Depth

Setswhich display deviceisused for the initial display.

Selections made on the CRT/TV tab may cause selec-
tionsonthistab to begrayed out. The selections“Nong”
and “Panel” are aways available.

The S1D13506 SwivelView feature is capable of
rotating the image displayed on an LCD panel 90°,
180°, or 270° in a clockwise direction. This sets the
initia orientation of the panel.

Thissetting isgreyed out when any display device other
than “Pandl” is selected asthe Initia Display.

Sets theinitial color depth on the LCD panel.

Setstheinitial color depth on the CRT or TV display.

13506CFG Configuration Program
Issue Date: 01/03/14
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Memory Tab

s 51D13506 Configuration Utility T} |

File Help
eneral I Preference  Memary | Clacks I Fanel I CRTATW I Reqisters I
i — Memony configuration
Access Time .
MOTE: Memory Clock, iz curently at 33 MHz. Fefrezh time [mz]: | 2.00 - Refresh Time
* Aocesstime: O BOps O Bllne O 7ne © B ns (per 256 cpcles]
Memory Type ||
[ Memomy type: % EDO T FPM
WEH Control | o 'wWEH conbal % 2CASH O 2SWEH
— Suzpend mode refresh
(% CAS before BAS
" Self refresh o Suspend Mode
" Marefresh
— Installed memony
. 512K, Installed Memory
1M
v 2M

The Memory tab contains settingsthat control the configuration of the DRAM used for the

S1D13506 display buffer.

Note

The DRAM memory type and access time determines the optimal memory clock
(MCLK). See “Clocks Tab” on page 12 for an explanation on how to determine the op-
timal memory clock.

Memory Configuration These four settings must be configured based on the
specification of the DRAM being used. For each of the
following settings refer to the DRAM manufacturer’s
specification, unless otherwise noted.

Access Time Sel ects the access time of the DRAM.
The S1D13506 evaluation boards use 50ns DRAM.
Memory Type Selects the memory type, either Extended Data Out
(EDO) or Fast Page Mode (FPM).
The S1D 13506 evaluation boards use EDO DRAM.
S1D13506 13506CFG Configuration Program

X25B-B-001-02 Issue Date: 01/03/14
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WE# Control

Refresh Time

Suspend Mode Refresh

CAS before RAS

Self refresh

No refresh

Installed Memory

Selects the WE# control used for the DRAM. DRAM
uses one of two methods of control when writing to
memory. These methods are referred to as 2-CAS# and
2-WEH#.

The SbU13506 eval uation boards use DRAM requiring
the 2-CA S# method.

Selects the number of msrequired to refresh 256 rows
of DRAM.

Selects the DRAM refresh method used during power
save mode.

The S5U13506 eval uation boards use DRAM requiring
CAS before RAS. For al other implementations, refer

to the manufacturer’ s specification for DRAM refresh

regquirements.

This setting is selected for DRAM that requires timing
where the CAS signal occurs just before the RAS
signal.

This setting is selected for DRAM that requires no
signal from the S1D1306 to maintain memory refresh.

This setting does not refresh the memory during power
save mode. If this option is selected, the memory
contents are lost during power save.

Selects the amount of DRAM available for the display
buffer.

The S1D 13506 evaluation board use 2M bytes of
DRAM.

13506CFG Configuration Program
Issue Date: 01/03/14
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Clocks Tab
LCD PCLK LCD PCLK
Source Divide
s1 51013506 Configuration Utility [_ =] |
File  Help
Generall F'referenu:el Mmooy | Farel I CRT/T I Hegistersl
ck CCLKIMHa) — LEDPRIK - MedisPluglLK MediaPlugCLK
Tirnirg: I-"-"-uh:l "I SOLICE! IELKl "'I Source: |CLEIZ TI Source
.. y . MediaPlugCLK
Suta: | 25175 MHz Divide: I.-“-‘-.ut-:u "’Ii Divide: |1:1 vI Di?,idlae u
CLKI2 iKI%[MHz] Timing: | 25,175 MHz Timing: |14.318 MHz
. _ CRT/TV PCLK
Tirning: I"':'"Ut':' 'I EH”TV PEI:LEIQ | ° chior of Clock Source
: DUIEE: T | Divide will affect the allowable
el LIS oy ¢=hoices for panel frame rate CRT/TV PCLK
Divide: ] Auto 1 Tand CRT display resclutions Divide
BUSCLK ~ BUSCLE [MHz] e '

BCLK=BUSCLK/2

. Timing: | 23.175 MHz lJze "auto" zetting ta allow
Tirnirg: |33'333 ]' thiz program to zet the

" [ BCLE=BLSCLE/Z

~ MCLE frequency and/or divide bits
Source: |BUSCLE +| | Basedon LCD ar CRT timings

automatically.

Dividey 11:1 »
Timing: | 33.333 MHz

NG

MCLK Source MCLK Divide

The Clocks tab isintended to simplify the selection of input clock frequencies and the
source of internal clocking signals. For further information regarding clocking and clock
sources, refer to the S1ID13506 Hardware Functional Specification, document number
X25B-A-001-xx.

In automatic mode the valuesfor CLKI and CLKI2 are cal culated based on sel ections made
for LCD and CRT/TV timings from the “Panel” and “CRT/TV” tabs. In this mode, the
required frequenciesfor theinput clocks are displayed in bluein the“ Auto” section of each
group. It isthe responsibility of the system designer to ensure that the correct CLKI
frequencies are supplied to the S1D13506.

Making a selection other than “ Auto” indicates that the values for CLKI or CLKI2 are
known and are fixed by the system design. Optionsfor LCD and CRT/TV framerates are
limited to ranges determined by the clock values.

Note
Changing clock values may modify or invalidate Panel or CRT/TV settings. Confirm all
settings on these two tabs after changing any clock settings.

Note
If the same source clock is selected for use by both CRT/TV and LCD panels, the avail-
able LCD pixel clock selections are limited due to more stringent CRT/TV timings.

S1D13506
X25B-B-001-02
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The S1D13506 may use as many as three input clocks or as few as one. The more clocks
used the greater the flexibility of choicein display type and memory speed.

CLKI

CLKI2

BUSCLK

BCLK=BUSCLK/2

This setting determinesthe frequency of CLKI. CLKI is
typically used for the panel and CRT/TV pixel clocks.

Select “Auto” to have the CLKI frequency determined
automatically based on settings made on other configu-
ration tabs. After completing the other configurations,
the required CLKI frequency will be displayed in blue
in the Auto section.

If the CLKI frequency must befixed to aparticular rate,
set this value by selecting a preset frequency from the
drop down list or entering the desired frequency in
MHz.

This setting determines the frequency of CLKI2. If the
MediaPlug interface is required, CLKI2 istypically
used as the clock source.

Select “ Auto” to havethe CLKI2 frequency determined
automatically based on settings made on other configu-
ration tabs. After completing the other configurations,
the required CLKI2 frequency will be displayed in blue
in the Auto section.

If the CLKI2 frequency must be fixed to a particular
rate, set thisvalue by selecting a preset frequency from
the drop down list or entering the desired frequency in
MHz.

This setting determines the frequency of the bus
interface clock (BUSCLK). Thisvalueisrequired for
calculating internal divisors which will yield the best
performance.

The BUSCLK frequency must be fixed to a particular
rate. Set thisvalue by selecting a preset frequency from
the drop down list or entering the desired frequency in
MHz.

Indicates the BCLK to BUSCLK ratio. Thisratio is set
at RESET# by the configuration pin CONF5.

Under normal circumstances BCLK = BUSCLK. This
option is only for configuring Toshiba/Philipsinter-
faceswhen DCLKOUT is connected to the S1D13506
BUSCLK signal.

13506CFG Configuration Program
Issue Date: 01/03/14
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LCD PCLK

Source

Divide

Timing

CRT/TV PCLK

Source

Divide

Timing

These settings select the signal source and input clock
divisor for the panel pixel clock (LCD PCLK).

Selectsthe L CD PCLK source. Possible sourcesinclude
CLKI, CLKI2,BUSCLK or MCLK. Typically theLCD
PCLK isderived from CLKI.

Specifies the divide ratio for the clock source signal.

Sdecting “ Auto” for the divisor allows the configu-
ration program to calculate the best clock divisor.
Unless avery specific clocking is being specified, it is
best to leave this setting on “ Auto”.

Thisfield shows the actual LCD PCLK used by the
configuration process.

These settings select the signal source and input clock
divisor for the CRT/TV pixel clock (CRT/TV PCLK).

Selects the CRT/TV PCLK source. Possible sources
include CLKI, CLKI2, BUSCLK or MCLK. Typically
the CRT/TV PCLK isderived from CLKI.

Specifies the divide ratio for the clock source signal.

Sdecting “ Auto” for the divisor allows the configu-
ration program to calculate the best clock divisor.
Unless avery specific clocking is required, it is best to
leave this setting on “Auto”.

Thisfield showsthe actua CRT/TV PCLK used by the
configuration process.

S1D13506
X25B-B-001-02
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MCLK

Source

Divide

Timing

MediaPlugCLK

Source
Divide

Timing

These settings select the signal source and input clock
divisor for the memory clock (MCLK). MCLK should
be set based on the type and speed of DRAM asfollows.

Optimal Memory Clock (MCLK)
Memory Type
50ns 60ns 70ns
EDO 40MHz 33MHz 30MHz
FPM — 25MHz 20MHz

Selectsthe MCLK source. Possible sources include
CLKI or BUSCLK. Typicaly MCLK is derived from
BUSCLK.

Specifies the divideratio for the clock source signal.
Unlessthe MCLK source frequency isvery high,
resulting in more than a50MHz MCLK, thisratio
should be set at 1:1.

Thisfield shows the actual MCLK frequency used by
the configuration process.

These settings select the signal source and input clock
divide for the MediaPlug clock (MediaPlugCLK).

Selects the MediaPlug clock source.
Selectsthe divideratio for the MediaPlug clock source.

Thisfield shows the actual MediaPlugCLK frequency
used by the configuration process.

13506CFG Configuration Program
Issue Date: 01/03/14
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Panel Tab
Dual Panel
Panel Data Width ~ Single/Dual Buffer Disable Mono/Color Format 2
5"} 51013506 Conhiguration Utility [_ [I=] |
File Help
Panel Type — Panel Settings Polarity
— |0 S5TH /0" Sbit fla] (ki FPlLINE
' TFT " 12bi FPLINE & ¢ o/ Polarit
EL Support [T EL = 13kt [T} isable dual [T Earmati2 FRFRAME &+ (e 1 | W
parel buffer | Polarly
— Panel dimenziohz — Mon-display period Timings
. - . - Frame Rate
el Dimensions width: [E40 j Horz, [piveks, | 152 = | | Frame rate [Hah J60 |
Height: [450 = _ | | | Pisel clock [MHz]: | 25.175 = Pixel Clock
Wert. [Ilnes].f 45 = r
— TFT/FPLINE [|:|i:-:EIs]_I TFT/FPFRAME [IimaiI Predefined panelz Predefined
. = . = - Panels
TETIEPLINE Start pos: : 12 | | Startpos: | U = IEustDm Fanel J
Puse widh | 95 | Puge vt | 2 -
/
—"—M‘”T'Dis la / TET/EPERAME
eriod

The S1D 13506 supports many panel types. This tab allows configuration of most panel

settings such as panel dimensions, type and timings.

Panel Type Selects between passive (STN) and active (TFT) panel
types. Select TFT for TFT compatible D-TFD panel
types.

Several options may change or become unavailable
when the STN/TFT setting is switched. Therefore,
confirm all settings on thistab after the Panel Typeis
changed.

EL Support Enable Electro-L uminescent panel support. Thisoption
isonly available when the selected panel typeis STN.

S1D13506 13506CFG Configuration Program
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Panel Data Width

Single/ Dual

Disable Dual Panel Buffer

Mono / Color

Format 2

FPLINE Polarity

FPFRAME Polarity

Panel Dimensions

Selects the panel data width. Panel data width isthe
number of bits of data transferred to the LCD panel on
each clock cycle and shouldn't be confused with color
depth which determines the number of displayed colors.

When the panel typeis STN, the available options are 4
bit, 8 bit, and 16 bit. When the panel typeis TFT the
available options are 9 bit, 12 bit, and 18 bit.

Selects between a single or dual panel.

When the pand typeis TFT, “Single’ is automatically
selected and the “Dual” option is grayed out.

The Dual Panel Buffer isused with dual STN panelsto
improve image quality by buffering display datain a
format directly usable by the panel.

Thisoptionisprimarily intended for testing purposes. It
is not recommended that the Dual Panel Buffer be
disabled as a reduction of display quality will result.

Sel ects between a monochrome or color panel.

Selects color STN panel format 2. This option is specif-
ically for configuring 8-bit color STN panels.

Seethe S1D 13506 Hardwar e Functional Specification,
document number X25B-A-001-xx, for description of

format 1/ format 2 data formats. Most new panels use
the format 2 data format.

Selects the polarity of the FPLINE pulse.

Refer to the panel specification for the correct polarity
of the FPLINE pulse.

Selects the polarity of the FPFRAME pulse.

Refer to the panel specification for the correct polarity
of the FPFRAME pulse.

These fields specify the panel width and height. A
number of common widths and heights are availablein
the selection boxes. If the width/height of your panel is
not listed, enter the actual panel dimensionsinto the edit
field.

Manually entered panel widths must be a multiple of

13506CFG Configuration Program
Issue Date: 01/03/14
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Non-display period

Frame Rate

Pixel Clock

TFT/FPLINE (pixels)

eight pixels. If amanually entered panel width isnot a
multiple of eight pixels anotification box appears and
13506CFG rounds up the value to the next allowable
width.

It isrecommended that these automatically generated
non-display values be used without adjustment.
However, manual adjustment may be useful in fine
tuning the non-display width and the non-display
height.

Asageneral rule passive LCD panels and some CRTs
aretolerant of awiderange of non-display times. Active
panels, TVsand some CRTs are far lesstolerant of
changes to the non-display period.

Select the desired frame rate (in Hz) from the drop-
downlist. Thevaluesinthelist aretherange of possible
frame rates using the currently selected pixel clock. To
change the range of frame rates, select adifferent Pixel
Clock rate (in MHz).

Panel dimensions are fixed therefore frame rate can
only be adjusted by changing either PCLK or non-
display period values. Higher frame rates correspond to
smaller horizontal and vertical non-display values, or
higher frequencies.

Select the desired Pixel Clock (in MHZ) from the drop-
down list. The range of frequencies displayed is
dependent on settings selected on the Clocks tab.

For example:

If CLKI ischosento beAutoand LCD PCLK issourced
from CLKI on the Clockstab, then the range for Pixel
Clock will range from 1.5 MHz to 80 MHz.

Selecting afixed LCD PCLK on the Clocks tab, say
25.175 MHz, will result in only four selections. 6.293,
8.392, 12.587, and 25.175 MHz. (these frequencies
represent the four possible frequencies from afixed
25.175 MHz input clock divided by the PCLK divider).

These settings allow finetuning of the TFT/D-TFT line
pulse parameters and are only available when the
selected panel typeis TFT. Refer to SID13506
Hardware Functional Specification, document number
X25B-A-001-xx for a complete description of the
FPLINE pulse settings.

S1D13506
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Start pos

Pulse Width

TFT/FPFRAME (lines)

Start pos

Pulse width

Predefined Panels

Specifies the delay (in pixels) from the start of the
horizontal non-display period to the leading edge of the
FPLINE pulse.

Specifies the delay (in pixels) from the start of the
horizontal non-display period to the leading edge of the
FPLINE pulse.

These settings allow fine tuning of the TFT/D-TFT
frame pulse parameters and are only available when the
selected panel typeis TFT. Refer to SID13506
Hardware Functional Specification, document number
X25B-A-001-xx, for a complete description of the
FPFRAME pulse settings.

Specify the delay (in lines) from the start of the vertical
non-display period to the leading edge of the
FPFRAME pulse.

Specifies the pulse width (in lines) of the FFFRAME
output signal.

13506CFG uses afile (panels.def) which lists various
panel manufacturers recommended settings. If the file
panels.def is present in the same directory as
13506¢cfg.exe, the settings for a number of predefined
panels are available in the drop-down list. If apanel is
selected from the list, 13506CFG loads the predefined
settings contained in thefile.

13506CFG Configuration Program
Issue Date: 01/03/14
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CRT/TV Tab

s13 §1D13506 Configuration Utility _ ) |

File  Help

Display Dimensions

* CAT
Display Selection | & {~ Ty//NTSC
"~ TV/RAL

— Dizplay dimenzionz

P Rl TV Filters

] 6402450 B0Hz

The number of available options far :
dizplay dimenzionz depends an the I [ Fielcer
cumently selected CRT/TY input clock

j ¥ | Luminance
™| Ehraminanze

and CRT ATV input clock divide, (U TV Output
*  Composie 16—
= Soidea T

—CRT DAC output level—
¥ Level select

CRT DAC
Output Level

The CRT/TV tab configures settings specific to CRT/TV display devices.

Display Selection

Display Dimensions

Select the type of aternate display from: CRT,
TVINTSC, or TV/PAL.

Notethat CRT and TV cannot be simultaneously
selected.

Selects the resolution and frame rate from the drop-
down list. The available selections vary based on selec-
tions made in the Clocks tab and which Display
Sdection is chosen on thistab (CRT, TV/NTSC,
TV/PAL).

If no selections are available, the CRT/TV pixel clock
settings on the Clocks tab must be changed.

S1D13506
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TV Filters

Luminance

Chrominance

Flicker

TV Output

CRT DAC output level

Note

When displaying computer imagesona TV, several
image distortions may arise. The S1D 13506 incorpo-
rates three filters which reduce these distortions. Each
filter type is enabled by checking the associated box.

The luminance filter adjusts the brightness of the TV
and reducesthe “rainbow-like” colors at the boundaries
between sharp luminance transitions. Thisfilter ismost
useful for composite video output.

The chrominance filter adjusts the color of the TV and
reduces the “ragged edges’ seen at the boundaries
between sharp color transitions. Thisfilter is most
useful for composite video output.

The “flickering” effect seen on interlaced displaysis
caused by sharp vertical image transitions such as
window edges. Turning on the anti-flicker filter
averages adjacent lineson the TV display to reduce
flickering.

Selectsthe TV output format: Composite or S-Video.

When the CRT is active, the CRT DAC Output Level
can be used to double values output to the DAC. This
would normally result in very bright colors on the
display, but if IREF isreduced at the same time the
display will remain at itsintended brightness and power
consumption is reduced.

For more information on setting the CRT DAC output
level, see the S1D13506 Hardware Functional Specifi-
cation, document number X25B-A-001-xXx.

For CRT operations, 13506CFG supports VESA timings only. For TV operations,
13506CFG supports NTSC and PAL timings only. Overriding these register values on
the Registers page may cause the CRT or TV to display incorrectly.

13506CFG Configuration Program
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Registers Tab

s1 51013506 Configuration Utility M|E 3 |

File Help
Gereral I Freference I Mermary I Clacks I Fanel I CRT/Tv I:‘EEIIStEfsl
Regizter | Hex | Bin | Dec | Fegizter Name -
0001k 00k 00000000B - 0 Mizcelaneous Fegister
M1 FCh 00k 00000000B - 0 Dizplay Mode R egister |
0004k 00k  00O000ODE O General [0 Ping Configuration Register
0003k 00k 00000000E - 0 eneral |0 Pine Cantral Register
0010k T T kemorny Clock Configuration Begister
001 4k 00k 00000000B - 0 LCD Pizel Clock Configuration Begister
0018k 00k  00O000ODE O CRT /T Pixel Clock Configuration R egiste
001 Ch 02k 0O00O01DBE 2 kediaPlug Clock Configuration Begister
OMEh T T CPU To tMemany wait State Select Regish
0020k 00k O0OOQOOODE O b emony Configuration Register
0021k 04h  0OODOTO0B 4 DRAM Refrezh Rate Reqister
002k 12k 00010010B 18 DRAR Timings Control Reaister 0
0028 h 02k 0O00OO10DB 2 DRAR Timings Control Reagister 1
0030k 28h 00100101 37 Panel Type Register
0031 h 00k OOCOODOOOOB O MOD Rate Reqgister -
4] | »
Dauble click on a line ta modify a reqister.

The Registers tab allows viewing and direct editing the S1D 13506 register values.

Scroll up and down thelist of registersand view their configured value. Individual register
settings may be changed by double-clicking on the register in thelisting. Manual changes
totheregistersarenot checked for errors, so caution iswarranted when directly
editingthesevalues. Itisstrongly recommended that the S1D13506 Har dwar e Functional
Soecification, document number X 25B-A-001-xx be referred to before making an manual
register settings.

Manually entered values may be changed by 13506CFG if further configuration changes
are made on the other tabs. In this case, the user is notified of the changes when they return
to the registers tab.

Note
Manual changes to the registers may have unpredictable results if incorrect values are
entered.

S1D13506
X25B-B-001-02
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13506CFG Menus

The following sections describe each of the optionsin the File and Help menus.

Open...
From the Menu Bar, select “File”, then “Open...” to display the Open File Dialog Box.
Look i 50k =] cil
13506bmp. exe
£ 17506 cfg exe
1350Eft exe
13506play. exe
13506zhow. exe
13506zwivel exe
File name: I |ﬂ|
Files of type:  |All Configurable Files =] Cancel |f
7
The Open option allows 13506CFG to open files containing HAL configuration infor-
mation. When 13506CFG opens afileit scans the file for an identification string, and if
found, reads the configuration information. This may be used to quickly arrive at a starting
point for register configuration. The only requirement is that the file being opened must
contain avalid S1D13506 HAL library information block.
13506CFG supports avariety of executable file formats. Select the file type(s) 13506CFG
should display in the Files of Type drop-down list and then select the filename from the list
and click on the Open button.
Note
13506CFG is designed to work with utilities programmed using a given version of the
HAL. If the configuration structure contained in the executabl e file differs from the ver-
sion 13506CFG expects the Open will fail and an error message is displayed. This may
happen if the version of 13506CFG is substantially older, or newer, than the file being
opened.
13506CFG Configuration Program S1D13506
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Save
From the Menu Bar, select “File”, then “Save’ to initiate the save action. The Save menu
option allows afast save of the configuration information to afile that was opened with the
Open menu option.
Note
This option is only available once afile has been opened.
Note
13506¢cfg.exe can be configured by making a copy of the file 13506cfg.exe and config-
uring the copy. It is not possible to configure the original whileit is running.
Save As...
From the Menu Bar, select “File”, then “Save As...” to display the Save As Dialog Box.
Save As [ 7]
Save i [ 3 51013506 B fmi
13506bmp. exe E 13806swivel exe
$ 13506cg.exe PAMELS.DEF
@ 13606:f. zip E readme. kst
1350Efit. exe @ S1d1 3umx.zip
13006play. exe
13506show. exe
File narne: 1 3506EMP. EXE Save I
Save as type: I j Cancel |
o
“Saveas’ isvery similar to Save except adialog box isdisplayed allowing the user to name
the file before saving.
Using thistechnique atester can configure anumber of filesdiffering only in configuration
information and name (e.g. BMP60Hz.EXE, BMP72Hz.EXE, BMP75Hz.EXE where only
the frame rate changes in each of these files).
Note
When “ Save As’ is selected then an exact duplicate of the file as opened by the “ Open”
option is created containing the new configuration information.
S1D13506 13506CFG Configuration Program
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Configure Multiple

After determining the desired configuration, “ Configure Multiple” allows the information
to be saved into one or more executable files built with the HAL library.

From the Menu Bar, select “File’, then “ Configure Multiple” to display the Configure

Multiple Dialog Box.This dialog box is also displayed when afile(s) is dragged onto the
13506CFG window.

Configure Multiple |

Select files to configure: Selected files:

13506bnp . exe S Add »

13506zfg. exe

13506filt . exe e

13506play . exe < Remove

13506=zhow . exe =

13506=wivel  exe — << Remove Al |

E;;] £ Show allfiles

[—C—] % Show conf.

[—D-] . files cnly

: IE I-I _l_l Configure I 4| | _;I
C:431013506 Cancel [ Preserve physical addresses

The left pane lists files available for configuration; the right pane listsfiles that have been
selected for configuration. Files can be selected by clicking the “Add” or “Add All”

buttons, double clicking any filein the left pane, or by dragging the file(s) from Windows
Explorer.

Selecting “ Show all files’ displays all filesin the selected directory, whereas selecting
“Show conf. filesonly” will display only files that can be configured using 13506CFG.

The configuration values can be saved to a specific EXE file for Intel platforms, or to a

specific S9 or ELF filefor non-Intel platforms. The file must have been compiled using the
13506 HAL library.

Checking “Preserve Physical Addresses’ instructs 13506CFG to use the register and
display buffer address val ues the files were previously configured with. Addresses
specified in the General Tab are discarded. Thisis useful when configuring severa
programsfor various hardware platforms at the sametime. For example, if configuring PCI,
MPC and IDP based programs at the sametime for anew panel type, the physical addresses
for each areretained. This feature is primarily intended for the test lab where multiple
hardware configurations exist and are being tested.

13506CFG Configuration Program
Issue Date: 01/03/14
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Export

E Header FI|E Deflnlng a Map u:uf S'I D'I 35EIE Hglsters
C Header File for 510713506 wWinCE Drivers [m-:u:hai:rr h] Bemes] |
- Header File for 51013506 Generic Dirivers [=1d13506.h)]

Comma-Delimited File Cantaining Current Configuration

After determining the desired configuration, “Export” permits the user to save the register
information as avariety of ASCII text file formats. The following isalist and description
of the currently supported output formats:

» aC header file for usein writing HAL library based applications.

a C header file which lists each register and the value it should be set to.

a C header file for use in developing Window CE display drivers.

a C header file for use in developing display drivers for other operating systems such as
Linux, QNX, and VxWorks UGL or WindML.

« acommadelimited text file containing an offset, a value, and a description for each
S1D13506 register.

Expart A

[13506regs. cav]

After selecting the file format, click the“ Export As..." button to display thefile dialog box
which allows the user to enter afilename before saving. Before saving the configuration
file, clicking the“Preview” button starts Notepad with acopy of the configuration fileabout
to be saved.

When the C Header Filefor S1D13506 WinCE Driversoption is selected as the export
type, additional options are available and can be selected by clicking on the Options button.
The options dialog appears as:

Modeft.h Export Options |

Mode Number

selects the mode number for
use in the header file

CRT/TV=Primary Display

tode numl:u;r: 0 j

sets the CRT/TV as the primary
display in the header file

Cursor Support

> [ G =primany display

selects the type of cursor support
enabled in the header file
(for primary device context)

HW Acceleration

enables hardware acceleration
(BitBLT engine) in the header file
(for primary device context)

— Primary DC Seconday DC———
o © Hardware cursar £ Hardware zursar,
" Software cursor ) Siftware curear
" Mo cursor % o curear
W Hw acceleration | | W ddweacceleration

Cancel |

Cursor Support

selects the type of cursor support
enabled in the header file
(for secondary device context)

——  HW Acceleration
enables hardware acceleration

(BitBLT engine) in the header file

(for secondary device context)

S1D13506
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Enable Tooltips

ERD on the Web

About 13506CFG

Comments

Tooltips provide useful information about many of the items on the configuration tabs.
Placing the mouse pointer over nearly any item on any tab generates a popup window
containing helpful advice and hints.

To enable/disable tooltips check/uncheck the “Tooltips’ option form the “Help” menu.

Note
Tooltips are enabled by default.

This“Help” menu item is actually ahotlink to the Epson Research and Development
website. Selecting “Help” then “ERD on the Web” starts the default web browser and
pointsit to the ERD product web site.

The latest software, drivers, and documentation for the S1D13506 is available at this
website.

Selecting the “ About 13506CFG” option from the “Help” menu displays the about dialog
box for 13506CFG. The about dialog box contains version information and the copyright
notice for 13506CFG.

» On any tab particular options may be grayed out if selecting them would violate the
operational specification of the S1D13506 (i.e. Selecting extremely low CLK frequen-
cieson the Clockstab may result in no possible CRT/TV options. Selecting TFT or STN
on the Panel tab enables/disables options specific to the panel type).

» Thefile panés.def isatext file containing operational specifications for several
supported, and tested, panels. This file can be edited with any text editor.

» 13506CFG allows manually altering register values. The manual changes may violate
memory and LCD timings as specified in the SLD 13506 Hardware Functional Specifi-
cation, document number X25B-A-001-xx. If thisis done, unpredictable results may
occur. Epson Research and Development, Inc. does not assume liability for any damage
done to the display device as aresult of configuration errors.

13506CFG Configuration Program S1D13506
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13506SHOW

13506SHOW is designed to demonstrate and test some of the S1D13506 display capabil-
ities. The program can cycle through all color depths and display a pattern showing all
available colors or shades of gray. Alternately, the user can specify a color depth and
display configuration. 13506SHOW supports SwivelView™ (90°, 180°, and 270°
hardware rotation of the display image).

The 13506SHOW demonstration program must be configured and/or compiled to work
with your hardware platform. The program 13506CFG.EXE can be used to configure
13506SHOW. Consult the 13506CFG users guide, document number X 25B-B-001-xx, for
moreinformation on configuring S1D13506 utilities.

This software is designed to work in both embedded and personal computer (PC) environ-
ments. For the embedded environment, it is assumed that the system has a means of
downloading software from the PC to the target platform. Typically thisis done by serial
communications, where the PC uses aterminal program to send control commands and
information to the target processor. Alternatively, the PC can program an EPROM, which
isthen placed in the target platform. Sometarget platforms can also communicate with the
PC viaaparallel port connection, or an Ethernet connection.

S1D13506 Supported Evaluation Platforms

13506SHOW supports the following S1D13506 eval uation platforms:
» PC system with an Intel 80x86 processor.

» MG68ECO000IDP (Integrated Devel opment Platform) board, revision 3.0, with aMotorola
M6BECO000 processor.

» MC68030IDP (Integrated Development Platform) board, revision 3.0, with a Motorola
MC68030 processor.

e SH3-LCEVB board, revision B, with an Hitachi SH-3 HD6417780 processor.

* MPC821ADS (Applications Development System) board, revision B, with aMotorola
MPC821 processor.

Installation
PC platform:
Copy thefile 13506show.exe to adirectory specified in the path (e.g. PATH=C:\13506.
Embedded platform:
Download the program 13506show to the system.
13506SHOW Demonstration Program S1D13506
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Usage

PC Platform

At the prompt, type:

13506SHOW [/a] [bl=n] [bc=n] [ds=n | ds=7] [/g] [/noinit] [/r90 | /r180 | /r270] [/read]

[/9] [Iwrite] [/7?]

Embedded platform

Execute 13506showand type the command line argument at the prompt.

Where:

la cyclesthrough all video modes automatically.

bl=n showsthe LCD display at auser specified color depth (bpp)
wheren = (4, 8, 15, 16).

bc=n showsthe CRT/TV display at a user specified color depth
(bpp) where n= (4, 8, 15, 16).

ds=n selects display surfaces (see Section , “ Display Surfaces”
on pageb).

ds=? showsthe available display surfaces (see Section, “ Display
Surfaces’ on page5).

/g shows agrid on theimage.

/noinit skips full register initialization. Only registers used for
changing the color depth (bpp), selecting the
memory/registers and programming the clock synthe-
sizer are updated. Additionally, some registers are read
to determine information such as display size and type
(LCD, CRT, TV).

/ro90 SwivelView™ 90°, clockwise hardware rotation of LCD
image by 90 degrees

/r180 SwivelView™ 180°, clockwise hardware rotation of LCD
image by 180 degrees

/r270 SwivelView™ 270°, clockwise hardware rotation of LCD
image by 270 degrees

S1D13506 13506SHOW Demonstration Program
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/read

/s

/write

1?

Note

after drawing the image, continually reads from the screen
(for testing purposes).

displays a vertical stripe pattern.

continually writes to one word of offscreen memory (for
testing purposes only).

displays the help screen.

Pressing the Esc key will exit the program.

Display Surfaces

A surface isablock of memory assigned to one or more physical display devices.
13506SHOW provides 7 display surfaces (0-6) which cover the possible combinations of
display types. Table 1:, “Display Surfaces’ lists the predefined display surfaces that may

be selected.

Table 1: Display Surfaces

Display Surfaces
(ds=)

Display
Device(s) using
Memory Block O

Display
Device(s) using
Memory Block 1

LCD

CRT

TV

LCD & CRT

LCD & TV

LCD

CRT

ol h~lW|N|FL|O

LCD

TV

Display surfaces 0 through 2 each display datafrom asingle memory block to an individual
display device (LCD, CRT, or TV).

Display surfaces 3 and 4 output to two separate display devices, but generate the output
from the same memory block. This may be useful when the same image is to be displayed
on both display devices. It also reduces the total amount of display memory required.

Display surfaces 5 and 6 output to two separate devicesfrom different memory blocks. This
allows two completely different images to be displayed at the same time. When using
display surfaces 5 or 6, some combinations of display modes with a high resolution and/or

high color depth may not be supported within a2MB display buffer.

13506SHOW Demonstration Program
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13506SHOW Examples

13506SHOW is designed to both demonstrate and test some of the features of the
S1D13506. The following examples show how to use the program in both instances.

Using 13506SHOW For Demonstration
1. To show color patterns which must be manually stepped through, type the following:
13506SHOW

The program displays the default color depth and display surface as selected in
13506CFG. Press any key to go to the next screen. Once all screens are shown the pro-
gram exits. To exit the program immediately pressthe Esc key.

2. To show color patterns which automatically step through all color depths beginning
with the default color depth (as selected in 13506CFG), type the following:

13506SHOW /a
The program will display the default color depth. Each screen is shown for
approximately 1 second before the next screen is automatically shown. The program

exits after the last screen is shown. To exit the program immediately press
CTRL+BREAK.

3. To show acolor pattern for a specific color depth on the LCD, type the following:
13506SHOW bl=[mode]
where mode = 4, 8, 15, or 16.

The program displays the requested screen and then exits.

NOItfea monochrome LCD panel is used, the image is formed using only the green
component of the Look-Up Table.
4. To show acolor pattern for a specific color depth on the CRT, type the following:
13506SHOW bc=[mode]
where mode = 4, 8, 15, or 16.

The program display the requested screen and then exits.

S1D13506 13506SHOW Demonstration Program
X25B-B-002-03 Issue Date: 01/02/06
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5. To show the color patternsin SwivelView™ 90° mode, type the following:
13506SHOW /r90

The program will display the default color depth (as selected in 13506CFG). Press any
key to go to the next screen. Since SwivelView™ 90° islimited to color depths of 8,
15 and 16 bpp the program exits. To exit the program immediately press the Esc key.

The“/r90”, “/r180", and “/r270" switches can be used in combination with other com-
mand line switches.

6. To show solid vertical stripes, type the following:
13506SHOW /s

The program will display the default color depth (as selected in 13506CFG). Press any
key to go to the next screen. Once all screens are shown the program exits. To exit the
program immediately press the Esc key.

The“/s" switch can be used in combination with other command line switches.

Using 13506SHOW For Testing

1. Toshow atest grid over the 8 bpp color pattern on an LCD, type the following:
13506SHOW bl=8 /g

The program will display the 8 bpp color pattern overlaid with awhite grid 20 pixels
wide and then exit. The grid makes it obvious if theimage is shifted or if pixelsare
missing. Notethegrid isnot aligned with the color pattern, therefore the color
boxes will not match the grid boxes.

The*"/g” switch can be used in combination with other command line switches.

2. Totest background memory reads to the CRT, type the following:
13506SHOW bc=16 /read

The program will test screen reads. If there is a problem with memory access, the
displayed pattern will appear different than when the “/read” switch is not used. If
there is a problem, check the configuration parameters of 13506SHOW using the util-
ity 13506CFG. Seethe 13506CFG user guide, document number X 25B-B-001-xx, for
more information.

The“/read” switch should be used in combination with the“b=" setting, otherwisethe
test will always start with the default color depth (as selected in 13506CFG). To exit
the program after using “/read”, press the Esc key and wait for a couple of seconds
(the keystroke is checked after reading afull screen).

13506SHOW Demonstration Program S1D13506
Issue Date: 01/02/06 X25B-B-002-03
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Comments

If 13506SHOW is started without defining the color depth, the program automatically
cyclesthrough the available color depths from highest to lowest. Thefirst color depth
shown isthe default color depth value saved to 13506SHOW using 13506CFG. This
approach avoids showing color depths not supported by a given hardware configuration.

13506SHOW checks if the display(s) selected from the DS= option have been previ-
ously configured by 13506CFG. If these display(s) have not been configured,
13506SHOW displays an error message. For example, if the system is configured for the
CRT, an error isdisplayed if the user selectsthe TV with the DS= option.

If the DS= option is used to combine two displays of different resolutionsinto the same
surface, the program will display an error message.

13506SHOW cannot show a greater color depth than the display allows.
SwivelView™ (/r90, /r270) is available only for color depths of 8, 15, and 16 bpp.
SwivelView™ (/r180) is available for color depths of 4, 8, 15, and 16 bpp.

If the “bl=" or “bc=" options are not used, 13506SHOW will cycle through all available
color depths.

S1D13506
X25B-B-002-03
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Program Messages

ERROR: Could not detect S1D13506.
The ID register did not indicate the presence of the 13506.

ERROR: Could not map memory from evaluation board to host platform.
This message should only be shown for DOS platforms. In this case the DOS extender could not be
initialized, or was unable to get the linear address of the display memory.

ERROR: In thegiven display surface configuration, the user must select the same BPP for
both LCD and CRT/TV.

When two displays are using an image from the same display memory block, both displays must be
configured for the same color depth (bpp).

ERROR: Invalid display surface number.
The"ds=" command line option included an invalid value. The parameter "ds=?" lists the valid
numbers.

ERROR: LCD and CRT resolutions must beidentical.

L CD: (width, height)

CRT: (width, height)

When the LCD and CRT are using an image from the same display memory block, both displays
must be the same resolution.

ERROR: LCD and TV resolutions must be identical.

L CD: (width, height)

TV: (width, height)

Whenthe LCD and TV are using an image from the same display memory block, both displays must
be the same resolution.

ERROR: LCD must bein landscape mode.
The LCD panel must be configured for Swivel View 0° mode (landscape) if both the LCD display
and CRT/TV are active.

ERROR: Not enough display buffer memory.
There was insufficient display buffer memory for the given configuration. Memory requirements
depend on:

« the display resolution(s).

« the bit-per-pixel depth(s).

» whether a half-frame buffer is required.

« the number of displaysactive (LCD or LCD and CRT/TV).

13506SHOW Demonstration Program S1D13506
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ERROR: Not enough memory for LCD/CRT/TV in 4/8/16 bits-per-pixel.
13506SHOW is unable to change the color depth due to insufficient display buffer memory.
Memory reguirements depend on:

« the display resolution(s).

« the bit-per-pixel depth(s).

» whether a half-frame buffer is required.

« the number of displays active (LCD or LCD and CRT/TV).

ERROR: PCI bridge adapter not found.
The Windows PCI driver did not find the PCI Bridge Adapter.

ERROR: PCI driver not found.
The Windows PCI driver is not loaded.

ERROR: Program not configured for LCD/CRT/TV. Run 13506CFG and configure for
LCD/CRT/TV.

The program was configured by 13506CFG for adisplay device that is not available. Thistypically
occursif the wrong command line was entered for the current configuration.

WARNING: CLKI frequency not in HAL table. Program assumesthat external oscillator is
used.

WARNING: CLKI2frequency not in HAL table. Program assumesthat external oscillator is
used.

The correct frequency was not found in the HAL table used to program the clock synthesizer. An
external oscillator may be in use. This warning message will not stop the program.

WARNING: CRT/TV only availablein LANDSCAPE maode.
SwivelView™ isonly available on LCD only configurations.

ERROR: b= option cannot be used with /noinit.
The command line options b= and /noinit are contradictory, since b= instructsthe program to change
the color depth and /noinit indicates that no register changes are to be made.

ERROR: Continual screen read will not work with the/a switch.

ERROR: Continual screen write will not work with the/a switch.

The /a switch automatically cyclesthrough the different color depths, whereas the continual screen
read/write goes into an infinite loop to read/write memory.

ERROR: Do not select 4 BPP LCD in SwivelView™ 90 or SwivelView™ 270 degr ees.
SwivelView™ 90 and Swivel View™ 270 are available only in 8 and 16 bits-per-pixel modes.

S1D13506
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13506PLAY

13506PLAY isadiagnostic utility which allows the user to read/write to all the S1D13506
Registers, Look-Up Tablesand Display Buffer. 13506PLAY issimilar tothe DOSDEBUG
program; commands are received from the standard input device, and output is sent to the
standard output device (console for Intel, terminal for embedded platforms). This utility
requires the target platform to support standard 10 (stdio).

13506PLAY commands can be entered interactively by auser, or be executed from a script
file. Scripting isapowerful feature which allows command sequencesto be used repeatedly
without re-entry.

The 13506PLAY diagnostic utility must be configured and/or compiled to work with your
hardware platform. The program 13506CFG.EXE can be used to configure 13506PLAY .
Consult the 13506CFG users guide, document number X25B-B-001-xx, for more infor-
mation on configuring S1D13506 utilities.

This software is designed to work in both embedded and personal computer (PC) environ-
ments. For the embedded environment, it is assumed that the system has a means of
downloading software from the PC to the target platform. Typically thisis done by seria
communications, where the PC uses aterminal program to send control commands and
information to the target processor. Alternatively, the PC can program an EPROM, which
isthen placed in the target platform. Some target platforms can also communicate with the
PC viaaparallel port connection, or an Ethernet connection.

S1D13506 Supported Evaluation Platforms

13506PLAY supportsthe following S1D13506 evaluation platforms:
» PC with an Intel 80x86 processor running Windows ‘ 95/ 98/NT.

» MG68ECO000IDP (Integrated Devel opment Platform) board, revision 3.0, with aMotorola
M68ECO000 processor.

» MC68030IDP (Integrated Development Platform) board, revision 3.0, with a Motorola
MC68030 processor.

» SH3-LCEVB board, revision B, with an Hitachi SH-3 HD6417780 processor.

* MPC821ADS (Applications Development System) board, revision B, with aMotorola
MPC821 processor.

13506PLAY Diagnostic Utility S1D13506
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Installation

Usage

PC platform

Copy the file 13506play.exe to a directory in the path (e.g. PATH=C:\S1D13506).

Embedded platform

Download the program 13506play to the system.

PC platform
At the prompt, type:

13506pl ay [/7?]
Where:

[?  displays program version information.

Embedded platform

Execute 13506pl ay and at the prompt, type the command line argument.

Where:

[?  displays program version information.

S1D13506
X25B-B-003-02
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Commands

The following commands are designed to be used from within the 13506PLAY program.
However, simple commands can also be executed from the command line. If a command
with multiple argumentsis executed from the command line, it must be enclosed in double
guotes (e.g. 13506play “f O 1IFFFFF AB” ().

CLKI [?] iFreq
Selects a preset clock frequency (MHz) for CLKI. If the*?" option is used, the current
CLKI frequency is displayed.
Where:
? Displays alist of available frequencies for CLKI (MHZ2).
iFreq Sets CLKI to a preset frequency (MHZz) specified by iFreq.

CLKI2[?] iFreq
Selects a preset clock frequency (MHZz) for CLKI2. If the“?” option is used, the current
CLKI2 frequency is displayed.
Where:
? Displays alist of available frequencies for CLKI2 (MHZz).
iFreq Sets CLKI2 to a preset frequency (MHz) specified by iFreq.

CW word

Sends a 24-bit hexadecimal value to the programmabl e clock. Note that the programmable
clock documentation usesthe term “word” to describe the 24-bit value. The use of “word”
does not imply a 16-bit valuein this case.

F addr addr data...
Fills a specified address range with 8-bit data (bytes).
Where:
addr Addressrange to be filled (hex).
data Datato be written (hex). Data can be alist of bytes that will
be repeated for the duration of the fill. To use decimal
values, attach a“t” suffix to the value. (e.g. 100t is 100
decimal)

FD addr addr data...
Fills a specified address range with 32-bit data (dwords).
Where:
addr Addressrange to be filled (hex).
data Datato be written (hex). Data can be alist of dwords that
will be repeated for the duration of thefill. To use decimal
values, attach a“t” suffix to the value. (e.g. 100t is 100
decimal)

13506PLAY Diagnostic Utility S1D13506
Issue Date: 01/02/06 X25B-B-003-02
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FW addr addr data...
Fills a specified address range with 16-bit data (words).
Where:
addr Address range to befilled (hex).
data Datato bewritten (hex). Datacan be alist of words that will
be repeated for the duration of thefill. To use decimal
values, attach a“t” suffix to the value. (e.g. 100t is 100
decimal).
H [lineg]
Sets the number of lines of data that will be displayed at atime. The display will be halted
after the specified number of lines. Setting the number of lines to O will disable the halt
function and allow the data to continue displaying until all data has been shown.
Where:
lines Number of lines that will be shown before halting the
displayed data (decimal value).
| [?] {LCD|CRT|TV} [d=iCrtTv] [COMP | SVIDEOQO] [FLICKER=ON | OFF]
Initializes the S1D13506 registers for a given display type.
Where:
? Displays a help message.
LCD Initializes the LCD registers.
CRT Initializes the CRT registers.
TV Initializesthe TV registers.
d=iCrtTv Initializesthe CRT/TV for adisplay configuration based on
the following table.
Table 1: iCrtTv Selection
iCrtTv Resolution Display Type
0 640x480 CRT
1 800x600 CRT
2 752x484 TV (NTSC)
3 696x436 TV (NTSC)
4 640x480 TV (NTSC)
5 920x572 TV (PAL)
6 856x518 TV (PAL)
7 800x572 TV (PAL)
8 640x480 TV (PAL)
COMP Initializes for Composite video output (TV only).
SVIDEO Initializes for SVideo output (TV only).
FLICKER=ON Initializes for Flicker Filter enabled (TV only).
FLICKER=OFF Initializes for Flicker Filter disabled (TV only).
S1D13506 13506PLAY Diagnostic Utility
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IC {LCD|CRT|TV}

Initializes the Hardware Cursor for a given display type.

Where:
LCD Initializes for the LCD display.
CRT Initializes for the CRT display.
TV Initializesfor the TV display.

Il {LCDI|CRT|TV}

Initializesthe Ink Layer for agiven display type.

Where:
LCD Initializes for the LCD display.
CRT Initializes for the CRT display.
TV Initializesfor the TV display.

L {LCD|CRT|TV} index [red green blue]
Writesred, green, and blue Look-Up Table (LUT) components for agiven display type. If
the red, green, and blue components are not specified, reads the components at the given

index.
Where:
LCD LUT used by the LCD display.
CRT LUT used by the CRT display.
TV LUT used by the TV display.
index Index into the LUT (hex).
red Red component of the LUT (hex).
green Green component of the LUT (hex).
blue Blue component of the LUT (hex).
Note

Only bits 7-4 of each color are used in the LUT. For example, 10h is the first color in-
tensity after 00h. Valid LUT colors follow the pattern 00h, 10h, 20h, 30h,...EOh, FOh.

LA {LCD|CRT|TV}

Reads all LUT vauesfor agiven display.

Where:
LCD Reads LUT values for LCD display.
CRT Reads LUT values for CRT display.
TV Reads LUT valuesfor TV display.

Note

Only bits 7-4 of each color are used in the LUT. For example, 10h is the first color in-
tensity after 00h. Valid LUT colors follow the pattern 00h, 10h, 20h, 30h,...EOh, FOh.

13506PLAY Diagnostic Utility S1D13506
Issue Date: 01/02/06 X25B-B-003-02
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M [?] {LCD|CRT|TV} [bpp]
Setsthe color depth (bpp) for the specified display type. If no color depth is provided, infor-
mation about the current setting on the specified display are listed.
Where:
? Displays basic information on the current mode for agiven
display.
LCD Setsthe color depth of the LCD display.
CRT Setsthe color depth of the CRT display.
TV Setsthe color depth of the TV display.
bpp Color depth to be set (4/8/16 bpp).
MC [?] {LCD|CRT|TV?} [bpp]
Gets extended information and sets the color depth (bpp).
Where:
? Displaysfurther information on the current modefor agiven
display.
LCD Setsthe color depth of the LCD display.
CRT Setsthe color depth of the CRT display.
TV Setsthe color depth of the TV display.
bpp Color depth to be set (4/8/16 bpp).
Q
Quits the program.
R addr [count]
Reads a certain number of bytes from the specified address. If no value is provided for
count, it defaultsto 10h.
Where:
addr Address from which byte(s) will be read (hex).
count Number of bytesto be read (hex).
RD addr [count]
Reads a certain number of dwords from the specified address. If no value is provided for
count, it defaults to 10h.
Where:
addr Address from which dword(s) will be read (hex).
count Number of dwordsto be read (hex).
RW addr [count]
Reads a certain number of words from the specified address. If no valueis provided for
count, it defaultsto 10h.
Where:
addr Address from which word(s) will be read (hex).
count Number of words to be read (hex).
S1D13506 13506PLAY Diagnostic Utility
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S{CLKI |CLKI2|BUSCLK} freq
Sets PCLK source frequency (in kHz).

Where:

CLKI Sets PCLK source to CLKI.

CLKI2 Sets PCLK sourceto CLKI2.

BUSCLK Sets PCLK source to BUSCLK.

freq Sets the frequency of the PCLK source (decimal value).
Vv

Calculates the current frame rate for al enabled display devices. The frame rateis calcu-
lated from the VNDP count.

W addr data ...
Writes byte(s) of data to specified memory address.
Where:
addr Address datais written to
data Datato be written (hex). Data can be alist of bytes that will

be repeated for the duration of the write. To use decimal
values, attach a“t” suffix to the value. (e.g. 100t is 100
decimal).

WD addr data ...
Writes dword(s) of datato specified memory address.

Where:
addr Address datais written to
data Datato be written (hex). Data can be alist of dwords that

will be repeated for the duration of thewrite. To use decimal
values, attach a“t” suffix to the value. (e.g. 100t is 100
decimal).

WW addr data ...
Writesword(s) of datato specified memory address.

Where:
addr Address data is written to
data Datato bewritten (hex). Data can be alist of wordsthat will

be repeated for the duration of the write. To use decimal
values, attach a“t” suffix to the value. (e.g. 100t is 100
decimal).

X index [data]
Writes byte data to the register at index. If no datais specified, reads the 8-hit (byte) data
from the register at index.
Where:
index Index into the registers (hex).
data Datato be written to/read from register (hex). Data can be a
list of bytes that will be repeated for the duration of the
write. To use decimal values, attach a“t” suffix to the value.
(e.g. 100t is 100 decimal).

13506PLAY Diagnostic Utility
Issue Date: 01/02/06
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XA
Reads all the S1D13506 registers.
XD index [data]
Writes dword data to the register at index. If no datais specified, reads the 32-bit (dword)
datafrom the register at index.
Where:
index Index into the registers (hex).
data Datato be written to/read from register (hex). Datacan be a
list of dwordsthat will be repeated for the duration of the
write. To use decimal values, attach a“t” suffix to the value.
(e.g. 100t is 100 decimal).
XW index [data]
Writesword datato the register at index. If no datais specified, readsthe 16-bit (word) data
from the register at index.
Where:
index Index into the registers (hex).
data Datato be written to/read from register (hex). Datacan be a
list of words that will be repeated for the duration of the
write. To use decimal values, attach a“t” suffix to the value.
(e.g. 100t is 100 decimal).
?
Displays the help screen.
S1D13506 13506PLAY Diagnostic Utility
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13506PLAY Example

1

7.
8.
9.

2
3
4.
5
6

Type 13506PL AY to start the program.

Type ? for help.

Typei LCD toinitialize the registers.

Type xa to display the contents of the registers.

Type x 34 to read register 34h.

Type x 34 10 to write 10h to register 34h.

Typef O ffff aato fill the first FFFFh bytes of the display buffer with AAh.
Typef 0 1fffff aa to fill 2M bytes of the display buffer with AAh.

Typer 0100 to read the first 100h bytes of the display buffer.

10. Type g to exit the program.

13506PLAY Diagnostic Utility
Issue Date: 01/02/06
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Scripting
13506PLAY can be driven by a script file. Thisis useful when:
* thereisno display output and a current register statusis required.
* various registers must be quickly changed to view results.
A script fileisan ASCII text filewith one 13506PLAY command per line. All scripts must
end with a“qg” (quit) command.
On aPC platform, atypical script command line might be:
“13506PLAY < dumpregs.scr > results.”
This causesthefile“ dumpregs.scr” to beinterpreted ascommands by 13506PLAY and the
results to be sent to thefile “results.”
Example: Create an ASCII text file that contains the commandsi , xa, and g.
; Thisfile initializes the S1D13506 and reads the registers.
; Note: after a semicolon (;), al characters on aline are ignored.
; Note: all script files must end with the“q” command.
[
xa
q
Comments
« All displayed numeric values are considered to be hexadecimal unless identified other-
wise. For example, 10 = 10h = 16 decimal; 10t = 10 decimal; 010b = 2 decimal.
* Redirecting commands from a script file (PC platform) allows those commands to be
executed as though they were typed.
S1D13506 13506PLAY Diagnostic Utility
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Program Messages

ERROR: Could not map memory from evaluation board to host platform.
This message should only be shown for DOS platforms. In this case the DOS extender could not be
initialized, or was unable to get the linear address of the display memory.

ERROR: Not enough display buffer memory.
There was insufficient display buffer memory for the given configuration. Memory requirements
depend on:

« the display resolution(s).

« the bit-per-pixel depth(s).

» whether a half-frame buffer is required.

« the number of displaysactive (LCD or LCD and CRT/TV).

ERROR: Not enough memory for LCD/CRT/TV in 4/8/16 bits-per-pixel.
13506BMP is unable to change the color depth due to insufficient display buffer memory. Memory
reguirements depend on:

« the display resolution(s).

« the bit-per-pixel depth(s).

» whether a half-frame buffer is required.

« the number of displaysactive (LCD or LCD and CRT/TV).

ERROR: PCI bridge adapter not found.
The Windows PCI driver did not find the PCI Bridge Adapter.

ERROR: PCI driver not found.
The Windows PCI driver is not |oaded.

ERROR: Program not configured for LCD/CRT/TV. Run 13506CFG and configure for
LCD/CRT/TV.

The program was configured by 13506CFG for adisplay device that is not available. Thistypically
occurs if the wrong command line was entered for the current configuration.

WARNING: CLKI frequency not in HAL table. Program assumes that external oscillator is
used.

WARNING: CLKI2frequency not in HAL table. Program assumesthat external oscillator is
used.

The correct frequency was not found in the HAL table used to program the clock synthesizer. An
external oscillator may be in use. This warning message will not stop the program.

ERROR: At |least one of the displays must be enabled.

This message is shown when 13506PLAY received the V command, but no display is enabled. At
least one display must be enabled for the V command to function (5 seconds of VNDP pulses are
counted to calculate the frame rate).

ERROR: Invalid iFreq value.
The CLKI and/or CLKI2 commandswere used with aninvalidiFreg value. To display alist of iFreq
values, type"CLKI ?' or "CLKI2 ?".

13506PLAY Diagnostic Utility
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ERROR: Not enough display buffer memory for LCD/CRT/TV cursor/ink layer.

There was insufficient display buffer memory for the given Hardware Cursor/Ink Layer configu-
ration. Memory requirements depend on:

« the display resolution(s).

« the bit-per-pixel depth(s).

» whether a half-frame buffer is required.

« the number of displays active (LCD or LCD and CRT/TV).

WARNING: FEATCLK cannot be multiplexed to CLKI. Clock synthesizer programmed
instead.

In 13506PLAY, the CLKI command was used to select the FEATCLK frequency. Since the
FEATCLK can only be multiplexed to CLKI2, the clock synthesizer is programmed instead.

S1D13506 13506PLAY Diagnostic Utility
X25B-B-003-02 Issue Date: 01/02/06
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13506BMP

13506BMP is a demonstration utility used to show the S1D13506 display capabilities by
rendering bitmap images on the display device(s). The program will display any bitmap
stored in Windows BMP file format and then exit. 13506BM P supports SviwelView ™
(90°, 180°, and 270° hardware rotation of the display image).

13506BM Pisdesigned to operate on a personal computer (PC) within a 32-bit environment
only (Windows ‘95/'98/NT). Other embedded platforms are not supported due to the
possible lack of system memory or structured file system.

The 13506BM P demonstration utility must be configured and/or compiled to work with
your hardware configuration. The program 13506CFG.EXE can be used to configure
13506BM P. Consult the 13506CFG users guide, document number X25B-B-001-xx, for
more

information on configuring S1D13506 utilities.

S1D13506 Supported Evaluation Platforms

13506BM P supports the following S1D 13506 evaluation platforms:
» PC with an Intel 80x86 processor running Windows ‘ 95/’ 98/NT.

Note
The 13506BM P source code may be modified by the OEM to support other evaluation
platforms.

Installation

Copy thefile 13506bmp.exe to a directory in the path (e.g. PATH=C:\S1D13506).

13506BMP Demonstration Program S1D13506
Issue Date: 01/02/06 X25B-B-004-02
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Usage

At the prompt, type:

13506bmp bmpfile [ds=n | ds=?] [/noinit] [/r90 | /r180 | /r270] [/V] [/7]

Where:

bmpfile specifies filename of a windows format bmp image

ds=n selects display surfaces (see Section , “ Display Surfaces”
on page5)

ds=? shows available display surfaces (see Section , “ Display
Surfaces’ on page 5)

/noinit skips full register initialization. Only registers used for
changing the color depth (bpp), selecting the
memory/registers and programming the clock synthe-
sizer are updated. Additionally, some registers are read
to determine information such as display size and type
(LCD, CRT, TV).

/r90 SwivelView™ 90°, clockwise hardware rotation of LCD
image by 90 degrees

/r180 SwivelView™ 180°, clockwise hardware rotation of LCD
image by 180 degrees

/r270 SwivelView™ 270°, clockwise hardware rotation of LCD
image by 270 degrees

v verbose mode (provides information about the displayed
image)

1? displays the help message

Note

13506BMP will automatically finish execution and return to the prompt.
S1D13506 13506BMP Demonstration Program
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Display Surfaces

A surface isablock of memory assigned to one or more physical display devices.
13506BMP provides 7 display surfaces (0-6) which cover the possible combinations of
display types. Table 1:, “Display Surfaces’ lists the predefined display surfaces that may
be selected.

Table 1: Display Surfaces

Displa()(/jij)rfaces Devi[(zles(zl)agsing Devizles(z;agsing
Memory Block 0 | Memory Block 1
0 LCD
1 CRT
2 TV
3 LCD & CRT
4 LCD & TV
5 LCD CRT
6 LCD TV

Display surfaces 0 through 2 each display datafrom asingle memory block to an individual
display device (LCD, CRT, or TV).

Display surfaces 3 and 4 output to two seperate display devices, but generate the output
from the same memory block. This may be useful when the same image isto be displayed
on both display devices. It also reduces the total amount of display memory required.

Display surfaces 5 and 6 output to two seperate devicesfrom different memory blocks. This
allowstwo completely different images to be displayed at the same time. When using
display surfaces5 or 6, some combinations of display modeswith a high resolution and/or
high color depth may not be supported within a2MB display buffer.

13506BMP Demonstration Program S1D13506
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13506BMP Examples

To display abmp image on an LCD, type the following:
13506bmp bmpfile.bmp ds=0

To display abmp image on a CRT, type the following:
13506bmp bmpfile.bmp ds=1

To display abmp image on an LCD with 90° SwivelView™ enabled, type the following:
13506bmp bmpfile.bmp ds=0/r90

To display abmp image on both the LCD and CRT, type the following:
13506bmp bmpfile.bmp ds=3

To display independent bmp images on the LCD and TV, type the following:
13506bmp bmpfile.bmp ds=6

Comments

» 13506BMP displays only Windows BMP format images.

o A 24-bit true color bitmap will be displayed at a color depth of 16 bit-per-pixel.

» Only the green component of the image will be seen on a monochrome display.
S1D13506 13506BMP Demonstration Program
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Program Messages

ERROR: Could not detect S1D13506.
The ID register did not indicate the presence of the S1D13506.

ERROR: Could not map memory from evaluation board to host platform.
This message should only be shown for DOS platforms. In this case the DOS extender could not be
initialized, or was unable to get the linear address of the display memory.

ERROR: Failed to open BMP file:'filename'
Could not open the BMPfile.

ERROR: 'filename isnot avalid bitmap file.
The filename given on the command line is not avalid BMP file.

ERROR: In thegiven display surface configuration, the user must select the same BPP for
both LCD and CRT/TV.

When two displays are using an image from the same display memory block, both displays must be
configured for the same color depth (bpp).

ERROR: Invalid display surface number.
The"ds=" command line option included an invalid value. The parameter "ds=?" lists the valid
numbers.

ERROR: LCD and CRT resolutions must beidentical.

L CD: (width, height)

CRT: (width, height)

When the LCD and CRT are using an image from the same display memory block, both displays
must be the same resolution.

ERROR: LCD and TV resolutions must be identical.

L CD: (width, height)

TV: (width, height)

Whenthe LCD and TV are using an image from the same display memory block, both displays must
be the same resolution.

ERROR: LCD must bein landscape mode.
The LCD panel must be configured for landscape mode if both the LCD display and CRT/TV are
active.

ERROR: Not enough display buffer memory.
There was insufficient display buffer memory for the given configuration. Memory requirements
depend on:

« the display resolution(s).

« the bit-per-pixel depth(s).

» whether a half-frame buffer is required.

« the number of displaysactive (LCD or LCD and CRT/TV).

13506BMP Demonstration Program S1D13506
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ERROR: Not enough memory for LCD/CRT/TV in 4/8/15/16 bits-per-pixel.
13506BMP is unable to change the color depth due to insufficient display buffer memory. Memory
requirements depend on:

« the display resolution(s).

« the bit-per-pixel depth(s).

» whether a half-frame buffer is required.

« the number of displays active (LCD or LCD and CRT/TV).

ERROR: Not enough memory for virtual display.
A virtual display isrequired for SwivelView ™. This error message indicates there is insufficient
memory for the given configuration. Memory requirements depend on:

« the display resolution(s).

* the bit-per-pixel depth(s).

» whether a half-frame buffer is required.

* the number of displays active (LCD or LCD and CRT/TV).

ERROR: PCI bridge adapter not found.
The Windows PCI driver did not find the PCI Bridge Adapter.

ERROR: PCI driver not found.
The Windows PCI driver is not loaded.

ERROR: Program not configured for LCD/CRT/TV. Run 13506CFG and configure for
LCD/CRT/TV.

The program was configured by 13506CFG for adisplay device that is not available. Thistypically
occursif the wrong command line was entered for the current configuration.

WARNING: CLKI frequency not in HAL table. Program assumesthat external oscillator is
used.

WARNING: CLKI2frequency not in HAL table. Program assumesthat external oscillator is
used.

The correct frequency was not found in the HAL table used to program the clock synthesizer. An
external oscillator may be in use. This warning message will not stop the program.

WARNING: CRT/TV only availablein LANDSCAPE maode.
SwivelView™ isonly available on LCD only configurations.

S1D13506
X25B-B-004-02
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13506FILT

13506FILT isan interactive Windows® 9x/NT program that enables/disables the
S1D13506 TV Filters. It demonstrates the effect each filter has on apre-loaded TV image.
13506FILT isparticularly useful in atest or demonstration environment where 13506FILT
isrun on one display and the effects of enabling/disabling each filter are seenonaTV. An
OEM may find this useful in determining the appropriate filters for their application.

Note
The 13506FILT dialog box doesn’'t appear on any display device controlled by the
S1D13506. The 13506FILT dialog box appears on the Win 9x/NT desktop.

13506FILT isdesigned to operate on a personal computer (PC) within a 32-bit environment
only (Windows 9x/NT). Other embedded platforms are not supported.

S1D13506 Supported Evaluation Platforms

Installation

Usage

13506FILT supports the following S1D13506 evaluation platforms:

» PC with an Intel 80x86 processor running Windows 9x/NT.

Copy thefile 13506filt.exe to adirectory in the path. If desired, create a shortcut on the
Windows 9x/NT desktop to the file 13506filt.exe.

In Windows ‘9x/NT, double-click the following icon:

&

J50EE, exe

Or, at the Windows DOS Prompt, type 13506fi | t .

13506FILT Test Utility
Issue Date: 01/02/06
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Filter Dialog Box

Thefilter dialog box controls which TV filters are enabled/disabled during NTSC or PAL
output. The check box for each filter determines if thefilter is enabled or disabled. When
the box is checked the filter is enabled. When the box is unchecked the filter isdisabled. In
the example below:

« theflicker filter is disabled.
» the chrominance filter is enabled.

* the luminance filter is enabled.

~ 13506FILT |

Filter
™ Flicker Filker About...
W Chrominance
W Luminance

Figure 1. Filter Dialog Box

S1D13506
X25B-B-005-02
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Filter Descriptions

When displaying computer imageson a TV, several image distortions are likely to arise:
« flickering.
* cross-chrominance distortion.

« cross-luminance distortion.

These distortions are caused by the high-resolution nature of computer images which
typically contain sharp chrominance (color) transitions, and sharp luminance (brightness)
transitions. Three filters are available to reduce these distortions.

Anti-flicker Filter

The“flickering” effect seen on interlaced displaysis caused by sharp vertical image transi-
tions that occur over one line (1 vertical pixel). For example, flickering may occur where
there are one pixel high lines, edges of window boxes, etc. Flickering occurs because these
high resolution lines are effectively displayed at half the refresh frequency due to inter-
lacing. To reduce flickering, the anti-flicker filter averages adjacent lines on the TV

display.

Chrominance Filter

The chrominance filter adjusts the color of the TV by limiting the bandwidth of the chromi-
nance signal (reducing cross-luminance distortion). This reduces the “ragged edges’ seen

at boundaries between sharp color transitions. Thisfilter isintended for use with composite
video output.

Luminance Filter

The luminance filter adjusts the brightness of the TV by limiting the bandwidth of the
luminance signal (reducing cross-chrominancedistortion). Thisreducesthe“rainbow-like"
colors at boundaries between sharp luminance transitions. Thisfilter isintended for use
with composite video output.

13506FILT Test Utility S1D13506
Issue Date: 01/02/06 X25B-B-005-02



Page 6

Epson Research and Development
Vancouver Design Center

Comments

The Flicker Filter can’'t be enabled unlessa TV is present and active.

13506FILT isdesigned to show the effects of the filters on a pre-loaded TV image.

13506BM P may be used to display a static image on the TV (see the 13506BMP Users
Manual, document number X 25B-B-004-xx).

The chrominance and luminance filters are intended for use with composite output.

For information on manually enabling/disabling the TV filters, refer to the S1ID13506
Hardware Functional Specification (document number X25B-A-001-xx) and the
S1D13506 Programming Notes and Examples (document number X25B-G-003-xx).

S1D13506
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13506SWIVEL

13506SWIVEL isacommand line utility that demonstrates the SwivelView™ feature of
the S1D13506. The SwivelView feature provides hardware rotation of a predefined image
by 90°, 180°, and 270° in a clockwise direction. 13506SWIVEL cycles through each
SwivelView mode, advancing to the next mode when a key is pressed.

13506SWIVEL is designed to operate on a personal computer (PC) within a 32-bit
environment only (Windows 9x/NT). Other embedded platforms are not supported.

The 13506SWIVEL utility must be configured and/or compiled to work with your
hardware configuration. The program 13506CFG.EXE can be used to configure
13506SWIVEL. Consult the 13506CFG Users Manual, document number X25B-B-001-

xx, for more
information on configuring S1D13506 utilities.

S1D13506 Supported Evaluation Platforms

13506SWIVEL supports the following S1D 13506 eval uation platforms:

» PC with an Intel 80x86 processor running Windows 9x/NT.

Installation

Copy thefile 13506swivel.exeto adirectory in the path. If desired, create ashortcut on the
Windows 9x/NT desktop to the file 13506swivel .exe.

Usage

At the Windows DOS Prompt, type:
13506swi vel

Note
Pressing the ESC key exits the program.

13506SWIVEL Demonstration Utility S1D13506
Issue Date: 01/02/06 X25B-B-006-02
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Example

Comments

1. Run the utility 13506SWIVEL. At the Windows DOS prompt type:
13506swivel

Note
A pattern of colored numbers appearsin SwivelView 0° mode (normal landscape).

2. Pressany key to enable SwivelView 90° mode. The displayed image is rotated by 90°.

3. Pressany key to enable Swivel View 180° mode. The displayed image is rotated by
180°.

4. Pressany key to enable SwivelView 270° mode. The displayed image is rotated by
270°.

5. Pressany key to return to SwivelView 0° mode (normal landscape).
6. Pressthe ESC key to exit the program.

Note
13506SWIVEL will continue to cycle through the SwivelView modes in the above or-
der until the ESC key is pressed.

» 13506SWIVEL supports LCD panels only (no CRT or TV).
» 13506SWIVEL only supports 8/15/16 bpp color depths.

» 13506SWIVEL must be configured for LCD only using the utility 13506CFG. For
further information on 13506CFG, refer to the 13506CFG Users Manual, document
number X25B-B-001-xx.

* For further information on SwivelView™, refer to the S1D13506 Hardware Functional
Fpecification (document number X 25B-A-001-xx) and the S1ID13506 Programming
Notes and Examples (document number X 25B-G-003-xx).

S1D13506
X25B-B-006-02

13506SWIVEL Demonstration Utility
Issue Date: 01/02/06



SAVING
EPSON

S1D13506 Color LCD/CRT/TV Controller

Windows® CE Display Drivers

Document Number: X25A-E-001-05

Copyright © 2001 Epson Research and Development, Inc. All Rights Reserved.

Information in this document is subject to change without notice.You may download and use this document, but only for your own use in
evaluating Seiko Epson/EPSON products. You may not modify the document. Epson Research and Development, Inc. disclaims any
representation that the contents of this document are accurate or current. The Programs/Technologies described in this document may contain
material protected under U.S. and/or International Patent laws.

EPSON is a registered trademark of Seiko Epson Corporation. Microsoft and Windows are registered trademarks of Microsoft Corporation.
All other trademarks are the property of their respective owners.




Page 2 Epson Research and Development
Vancouver Design Center

THIS PAGE LEFT BLANK

S1D13506 Windows® CE Display Drivers
X25A-E-001-05 Issue Date: 01/02/06



Epson Research and Development Page 3

Vancouver Design Center

WINDOWS® CE DISPLAY DRIVERS

The Windows CE display drivers are designed to support the S1D13506 Color
LCD/CRT/TV Controller running under the Microsoft Windows CE operating system.
Available driversinclude: 4, 8 and 16 bit-per-pixel landscape modes (no rotation), and 8
and 16 bit-per-pixel SwivelView™ 90°, 180° and 270° modes.

Note
The Windows CE display drivers are provided as examples only. The source code con-
tains functionality for all features of the S1D13506. Source code modification is neces-
sary to provide asmaller, more efficent driver for mass production (i.e. TV support may
be removed for products not requiring TV).

This document and the source code for the Windows CE driversis updated as appropriate.
Please check the Epson Electronics AmericaWebsite at http://www.eea.epson.com for the
latest revisions before beginning any devel opment.

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

Program Requirements

Video Controller ;. S1D13506
Display Type . LCDor CRT
Windows Version . CE Version 2.0and 2.11

Windows® CE Display Drivers
Issue Date: 01/02/06
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Example Driver Builds

Build for CEPC (X86) on Windows CE 2.0

To build aWindows CE v2.0 display driver for the CEPC (X86) platform using a
S5U13506B00C evaluation board, follow the instructions below:

1
2.

Note
Y ou may need administrator privilege on your local developing machine to perform the
above steps. If you only have a user privilege, you may refer to step 3 of the Section ,
“ Build for CEPC (X86) on Windows CE Platform Builder 2.11" on page 6.

Install Microsoft Windows NT v4.0.
Install Microsoft Visual C/C++ v5.0.

Install the Microsoft Windows CE Embedded Toolkit (ETK) by running SETUP.EXE
from the ETK compact disc #1.

Create a new project by following the procedure documented in “ Creating a New
Project Directory” from the Windows CE ETK v2.0. Alternately, use the current
“DEMO7” project included with the ETK v2.0. Follow the steps below to create a
“X86 DEMQO7” shortcut on the Windows NT v4.0 desktop which uses the current
“DEMO7” project:

a. Right click on the “ Start” menu on the taskbar.

b. Click on the item “Open All Users’ and the “ Start Menu” window will come up.
c. Click on theicon “Programs”.

d. Click on theicon “Windows CE Embedded Devel opment Kit”.

e. Drag theicon “X86 DEMO1” onto the desktop using the right mouse button.

f. Click on “Copy Here".

g. Rename theicon “X86 DEMO1” on the desktop to “X86 DEMO7” by right clicking on
the icon and choosing “rename”.

h. Right click on theicon “X86 DEMO7” and click on “Properties’ to bring up the
“X86 DEMO7 Properties’ window.

i. Click on “Shortcut” and replace the string “DEMO1” under the entry “ Target” with
“DEMOT".

j- Click on “OK” tofinish.

5. Create a sub-directory named S1D 13506 under \wince\platform\cepc\driversidisplay.

6. Copy the source code to the S1D13506 subdirectory.

7. Add an entry for the S1D13506 in the file \wince\platform\cepc\drivers\display\dirs.

S1D13506
X25A-E-001-05

Windows® CE Display Drivers
Issue Date: 01/02/06
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8. Editthefile PLATFORM.BIB (located in X:\wince\platformicepclfiles) to set the de-
fault display driver to the file EPSON.DLL. (EPSON.DLL will be created during the
build in step 12)

Y ou may replace the following linesin PLATFORM .BIB:
IF CEPC_DDI_VGA2BPP

ddi.dll  $( FLATRELEASEDIR)\ddi vga2.dll  NK SH
ENDIF
IF CEPC_DDI_VGASBPP

ddi.dlil $( FLATRELEASEDIR)\ddi_vga8.dl  NK SH
ENDIF

IF CEPC_DDI_VGAZ2BPP!
IF CEPC_DDI_VGAB8BPP!

ddi.dil  $( FLATRELEASEDIR)\ddi_s364.dll NK SH
ENDIF
ENDIF
with thisline:
ddi.dll $( FLATRELEASEDIR)\EPSON.dII NK SH

9. |If the current MODEQ.H is not appropriate for your project, generate anew MODEO.H
file using the S1D13506 utility program 13506CFG.EXE. The file MODEO.H (located in
X:\wincé\platform\cepc\drivers\display\S1D13506) contains the register values required
to set desired screen resolution, color depth (bpp), panel type, active dis-
play(LCD/CRT/TV), rotation, etc.

10. Edit the file PLATFORM.REG to match the screen resolution, color depth (bpp), active
display(LCD/CRT/TV) and rotation informationin MODE.H. PLATFORM.REG is
located in X:\wincé\platform\cepc\files. For example, the display driver section of
PLATFORM.REG should be as follows when using a 640x480 L CD panel with a color
depth of 8 bpp in SwivelView 0° (landscape) mode.

; Default for EPSON Display Driver

; 640x480 at 8bits/pixel, LCD display, no rotation

; Useful Hex Values

; 1024=0x400, 768=0x300 640=0x280 480=0x1E0 320=140 240=0xFO0
[HKEY_ _LOCAL_MACHINE\Drivers\Display\S1D13506]
“Width”=dword:280

“Height”=dword:1E0

“Bpp” =dword:8

“Hags’=dword:1

“Rotation” =dword:0

Windows® CE Display Drivers S1D13506
Issue Date: 01/02/06 X25A-E-001-05
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11. Remove the X:\wince\rel ease directory, and delete X:\wince\platform\cepc\* .bif

12. Generate the proper building environment by double-clicking on the sample project icon
(i.e. X86 DEM Q7).

13. Type BLDDEMO <ENTER> at the DOS prompt of the X86 DEMO7 window to generate
aWindows CE image file (NK.BIN).

Build for CEPC (X86) on Windows CE Platform Builder 2.11
1. Install Microsoft Windows NT v4.0.
2. Ingall Platform Builder 2.11 by running SETUP.EXE from compact disk #1.
3. Follow the steps below to create a“ Build Epson for x86” shortcut which usesthe
current “Minshell” project icon/shortcut on the Windows NT 4.0 desktop.
a. Right click on the “ Start” menu on the taskbar.

b. Click on the item “Explore”, and “Exploring -- Start Menu” window will come up.

¢. Under “\Winnt\Profiles\All Users\Start M enu\Programs\Microsoft Windows CE Platform
Builder\x86 Tools, find the icon “Build Minshell for x86”.

d. Drag theicon “Build Minshell for x86” onto the desktop using the right mouse button.
e. Choose “Copy Here".

g. Renametheicon “Build Minshell for x86” to “Build Epson for x86” by right clicking on the
icon and choosing “rename’”.

h. Right click on the icon “Build Epson for x86” and click on “Properties’ to bring up the
“Build Epson for x86 Properties’ window.

i. Click on “Shortcut” and replace the string “Minshelll” under the entry “Target” with
“ Epmn" i

j- Click on “OK” tofinish.

4. Create an EPSON project.
a. Make an Epson directory under \WINCE211\PUBLIC.

b. Copy MAXALL and its sub-directories \WINCE211\PUBLIC\MAXALL) to the
Epson directory.

xcopy /s /e \wince211\public\maxall\* .* \wince211\public\epson
c. Rename \WINCE211\PUBLIC\EPSON\MAXALL.BAT to EPSON.BAT.

d. Edit EPSON.BAT to add the following lines to the end of the file:
@echo on
set CEPC_DDI_S1D13506=1
@echo off

S1D13506 Windows® CE Display Drivers
X25A-E-001-05 Issue Date: 01/02/06
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5.

8.

Make a S1D13506 directory under \WINCE211\PLATFORM\CEPC\DRIVERS\DIS-
PLAY, and copy the S1D13506 driver source code into \WINCE211\PLAT-
FORM\CEPC\DRIVERS\DISPLAY\S1D13506.

Add S1D13506 into the directory list in file --

\WINCE211\PLATFORM\CEPC\DRIVERS\DISPLAY\dirs
Edit the file \WINCE211\PLATFORM\CEPC\FIL ES\platform.bib to add the follow-
ing after theline“IF ODO_NODISPLAY!":
IF CEPC_DDI_S1D13506
ddi.dl $( FLATRELEASEDIR)\epson.dll NK SH
ENDIF
Repl ace the section:
IF CEPC_DDI_S3VIRGE!
IF CEPC_DDI_CT655X !
IF CEPC_DDI_VGAS8BPP!
ddi.dil  $(_ FLATRELEASEDIR)\ddi_s364.dl NK SH
ENDIF
ENDIF
ENDIF

with the following:

IF CEPC_DDI_S1D13506 !

IF CEPC_DDI_S3VIRGE !

IF CEPC_DDI_CT655X !

IF CEPC_DDI_VGAB8BPP!

ddi.dll  $( FLATRELEASEDIR)\ddi_s364.dll NK SH

ENDIF

ENDIF

ENDIF

ENDIF
If the current MODEQ.H is not appropriate for your project, generate a new
MODEQ.H using the S1D13506 utility program 13506CFG.EXE. The file MODEOQ.H
(located in X:\wincé\platform\cepc\drivers\display\S1D13506) contains the register

values required to set desired screen resolution, color depth (bpp), panel type, active
display(LCD/CRT/TV), rotation, etc.

Windows® CE Display Drivers
Issue Date: 01/02/06
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9. Edit thefile PLATFORM.REG match the screen resolution, color depth (bpp), active
display(LCD/CRT/TV) and rotation information in MODE.H. PLATFORM.REG is
located in X:\wince\platform\cepc\files. For example, the display driver section of
PLATFORM .REG should be as follows when using a 640x480 L CD panel with a col-
or depth of 8 bpp in SwivelView 0° (landscape) mode.

; Default for EPSON Display Driver

; 640x480 at 8hits/pixel, LCD display, no rotation

; Useful Hex Values

; 1024=0x400, 768=0x300 640=0x280 480=0x1EO0 320=140 240=0xF0
[HKEY_LOCAL_MACHINE\Drivers\Display\S1D13506]
“Width”=dword:280

“Height” =dword:1EQ

“Bpp” =dword:8

“Flags’=dword:1

“Rotation” =dword:0

10. Remove the \wince211\release directory and delete \wince211\platform\cepc\* .bif

11. Generate the proper building environment by double-clicking on the Epson project icon --
"Build Epson for x86”.

12. Type BLDDEMO <ENTER> at the DOS prompt of the “Build Epson for x86" window to
generate a Windows CE imagefile (NK.BIN).

S1D13506 Windows® CE Display Drivers
X25A-E-001-05 Issue Date: 01/02/06
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Installation for CEPC Environment

Windows CE v2.0 can beloaded on aPC using afloppy drive or ahard drive. The two methods
are described below:

1. Toload CEPC from afloppy drive:

a Create a DOS bootable floppy disk.
b. Edit CONFIG.SY S on the floppy disk to contain the following line only.
device=a:\himem.sys

c. Edit AUTOEXEC.BAT on the floppy disk to contain the following lines.
mode com1:;9600,n,8,1
loadcepc /B:9600 /C:1 c:\wince\release\nk.bin

d. Copy LOADCEPC.EXE from c:\wince\public\common\oak\bin to the bootable

floppy disk.
e. Confirm that NK.BIN islocated in c:\wince\rel ease.
f. Reboot the system from the bootabl e floppy disk.

Toload CEPC from ahard drive:

a. Copy LOADCEPC.EXE to theroot directory of the hard drive.

b. Edit CONFIG.SY S on the hard drive to contain the following line only.
device=c:\himem.sys

c. Edit AUTOEXEC.BAT on the hard drive to contain the following lines.
mode com1:9600,n,8,1
loadcepc /B:9600 /C:1 c:\wince\release\nk.bin

d. Confirm that NK.BIN islocated in c:\wince\release.

e. Reboot the system from the hard drive.

Windows® CE Display Drivers
Issue Date: 01/02/06
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Comments

» Thedisplay driver is CPU independent allowing use of the driver for other Windows CE
Platform Builder 2.11supported platforms. The file EPSON.CPP may require editing to
return the correct value for Physical PortAddr, PhysicalV memAddr, etc.

* The sample code defaultsto a 640x480 color dual passive 16-bit LCD panel at 8 bpp
landscape mode. To support other settings, use 13506CFG.EXE to generate the proper
MODEQO.H file. For further information, refer to the 13506CFG user manual, document
number X25B-B-001-xx.

« Asthetime of printing, the drivers have been tested on the x86 CPUs and have been run
with version 2.0 of the ETK and Platform Builder 2.11. The drivers are will be updated
as appropriate. Before beginning any devel opment, check the Epson Electronics
America Website at www.eea.epson.com for the latest revision of this document.

S1D13506 Windows® CE Display Drivers
X25A-E-001-05 Issue Date: 01/02/06
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wWind River WindML v2.0 DISPLAY DRIVERS

The Wind River WindML v2.0 display drivers for the S1D13506 Color LCD/CRT/TV
Controller areintended as “reference” source code for OEMs devel oping for Wind River's
WindML v2.0. The driver package provides support for both 8 and 16 bit-per-pixel color
depths. The source code is written for portability and contains functionality for most
features of the S1D13506. Source code madification isrequired to provide asmaller, more
efficient driver for mass production (e.g. TV support may be removed for products not
requiring TV).

The WindML display drivers are designed around a common configuration include file
called mode0.h which is generated by the configuration utility 13506CFG. This design
allows for easy customization of display type, clocks, decode addresses, rotation, etc. by
OEMSs. For further information on 13506CFG, see the 13506CFG Configuration Program
User Manual, document number X 25B-B-001-xX.

Note
The WindML display driversare provided as “reference” source code only. They arein-
tended to provide a basis for OEMs to develop their own drivers for WindML v2.0.
These drivers are not backwards compatible with UGL v1.2. For information on the
UGL v1.2 display drivers, see Wind River UGL v1.2 Display Drivers, document number
X25B-E-003-xx.

This document and the source code for the WindML display driversis updated as appro-
priate. Please check the Epson Electronics Americawebsite at http://www.eea.epson.com
or the Epson Research and Devel opment website at http://www.erd.epson.com for thelatest
revisions before beginning any development.

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

Wind River WindML v2.0 Display Drivers S1D13506
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Building a WindML v2.0 Display Driver

Thefollowing instructions produce abootable disk that automatically startsthe UGL demo
program. These instructions assume that Wind River’s Tornado platform is already
installed.

Note
For the example steps where the drive letter is given as “x:”. Substitute “x” with the
drive letter that your development environment is on.

1. Create aworking directory and unzip the WindML display driver into it.
From acommand prompt or GUI interface create a new directory (e.g. x:\13506).

Unzip the file 13506windml.zip to the newly created working directory. Thefileswill
be unzipped to the directories “x:\13506\8bpp” and “x:\13506\16bpp”.

2. Configure for the target execution model.

This example build creates a VxWorks image that fits onto and boots from a single
floppy diskette. In order for the VxWorks image to fit on the disk certain modifica-
tions are required.

Replace the file “x:\Tornado\target\config\pcPentium\config.h” with the file
“x:\13506\8bpp\File\config.h” (or “x:\13506\16bpp\File\config.h”). The new config.h
file removes networking components and configures the build image for booting from
afloppy disk.

Note
Rather than simply replacing the original config.h file, rename it so the file can be kept
for reference purposes.

3. Build aboot ROM image.

From the Tornado tool bar, select Build -> Build Boot ROM. Select “pcPentium” as
the BSP and “bootrom_uncmp” as the image.

4. Createabootable disk (in drive A:).

From acommand prompt change to the directory “x:\Tornado\host\x86-win32\bin”
and run the batch file torvars.bat. Next, change to the directory “x:\Tornado\tar-
get\config\pcPentium” and type:

mkboot a: bootrom_uncmp

5. If necessary, generate anew mode0.h configuration file.

Thefile mode0.h containsthe register values required to set the screen resolution, col-
or depth (bpp), display type, active display (LCD/CRT/TV), rotation, etc. The
mode0.h file included with the drivers, may not contain applicable values and must be
regenerated. The configuration program 13506CFG can be used to build a new
mode0.h file. If building for 8 bpp, place the new mode0.h filein the directory
“x:\13506\8bpp\File”. If building for 16 bpp, place the new modeQ.h filein
“x:\13506\16bpp\File”.

S1D13506
X25B-E-002-03
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Note
ModeO.h should be created using the configuration utility 13506CFG. For more infor-
mation on 13506CFG, see the 13506CFG Configuration Program User Manual, docu-
ment number X25B-B-001-xx available at www.erd.epson.com.

6. Buildthe WindML v2.0 library.
From a command prompt change to the directory “x:\Tornado\host\x86-win32\bin”
and run the batch file tor var s.bat. Next, change to the directory “x:\Tornado\tar-
get\src\ugl” and type the command:

make CPU=PENTIUM ug|

7. Open the S1D13506 workspace.
From the Tornado tool bar, select File->Open Workspace...->Existing->Browse... and
select the file “x:\13506\8bpp\13506.wsp” (or “x:\13506\16bpp\13506.wsp™).

8. Add support for single line comments.
The WindML v2.0 display driver source code uses single line comment notation, “//”,
rather than the ANSI conventional comments, “/*...*/".
To add support for single line comments follow these steps:

a.  Inthe Tornado “Workspace Views' window, click on the “Builds’ tab.

b. Expand the “8bpp Builds’ (or “16bpp Builds") view by clicking on the “ +”
next to it. The expanded view will contain theitem “default”. Right-click on
“default” and select “Properties...”. A “Properties.” window will appear.

c. Select the“C/C++ compiler” tab to display the command switches used in
the build. Removethe “-ansi” switch from the line that contains “-g -mpen-
tium -ansi -nostdinc -DRW_MULTI_THREAD".

(Refer to GNU ToolKit user's guide for details)

9. Compilethe VxWorks image.
Select the “Builds” tab in the Tornado “Workspace Views' window.
Right-click on “8bpp files’ (or “16bpp files’) and select “ Dependencies...”. Click on
“OK” to regenerate project file dependencies for “ All Project files’.
Right-click on “8bpp files’ (or “16bpp files’) and select “ReBuild All(vxWorks)” to
build VxWorks.

10. Copy the VxWorksfile to the diskette.
From a command prompt or through the Windows interface, copy thefile
“x:\13506\8bpp\defaultivxWorks’ (or “x:\13506\16bpp\defaultivxWorks") to the
bootable disk created in step 4.

11. Start the VxWorks demo.
Boot the target PC with the VxWorks bootabl e diskette to run the UGLDEMO auto-
matically.

Wind River WindML v2.0 Display Drivers S1D13506
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Wind River UGL v1.2 Display Drivers

The Wind River UGL v1.2 display driversfor the S1D13506 Color LCD/CRT/TV
Controller areintended as “reference” source code for OEMs devel oping for Wind River's
UGL v1.2. The drivers provide support for both 8 and 16 bit-per-pixel color depths. The
source code is written for portability and contains functionality for most features of the
S1D13506. Source code modification isrequired to provide asmaller, more efficient driver
for mass production (e.g. TV support may be removed for products not requiring TV).

The UGL display drivers are designed around a common configuration include file called
mode0.h which isgenerated by the configuration utility 13506CFG. Thisdesign allowsfor
easy customization of display type, clocks, addresses, rotation, etc. by OEMs. For further
information on 13506CFG, see the 13506CFG Configuration Program User Manual,
document number X25B-B-001-xx.

This document and the source code for the UGL display drivers are updated as appropriate.
Please check the Epson Electronics Americawebsite at http://www.eea.epson.com or the
Epson Research and Devel opment website at http://www.erd.epson.com for the latest
revisions before beginning any development.

We appreciate your comments on our documentation. Please contact us viae-mail at
documentation@erd.epson.com.

Wind River UGL v1.2 Display Drivers S1D13506
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Building a UGL v1.2 Display Driver

Thefollowing instructions produce abootable disk that automatically startsthe UGL demo
software. These instructions assume that the Wind River Tornado platform is correctly
installed.

Note
For the example steps where the drive letter is given as “x:”. Substitute “x” with the
drive letter that your development environment is on.

1. Create aworking directory and unzip the UGL display driver into it
Using a command prompt or GUI interface create a new directory (e.g. x:\13506).

Unzip the file 13506ugl.zip to the newly created working directory. The fileswill be
unzipped to the directories “x:113506\8bpp” and “x:\13506\16bpp”.

2. Configure for the target execution model.

This example build creates a VxWorks image that fits onto and boots from a single
floppy diskette. In order for the VxWorks image to fit on the disk certain modifica-
tions are required.

Replace the file “x:\Tornado\target\config\pcPentium\config.h” with the file
“x:\13506\8bpp\File\config.h” (or “x:\13506\16bpp\File\config.h”). The new config.h
file removes networking components and configures the build image for booting from
afloppy disk.

Note
Rather than simply replacing the original config.h file, rename it so the file can be kept
for reference purposes.

3. Build aboot ROM image.

From the Tornado tool bar, select Build -> Build Boot ROM. Select “pcPentium” as
the BSP and “bootrom_uncmp” as the image.

4. Createabootable disk (in drive A:).

From acommand prompt in the directory “x:\Tornado\target\config\pcPentium” type
mkboot a: bootrom_uncmp

5. If necessary, generate anew modeQ.h configuration file.

Thefile mode0.h containsthe register values required to set the screen resolution, col-
or depth (bpp), display type, active display (LCD/CRT/TV), rotation, etc. The
mode0.h, included with the drivers, sets the display for 640x480 60 Hz output to a
CRT display.

If this setting is inappropriate then mode0.h must be regenerated. The configuration
program 13506CFG can be used to build a new mode0.h file. If building for 8 bpp,
place the new mode0.h file in “x:\13506\8bpp\File”. If building for 16 bpp, place the
new mode0.h filein “x:\13506\16bpp\File’.

S1D13506
X25B-E-003-02
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Note
M ode0.h should be created using the configuration utility 13506CFG. For more infor-
mation on 13506CFG, see the 13506CFG Configuration Program User Manual, docu-
ment number X25B-B-001-xx available at www.erd.epson.com.

6. Open the S1D 13506 workspace.

From the Tornado tool bar, select File->Open Workspace...->Existing->Browse... and
select the file “x:\13506\8bpp\13506.wsp” (or “x:\13506\16bpp\13506.wsp”).

7. Add support for single line comments.

The UGL v1.2 display driver source code uses single line comment notation, “//”,
rather than the ANSI conventional comments, “/* ... */".

To add support for single line comments follow these steps:
a Inthe Tornado “Workspace” window, click on the “Builds’ tab.

b. Expand the“8bpp Builds’ (or “ 16bpp Builds") view by clicking on
the “+” next toit. The expanded view will contain the item “default”.
Right-click on “default” and select “Properties...”. A properties win-
dow will appear.

c. Select the“C/C++ compiler” tab to display the command switches
used in the build. Remove the “-ansi” switch from the line that con-
tains “-g -mpentium -ansi -nostdinc -DRW_MULTI_THREAD”.
(Refer to GNU ToolKit user's guide for details)

8. Compilethe VxWorks image.
Select the“Files” tab in the Tornado “Workspace” window.

Right-click on “8bpp files’” (or “16bpp files”) and select “ Dependencies...”. Click on
“OK” to regenerate project file dependencies for “ All Project files'.

Right-click on “8bpp files’ (or “16bpp files’) and select “ReBuild All(vxWorks)” to
build VxWorks.

9. Copy the VxWorksfile to the diskette.

From a command prompt or through the Windows interface, copy thefile
“x:\13506\8bpp\default\vxWorks” (or “x:\13506\16bpp\default\vxWorks") to the
bootable disk created in step 4.

10. Start the VxWorks demo.

Boot the target PC with the VxWorks bootable diskette to run the UGLDEMO auto-
matically.

Wind River UGL v1.2 Display Drivers S1D13506
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Linux Console Driver

The Linux console driver for the S1D13506 Color LCD/CRT Controller isintended as
“reference” source code for OEMs developing for Linux. The console driver isa
non-accelerated driver supporting 4, 8, and 16 bit-per-pixel color depths.

A Graphical User Interface (GUI) such as Ghome can obtain the frame buffer addressfrom
this driver allowing the Linux GUI the ability to update the display.

The consoledriver isdesigned around an include file called s1d13506.h whichisgenerated
by the configuration utility 13506CFG. Using 13506CFG the programmer can easily
customize the operation of display type, clocks, addresses, rotation, etc.

This document and the source code for the Linux console drivers are updated as appro-
priate. Please check the Epson Electronics Americawebsite at http://www.eea.epson.com
or the Epson Research and Devel opment website at http://www.erd.epson.com for thelatest
revisions or before beginning any development.

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

Linux Console Driver
Issue Date: 01/03/20

S1D13506
X23B-E-004-01



Page 4

Epson Research and Development
Vancouver Design Center

Building the S1D13506 Console Driver

Follow the steps below to construct a copy of the Linux operating system using the
S1D13506 as the console display device. These instructions assume that the GNU devel -
opment environment isinstalled and the user isfamiliar with GNU and the Linux operating
system.

1

Acquirethe Linux kernel source code.

Y ou can obtain the Linux kernel source code from your Linux supplier or download
the source from: ftp://ftp.kernel.org.

The S1D 13506 reference driver requires Linux kernel 2.2.0 or greater.

For information on building the kernel refer to the readmefile at:
ftp://ftp.linuxberg.com/pub/linux/kernel/README

Note

The 13506 reference driver was built using Red Hat Linux 6.1, kernel version 2.2.17.

Before continuing with modifications for the S1D13506, you should ensure that you can
build and start the Linux operating system.

2. Unzip the console driver files.

Using azip file utility, unzip the S1D13506 archive to atemporary directory. (e.g.
/tmp)

When completed the files:
s1d13xxxfb.c
s1d13506.h
Config.in
fbmem.c
fbcon-cfb4.c, and
Makefile
should be located in the temporary directory.

Copy the console driver files to the build directory.

Copy thefiles
/tmp/s1d13xxxfb.c and
/tmp/s1d13506.h

to the directory /usr/src/linux/driversivideo.

Copy the remaining source files
/tmp/Config.in
/tmp/fbmem.c
/tmp/fbcon-cfb4.c, and
ftmp/Makefile
into the directory /usr/src/linux/drivers/video replacing the files of the same name.

S1D13506
X23B-E-004-01
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If your kernel version isnot 2.2.17 or you want to retain greater control of the build
process then use atext editor and cut and paste the sections dealing with the Epson
driver in the corresponding files of the same names.

4. Modify s1d13506.h

Thefile s1d13506.h contains the register values required to set the screen resolution,
color depth (bpp), display type, active display (LCD/CRT), display rotation, etc.

Before building the console driver, refer to the descriptions in the file s1d13506.h for
the default settings of the console driver. If the default does not match the configura-

tion you are building for then s1d13506.h will have to be regenerated with the correct
information.

Use the program 13506CFG to generate the required header file. For information on
how to use 13506CFG, refer to the 13506CFG Configuration Program User Manual,
document number X25B-B-001-xx, available at www.erd.epson.com

After selecting the desired configuration, choose “ File->Export” and select the“C

Header File for S1D13506 Generic Drivers’ option. Save the new configuration as
s1d13506.h in the /usr/src/linux/drivers/video, replacing the original configuration

file.

5. Configure the video options.

From the command prompt in the directory /usr/src/linux run the command:
make menuconfig

Thiscommand will start atext based interface which allows the selection of build time
parameters. From the text interface under “ Console drivers’ options, select:

“Support for frame buffer devices”
“Epson LCD/CRT controllers support”
“S1D13506 support”

“Advanced low level driver options’
“xBpp packed pixels support” *

* where x is the color depth being compiled for.
If you are using the Epson PCI evaluation board then you must also select:

“Epson PCI Bridge adapter support”

Once you have configured the kernel options, save and exit the configuration utility.

6. Compileandinstall the kernel

Build the kernel with the following sequence of commands:
make dep
make clean
make bzlmage
/shin/lilo (if running lilo)

Linux Console Driver S1D13506
Issue Date: 01/03/20 X23B-E-004-01
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7. Boot to the Linux operating system

If you are using lilo (Linux Loader), modify the lilo configuration file as discussed in
the kernel build README file. If there were no errors during the build, from the com-
mand prompt run:

lilo

and reboot your system.

Note
In order to use the S1D13506 console driver with X server, you need to configure the X
server to use the FBDEV device. A good place to look for the necessary files and in-
structions on this processis on the Internet at www.xfree86.org

S1D13506 Linux Console Driver
X23B-E-004-01 Issue Date: 01/03/20
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QNX Photon v2.0 Display Driver

The Photon v2.0 display drivers for the S1D13506 Color LCD/CRT/TV Controller are
intended as “reference” source code for OEMs developing for QNX platforms. The driver
package provides support for 8 and 16 bit-per-pixel color depths. The source codeiswritten
for portability and contains functionality for most features of the S1D13506. Source code
modification isrequired to provide asmaller driver for mass production.

The current revision of the driver is designed for use with either QNX RTP or QN X4 from
the latest product CD (Dec. 99).

The Photon v2.0 display driver is designed around a common configuration include file
called S1D13506.h, whichisgenerated by the configuration utility 13506CFG. Thisdesign
allowsfor easy customization of display type, clocks, decode addresses, etc. by OEMs. For
further information on 13506CFG, see the 13506CFG Configuration Program User
Manual, document number X25B-B-001-xx.

Note
The QNX display drivers are provided as “reference” source code only. They are intend-
ed to provide abasis for OEMs to develop their own drivers for QNX Photon v2.0.

This document and the source code for the QN X display drivers are updated as appropriate.
Please check the Epson Electronics America website at http://www.eea.epson.com or the
Epson Research and Development website at http://www.erd.epson.com for the latest
revisions before beginning any development.

We appreciate your comments on our documentation. Please contact us viae-mail at
documentation@erd.epson.com.
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Building the Photon v2.0 Display Driver

The following steps build the Photon v2.0 display driver and integrate it into the QNX
operating system. These instructions assume the QNX developer environment is correctly
installed and the developer is familiar with building for the QNX operating system.

Unpack the Graphics Driver Development Kit Archive

1. Ingtal the QNX ddk package using the Package Manager utility.

For information about the Drivers Development Kit contact QNX directly.

2. Oncetheddk packageisinstalled, copy the directory tree /usr/scr/gddk_v1.0 into the
Project directory.

3. Change directory to Project/gddk_1.0/devg.

4. Unpack the display driver files using the commands:
#gunzip S1D13506.tar.gz
#tar —xvf S1D13506.tar
This unpacks the files into the directory Project/gddk_1.0/devg/S1D13506.
Configure the Driver

Thefiles s1d13506_16.h and s1d13506_8.h contain register values required to set the
screen resolution, color depth (bpp), display type, etc. The s1d13506.h file included with
the drivers may not contain applicable values and must be regenerated. The configuration
program 13506CFG can be used to build new s1d13506_16.h and s1d13506_8.h files.

Note
S1d13506.h should be created using the configuration utility 13506CFG. For more in-
formation on 13506CFG, see the 13506CFG Configuration Program User Manual,
document number X25B-B-001-xx available at www.erd.epson.com.

Build the Driver

Thefirst timethe driver is built, the following command ensures that all drivers and
required libraries are built. At the root of the Project source tree, type make.

Note
To build driversfor X86 NTO type ‘OSLIST=nto CPULIST=x86 make'.

Further buildsdo not requireall librariesto be re-built. To build only the S1D 13506 display
driver, change to the directory gddk_1.0/devg/S1D13506 and type make.

S1D13506
X25B-E-005-01
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Installing the Driver

The build step produces two library images:
* lib/disputil/nto/x86/libdisputil.so
* lib/disputil/nto/x86/libffb.so

For the loader to locate them, the files need to be renamed and copied to the lib directory.
1. Rename libdisputil.so to libdisputil.s0.1 and libffb.so to libffb.so.1.

2. Copy thefiles new files libdisputil.so.1 and libffb.so.1 to the directory /usr/lib.

3. Copy thefile devg-S1D13506.s0 to the /lib/dll directory.

Note
To locate the file devg-S1D13506.s0, watch the output of the ‘true’ command during the
makefile build.

4. Modify thetrap file crt. SNODE in the /etc/config/trap directory by inserting the fol-
lowing lines at the top of thefile.

io-graphics -g640x480x16 -dldevg-S1D13506.s0 -10 -d0x0,0x0;#640,480,16 Epson
io-graphics -g640x480x8 -dldevg-S1D13506.s0 -10 -d0x0,0x0;#640,480,8 Epson

Run the Driver

Note
For the remaining steps the S5U13506B00C evaluation board must be installed on the
test platform.

Itisrecommended that the driver be verified before starting QNX with the S1D13506 as
theprimary display. To verify the driver, type the following command at the root of the
Project source tree (gddk_1.0 directory).

util/bench/nto/x86/o/devg-bench -dldevg/S1D 13506/nto/x86/dll/devg-S1D 13506.50 -
mW,H,C,F -d0x0,0x0

Where:
W is the configured width of the display
H isthe configured height of the display
C isthe color depth in bpp (either 8 or 16)
F isthe configured frame rate

This command starts the bench utility which will initialize the driver as the secondary
display and exercise the drivers main functions. If the display appears satisfactory, restart
QNX Photon and the restart will result in the S1D13506 display driver becoming the
primary display device.

QNX Photon v2.0 Display Driver S1D13506
Issue Date: 01/04/17 X25B-E-005-01
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Comments

» To restore the display driver to the default, comment out changes made to the trap file
crt. $NODE.

S1D13506 QNX Photon v2.0 Display Driver
X25B-E-005-01 Issue Date: 01/04/17
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S1D13XXX 32-Bit Windows Device Driver
Installation Guide

This manual describestheinstallation of the Windows 9x/ME/NT 4.0/2000 device drivers
for the SBU13xxxB00x series of Epson Evaluation Boards.

Thefile SID13XXX.VXD isrequired for using the Epson supplied Intel 32 evaluation and
test programs for the S1D13xxx family of LCD controllers with Windows 9x/ME.

The file SID13XXX.SY Sisrequired for using the Epson supplied Intel 32 evaluation and
test programs for the S1D13xxx family of LCD controllers with Windows NT 4.0/2000.

The file SID13XXX.INF istheinstall script.

For updated drivers, ask your Sales Representative or visit Epson Electronics Americaon
the World Wide Web at www.eea.epson.com.

Driver Requirements

Installation

Video Controller : S1D13xxx

Display Type : N/A

BIOS : N/A

DOS Program : No

Dos Version : N/A

Windows Program . Yes, Windows 9X/ME/NT 4.0/2000 device driver
Windows DOS Box : N/A

Windows Full Screen : N/A

0S/2 : N/A

Windows NT Version 4.0

All evaluation boards require the driver to be installed as follows.

1
2.

Install the evaluation board in the computer and boot the computer.

Copy the files SID13XXX.INF and S1D13XXX.SY Sto adirectory on alocal hard
drive.

Right click your mouse on the file SID13XXX.INF and select INSTALL from the
menu.

Windows will install the device driver and ask you to restart.

S1D13XXX 32-Bit Windows Device Driver Installation Guide

Issue Date: 01/04/17
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Windows 2000

All PCl Bus Evaluation Cards

0.

o o »~ w

Install the evaluation board in the computer and boot the computer.

Windows will detect the new hardware asanew PCl Device and bring up the FOUND
NEW HARDWARE diaog box.

Click NEXT.
The New Hardware Wizard will bring up the dialog box to search for asuitable driver.
Click NEXT.

When Windows does not find the driver it will allow you to specify the location of it.
Typethedriver location or select BROWSE to find it.

Click NEXT.

Windows 2000 will open the installation file and show the option EPSON PCI Bridge
Card. Select thisfile and click OPEN.

Windows then shows the path to the file. Click OK.

10. Click NEXT.

11. Click FINISH.

All ISA Bus Evaluation Cards

1
2.

© N o o

Install the evaluation board in the computer and boot the computer.

Go to the CONTROL PANEL and select ADD/REMOV E HARDWARE, click
NEXT.

Select ADD/TROUBLESHOOT A DEVICE, and click NEXT. Windows 2000 will
attempt to detect any new plug and play device and fail.

The CHOOSE HARDWARE DEVICE dialog box appears. Select ADD NEW
HARDWARE and click NEXT.

Select NO | WANT TO SELECT FROM A LIST and click NEXT.
Select OTHER DEVICE from thelist and click NEXT.
Click HAVE DISK.

Specify the location of the driver files, select the SID13XXX INF file and click
OPEN.

Click OK.

X00A-E-003-04
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Windows 98/ME

All PCI Bus Evaluation Cards
1. Install the evaluation board in the computer and boot the computer.

2. Windows will detect the new hardware as a new PCI Device and bring up the ADD
NEW HARDWARE dialog box.

3. Click NEXT.

4. Windows will look for the driver. When Windows does not find the driver it will al-
low you to specify the location of it. Type the driver location or select BROWSE to
findit.

5. Click NEXT.
6. Windowswill open the installation file and show the option EPSON PCI Bridge Card.
7. Click FINISH.

All ISA Bus Evaluation Cards
1. Instal the evaluation board in the computer and boot the computer.

2. Gotothe CONTROL PANEL and double-click on ADD NEW HARDWARE to
launch the ADD NEW HARDWARE WIZARD. Click NEXT.

3. Windows will attempt to detect any new plug and play device and fail. Click NEXT.

4. Windows will ask you to let it detect the hardware, or allow you to select from alist.
Select NO, | WANT TO SELECT THE HARDWARE FROM A LIST and click
NEXT.

5. Fromthelist select OTHER DEVICES and click NEXT.

6. Click HAVE DISK and type the path to the driver files, or select browse to find the
driver.

7. Click OK.
8. Thedriver will beidentified as EPSON PCI Bridge Card. Click NEXT.

9. Click FINISH.

S1D13XXX 32-Bit Windows Device Driver Installation Guide
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Windows 95 OSR2

All PCl Bus Evaluation Cards

1

2.

Install the evaluation board in the computer and boot the computer.

Windows will detect the card as anew PCI Device and launch the
UPDATE DEVICE DRIVER wizard.

If The Driver is on Floppy Disk

3.

4.
5.
6.

Place the disk into drive A: and click NEXT.
Windows will find the EPSON PCI Bridge Card.
Click FINISH to install thedriver.

Windows will ask you to restart the system.

If The Driver is not on Floppy Disk

3.

4.

© © N o

11.
12.
13.
14.
15.
16.

17.

Click NEXT, Windows will search the floppy drive and fail.
Windows will attempt to load the new hardware as a Standard VGA Card.

Click CANCEL. The Driver must be loaded from the CONTROL PANEL under
ADD/NEW HARDWARE.

Select NO for Windowsto DETECT NEW HARDWARE.
Click NEXT.
Select OTHER DEVICES from HARDWARE TY PE and Click NEXT.

Click HAVE DISK.

. Specify the location of the driver and click OK.
Click OK.
EPSON PCI Bridge Card will appear inthe list.
Click NEXT.
Windows will install the driver.
Click FINISH.

Windows will ask you to restart the system.

Windows will re-detect the card and ask you to restart the system.

X00A-E-003-04
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All ISA Bus Evaluation Cards
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Install the evaluation board in the computer and boot the computer.
Go to the CONTROL PANEL and select ADD NEW HARDWARE.
Click NEXT.

Select NO and click NEXT.

Select OTHER DEVICES and click NEXT.

Click Have Disk.

Specify the location of the driver files and click OK.

Click Next.

Click Finish.

Previous Versions of Windows 95

All PCl Bus Evaluation Cards

1

> w0 DN

Install the evaluation board in the computer and boot the computer.

Windows will detect the card.

Select DRIVER FROM DISK PROVIDED BY MANUFACTURER.

Click OK.

Specify a path to the location of the driver files.
Click OK.

Windows will find the SID13XXX.INF file.
Click OK.

Click OK and Windows will install the driver.

S1D13XXX 32-Bit Windows Device Driver Installation Guide
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All ISA Bus Evaluation Cards

Install the evaluation board in the computer and boot the computer.
Go to the CONTROL PANEL and select ADD NEW HARDWARE.
Click NEXT.

Select NO and click NEXT.

Select OTHER DEVICES from the HARDWARE TY PES list.

Click HAVE DISK.

Specify the location of the driver files and click OK.

Select the file SID13XXX.INF and click OK.

© © N o o & w N BB

Click OK.

=
o

. The EPSON PCI Bridge Card should be selected in the list window.

=
=

. Click NEXT.

IRy
N

. Click NEXT.

[iny
w

. Click Finish.

S1D13XXX 32-Bit Windows Device Driver Installation Guide
X00A-E-003-04 Issue Date: 01/04/17
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1 Introduction

This manual describes the setup and operation of the S5U13506B00C Evaluation Board.
The S5U13506B00C is designed as an evaluation platform for the S1D13506 Color
LCD/CRT/TV Controller chip.

This user manual will be updated as appropriate. Please check the Epson Electronics
AmericaWebsite at http://www.eea.epson.com for the latest revision of this document
before beginning any devel opment.

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

S5U13506B00C Evaluation Board User Manual S1D13506
Issue Date: 01/02/06 X25B-G-004-06
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2 Features

The S5U13506B00C features the following:

S1D13506 Color LCD/CRT/TV controller chip.

Headers for connecting to a 3.3V or 5V host businterface.

1Mx16 EDO DRAM.

Configuration options.

Adjustable positive LCD bias power supplies from +24V to +40V.
Adjustable negative LCD bias power suppliesfrom -23V to -14V.
4/8-bit 3.3V or 5V monochrome passive LCD panel support.
4/8/16-bit 3.3V or 5V color passive LCD panel support.
9/12/18-bit 3.3V or 5V TFT/D-TFD LCD panel support.
Embedded RAMDAC for CRT and TV support.

WINNOV VideumCam digital camera support at 320x240x256 colors at 30 frames per
second.

Clock synthesizer for maximum clock flexibility.
Software initiated Power Save Mode.
Selectable clock source for BUSCLK and CLKI.

S1D13506
X25B-G-004-06

S5U13506B00C Evaluation Board User Manual
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3 Installation and Configuration

The S5U13506B00C is designed to support as many platforms as possible. The
S5U13506B00C incorporates a DIP switch and several jumpers which allow both evalu-
ation board and S1D 13506 L CD controller settings to be configured for a specified evalu-
ation platform.

3.1 Configuration DIP Switches

The S1D13506 LCD controller has 16 configuration inputs (MD[15:0]) which areread on
the rising edge of RESET#. Where appropriate, the SSU13506B00C hard-wires some of
these configuration inputs, but in order to configure the S1D13506 for multiple host bus
interfaces a ten-position DIP switch isrequired. The following DIP switch settings
configure the S1D13506.

Table 3-1: Configuration DIP Switch Settings

) ) value of this pin at rising edge of RESET# is used to configure:(1/0)
Switch | Signal
Closed/On=1 Open/Off=0

S1-1 | MD1

S1-2 | MD2 See Table 3-2:, “Host Bus Selection” on page 10

S1-3 | MD3

S1-4 | MD4 Little Endian Big Endian

S1-5 | MD5 WAIT# is active high WAIT# is active low
S1-6 | MD10 Reserved. This switch must be in the closed position.

S1-7 | MD11 See Table 3-2:, “Host Bus Selection” on page 10

S1-8 | MD12 BUSCLK input divided by 2 BUSCLK input not divided

MD14 MD14: MA11 is VMPEPWR. MD14: MA11 is GPIO2.

S1-10 | MD15 WAIT# is always driven. WAIT# is tristated when S1D13506 is not selected.

\:|: Required configuration when used in a PCI environment with MediaPlug disabled

Note
MD13 and MD14 are configured using the same switch, for further information see Sec-
tion 7, “ Schematic Diagrams’ on page 28.

S5U13506B00C Evaluation Board User Manual S1D13506
Issue Date: 01/02/06 X25B-G-004-06
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Thefollowing table showsthe Host Bus I nterface optionsavailable. The Host Bus Interface
chosen will depend on the evaluation platform to be used.

Table 3-2: Host Bus Sdlection

MD11 MD3 MD2 MD1 Host Bus Interface
0 0 0 0 SH-4/SH-3
0 0 0 1 MC68K Bus 1
0 0 1 0 MC68K Bus 2
0 0 1 1 Generic
0 1 0 0 Reserved
0 1 0 1 MIPS/ISA
0 1 1 0 PowerPC
0 1 1 1 PC Card
1 1 1 1 Philips PR31500/PR31700 / Toshiba TX3912

‘= Required configuration when used in a PCI environment

3.2 Configuration Jumpers

The S5U13506B00C has seven jumper blockswhich configure various board settings. The
jumper positions for each function are shown below.

Table 3-3: Jumper Settings

Jumper Function Position 1-2 Position 2-3 Jumper Off
JP1 S1D13506 Vpp 3.3V 5V n/a
Selection
JpP2 LCD panel signalling 5V 3.3V n/a
. . MediaPlug interface (eight jumpers at 1-2, 16-bit LCD panel MSBs
JP3 FPDATI[15:8] function 3-4, 5-6, 7-8, 9-10, 11-12, 13-14 and 15-16) (all jumpers disconnected)
JP4 BUSCLK Buffered 33MHz from PCI bus From header n/a
JP5 GPI0O2 to VMPEPWR MediaPlug interface used n/a MediaPlug interface not used
JP6 CLKI From clock synthesizer From header n/a
JP7 IREF for CRT/TV DAC 4.6mA for CRT 9.2mA for TV n/a
JP8 FPDAT[15:8] output Always use this position Do not use this position n/a
JP9 PCI bridge FPGA Disabled for non-PCI host n/a Enabled for PCI host
‘: Default configuration
S1D13506 S5U13506B00C Evaluation Board User Manual

X25B-G-004-06
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4 Technical Description

The S5U13506B00C operates with both PCI and non-PCI evaluation platforms. It supports
display types such as, passive LCD panels (4/8/16-bit), TFT/D-TFD panels (9/12/18-hit),
CRT and TV (NTSC and PAL). Additionally, it supports avariety of clock options.

4.1 PCI Bus Support

As a PCI device, the S5U13506B00C has the following characteristics.
* 33MHz bus clock.

» Target with no interrupts.

» Non-cacheable memory read and write.

e 3.3V or 5V PCI signaling.

Note
Ina3.3V PCI system, the S1D13506 must be powered at 3.3V by setting jumper JP1. In
a5V PCI system, the S1D13506 may be powered at either 3.3V or 5V.

Although the S1D13506 does not support the PCI bus directly, the S5U13506B00C
supportsthe PCI bususing aPCI Bridge Adapter FPGA. The FPGA translates PCl accesses
into PC Card accesses which are then decoded by the S1D13506.

A 4M byte PCI addressrange is allocated to the S5U13506B00C by the system BIOS. The

S1D13506 uses this address range to map the internal registers and the 2M byte display
buffer. The following table shows the memory mapping of the PCI address block.

Table 4-1: S1D13506 Memory Mapping onto 4M byte PCI Address Block

PCI Memory Offset Description S1D13506 M/R# S1D13506 AB[20:0]
00 0000h to 00 01FFh General registers (512 byte) 0 00 0000h to 00 01FFh
00 1000h to 00 1FFFh MediaPlug registers (4K byte) 0 00 1000h to 00 1FFFh
10 0000h to 1F FFFFh BitBIt data registers (1M byte) 0 10 0000h to 1F FFFFh
20 0000h to 3F FFFFh Display Buffer (2M byte) 1 00 0000h to 1F FFFFh
S5U13506B00C Evaluation Board User Manual S1D13506
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4.1.1 On-Board PCI Configuration Registers

Read-Only Registers
The PCI Bridge Adapter FPGA provides configuration registers which contain

identification information required by the PCI interface. The following values are
hard-wired into these registers.

Table 4-2: PCI Configuration Register Read Values

Name Address Register size Value
Vendor ID Oh 16 bits 10F4h
Device ID 2h 16 bits 1300h

Status 6h 16 bits 400h

Revision ID 8h 8 bits 1
Class Code 9h 24 bits FF 0000h
Subsystem Vendor ID 2Ch 16 bits 10F4h
Subsystem ID 2Dh 16 bits 8000h
Header Type Eh 8 bits 0
n/a Fh-FFh 32 bits 0

Read/Write Registers

The PCI Bridge Adapter FPGA providestwo read/write registerswhich are used for access
enabling and memory mapping as follows.

Table 4-3: PCI Configuration Register Write Values

Name Address | Register size Valid bits Meaning
Command 4h 16 bits Bit 1 only; other bits are zero. Access enabled if high
Base Address 10h 32 bits Bits 31 to 22; other bits are zero. Position of 4M byte reserved window

4.1.2 Utility Software

All utility software for the S5U13506B00C evaluation board is fully PCI compliant and
handles the PCI configuration registers automatically.

S1D13506 S5U13506B00C Evaluation Board User Manual
X25B-G-004-06 Issue Date: 01/02/06
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4.2 Non-PCI Host Interface Support

The S5U13506B00C is specificaly designed to support a standard PCI bus environment
(using the PCI Bridge Adapter FPGA). However, the S5U13506B00C can directly support
many other Host Bus Interfaces. When the FPGA is disabled (using jumper JP9), headers
H1 and H2 provide the necessary 10 pinsto interface to the Host Bus Interfaces listed in
Table 4-4:, “CPU Interface Pin Mapping”. The S1D13506 power supply must be set to
3.3V or 5V (using jumper JP1) according to the host CPU signalling voltage.

4.2.1 CPU Interface Pin Mapping

The functions of the S1D13506 host interface pins are mapped to each host businterface
according to the following table.

Table 4-4: CPU Interface Pin Mapping

SlD61350 Hitachi Motorola | Motorola Motorola Philips Toshiba
Pin Generic SH-4/SH-3 MIPS/ISA | MC68K MC68K PowerPC PC Card PR31500 TX3912
Bus 1 Bus 2 /PR31700
Names
AB20 A20 A20 LatchA20 A20 A20 All A20 ALE ALE
AB19 A19 A19 SA19 A19 A19 Al12 A19 /CARDREG | CARDREG*
AB18 A18 A18 SA18 A18 A18 Al13 A18 /CARDIORD | CARDIORD*
AB17 Al7 Al7 SA17 Al17 Al7 Al4 Al7 /CARDIOWR | CARDIOWR*
AB[16:13] | A[16:13] | A[16:13] | SA[16:13]| A[16:13] | A[16:13] | A[15:18] | A[16:13] Connected to Vpp
AB[12:1] | A[12:1] A[12:1] SA[12:1] | A[12:1] A[12:1] | A[19:30] | A[12:1] A[12:1] A[12:1]
ABO A0? Aol SAO LDS# A0 A31 Ao0? A0 A0
DB[15:8] | D[15:0] D[15:8] SD[15:0] | D[15:8] | D[31:24] D[0:7] D[15:0] D[23:16] D[23:16]
DBJ[7:0] D[7:0] D[7:0] SD[7:0] D[7:0] D[23:16] D[8:15] D[7:0] D[31:24] D[31:24]
WE1# WE1# WE1# SBHE# UDS# DS# BI -CE2 | /ICARDXCSH | CARDXCSH*
M/R# External Decode Connected to Vpp
Cs# External Decode Connected to Vpp
BUSCLK | BCLK CKIO CLK CLK CLK CLKOUT | CLK DCLKOUT DCLKOUT
Connected Connected to == Connected
BS# ©0 Vo BS# Voo ASH# ASH TS © Voo Connected to Vpp
RD/WR# | RD1# | RD/WR# CO”’{f;;ed © 1 RWH R/W# RD/WR -CE1 | /CARDXCSL | CARDXCSL*
RD# RDO# RD# MEMR# C‘;g’{f;;ed siz1 TSIZ0 -OE /IRD RD*
WEO# | WEO# | WEO# | MEMW# C‘;Q’{f;;ed SIZ0 TSIZ1 -WE IWE WE*
WAIT# | WAIT# /\'ﬁﬁ# IOCHRDY | DTACK# | DSACK1# TA -WAIT | /CARDXWAIT | CARDXWAIT*
inverted inverted "
RESET# | RESET#| RESET# | .- | RESET# | RESET# | RESET# | - RESET# PON
S5U13506B00C Evaluation Board User Manual S1D13506
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Note
L AO for these busses is not used internally by the S1D13506.

S1D13506 S5U13506B00C Evaluation Board User Manual
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4.2.2 CPU Bus Connector Pin Mapping

The pinouts for Connector H1 are listed in the following table.

Table 4-5: CPU/BUS Connector (H1) Pinout

Pin No. Function
1 Connected to DBO of the S1D13506
2 Connected to DB1 of the S1D13506
3 Connected to DB2 of the S1D13506
4 Connected to DB3 of the S1D13506
5 Ground
6 Ground
7 Connected to DB4 of the S1D13506
8 Connected to DB5 of the S1D13506
9 Connected to DB6 of the S1D13506
10 Connected to DB7 of the S1D13506
11 Ground
12 Ground
13 Connected to DB8 of the S1D13506
14 Connected to DB9 of the S1D13506
15 Connected to DB10 of the S1D13506
16 Connected to DB11 of the S1D13506
17 Ground
18 Ground
19 Connected to DB12 of the S1D13506
20 Connected to DB13 of the S1D13506
21 Connected to DB14 of the S1D13506
22 Connected to DB15 of the S1D13506
23 Connected to RESET# of the S1D13506
24 Ground
25 Ground
26 Ground
27 +12 volt supply, required in non-PCI applications
28 +12 volt supply, required in non-PCI applications
29 Connected to WEO# of the S1D13506
30 Connected to WAIT# of the S1D13506
31 Connected to CS# of the S1D13506
32 Connected to MR# of the S1D13506
33 Connected to WE1# of the S1D13506
34 S1D13506 supply, provided by the S5U13506B00C

S5U13506B00C Evaluation Board User Manual
Issue Date: 01/02/06

S1D13506
X25B-G-004-06



Page 16 Epson Research and Development
Vancouver Design Center
The pinouts for Connector H2 are listed in the following table.
Table 4-6: CPU/BUS Connector (H2) Pinout
Pin No. Function

1 Connected to ABO of the S1D13506

2 Connected to AB1 of the S1D13506

3 Connected to AB2 of the S1D13506

4 Connected to AB3 of the S1D13506

5 Connected to AB4 of the S1D13506

6 Connected to AB5 of the S1D13506

7 Connected to AB6 of the S1D13506

8 Connected to AB7 of the S1D13506

9 Ground

10 Ground

11 Connected to AB8 of the S1D13506

12 Connected to AB9 of the S1D13506

13 Connected to AB10 of the S1D13506

14 Connected to AB11 of the S1D13506

15 Connected to AB12 of the S1D13506

16 Connected to AB13 of the S1D13506

17 Ground

18 Ground

19 Connected to AB14 of the S1D13506

20 Connected to AB15 of the S1D13506

21 Connected to AB16 of the S1D13506

22 Connected to AB17 of the S1D13506

23 Connected to AB18 of the S1D13506

24 Connected to AB19 of the S1D13506

25 Ground

26 Ground

27 +5 volt supply, required in non-PCl applications

28 +5 volt supply, required in non-PCl applications

29 Connected to RD/WR# of the S1D13506

30 Connected to BS# of the S1D13506

31 Connected to S1D13506 BUSCLK if JP4 is in position 2-3

32 Connected to RD# of the S1D13506

33 Connected to AB20 of the S1D13506

34 Connected to S1D13506 CLKI if JP6 is in position 2-3
S1D13506 S5U13506B00C Evaluation Board User Manual

X25B-G-004-06

Issue Date: 01/02/06



Epson Research and Development Page 17
Vancouver Design Center

4.3 LCD Support

The S1D13506 supports 4/8-hit dual and single passive monochrome panels, 4/8/16-bit
dual and single passive color panels, and 9/12/18-bit active matrix color TFT/D-TFD
panels. All necessary signals are provided on the 40-pin LCD connector (J1). Theinterface
signals are aternated with grounds on the cable to reduce cross-talk and noise. When
supporting an

18-bit TFT/D-TFD pand, the S1D13506 can display 64K of apossible 256K colors
because only 16 of thel8 bits of LCD data are available from the S1D13506. For details,
refer to the S1D 13506 Hardware Functional Specification, document number X 25B-A-
001-xx.

For S1D13506 FPDAT[15:0] pin mapping for varioustypes of pand see Table4-7:,“LCD
Signal Connector (J1)” on page 18.

S5U13506B00C Evaluation Board User Manual S1D13506
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4.3.1 LCD Interface Pin Mapping

Table 4-7: LCD Signal Connector (J1)

Monochrome Passive .
Color Passive Panels
S1D13506 | Connector Panels - - Color TFT/D-TFD
Pin Names Pin No. Single Dual |Single Single | Single Single Dual Panels
Format 1 | Format 2
4-bit | 8-bit | 8-bit | 4-bit 8-bit 8-bit | 16-Bit | 8-bit | 16-bit | 9-bit | 12-bit | 18-bit
FPDATO 1 DO LDO DO DO DO LDO LDO R2 R3 R5
FPDAT1 3 D1 LD1 D1 D1 D1 LD1 LD1 R1 R2 R4
FPDAT2 5 D2 LD2 D2 D2 D2 LD2 LD2 RO R1 R3
FPDAT3 7 D3 LD3 D3 D3 D3 LD3 LD3 G2 G3 G5
FPDAT4 9 DO D4 uDO DO D4 D4 D4 uDoO uDoO Gl G2 G4
FPDATS 11 D1 D5 uD1 D1 D5 D5 D5 uD1 uD1 GO Gl G3
FPDAT6 13 D2 D6 ubD2 D2 D6 D6 D6 ubD2 ubD2 B2 B3 B5
FPDAT7 15 D3 D7 ubD3 D3 D7 D7 D7 uD3 uD3 Bl B2 B4
FPDAT8 17 D8 LD4 BO B1 B3
FPDAT9 19 D9 LD5 RO R2
FPDAT10 21 D10 LD6 R1
FPDAT11 23 D11 LD7 GO G2
FPDAT12 25 D12 uD4 Gl
FPDAT13 27 D13 uD5 GO
FPDAT14 29 D14 uD6 BO B2
FPDAT15 31 D15 ubD7 Bl
FPSHIFT 33 FPSHIFT
DRDY 35 and 38 MOD ‘ FPSHIFT2 ‘ MOD DRDY
FPLINE 37 FPSHIFT
FPFRAME 39 FPFRAME
2-26
GND (Even Pins) GND
N/C 28 N/C
VLCD 30 Adjustable -23 to -14V negative LCD bias
LCDvVCC 32 +5V or +3.3V according to JP2
+12V 34 +12V
VDDH 36 Adjustable +24 to +40V positive LCD bias
NC (pin 75)? 40 Panel Enable, active low (LCDPWR)?
:l = Driven low
Note

1 For FPDATxx to LCD interface hardware connections refer to the Display Interface
AC Timing section of the SLD13506 Hardware Functional Specification, document

number X25B-A-001-XxXx.

2 The S5U13506B00C was desi gned using S1D13506 pin 75 (LCDPWR) to control the
LCD bias power. Thisdesign isno longer supported. Applications should use one of
the available GPIO pinsto control the LCD bias power allowing for software control

S1D13506

X25B-G-004-06
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of power sequencing delays. For further information on LCD power sequencing, see
the SLD 13506 Programming Notes and Examples, document number X25B-G-003-
XX.

S5U13506B00C Evaluation Board User Manual S1D13506
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4.3.2 Buffered LCD Connector

J1 provides the same LCD panel signals as those directly from S1D13506, but with
voltage-adapting buffers which can be set to 3.3V or 5V. Pin 32 on this connector provides
power for the LCD panel logic at the same voltage as the buffer power supply.

4.3.3 16-bit Passive Color Panel Support with MediaPlug Enabled

When the MediaPlug option is enabled, (MD13 and MD14 set to “On”, see Table 3-1:,
“Configuration DIP Switch Settings’ on page 9) S1D13506 pins FPDAT[15:8] are used for
the MediaPlug interface and are not available for panel connection. Instead, S1D 13506 pins
FPDAT]([7:0] are multiplexed for 16-bit panel operation. If the MediaPlug option is selected
and 16-bit panel operation is desired, demultiplexing circuitry must be built externally
according to the schematic below. Refer to Table 4-7:, “LCD Signal Connector (J1)” on
page 18 for connector pin mapping.

Single color 16-bit passive panels can be used with the following modifications.

D[7:0]
To 16-bit panel
FPDAT[7:0] D 0 D[15:8]
FROM
S5U13506B00C
FPSHIFT CK
74AHC374

Figure 4-1: External Circuit for Color Sngle 16-Bit Panel with MediaPlug Enabled

Dual color 16-bit passive panels can be used with the following modifications.

UD [3:0]
LD [3:0]
FPDAT[7:4] 5 o UD [7:4] To 16-bit panel
FPDAT[3:0 .
FROM [3:0] LD [7:4]
S5U13506B00C
FPSHIFT CK
74AHC374

Figure 4-2: External Circuit for Color Dual 16-Bit Panel with MediaPlug Enabled

S1D13506 S5U13506B00C Evaluation Board User Manual
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4.3.4 Adjustable LCD Panel Positive Power Supply

For LCD panelswhich require a positive bias voltage between +24V and +40V
(lout=45mA), a power supply has been provided asan integral part of the S5U13506B00C
design. Thevoltage on VDDH can be adjusted using R15 to provide an output voltage from
+24V to +40V and can be enabled and disabled by LCDPWR (S1D13506 pin 75).

The S5U13506B00C was designed using LCDPWR (pin 75) to control the LCD bias
power. Thisdesign isno longer supported. Applications should use one of the available
GPIO pinsto control the LCD bias power alowing for software control of power
sequencing delays. For further information on LCD power sequencing, see the S1D13506
Programming Notes and Examples, document number X 25B-G-003-xx.

Note
Befor e connecting the panel, set the potentiometer according to the panel’ s specific

voltage requirements.

4.3.5 Adjustable LCD Panel Negative Power Supply

For LCD pandswhich require a negative bias voltage between -23V and -14V
(lout=25mA), apower supply has been provided asan integral part of the S5U13506B00C
design. Thevoltage on VLCD can be adjusted using R21 to provide an output voltage from
-23V t0-14V, and can be enabled and disabled by LCDPWR (S1D13506 pin 75).

The S5U13506B00C was designed using LCDPWR (pin 75) to control the LCD bias
power. Thisdesign isno longer supported. Applications should use one of the available
GPIO pinsto control the LCD bias power alowing for software control of power
sequencing delays. For further information on LCD power sequencing, see the S1D13506
Programming Notes and Examples, document number X 25B-G-003-xx.

Note
Befor e connecting the panel, set the potentiometer according to the panel’ s specific

voltage requirements.
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4.4 CRT/TV Support

4.4.1 CRT/TV Interface Pin Mapping

CRT/TV signals are supplied on a standard CRT connector (J3), Composite Video

connector (J2), and S-Video connector (J4):

Table 4-8: CRT/TV Interface Pin Mapping

Ii}r?lilfr)w?g CRT Composite Video S-Video
HRTC Horizontal retrace N/A N/A
VRTC Vertical retrace N/A N/A
RED Red N/A Luminance

GREEN Green Composite N/A
BLUE Blue N/A Chrominance

4.4.2 CRT Support

CRT support is provided on connector J3 viathe S1D13506 embedded RAMDAC. An
external current reference isimplemented to provide the necessary RAMDAC output gain.
Thereference current (IREF) should be set to 4.6mA using jumper JP7.

Note
When IREF is set to 4.6mA, the DAC Output Select bit (REG[05Bh] bit 3) must be set
to 1.

CRT output is not available when TV output is enabled.

4.4.3 TV Support

The S1D13506 supports PAL or NTSC TV output. Composite Video is available on
connector J2 and S-Video is available on connector J4. An externa current referenceis
implemented to providethe necessary RAMDA C output gain. Thereference current should
be set to 9.2mA using jumper JP7.

TV output is not available when CRT output is enabled. PAL and NTSC modes cannot be
enabled at the same time.

S5U13506B00C Evaluation Board User Manual
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4.5 MediaPlug Interface

The S5U13506B00C supports the Winnov Videum®Cam digital camerathrough the
S1D13506 built-in MediaPlug interface. The Winnov Videum®Cam digital camerainputs
are TTL compatible and can bedriven by the S1D13506 powered at 3.3V or 5V. Therefore,
the power supply to the camerais 5V while the S1D13506 can powered at 3.3V or 5V.
However, if the S1ID13506 is powered at 5V, then 150nH inductors must be added at
locations L8, L10, L11, L12 and L13.

Jumper JP5 selects whether MA11/GPIO2 is used to enable the video camera power. For
more information, see the note from Section 3.2, “Configuration Jumpers’ on page 10.
Eight jumpers identified globally as JP3 must be set for MediaPiug operation.

The table below describes the S1D13506 pin mapping for the MediaPlug interface.

Table 4-9: MediaPlug Connector (J5) Pin Mapping

F?ii]Dr\T::f;i Connilc;)t.or P 10 Type MediaPlug I/F
FPDATS 1 (e} VMPLCTL
FPDAT9 2 | VMPRCTL
FPDAT10 3 0 VYT
FPDATI11 4 Te) VMPDL
FPDAT12 6 Te) VMPD2
FPDAT13 5 10 VMPD3
FPDAT14 8 fe) VMPCLK
FPDAT15 7 fe) VMPCLKN

MA11/GPIO2 9 fo) VMPEPWR
GND Shield Ground
Note

When MediaPlug is enabled, 16-bit passive panels support requires an external circuit.
See Section 4.3.3, “ 16-bit Passive Color Panel Support with MediaPlug Enabled” on

page 20.
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4.6 Clock Synthesizer and Clock Options

For maximum flexibility, the S5U13506B00C implements a Cypress ICD2061A Clock
Generator. MCLKOUT from the clock chip is connected to CLKI of the S1D13506 and
VCLKOUT fromthe clock chipisconnected to CLKI2 of the S1D13506. A 14.31818MHz
crystal (Y1) isconnected to XTALIN of the clock chip and a 17.734475MHz oscillator
(U14) is connected to the FEATCLK input of the clock chip. The diagram below shows a
simplified representation of the clock synthesizer connections.

ICD2061A
Synthesizer reference
14.31818 MHz —»{ XTALIN MCLKOUT [—» CLKI
Feature clock for PAL TV
17.734475 MHz — P FEATCLK VCLKOUT ———p CLKI2

Figure 4-3: Symbolic Clock Synthesizer Connections

Upon power-up, CLKI (MCLKOUT) is40MHz and CLKI2 (VCLKOUT) isconfigured to
25.175MHz.

4.6.1 Clock Programming

TheS1D13506 utilitiesautomatically program the clock generator. If manual programming
of the clock generator isrequired, refer to the source code for the S1ID13506 utilities
available on the internet at www.eea.epson.com.

For further information on programming the clock generator, refer to the Cypress
ICD2061A specification.

Note
When CLKI and CLKI2 are programmed to multiples of each other (e.g. CLKI =
20MHz, CLKI2 = 40MH2z), the clock output signals from the Cypress clock generator
may jitter. Refer to the Cypress ICD2061A specification for details.

To avoid this problem, set CLKI and CLKI2 to different frequencies and configure both
LCD PCLK and CRT/TV PCLK to usethe same clock input (CLKI or CLKI2).Then use
the S1D13506 internal clock divides (LCD PCLK Divide Select REG[014h] bits 5-4,
CRT/TV PCLK Divide Select REG[018h] bits 5-4) to obtain the lower frequencies.

S1D13506 S5U13506B00C Evaluation Board User Manual
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6 Parts List
Table 6-1: Parts List
Iltem Quantity Reference Part Description
C1-C6,C10,C13-C16,C32-C34, . 0
1 22 C46-C49.C52,C54,C55,C57 0.1uF 1206 capacitor +/-20% 50V
2 4 C7,C8,C9,C38 0.01uF 1206 capacitor +/-20% 50V
3 6 C11,C12,C40,C45,C53,C56 10uF/16V Tantalum size C, 10uF 16V +/-10%
4 2 Cci7,c21 47uF/10V Tantalum size C, 47uF 10V +/-10%
5 3 C18,C19,C20 4.7uF/50V Tantalum size D, 4.7uF 50V +/-10%
6 1 Cc22 56uUF/35V Low-ESR radial electrolytic capacitor
C23,C24,C25,C26,C27,C28,C29 .
7 9 C30,C31 0.22uF 1206 capacitor +/-20% 50V
6 C35,C36,C37,C39,C41,C42 33pF 1206 capacitor +/-20% 50V
2 C43,C44 220pF 1206 capacitor +/-20% 50V
10 2 C50,C51 not populated 1206 capacitor, not populated
11 4 D1,D2,D3,D5 BAV99L Diode BAV99L
12 1 D4 BAT54 Diode BAT54
13 2 H1,H2 Header 17X2 0.1"x 0.1" 2 rows by 17 header
14 2 JP5,JP9 Header 2 0.1" 1 row by 2 header
15 6 JP1,JP2,JP4,JP6,JP7,JP8 Header 3 0.1" 1 row by 3 header
16 1 JP3 Header 8X2 Not populated
17 1 I Header 20x2 2x20, .025" sq. shrouded connector,
ctr-key, t/h
18 J2 C-Video Keystone 901 or equivalent
19 J3 CRT AMP 749264 or equivalent
20 J4 S-Video Assman A-HDF 15 A KG/T or equivalent
. CUI Stack P/N:MD-90S or Digi-Key
21 1 J5 MediaPlug Connector P/N:CP-2490-ND
22 8 L1,L2,L3,L5,L6,L7,L14,L15 Ferrite Philips BDS3/3/8.9-4S2
23 1 L4 1uH RCD MCI-1812 1uH MT or MSI-1812 1uH
MT
Panasonic ELINCR15JF or
24 1 L9 150nH Delevan 1008-151K
25 3 Q1,05,Q6 MMBT2222A Transistor MMBT2222A
26 1 Q2 MMBT3906 Transistor MMBT3906
27 1 Q3 MMBT3904 Transistor MMBT3904
28 1 Q4 NDS9400A National Semi NDS9400A
29 16 R1-R11,R17,R26,R29,R61,R62 15K 1206 resistor +/-5%
30 1 R13 470K 1206 resistor +/-5%
31 6 R14,R16,R18,R19,R47,R50 10K 1206 resistor +/-5%
32 1 R15 200K potentiometer Spectrol 63S204T607
33 4 R20,R21,R23,R56 100K 1206 resistor +/-5%
S1D13506 S5U13506B00C Evaluation Board User Manual
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Table 6-1: Parts List (Continued)

Iltem Quantity Reference Part Description
34 1 R22 100K potentiometer Spectrol 63S104T607
35 3 R24,R25,R30 1K 1206 resistor +/-5%
36 3 R31,R32,R33 150 1% 1206 resistor +/-1%
37 1 R34 6.04K 1% 1206 resistor +/-1%
38 6 R35,R38,R41,R44,R48,R53 68 Ohms 1206 resistor +/-5%
39 1 R36 1.5K 1% 1206 resistor +/-1%
40 3 R37,R43,R46 316 1% 1206 resistor +/-1%
41 3 R39,R45,R49 357 1% 1206 resistor +/-1%
42 2 R40,R42 137 1% 1206 resistor +/-1%
43 2 R51,R54 22 Ohms 1206 resistor +/-5%
44 2 R52,R55 33 Ohms 1206 resistor +/-5%
45 1 R57 1.5K 1% 1206 resistor +/-1%
46 1 R58 1K 1% 1206 resistor +/-1%
47 1 R59 140 Ohms 1% 1206 resistor +/-1%
48 1 R60 69.8 Ohms 1% 1206 resistor +/-1%
49 1 R63 4.7K 1206 resistor +/-5%
50 1 S1 SW DIP-10 10-position DIP switch
51 1 S2 SW DIP-4 Not populated
52 1 Ul S1D13506F00A Epson S1D13506F00A
Alliance AS4LC1M16E5-50JC or
53 1 U2 DRAM 1Mx16-SOJ ISSI 1S41L.V16100K-50 or
OKI MSM51V18165D50-JS
54 1 U3 RD-0412 Xentek RD-0412
55 1 ua Z4AHCO4 TI 74AHCO04 or Npa::knaaglje74VHC04 SO-14
56 us EPNOO1 Xentek EPNO0O1
57 (8[9) EPF6016TC144-2 Altera EPF6016TC144-2
58 u7 EPC1441PC8 Altera EPC1441PC8
59 3 U8,U9,U10 T4AHC244 T 74AHngg_‘;ro'\gg)kgzle74VHC244
o0 | wrcsts | M Tedndby e S
61 1 ul2 ICD2061A Cypress ICD2061A
w | rasrcstss | U Tedogy HiTeeT 330
BE e s e
64 1 ui4 17'734475.MHZ 14-DIP DIP-14 oscillator
oscillator
65 1 U6 Z4AHC374 TI 74AHC3;é-02roN;:é)knaa$e74VHC374,
66 1 Y1 14.31818MHz crystal 14'31818'\2258‘;?;5;‘:";5'0'49 Fox
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Figure 7-5: S5U13506B00C Schematic Diagram (5 of 7)
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Figure 7-6: S5U13506B00C Schematic Diagram (6 of 7)
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Figure 7-7: S5U13506B00C Schematic Diagram (7 of 7)
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8 Technical Support

8.1 EPSON LCD/CRTControllers (S1D13506)

Japan
Seiko Epson Corporation

Electronic Devices Marketing Division

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

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

Hong Kong

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

Fax: 2827-4346

North America

Epson Electronics America, Inc.
150 River Oaks Parkway

San Jose, CA 95134, USA

Tel: (408) 922-0200

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

Europe

Epson Europe Electronics GmbH
Riesstrasse 15

80992 Munich, Germany

Tel: 089-14005-0

Fax: 089-14005-110

Taiwan, R.O.C.

Epson Taiwan Technology

& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan, R.O.C.
Tel: 02-2717-7360

Fax: 02-2712-9164

Singapore

Epson Singapore Pte., Ltd.
No. 1

Temasek Avenue #36-00
Millenia Tower

Singapore, 039192

Tel: 337-7911

Fax: 334-2716
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1 Introduction

This application note describesthe hardware and software environment required to provide
an interface between the S1D13506 Color LCD/CRT/TV Controller and the PC Card
(PCMCIA) bus.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics Americawebsite at http://www.eea.epson.com for the
latest revision of this document before beginning any devel opment.

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

Interfacing to the PC Card Bus S1D13506
Issue Date: 01/02/06 X25B-G-005-03
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2 Interfacing to the PC Card Bus

2.1 The PC Card System Bus

PC Card technology has gained wide acceptance in the mobile computing field as well as
in other markets due to its portability and ruggedness. This section is an overview of the
operation of the 16-bit PC Card interface conforming to the PCMCIA 2.0/JEIDA 4.1
Standard (or later).

2.1.1 PC Card Overview

The 16-bit PC Card provides a 26-bit address bus and additional control lineswhich allow
accesstothree 64M byte addressranges. These ranges are used for common memory space,
IO space, and attribute memory space. Common memory may be accessed by ahost system
for memory read and write operations. Attribute memory is used for defining card specific
information such as configuration registers, card capabilities, and card use. 10 space
maintains software and hardware compatibility with hosts such as the Intel x86
architecture, which address peripherals independently from memory space.

Bit notation follows the convention used by most micro-processors, the high bit being the
most significant. Therefore, signals A25 and D15 are the most significant bits for the
address and data busses respectively.

Support is provided for on-chip DMA controllers. To find further information on these
topics, refer to Section 6, “ References’ on page 18.

PC Card bus signals are asynchronous to the host CPU bus signals. Bus cycles are started
with the assertion of the CE1# and/or the CE2# card enable signals. The cycle ends once
these signals are de-asserted. Bus cycles can be lengthened using the WAIT# signal.

Note
The PCMCIA 2.0/JEIDA 4.1 (and later) PC Card Standard support the two signals
WAIT# and RESET which are not supported in earlier versions of the standard. The
WAIT# signal allows for asynchronous data transfers for memory, attribute, and 1O
access cycles. The RESET signal allows resetting of the card configuration by the reset
line of the host CPU.

2.1.2 Memory Access Cycles

A datatransfer isinitiated when amemory address is placed on the PC Card bus and one,
or both, of the card enable signals (CE1# and CE2#) aredriven low. REG# must beinactive.
If only CE1# isdriven low, 8-bit data transfers are enabled and AO specifies whether the
even or odd data byte appears on data bus lines D[ 7:0]. If both CE1# and CE2# are driven
low, a 16-bit word transfer takes place. If only CE2# is driven low, an odd byte transfer
occurs on datalines D[15:8].

S1D13506
X25B-G-005-03
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During aread cycle, OE# (output enable) is driven low. A write cycleis specified by
driving OE# high and driving the write enable signal (WE#) low. The cycle can be
lengthened by driving WAIT# low for the time needed to complete the cycle.

Figure 2-1: illustrates a typical memory access read cycle on the PC Card bus.

A[25:0]

REG# ADDRESS VALID

CE1#
CE2#

OE#

WAIT#

D[15:0] Hi-Z iy

DATA VALID /

Transfer Start Transfer Complete

Figure 2-1: PC Card Read Cycle

Interfacing to the PC Card Bus S1D13506
Issue Date: 01/02/06 X25B-G-005-03
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Figure 2-2: illustrates a typical memory access write cycle on the PC Card bus.

A[25:0]

REG# ADDRESS VALID

CEl#
CE2#

|
OE# :
\

WE#

WAIT#

D[15:0] Hi-Z Lz

I?ATA VALID ‘

‘ Transfer Complete

Figure 2-2: PC Card Write Cycle

S1D13506 Interfacing to the PC Card Bus
X25B-G-005-03 Issue Date: 01/02/06
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3 S1D13506 Host Bus Interface

The S1D13506 implements a 16-bit PC Card (PCMCIA) Host Bus Interface which is used
to interface to the PC Card bus.

The PC Card Host Bus Interface is selected by the S1D13506 on the rising edge of

RESET#. After releasing reset the businterface signal sassumetheir selected configuration.
For details on S1D13506 configuration, see Section 4.2, “S1D13506 Hardware Configu-
ration” on page 15.

Note

At reset, the Register/Memory Select bit in the Miscellaneous Register (REG[001h] bit
7) isset to 1. This means that only REG[000h] (read-only) and REG[001h] are
accessible until awrite to REG[001h] setsbit 7 to 0 making all registers accessible.
When debugging a new hardware design, this can sometimes give the appearance that
the interface is not working, so it isimportant to remember to clear this bit before
proceeding with debugging.

3.1 PC Card Host Bus Interface Pin Mapping

The following table shows the functions of each Host Bus Interface signal.

Table 3-1: PC Card Host Bus Interface Pin Mapping

S1D13506 Pin Name PC Card (PCMCIA)
AB[20:1] A[20:1]*
DB[15:0] D[15:0]

WE1# CE2#
M/R# External Decode
CS# External Decode
BUSCLK n/a®
BS# Vob
RD/WR# CEl#

RD# OE#
WEO# WE#
WAIT# WAIT#

RESET# Inverted RESET

Note

1 The bus signal A0 is not used by the S1D13506 internally.

2Although aclock is not directly supplied by the PC Card interface, oneis required by
the S1D13506 PC Card Host Bus Interface. For an example of how this can be accom-
plished see the discussion on BUSCLK in Section 3.2, “PC Card Host Bus Interface
Signals’ on page 12.

Interfacing to the PC Card Bus
Issue Date: 01/02/06
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3.2 PC Card Host Bus Interface Signals

The S1D13506 PC Card Host Bus Interface is designed to support processors which
interface the S1D 13506 through the PC Card bus.

The S1D13506 PC Card Host Bus Interface requires the following signals from the PC
Card bus.

BUSCLK isaclock input which isrequired by the S1D13506 Host Bus Interface. Itis
separate from the input clock (CLKI) and istypicaly driven by the host CPU system
clock. Since PC Card signalling is independent of any clock, BUSCLK can come from
any oscillator already implemented. For example, the source for the CLKI input of the
S1D 13506 may be used.

The address inputs AB[20:1], and the data bus DB[15:0], connect directly to the PC
Card address (A[20:1]) and data bus (D[15:0]), respectively. MD4 must be set to select
little endian mode upon reset.

M/R# (memory/register) selects between memory or register access. It may be
connected to an address line, allowing system address A21 to be connected to the M/R#
line.

Chip Select (CS#) must be driven low whenever the S1D13506 is accessed by the PC
Card bus.

WE1# and RD/WR# connect to CE2# and CE1# (the byte enables for the high-order and
low-order bytes). They are driven low when the PC Card busis accessing the
S1D13506.

RD# connects to OE# (the read enable signal from the PC Card bus).
WEO# connects to WE# (the write enable signal from the PC Card bus).

WAIT# is asignal output from the S1D13506 that indicates the PC Card bus must wait
until dataisready (read cycle) or accepted (write cycle) on the host bus. Since PC Card
bus accesses to the S1D 13506 may occur asynchronously to the display update, itis
possible that contention may occur in accessing the S1D13506 internal registers and/or
display buffer. The WAIT# line resolves these contentions by forcing the host to wait
until the resource arbitration is complete. For PC Card applications, this signal should
be set active low using the MD5 configuration input.

The Bus Start (BS#) signal isnot used for the PC Card Host Bus Interface and should be
tied high (connected to Vpp).

The RESET# (active low) input of the S1D13506 may be connected to the PC Card
RESET (active high) using an inverter.

S1D13506
X25B-G-005-03
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4 PC Card to S1D13506 Interface

4.1 Hardware Description

The S1D13506 is designed to directly support avariety of CPUs, providing an interfaceto
each processor’s unique “local bus’. However, in order to provide support for processors
not having an appropriate local bus, the S1D13506 supports a specific PC Card interface.

The S1D13506 providesa“glueless’ interface to the PC Card bus except for the following.

* The RESET# signal on the S1D13506 is active low and must be inverted to support the
active high RESET provided by the PC Card interface.

« Although the S1D 13506 supports an asynchronous bus interface, a clock sourceis
required on the BUSCLK input pin.

In thisimplementation, the address inputs (AB[20:1]) and data bus (DB[15:0]) connect
directly to the CPU address (A[20:1]) and databus (D[15:0]). M/R#istreated as an address
line so that it can be controlled using system address A21.

The PC Card interface does not provide a bus clock, so one must be supplied for the
S1D13506. Sincethe bus clock frequency isnot critical, nor doesit have to be synchronous
to the bus signals, it may be the same as CLKI. BS# (bus start) is not used and should be
tied high (connected to Vpp).

Interfacing to the PC Card Bus S1D13506

Issue Date: 01/02/06
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The following shows atypical implementation of the PC Card to S1D13506 interface.

PC Card socket S1D13506
OE# » RD#
WE# » WEO#
CEl# » RD/WR#
CE2# > WE1#
RESET RESET#

Voo —»| BS#

g’ CS#

A21 » M/R#
A[20:1] » AB[20:1]
D[15:0] « » DB[15:0]

15K
WAIT# « WAIT#
BUSCLK
Oscillator » CLKI
Note:

When connecting the S1D13506 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13506 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of PC Card to S1D13506 Interface

S1D13506 Interfacing to the PC Card Bus
X25B-G-005-03 Issue Date: 01/02/06
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4.2 S1D13506 Hardware Configuration

The S1D13506 latches MD15 through MDO to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. For details on configuration, refer to the
S1D13506 Hardware Functional Specification, document number X 25B-A-001-xXx.

Thetablebelow shows only those configuration settingsimportant to the PC Card Host Bus
Interface.

Table 4-1: Summary of Power-On/Reset Options

S1D13506 value on this pin at rising edge of RESET# is used to configure:(1/0)
Pin Name 1 | 0
MDI[3:1] 111 = PC Card Host Bus Interface selected
MD4 Little Endian Big Endian
MD5 WAIT# is active high (1 = insert wait state) WAIT# is active low (0 = insert wait state)
MD11 Alternate Host Bus Interface Selected Primary Host Bus Interface Selected
MD12 BUSCLK input divided by two BUSCLK input not divided by two
| MD15 | WAIT# is always driven | WAIT# s floating if SID13506 is not selected

: = configuration for PC Card Host Bus Interface

4.3 Performance

The S1D13506 PC Card Interface specification supports aBCLK up to 50MHz, and
therefore can provide a high performance display solution.

Interfacing to the PC Card Bus S1D13506
Issue Date: 01/02/06 X25B-G-005-03
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4.4 Register/Memory Mapping

The S1D13506 isamemory mapped device. Theinternal registersrequire 47 bytesand are
mapped in the lower PC Card memory address space starting at zero.The display buffer
requires 2M bytes and is mapped in the third and fourth megabytes of the PC Card address
space (ranging from 200000h to 3FFFFFh).

A typical implementation as shown in Figure 4-1: “Typical Implementation of PC Card to
S1D13506 Interface,” on page 14 has Chip Select (CS#) connected to ground (always
enabled) and the Memory/Register select pin (M/R#) connected to address bit A21. This
provides the following decoding:

Table 4-2: Register/Memory Mapping for Typical Implementation

CS# M/R# (A21) Address Range Function
Internal Register
0 0- 1F FFFFh Set decoded
1 20 0000h - 3F FFFFh Display Buffer

decode

The PC Card socket provides 64M byte of address space. Without further resolution on the
decoding logic (M/R# connected to A21), the entire register set isaliased for every 64 byte
boundary within the specified address range above. Since address bits A[25:22] are
ignored, the S1D 13506 registers and display buffer are aliased 16 times.

Note
If aliasing is not desirable, the upper addresses must be fully decoded.

S1D13506
X25B-G-005-03
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5 Software

Test utilities and Windows® CE display drivers are available for the S1D13506. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called
13506CFG, or by directly modifying the source. The Windows CE display drivers can be
customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13506 test utilities and Windows CE display drivers are available from your sales
support contact or on the internet at http://www.eea.epson.com.

Interfacing to the PC Card Bus S1D13506
Issue Date: 01/02/06 X25B-G-005-03
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7 Technical Support

7.1 Epson LCD/CRT Controllers (S1D13506)

Japan North America

:lelko EpsoDn C_O"polz/‘?t'?(n ing Divisi Epson Electronics America, Inc.
ectronic Devices Marketing Division 150 River Oaks Parkway

421-8, Hino, Hino-shi San Jose, CA 95134, USA
Tokyo 191-8501, Japan Tel: (408) 922-0200
Tel: 042-587-5812 Fax: (408) 922-0238

Fax: 042-587-5564 ) http://www.eea.epson.com
http://lwww.epson.co.jp

Hong Kong Europe

Epson Hong Kong Ltd. Epson Europe Electronics GmbH
20/F., Harbour Centre Riesstrasse 15

25 Harbour Road 80992 Munich, Germany
Wanchai, Hong Kong Tel: 089-14005-0

Tel: 2585-4600 Fax: 089-14005-110

Fax: 2827-4346

7.2 PC Card Standard

PCMCIA
(Personal Computer Memory Card International Association)

2635 North First Street, Suite 209
San Jose, CA 95134, USA

Tel: (408) 433-2273

Fax: (408) 433-9558
http://www.pc-card.com

Taiwan, R.O.C.

Epson Taiwan Technology

& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan, R.O.C.
Tel: 02-2717-7360

Fax: 02-2712-9164

Singapore

Epson Singapore Pte., Ltd.
No. 1

Temasek Avenue #36-00
Millenia Tower

Singapore, 039192

Tel: 337-7911

Fax: 334-2716
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1 S1D13506 Power Consumption

S1D13506 power consumption is affected by many system design variables.
* Input clock frequency (CLKI/CLKI2): the CLKI/CLKI2 frequency determinesthe

LCD/CRT frame-rate, CPU performance to memory, and other functions— the higher
the input clock frequency, the higher the frame-rate, performance and power
consumption.

CPU interface: the S1D 13506 current consumption depends onthe BUSCLK frequency,
datawidth, number of toggling pins, and other factors — the higher the BUSCLK, the
higher the CPU performance and power consumption.

Vpp voltage level: the voltage level affects power consumption —the higher the voltage,
the higher the consumption.

Display mode: the resolution and color depth affect power consumption — the higher the
resolution/color depth, the higher the consumption.

Internal CLK divide: internal registers allow the input clock to be divided before going
to the internal logic blocks— the higher the divide, the lower the power consumption.

There is apower save mode in the S1D13506. The power consumption is affected by
various system design variables.

* DRAM refresh mode (CBR or self-refresh): self-refresh capable DRAM alows the

S1D13506 to disable the internal memory clock thereby saving power.

* Clock states during the power save mode: disabling the clocks during power save mode

has substantial power savings.

Power Consumption
Issue Date: 01/02/08
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1.1 Conditions

Table 1-1: “S1D13506 Power Consumption” gives an example of a specific environment
and its effects on power consumption.

Table 1-1: S1D13506 Power Consumption

Power Save Mode
S1D13506

Test Condition Color Active Clocks Clocks
Vpp = 3.3V, BUSCLK = 8MHz Depth (mW) Active Removed
(mw) ! (mw) 2
1 |CLKI=6MHz 4 bpp 21.22 3.14 13

LCD Panel = 60Hz 320x240 4-bit Single Monochrome

4 bpp 23.30
CLKI = 6 MHz

2 |LCD Panel = 60Hz 320x240 8-bit Single Color 8bpp | 2498 314 13
16bpp | 26.73

CLKI = 25MHz
3 LCD Panel = 60Hz 640x480 8-bit Dual Monochrome 4 bpp 70.75 10.36 13

4 bpp 91.74
CLKI = 25MHz
4 |LCD Panel = 60Hz 640x480 16-bit Dual Color 8bpp | 96.89 10.40 13
16bpp | 99.03

4 bpp 224.86

CLKI = 33.333MHz, CLKI2 = 25.175MHz

5 |CRT = 60Hz 640x480 Color 8bpp | 23344 11.72 13
16 bpp 242.68
4 bpp 359.83
CLKI = 33.333MHz, CLKI2 = 14.31818MHz
6 NTSC TV = 640x480 Color, S-Video output, no filter 8 bpp 365.11 10.00 13
16 bpp 372.04
4 bpp 364.78
CLKI = 33.333MHz, CLKI2 = 17.734475MHz
7 PAL TV = 640x480 Color, S-Video output, no filter 8 bpp 369.07 10.53 13
16 bpp 374.02
Note
1. Conditions for software suspend with Clocks active:
* CPU interface inactive
» CLKI, CLKI2, BUSCLK active
* Self-Refresh DRAM
2. Conditions for software suspend with Clocks inactive:
» CPU interface inactive
* CLKI, CLKI2, BUSCLK stopped
» Self-Refresh DRAM
S1D13506 Power Consumption
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Summary

The system design variablesin Section 1, “ S1D13506 Power Consumption” and in Table
1-1: “S1D13506 Power Consumption” show that S1D13506 power consumption depends
on the specific implementation. Active Mode power consumption depends on the desired
CPU performance and LCD/CRT frame-rate, whereas power save mode consumption
depends on the CPU Interface and Input Clock state.

In atypical design environment, the S1D13506 can be configured to be an extremely
power-efficient LCD/CRT/TV Controller with high performance and flexibility.

Power Consumption S1D13506
Issue Date: 01/02/08 X25B-G-006-02
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1 Introduction

This application note describes the hardware and software environment necessary to
provide an interface between the S1D13506 Color LCD/CRT/TV Controller and the NEC
Vr4102™ (UPD30102) or Vr4111™ (UPD30111) Microprocessors.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics America Website at http://www.eea.epson.com for the
latest revision of this document before beginning any devel opment.

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

Interfacing to the NEC VR4102/VR4111™ Microprocessors S1D13506
Issue Date: 01/02/08 X25B-G-007-02
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2 Interfacing to the VR4102/VR4111

2.1 The NEC VR4102/VR4111 System Bus

2.1.1 Overview

The VR-Series family of microprocessors features a high-speed synchronous system bus
typical of modern microprocessors. Designed with external LCD controller support and
Windows CE based embedded consumer applicationsin mind, the VR4102/\VVR4111 offers
ahighly integrated solution for portable systems. This section provides an overview of the
operation of the CPU busin order to establish interface requirements.

The NEC VR4102/VR4111 isdesigned around the RISC architecture developed by MIPS.
This microprocessor is based on the 66MHz VR4100 CPU core which supports 64-bit
processing. The CPU communicates with the Bus Control Unit (BCU) using itsinternal
SysAD bus. The BCU in turn communicateswith external devicesusing itsADD and DAT
buses which can be dynamically sized for 16 or 32-bit operation.

The NEC VR4102/VR4111 has direct support for an external LCD controller. Specific
control signals are assigned for an external LCD controller providing an easy interfaceto
the CPU. A 16M byte block of memory isassigned for the LCD controller and its own chip
select and ready signals are available. Word or byte accesses are controlled by the system
high byte signal (SHB#).

S1D13506
X25B-G-007-02

Interfacing to the NEC VR4102/VR4111™ Microprocessors
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2.1.2 LCD Memory Access Cycles

Once an addressin the LCD block of memory is placed on the external address bus
(ADD[25:0]), the LCD chip select (LCDCS#) isdriven low. The read or write enable
signals (RD# or WR#) aredriven low for the appropriate cycleand LCDRDY isdriven low
toinsert wait statesinto the cycle. The high byte enable (SHB#) in conjunction with address
bit 0 allows for byte steering.

The following figureillustrates typical NEC VR4102/VR4111 memory read and write
cyclesto the LCD controller interface.

TCLKM

ADD[25:0] VALID

SHB#

LCDCS#

WR#,RD#

D[15:0]

(write) VALID

e DE— Hi-Z .
D([rleség VALID Hi-Z

LCDRDY

Figure 2-1: NEC VR4102/VR4111 Read/Write Cycles

Interfacing to the NEC VR4102/VR4111™ Microprocessors S1D13506
Issue Date: 01/02/08 X25B-G-007-02
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3 S1D13506 Host Bus Interface

The S1D 13506 directly supports multiple processors. The S1D13506 implements a 16-bit
MIPS/ISA Host Bus Interface which is most suitable for direct connection to the
VR4102/VR4111 microprocessor.

The MIPS/ISA Host Bus Interface is selected by the S1D13506 on the rising edge of
RESET#. After releasing reset the businterface signalsassumetheir selected configuration.
For details on S1D13506 configuration, see Section 4.2, “ S1D13506 Hardware Configu-

ration” on page 13.

Note

At reset, the Register/Memory Select bit in the Miscellaneous Register (REG[001h] bit
7) isset to 1. Thismeans that only REG[000h] (read-only) and REG[001h] are
accessible until awriteto REG[001h] setshit 7 to 0 making all registersaccessible.
When debugging a new hardware design, this can sometimes give the appearance that
the interfaceis not working, so it isimportant to remember to clear this bit before
proceeding with debugging.

3.1 Host Bus Interface Pin Mapping

The following table shows the functions of each Host Bus Interface signal.

Table 3-1: Host Bus Interface Pin Mapping

S1D13506 Pin Name NEC VR4102/VR4111 Pin Name
AB20 ADD20
AB[19:0] ADD[19:0]
DB[15:0] DAT[15:0]
WE1# SHB#
M/R# ADD21
CS# LCDCS#
BUSCLK BUSCLK
BS# Vpp
RD/WR# Vpp
RD# RD#
WEO# WR#
WAIT# LCDRDY
RESET# connected to system reset

S1D13506
X25B-G-007-02
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3.2 Host Bus Interface Signal Descriptions

The S1D13506 MIPS/I SA Host Bus Interface requires the following signals.

» BUSCLK isaclock input which isrequired by the S1D13506 Host Bus Interface. It is
separate from the input clock (CLKI) and istypically driven by the host CPU system
clock.

» The address inputs AB[20:0], and the data bus DB[15:0], connect directly to the
VR4102/VR4111 address (ADD[20:0]) and data bus (DAT[15:0]), respectively. MD4
must be set to select the proper endian mode upon reset.

* M/R# (memory/register) selects between memory or register access. It may be
connected to an address line, allowing system address ADD21 to be connected to the
M/R# line.

» Chip Select (CS#) must be driven low by LCDCS# whenever the S1D13506 is accessed
by the VR4102/VR4111.

» WE1# connectsto SHB# (the high byte enable signal from the VR4102/\VVR4111) which
in conjunction with address bit 0 allows byte steering of read and write operations.

» WEO# connects to WR# (the write enable signal from the VR4102/VR4111) and must
be driven low when the VR4102/VR4111 is writing data to the S1D13506.

» RD# connects to RD# (the read enable signal from the VR4102/VR4111) and must be
driven low when the VR4102/VR4111 isreading data from the S1D13506.

* WAIT# connectsto LCDRDY and isasignal output from the S1D13506 that indicates
the VR4102/VR4111 must wait until datais ready (read cycle) or accepted (write cycle)
on the host bus. Since VR4102/VR4111 accesses to the S1D13506 may occur asynchro-
nously to the display update, it is possible that contention may occur in accessing the
S1D13506 internal registers and/or display buffer. The WAIT# line resolves these
contentions by forcing the host to wait until the resource arbitration is compl ete.

» The BS# and RD/WR# signals are not used for the MIPS/ISA Host Bus Interface and
should be tied high (connected to Vpp).

Interfacing to the NEC VR4102/VR4111™ Microprocessors S1D13506
Issue Date: 01/02/08 X25B-G-007-02



Page 12 Epson Research and Development
Vancouver Design Center

4 VR4102/VR4111 to S1D13506 Interface

4.1 Hardware Description

TheNEC Vr4102/VVr4111 Microprocessorsare specifically designed to support an external
LCD controller. They provide the necessary internal address decoding and control signals.

The diagram below shows a typical implementation utilizing the S1D13506.

NEC VR4102/VR4111 S1D13506
WR# WEO#
SHB# WE1#
RD# RD#
LCDCS# CS#
Pull-up
LCDRDY WAIT#
System RESET RESET#
ADD21
M/R#
ADD[25:0] ABJ[20:0]
DAT[15:0] DBJ[15:0]
BUSCLK BUSCLK
Vbb
T—— BS#
V,
2| RDMWR#
Note:
When connecting the S1D13506 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13506 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: NEC Vr4102/VVr4111 to S1ID13506 Configuration Schematic

Note
For pin mapping see Table 3-1:, “Host Bus Interface Pin Mapping,” on page 10.

S1D13506 Interfacing to the NEC VR4102/VR4111™ Microprocessors
X25B-G-007-02 Issue Date: 01/02/08
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4.2 S1D13506 Hardware Configuration

The S1D13506 latches MD15 through MDO to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. For details on configuration, refer to the
S1D 13506 Hardware Functional Specification, document number X 25B-A-001-xXx.

The table below shows those configuration settings important to the NEC Vr4102/Vr4111
CPU interface.

Table 4-1: Summary of Power-On/Reset Options

S1D13506 value on this pin at rising edge of RESET# is used to configure:(1/0)
Pin Name 1 | 0
MDI[3:1] 101 = MIPS/ISA Host Bus Interface
MD4 Little Endian Big Endian
MD5 WAIT# is active high (1 = insert wait state) WAIT# is active low (0 = insert wait state)
MD11 Alternate Host Bus Interface Selected Primary Host Bus Interface Selected
MD12 BUSCLK input divided by two BUSCLK input not divided
‘ MD15 ‘ WAIT# is always driven WAIT# is floating if S1D13506 is not selected

|:| = configuration for NEC VR4102/VR4111 microprocessor

4.3 NEC Vr4102/Vr4111 Configuration

NEC Vr4102/Vr4111The NEC Vr4102/Vr4111 provides the internal address decoding
necessary to map an external LCD controller. Physical address 0A00 0000h to OAFF
FFFFh (16M bytes) is reserved for an external LCD controller.

The S1D13506 supports up to 2M bytes of display buffer. The NEC Vr4102/Vr4111
address line A21 is used to select between the S1D13506 display buffer (A21=1) and

internal registers (A21=0).

The NEC Vr4102/Vr4111 has a 16-bit internal register named BCUCNTREG2 located at
address 0B0OO 0002h. It must be set to the value of 0001h to indicate that LCD controller
accesses using a non-inverting data bus.

Interfacing to the NEC VR4102/VR4111™ Microprocessors
Issue Date: 01/02/08
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13506. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called
13506CFG, or by directly modifying the source. The Windows CE v2.0 display driverscan

be customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13506 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.eea.epson.com.

S1D13506

Interfacing to the NEC VR4102/VR4111™ Microprocessors
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1 Introduction

This application note describesthe hardware and software environment required to provide
an interface between the S1D13506 Color LCD/CRT/TV Controller and the Motorola
MPC821 processor.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics America Website at http://www.eea.epson.com for the
latest revision of this document before beginning any devel opment.

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

Interfacing to the Motorola MPC821 Microprocessor S1D13506
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2 Interfacing to the MPC821

2.1 The MPC8xx System Bus

The MPC8xx family of processorsfeature a high-speed synchronous system bustypical of
modern RISC microprocessors. This section provides an overview of the operation of the
CPU busin order to establish interface requirements.

2.2 MPC821 Bus Overview

The MPC8xx microprocessor family uses a synchronous address and data bus. All 10 is
synchronous to a square-wave reference clock called MCLK (Master Clock). This clock
runs at the machine cycle speed of the CPU core (typically 25 to 50 MHz). Most outputs
from the processor change state on the rising edge of this clock. Similarly, most inputsto
the processor are sampled on therising edge.

Note
The external bus can run at one-half the CPU core speed using the clock control register.
Thisistypically used when the CPU coreis operated above 50 MHz.

The MPC821 can generate up to eight independent chip select outputs, each of which may
be controlled by one of two types of timing generators: the General Purpose Chip Select
Module (GPCM) or the User-Programmable Machine (UPM). Examples are given using
the GPCM.

It should be noted that all Power PC microprocessors, including the MPC8xx family, use
bit notation opposite from the convention used by most other microprocessor systems. Bit
numbering for the MPC8xx always starts with zero as the most significant bit, and incre-
ments in value to the least-significant bit. For example, the most significant bits of the
address bus and data bus are A0 and DO, while the least significant bits are A31 and D31.

The MPC8xx uses both a 32-bit address and databus. A parity bit is supported for each of
thefour byte lanes on the data bus. Parity checking is done when datais read from external
memory or peripherals, and generated by the MPC8xx bus controller on write cycles. All
IO accesses are memory-mapped meaning there is no separate 10 space in the Power PC
architecture.

Support is provided for both on-chip (DMA controllers) and off-chip (other processorsand
peripheral controllers) bus masters. For further information on thistopic, refer to Section
6, “ References’ on page 22.

The bus can support both normal and burst cycles. Burst memory cycles are used to fill
on-chip cache memory, and for certain on-chip DMA operations. Normal cycles are used
for al other datatransfers.

S1D13506
X25B-G-008-03
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2.2.1 Normal (Non-Burst) Bus Transactions

A datatransfer isinitiated by the bus master by placing the memory address on address
lines AO through A31 and driving TS (Transfer Start) low for one clock cycle. Several
control signals are also provided with the memory address:

e TSIZ[0:1] (Transfer Size) -- indicates whether the bus cycleis 8, 16, or 32-bit.

» RD/WR -- set high for read cycles and low for write cycles.

e AT[0:3] (Address Type Signals) -- provides more detail on the type of transfer being
attempted.

When the peripheral device being accessed has completed the bus transfer, it asserts TA
(Transfer Acknowledge) for one clock cycle to complete the bus transaction. Once TA has
been asserted, the MPC821 will not start another bus cycle until TA has been de-asserted.
The minimum length of a bustransaction is two bus clocks.

Figure 2-1: “Power PC Memory Read Cycle’ on page 9 illustrates a typical memory read
cycle on the Power PC system bus.

SYSCLK

TS

TA
A[0:31] : | X
RDWR )X/ ‘ ‘

TSIZ[0:1], AT[0:3]

D[0:31] ‘ ‘ X Sampled when TA low

Transfer Start | Wait States . Transfer . Next Transfer
Complete Starts

Figure 2-1. Power PC Memory Read Cycle

Interfacing to the Motorola MPC821 Microprocessor S1D13506
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Figure 2-2: “Power PC Memory Write Cycle’ on page 10 illustrates a typical memory
write cycle on the Power PC system bus.

SYSCLK

TS

TA
A[0:31] j : X
rOMWR O\ ‘ ‘

TSIZ[0:1], AT[0:3]

D[0:31] ‘A Valid
Transfer Start | Wait States . Transfer . Next Transfer
Complete Starts

Figure 2-2: Power PC Memory Write Cycle

If an error occurs, TEA (Transfer Error Acknowledge) is asserted and the bus cycleis
aborted. For example, a peripheral device may assert TEA if a parity error is detected, or
the MPC821 bus controller may assert TEA if no peripheral device responds at the
addressed memory location within a bus time-out period.

For 32-bit transfers, all datalines (D[0:31]) are used and the two low-order address lines
A30and A3l areignored. For 16-hit transfers, datalines D[0:15] are used and addressline
A3lisignored. For 8-bit transfers, datalines D[0:7] areused and all addresslines(A[0:31])
are used.

Note
This assumes that the Power PC coreis operating in big endian mode (typically the case
for embedded systems).

2.2.2 Burst Cycles

Burst memory cyclesare used tofill on-chip cache memory and to carry out certain on-chip
DMA operations. They arevery similar to normal bus cycleswith thefollowing exceptions:

e Always 32-bit.
» Always attempt to transfer four 32-bit words sequentially.
» Always address longword-aligned memory (i.e. A30 and A31 are always 0:0).

* Do not increment address bits A28 and A 29 between successive transfers; the addressed
device must increment these address bits internally.

S1D13506
X25B-G-008-03
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If a peripheral is not capable of supporting burst cycles, it can assert Burst Inhibit (BI)
simultaneously with TA, and the processor will revert to normal bus cycles for the
remaining data transfers.

Burst cyclesare mainly intended to facilitate cachelinefillsfrom program or datamemory.
They are normally not used for transfers to/from 10 peripheral devices such asthe
S1D13506, therefore the interfaces described in this document do not attempt to support
burst cycles. However, the example interfaces include circuitry to detect the assertion of
BDIPand respond with Bl if caching is accidently enabled for the S1D13506 address space.

2.3 Memory Controller Module

2.3.1 General-Purpose Chip Select Module (GPCM)

The General-Purpose Chip Select Module (GPCM) is used to control memory and
peripheral deviceswhich do not require special timing or address multiplexing. In addition
to the chip select output, it can generate active-low Output Enable (OE) and Write Enable
(WE) signals compatible with most memory and x86-style peripherals. The MPC821 bus
controller also provides a Read/Write (RD/WR) signal which is compatible with most 68K
peripherals.

The GPCM iscontrolled by the values programmed into the Base Register (BR) and Option
Register (OR) of the respective chip select. The Option Register setsthe base address, the
block size of the chip select, and controls the following timing parameters:

The ACS bit field allows the chip select assertion to be delayed by 0, ¥4, or % clock
cycle with respect to the address bus valid.

The CSNT bit causes chip select and WE to be negated % clock cycle earlier than
normal.

The TRLX (relaxed timing) bit will insert an additional one clock delay between
assertion of the address bus and chip select. This accommodates memory and
peripherals with long setup times.

The EHTR (Extended hold time) bit will insert an additional 1 clock delay on the first
access to achip select.

Up to 15 wait states may be inserted, or the peripheral can terminate the bus cycleitself
by asserting TA (Transfer Acknowledge).

Any chip select may be programmed to assert Bl (Burst Inhibit) automatically when its
memory space is addressed by the processor core.

Interfacing to the Motorola MPC821 Microprocessor S1D13506
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2.3.2 User-Programmable Machine (UPM)

The UPM istypically used to control memory types, such as Dynamic RAMs, which have
complex control or address multiplexing requirements. The UPM is ageneral purpose
RAM-based pattern generator which can control address multiplexing, wait state gener-
ation, and five general-purpose output lines on the MPC821. Up to 64 pattern locations are
available, each 32 hits wide. Separate patterns may be programmed for normal accesses,
burst accesses, refresh (timer) events, and exception conditions. This flexibility allows
almost any type of memory or peripheral device to be accommodated by the MPC821.

In this application note, the GPCM isused instead of the UPM, sincethe GPCM has enough
flexibility to accommodate the S1D13506 and it is desirable to |eave the UPM free to
handle other interfacing duties, such as EDO DRAM.

S1D13506
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3 S1D13506 Host Bus Interface

The S1D13506 implements a 16-hit native PowerPC host bus interface whichis used to
interface to the MPC821 microprocessor.

The PowerPC host bus interface is selected by the S1D13506 on the rising edge of
RESET#. After releasing reset the businterface signal sassumetheir selected configuration.
For details on S1D13506 configuration, see Section 4.3, “S1D13506 Hardware Configu-
ration” on page 18.

Note
At reset, the Register/Memory Select bit in the Miscellaneous Register (REG[001h] bit
7) isset to 1. Thismeans that only REG[000h] (read-only) and REG[001h] are
accessible until awrite to REG[001h] setsbit 7 to 0 making all registers accessible.
When debugging a new hardware design, this can sometimes give the appearance that
the interface is not working, so it isimportant to remember to clear this bit before
proceeding with debugging.

3.1 PowerPC Host Bus Interface Pin Mapping

The following table shows the functions of each host bus interface signal.

Table 3-1: PowerPC Host Bus Interface Pin Mapping

S1D13506 Pin Names PowerPC
ABJ[20:0] A[11:31]
DBJ[15:0] D[0:15]

WE1# Bl
M/R# External Decode
CS# External Decode
BUSCLK CLKOUT
BS# TS
RD/WR# RD/WR
RD# TSIZ0
WEO# TSIZ1
WAIT# TA
RESET# RESET#
Interfacing to the Motorola MPC821 Microprocessor S1D13506
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3.2 PowerPC Host Bus Interface Signals

The S1D 13506 PowerPC host bus interface is designed to support processors which
interface the S1D13506 through the PowerPC bus.

The S1D13506 PowerPC host bus interface requires the following signals:

BUSCLK isaclock input which isrequired by the S1D13506 host bus interface. Itis
separate from the input clock (CLKI) and istypicaly driven by the host CPU system
clock.

The address inputs AB[20:0], and the data bus DB[15:0], connect directly to the
PowerPC bus address (A[11:31]) and data bus (D[0:15]), respectively. MD4 must be set
to select the proper endian mode upon reset.

M/R# (memory/register) selects between memory or register access. It may be
connected to an address line, allowing system address A10 to be connected to the M/R#
line.

Chip Select (CS#) must be driven low whenever the S1D13506 is accessed by the
PowerPC bus.

RD/WR# connects to RD/WR which indicates whether aread or awrite accessis being
performed on the S1D13506.

WE1# connectsto BI (burst inhibit signal). WE1#is output by the S1D 13506 to indicate
whether the S1D13506 is able to perform burst accesses.

WEOQO# and RD# connect to TSIZ1 and TSIZ0 (high and low byte enable signals). These
signals must be driven by the PowerPC bus to indicate the size of the transfer taking
place on the bus.

WAIT# connectsto TA and is output from the S1D13506 to indicate the PowerPC bus
must wait until datais ready (read cycle) or accepted (write cycle) on the host bus. Since
PowerPC bus accesses to the S1D13506 may occur asynchronously to the display
update, it is possible that contention may occur while accessing the S1D13506 internal
registers and/or display buffer. The WAIT# line resolves these contentions by forcing
the host to wait until resource arbitration is complete.

The Bus Start (BS#) signal connectsto TS (the transfer start signal).

S1D13506
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4 MPC821 to S1D13506 Interface

4.1 Hardware Description

The S1D13506 provides native Power PC bus support, making it very simple to interface
the two devices. This application note describes the environment necessary to connect the
S1D 13506 to the MPC821 native system bus and the connections between the
S5U13506B00B Evaluation Board and the Motorola MPC821 Application Development

System (ADS).

The S1D13506, by implementing a dedicated display buffer, can reduce system power
consumption, improve image quality, and increase system performance as compared to the

MPC821’s on-chip LCD controller.

The S1D 13506, through the use of the MPC821 chip selects, can share the system buswith
all other MPC821 peripherals. The following figure demonstrates atypical implementation

of the S1D13506 to MPC821 interface.

MPC821 S1D13506
A10 M/R#
A[11:31] y| AB[20:0]
D[0:15] p DB[15:0]
Cs4 p CS#
TS .| BS#

L

TA WAIT#

RD/WR »| RD/WR#
TSIZO p RD#

TSIzl , WEO#

Bl | ¢ WE1#
SYSCLK p BUSCLK
System RESET ——»| RESET#

Note:

4

When connecting the S1D13506 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13506 (e.g. CPU reset can be asserted during wake-up

from power-down modes, or during debug states).

L

Figure 4-1: Typical Implementation of MPC821 to S1D13506 Interface

Interfacing to the Motorola MPC821 Microprocessor
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Table 4-1:,“List of Connections from MPC821ADS to S1D13506” on page 16 shows the
connections between the pins and signals of the MPC821 and the S1D13506.

Note

The interface was designed using a Motorola MPC821 Application Development
System (ADS). The ADS board has 5 volt logic connected to the data bus, so the
interface included two 74F245 octal buffers on D[0:15] between the ADS and the
S1D13506. In atrue 3 volt system, no buffering is necessary.

4.2 Hardware Connections

The following table details the connections between the pins and signals of the MPC821
and the S1D13506.

Table 4-1: List of Connections from MPC821ADSto S1D 13506

MPC821 Signal Name MPCB821ADS Connector and Pin Name S1D13506 Signal Name
Vce P6-Al, P6-B1 Vce
Al10 P6-C23 M/R#
All P6-A22 AB20
Al12 P6-B22 AB19
Al13 P6-C21 AB18
Al4d P6-C20 AB17
Al5 P6-D20 AB16
Al6 P6-B24 AB15
Al7 P6-C24 AB14
A18 P6-D23 AB13
Al9 P6-D22 AB12
A20 P6-D19 AB11
A21 P6-A19 AB10
A22 P6-D28 AB9
A23 P6-A28 ABS8
A24 P6-C27 AB7
A25 P6-A26 AB6
A26 P6-C26 AB5
A27 P6-A25 AB4
A28 P6-D26 AB3
A29 P6-B25 AB2
A30 P6-B19 AB1
A3l P6-D17 ABO
DO P12-A9 DB15
D1 P12-C9 DB14
D2 P12-D9 DB13
D3 P12-A8 DB12
D4 P12-B8 DB11

D5 P12-D8 DB10
D6 P12-B7 DB9
D7 P12-C7 DB8

S1D13506
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Table 4-1: List of Connections from MPC821ADSto S1D13506 (Continued)

MPC821 Signal Name

MPC821ADS Connector and Pin Name

S1D13506 Sighal Name

D8 P12-A15 DB7
D9 P12-C15 DB6
D10 P12-D15 DB5
D11 P12-A14 DB4
D12 P12-B14 DB3
D13 P12-D14 DB2
D14 P12-B13 DB1
D15 P12-C13 DBO
SRESET P9-D15 RESET#
SYSCLK P9-C2 BUSCLK
CS4 P6-D13 CS#
TS P6-B7 BS#
TA P6-B6 WAIT#
R/W P6-D8 RD/WR#
TSIZ0 P6-B18 RD#
TSIZ1 P6-C18 WEO#
Bl P6-B9 WE1#
P12-A1, P12-B1, P12-A2, P12-B2,
Gnd P12-A3, P12-B3, P12-A4, P12-B4, Vss
P12-A5, P12-B5, P12-A6, P12-B6,
P12-A7
Note

Note that the bit numbering of the Power PC bus signalsis reversed. e.g. the most

significant address bit isAOQ, the nextisAl, A2, etc.

Interfacing to the Motorola MPC821 Microprocessor
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4.3 S1D13506 Hardware Configuration

The S1D13506 latches MD15 through M DO to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. For details on configuration, refer to the
S1D13506 Hardware Functional Specification, document number X 25B-A-001-xx.

The following table shows those configuration settings important to the MPC821 host bus
interface.

Table 4-2: Summary of Power-On/Reset Options

S1D13506 value on this pin at rising edge of RESET# is used to configure: (1/0)
Pin Name 1 | 0
MD[3:1] 110 = PowerPC host bus interface selected
MD4 Little Endian Big Endian
MD5 Wait# signal is active high Wait# signal is active low

MD9 Reserved Configure SUSPEND# pin as Hardware Suspend

Enable
MD11 Alternate Host Bus Interface Selected Primary Host Bus Interface Selected
MD12 BUSCLK input divided by two BUSCLK input not divided
| MDI5  |WAIT#is always driven WAIT# is floating if S1D13506 is not selected

= required settings for MPC821 support.

4.4 Register/Memory Mapping

The DRAM on the MPC821 ADS board extends from address 0 through 3F FFFFh, so the
S1D13506 is addressed starting at 40 0000h. A total of 4M bytes of address space is used,
wherethelower 2M bytesisreserved for the S1D13506 on-chip registers and the upper 2M
bytes is used to access the S1D13506 display buffer.

S1D13506 Interfacing to the Motorola MPC821 Microprocessor
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4.5 MPC821 Chip Select Configuration
Chip select 4 isused to control the S1D13506. The following options are selected in the
base address register (BR4):
* BA[0:16] = 0000 0000 0100 0000 O — set starting address of S1D13506 to 40 0000h.
AT[0:2] = 0—ignore address type bits.
PS[0:1] = 1:0 — memory port sizeis 16-hit.
PARE = 0 —disable parity checking.
WP = 0 — disable write protect.
MS[0:1] = 0:0 — select General Purpose Chip Select module to control this chip select.
* V =1-setvalid bit to enable chip select.

The following options were selected in the option register (OR4):

* AM[0:16] = 1111 1111 1100 0000 O — mask all but upper 10 address bits, S1D13506
consumes 4M byte of address space.

* ATM[0:2] = 0—ignore addresstype bits.

+ CSNT =0 - normal CS/WE negation.

» ACY[0:1] = 1:1 — delay CS assertion by ¥4 clock cycle from address lines.
* Bl = 0—do not assert Burst I nhibit.

e SCYJ[0:3] = 0—wait state selection; thisfield isignored since external transfer acknow!-
edge is used; see SETA below.

o SETA =1 —the S1D13506 generates an externa transfer acknowledge using the
WAIT#line.

e TRLX =0 -normal timing.
e EHTR =0 —normal timing.

Interfacing to the Motorola MPC821 Microprocessor S1D13506
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4.6 Test Software

Thetest software isvery simple. It configures chip select 4 (CS4) on the MPC821 to map
the S1D13506 to an unused 4M byte block of address space. Next, it loads the appropriate
values into the option register for CS4 and writes the value O to the S1D 13506 register
REG[001h] to enable full S1D13506 memory/register decoding. Lastly, the software runs
atight loop that reads the S1D13506 Revision Code Register REG[000h]. This allows
monitoring of the bus timing on alogic analyzer.

The following source code was entered into the memory of the MPC821ADS using the
line-by-line assembler in MPC8BUG (the debugger provided with the ADS board). Once
the program was executed on the ADS, alogic analyzer was used to verify operation of the
interface hardware.

It isimportant to note that when the MPC821 comes out of reset, the on-chip caches and
MMU are disabled. If the data cache is enabled, then the MMU must be set so that the
S1D 13506 memory block is tagged as non-cacheable. This ensures the MPC821 does not
attempt to cache any dataread from, or written to, the S1D13506 or its display buffer.

BR4 equ $120 CS4 base register
Oor4 equ $124 ; CS4 option register
Mentt ar t equ $40 ; upper word of S1D13506 start address
Di sabl eReg equ $1 ; address of S1D13506 Di sabl e Register
RevCodeReg equ $0 ; address of Revision Code Register
Start nf spr ri, 1 MVR get base address of internal registers
andi s. ri,rl, $ffff ; clear lower 16 bits to O
andi s. r2,r0,0 ; clear r2
oris r2,r2, Menttart ; write base address
ori r2,r2,$0801 ; port size 16 bits; select GPCM enable
stw r2, BR4(r1) ; Wwite value to base register
andi s. r2,r0,0 clear r2
oris r2,r2,%$ffco ; address mask — use upper 10 bits
ori r2,r2,$0608 ; normal CS negation; delay CS % cl ock;
; no burst inhibit (13506 does this)
stw r2, OR4(r1l) ; Wite to option register
andi s. ri,r0,0 ; clear rl
oris ri,r1, Menttart point rl to start of S1D13506 nmem space
stb ri, Di sabl eReg(r1) wite O to disable register
Loop | bz r0, RevCodeReg(r1) ; read revision code into rl
b Loop ; branch forever
end
Note
MPC8BUG does not support comments or symbolic equates; these have been added for
clarity.
S1D13506 Interfacing to the Motorola MPC821 Microprocessor
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5 Software

Test utilities and Windows® CE display drivers are available for the S1D13506. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called
13506CFG, or by directly modifying the source. The Windows CE display drivers can be
customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13506 test utilities and Windows CE display drivers are available from your sales
support contact or on the internet at http://www.eea.epson.com.

Interfacing to the Motorola MPC821 Microprocessor S1D13506
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7 Technical Support

7.1 EPSON LCD/CRT Controllers (S1D13506)

Japan
Seiko Epson Corporation

Electronic Devices Marketing Division

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

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

Hong Kong

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

Fax: 2827-4346

North America

Epson Electronics America, Inc.
150 River Oaks Parkway

San Jose, CA 95134, USA

Tel: (408) 922-0200

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

Europe

Epson Europe Electronics GmbH
Riesstrasse 15

80992 Munich, Germany

Tel: 089-14005-0

Fax: 089-14005-110

7.2 Motorola MPC821 Processor

» MotorolaDesign Line, (800) 521-6274.
» Local Motorola sales office or authorized distributor.

Taiwan

Epson Taiwan Technology
& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan

Tel: 02-2717-7360

Fax: 02-2712-9164

Singapore

Epson Singapore Pte., Ltd.
No. 1

Temasek Avenue #36-00
Millenia Tower

Singapore, 039192

Tel: 337-7911

Fax: 334-2716
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1 Introduction

This application note describes the hardware and software environment necessary to
provide an interface between the S1D13506 Color LCD/CRT Controller and the Philips
MIPS PR31500/PR31700 Processor.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics Americawebsite at http://www.eea.epson.com for the
latest revision of this document before beginning any devel opment.

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

Interfacing to the Philips MIPS PR31500/PR31700 Processor S1D13506
Issue Date: 01/02/08 X25B-G-009-02
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2 Interfacing to the PR31500/PR31700

The Philips MIPS PR31500/PR31700 processor supports up to two PC Card (PCMCIA)
dots. Itisthrough this Host Bus I nterface that the S1ID13506 connects to the
PR31500/PR31700 processor.

The S1D 13506 can be successfully interfaced using one of the following configurations:

« Direct connection to the PR31500/PR31700 (see Section 4, “ Direct Connection to the
Philips PR31500/PR31700" on page 11).

» System design using the ITE IT8368E PC Card/GPIO buffer chip (see Section 5,
“ System Design Using the IT8368E PC Card Buffer” on page 14).

S1D13506 Interfacing to the Philips MIPS PR31500/PR31700 Processor
X25B-G-009-02 Issue Date: 01/02/08
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3 S1D13506 Host Bus Interface

The S1D13506 implements a 16-bit Host Bus Interface specifically for interfacing to the
PR31500/PR31700 microprocessor.

The PR31500/PR31700 Host Bus Interface is selected by the S1D13506 on the rising edge
of RESET#. After releasing reset, the bus interface signals assume their selected
configuration. For detailson S1D 13506 configuration, see Section 4.2, “ S1D13506 Config-
uration” on page 12.

Note
At reset, the Register/Memory Select bit in the Miscellaneous Register (REG[001h] bit
7) isset to 1. This means that only REG[000h] (read-only) and REG[001h] are
accessible until awrite to REG[001h] setsbit 7 to 0 making all registers accessible.
When debugging a new hardware design, this can sometimes give the appearance that
the interface is not working, so it isimportant to remember to clear this bit before
proceeding with debugging.

3.1 PR31500/PR31700 Host Bus Interface Pin Mapping

The following table shows the function of each Host Bus Interface signal.

Table 3-1: PR31500/PR31700 Host Bus Interface Pin Mapping

S1D13506 Pin Name | Philips PR31500/PR31700
AB20 ALE
AB19 /CARDREG
AB18 /CARDIORD
AB17 /CARDIOWR
AB[16:13] Vbp
AB[12:0] A[12:0]
DB[15:8] D[23:16]
DBJ[7:0] D[31:24]
WE1# /CARDXCSH
M/R# Vbp
CS# Vpp
BUSCLK DCLKOUT
BS# Vpp
RD/WR# /CARDXCSL
RD# /RD
WEO# IWE
WAIT# ICARDXWAIT
RESET# RESET#
Interfacing to the Philips MIPS PR31500/PR31700 Processor S1D13506
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3.2 PR31500/PR31700 Host Bus Interface Signals

When the S1D 13506 is configured to operate with the PR31500/PR31700, the Host Bus
Interface requires the following signals:

BUSCLK isaclock input required by the S1D13506 Host Bus Interface. It is separate
from the input clock (CLKI1) and should be driven by the PR31500/PR31700 bus clock
output DCLKOUT.

Address input AB20 corresponds to the PR31500/PR31700 signal ALE (address latch
enable) whose falling edge indicates that the most significant bits of the address are
present on the multiplexed address bus (AB[12:0]).

Addressinput AB19 should be connected to the PR31500/PR31700 signal /CARDREG.
This signal is active when either 10 or configuration space of the PR31500/PR31700
PC Card dlot is being accessed.

Addressinput AB18 should be connected to the PR31500/PR31700 signal
/CARDIORD. Either AB18 or the RD# input must be asserted for aread operation to
take place.

Address input AB17 should be connected to the PR31500/PR31700 signal
/CARDIOWR. Either AB17 or the WEG# input must be asserted for awrite operation to
take place.

Addressinputs AB[16:13] and control inputs M/R#, CS# and BS# must be tied to Vpp
asthey are not used in this interface mode.

Addressinputs AB[12:0], and the data bus DB[15:0], connect directly to the
PR31500/PR31700 address and data bus, respectively. MD4 must be set to select the
proper endian mode on reset (see Section 4.2, “ S1D13506 Configuration” on page 12).
Because of the PR31500/PR31700 data bus naming convention and endian mode,
S1D13506 DB[15:8] must be connected to PR31500/PR31700 D[23:16], and
S1D13506 DB[7:0] must be connected to PR31500/PR31700 D[31:24].

Control inputs WE1# and RD/WR# should be connected to the PR31500/PR31700
signals /CARDxCSH and /CARDXCSL respectively for byte steering.

Input RD# should be connected to the PR31500/PR31700 signal /RD. Either RD# or the
AB18 input (/CARDIORD) must be asserted for a read operation to take place.

Input WEO# should be connected to the PR31500/PR31700 signal /WR. Either WEO# or
the AB17 input (/CARDIOWR) must be asserted for a write operation to take place.

WAIT# is asignal output from the S1D13506 that indicates the host CPU must wait
until dataisready (read cycle) or accepted (write cycle) on the host bus. Since the host
CPU accesses to the S1D13506 may occur asynchronously to the display update, it is
possible that contention may occur in accessing the S1D13506 interna registers and/or
display buffer. The WAIT# line resolves these contentions by forcing the host to wait
until the resource arbitration is complete.

S1D13506
X25B-G-009-02

Interfacing to the Philips MIPS PR31500/PR31700 Processor
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4 Direct Connection to the Philips PR31500/PR31700

The S1D13506 was specifically designed to support the Philips M1PS PR31500/PR31700
processor. When configured, the S1D13506 will utilize one of the PC Card slots supported
by the processor.

4.1 Hardware Description

In this example implementation, the S1D13506 occupies one PC Card slot and residesin
the Attribute and 10 address range. The processor provides address bits A[12:0], with
A[23:13] being multiplexed and available on thefalling edge of ALE. Peripheralsrequiring
more than 8K bytes of address space would require an external latch for these multiplexed
bits. However, the S1D13506 has an internal latch specifically designed for this processor
making additional logic unnecessary. To further reduce the need for external components,
the S1D13506 has an optional BUSCLK divide-by-2 feature, allowing the high speed
DCLKOUT from the processor to be directly connected to the BUSCLK input of the
S1D13506. An optional external oscillator may be used for BUSCLK since the S1D13506
will accept host bus control signals asynchronously with respect to BUSCLK.

The following diagram shows a typical implementation of the interface.

Vpp (+3.3V
PR31500/PR31700 oo (33Y) 51p13506
M/R#
Cs#
BS#
AB[16:13]
A[12:0] » AB[12:0]
D[23:16] » DB[15:8]
D[31:24] » DB[7:0]
ALE »| AB20
/CARDREG »| AB19
/CARDIORD »| AB18
/ICARDIOWR »| AB17
/CARDXCSH > WE1#
/CARDXCSL »| RD/WR#
/RD »| RD#
IWE v i > WEO#
ICARDXWAIT '« DDTe—=-, PU-UP WAIT#
System RESET—»| RESET#
ENDIAN
:; DCLKOUT — ...or...| Oscillator —» BUSCLK
See text CLKI
Note: When connecting the S1D13506 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13506 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of Direct Connection

Interfacing to the Philips MIPS PR31500/PR31700 Processor S1D13506
Issue Date: 01/02/08 X25B-G-009-02
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The host interface control signals of the S1D13506 are asynchronous with respect to the
S1D13506 bus clock. This gives the system designer full flexibility to choose the
appropriate source (or sources) for CLKI and BUSCLK. The choice of whether both clocks
should bethe same, whether to use DCLKOUT as clock source, and whether an external or
internal clock divider is needed, should be based on the desired:

* pixel and frame rates.
* power budget.
* part count.

* maximum S1D13506 clock frequencies.

The S1D13506 aso hasinternal CLKI dividers providing additional flexibility.

4.2 S1D13506 Configuration

The S1D 13506 latches MD15 through MDO to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. For details on configuration, refer to the
S1D13506 Hardware Functional Specification, document number X 25B-A-001-xx.

The table below shows those configuration settings relevant to the Philips
PR31500/PR31700 Host Bus Interface.

Table 4-1: S1D13506 Configuration for Direct Connection

S1D13506 Value on this pin at rising edge of RESET# is used to configure:

Pin Name 1 (Vpp) | 0 (Vss)

MD[3:1] 111 = Philips PR31500/PR31700 Host Bus Interface when MD11 = 1

MD4 Little Endian Big Endian

MD5 WAIT# is active high (1 = insert wait state) WAIT# is active low (0 = insert wait state)

MD11 Alternate Host Bus Interface selected Primary Host Bus Interface selected

MD12 BUSCLK input divided by two: use with DCLKOUT | BUSCLK input not divided: use with external oscillator
| MD15 | WAIT# is always driven | WAIT# s floating if S1D13506 is not selected

I:l = configuration for Philips PR31500/PR31700 Host Bus Interface

S1D13506 Interfacing to the Philips MIPS PR31500/PR31700 Processor
X25B-G-009-02 Issue Date: 01/02/08
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4.3 Memory Mapping and Aliasing

The PR31500/PR31700 uses a portion of the PC Card Attribute and | O space to accessthe
S1D13506. The S1D13506 responds to both PC Card Attribute and 10 bus accesses, thus
freeing the programmer from having to set the PR31500/PR31700 Memory Configuration
Register 3 bit CARD1IOEN (or CARD2IOEN if slot 2 isused). As aresult, the

PR31500/PR31700 sees the S1D13506 on its PC Card dlot as described in the table below.

Table 4-2: PR31500/PR31700 to PC Card Sots Address Remapping for Direct Connection

S1D13506 Uses PC Card Slot # Philips Address Size Function
0800 0000h 16M byte Card 1 10 or Attribute
S1D13506 registers,
0900 0000h 8M byte
aliased 4 times at 2M byte intervals
1 S1D13506 display buffer,
0980 0000h 8M byte
aliased 4 times at 2M byte intervals
0AQ00 0000h 32M byte Card 1 10 or Attribute
6400 0000h 64M byte Card 1 Memory
0C00 0000h 16M byte Card 2 10 or Attribute
S1D13506 registers,
0DO00 0000h 8M byte ] ) )
aliased 4 times at 2M byte intervals
2 S1D13506 display buffer,
0D80 0000h 8M byte ] ) )
aliased 4 times at 2M byte intervals
OE00 0000h 32M byte Card 2 10 or Attribute
6800 0000h 64M byte Card 2 Memory
Interfacing to the Philips MIPS PR31500/PR31700 Processor S1D13506
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5 System Design Using the IT8368E PC Card Buffer

In a system design using one or two ITE IT8368E PC Card and multiple-function 10
buffers, the S1D13506 can be interfaced so as to share one of the PC Card sl ots.

5.1 Hardware Description

Thel T8368E can be programmed to all ocate the same portion of the PC Card Attribute and
IO spaceto the S1D13506 as in the direct connection implementation described in Section
4, “ Direct Connection to the Philips PR31500/PR31700" on page 11.

Following isablock diagram showing an implementation using the IT8368E PC Card

buffer.

PR31500/

PR31700 w‘- S1D13506
\
L — | ITsssE  — — - Frccad
| Device
| PC Card
[ . ar

IT8368E Device
Figure 5-1: 1T8368E I mplementation Block Diagram
S1D13506 Interfacing to the Philips MIPS PR31500/PR31700 Processor
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5.2 IT8368E Configuration

Thel TE IT8368E has been specifically designed to support EPSON LCD/CRT controllers.
Older EPSON Controllers not supporting a direct interface to the Philips processor can
utilize the IT8368E MFIO pins to provide the necessary control signals, however when
using the S1D 13506 thisis hot necessary as the Direct Connection described in Section 4,
“ Direct Connection to the Philips PR31500/PR31700" on page 11 can be used.

The IT8368E must have both “Fix Attribute/lO” and “VGA” modes enabled. When both
these modes are enabled a 16M byte portion of the system PC Card attribute and |O space
isallocated to address the S1D13506.

When the IT8368E senses that the S1D13506 is being accessed, it does not propagate the
PC Card signalsto its PC Card device. This makes S1D13506 accesses transparent to any
PC Card device connected to the same dlot.

For mapping details, refer to Section 4.3, “ Memory Mapping and Aliasing” on page 13. For
further information on configuring the I T8368E, refer to the IT8368E PC Card/GPIO
Buffer Chip Specification.

5.3 S1D13506 Configuration

For S1D13506 configuration, refer to Section 4.2, “ SID13506 Configuration” on page 12.

Interfacing to the Philips MIPS PR31500/PR31700 Processor S1D13506

Issue Date: 01/02/08
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6 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13506. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called
13506CFG, or by directly modifying the source. The Windows CE v2.0 display driverscan

be customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13506 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.eea.epson.com.

S1D13506

Interfacing to the Philips MIPS PR31500/PR31700 Processor
X25B-G-009-02
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1 Introduction

This application note describes the hardware and software environment necessary to
provide an interface between the S1D13506 Color LCD/CRT/TV Controller and the
ToshibaMIPS TX3912 Processor.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics Americawebsite at http://www.eea.epson.com for the
latest revision of this document before beginning any devel opment.

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

Interfacing to the Toshiba MIPS TX3912 Processor S1D13506
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2 Interfacing to the TX3912

The Toshiba MIPS TX 3912 processor supports up to two PC Card (PCMCIA) dots. It is
through this Host Bus Interface that the S1D13506 connects to the TX 3912 processor.
The S1D 13506 can be successfully interfaced using one of the following configurations:

« Direct connection to the TX 3912 (see Section 4, “ Direct Connection to the Toshiba
TX3912" on page 11).

» System design using the ITE IT8368E PC Card/GPIO buffer chip (see Section 5,
“ Yystem Design Using the IT8368E PC Card Buffer” on page 14).

S1D13506
X25B-G-010-02
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3 S1D13506 Host Bus Interface

The S1D13506 implements a 16-bit Host Bus Interface specifically for interfacing to the
TX3912 microprocessor.

The TX3912 Host Bus Interface is selected by the S1D13506 on the rising edge of
RESET#. After releasing reset, the bus interface signals assume their selected configu-
ration. For details on S1D13506 configuration, see Section 4.2, “ S1D13506 Configu-
ration” on page 12.

Note
At reset, the Register/Memory Select bit in the Miscellaneous Register (REG[001h] bit
7) isset to 1. This means that only REG[000h] (read-only) and REG[001h] are
accessible until awrite to REG[001h] setsbit 7 to 0 making all registers accessible.
When debugging a new hardware design, this can sometimes give the appearance that
the interface is not working, so it isimportant to remember to clear this bit before
proceeding with debugging.

3.1 TX3912 Host Bus Interface Pin Mapping

The following table shows the function of each Host Bus Interface signal.

Table 3-1: TX3912 Host Bus Interface Pin Mapping

S.1D13506 Toshiba TX3912
Pin Names
AB20 ALE
AB19 CARDREG*
AB18 CARDIORD*
AB17 CARDIOWR*
AB[16:13] Vpp
AB[12:0] A[12:0]
DB[15:8] D[23:16]
DBJ[7:0] D[31:24]
WE1# CARDXCSH*
M/R# Vpp
CS# Vpp
BUSCLK DCLKOUT
BS# Vpp
RD/WR# CARDxCSL*
RD# RD*
WEO# WE*
WAIT# CARDXWAIT*
RESET# PON*
Interfacing to the Toshiba MIPS TX3912 Processor S1D13506
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3.2 TX3912 Host

Bus Interface Signals

When the S1D 13506 is configured to operate with the TX3912, the Host Bus Interface
requires the following signals:

BUSCLK isaclock input required by the S1D13506 Host Bus Interface. It is separate
from the input clock (CLKI) and should be driven by the TX3912 bus clock output
DCLKOUT.

Address input AB20 corresponds to the TX3912 signal ALE (address latch enable)
whose falling edge indicates that the most significant bits of the address are present on
the multiplexed address bus (AB[12:0]).

Address input AB19 should be connected to the TX3912 signal CARDREG*. This
signal is active when either 1O or configuration space of the TX3912 PC Card slot is
being accessed.

Addressinput AB18 should be connected to the TX3912 signal CARDIORD*. Either
AB18 or the RD# input must be asserted for aread operation to take place.

Address input AB17 should be connected to the TX3912 signal CARDIOWR*. Either
AB17 or the WEO# input must be asserted for a write operation to take place.

Address inputs AB[16:13] and control inputs M/R#, CS# and BS# must betied to Vpp
asthey are not used in this interface mode.

Addressinputs AB[12:0], and the data bus DB[15:0], connect directly to the TX3912
address and data bus, respectively. MD4 must be set to select the proper endian mode on
reset (see Section 4.2, “ S1D13506 Configuration” on page 12). Because of the TX3912
data bus naming convention and endian mode, S1D13506 DB[15:8] must be
connected to TX3912 D[23:16], and S1D13506 DB[7:0] must be connected to
TX3912 D[31:24].

Control inputs WE1# and RD/WR# should be connected to the TX3912 signals
CARDxCSH* and CARDXCSL* respectively for byte steering.

Input RD# should be connected to the TX3912 signal RD*. Either RD# or the AB18
input (CARDIORD*) must be asserted for aread operation to take place.

Input WEQ# should be connected to the TX3912 signal WR*. Either WEG# or the AB17
input (CARDIOWR*) must be asserted for a write operation to take place.

WAIT#isasignal output from the S1D13506 that indicates the TX3912 must wait until
datais ready (read cycle) or accepted (write cycle) on the host bus. Since the TX3912
accesses to the S1D13506 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the S1D13506 internal registers and/or display
buffer. The WAIT# line resolves these contentions by forcing the host to wait until the
resource arbitration is complete.

S1D13506
X25B-G-010-02
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4 Direct Connection to the Toshiba TX3912

The S1D13506 was specifically designed to support the ToshibaMIPS TX3912 processor.
When configured, the S1D13506 will utilize one of the PC Card dlots supported by the
processor.

4.1 Hardware Description

In this example implementation, the S1D13506 occupies one PC Card slot and residesin
the Attribute and 10 address range. The processor provides address bits A[12:0], with
A[23:13] being multiplexed and available on thefalling edge of ALE. Peripheralsrequiring
more than 8K bytes of address space would require an external latch for these multiplexed
bits. However, the S1D13506 has an internal latch specifically designed for this processor
making additional logic unnecessary. To further reduce the need for external components,
the S1D13506 has an optional BUSCLK divide-by-2 feature, allowing the high speed
DCLKOUT from the processor to be directly connected to the BUSCLK input of the
S1D13506. An optional external oscillator may be used for BUSCLK since the S1D13506
will accept host bus control signals asynchronously with respect to BUSCLK.

The following diagram shows a typical implementation of the interface.

Vpp (+3.3V
TX3912 oo (33Y) 51p13506
M/R#
CS#
BS#
AB[16:13]
A[12:0] » AB[12:0]
D[23:16] » DBJ[15:8]
D[31:24] » DBJ[7:0]
ALE »| AB20
CARDREG* »| AB19
CARDIORD* »| AB18
CARDIOWR* »| ABL7
CARDXCSH* > WE1#
CARDXCSL* »| RD/WR#
RD* »| RD#
WE* v i »| WEO#
CARDXWAIT* DDTe—=-, PU-UP WAIT#
System RESET—»| RESET#
ENDIAN
:; DCLKOUT — ...or...| Oscillator — BUSCLK
See text CLKI
Note: When connecting the S1D13506 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13506 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of Direct Connection

Interfacing to the Toshiba MIPS TX3912 Processor S1D13506
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The host interface control signals of the S1D13506 are asynchronous with respect to the
S1D13506 bus clock. This gives the system designer full flexibility to choose the
appropriate source (or sources) for CLKI and BUSCLK. The choice of whether both clocks
should bethe same, whether to use DCLKOUT as clock source, and whether an external or
internal clock divider is needed, should be based on the desired:

* pixel and frame rates.
* power budget.
* part count.

* maximum S1D13506 clock frequencies.

The S1D13506 aso hasinternal CLKI dividers providing additional flexibility.

4.2 S1D13506 Configuration

The S1D 13506 latches MD15 through MDO to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. For details on configuration, refer to the
S1D13506 Hardware Functional Specification, document number X 25B-A-001-xx.

The table below shows those configuration settings relevant to the Toshiba TX3912 Host
Bus Interface.

Table 4-1: S1D13506 Configuration for Direct Connection

S1D13506 Value on this pin at rising edge of RESET# is used to configure:
Pin Name 1 (Vpp) | 0 (Vss)
MD[3:1] 111 = Toshiba TX3912 Host Bus Interface if MD11 = 1
MD4 Little Endian Big Endian
MD5 WAIT# is active high (1 = insert wait state) WAIT# is active low (0 = insert wait state)
MD11 Alternate Host Bus Interface selected Primary Host Bus Interface selected
MD12 BUSCLK input divided by two: use with DCLKOUT | BUSCLK input not divided: use with external oscillator
‘ MD15

‘ WAIT# is always driven ‘ WAIT# is floating if S1D13506 is not selected

I:l = configuration for Toshiba TX3912 Host Bus Interface

S1D13506

X25B-G-010-02
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4.3 Memory Mapping and Aliasing

The TX3912 uses a portion of the PC Card Attribute and | O space to access the S1D13506.
The S1D 13506 responds to both PC Card Attribute and 1O bus accesses, thus freeing the
programmer from having to set the TX3912 Memory Configuration Register 3 bit
CARD1IOEN (or CARD2IOEN if dot 2 isused). As aresult, the TX3912 seesthe
S1D13506 on its PC Card slot as described in the table bel ow.

Table 4-2: TX3912 to PC Card Sots Address Remapping for Direct Connection

S1D13506 Uses PC Card Slot # Toshiba Address Size Function
0800 0000h 16M byte Card 1 10 or Attribute
S1D13506 registers,
0900 0000h 8M byte
aliased 4 times at 2M byte intervals
1 S1D13506 display buffer,
0980 0000h 8M byte
aliased 4 times at 2M byte intervals
0AQ00 0000h 32M byte Card 1 10 or Attribute
6400 0000h 64M byte Card 1 Memory
0C00 0000h 16M byte Card 2 10 or Attribute
S1D13506 registers,
0DO00 0000h 8M byte ] ) )
aliased 4 times at 2M byte intervals
2 S1D13506 display buffer,
0D80 0000h 8M byte ] ) )
aliased 4 times at 2M byte intervals
OE00 0000h 32M byte Card 2 10 or Attribute
6800 0000h 64M byte Card 2 Memory
Interfacing to the Toshiba MIPS TX3912 Processor S1D13506
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5 System Design Using the IT8368E PC Card Buffer

In a system design using one or two ITE IT8368E PC Card and multiple-function 10
buffers, the S1D13506 can be interfaced so as to share one of the PC Card sl ots.

5.1 Hardware Description

Thel T8368E can be programmed to all ocate the same portion of the PC Card Attribute and
IO spaceto the S1D13506 as in the direct connection implementation described in Section
4, “ Direct Connection to the Toshiba TX3912" on page 11.

Following isablock diagram showing an implementation using the IT8368E PC Card

buffer.

TX3912 ’ S1D13506
\
\
L — | ITsssE  — — - Frccad
| Device
| PC Card
[ . ar

IT8368E Device
Figure 5-1: 1T8368E I mplementation Block Diagram
S1D13506 Interfacing to the Toshiba MIPS TX3912 Processor
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5.2 IT8368E Configuration

Thel TE IT8368E has been specifically designed to support EPSON LCD/CRT controllers.
Older EPSON Controllers not supporting a direct interface to the Toshiba processor can
utilize the IT8368E MFIO pins to provide the necessary control signals, however when
using the S1D13506 thisis hot necessary as the Direct Connection described in Section 4,
“ Direct Connection to the Toshiba TX3912" on page 11 can be used.

The IT8368E must have both “Fix Attribute/lO” and “VGA” modes enabled. When both
these modes are enabled a 16M byte portion of the system PC Card attribute and |O space
isallocated to address the S1D13506.

When the IT8368E senses that the S1D13506 is being accessed, it does not propagate the
PC Card signalsto its PC Card device. This makes S1D13506 accesses transparent to any
PC Card device connected to the same dlot.

For mapping details, refer to Section 4.3, “ Memory Mapping and Aliasing” on page 13. For
further information on configuring the I T8368E, refer to the IT8368E PC Card/GPIO
Buffer Chip Specification.

5.3 S1D13506 Configuration

For S1D13506 configuration, refer to Section 4.2, “ SID13506 Configuration” on page 12.

Interfacing to the Toshiba MIPS TX3912 Processor S1D13506
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6 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13506. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called
13506CFG, or by directly modifying the source. The Windows CE v2.0 display driverscan

be customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13506 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.eea.epson.com.

S1D13506

Interfacing to the Toshiba MIPS TX3912 Processor
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8 Technical Support

8.1 EPSON LCD/CRT Controllers (S1D13506)

Japan North America Taiwan, R.O.C.

Seiko Epson Corporation Epson Electronics America, Inc. Epson Taiwan Technology
Electronic Devices Marketing Division 150 River Oaks Parkway & Trading Ltd.

421-8, Hino, Hino-shi San Jose, CA 95134, USA 10F, No. 287

Tokyo 191-8501, Japan Tel: (408) 922-0200 Nanking East Road

Tel: 042-587-5812 Fax: (408) 922-0238 Sec. 3, Taipei, Taiwan, R.O.C.
Fax: 042-587-5564 http:/Avww.eea.epson.com Tel: 02-2717-7360

http://www.epson.co.jp Fax: 02-2712-9164

Europe Hong Kong Singapore

Epson Europe Electronics GmbH Epson Hong Kong Ltd. Epson Singapore Pte., Ltd.
Riesstrasse 15 20/F., Harbour Centre No. 1

80992 Munich, Germany 25 Harbour Road Temasek Avenue #36-00
Tel: 089-14005-0 Wanchai, Hong Kong Mlllenla Tower

Fax: 089-14005-110 Tel: 2585-4600 Singapore, 039192

Fax: 2827-4346 Tel: 337-7911
Fax: 334-2716

8.2 Toshiba MIPS TX3912 Processor

http://www.toshiba.com/taec/nonflash/indexproducts.html

8.3 ITE IT8368E

Integrated Technology Express, Inc.
Sales & Marketing Division

2710 Walsh Avenue

Santa Clara, CA 95051, USA

Tel: (408) 980-8168

Fax: (408) 980-9232
http://www.iteusa.com
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1 Introduction

This application note describes the hardware and software environment necessary to
provide an interface between the S1D13506 Color LCD/CRT/TV Controller and the NEC
Vr4121™ (UPD30121) microprocessor.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note will be updated as appropriate.
Please check the Epson Electronics Americawebsite at http://www.eea.epson.com for the
latest revision of this document before beginning any devel opment.

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

Interfacing to the NEC VR4121™ Microprocessor S1D13506
Issue Date: 01/02/08 X25B-G-011-02
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2 Interfacing to the NEC VR4121

2.1 The NEC VR4121 System Bus

The VR-Series family of microprocessors features a high-speed synchronous system bus
typical of modern microprocessors. Designed with external LCD controller support and
Windows CE based embedded consumer applicationsin mind, the VR4121 offersahighly
integrated solution for portable systems. This section provides an overview of the operation
of the CPU bus in order to establish interface requirements.

2.1.1 Overview

The NEC VR4121 isdesigned around the RISC architecture developed by MIPS. This
microprocessor is based on the 166MHz VR4120 CPU core which supports 64-bit
processing. The CPU communicates with the Bus Control Unit (BCU) using itsinternal
SysAD bus. The BCU in turn communicates with external devices using its ADD and
DATA buses which can be dynamically sized to 16 or 32-bit operation.

The NEC VR4121 has direct support for an external LCD controller. Specific control
signalsare assigned for an external L CD controller providing an easy interface to the CPU.
A 16M byte block of memory is assigned for the LCD controller and its own chip select
and ready signals are available. Word or byte accesses are controlled by the system high
byte signal (SHB#).

S1D13506 Interfacing to the NEC VR4121™ Microprocessor
X25B-G-011-02 Issue Date: 01/02/08
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2.1.2 LCD Memory Access Cycles

Once an addressin the LCD block of memory is placed on the external address bus
(ADD[25:0]), the LCD chip select (LCDCS#) isdriven low. The read or write enable
signals (RD# or WR#) aredriven low for the appropriate cycleand LCDRDY isdriven low

toinsert wait statesinto the cycle. The high byte enable (SHB#) in conjunction with address
bit 0 allows for byte steering.

Thefollowing figure illustrates typical NEC VR4121 memory read and write cyclesto the
LCD controller interface.

TCLK 444444//44444\\44444//44444\\44444//44444\\44444//44444\\44444//44444\\44444//_____

ADD[25:0]

VALID

SHB#

LCDCS#

WR#,RD#

D[15:0] <

(write) VALID

D[15:0] Hi-Z

(read) / VALID

Hi-Z

LCDRDY

Figure2-1: NEC VR4121 Read/\Write Cycles

Interfacing to the NEC VR4121™ Microprocessor S1D13506
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3 S1D13506 Host Bus Interface

The S1D 13506 directly supports multiple processors. The S1D13506 implements a 16-bit
MIPS/ISA Host Bus Interface which is most suitable for direct connection to the VR4121
Mi Croprocessor.

The MIPS/ISA Host Bus Interface is selected by the S1D13506 on the rising edge of
RESET#. After releasing reset the businterface signals assumetheir selected configuration.
For details on S1D13506 configuration, see Section 4.2, “S1D13506 Configuration” on

page 13.

Note
At reset, the Register/Memory Select bit in the Miscellaneous Register (REG[001h] bit
7) isset to 1. Thismeans that only REG[000h] (read-only) and REG[001h] are
accessible until awriteto REG[001h] setshit 7 to 0 making all registersaccessible.
When debugging a new hardware design, this can sometimes give the appearance that
the interfaceis not working, so it isimportant to remember to clear this bit before
proceeding with debugging.

3.1 Host Bus Interface Pin Mapping

The following table shows the functions of each Host Bus Interface signal.

Table 3-1: Host Bus Interface Pin Mapping

S1D13506 Pin Name | NEC VR4121 Pin Name
AB20 ADD20
AB[19:0] ADD[19:0]
DB[15:0] DAT[15:0]
WE1# SHB#
M/R# ADD21
CS# LCDCS#
BUSCLK BUSCLK
BS# Vpp
RD/WR# Vpp
RD# RD#
WEO# WR#
WAIT# LCDRDY
RESET# connected to system reset

S1D13506
X25B-G-011-02
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3.2 Host Bus Interface Signal Descriptions

The S1D13506 MIPS/I SA Host Bus Interface requires the following signals.

» BUSCLK isaclock input which isrequired by the S1D13506 Host Bus Interface. It is
separate from the input clock (CLKI) and istypically driven by the host CPU system
clock.

» The address inputs AB[20:0], and the data bus DB[15:0], connect directly to the
VR4121 address (ADD[20:0]) and data bus (DAT[15:0]), respectively. MD4 must be
set to select the proper endian mode upon reset.

* M/R# (memory/register) selects between memory or register access. It may be
connected to an address line, allowing system address ADD21 to be connected to the
M/R# line.

» Chip Select (CS#) must be driven low by LCDCS# whenever the S1D13506 is accessed
by the VR4121.

» WE1# connects to SHB# (the high byte enable signa from the VR4121) which in
conjunction with address bit O allows byte steering of read and write operations.

» WEOQ# connects to WR# (the write enable signal from the VR4121) and must be driven
low when the VR4121 busis writing data to the S1D13506.

» RD# connectsto RD# (the read enable signal from the VR4121) and must be driven low
when the VR4121 bus is reading data from the S1D13506.

* WAIT# connectsto LCDRDY and isasignal output from the S1D13506 that indicates
the VR4121 bus must wait until datais ready (read cycle) or accepted (write cycle) on
the host bus. Since VR4121 bus accesses to the S1D13506 may occur asynchronously to
the display update, it is possible that contention may occur in accessing the S1D13506
internal registers and/or display buffer. The WAIT# line resolves these contentions by
forcing the host to wait until the resource arbitration is compl ete.

» The BS# and RD/WR# signals are not used for the MIPS/ISA Host Bus Interface and
should be tied high (connected to Vpp).

Interfacing to the NEC VR4121™ Microprocessor S1D13506
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4 VR4121 to S1D13506 Interface

4.1 Hardware Description

The NEC Vr4121 microprocessor is specifically designed to support an external LCD
controller. It provides al the necessary internal address decoding and control signals
required by the S1D13506.

The diagram below shows a typical implementation utilizing the S1D13506.

NEC VR4121

WR#

S1D13506

SHB#

WEO#

WE1#

RD#

RD#

LCDCS#

Pull-up

CS#

LCDRDY

ADD[25:0]

ADD21

System RESET

WAIT#

RESET#

M/R#

DAT[15:0]

AB[20:0]

BUSCLK

DB[15:0]

+3.3V

VDD3 LT

VDD2

Note:

When connecting the S1D13506 RESET# pin, the system designer should be aware of all

+2.5V
I

BUSCLK
Vpp(+3.3V)

BS#

RD/WR#

Vbp

conditions that may reset the S1D13506 (e.g. CPU reset can be asserted during wake-up

from power-down modes, or during debug states).

Figure 4-1: NEC Vr4121 to S1D13506 Configuration Schematic

Note

For pin mapping see Table 3-1:, “Host Bus Interface Pin Mapping,” on page 10.

S1D13506
X25B-G-011-02
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4.2 S1D13506 Configuration

The S1D13506 latches MD15 through MDO to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. For details on configuration, refer to the
S1D13506 Hardware Functional Specification, document number X 25B-A-001-xXx.

The table below shows those configuration settings relevant to the MIPS/ISA Host Bus
Interface used by the NEC Vr4121 microprocessor.

Table 4-1: Summary of Power-On/Reset Options

S1D13506 value on this pin at rising edge of RESET# is used to configure:(1/0)
Pin Name 1 | 0
MDJ[3:1] 101 = MIPS/ISA Host Bus Interface
MD4 Little Endian Big Endian
MD5 WAIT# is active high (1 = insert wait state) WAIT# is active low (0 = insert wait state)
MD11 Alternate Host Bus Interface Selected Primary Host Bus Interface Selected
MD12 BUSCLK input divided by 2 BUSCLK input not divided
| MD15 | WAIT# is always driven WAIT# is floating if S1D13506 is not selected

l:l = configuration for NEC VR4121 microprocessor

4.3 NEC VR4121 Configuration

The NEC Vr4121 register BCUCNTREGL bit ISAM/LCD must be set to 0. A O indicates
that the reserved address space is for the LCD controller, and not for the high-speed ISA
memory. The register BCUCNTREG2 hit GMODE must be set to 1 to indicate that a
non-inverting data busis used for LCD controller accesses.

The LCD interface must be set to operate using a 16-bit data bus. Thisis accomplished by
setting the NEC Vr4121 register BCUCNTREG3 bit LCD32/1SA32 to 0.

Note
Setting the register BCUCNTREG3 hit LCD32/1SA32 to 0 affects both the LCD con-
troller and high-speed | SA memory access.

The frequency of BUSCLK output is programmed from the state of pins TxD/CLKSEL 2,
RTSH#/CLKSEL 1 and DTR#/CLK SELO during reset, and from the PMU (Power
Management Unit) configuration registers of the NEC Vr4121. The S1D13506 works at
any of the frequencies provided by the NEC Vr4121.

Interfacing to the NEC VR4121™ Microprocessor S1D13506
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4.4 Memory Mapping and Aliasing

The NEC Vr4121 provides the internal address decoding required by an external LCD
controller. The physical address range from 0A00 0000h to OAFF FFFFh (16M bytes) is
reserved for use by an external LCD controller (e.g. S1D13506).

The S1D13506 supports up to 2M bytes of display buffer. The NEC Vr4121 addressline
ADD21 (connected to M/R#) is used to select between the S1D13506 display buffer
(ADD21=1) and the S1D13506 internal registers (ADD21=0). NEC Vr4121 address lines
ADD[23:22] areignored, thusthe S1D13506 isaiased four timesat 4M byteintervalsover
the LCD controller address range. Address lines ADD[25:24] are set at 10b and never
change while the LCD controller is being addressed.
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5 Software

Test utilities and Windows® CE v2.0 display drivers are available for the S1D13506. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called
13506CFG, or by directly modifying the source. The Windows CE v2.0 display driverscan
be customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13506 test utilities and Windows CE v2.0 display drivers are available from your
sales support contact or on the internet at http://www.eea.epson.com.
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6 References

6.1 Documents

* NEC ElectronicsInc., VR4121 Preliminary Users Manual, Document Number
U13569EJ1V0OUMOQO.

 Epson Research and Development, Inc., S1D13506 Hardwar e Functional Specification,
Document Number X 25B-A-001-xx.

» Epson Research and Development, Inc., SSU13506B00C Rev. 1.0 ISA Bus Evaluation
Board User Manual, Document Number X 25B-G-004-xx.

 Epson Research and Development, Inc., SLD 13506 Programming Notes and Examples,
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7 Technical Support

7.1 Epson LCD/CRT Controllers (S1D13506)

Japan

Seiko Epson Corporation

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

Tokyo 191-8501, Japan

Tel: 042-587-5812

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

Hong Kong

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

Fax: 2827-4346

North America

Epson Electronics America, Inc.
150 River Oaks Parkway

San Jose, CA 95134, USA

Tel: (408) 922-0200

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

Europe

Epson Europe Electronics GmbH
Riesstrasse 15

80992 Munich, Germany

Tel: 089-14005-0

Fax: 089-14005-110

7.2 NEC Electronics Inc. (VR4121).

NEC Electronics Inc. (U.S.A))
Corporate Headquarters

2880 Scott Blvd.

Santa Clara, CA 95050-8062, USA
Tel: (800) 366-9782

Fax: (800) 729-9288
http://www.nec.com
http://www.vrseries.com

Taiwan, R.O.C.

Epson Taiwan Technology

& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan, R.O.C.
Tel: 02-2717-7360

Fax: 02-2712-9164

Singapore

Epson Singapore Pte., Ltd.
No. 1

Temasek Avenue #36-00
Millenia Tower

Singapore, 039192

Tel: 337-7911

Fax: 334-2716
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1 Introduction

This application note describesthe hardware and software environment required to provide
an interface between the S1D13506 Color LCD/CRT/TV Controller and the NEC V832™
microprocessor (UPD705102).

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note is updated as appropriate. Please
check the Epson Electronics America Website at http://www.eea.epson.com for the |atest
revision of this document before beginning any development.

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

Interfacing to the NEC V832™ Microprocessor S1D13506
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2 Interfacing to the NEC V832

2.1 The NEC V832 System Bus

This section provides an overview of the operation of the CPU busin order to establish
interface requirements.

2.1.1 Overview

The NEC V832 isdesigned around the RISC architecture developed by MIPS. This
microprocessor is based on the 32-bit V830 CPU core. The CPU communicates with
external devicesviathe Bus Control Unit (BCU). The BCU in turn communicates using its
ADD and DATA buses which can be dynamically sized to 16 or 32-bit operation.

The NEC V832 features dedicated chip select pins which allow memory-mapped 10
operations. A 16M byte block of addressing space can be assigned for the LCD controller
and itsown chip select and ready signalsare available. Word or byte accesses are controlled
by system byte enable signals (LLBEN and LUBEN).

S1D13506 Interfacing to the NEC V832™ Microprocessor
X25B-G-012-03 Issue Date: 01/02/08
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2.1.2 Access Cycles

Once an addressin the appropriate range is placed on the external address bus (A[23:1]),
the corresponding chip select (CSn) isdriven low. The read or write enable signals (IORD
or IOWR) are driven low and READY isdriven low by the S1D13506 to insert wait states
into the cycle. The byte enable signals (LLBEN and LUBEN) allow byte steering.

The following figureillustrates typical NEC V832 memory-mapped | O access cycles.

SDCLKOUT M

A[23:1] VALID

LLBEN,
LUBEN

CSn

D[15:0]

(write) VALID

D[15:0 Hi-Z ie
([read§ VALID Hi-Z

READY

Figure 2-1: NEC V832 Read/Write Cycles

Interfacing to the NEC V832™ Microprocessor S1D13506
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3 S1D13506 Host Bus Interface

The S1D13506 directly supports multiple processors. The S1D13506 implements a 16-bit
PC Card (PCMCIA) Host Bus Interface which is most suitable for direct connection to the
V832 microprocessor.

The PC Card Host Bus Interface is selected by the S1D13506 on the rising edge of
RESET#. After releasing reset the businterface signals assumetheir selected configuration.
For details on S1D13506 configuration, see Section 4.2, “ S1D13506 Hardware Configu-
ration” on page 13.

Note
At reset, the Register/Memory Select bit in the Miscellaneous Register (REG[001h] bit
7) isset to 1. Thismeans that only REG[000h] (read-only) and REG[001h] are
accessible until awriteto REG[001h] setshit 7 to 0 making all registersaccessible.
When debugging a new hardware design, this can sometimes give the appearance that
the interfaceis not working, so it isimportant to remember to clear this bit before
proceeding with debugging.

3.1 Host Bus Interface Pin Mapping

The following table shows the functions of each Host Bus Interface signal.

Table 3-1: Host Bus Interface Pin Mapping

S1D13506 Pin Name NEC V832 Pin Name
AB[20:1] A[20:1]
AO GND?!
DBI[15:0] D[15:0]
WE1# LUBEN
M/R# A21
CS# CS3, CS4, CS5 or CS6
BUSCLK SDCLKOUT
BS# VDD (+3.3V)
RD/WR# LLBEN
RD# IORD
WEO# IOWR
WAIT# READY
RESET# connected to system reset

Note
1 The bus signal A0 is not used by the S1D13506 internally.

S1D13506
X25B-G-012-03
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3.2 Host Bus Interface Signal Descriptions

The S1D13506 PC Card Host Bus Interface requires the following signals.

BUSCLK isaclock input which isrequired by the S1D13506 Host Bus Interface. Itis
driven by the V832 signal SDCLKOUT.

The address inputs AB[20:1], and the data bus DB[15:0], connect directly to the V832
address (A[20:1]) and data bus (D[15:0]), respectively. MD4 must be set to select little
endian mode upon reset.

M/R# (memory/register) selects between memory or register access. It may be
connected to an address line, allowing system address A21 to be connected to the M/R#
line.

Chip Select (CS#) must be driven low by CSx (where x isthe V832 chip select used)
whenever the S1D13506 is accessed by the V832.

WE1# and RD/WR# connect to LUBEN and LLBEN (the byte enables for the high-
order and low-order bytes). They are driven low when the V832 is accessing the
S1D13506.

RD# connects to IORD (the read enable signal from the VV832).

WEO# connects to IOWR (the write enable signal from the V832).

WAIT#isasignal output from the S1D13506 that indicates the V832 must wait until
dataisready (read cycle) or accepted (write cycle) on the host bus. Since V832 accesses
to the S1D13506 may occur asynchronously to the display update, it is possible that
contention may occur in accessing the S1D13506 internal registers and/or display
buffer. The WAIT# line resolves these contentions by forcing the host to wait until the
resource arbitration is complete. For V832 applications, this signal should be set active
low using the M D5 configuration input.

The Bus Start (BS#) signal is not used for the PC Card Host Bus I nterface and should be
tied high (connected to V pp).

The RESET# (active low) input of the S1D13506 may be connected to the system
RESET.

Interfacing to the NEC V832™ Microprocessor S1D13506
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4 V832 to S1D13506 Interface

4.1 Hardware Description

The NEC V832 microprocessor features configurable chip select lineswhich can easily be
used for an external LCD controller. It providesall the necessary internal address decoding

and control signals required by the S1D13506.

The diagram below shows a typical implementation utilizing the S1D13506.

NEC V832 S1D13506
LLBEN » RD/WR#
LUBEN » WE1#

IORD » RD#
IOWR » WEO#
CSn > CS#

Pull-up
READY [« WAIT#
System RESET » RESET#
A21 > M/R#
A[20:1] » AB[20:1]
D[15:0] |« » DB[15:0]
SDCLKOUT » BUSCLK
Vpp(+3.3V)
rs BS#
vbD_ o | *33V Voo
VDD _| +2.5V ABO

Note: When connecting the S1D13506 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13506 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

-

Figure 4-1: NEC V832 to S1D13506 Configuration Schematic

Note

For pin mapping see Table 3-1:, “Host Bus Interface Pin Mapping,” on page 10.

S1D13506
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4.2 S1D13506 Hardware Configuration

The S1D13506 latches MD15 through MDO to

allow selection of the bus mode and other

configuration data on the rising edge of RESET#. For details on configuration, refer to the

S1D 13506 Hardware Functional Specification,

document number X25B-A-001-xXx.

The table below shows those configuration settings relevant to the PC Card Host Bus
Interface used by the NEC V832 microprocessor.

Table 4-1: Summary of Power-On/Reset Options

S1D13506 Value on this pin at rising edge of RESET# is used to configure: (1/0)

Pin Name 1 | 0
MD[3:1] 111 = PC Card Host Bus Interface
MD4 Little Endian Big Endian
MD5 WAIT# is active high (1 = insert wait state) WAIT# is active low (0 = insert wait state)
MD11 Alternate Host Bus Interface Selected Primary Host Bus Interface Selected
MD12 BUSCLK input divided by two BUSCLK input not divided by two
MD15 WAIT# is always driven WAIT# is floating if S1D13506 is not

selected

= configuration for NEC V832 microprocessor

Interfacing to the NEC V832™ Microprocessor

Issue Date: 01/02/08
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4.3 NEC V832 Configuration

The NEC V832 should access the S1D13506 in non-burst mode only. Thisis ensured by
using any one of the CS3 to CS6 lines to control the S1D13506 and setting that line to
respond to 10 operations using the NEC V832 BCTC register. For example, if lineCS5is
used then bit 5 (CT5) of the BCTC register should be set to 1 (10 cycle).

The NEC V832 data bus should be programmed to use 16 bits as the maximum width for
S1D 13506 bus transactions. This does not affect the width of other NEC V832 data bus
transactions. Databuswidth isset inthe NEC V832 DBC register. For example, if line CS4
is used then bit 4 (BW4) of the DBC register should be set to 1 (16-bit bus width).

Depending on bus clock frequencies, a different number of wait states may be required.
These need to be programmed into the NEC V832 PWCO0 and PWCL registersin the bit
field corresponding to the CSn line chosen for the S1D13506. For example, if CS3 is used
and onewait state is required, then bits 14-12 of the NEC V832 PWCO register (WS3) must
be set to 001b (one wait state). If CS6 is used and no wait state is needed, then bits 11-8 of
the NEC V832 PWCL1 register (WS6) must be set to 0000b (zero wait state).

Thetable bel ow showsthe recommended wait states depending on the bus clock frequency.

Table 4-2: NEC v832 Wait States vs. Bus Clock Frequency

Wait States | Maximum Frequency (SDCLKOUT)

0 10.8MHz
1 32.6MHz
2 No limit

No idle state needs to be added. The NEC V832 PICO and PIC1 register bit field
corresponding to the CSn line chosen for the S1D13506 must be set to zero. For example,
if CS3isused then bits 14-12 of the NEC V832 PICO register (1S3) must be set to 000b (no
idle state).

S1D13506
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4.4 Memory Mapping and Aliasing

The CSn line selected determines the address range to be reserved for the S1D13506. The
table below summarizes the S1D13506 address mapping.

Table 4-3: NEC V832 10 Address Range For Each CSh Line

CSn Line NEC V832 10 Address S1D13506 Function

0300 0000h 0300 0000h Registers

Cs3 to
03FF FFEFh 0320 0000h Display buffer (2M bytes)
0400 0000h 0400 0000h Registers

Cs4 to
04FF EEFFh 0420 0000h Display buffer (2M bytes)
0500 0000h 0500 0000h Registers

CS5 to
O05FF EFEFh 0520 0000h Display buffer (2M bytes)
0600 0000h 0600 0000h Registers

CS6 to
06FF FFEFh 0620 0000h Display buffer (2M bytes)

Each address range is 16M bytes, therefore, the S1ID13506 is aliased four times over the
address range.

Interfacing to the NEC V832™ Microprocessor S1D13506
Issue Date: 01/02/08 X25B-G-012-03



Page 16 Epson Research and Development

Vancouver Design Center

5 Software

Test utilities and Windows® CE display drivers are available for the S1D13506. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called
13506CFG, or by directly modifying the source. The Windows CE display drivers can be

customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13506 test utilities and Windows CE display drivers are available from your sales
support contact or www.eea.epson.com.
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7 Technical Support

7.1 Epson LCD/CRT Controllers (S1D13506)

Japan

Seiko Epson Corporation

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

Tokyo 191-8501, Japan

Tel: 042-587-5812

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

Hong Kong

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

Fax: 2827-4346

North America

Epson Electronics America, Inc.
150 River Oaks Parkway

San Jose, CA 95134, USA

Tel: (408) 922-0200

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

Europe

Epson Europe Electronics GmbH
Riesstrasse 15

80992 Munich, Germany

Tel: 089-14005-0

Fax: 089-14005-110

7.2 NEC Electronics Inc. (V832).

NEC Electronics Inc. (U.S.A.)
Corporate Headquarters

2880 Scott Blvd.

Santa Clara, CA 95050-8062, USA
Tel: (800) 366-9782

Fax: (800) 729-9288
http://www.necel.com

Taiwan, R.O.C.

Epson Taiwan Technology

& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan, R.O.C.
Tel: 02-2717-7360

Fax: 02-2712-9164

Singapore

Epson Singapore Pte., Ltd.
No. 1

Temasek Avenue #36-00
Millenia Tower

Singapore, 039192

Tel: 337-7911

Fax: 334-2716

S1D13506
X25B-G-012-03

Interfacing to the NEC V832™ Microprocessor
Issue Date: 01/02/08



SAVING
EPSON

S1D13506 Color LCD/CRT/TV Controller

Interfacing to the StrongARM SA-1110
Processor

Document Number: X25B-G-013-03

Copyright © 1999, 2001 Epson Research and Development, Inc. All Rights Reserved.

Information in this document is subject to change without notice.You may download and use this document, but only for your own use in
evaluating Seiko Epson/EPSON products. You may not modify the document. Epson Research and Development, Inc. disclaims any

representation that the contents of this document are accurate or current. The Programs/Technologies described in this document may contain
material protected under U.S. and/or International Patent laws.

EPSON is a registered trademark of Seiko Epson Corporation. All other trademarks are the property of their respective owners.




Page 2 Epson Research and Development
Vancouver Design Center

THIS PAGE LEFT BLANK

S1D13506 Interfacing to the StrongARM SA-1110 Processor
X25B-G-013-03 Issue Date: 01/02/08



Epson Research and Development Page 3
Vancouver Design Center

Table of Contents

1 Introduction . . . . . . . L e e 7
2 Interfacing to the StrongARM SA-1110Bus . . . . . . . . . . . . ... 8
21 TheStrongARM SA-1110SystemBus . . . . . . . . . . . . . . . .. .. ..8
211 StrongARM SA-11100VEIVIEW . . . . . o o o e e 8

2.1.2 Variable-Latency IOACCESSOVEIVIEW . . . . . . . . v i i et e e e e e e e 8

213 Variable-Latency IOAccessCycles . . . . . . . . . . . 9

3 S1D13506 Host Bus Interface . . . . . . . . . . . ... 11
3.1 HostBusinterfacePinMapping . . . . . . . . . . . .. ... .......1
3.2 Host BusInterface Signal Descriptions . . . . . . . . . . . . . . .. ... .12

4 StrongARM SA-1110to S1D13506 Interface . . . . . . . . . ... .. ... .... 13
41 Hardware Description . . . . . . . . . . . . . . . . . . . ... . ... .13
4.2 S1D13506 Hardware Configuration . . . . . . . . . . . . . . . . . .. ...14
4.3 Peformance . . . . O
4.4Reglster/MemoryMapplng..... e 1)
45 StrongARMSA1110Reg|sterConf|gurat|on. )
Software . . . . . L 17
References . . . . . . . . 18
6.1 Documents . . . . . . . . . . . . . . . . . .. ... .. ... 18
6.2 DocumentSources . . . . . . . . . . . . . . . . . ... .. ... 18
7 Technical Support . . . . . . . e 19
7.1 EPSON LCD/CRT Controllers(S1D13506) . . . . . . . . . . . . . . . .. .19
7.2 Intd StrongARM SA-1110 Micro-processor . . . . . . . . . . . o oL .19

Interfacing to the StrongARM SA-1110 Processor S1D13506

Issue Date: 01/02/08 X25B-G-013-03



Page 4 Epson Research and Development
Vancouver Design Center

THIS PAGE LEFT BLANK

S1D13506 Interfacing to the StrongARM SA-1110 Processor
X25B-G-013-03 Issue Date: 01/02/08



Epson Research and Development Page 5
Vancouver Design Center

List of Tables

Table3-1: Host Businterface PinMapping. . . . . . . . . . . . .. .. .. ... ... 11
Table4-1: Summary of Power-On/Reset Options. . . . . . . . . . . . . i i i .. 14
Table4-2: Register/Memory Mapping for Typical Implementation . . . . .. ... ........ 15
Table4-3: RDFx Parameter Valueversus CPU Maximum Frequency . . . . . . . . . . .. . ... 16

List of Figures

Figure2-1: SA-1110 Variable-Latency IOReadCycle. . . . . . . .. .. . ... ... ... .... 9

Figure2-2: SA-1110 Variable-Latency IOWriteCycle . . . . . . .. ... ... ... ... .... 10

Figure4-1: Typical Implementation of SA-1110to S1D13506 Interface . . . . . ... .. ... .. 13
Interfacing to the StrongARM SA-1110 Processor S1D13506

Issue Date: 01/02/08 X25B-G-013-03



Page 6 Epson Research and Development
Vancouver Design Center

THIS PAGE LEFT BLANK

S1D13506 Interfacing to the StrongARM SA-1110 Processor
X25B-G-013-03 Issue Date: 01/02/08



Epson Research and Development Page 7
Vancouver Design Center

1 Introduction

This application note describesthe hardware and software environment required to provide
an interface between the S1D13506 Color LCD/CRT/TV Controller and the Intel
StrongARM SA-1110.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note is updated as appropriate. Please
check the Epson Electronics Americawebsite at http://www.eea.epson.com for the latest
revision of this document before beginning any devel opment.

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

Interfacing to the StrongARM SA-1110 Processor S1D13506
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2 Interfacing to the StrongARM SA-1110 Bus

2.1 The StrongARM SA-1110 System Bus

The StrongARM SA-1110 microprocessor is a highly integrated communications micro-
controller that incorporates a 32-bit StrongARM RISC processor core. The SA-1110is
ideally suited to interface to the S1D13506 L CD controller and provides a high perfor-
mance, power efficient solution for embedded systems.

2.1.1 StrongARM SA-1110 Overview

The SA-1110 system bus can access both variable-latency 10 and memory devices. The
SA-1110 uses a 26-bit address bus and a 32-bit data bus which can be used to access 16-bit
devices. A chip select module with six chip select signals (each accessing 64M bytes of
memory) allows selection of externa devices. Only chip selects 3 through 5 (nCS[5:3])
may be used to select variable-latency devices which use RDY to extend access cycles.
These chip selects are individually programmed in the SA-1110 memory configuration
registers and can be configured for either a 16 or 32-bit data bus.

Byte steering isimplemented using the four signals nCAS[3:0]. Each signal selects a byte
on the 32-bit data bus. For example, NCA SO selects bits D[7:0] and nCAS3 selects bits
D[31:24]. For a 16-bit data bus, only nCAS[1:0] are used with nCA SO selecting the low
byte and nCASL1 selecting the high byte. The SA-1110 can be configured to support little
or big endian mode.

2.1.2 Variable-Latency 10 Access Overview

A datatransfer isinitiated when amemory address is placed on the SA-1110 system bus
and achip select signal (nCS[5:3]) isdriven low. If all byte enable signals (nCAS[3:0]) are
drivenlow, thena32-hit transfer takes place. If only nCAS[1:0] are driven low, then aword
transfer takes place over a 16-bit bus interface. If only one byte enable is driven low, then
abyte transfer takes place on the respective datalines.

During aread cycle, the output enable signal (nOE) isdriven low. A writecycleis specified
by driving nOE high and driving the write enable signal (NWE) low. The cycle can be
lengthened by driving RDY high for the time needed to complete the cycle.

S1D13506 Interfacing to the StrongARM SA-1110 Processor
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2.1.3 Variable-Latency 10 Access Cycles

Thefirst nOE assertion occurs two memory cycles after the assertion of chip select (nCS3,
nC$4, or nCS5). Two memory cycles prior to the end of minimum nOE or nWE assertion
(RDF+1 memory cycles), the SA-1110 starts sampling the data ready input (RDY)).
Samples are taken every half memory cycle until three consecutive samples (at therising
edge, falling edge, and following rising edge of the memory clock) indicate that the 10
deviceisready for datatransfer. Read dataislatched one-half memory cycle after the third
successful sample (onfalling edge). Then nOE or N\WE is deasserted on the next rising edge
and the address may change on the subsequent falling edge. Prior to a subsequent data
cycle, nNOE or nWE will remain deasserted for RDN+1 memory cycles. The chip select and
byte selects (NCAS/DQM[1:0] for 16-bit data transfers), remain asserted for one memory
cycle after the final NOE or nWE deassertion of the burst.

The SA-1110 is capable of burst cycles during which the chip select remains low while the
read or write command is asserted, precharged and reasserted repeatedly.

Figure 2-1: illustrates atypical variable-latency 1O access read cycle on the SA-1110 bus.

A[25:0]
ADDRESS VALID

nCs4

nOE

nWE

RDY

D[31:0] C> AV
DATA VALID

NCAS[3:0]

Figure 2-1: SA-1110 Variable-Latency 1O Read Cycle

Interfacing to the StrongARM SA-1110 Processor S1D13506
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Figure 2-2: illustrates a typical variable-latency 10 access write cycle on the SA-1110 bus.

A[25:0]
ADDRESS VALID

nCS4

nWE

nOE

RDY

D[31:0] DATA VALID )

NCAS[3:0]

Figure 2-2: SA-1110 Variable-Latency |O Write Cycle

Interfacing to the StrongARM SA-1110 Processor
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3 S1D13506 Host Bus Interface

3.1 Host Bus Interface Pin Mapping

The S1D13506 directly supports multiple processors. The S1D13506 implements a 16-bit
PC Card (PCMCIA) Host Bus Interface which is most suitable for direct connection to the

SA-1110.

The PC Card Host Bus Interface is selected by the S1D13506 on the rising edge of
RESET#. After releasing reset the businterface signal sassumetheir selected configuration.
For details on S1D13506 configuration, see Section 4.2, “S1D13506 Hardware Configu-
ration” on page 14.

Note

At reset, the Register/Memory Select bit in the Miscellaneous Register (REG[001h] bit
7) isset to 1. This meansthat only REG[000h] (read-only) and REG[001h] are
accessible until awrite to REG[001h] setsbit 7 to 0 making all registers accessible.
When debugging a new hardware design, this can sometimes give the appearance that
the interface is not working, so it isimportant to remember to clear this bit before

proceeding with debugging.

The following table shows the functions of each Host Bus Interface signal.

Table 3-1: Host Bus Interface Pin Mapping

S1D13506 Pin Name SA-1110
AB[20:1]* A[20:1]*
DB[15:0] D[15:0]

WE1# nCAS1
M/R# A21
CS# nCS4
BUSCLK SDCLK2
BS# Voo
RD/WR# nCASO
RD# nOE
WEO# nWE
WAIT# RDY
RESET# system RESET

Note

1 The bus signal A0 is not used by the S1D13506 internally.

Interfacing to the StrongARM SA-1110 Processor
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3.2 Host Bus Interface Signal Descriptions

The S1D13506 PC Card Host Bus Interface requires the following signals.

BUSCLK isaclock input which isrequired by the S1D13506 Host Bus Interface. It is
driven by one of the SA-1110 signals SDCLK1 or SDCLK 2 (the example implementa-
tion in this document uses SDCLK 2). For further information, see Section 4.3, “Perfor-
mance” on page 14.

The address inputs AB[20:1], and the data bus DB[15:0], connect directly to the
SA-1110 address (A[20:1]) and data bus (D[15:0]), respectively. MD4 must be set to
select little endian mode upon reset.

M/R# (memory/register) selects between memory or register access. It may be
connected to an address line, alowing system address A21 to be connected to the M/R#
line.

Chip Select (CS#) must be driven low by nCSx (where x is the SA-1110 chip select
used) whenever the S1D13506 is accessed by the SA-1110.

WE1# and RD/WR# connect to nCA S1 and nCASO (the byte enables for the high-order
and low-order bytes). They are driven low when the SA-1110 is accessing the
S1D13506.

RD# connects to nOE (the read enable signal from the SA-1110).
WEO# connectsto nWE (the write enable signal from the SA-1110).

WAIT#isasignal output from the S1D13506 that indicates the SA-1110 must wait until
dataisready (read cycle) or accepted (write cycle) on the host bus. Since SA-1110
accesses to the S1D13506 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the S1D13506 internal registers and/or display
buffer. The WAIT# line resolves these contentions by forcing the host to wait until the
resource arbitration is complete. For the SA-1110, this signal should be set active low
using the MD5 configuration input.

The Bus Start (BS#) signal is not used for this Host Bus Interface and should be tied
high (connected to Vpp).

The RESET# (active low) input of the S1D13506 may be connected to the system
RESET.

S1D13506
X25B-G-013-03
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4 StrongARM SA-1110 to S1D13506 Interface

4.1 Hardware Description

The S1D13506 is designed to directly support avariety of CPUs, providing an interfaceto
each processor’s unigque “local bus’. Using the S1D13506’'s PC Card Host Bus Interface
provides a“glueless’ interface to the SA-1110.

In this implementation, the address inputs (AB[20:1]) and data bus (DB[15:0]) connect
directly to the CPU address (A[20:1]) and databus (D[15:0]). M/R# istreated as an address
line so that it can be controlled using system address A21.

BS# (Bus Start) is not used and should be tied high (connected to V pp).

The following diagram shows a typical implementation of the SA-1110 to S1D13506
interface.

SA-1110 S1D13506
VDDX +3.3V +3.3V —>» VDD
nOE » RD#
nWE » WEO#
nCASO > RD/WR#
nCAS1 > WE1#
System RESET ———» RESET#
+3.3V—» BS#
nCs4 » CSt#
A21 » M/R#
A[20:1] » AB[20:1]
D[15:0] [« » DB[15:0]
RDY [¢ WAIT#
SDCLK2 » BUSCLK
Oscillator » CLKI
Note:
When connecting the S1D13506 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13506 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of SA-1110 to S1D13506 Interface

Interfacing to the StrongARM SA-1110 Processor S1D13506
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4.2 S1D13506 Hardware Configuration

The S1D13506 latches MD15 through M DO to allow selection of the bus mode and other
configuration data on the rising edge of RESET#. For details on configuration, refer to the
S1D13506 Hardware Functional Specification, document number X 25B-A-001-xx.

Thetable below showsonly those configuration settingsimportant to the PC Card Host Bus
Interface.

Table 4-1: Summary of Power-On/Reset Options

S1D13506 value on this pin at rising edge of RESET# is used to configure:(1/0)

Pin Name 1 | 0
MD[3:1] 111 = PC Card Host Bus Interface selected
MD4 Little Endian Big Endian
MD5 WAIT# is active high (1 = insert wait state) WAIT# is active low (0 = insert wait state)
MD11 Alternate Host Bus Interface Selected Primary Host Bus Interface Selected
MD12 BUSCLK input divided by two BUSCLK input not divided by two
MD15 WAIT# is always driven :/r\ll,:\lr;l'cftsés tristated when the chip is not accessed by

|:| = configuration for PC Card Host Bus Interface

4.3 Performance

The S1D13506 PC Card Interface specification supports a BUSCLK up to 50MHz, and
therefore provides a high performance display solution.

The BUSCLK signal input to the S1D13506 (from one of the SDCLK][2:1] pins) isa
derivative of the SA-1110 internal processor speed. Since the PC Card Host Bus Interface
on the S1D 13506 hasamaximum BUSCLK of 50MHz, the output clock from the SA-1110
must be a divided down from the processor clock. The DRAM Refresh Control Register
(MDREFR) determines the output of this signal.

e If SDCLK2 isused, bit 26 should be set to 1 to divide the CPU clock by 4.
e |f SDCLK1 isused, bit 22 should be set to 1 to divide the CPU clock by 4.

S1D13506

X25B-G-013-03
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4.4 Register/Memory Mapping

The S1D13506 is a memory mapped device. The SA-1110 will use the memory assigned
to achip select (nCS4 in this example) to map the S1D 13506 internal registers and display
buffer. The internal registers require 2M bytes of memory and are mapped to the lower
memory address space starting at zero. The display buffer also requires 2M bytes and is
mapped in the third and fourth megabytes (ranging from 200000h to 3FFFFFh).

This implementation decodes as shown in the following table.

Table 4-2: Register/Memory Mapping for Typical Implementation

M/R# (A21) Address Range Function
0 - 1F FFFFh Internal Registers
20 0000h - 3F FFFFh Display Buffer

Each chip select on the SA-1110 provides 64M bytes of address space. Without further
resolution of the decoding logic (M/R# connected to A21), the entire register set and
display buffer are aliased for every 4M byte boundary within the specified address range of
the chip select. Since addressbits A[25:22] areignored, the S1D13506 registersand display
buffer are aliased 16 times.

Note
If aliasing is not desirable, the upper addresses must be fully decoded.

Interfacing to the StrongARM SA-1110 Processor S1D13506
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4.5 StrongARM SA-1110 Register Configuration

The SA-1110 requires configuration of several of itsinternal registersto interface to the
S1D 13506 PC Card Host Bus Interface.

* The Static Memory Control Registers (MSC[2:0]) are read/write registers containing
control bits for configuring static memory or variable-latency 10 devices. These regis-
ters correspond to chip select pairsnCY[5:4], nCY[3:2], and nCS[ 1:0] respectively. Each
of the three registers contains two identical CNFG fields, one for each chip select within
the pair. Since only nCS[5:3] controls variable-latency 10 devices, MSC2 and MSC1
should be programmed based on the chip select used.

Parameter RTx<1:0> should be set to 01b (selects variable-latency 1O mode).
Parameter RBWx should be set to 1 (selects 16-bit bus width).

Parameter RDFx<4:0> should be set according to the maximum desired CPU
frequency asindicated in the table below.

Table 4-3: RDFx Parameter Value versus CPU Maximum Frequency

CPU Frequency RDFx
147.5MHz 2
206.4MHz 3

Up to SA-1110 maximum 4

Parameter RDNx<4:0> should be set to 0 (minimum command precharge time).
Parameter RRRx<2:0> should be set to O (minimum nCSx precharge time).

» The S1D13506 endian modeis set to little endian. To program the SA-1110 for little
endian as well use the control register (register 1).

e Bit 7 must be set to 0.

» The BUSCLK signal input to the S1D13506 (from one of the SDCLK][2:1] pins) isa
derivative of the SA-1110 internal processor speed. Since the PC Card Host Bus Inter-
face on the S1D13506 has a maximum BUSCLK of 50MHz, the output clock from the
SA-1110 must be a divided down from the processor clock. The DRAM Refresh
Control Register (MDREFR) determines the output of this signal.

» If SDCLK2 is used, bit 26 should be set to 1 to divide the CPU clock by 4.
» |f SDCLK1 isused, bit 22 should be set to 1 to divide the CPU clock by 4.

S1D13506 Interfacing to the StrongARM SA-1110 Processor
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5 Software

Test utilities and Windows® CE display drivers are available for the S1D13506. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called
13506CFG, or by directly modifying the source. The Windows CE display drivers can be
customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13506 test utilities and Windows CE display drivers are available from your sales
support contact or on the internet at http://www.eea.epson.com.

Interfacing to the StrongARM SA-1110 Processor S1D13506
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7 Technical Support

7.1 EPSON LCD/CRT Controllers (S1D13506)

Japan
Seiko Epson Corporation

Electronic Devices Marketing Division

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

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

Hong Kong

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

Fax: 2827-4346

North America

Epson Electronics America, Inc.
150 River Oaks Parkway

San Jose, CA 95134, USA

Tel: (408) 922-0200

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

Europe

Epson Europe Electronics GmbH
Riesstrasse 15

80992 Munich, Germany

Tel: 089-14005-0

Fax: 089-14005-110

7.2 Intel StrongARM SA-1110 Micro-processor

INTEL

Intel Customer Support (ICS) for StrongARM: (800) 628-8686

Website for StrongARM Processor http://developer.intel.com/design/strong/

Taiwan, R.O.C.

Epson Taiwan Technology

& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan, R.O.C.
Tel: 02-2717-7360

Fax: 02-2712-9164

Singapore

Epson Singapore Pte., Ltd.
No. 1

Temasek Avenue #36-00
Millenia Tower

Singapore, 039192

Tel: 337-7911

Fax: 334-2716
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