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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 characteristics,
register descriptions, and power management descriptions. This document is intended for
two audiences: Video Subsystem Designers and Software Developers.

This specification will be updated as appropriate. Please check the Epson Research and
Development Website at http://www.erd.epson.com for the latest revision of thisdocument
before beginning any development.

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

1.2 Overview Description

The S1D13506 is a color LCD/CRT/TV graphics controller interfacing to awide 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 Independent Simultaneous Display (EISD) capability allows the user to configure
two different images on two different displays, whilethe Sviwe 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
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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-bit interface to 32-bit microprocessor).

Hitachi SH-4 bus interface.

Hitachi SH-3 bus interface.

MIPS/ISA.

M otorola M C68000 (16-bit interface to 16/32-bit microprocessor/microcontroller).
Motorola MC68030 (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 M1PS 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 sel ects between display buffer and
register address space.

S1D13506
X25B-A-001-12
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2.3 Display Support

* 4/8-bit monochrome or 4/8/16-hit 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 hit-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.

» Upto 32K/64K colorsin 15/16 bpp modes on color passive LCD panels using dithering.
» Upto 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.

Hardware Functional Specification S1D13506
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2.6 Clock Source

2.7 Acceleration

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

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

Bus clock can be BUSCLK or (BUSCLK)/2, i.e. a 2x clock may be used.

2D Engine including the following 2 ROP BitBL Ts:
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 Input/Output pins, GPIO[3:1], are available if upper Memory
Address pins are not required for asymmetric DRAM support.

Power save mode is initiated by software.
Operating voltage from 2.7 volts to 5.5 volts.
128-pin QFP15 surface mount package.

S1D13506
X25B-A-001-12
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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 page 32.

‘ Oscillator

‘ Oscillator
Generic
BUS 4
VDD o
< <
e 3 3
A0 FPDAT[7:4] L[3:0] 4-bit
AR721] O—> MIR# FPSHIFT FPSHIFT  Single
Csn# LCD
n cs# )
FPFRAME FPFRAVE  Dicolay
A20:1] AB[20:1] FPLINE FPLINE 5
D[15:0] |«¢ DBI[15:0] DRDY DROY (MOD) 5
weo# weok S1D13506 i
WEL# WE1# GPIOX
RDO# RD#
RED,GREEN BLUE
o FoMRY CRT/TV
WAIT# |« WAIT# HRTC Displa
- VRTC play
5 9
BCLK BUSCLK S0 L x5 B
Tou<g33d IREF
RESET# RESET# $szcx9 3 IREF
2
v v Y v
S S # I+ H* *
45 22¢g%
< 8 e 58
1Mx16
FPM/EDO-DRAM

Figure 3-1: Typical System Diagram (Generic Bus)
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‘ Oscillator ‘ Oscillator
SH-4
BUS VDD v
B < 2
(8] o .
Al21] P MIR# FPDAT(7:4] P D[3:0] 4-bit
csn# »| cs# FPSHIFT FPSHIFT Single
A[20:1] AB[20:1] I_‘CD
D{5:0] ¢ »l DB(I50) FPFRAME FPFRAME  Display!
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RD/WR# »{ RDWR# GPIOX
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s =3x8 3 IREF
A
YV VVVY
T * O
2282381
< O =4 D
256Kx16
FPM/EDO-DRAM
Figure 3-2: Typical System Diagram (Hitachi SH-4 Bus)
‘ Oscillator ‘ Oscillator
SH-3
BUS VDD v
4| o -
A0 4 4
o O -bi
Al21] MIR# FPDAT(7:0] » D[7:0) {_ablt
csnit cs# FPSHIFT » rrsHiFT  Single
A[20:1] AB[20:1] R I_‘CD
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WEL > wes DRDY » DRDY (MOD) §
BS# Bs# S1D13506 f
RD/WR# » RD/WR# GPIOX
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s 238 > IREF
A
4 4
—_ O L S 3
222824
< 0 - 2
256Kx16
FPM/EDO-DRAM
Figure 3-3: Typical System Diagram (Hitachi SH-3 Bus)
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‘ Oscillator ‘OSCi”amf ‘
MC68000
BUS VDD
r: RD# o S
WEO# é 3 FPDAT[7:4] UD[3:0]
Al23:21] N FPDAT[3:0] LD[3:0] 8-bit
FCO, FC1 V‘DQCOdefo—V MIRs EPSHIET epsuiEr  Dual
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B VRTC Display
CLK g 2 3
RESET# (o) 2 % &2 22
RESET# 98234 IREF \REE
2
Yvwy Yy v
R N
256Kx16
FPM/EDO-DRAM
Figure 3-4: Typical System Diagram (MC68K Bus 1, Motorola 16-Bit 68000)
‘ Oscillator ‘Oscillator ‘
MC68030
BUS v
A[31:21] < <
FCO, FC1 >||Decoder O———p MIR# a 3
FPDAT[8:0] D[8:0]
04> cs# FPSHIFT FPsHIFT  9-bit
A[20:0] AB[20:0] TFT
D[31:16] |« » DB[15:0] FPFRAME FPFRAME  Display
FPLINE » FPLINE =
B
DS# » weLs DRDY DRDY (MOD) 3
AS# BS#
RIW# P RD/WR# SlD13506 GPIOx ?
Siz1 RD#
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DSACK1# WAIT# HRTC CRT/TV
B VRTC R Display
CLK = o «
RESET# o oee s % 82 22
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Yvwy Yy v
525885
282833
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Figure 3-5: Typical System Diagram (MC68K Bus 2, Motorola 32-Bit 68030)
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‘ Oscillator ‘Oscillator ‘
PowerPC
BUS
. o -
AlD:10] >||Decoder0—b M/R# é é
FPDAT[15:0] » D[15:0] 16-bit
4’ cs# FPSHIFT FpsHIFT  Single
Al11:31] AB[20:0] LCD
D[0:15] |«¢ P DB[15:0] FPFRAME FPFRAME  Display
FPLINE P FPLINE _
Blx |€ WE1# DRDY DRDY (MOD) é
Ts# BS#
RD/WR# » RD/WR# SlD13506 GPIOX T
TSIZO RD#
TSIZ1 » WEO# RED,GREEN,BLUE
TA# WAIT# HRTC CRT/TV
B VRTC Display
CLkout BUSCLK S8 x5 b
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S o ¥
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FPM/EDO-DRAM
Figure 3-6: Typical System Diagram (Motorola Power PC Bus)
‘ Oscillator ‘ Oscillator
MIPS
BUS
] —
FPDAT[7:0] » D[7:0] ot
CSn# Ccs# FPSHIFT »| FPSHIFT Single
A[20:0] AB[20:0] LCD
D[15:0] |« p DB[15:0] FPFRAME » FPFRAME Display
FPLINE P FPLINE _
DRDY » DRDY (MOD) %
a
MEMW# WEO# SlD13506 T
SBHE# WE1# GPIOX
MEMR# RD#
ybD RED,GREEN,BLUE
—l_: RD/WR#
BS# HRTC CRT/TV
RDY |4 WAIT# VRTC » Display
g 9
BCLK BUSCLK g ERS § §
RESET 4[>0—> RESET# £ 2583894 IREF IREF
VVVVYVYY
s~ =59%
1Mx16
FPM/EDO-DRAM
Figure 3-7: Typical System Diagram (NECVR41xx MIPS Bus)
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‘ Oscillator ‘ Oscillator
PC Card
BUS VDD A
N
- A0 < <
3 3 FPDAT[15:8] UD[7:0]
R FPDAT[7:0] LD[7:0] 16-bit
Al25:21] Decoder|C P MIRY FPSHIFT FPSHFT  Dual
— o
D
| Decode cs# FPFRAME FPFRAME  Display
A[20:1] AB[20:1] FPLINE FPLINE _
D[15:0] |4 » DB[15:0] DRDY DRDY (MOD) 3
a
WE# WEO# SlD13506 T
CE2# WE1# GPIOX
OE# RD#
CE1# RD/WR# RED,GREEN,BLUE
WAIT# WAIT# HRTC CRT/TV
Display
VRTC
RESET {>C P RESET# 5 .
o8 .38 2
BUSCLK T o043 S IREF
Oscillator s 32323 5 IREF
v v Y v
S T # 3 H* O3
J5 49222
25 zg
s~ =59
1Mx16
FPM/EDO-DRAM
Figure 3-8: Typical System Diagram (PC Card Bus)
‘ Oscillator ‘ Oscillator
PR31500
v
/PR31700 ~ _
BUS M/R# 4 X 3 y
R 3 3 FPDAT(7:4] UD[3:0] _
ok FPDAT[3:0] LD[3:0] 8-bit
! AB[16:13] FPSHIFT rrsHiFT  Dual
Al12:0] AB[12:0]
D[23:16] b DB[158] LCD
D[31:24] |4 DB[7:0] FPFRAME FPFRAME Display
ALE P AB20 FPLINE FPLINE 5
ICARDREG »| AB19 DRDY DRDY (MOD) §
JCARDIORD » AB1S S1D13506
JCARDIOWR »| AB17 T
JCARDXCSH P weLs GPIox
/CARDXCSL P RDWR# RED.GREEN.BLUE
IRD RD#
> HRTC CRT/TV
IWE > wEo# Display
/CARDXWAIT [« WAIT# _ VRTC
=) o
DCLKOUT »| BuscLk 38 .85 %
RESET# P RESET# £ 9¢% § S IREF IREF
y
v v Yy v
T T % ¥ BB
S U222
4832 <
T~ =98
1Mx16
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Figure 3-9: Typical System Diagram (Philips MIPS PR31500/PR31700 Bus)
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‘ Oscillator ‘ Oscillator
TX3912
BUS ~
MIR# 4 <
Cs# © o
BS#H FPDAT[11:0] P D[11:0]
! AB[16:13] FPSHIFT FpsHIFT  12-bit
Al12:0] AB[12:0] TET
D[23:16] »| DB[15:8]
D[31:24] | DB[7:0] FPFRAME FPFRAME Di3p|ay
ALE »{ AB20 FPLINE » FPLINE .
* [
CARDREG » AB19 DRDY DRDY (MOD) 3
CARDIORD* » AB18 S1D13506 <
CARDIOWR* »| AB17 T
GPIOX
CARDXCSH* P weis
CARDXCSL* »| RD/WR# RED,GREEN,BLUE >
RD* P RD#
WE* »| weo# HRTC ggggy
CARDXWAIT* WAIT# - = VRTC >
DCLKOUT »| BUSCLK S R §
" q 2 5 <
PON RESET# £ 228388 IREF IREF
rvvyw v
o o 1+ H HH
[a) a5
1Mx16
FPM/EDO-DRAM
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--m-----"--"—-"--|-"""-"-—-"-="-="-="-="-="-"="=-="-"=-"-"=-"=-=- = A
| |
I I
Camera<—|-> wgd iaPlug I
| Memory |
I Controller I
I I
I I
| |
<> Host LCD |
CPU - LCD LCD .
|| WF Pipeline LUT I/F > LCD
| « R |
| |
| |
I I
I < > <> I
- 2D |
I I
| »| CRT/TV L] CRT/TV | cRT
ipeli LUT —>
| | Register Pipeline DAC [ 1” 1TV
| v |
| Encoder |
I I
| |
| |
I Power Save I
I I
L e e o e e e e e D — — —— — — — -
Figure 4-1: S1D13506 Block Diagram
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|96 ‘95 |94 ‘93 |92 ‘91|90 ‘89 |88 |87 ‘86 |85 ‘84 |83 ‘82 ‘81 |80 ‘79 ‘78 ‘77 |76 ‘75 |74 ‘73 |72 |7l ‘70|69 ‘68|67 ‘66|65

MA2
MA4
MA3
VSS
CLKI
TESTEN
CLKI2
VDD

FPFRAME

FPLINE
NC
DRDY
FPSHIFT
VSS
FPDATO
FPDAT1
FPDAT2
FPDAT3
FPDAT4
FPDAT5
FPDAT6
FPDAT7
VSS
FPDAT8
FPDAT9
FPDAT10
FPDAT11
FPDAT12
FPDAT13
FPDAT14
FPDAT15
VSS

VDD

S1D13506

DACVDD
DACVSS
HRTC

5.1 Pinout Diagram

5 Pins
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106

107

VSS
DBO
DB1
DB2
DB3
DB4
DB5
DB6
DB7
DB8
DB9
DB10
DB11
DB12
DB13
DB14
DB15

WAIT#

VSS

BUSCLK

VDD

RESET#
RD/WR#
WEL1#

WEO#

RD#
BS#
M/R#
Cs#
ABO
AB1
AB2
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5.2 Pin Description

Key:

TSx
TSu
TSxD

CNXx
CNxU
CNxD

Input

Output

Bi-Directional (Input/Output)

Analog

Power pin

CMOS level input

CMOS level input with pull down resistor (typical values of 50€/90KQ at 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)
CNXx 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 (A0).
« 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
Vpp-
SeeTable 5-7:, “CPU Interface Pin Mapping,” on page 32 for summary.
See the respective AC Timing diagram for detailed functionality.

AB[12:1]

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

119-128, . « For all other busses, these pins input the system address bits 12
1,2 C Hi-Z through 1 (A[12:1]).

See Table 5-7:, “CPU Interface Pin Mapping,” on page 32 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 32 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 32 for summary.
See the respective AC Timing diagram for detailed functionality.

AB18

113

Hi-Z

« For Philips PR31500/31700 Bus, this pin inputs the IO 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 32 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 32 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 bit 20 (A20).

See Table 5-7:, “CPU Interface Pin Mapping,” on page 32 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

CITS2

Hi-Z

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

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

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

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

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

« For Philips PR31500/31700 Bus, 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 32 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 32 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 32.

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 32. 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 32 for summary.
See the respective AC Timing diagram for detailed functionality.

BS#

(O]

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

See Table 5-7:, “CPU Interface Pin Mapping,” on page 32 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 32 for summary.
See the respective AC Timing diagram for detailed functionality.
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Table 5-1: Host Bus Interface Pin Descriptions (Continued)

RESET#
Pin N T Pin # Cell D ipti
in Name ype in e State escription

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 (O 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 (TSIZ0).

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

See Table 5-7:, “CPU Interface Pin Mapping,” on page 32 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 (S1Z0).

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

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

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

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

« For PowerPC Bus, this pin inputs the Transfer Size 1 signal (TSIZ1).
« For PC Card (PCMCIA) Bus, this pin inputs the write enable signal
(WE#).

See Table 5-7:, “CPU Interface Pin Mapping,” on page 32 for summary.
See the respective AC Timing diagram for detailed functionality.

WEOQO# | 8 CS 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
sighal (DTACK#); MD5 must be pulled high during reset by an
external pull-up resistor.

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

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

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

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

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

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

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

See Table 5-7:, “CPU Interface Pin Mapping,” on page 32 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.

AV hen 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# (@)

51

Co1

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

« For single-CAS DRAM, this is the column address strobe (CAS#).
See Table 5-8:, “Memory Interface Pin Mapping,” on page 33 for

summary. See Memory Interface Timing on page 62 for detailed
functionality.

UCAS# o

52

Cco1

This is a multi-purpose pin:
« For dual-CAS# DRAM, this is the column address strobe for the
upper byte (UCAS#).
« For single-CAS# DRAM, this is the write enable signal for the
upper byte (UWE#).
See Table 5-8:, “Memory Interface Pin Mapping,” on page 33 for
summary. See Memory Interface Timing on page 62 for detailed
functionality.

WE# o

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 33 for
summary. See Memory Interface Timing on page 62 for detailed
functionality.

RAS# o

54

Cco1

Row address strobe - see Memory Interface Timing on page 62 for
detailed functionality.

MD[15:0] [o}

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 31. 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 62 for detailed functionality.
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Table 5-2: Memory Interface Pin Descriptions (Continued)
RESET#
Pin N T Pin # Cell D ipti
in Name ype in e State escription
58, 60, 62, Multiplexed memory address - see Memory Interface Timing on page
MA[8:0] © 64,66, 67, | CO1 0 62 foFr) detailed funcilionalit ! 900 pag
65, 63, 61 v
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 10 pin 3 (GPIO3).
Hi-ZP 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 33 for
summary. See Memory Interface Timing on page 62 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 (GPIO1).
MA10 10 59 C/TS1 or ) . - .
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 33 for
summary. See Memory Interface Timing on page 62 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 (GPIO2).
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 33 for
1 summary. See Memory Interface Timing on page 62 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 35 for details.
&V hen the MD configuration at RESET# is set such that MA9 is used as MA9.
bWhen 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 isused as GPIO1.
®When the MD configuration at RESET# is set such that MA11 isused as MA11.
fwhen the MD configuration at RESET# is set such that MA11 isused 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 34 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 35 for
details.

Panel data bus. Not all pins are used for some panels - see Table 5-9:,
02 “LCD Interface Pin Mapping,” on page 34 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 35 for
details.
Panel data bus. Not all pins are used for some panels - see Table 5-9:,
o° “LCD Interface Pin Mapping,” on page 34 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 35 for
details.

Panel data bus. Not all pins are used for some panels - see Table 5-9:,
“LCD Interface Pin Mapping,” on page 34 for details. Unused pins are

FPDAT[15:14] (0] 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 35 for
details.

FPFRAME (0] 73 CN3 0 Frame pulse
FPLINE (0] 74 CN3 0 Line pulse
FPSHIFT o] 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 34 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 35 for details.

&\hen the MD configuration at RESET# is set such that FPDAT9 is used as FPDATO.

BWhen the MD configuration at RESET# is set such that FPDAT9 isused asVMPRCTL.

®When the MD configuration at RESET# is set such that FPDAT[13:10] is used as FPDAT[13:10].
dWhen the MD configuration at RESET# is set such that FPDAT[13:10] isused as VMPD[3:0].
®When 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 is used as VMPEPWR.

Hardware Functional Specification S1D13506
Issue Date: 2008/12/16 X25B-A-001-12

Revision 12.2




Page 30

Epson Research and Development
Vancouver Design Center

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 (@) 107 CN3 0 Horizontal retrace signal for CRT
VRTC (0] 108 CN3 0 Vertical retrace signal for CRT
RED (@) 100 A n(c:)uc;:ggltn Analog output for CRT color Red / S-Video Luminance
GREEN (0] 103 A ngu(:?etgijt Analog output for CRT color Green / Composite Video Out
BLUE (0] 105 A ngu??etﬁltjt Analog output for CRT color Blue / S-Video Chrominance
IREE | 101 A B Curre.nt reference for DAC. This pin must be connected to Vgg if the
DAC is not needed.

5.2.5 Miscellaneous

Table 5-5: Miscellaneous Interface Pin Descriptions

. . RESET# o
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 _ Selectab!e input clock. Can be used for the internal pixel clock (PCLK)
and MediaPlug Clock.
TESTEN I 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 - Vsg
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 O
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 MC68K 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 35)
00 = symmetrical 256Kx16 DRAM. MA[8:0] = DRAM address. MA[11:9] can be used as GP102,1,3 pins.

MDI7:6] 01 = symmetrical 1Mx16 DRAM. MA[9:0] = DRAM address. MA[11:10] can be used as GPI02,1 pins.
10 = asymmetrical 256Kx16 DRAM. MA[9:0] = DRAM address. MA[11:10] can be used as GP102,1 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 35)

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 35)

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

MD15 WAIT# is always driven
host

Hardware Functional Specification S1D13506
Issue Date: 2008/12/16 X25B-A-001-12

Revision 12.2



Page 32

Epson Research and Development
Vancouver Design Center

5.4 Multiple Function Pin Mapping

Table 5-7: CPU Interface Pin Mapping

S1D13506 Hitachi Motorola | Motorola Motorola Philips Toshiba
Pin Generic P MIPS/ISA | MC68K MCe8K | o o pc | PC Card PR31500 %3912
Names Bus 1 Bus 2 /PR31700
AB20 A20 A20 LatchA20 A20 A20 All A20 ALE ALE
AB19 A19 A19 SA19 A19 Al19 A12 A19 /CARDREG | CARDREG*
AB18 A18 A18 SA18 A18 A18 A13 A18 /CARDIORD | CARDIORD*
AB17 Al17 Al7 SA17 Al17 Al17 Al4 A17 /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] Al12:1] SA[12:1] | A[12:1] Al12:1] | A[19:30] | A[12:1] Al12:1] A[12:1]
ABO Connectfd Connectled to SAO LDS# AO A31 Connectled 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 | CARDXCSH*
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 | DCLKOUT DCLKOUT
BS# Connected BS# Connectedto 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 CEl1# | /ICARDXCSL | CARDXCSL*
DD
RD# RDO# RD# MEMR# C°”’:f°te" ©l siz1 TSIZO OE# /RD RD*
DD
WEO# WEO# WEO# | MEMW# C°”’:f°ted ©1 sizo TSIZ1 WE# IWE WE*
DD
WAIT# | WAIT# /\?Vi\l(f# 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 V g5 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
:i\Dl\}:rioe(ss Sym 256Kx16 Asym 256Kx16 Sym 1Mx16 Asym 1Mx16
2-CAS# \ 2-WE# 2-CASH# | 2-WE# 2-CASH# \ 2-WE# 2-CASH# 2-WE#
MD[15:0] D[15:0]
MA[8:0] A[8:0]
MAQL GPI103? A9 A9
MA10T GPI01? A10
MA11T GPI102? All
UCASH# UCASH# UWE# UCAS# UWE# UCASH# UWE# UCASH# UWE#
LCAS# LCAS# CASH# LCAS# CAS# LCAS# CASH# LCAS# CAS#
WE# WE# LWE# WE# LWE# WE# LWE# WE# LWE#
RAS# RAS#
Note

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

DRDY Pin Mapping,” on page 35.
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 Monochlr;;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 0 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 |(drivenO D2 D2 D2 LD2 LD2 RO R1 R3
FPDAT3 |driven 0 D3 LD3 |drivenO D3 D3 D3 LD3 LD3 G2 G3 G5
FPDAT4 DO D4 uDO DO D4 D4 D8 uDO uDO Gl G2 G4
FPDAT5 D1 D5 uD1 D1 D5 D5 D9 uD1 uD1 GO G1 G3
FPDAT6 D2 D6 uD2 D2 D6 D6 D10 uD2 ubD2 B2 B3 B5
FPDATY7 D3 D7 uD3 D3 D7 D7 D11 uD3 uD3 B1 B2 B4
FPDAT8 |driven O|driven O | driven O | driven O | driven O | driven O D4 driven 0| LD4 BO B1 B3
FPDAT9 |driven O|driven O | driven O | driven O | driven O | driven O D5 driven 0| LD5 |drivenO RO R2
FPDAT10 |driven O |driven 0 |driven O | driven O | driven O | driven O D6 |driven0| LD6 |drivenO |driven O R1
FPDAT11 |driven O |driven O | driven O | driven O | driven O | driven O D7 driven 0| LD7 |drivenO GO G2
FPDAT12 |driven O |driven O | driven O | driven O |driven O driven 0| D12 |drivenO| UD4 |driven O |driven O Gl
FPDAT13 |driven O |driven 0 |driven O | driven O | driven O |driven O| D13 |driven 0| UD5 |drivenO|drivenO| GO
FPDAT14 |driven O |driven O | driven O | driven O |driven O |driven 0| D14 |drivenO| UD6 |driven O 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
is enabled. 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 73.
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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 GPIO2 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 o 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

1 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.

CRT/TV CRT Only CRT Only
(REG[05Bh] bit 3 = 0) (REGJ05Bh] bit 3 =1) (REG[05Bh] bit 3 =1)
DAC Voo =3.3V OR DACVpp =33V OR DAC Vpp = 2.7V t0 5.5V
1.5kQ
1.5kQ
9.2 mA 1uF
or 1% 1% 4.6 mA
4.6 mA 9.2 mA V+
IREF
R LM334
2N2222 IN2222 v
69.8Q 1kQ 1400 1KQ 29Q
0,
1% 1% 1% 1% 2900> 1% 1N457
1%
DACVss  DAC Vgs DACVgs DAC Vgg DAC Vgg DAC Vgg

R

G }To CRT/TV

B °

150Q 150Q 150Q
1% 1% 1%
DACVgs DACVggs 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
Vpp Supply Voltage Vgs-0.3t06.0 \Y,
DAC Vpp Supply Voltage Vgg-0.3t06.0 \Y,
VN Input Voltage Vgg-0.3t0Vpp +0.5 \Y,
VouTt Output Voltage Vgg-0.3t0 Vpp +0.5 \Y
Tsto Storage Temperature -65to 150 °C
TsoL Solder Temperature/Time 260 for 10 sec. max at lead °C
Table 6-2: Recommended Operating Conditions
Symbol Parameter Condition Min Typ Max Units
Vpp Supply Voltage Vgg=0V 2.7 3.0/3.3/5.0 (5.5 \Y
VN Input Voltage Vgs 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
Ibps Quiescent Current Quiescent Conditions 400 uA
liz Input Leakage Current -1 1 A
loz Output Leakage Current -1 1 A
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)
\m 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,
V14 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 UA
loz Output Leakage Current -1 1 UA

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)
ViH High Level Input Voltage CMOS level, Vpp = max (2.2 \Y
i Low Level Input Voltage CMOS level, Vpp = min 0.8 \%
. CMOS Schmitt,
Vri High Level Input Voltage Vpp = 3.3V 2.4
CMOS Schmitt,
V1. Low Level Input Voltage Vpp = 3.3V 0.6 \%
. CMOS Schmitt,
Vi Hysteresis Voltage Vpp = 3.3V 0.1 \%
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
Ibbs Quiescent Current Quiescent Conditions 260 UA
liz Input Leakage Current -1 1 UA
loz Output Leakage Current -1 1 UA
VDD = min
: loL = -1.8mA (Typel), i
VoH High Level Output Voltage -3.5mA (Type2) Vpp - 0.3 \Y
-5mA (Type3)
VDD = min
loL = 1.8mA (Typel),
VoL Low Level Output Voltage 3.5mA (Type2) 0.3 \Y
5mA (Type3)
ViH High Level Input Voltage CMOS level, Vpp = max (2.0 \Y
VL Low Level Input Voltage CMOS level, Vpp = min 0.8 \%
. CMOS Schmitt,
V14 High Level Input Voltage Vpp = 3.0V 2.3
CMOS Schmitt,
V1. Low Level Input Voltage Vpp = 3.0V 0.5 \%
. CMOS Schmitt,
Vi Hysteresis Voltage Vpp = 3.0V 0.1 \Y
Rpp Pull Down Resistance V,=Vpp 100 200 400 kQ
C Input Pin Capacitance 12 pF
Co Output Pin Capacitance 12 pF
Co Bi-Directional Pin Capacitance 12 pF
Hardware Functional Specification S1D13506

Issue Date: 2008/12/16

Revision 12.2

X25B-A-001-12



Page 40 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
T ise@nd Ty 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

CLK I ; I I :TL/ AV N N A
le t4 R t5
A[20:1] )
M/R#
t6
CS#
RDO#,RD1#
WEO#,WE1#
t7 t8
—» ‘4— —> «—
WAIT# \
| t9 t10
D[15:0](write)
t11 112 13
—> ’4— —> —>
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
feLk 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 WEO#,
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
t9 D[15:0] setup to third CLK where CS# = 0 and WEO#, WE1# = 0 (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

pt—
oo
4 t5,
A[20:1], M/R#
RD/WR#
6 17
BS# J
ey
L8, t12
CSn#
9, | uo
WEN#
RD#
t18
BE 12 S
RDY# | N
z
le t13 . t14 .
D[15:0](write) 4<:J‘
t15 t16 »‘
—> -
D[15:0](read)
Figure 7-2: Hitachi SH-4 Timing
Note
BUSCLK cannot be divided by 2 in SH-4 interface mode. MD12 must be setto 0
(BUSCLK input is not divided).
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 reference to 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 ko 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
t8 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
113 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
118 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

D E—
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D[15:0](write) 4<:J
t15 116
—» >
D[15:0](read)

Figure 7-3: Hitachi SH-3 Timing

Note
BUSCLK cannot be divided by 2 in SH-3 interface mode. MD12 must be setto 0
(BUSCLK input is not divided).

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 ko 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
t8 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
113 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 foi,g is greater than 33MHz.

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

SA[19:0]
M/R#, SBHE#

CS#

MEMR#
MEMW#

IOCHRDY

SD[15:0](write)

SD[15:0](read)

LatchA20 “ >

Teusclk t2 3

| t4

t7

A

19

v

110

A

v

111
s

t12
—

Figure 7-4: MIPS/1SA Timing

Note

The above timing diagram is not applicable if MD12 = 1 (BUSCLK divided by 2).
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Table 7-4: MIPSISA Timing
3.0v 5.0V
Symbol Parameter Min Max Min Max Units
fesuscLk | Clock frequency 50 50 MHz
TgusciLk |Clock period 1fguscik 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 Fe}lling edge of either MEMR# or MEMWH# to IOCHRDY# 2 17 5 10 ns
driven low
8 R.ising edge of either MEMR# or MEMW# to IOCHRDY# 2 12 1 7 ns
tri-state
t9 SD[15:0] setup tp third BUSCLK where CS# =0 0 0 ns
MEMW# = 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\;jFiij\Jf\/“L/\;Jf\/ﬁ\/“x

. t4 55
A[20:1] 1
M/R#
6
cs# L
17
—b| l—
ASH
1
UDS# )
LDS#

t7 t8
—
RIW# E E
19 110
DTACK# —

t12 t13

A
A

D[15:0](write)

t14 t15 t16
[

D[15:0](read)

Figure 7-5: 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
foLk Clock frequency 50 50 MHz
Tk Clock period ek ek ns
t2 Clock pulse width high 6 6 ns
t3 Clock pulse width low 6 6 ns
a 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
12 D[15:0] valid to third CLK.Where CS# =0 AS# =0, and either 0 0 ns
UDS#=0 or LDS# = 0 (write cycle)
t13 D[15:0] hold from falling edge of DTACK# (write cycle) 0 0 ns
14 E;/i(l;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 UDS# and LDS# high to D[15:0] invalid/high impedance (read 6 31 4 15 ns
cycle)
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)

Tk 2 13
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t12 t13

D[31:16](write)

t14 t15 t16
«— <«

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
foLk 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#=0,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
8 R/W# hold from AS# 0 0 ns
t9 AS# = 0 and CS# = 0 to DSACK1# 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] val?d 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 DSACK1# (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

TA#

ANe

D[0:15](read)

Note
BUSCLK cannot be divided by 2 in PowerPC interface mode. MD12 must be setto O
(BUSCLK input is not divided).
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Table 7-7: Motorola PowerPC Timing
3.0v 5.0V
Symbol Parameter Min Max Min Max Units
feukouT | Clock frequency 45 50 MHz
Tcikour | Clock period Utcikour Ufcikour ns
2 Clock pulse width low 6 6 ns
3 Clock pulse width high 6 6 ns
t4 ABJ[11:31], RD/WR#, TSIZ[0:1], M/R# setup 0 0 ns
t5 ABJ[11:31], RD/WR#, TSIZ[0:1], M/R# hold 0 0 ns
16 CS# setup 1 0 ns
t7 CS# hold 0 1 ns
18 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 DB[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)

CLKJ ; j I :TL/ A A A A
(provided externally)
t4 t5
A[20:1]
M/R#
CE1#, CE2#
t6
CS#
OE#
WE#
t7 t8
WAIT#
t9 t10
D[15:0](write)
11 t12 113
D[15:0](read)
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
feLk 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
8 Rising edge of either OE# or WE# to WAIT# tri-state 3 14 2 9 ns
t9 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
t13 Rising edge of OE# to D[15:0] tri-state (read cycle) 7 34 5 17 ns
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7.1.9 Philips Interface Timing (e.g. PR31500/PR31700)
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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

TpcLkour | Clock period UfbcLkout fbcLkout ns
t2 Clock pulse width low 6 6 ns
t3 Clock pulse width high 6 6 ns
t4 ADDR[12:0] setup to first CLK of cycle 10 10 ns
t5 ADDR[12:0] hold from command invalid 0 0 ns
t6 ADDR][12:0] setup to falling edge ALE 10 10 ns
t7 ADDR[12:0] hold from falling edge ALE ns
t8 /CARDREG hold from command invalid ns
t9 Falling edge of chip select to /TCARDXWAIT driven 14 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 31).
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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
Tpcikour | Clock period fbcLkout fpcLkout 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 ADDRJ[12:0] setup to falling edge ALE 10 10 ns
t7 ADDRJ[12:0] hold from falling edge ALE 5 5 ns
t8 CARDREG* hold from command invalid 0 0 ns
9 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 31).
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7.2 Clock Timing

7.2.1 Input Clocks
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Figure 7-11: CLKI Clock Input Requirements
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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 1ffosc ns
town Input Clock Pulse Width High 5.6 ns
towL Input Clock Pulse Width Low 5.6 ns

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

Table 7-12: 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
tow Input Clock Pulse Width High 11.31 ns
ol 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 a duty cycle of 50% + 5%.
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7.2.2 Internal Clocks
Table 7-13: Internal Clock Requirements
Symbol Parameter Min Max Units
fmeLk Memory Clock Frequency 0 40 MHz
fLep PeLK LCD Pixel Clock Frequency 0 40 MHz
feRT/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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MD(write) di d2 d3
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-Write 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) 211 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 2t1-3 211 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 1551 ns
t5 CAS# precharge time 04511 ns
t6 CAS# pulse width 045t1-1 ns
t7 RAS# 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) 1.451t1-3
9 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 045t1-3 ns
t11 Column address hold time 045t1-1 ns
gg)ad Command setup (REG[02Ah] bit 4 = 0 and bits 1-0 = 44511 - 1 ns
112 Read Command setup (REG[02Ah] bit 4 =1 and bits 1-0 =
10) 24511 -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
113 Read Command hold (REG[02Ah] bit 4 = 1 and bits 1-0 = 10) 1451t1-1
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
116 Last read data setup referenced from RAS# 3
117 Bus turn-off from RAS# 2
118 Write command setup time 045t1-1 ns
t19 Write command hold time 0.45t1-1 ns
t20 Write Data setup time 045t1-4 ns
t21 Write Data hold time 0.451t1 ns
122 MD tri-state 0.4511 0.5511 +19 ns
123 CAS# to WE# active during read-write cycle 11 ns
124 Write command setup during read-write cycle 14511 -1 ns
125 I(;;\;te read data setup referenced from WE# during read-write 18 ns
126 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 '
Clock
12 t3
A
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) 3t1-7 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) 3t1-7 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) 04511 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) 21l 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[02A] 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)
t1l
Memory \
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 71.
Table 7-16: EDO - DRAM Sdlf-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# 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) 0.45t1 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) 0.45t1 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
Mo m_@w_wwm
Clock

t2

RAS#

t3 t4 t5;|< t6 tl 17
CAS# \_}/ﬁ\_/ﬁ\ /|

t8 t9,, t10 a1 10l

MA R c1 a2 c3
< 12 N < 113 K
WE#(read)

T
MD(read) di d2 d3

t16 t17

WE#(write) l
t18 }_1% 20
MD(write) di a2 d3

Figure 7-16: FPM-DRAM Page Mode Timing

t1
Memory
Clock
RAS# 4,(7
Bt OLERPLAT « BN t7
CASH# \ ﬁL /S S
t8 |19 t10]t11
MA R w Cc1 c2 cs3 c1 c2 CB
t12 . 21 t16 t17
WE# L
t14 t15
MD(read) di r;; ’“ d3
118(t19 120 |
MD(write) d1 d2 d3
Figure 7-17: FPM-DRAM Read-Write Timing
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Table 7-17: FPM-DRAM Read, Write, Read-Write 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) 2111 ns
t3 RAS# precharge time (REG[02Ah] bits 1-0 = 01) 14511 ns
RAS# precharge time (REG[02Ah] bits 1-0 = 10) t1 ns
Sgi#(t):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) . _ .
S,g%# to CAS# delay time (REG[02Ah] bit 4 = 0 and bits 1-0 211-3 211 ns
S,g%# 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 04511 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) 045t1-3 ns
t10 Column address set-up time 045t1-3 ns
t11 Column address hold time 0.45t1-1 ns
(I?g)ad Command setup (REG[02Ah] bit 4 = 0 and bits 1-0 = 44511 -1 ns
t12 (I?ler:;l 1Coc;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
t13 Read Command hold (REG[02Ah] bit 4 = 1 and bits 1-0 =01
or 10) 2t11-1 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 0451t1-1 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 ﬂ/ﬂm
Clock
t2 R t3 R
RAS# — Lﬁ
t4 L6 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) 24511 -7 ns
RAS# pulse width (REG[02Bh] bits 1-0 = 00, i
REG[02Ah] bits 1-0 = 01 or 10) 34511 -7 ns
RAS# pulse width (REG[02Bh] bits 1-0 = 01, i

i3 |REGIO2AN] bits 1-0 = 00) lasti-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) Last -7 ns

4 CAS# precharge time (REG[02Ah] bits 1-0 = 00) 211 ns
CAS# precharge time (REG[02Ah] bits 1-0 = 01 or 10) t1 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) 2.4511-4 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) 145t -4 ns
CAS# hold to RAS# (REG[02Bh] bits 1-0 = 01, 24511 -4 s
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 MMW

t2

RAS#

3 td

CAS# 4/—’\] e

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

Note
MCLK can be stopped. For timing see Section 7.4.2, “Power Save Mode” on page 71.

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

Symbol Parameter Min Max Units

t1 Memory clock 40 ns

o RAS# precharge time (REG[02Ah] bits 1-0 = 00) 24511 ns

RAS# precharge time (REG[02Ah] bits 1-0 = 01 or 10) 14511 ns

3 RAS# to CAS# precharge time (REG[02Ah] bits 1-0 = 00) 211 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)

t1 t2
FPFRAME i L

- . t4 |
FPLINE, FPSHIFT ‘—"
FPDATA, DRDY
LCD Power Save t4
Status Bit < >
(REG[LF1h] bit 1) \

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 = 130Tgpgrame for dual panels

= 65TrprraME fOr single panels

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

Power Save
(REGJ[1FO0h] 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

Mode EnableBit |

allowed

not allowed

Lt N
p 3 , t4
t7 <t—8>l {9
R N

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
tl | Power Save Mode Enable Bit high to FPFRAME inactive TF'FEESx: * ns
t2 Power Save Mode Enable Bit low to FPFRAME active 3TEpPLINE ns

Power Save Mode Enable Bit high to FPLINE, FPSHIFT, FPDATA, 129TrprraME +
t3 . . ns
DRDY inactive TFPLlNE
Power Save Mode Enable Bit low to FPLINE, FPSHIFT, FPDATA, DRDY
“ o 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
t7 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
t9 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. t7hax = (1 DRAM refresh clock period) + 12 MCLK periods

Note
Where TFPFRAME isthe perlOd of FPFRAM E, TFPL|NE isthe perlOd of FPLI NE,
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
I T 'I
FPFRAME - ]
FPLINE I | | I I M I I N N I IR
DRDY (MOD) B \
FPDAT[74] o LINE1 LINE2 LINE3 LINE4 — LINE239 ALINE240 LINE1 LINE2 o

FPLINE [] o 1
DRDY (MOD) X o

| HDP | HNDP |

N " e
FPSHIFT

SN O O B A

FPDAT7 o 11 ¥ 15 £ — — SN { X
oats (im0 % — — X X s X
FPDAT5 o 13 X 17 — — X X DN G
FPDAT4 . { 14X 18 - — X X X 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 = (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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tl 2
Sync Timing 7 i
FPFRAME
t3 t4
FPLINE *
« 15
DRDY (MOD) j
Data Timing
FPLINE
16
7 8
B t9 | 110 11 | 12
FPSHIFT | 4
13 | t14_
FPDAT[7:4] ! 2 ><
Figure 7-23: Single 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
t6b 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. 4 =[((REG[032h] bits [6:0]) + 1) x 8 + ((REG[034h] bits [4:0]) + 1) x 8]
4. 5 =[((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

5 VDP . UNDP
I T 'l
FPFRAME [ - o
FPLINE I I I I 1| I I I | 1N
DRDY (MOD) X - X
FPDAT[7:0] UNE1L Y LINE2 X LINE3 X LINE4 ¥ — -XLINE479XLINE480 LINEL ¥ LINE2
—_
FPLINE [ — 1
DRDY (MOD) o ]
5 HDP | HNDP |
FPSHIFT _lm o J_\_I_\_I_\_I_\_I_\L . _"FL
FPDAT7 o 11 ¥ 19 — — 1-633 A ¢
FPDAT6 - 12 ¥ 110 % — — X XX 1634 X
FPDAT5 - A 18y 1 % — — XXX X D) N G
FPDAT4 N 14 X112} X - = 7 X 0 N
FPDAT3 o 15 (113 — — w37y L X
FPDAT2 o 16 X 114X X — Y 1-638 A X
FPDAT1 N 17 )15 X — — ) N G
FPDATO o 18 ¥ 116 O — — XX XY Y 1ew0 D
Exanspie timing for & 640480 panel - D Perod

Figure 7-24: Sngle Monochrome 8-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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t
2
Sync Timing ‘ 7 ’
FPFRAME
t3 t4
FPLINE ‘
5
DRDY (MOD)
Data Timing
FPLINE
t6
7 < t8 »
9 | 1o u1 | a2
FPSHIFT _/ N *\‘\—
u3 | u4
FPDAT[7:0] ! 2

Figure 7-25: Sngle 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 FPDAT[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. 15  =[((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
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

L VDP U VNDP N
[ T "l
FPFRAME - I S
FPLINE I f I .10 I I I I I 1N
DRDY (MOD) X N X
FPDAT[7:4] LINEL X LINE2 X LINE3 X LINE4 X~ — -XLINE479XLINE48Q ALINEL X LINE2 X

FPLINE I o ]
DRDY (MOD) X _

» HDP Ll HNDP N

|« >|< !
FPSHIFT N A o L
FPDAT7 o ALRLI{1G2) 183 - = B3y L X
FPDAT6 - 1-G1X 1-B2 X 1'R4>< >< >< >< - oo ﬂ
FPDATS _ - 1-B1 X 1-R3 X 1-G4 - o _D<
FPDAT4 A 1R2) 1-G3Y 1-B4 — — X b Wi-B320\ L X

* 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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t1
/ 2
Sync Timing
FPFRAME
3 t4
FPLINE P_\
t5
DRDY (MOD)
Data Timing
FPLINE
t6
B 7 t8 R
B 19 | 110 1 112 |
FPSHIFT _/ S o
L3 | t14
FPDAT[7:4] ! 2
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
tl 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 45 note 5 228.5 Ts
t6b 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. 4 =[((REG[032h] bits [6:0]) + 1) x 8 + ((REG[034h] bits [4:0]) + 1) x 8]
4. 5 =[((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)

VDP

VNDP

FPLINE _ 1 I M M

FPFRAME

..

|

FPDAT[7:0] LINEL

LINE2

LINE3

LINE4

—  -XLINE479 X LINE480 LINE1 LINE2

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

FPLINE 1 — 1

L HDP _ . HNDP

= T i
FPSHIFT A [ [ _ R
FPSHIFT2 B ‘ | \ \ | I _/_
FPDAT7 o 1R1 ¥ 1-G1 X 1-G6 X 1-B6 X 1-Bl1 ¥ 1-R12)}- — A X
FPDAT6 - 181 ¥ 1R2 Y 1-R7 X 1-G7 X1-G12 ¥ 1-Bl2 )} — KX YuBesy { X
FPDATS - vz (182 X 187 X 1R 1R 1Gis) — — X X e L X
FPDAT4 o 1R3 X 1-G3 Y 1-G8 X 188 X 1-B13X LRI — (X YiRessy A X
FPDAT3 o 183 ¥ 1-R4 X 1R9 X 1-G9 ¥1-G14 Y 1BI4Y- — l/ ¥ (1-B638) L X
FPDAT?2 o 1-G4 X 1B4 ¥ 189 X 1-R10)X 1R15 X 1GI5Y- — XX aeessy A X
FPDAT1 o 1-R5 X 1-G5 X 1-G10) 1-B10 X 1-B15 X 1-R16 - — S YaRreaon A X
FPDATO o 1-85 X 1-R6 X 1-R11Y 1-G11Y1-G16 X 1-B16 ) — o [ p

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

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

HNDP = Horizontal Non-Display Period

= (REG[039h] bits [1:0], REG[038h] bits [7:0]) + 1
= (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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t
Sync Timing Y AN
FPFRAME
3l 44
FPLINE P—\
Data Timing FPLINE
<& t5 »
t6
> < t7 t8 N
19 N 12 113
FPSHIFT _J
t10 .
FPSHIFT2 | m
t14 t15
I E—
FPDAT[7:0] L 1 k 2 X

Figure 7-29: Sngle Color 8-Bit Panel A.C. Timing (Format 1)

Hardware Functional Specification S1D13506
Issue Date: 2008/12/16 X25B-A-001-12

Revision 12.2



Page 84 Epson Research and Development
Vancouver Design Center

Table 7-25: Sngle Color 8-Bit Panel A.C. Timing (Format 1)

Min. . Max. .
Symbol Parameter Setting Typical Setting Units
tl 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
t6b 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
t12 FPSHIFT2, FPSHIFT pulse width high 2 Ts
t13 FPSHIFT2, FPSHIFT pulse width low 2 Ts
t14 FPDAT][7:0] setup to FPSHIFT2 rising, FPSHIFT falling edge 1 Ts
t15 FPDATI[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. t1 =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 - 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. t6 = [((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
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7.5.5 Single Color 8-Bit Panel Timing (Format 2)
L VDP L VNDP N
= e il
FPFRAME --
FPLINE | | | .. | I I | [
DRDY (MOD) . X
FPDAT[7:0] LINEL X LINE2 X LINE3 X LINE4 ¥~ — -XLINE479XLINE48Q LINE1 X LINE2
-
\
FPLINE [ — — ol
DRDY (MOD) -
P HDP P HNDP R
I g 7
oL e e e Y Y Y I o B
FPDAT7 _ 1-R1 X 1-B3 X 1-G6 —_— — 1-G638, A X
FPDAT6 1-GL X 1-R4 ) 1-B6 - — X X1-B638 A X
FPDATS 1B1 X 1-G+ X 1R7 X X ¥ — — ) G N A X
FPDAT4 1R2 X _1-B4 ¥ 1.G7 X X ¥ — — X ¥1-Ge39 o / X
FPDAT3 r@ R Y ey X X — — D S G
FPDAT2 £82)(16 ) 178 X — — X
FPDAT1 1R3 ¥ 1-B5 ¥ 1-G8 X X x — — () £ X
FPDATO 1-G3 { 1R6 ) 1-B8 — — S 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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. t
Sync Timing et 12
FPFRAME
3 t4
FPLINE P—\
t5
DRDY (MOD)
Data Timing
FPLINE
t6
o 7 8
to 110 11 12
FPSHIFT _J —‘\T\—
13 | 14
FPDAT[7:0] . 2

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
t6b 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. 4 =[((REG[032h] bits [6:0]) + 1) x 8 + ((REG[034h] bits [4:0]) + 1) x 8]
4. 5 =[((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

le vDP e VNDP N
FPFRAME ] - o
FPLINE N N I I M1l N I I N M I8
MOD -
FPDAT[15:0] Invalid LINEL X LINE2 ¥ LNE3 X LINE4 ¥ — -XLINE479 X LINE480 Invalid LINEL Y LINE2
’/ \‘
FPLINE S [
MOD o -
HDP bl HNDP
s e N e e s s o A I e I
FPDAT15 Invalid 1R1 X 1-G6 Y(1-B11 X — — — XX )acessX maia X X
FPDAT14 Invalid 181 X 1R7 f(1-G12 X c — — — A A aoess imaid Y X
FPDAT13 invalid 162 )( 187 X 1R13 ¢ — — — KX aRres malid ) )
FPDAT12 Invalid 1-R3 ¥ 1-G8 Y(1-B13 Co XY Yaees maid XX
FPDAT? Invalid 183 )( 1-R9 (1-G14 ¢ — — — KX oessX maid )} X
FPDAT6 Invalid 1G4 Y 1-B9 Y 1R15 L — — X Yumeso) maid X X
FPDATS Invalid 1-R5 )(1-610 (1-B15 = — — A Xa-es(mvaid ) X
FPDATA i) res (e (Eio X X - — — X eowo ma XX
FPDAT11 Invalid 1-G1 Y 1-B6 ¥ 1-R12 C— — — X Yarese( mwaid X X
FPDAT10 Invalid 1R2 Y 1-G7 Y 1-B12 Lo O ames meid XX
FPDATO ___mald X182 X 1R8 } 1613 S (S G =) G G
FPDAT8 Invalid 1-G3 Y 1-B8 ) 1-R14 ¥ L — — Y amess maid ¥ X
FPDAT3 Invalid 1R4 ¥ 1-Go ¥ 1-B14 X Co Y YT maid XX
FPDAT2 Invalid 1-B4 ¥ 1-R10 X 1-G15 X - — — XX ¥aee39 mvalid X X
FPDAT1 Invalid 1G5 ¥ 1-B10Y 1-R16) Y Yo — — XX aRreao) maid XX
FPDATO Invalid 1-R6 )(1-G11 Y 1-B16 X C — — — A A NaBeaoX wmwvaid ) X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-32: Sngle Color 16-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 t2
Sync Timing J—p
FPFRAME
t3 t4
FPLINE
t5
DRDY (MOD)
Data Timing
FPLINE
t6
7 y 8
3 19 | 10 1 12
FPSHIFT _/ Zl
13 | t14
FPDAT[15:0] 1 2 X

Figure 7-33: Sngle Color 16-Bit Panel 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. t1 =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 - 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

ig VDP =i= VNDP =i
FPFRAME r
FPLINE __]] Ml Ml I Il M I N N N M Il 1N
DRDY (MOD) 3 : —
FPDAT[15:0] LINE 1 LINE2 X LINE3 LINE4 X—— — ) LINE 479 X LINE 480 LINE 1 LINE 2
- —
o  FPLINE [ 1 o [
E DRDY (MOD) X -
8 “ HDP >« HNDP »
§ FPSHIFT - . - 1 I
8  FPDAT?7 . LRr1 (161 — — —LBe3sfLR636)
B FPDATG . 181 ) 1R2 — — —Xicese)1B63k)
FPDAT5 B 1-62 X 1-82 — — —Res7f(1GesT\
FPDAT4 , 1Rs X 1-G3 X —— —— —XUBGSTXiRe3s)
FPDAT3 N 183 X 1R4 X X— — —Xcessfisess)
FPDAT2 - 1-Ga ¥ 1-B4 — — —X1-R639X1-Ge39)
FPDAT1 N 1Rs (1G5 X X — —Auseag(iRrean
FPDATO . 185 ) 1-Re — —— —LCeA0isee0)
D15 - LR — A wess )
D14 ; X — X aees )\
D13 - 162 — — AR N\
D12 - LRs X — — A LBesm )\
D11 - 183 — — —X__1ees )
D10 - 164 — — —X__rRess )\
0 D9 - LRS — — X aBew )
3 D8 B X Y — —X_zcew )\
q D7 - — — o Dlameen
& D6 N 1-R2 X —_— — 1-B636%
2 D5 N 182 — — X deesr)
T D4 B 1-63 X — — — X YiRressy
D3 B 1-R4 X R _m@___
D2 - 1-B4 — — —X___ 1G9
D1 } X — — X fRem,
DO . 1-R6 — — —X__ X1-8640)
* 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 = (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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D[7:0]
TO 16-BIT
PANEL

FROM
S1D13506
FPSHIFT cK

Figure 7-35: External Circuit for Color Sngle 16-Bit Panel When the Media Plug is Enabled

. 1 2
Sync Timing e
FPFRAME
t3 t4
FPLINE

t5

DRDY (MOD) !ﬂ

Data Timing

FPLINE

t9 t10 t11 t12

FPSHIFT _J [

t13 | t14 15| 116

A

FPDAT[7:0]

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 Pandl (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
t10a 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 FPDATI[7:0] setup to FPSHIFT rising edge 1 Ts
t14 FPDAT][7:0] hold to FPSHIFT rising edge 1 Ts
t15 FPDAT][7:0] setup to FPSHIFT falling edge 1 Ts
t16 FPDATI[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. 4 =[((REG[032h] bits [6:0]) + 1) x 8 + ((REG[034h] bits [4:0]) + 1) x 8]
4. 5 =[((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
i‘ VDP VN;E%P Fi
FPFRAME -
FPLINE | I I I I .l I N I I I 1N
DRDY (MOD) N
FPDAT[?:O] LINE 1/241 LINE 2/242>< LINE 3/243 >< LINE 4/244 _— LINE 239/479><LINE 240/480, LINE 1/241 X LINE 2/242><:
FPLINE [] _ ]
DRDY (MOD) X -
e HDP N HNDP
2 e NPy

FPSHIFT

S O A [
FPDAT7 1-1 1-5 — — X X ) X ¥ 1-637 £ X
FPDAT6 L 12 X 16 >§ —_ % Y ) X Y 1-638 /<:><
FPDAT5 13 X 17 — — 5 1-639 A X
FPDAT4 14 Y 18 —_ 1-640 A X
FPDAT3 { 241-1) 2415 X X )Q — — §< Y ) X Y241-637) o A by
FPDAT2 2412X 2416 ¥ — — X X Y241-638 . £ ¥
EPDAT1 2413Y 2417 ¥ — — 5 241639 ﬂ
FPDATO A 241-4 X 241-8 >§ — — %( P 4 X ¥241-640) / Y

* 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 = (REG[039h] bits [1:0], REG[038h] bits [7:1])

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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o t1
Sync Timing VAL
FPFRAME
13 t4
FPLINE
5
DRDY (MOD)
Data Timing
FPLINE
t6
< LA < 8 >
t9 | 110 11 | 12
FPSHIFT _/
_ 13 t14
1 2
FPDAT[7:0]
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 FPDATI[7:0] setup to FPSHIFT falling edge 2 Ts
t14 FPDAT[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. 15 = [((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

FPFRAME

FPLINE
DRDY (MOD)

FPDAT[7:0]

FPLINE
DRDY (MOD)

FPSHIFT

FPDAT7

FPDAT6
FPDATS
FPDAT4
FPDAT3
FPDAT2
FPDAT1
FPDATO

VDP

l¢
r

1

_ 1 I F

I I

I | [ — | | | I

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

LINE 239/479><L|NE 240/480; /< LINE 1/241 X LINE 2/242 X

| HDP . HNDP |
[« >« >|
1R1 ¥ 162 % 183 ¥ 1-R5 ¥ 1-G6 ¥ 187 — — X \ V1-B639) A X
1-61 X 1-B2 ¥ 1-R4 X 1-65 X 1-B6 X 1-R8 — — X X }(1-R640) £ X
- - . - - I 241-
) 241-R1)241-G2)241-B3 ) 241-R5)241-G6) 241-B7 - CX
(241-61241-82241-R4X241-G5)241-B6 24 LR8N — — ) 241 A X
- . 241-
] 241-B1)241-R3)241-G4)241-B5 X(241-R7)(241-G8 gis - / X
241-R2)(241-G3241-B4 Y(241-R6)241-G7%241-B8 - — — - X Y E‘Zlé \ £ X

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

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

HNDP = Horizontal Non-Display Period

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

= ((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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tl 2
Sync Timing 7 o
FPFRAME
N t4
FPLINE P—\
t5
DRDY (MOD)
Data Timing
FPLINE
6
7 . t8 R
t9 | t10 . t11 | 112
FPSHIFT | i
t13 | ti4
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 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 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 FPDAT([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. t6 = [((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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7.5.10 Dual Color 16-Bit Panel Timing

e VDP ye  VNDP
FPFRAME -
FPLINE ] Il M M I I M.l I I I Ml I 1N
DRDY (MOD) - X
FPDAT[:LSO] LINE 1/241 LINE 2/242 LINE 3/243 LINE 4/244 — LINE 239/479 XLINE 240/480 LINE 1/241 LINE 2/242
’/ \‘
FPLINE ] o Il
DRDY (MOD) X o o
I HDP ., HNDP
< ¢ g
FPSHIFT [ L[ L[ L[ Lo 1 I I
FPDAT[15,11] o 2Ry X 2T 83 - — — — X X oSN A X
FPDAT[14,10] - o X i - = = XX s L X
FPDAT[13,9] N & S D G &7 - N G |
FPDAT[12,8] AR (s - = = XX A X
FPDAT[7,3] - e Y s XX X% — — — XX s L X
FPDAT[6,2] - 222, X icss S G G &5+ N G
FPDAT[5,1] - 2% Y 2% il G G £% N G
FPDAT[4,0] C Rainds X ainks S G G &> N G
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
Figure 7-41: Dual Color 16-Bit Panel Timing
VDP = Vertical Display Period = ((REG[039h] hits [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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FPSHIFT |/

t13

t14

Sync Timing
FPFRAME
t3 t4
FPLINE }ﬂ ‘
t5
Aag
DRDY (MOD)
Data Timing
FPLINE
t6
§ t7 ‘ t8
. 19 | 110 1 t12

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
tl 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
téa 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. t1 =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 - 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

« PP e VNDP
A FPFRAME
FPLINE __ ]| N N N N .l N N Il I N o
DRDY (MOD) X X
FPDAT[lSO] LINE 1/241 : LINE 2/242 LINE 3/243 LINE 4/244 X—— —— XLINE 239/479 X LINE 240/480, LINE 1/241 LINE 2/242
' L
]
FPLINE [ o [
u
2 DRDY (MOD) X -
>
8 < HDP > HNDP >
3 = gl gl
B FPSHIFT . . B ]
fa)
% FPDAT? 1R1 (162 X 183 — —— —ALcess(iBesg)
FPDAT6 1-G1 X 1-B2 ¥ 1-R4 — —X1-B638Y1-RE40N
FPDAT5 1-B1 1-R3 1-G4 — —X1-R639 4 1-GB40)N o
FPDAT4 1Rz ) 1-G3 X 1-84 X— — —AicemoNiBeaon
EPDAT3 241-R1(241-G2)(241-B3 — —X X 8 p
FPDAT2 241-G1(241-82 (241-R4 — —X 8k X Ao
FPDAT1 241-B1X241-R3X241-B4 — —X 3L >- B
v EPDATO 241-R2X241-G3 X 241-B4 — —X_ &8 X 88k )\ -
A uD? X Y weem O\
uD6 1-G1 X — —X_ 18638 N
uUD5 1-B1 — —X_ 1-R639 X\ B
upa — aees
up3 . G W
uD2 1-B2 S _D@_. .-
5 um 1 X i S =) N
4 uDo rea ) X — — X Qsesn
-
- e )
x S
0 LD6 24161 — —X_2a1mess )\
T LD5 241-81 — —X_2a1Rmess )\
LD4 241-R2 — — X 241630 )\
LD3 241-G2 — —X X 883 )\ o
LD2 24182 — — AR on
LD1 241-R3 — —X K 8o N
v eaea) G
* 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 = ((REGJ[039h] bits [1:0], REG[038h] bits [7:0]) + 1) /2
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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UD[3:0]
LD[3:0] TO 16-BIT
FPDAT[7:4] 5 9 up[z:4)  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

. 1 2
Sync Timing e
FPFRAME
t3 t4
FPLINE

t5

DRDY (MOD) k

Data Timing

FPLINE

t9 t10 t11 t12

FPSHIFT \

t13 | t14 15| 116

A

FPDAT[7:0]

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
tl 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
téa FPSHIFT falling edge to FPLINE rising edge, 4 bpp or 8 bpp 125 note 5 236.5 Ts
t6b 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 2475 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 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. 4 =[((REG[032h] bits [6:0]) + 1) x 8 + ((REG[034h] bits [4:0]) + 1) x 8]
4. 5 =[((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 y VDP N
FPFRAME N
FrLNE L I I | ] I -
R[5:1], G[SZO], B[5:l] LINE4BO ) LINE1 [X— — —X LINE480
DRDY m .

FPLINE I

i »e »|
< >ie ql

FPSHIFT 1L [ LI L1 . [ e [ I S A I

DRODY | o L
RS} R 3
e} 2 - = e —
BG:] A e X — — — Xaeon -

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

Figure 7-46: TFT/D-TFD Pand 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 = HNDP4 + HNDP, = ((REG[034h] bits [4:0]) + 1) x 8 Ts
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Note: DRDY is used to indicate the first pixel

A

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)
t2 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
t5 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. t14 = [((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 v VDP R
| < »i¢ »
VRTC R
wrte [ i I I I J I I N [ |
RED,GREEN,BLUE LINE480) LINEL [X— — 7>< LINE480
HRTC m 77777
« HNDP, 9 HDP ye HNDP,
RED,GREEN,BLUE . 2 - — — e
Example Timing for 640x480 CRT

Figure 7-48: 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 DAC and represent

the color components which make up each pixel.
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Figure 7-49: CRT A.C. Timing

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 < ertica) blanking irtervall= 20 fines |
VRTC Start Position = 0

A
=
v

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

pre-equalizing | vertical sync .|, post-equalizing

Field 1 ‘(/\/\f/j\/\: pulseinterVal | pulseinterval |~  pulse interyal ;? Ll ? V/\/\_‘
CT T ey ¢

< tart of field |1

TV VRTC Start Position (field 1) )

261 26212631 1 | 2 | 4151 6171819110l 3|19|20 21 |

ie \ {J"\
F'“J‘/’/\uﬁuuunnnuruuuuueuuLN

< start of field 2

J VNDP | R
< ( ”l
TV VRTC Start Position (field 2) [T )
Start of Vertical Sync
Figure 7-50: NTSC Video Timing
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Register Programming:
Vertical Non-Display Period = 26 ertical blanking interval = 25 Jines | |
VRTC Start Position = 0

PPN
v

620 | 621 | 622| 623| 624|625| 1 2 B 4 5 6 7 8 211 22 | 23 | 24

Fiid 1 fﬁﬁﬂﬁﬂﬁﬂﬁﬁﬁ*ﬂﬁﬁ=ﬁﬁﬁﬁ= i
BN N

tart of field |1

A

VNDP

TV VRTC Start Position (field 1)

1308309310 | 311|312 |313 | 314 | 315|316 | 317 | 318 | 319 | 320 | 2|334|335 336 |

rooz | W 1 IHﬂHﬂFWﬁTﬁTHWfoTKW

start of field 2

A

v

TV VRTC Start Position (field 2)

620 | 621 | 622| 623| 624|625| 1 2 B 4 5 6 7 28 21 22| 23 | 24

Field 3 VW\/W\W A
a RN ERE ] s e e S A

start of field 3
VNDP
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Figure 7-51: PAL Video Timing
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Figure 7-52: Horizontal Timing for NTSC/PAL
Table 7-35: Horizontal Timing for NTSC/PAL
Symbol Parameter NTSC PAL Units
Tassc | (4x Subcarrier clock) period 69.841 56.387 ns
tl 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 Tusc
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 Tusc
1. 11 = ((REG[053] bits[5:0]) + 1) x 8 - 7 (4 bpp, 8 bpp modes)
= ((REG[053] bits[5:0]) + 1) x 8 - 5 (15/16 bpp modes)
2. t5y1sc = ((REG[052] bits[5:0]) x 8) + 6) - ((REG[053] bits[5:0]) + 1) x 8) - 108 (4 bpp, 8 bpp modes)
= (((REG[052] hits[5:0]) x 8) + 6) - (((REG[053] bits[5:0]) + 1) x 8) - 110 (15/16 bpp modes)
3. t5paL = ((REG[052] bits[5:0]) x 8) + 7) - ((REG[053] bits[5:0]) + 1) x 8) - 136 (4 bpp, 8 bpp modes)
= (((REG[052] hits[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
5. t6pa. = ((REG[052] bits[5:0]) x 8) + 7
6. t7 = ((REG[050] bits[6:0]) + 1) x 8
Important:
REG[050] and REG[052] must be programmed to satisfy the Line Period (18).
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.
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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
tl 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. 11 = ({(REGJ[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. t4ytse = ((REG[059] bits[6:0]) + 4)  for field 1
= ((REG[059] bits[6:0]) + 4.5) for field 2
5. tdpa. = ((REG[059] bits[6:0]) + 5)  for field 1 and field 3
= ((REG[059] bits[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.

S1D13506 Hardware Functional Specification
X25B-A-001-12 Issue Date: 2008/12/16

Revision 12.2



Epson Research and Development Page 115
Vancouver Design Center
7.7 MediaPlug Interface Timing
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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
2 VMPCLKN delay from VMPCLK 3 ns
3 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
t7 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 S1D 13506 registers. It aso 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 meansthat only REG[000h] (read-
only) and REG[001h] are accessible until awriteto REG[001h] sets bit 7 to 0 making
all registersand 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# =0 and M/R# = 0, the registers may be accessed. The register space is decoded by
A20-AO0.

When A20=1theBitBLT dataregister portsare decoded allowing the system to accessthe
display buffer through the 2D BitBL T engine using address lines A19-A0. When A20=0
and A12 = O theregisters 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 configuration input MD13 = 1 onreset.
When MD13 = 0 on reset, A12 isalways treated as 0 and the MediaPlug register spaceis
not available - see Table 5-6:, “Summary of Power-On/Reset Options,” on page 31.

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
BitBLT data registers (1M byte) 100000h to 1FFFFFh
MediaPlug registers (4K bytes) 1000h to 1FFFh
Main Registers (512 bytes) 0 to 1FFh
Note

The registers may be aliased within the allocated register space. If aliasing is
undesirable, the register space must be fully decoded.
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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
Bit5 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. The revision code
isO1b.
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 bit is set to 1. This means that only REG[000h]
(read-only) and REG[001h] are accessible until awriteto REG[001h] setsbit 7to 0
making all registers and memory accessible. 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.
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 10 Pins Registers

General 10 Pins Configuration Register
REG[004h] RW
GPIO3 Pin | GPIO2 Pin GPIO1 Pin
Reserved Reserved Reserved Reserved 10 Config. 10 Config. 10 Config. 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 GPIO2 Pin 1O 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 GPI02, 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]/GPIO[1:3] Pin Functionality™).
bit 1 GPIO1 Pin 1O Configuration
When thishit = 1, GPIO1 is configured as an output pin.
When this bit = 0 (default), GPIO1 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]/GPI10O[1:3] Pin Functionality
MDJ[14] on MD[7:6] on Pin
Reset Reset MA[9]/GPIO3 MA[10]/GPIO1 MA[11]/GPIO2
0 00 GPIO3 GPIO1 GPIO2
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
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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

GPIO3, 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 1O 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]/GPIO[1:3] Pin Functionality”).

bit 1 GPIO1 Pin 10 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 GPIOL.

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 MA10 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[00CHh]

MD Configuration Status Register 0

RO

MDI[7]
Config. Status

MDI[6]
Config. Status

MD[5]
Config. Status

MD[4]
Config. Status

MDI[3]
Config. Status

MD[2]
Config. Status

MDI[1]
Config. Status

MDI[0]
Config. Status

REG[00Dh]

MD Configuration Status Register 1

RO

MD[15]
Config. Status

MD[14]
Config. Status

MD[13]
Config. Status

MD[12]
Config. Status

MD[11]
Config. Status

MD[10]
Config. Status

MDI[9]
Config. Status

MDI[8]
Config. Status

REG[00CHh] bits 7-0
REG[00DN] 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#.
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8.3.4 Clock Configuration Registers

Memory Clock Configuration Register
REG[010h] RW
/ / / MCLK / / / MCLK Source
na na na Divide Select n'a 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 hit = 0, the memory clock frequency is equal to the MCLK source frequency.
The MCLK frequency should always be set to the maximum frequency allowed 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
218.
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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 Bit0 Bit 1 Bit 0
bits 5-4 LCD PCLK Divide Select Bits[1:0]
These bits determine the divide used to generate the LCD pixé clock from the LCD pixel
clock source.
Table 8-4: LCD PCLK Divide Selection
LCD PCLK Divide Select Bits LCD PCLK Source to LCD PCLK Frequency Ratio
00 11
01 2:1
10 31
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 multiplies the 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.
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bits5-4 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 Selection
CRT/TV PCLK Divide Select Bits CRT/TVPCLK Source to CRT/TV PCLK
Frequency Ratio
00 1:1
01 2:1
10 31
11 41
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 Source to CRT/TV Pixel
Clock Frequency Ratio

MediaPlug Clock Divide Select Bits

00 1:1
01 2:1
10 31
11 4:1
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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 Interface.
See Section 7.7, “MediaPlug Interface Timing” on page 115 for AC Timing.

Table 8-9: Video Clock Source Selection

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 bits are used to optimize the handshaking between the host interface and the mem-
ory controller. The bits should be set according to the relationship between BCLK and
MCLK (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 page 31).

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
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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 O
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.
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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) rom 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 3.3 ms
100 1024 39 kHz 6.6 ms
101 2048 20 kHz 13.1ms
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[02AN] 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
(ns) (MH2z)
50 40 01h 01h
50
33 12h 02h
60 01h 01h
50 12h 02h
60 30 01h 01h
70 00h 00h
EDO 50 12h 02h
60 25 12h 02h
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
EPM 50 12h 02h
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 n/a Panel Data Panel Data Panel Data | Color/Mono. | Dual/Single TII_:(-:I-:DPF?;ZIG
Mode Enable Width Bit 1 Width Bit 0 | Format Select | Panel Select | Panel Select Select
bit 7 EL Panel Mode Enable
When this bit = 1, the EL Panel support circuit is enabled.
When this bit = 0, 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
. . . Passive LCD Panel Data TFT/D-TFD Panel Data Width
Panel Data Width Bits [1:0] Width Size Size
00 4-bit 9-bit
01 8-hit 12-bit
10 16-bit 18-bit (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 Pand Timing (Format 2)” on page 85.
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 82.
bit 2 Color/Mono Panel Select
When thisbit = 1, color LCD panel is selected.
When this bit = 0, monochrome LCD panel is selected.
bit 1 Dual/Single Panel Select
When thisbit = 1, dual LCD panel is selected.
When this bit =0, single LCD panel is selected.
bit 0 TFT/Passive LCD Panel Select
When thisbit = 1, TFT/D-TFD panel is selected.
When this bit = 0, passive LCD panel is selected.
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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 hits specify the number of FPLINE between toggles of the

MOD output signal (DRDY).
When these bits are all 0'sthe MOD output signal toggles every FPFRAME. These hits

are for passive LCD panels only.

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 0
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).
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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[034h] > 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 pixd 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 all LCD panels.
When this bit = 1, the FPLINE pulseis active high for TFT/D-TFD and active low for pas-
sive LCD.
When this bit = 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

LCD FPLINE Polarity Select

Passive LCD FPLINE Polarity

TFT FPLINE Polarity

0

active high

active low

1

active low

active high

bits 3-0

TFT FPLINE Pulse Width Bits [3:0]
For TFT/D-TFD pane 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 O
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[038h] bits 7-0 LCD Vertical Display Height Bits[9:0]
REG[039h] bits 1-0 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
LN%E])_\éie;tiI;al LCD Vertical | LCD Vertical | LCD Vertical | LCD Vertical | LCD Vertical | LCD Vertical
Period St%tuys 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
Thisis aread-only status bit.
When aread from this bit = 1, aLCD panel vertical non-display period is occurring.
When aread from this bit = 0, the LCD panel output isin avertical display period.
bits 5-0 LCD Vertica Non-Display Period Bits[5:0]

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

For TFT/D-TFD only:
(REG[03Ah] bits5-0 + 1) > (REG[03Bh] + 1) + (REG[03Ch] bits 2-0 + 1)

TFT FPFRAME Start Position Register
REG[03Bh] RW
TFT TFT TFT TFT TFT TFT
nia na 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 pand 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[03A] hits 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 na n/a n/a FPFRAME FPFRAME FPFRAME
Polarity Pulse Width | Pulse Width | Pulse Width
Select Bit 2 Bit 1 Bit 0
bit 7 LCD FPFRAME Polarity Select

This bit 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 FPFFRAME pulseis active low for TFT/D-TFD and active high for
passive LCD.

Table 8-18: LCD FPFRAME Polarity Selection

LCD FPFRAME Polarity Select| 2os1Ve LCD FPFRAME TFT FPFRAME Polarity
Polarity
0 active high active low
active low active high
bits 2-0 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

Note
For TFT/D-TFD only:

(REG[03Ah] bits 5-0 + 1) > (REG[03Bh] + 1) + (REG[03Ch] bits 2-0 + 1)
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8.3.7 LCD Display Mode Registers

LCD Display Mode Register
REG[040h] RW
. . . LCD Bit-per- | LCD Bit-per- | LCD Bit-per-
LC%IEEIF lay n/a n/a SéNn' ;E:Z'g\i’:? n/a pixel Select pixel Select pixel Select
Bit 2 Bit 1 Bit 0
bit 7 LCD Display Blank

When this bit = 1, the LCD display pipelineis disabled 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 panel isused, the Dual Panel Buffer (REG[041h] bit 0) must be disabled (set to

1) before blanking the LCD display.

bit 4 SwivelView™ Enable Bit 1
When this bit = 1, the LCD display image is rotated 180° clockwise. Please refer to
Section 15, “ SwivelView™” on page 194 for application and limitations.
When this bit = 0, there is no hardware effect.
This bit 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 ! 0 !
SwivelView Enable Bit 1

(REG[040h] bit 4) 0 0 L 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 bypassthe LUT. Passive panels are supported up to 32K/64K
colors (4096 colorsif dithering disabled, see REG[041h] bit 1). TFT/D-TFD pands 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

na n/a na na Disable Buffer Disable

bit 1

bit O

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
alowing amaximum of 64K colors (216) 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 bitsfor 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 squareformation and applies aset of 4 hard-coded patternsfor 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 colorg/pixel, however, the 16 bpp
limitation of the S1D13506 limits this to 64K colors/pixel.

Dual Panel Buffer Disable

Thisbit is used to disable the Dual Panel Buffer.

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

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

When a single pand 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 specia circumstances such as simultaneous display on a CRT/TV
and dual panel LCD. For details on Frame Rate Calculation, 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 Bit5 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 Bit9 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 LCD Display Start Address Bits[19:0]
REG[043h] bits 7-0 This register forms the 20-bit address for the starting word of the LCD image in the dis-
play buffer.
REG[044h] bits 3-0 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 bitsare the LCD 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 a value 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 Pixd 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. Thisvalue 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 acombination of thisregister 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 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 209).
Note

Thisregister 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 204).
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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 O
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[04Bh] < 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 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
bits 6-0 CRT/TV Horizonta 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
n/a 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 maode with PAL output
Note
For CRT mode, the recommended minimum value which should be programmed into
thisregister is 3 (32 pixds).
Note
REG[052h] + 1> (REG[053h] + 1) + (REG[054h] bits 3-0 + 1)
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CRT/TV HRTC Start Position Register
REG[053h] RW
CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV CRT/TV
n/a n/a HRTC Start HRTC Start HRTC Start HRTC Start HRTC Start HRTC Start
Position Bit 5 | Position Bit 4 | Position Bit 3 | Position Bit 2 | Position Bit 1 | Position Bit 0
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 O
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 modes, this bit must be set to Ob.
bits 3-0 CRT HRTC Pulse Width Bits [3:0]

These hits 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)
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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
n/a n/a n/a n/a n/a n/a V(_ert|ca| V(_ertlcal
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
Ve(r:t:?:;{L\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_|splay D_|spla)_/ D_|spla)_/ D_|splay D_|spla)_/ D_|spla)_/ D_|splay
(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 start 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] RwW
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 O
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 hits 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] bits 5-0 + 1) > (REG[059h] + 1) + (REG[05Ah] bits2-0 + 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/célglglzlg 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 = 0, there is no hardware effect.
The chrominance filter adjusts the color of the TV by limiting the bandwidth of the
chrominance sighal (reducing cross-luminance distortion). This reduces the “ragged
edges’ seen at boundaries between sharp color transitions. This filter 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: “External Circuitry for CRT/TV Interface,” on page 36.
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 thishit = 1, S-Video TV signal output is selected.
When this bit = 0, Composite TV signal output is selected.
bit 0 TV PAL/NTSC Output Select
When thisbit = 1, PAL format TV signal output is selected.
When thisbit = 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] RW
CRT/TV CRT/T\_/ Bit- CRT/TV Bit- CRT/T\_/ Bit-
Display Blank n/a n/a n/a n/a per-pixel per-pixel per-pixel
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 screenis blanked).
When this bit = 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 bypass the 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 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

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 n/a 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]
This register forms the 20-bit address for the starting word of the CRT/TV image in the

display buffer. Note that thisis aword 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

na na n/a n/a na 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 bitsare 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]

Thisregister 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 this register and the
CRT/TV Display Start Address register.

CRT/TV Display FIFO High Threshold Control Register
REG[06Ah] 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 High High High High High High
Threshold Threshold Threshold Threshold Threshold Threshold
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
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 209).

Note
Thisregister 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 204).

Hardware Functional Specification
Issue Date: 2008/12/16

S1D13506
X25B-A-001-12

Revision 12.2



Page 146

Epson Research and Development
Vancouver Design Center

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[04Bh] < 3Ch
8.3.10 LCD Ink/Cursor Registers
LCD Ink/Cursor Control Register
REGJ[070h] RW
LCD LCD
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 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 |location that does not conflict with the display
memory of Dual Panel Buffer, which always takes the top M memory locationsin bytes,
where
M = (Panel Height x Panel Width / 16) x ¢, ¢ = 1 for monochrome, 4 for color panel.

Table 8-26: LCD Ink/Cursor Sart 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 175 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 hit = 1, it definesthe LCD Cursor X Position register to be a negative number.
The negative number shall not exceed 63 decimal.
When this bit = 0, it definesthe LCD Cursor X Position 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. Thisregister 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 | LCD CursorY |LCD CursorY | LCD CursorY | LCD CursorY |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 Cl.JrSOI’ 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’s top left hand corner

in pixel units. Thisregister is only 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 0
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 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
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 Color 0 Red Color 0 Red Color 0 Red Color 0 Red Color 0
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 4-0 LCD Ink/Cursor Red Color 0 Bitg[4:0]
These bits define the red LCD Ink/Cursor color O.
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 Color1 | Blue Color 1 | Blue Color1 | 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 Bitg[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 0
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 Selection
CRT/TV Ink/Cursor Bits [1:0] Mode
00 Inactive
01 Cursor
10 Ink
11 Reserved
Note
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 locationsin 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 175 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
CUIiEITQ—\S/i n 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

REG[082h] bits 7-0
REG[083h] bits 1-0

CRT/TV Cursor X Sign

When this bit = 1, it definesthe 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 definesthe CRT/TV Cursor X Position register to be a positive num-
ber.

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. Thisregister is only valid when Cursor has been selected in the
CRT/TV Ink/Cursor select registers.
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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 thishit = 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 defines the 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 O
Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 4-0 CRT/TV Ink/Cursor Blue Color 0 Bitg4:0]
These bits define the blue CRT/TV Ink/Cursor color 0.
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 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
bits 5-0 CRT/TV Ink/Cursor Green Color 0 Bitg5:0]
These bits define the green CRT/TV Ink/Cursor color 0.
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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 Color 0 Red Color 0 Red Color 0 Red Color 0 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 Color1 | Blue Color 1 | Blue Color1 | 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 Bitg[4:0]
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 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.

8.3.12 BitBLT Configuration Registers

BitBLT Control Register 0
REG[100h] RW
BItBLT Active BitBLT FIFO | BitBLT FIFO | BitBLT FIFO BitBLT BitBLT
Status Not Empty Half Full Full n/a n/a Destination | Source Linear
Status (RO) | Status (RO) | Status (RO) Linear Select Select
bits 7 BitBLT Active Status
Thisregister bit has two data paths, one for write, the other for read.
Write Data Path
When software writes aone to this bit, it will initiate the 2D operation.
Read Data Path
The read back of this register indicates the status of the 2D engine.
When aread from this bit = 1, the 2D engineis busy.
When aread from this bit = 0, the 2D engineisidle and is ready for the next operation.
Table 8-29: BitBLT Active Satus
BitBLT 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 BitBLT FIFO Not-Empty Status
Thisisaread-only status bit.
When this bit = 1, the BitBLT FiFO has at |east one data.
When this bit = 0, the BitBLT FIFO is empty.
To reduce system memory read latency, software can monitor this bit prior to a BitBLT
read burst operation.
The following table shows the number of data available in BitBLT FIFO under different
status conditions.
Table 8-30: BitBLT FIFO Data Available
BitBLT FIFO Full | BitBLT FIFO Half | BitBLT FIFO Not | Number of Data
Status (REG[100h] Full Status Empty Status availablein BitBLT
Bit 4) (REG[100h] Bit 5) | (REG[100h] Bit 6) FIFO
0 0 0 0
0 0 1 1t06
0 1 1 710 14
1 1 1 15to0 16
bit 5 BitBLT FIFO Half Full Status
Thisisaread-only status bit.
Software can use this bit to optimize BitBLT write burst operations.
When this bit = 1, the BitBLT FIFO is half full or greater than half full.
When this bit = 0, the BitBLT FIFO isless than half full.
bit 4 BitBLT FIFO Full Status
Thisisaread-only status bit.
Software can use this bit to optimize BitBLT write burst operations.
When this bit = 1, the BitBLT FIFO isfull.
When this bit = 0, the BitBLT FIFO is not full.
bit 1 BitBLT Destination Linear Select
When this bit = 1, the Destination BitBLT is stored as a contiguous linear block of mem-
ory.
When this bit = 0, the Destination BitBLT is stored as a rectangular region of memory.
The BitBLT Memory Address Offset (REG[10Ch], REG[10Dh]) determines the address
offset from the start of one line to the next line.
bit 0 BitBLT Source Linear Select

When this hit = 1, the Source BitBLT is stored as a contiguous linear block of memory.
When this bit = 0, the Source BitBLT is stored as a rectangular region of memory.

The BitBLT Memory Address Offset (REG[10Ch], REG[10Dh]) determines the address
offset from the start of one line to 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 BitBLT Color
Format Select
bit 4 Reserved.
Must be set to 0.
bit 0 BitBLT Color Format Select

This bit selects the 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 sel ected.

BitBLT ROP Code/Color Expansion Register
REG[102h] RW
BitBLT ROP | BitBLT ROP | BitBLT ROP | BitBLT ROP
n/a n/a n/a n/a Code Code Code Code
Bit 3 Bit 2 Bit 1 Bit 0
bits 3-0 BitBLT Raster Operation Code/Color Expansion Bits [3:0]

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

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

BitBLT ROP Code Bits |Boolean Function for Write  |Boolean Function for Start Bit Position for Color
[3:0] BitBLT and Move BitBLT 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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BitBLT Operation Register
REG[103h] RW
BitBLT BitBLT BitBLT BitBLT
n/a n/a n/a n/a Operation Operation Operation Operation
Bit 3 Bit 2 Bit 1 Bit O

bits 3-0 BitBLT Operation Bits [3:0]

Specifies the 2D Operation to be carried out based on the following table:

Table 8-32: BitBLT Operation Selection

BitBLT Operation Bits [3:0]

BitBLT Operation

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

Note

The BitBL T operations Pattern Fill with ROP and Pattern Fill with transparency require

aBitBLT width > 2. The BitBLT width is set in REG[110h], REG[111h].
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BitBLT Source Start Address Register 0
REG[104h] RW
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
BitBLT Source Start Address Register 1
REG[105h] RW
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
BitBLT Source Start Address Register 2
REG[106h] RW
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

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

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

and the other address hits are ignored. In pattern fill operation, the BitBLT 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: BitBLT Source Start Address Selection

Pattern Line Offset[2:0]
BitBLT Source Start

Pixel Offset[3:0]
1'b0, BitBLT Source Start

Pattern Base Address[20:0]
BitBLT Source Start Address[20:6],

Color Format

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]
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BitBLT Destination Start Address Register 0
REG[108h] RW
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
BitBLT Destination Start Address Register 1
REG[109h] RW
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 Bit 9 Bit 8
BitBLT Destination Start Address Register 2
REG[10Ah] RW
BitBLT BitBLT BitBLT BitBLT BitBLT
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
REG[109h] bits 7-0

REG[10Ah] bits 4-0

BitBLT Destination Start Address Bits[20:0]
A 21-hit register that specifies the destination start address for the BitBLT operation.

BitBLT Memory Address Offset Register 0
REG[10Ch] RW
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
BitBLT Memory Address Offset Register 1
REG[10Dh] RW
BitBLT BitBLT BitBLT
Memory Memory Memory
na na na na na Address Address Address
Offset Bit 10 | Offset Bit 9 Offset Bit 8

REG[10Ch] bits 7-0
REG[10Dh] bits 2-0

is

BitBLT Memory Address Offset Bits[10:0]
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 calculation when the BitBLT

configured as arectangular region of memory. They are not used for the displays.
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BitBLT Width Register 0
REG[110h] RW
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
BitBLT Width Register 1
REG[111h] RW
n/a n/a n/a n/a n/a n/a BitBLT Width | BitBLT Width
Bit 9 Bit 8

REG[110h] bits 7-0

BitBLT Width Bits [9:0]

REG[111h] bits 1-0 A 10-bit register that specifies the BitBLT width in pixels-1.

Note
The BitBLT operations Pattern Fill with ROP and Pattern Fill with transparency require
aBitBLT width > 2.

BitBLT Height Register 0

REG[112h] RW

BitBLT Height | BitBLT Height | BitBLT Height | BitBLT Height | BitBLT Height | BitBLT Height | BitBLT Height | BitBLT Height
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

BitBLT Height Register 1

REG[113h] RW

BitBLT Height | BitBLT Height

n/a n/a n/a n/a n/a n/a Bit 9 Bit 8

REG[112h] bits 7-0
REG[113h] bits 1-0

BitBLT Height Bits[9:0]
A 10-bit register that specifies the BitBLT height in lines -1.
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BitBLT Background Color Register 0
REG[114h] RW
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 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
BitBLT Background Color Register 1
REG[115h] RW
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

REG[114h] bi
REG[115h] bi

used.

ts7-0
ts 15-8

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

color for Transparent BitBLT. For 16 bpp mode (REG[101h] bit 0 = 1), all 16 bitsare

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

BitBLT Foreground Color Register 0
REG[118h] RW
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 O
BitBLT Foreground Color Register 1
REG[119h] RW
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
REG[118h] bits 7-0 BitBLT Foreground Color Bits[15:0]

REG[119h] bi

ts7-0

A 16-bit register that specifiesthe BitBLT foreground color for Color Expansion or Solid

Fill. For 16 bpp mode (REG[101h] bit 0 = 1), al 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 217.

Look-Up Table Mode Register
REG[1EOh] RW
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 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

REG[1E2h]

Look-Up Table Address Register

RW

LUT Address
Bit 7

LUT Address
Bit 6

LUT Address
Bit 5

LUT Address
Bit 4

LUT Address
Bit 3

LUT Address
Bit 2

LUT Address
Bit 1

LUT Address
Bit 0

bits 7-0

LUT Address Bits[7:0]

These 8 bits control a pointer into the Look-Up Tables (LUT). The S1D13506 has three
256-position, 4-bit wide LUTS, one for each of red, green, and blue — refer to Section 12,
“Look-Up Table Architecture” on page 179 for details.

This register selectswhich LUT entry is read/write accessible through the LUT Data Reg-
ister (REG[1E4h]). Writing the LUT Address Register automatically sets the pointer to the
Red LUT. Accessesto the LUT Data Register automatically increment the pointer.

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

Note
The RGB dataisinserted into the LUT after the Blue datais written, i.e. all 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 na n/a nla na
Bit 3 Bit 2 Bit 1 Bit 0
bits 7-4 LUT DataBits[3:0]

This register is used to read/write the RGB Look-Up Tables. Thisregister 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 dataiis written, i.e. all three colors
must be written before the LUT is updated.
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8.3.14 Power Save Configuration Registers

Power Save Configuration Register
REG[1FO0h] 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 OPower Save Mode Enable
When this hit = 1, the software initiated power save mode is enabled.
When this hit = 0, the software initiated power save mode is disabled.

Power Save Status Register

REG[1F1h] RO
Memory
LCD Power Controller
n/a n/a n/a n/a n/a n/a

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 panel is powered down.
When this bit = 0, the pand 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.

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 hit = 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.
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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 Ty + 13 X Trpgk

where:
n = A non-zero value in thisregister
Tpak = Busclock period, or Bus clock period x 2 (if MD12 = 1, see
Table 5-6: on page 31)
Tmak = Memory clock period

Thisfunction is required by some busses which time-out if the cycle duration exceeds a
certain time period. This function is not 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 BitBLT access.
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8.3.16 Common Display Mode Register

Display Mode Register
REG[1FCh] RW
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 and CRT display image isrotated 90° clockwise. Please refer
to Section 15, “Swivel View™” on page 194 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 startsthe
power-on sequence. Programming this bit from a 1 to a0 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.

S1D13506 Hardware Functional Specification
X25B-A-001-12 Issue Date: 2008/12/16

Revision 12.2



Epson Research and Development Page 167
Vancouver Design Center

Note
The Flicker Filter reduces the “flickering” effect seen on interlaced displays by averag-
ing adjacent linesonthe TV display. This“flickering” is caused by sharp vertical image
transitions that 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 ef-
fectively displayed at half the refresh frequency due to interlacing.

8.3.17 MediaPlug Register Descriptions

The S1D 13506 has built-in support for Winnov’ s M ediaPlug connection designed for video
cameras. The following registers are used to control the connection and accept data from
thecamera. The MediaPlug registersdecode A11-A0 and requireA20=0and A12=1. The
MediaPlug registers are 16-bit wide. Byte accessto the MediaPlug registersis not allowed.
For further information, see Section 17, “MediaPlug Interface” on page 205.

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 Bit 5 LCMD Bit 4 LCMD Bit 3 LCMD Bit 2 LCMD Bit 1 LCMD Bit 0

LCMD Bit 15 | LCMD Bit14 | LCMD Bit13 | LCMD Bit12 | LCMD Bit11 | LCMD Bit 10 | LCMD Bit 9 LCMD Bit 8

REG[1000h] bits 15-0 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 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Write TO[2:0] XXXXXXXXXX IC MC P W
Read | TO[2:0] 0ob | Rev[3:0] | Rstat[2:0] oo [ic[mc| P |w
bits 15-14 Timeout Option (MediaPlug Parameter TO)

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

T”giet(;ﬁ;?ﬁ;on Timeout (MediaPlug clock cycles)
00 1023 (default)
01 64
10 128
11 64
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bits 13-12

bits 11-8

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

A read from these bits will always return 00b.
A write to these bits has no hardware effect.

MediaPlug IC Revision (MediaPlug Parameter Rev)
Therevision for this MediaPlug IC is“0011b".
A write to these bits has no hardware effect.

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 this hit = 1, aMediaPlug cable is not detected.

A writeto 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 Satus

Cable Detected | Remote Powered
Status [bit 7] 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 write to this bit 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 this bit = 1, the MediaPlug cable clock is enabled.

Power Enable to Remote (MediaPlug Parameter P)
When this bit = 0, power to remote is off (default).
When this bit =1, power to remoteison.

Watchdog Disable (MediaPlug Parameter W)
When this bit = 0, the MediaPlug watchdog is enabled (default).
When this bit = 1, the MediaPlug watchdog is disabled.
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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
LCMD Bit31 | LCMD Bit30 | LCMD Bit29 | LCMD Bit28 | LCMD Bit27 | LCMD Bit 26 | LCMD Bit 25 | LCMD Bit 24

REG[1002h] bits 15-0 MediaPlug Reserved LCMD Bits[15:0]
This register is not implemented and is reserved for future expansion of the LCMD regis-
ter. A writeto thisregister 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 Bit 5 CMD Bit 4 CMD Bit 3 CMD Bit 2 CMD Bit 1 CMD Bit0
CMD Bit 15 CMD Bit 14 CMD Bit 13 CMD Bit 12 CMD Bit 11 CMD Bit 10 CMD Bit 9 CMD Bit 8

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 bit 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 | D2 | D1 | DO
Write 1[12:0] C[2:0]
Read| D | T | [20:0] 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. Write to 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 cable is 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.
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bits 13-3 Index Field (MediaPlug Parameter 1)
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.

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 this register has no hardware effect. A read from this register always return
0000h.

MediaPlug Data Register
REG[1008h] to REG[1FFEh], 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 MediaPlug Data Bits[15:0]
A 16-hit 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 BitBLT Data Registers Descriptions

TheBitBLT dataregistersdecode A19-A0 and require A20 = 1. The BitBL T dataregisters
are 16-bit wide. Byte access to the BitBL T 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 BitBLT Data Bits[15:0]
A 16-bit register that specifiesthe BitBLT data. This register isloosely decoded from
100000h to 1FFFFEh.
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9 2D BitBLT Engine

The S1D13506 has a built-in 2D BitBLT engine which increases the performance of Bit
Block Transfers (BitBLT). This section will discuss the BitBL T engine design and
functionality.

9.1 Functional Description

The 2D BitBLT engineis designed using a 16-bit architecture. It implements a 16-bit data
bus and supports both 8 and 16 bit-per-pixel color depths.

The BitBLT engine supports rectangular and linear addressing modes for source and desti-
nationin apositivedirection for all BitBL T operations except the move BitBLT which also
supports in negative direction.

The BitBLT operations support byte alignment of all types. The BitBLT engine hasa
dedicated BitBLT 10 access space allowing it to support multi-tasking applications. This
alowsthe BitBLT engine to support simultaneous BitBL T and CPU read/write operations.

9.2 BitBLT Operations

Write BitBLT

Move BitBLT

Read BitBLT

Solid Fill

Note
For details on the operation of the BitBLT registers, see Section 8.3.12, “BitBLT Con-
figuration Registers’ on page 154.

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

The Move BitBLT provides 16, two operand, ROP functions and is supported in both a
positive and negative direction.

The Read BitBL T supports bit block transfers from the display buffer to the host. No ROP
function is applied.

The Solid Fill BitBLT fills aspecified BitBL T 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.
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Pattern Fill

The Pattern Fill BitBLT fills a specified BitBLT areawith an 8 pixel by 8 line patternin
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 pixdl.

The 2D engine can detects the end of each line and continuesfrom 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 BitBLT operation Pattern Fill with ROP requiresa BitBLT width> 2. The BitBLT
width isset in REG[110h], REG[111h].

Transparent Pattern Fill

The Transparent Pattern Fill fills aspecified BitBLT 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).

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 BitBLT no raster operation is applied.

Note
The BitBLT operation Pattern Fill with transparency requires a BitBL T width > 2. The
BitBLT width is set in REG[110h], REG[111h].

Transparent Write BitBLT
The Transparent Write BitBL T supports bit block transfers from the host to display buffer.
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 the key

color is used for comparison.

For this BitBLT no raster operation is applied.
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Transparent Move BitBLT

Color Expansion

The Transparent Move BitBL T 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
is used for comparison.

For this BitBL T no raster operation is applied.

The Color Expansion BitBLT expands the host's monochrome data to 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 linewill be taken from the
next data package. 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 BitBLT supports any bit alignment, but supportsin a positive direction only.

Move BitBLT with Color Expansion

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

A 1 expandsto the color defined in the Foreground Color Register.

A 0 expandsto 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 Color
Register are used for color expansion. The low byte write datawill be used first for the
operation. Each bit is serially expanded to the destination data starting from M SB (Bit 7) to
LSB (Bit 0).

This BitBLT supports byte alignment only and supportsin 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 116.
0 0 * REG[000h] is addressed when AB[12:0] = 0

* REG[001h] is addressed when AB[12:0] = 1

* REGIn] is addressed when AB[12:0] = n
Memory access: the 2M byte display buffer is addressed by
AB[20:0]
1 X S1D13506 not selected

0 1

Thedisplay buffer address space isalways 2M bytes. However, the physical display buffer
may be either 512K bytes or 2M bytes — see Section 5.3, “ Summary of Configuration
Options’ on page 31.

A 512K byte display buffer is replicated in the 2M byte address space — see Figure 10-1.
“Display Buffer Addressing,” on page 175.

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
100000h
Image Buffer

Ink/Cursor Buffer
Dual Panel Buffer

17FFFFh
180000h
Image Buffer
Tnk/Cursor Buffer Ink/Cursor Buffer
Dual Pandl Buffer 1FFFFFh Dua Pand Buffer

Figure 10-1: Display Buffer Addressing

Hardware Functional Specification S1D13506
Issue Date: 2008/12/16 X25B-A-001-12

Revision 12.2



Page 176 Epson Research and Development
Vancouver Design Center

10.1 Image Buffer

The image buffer contains the formatted display mode data— see Section 11.1, “ Display
Mode Data Format” on page 177.

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 177 for the relationship 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 190.

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 isalocated to the Dual Panel Buffer. The size
of the Dual Panel Buffer isafunction of the panel resol ution 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 Dual Pandl 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 PoP1P3P3P4PsPg Py
Byte 0 » Ag | Bg | Co | Do | Ay | By | Cy | Dy [T
Byte 1 » A2 | B | Co | Dy | A3 | B3 | C5 | Ds
Pn = (An, By, Cp, Dpy)
Byte 2 » A, | By | C4 | Dy | As | Bs | Cs | Dg n n Py “n Un
Host Address Display Buffer Panel Display
8 bpp:
bit 7 bit 0 PoP1P3P3P4PsPs Py
Byte 0 »As |Bo [Co |Do |Eo |Fo |Go |Ho LT TP ]
Byte 1 > Al Bl Cl Dl El Fl Gl Hl
P, = (A Bny Chyy DnoEns Frys Gy Hp)
Byte 2 A, |By |Co |Dy |E, Fo |Gy |Hy n n Pns 2 MPnoEns T P Hin
Host Address Display Buffer Panel Display
15 bpp:
i 5-5-5 RGB i
ot Z T ol oo PoP1P>P3PsPsPs Py
Byte 0 "Go” |Go™ |Go® Bo* |Bo® |Bo® |Bo" [Bo® [ T T[] |
— (R 40 5 40 g 40
Byte 1 > Ro* [Ro3 [Ro? [Rot [Re? [Go* [Go® Ph=(Ry"™, Gn "™, By )
Byte 2 »G.? |G1 |G% B1* |Bs® |B4? |By* [ByO
> 4p3|r.2|R1|R.O|G.4 |G.3
Byte 3 Ri”[Ri” [Ra” Ry [Ra” [G1 [Ga Panel Display
Host Address Display Buffer
16 bpp: 6.
. i pLo i o o
Byte 0 Go? |Go" |G’ [Bo* |Bo® |Bo? |Bo® [Bo?
Byte 1 Ro* |Ro® |Ro? [Ro' |Ro? |Go® [Go* |Go® Pn = (Ry*0, G, 50, B,*?)
Byte 2 G,? |61 |G, B1* (B3 [B4? Byt B,°
Byte 3 Ri* [Ri3 [Ri? [Re* RO |G, [G4* |63 Panel Display
Host Address Display Buffer
Figure 11-1: 4/8/15/16 Bit-per-pixel Format Memory Organization
Note
1. TheHost-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 203), 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.

Starting Word

Screen

(REG[047h],

Image Buffer LCD Display

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

e————  Width of Virtual Image ~———»

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

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

00 0000
01 0001
02 0010
03 0011
04 0100
05 0101
06 0110 _bi
07 0111 4-bit Gray Data N
08 1000
09 1001
0A 1010
0B 1011
ocC 1100
(0]5) 1101
OE 1110
OF 1111
FC
FD
FE
FF

4 bit-per-pixel data

from Image Buffer

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

4-bit Red Data

4-bit Green Data

4-bit Blue Data

Red Look-Up Table 256x4
00 0000
01 0001
02 0010
03 0011
04 0100
05 0101
06 0110
07 0111
08 1000
09 1001
0A 1010
0B 1011
ocC 1100
0D 1101
0E 1110
OF 1111
FC _____J
FD
FE
FF

Green Look-Up Table 256x4
00 0000
01 0001
02 0010
03 0011
04 0100
05 0101
06 0110
07 0111
08 1000
09 1001
0A 1010
0B 1011
0oC 1100
ob 1101
OE 1110
OF 1111

. A

FC
FD *r—
FE
FF

Blue Look-Up Table 256x4
00 0000
01 0001
02 0010
03 0011
04 0100
05 0101
06 0110
07 0111
08 1000
09 1001
0A 1010
0B 1011
0oC 1100
ob 1101
OE 1110
OF 1111

. A

FC
FD |
FE
FF

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 11111010
FB 11111011
FC 1111 1100
FD 1111 1101
FE 11111110
FF 1111 1111

Green Look-Up Table 256x4
00 0000 0000
01 0000 0001
02 0000 0010
03 0000 0011
04 0000 0100
05 0000 0101
06 0000 0110
07 0000 0111
F8 1111 1000
F9 1111 1001
FA 1111 1010
FB 11111011
FC 1111 1100
FD 1111 1101
FE 1111 1110
FF 11111111

Blue 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
ED 1111 1101
FE 1111 1110
FF 1111 1111

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 isbypassed and the color datais directly mapped for these color depths— See
“Display Configuration” on page 177.

Hardware Functional Specification

Issue Date: 2008/12/16

Revision 12.2

S1D13506
X25B-A-001-12



Page 182 Epson Research and Development
Vancouver Design Center

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

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

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

TV Format Required Clock Frequency
NTSC 14.318180 MHz (3.579545 MHz subcarrier)
PAL 17.734475 MHz (4.43361875 MHz subcarrier)
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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. Thisfilter 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 lineson 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

Vuwhite
Vyellow
chan
Vgreen
Vmagenta
Vred
Vblue
Vblank Vblack '
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
Vyelow | Yellow 1F 3F 00 923 89
Veyan | Cyan 00 3F 1F 798 72
Vgreen | Green 00 3F 00 725 62
Vimagenta | Magenta 1F 00 1F 608 45
Vied |Red 1F 00 00 536 35
Voue |Blue 00 00 1F 410 17
Vpiack | Black 00 00 00 338 73
Vblanking Blanking N.A. 284 0
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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Vieyan Vleq
Vlgreen Vlmagenla
Vlyellow Vipe
Vipyrst
Vblanking
Vzburst
szellow V2piue
Vzgfee” Vzmagema
Vzcyan V264
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)
Vlpyst | Burst positive peak N.A. 552 /541
Vleliow | Yellow positive peak 1F 3F 00 700
Vlean |Cyan positive peak 00 3F 1F 815
Vlgeen |Green positive peak 00 3F 00 751
V1lnagenta | Magenta positive peak 1F 00 1F 751
V1,4 |Red positive peak 1F 00 00 815
Ve |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
V2.yan | Cyan negative peak 00 3F 1F 5
V24reen | Green negative peak 00 3F 00 70
V2magenta | Magenta negative peak 1F 00 1F 70
V2,4 |Red negative peak 1F 00 00 5
V2uue | 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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Vieow ~ Vleyan
Vlgreen
Vwhite
V2
yelow Vlmagenta
VZ2eyan Vg
Vzgreen
V3ye|low Vzmagenta
Vipe
V2ieqd
Vlburst
V3 Vzblue
Volank. back o V3green
V2 V3magenta
Vsync burst Varg V3yue
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)
Vljelow | Yellow chrominance positive peak 1F 3F 00 1211 130
Vlan | 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
V1, |Red chrominance positive peak 1F 00 00 939 92
Vl1p,e |Blue chrominance positive peak 00 00 1F 699 58
Vuhite | White luminance level 1F 3F 1F 995 99
V2yeliow | Yellow luminance level 1F 3F 00 923 89
V2¢yan | 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
V3yeliow | 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
Vlpyst | 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 be displayedonaTV. Figure
13-4: “NTSC/PAL Image Positioning,” on page 188 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] bitg[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] hitg6:0]) + 1) x 8) + (((REG[052] bitg[5:0]) 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 registersposition theimage horizontally
and vertically. The maximum and minimum register values for these registers are givenin

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

image up.
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t1 t2
A y T y
t6 | t3 R
Vertical—Y ! 5 "
Sync |
| A\ 4
| 4
Odd }
Field :
1,3 ! t4/2 Image
| Odd Lines (1, 3,5, ...)
|
|
\ 4 ! y
A © | 4
|
Vertical 4 » T
Sync | t5+ 1T INg
| A 4
4
|
Even |
Field |
| )
2,4 | @2 Even Lines (2, 4, 6, ...)
|
t3 !
 p—
v | y
0 T 909 (NTSC)
Horizontal Sync 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: “Typica
Total Display and Visible Display Dimensionsfor NTSC and PAL,” on page 189 asa
guideline. The actual visible display areafor aparticular TV may differ dightly 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) : NTSC - 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 | Tusc
t4 TV Vertical Display Height 57, 56 396 484 496 572 TLUNE
t5 TV Vertical Non-Display Period 58 20 64 26 64 TLNE
t6 TV VRTC Start Position 59 0 t5 - 20 0 t5-26 | TunE
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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 0%h 13h
. . . 57 01lh 01lh 01lh 02h 02h 02h 01h
TV Vertical Display Height 56 E3h | B3h | DFh | 3Bh | O5h | 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 190.
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14 Ink Layer/Hardware Cursor Architecture

14.1 Ink Layer/Hardware Cursor Buffers

TheInk 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 addressfor 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

0

. . This default value is suitable for a cursor
Display Buffer Size - 1024 when there is no Dual Panel Buffer.

n=255.1 Display Buffer Size - « position an Ink buffer between the image

These positions can be used to:

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

(n x 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-bpp: bit 7 bit 0 PoP1P2P3P,4PsPeP;
[T T
Byte 0 » Ao | Bo | A1 | By | A2 | B2 | Ag | B3
Byte 1 » A4 | By | As | Bs | Ag | Bg | A7 | By
Pn = (An, Bp)
Panel Display
Host Address Ink/Cursor Buffer
Figure 14-1: Ink/Cursor Data Format
The image data for pixel n, (A,,B},), selects the color for pixel n asfollows.
Table 14-2: Ink/Cursor Color Select
(An.Bn) 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
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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 the ink image are
automatically calculated to completely cover the display.

14.3.2 Cursor Image

The Cursor image size is always 64 x 64 pixels. The Cursor X Position and Cursor Y
Position registers specify the position of the top left pixel. The following diagram shows
how to position an unclipped cursor.

P(0;0)
P(x;y) P(x+63;y)
- -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] bits[1:0], REG[082h]) and REG[083h] bit 7 =0
y = (REG[085h] hits[1:0], REG[084h]) and REG[085h] bit 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) .

|

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] bits[1:0], REG[084h]) <= 63 and REG[085h] bit 7 =1
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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 aclockwise direction. 90° rotation is
also available on CRT.

Therotation is done in 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 pixel virtual window. The following figures show
how the display buffer memory map changesin 90° SwivelView™. Thedisplay is
refreshed in the following sense: C-A—D-B. The application image is written to the
S1D13506 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/writeto the display buffer naturally, without the need to rotate the image
first in software. The registers that 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 195).
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Figure 15-1: Relationship Between Screen Image and 90° Rotated Image in the Display Buffer

Note
W is the width of the LCD panel/CRT in number of pixels, (or the height of the portrait
window in number of lines).
H isthe height of the LCD panel/CRT 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 trandated
to provide 90° clockwise rotation of the display image. SwivelView™ Enable bit 1 should
be set to 0.

Memory Address Offset

The LCD/CRT Memory Address Offset register (REG[046h], REG[047h] for LCD, or
REG[066h], REG[0667h] for CRT) must be set for a 1024 pixel offset:
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LCD/CRT 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 195, the Display Start Address is determined by the location of
the image corner “C”, and it is generally non-zero. The LCD/CRT Display Start Address
register (REG[042h], REG[043h], REG[044h] for LCD, or REG[062h], REG[063h],
REG[064h] for CRT) must be set accordingly.

LCD/CRT 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.
Horizontal Panning

Horizontal panning is achieved by changing the LCD/CRT Display Start Address register:
* Increase/decrease LCD/CRT Display Start Address register 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
Vertica scrolling is achieved by changing the LCD/CRT Display Start Address register

and/or the LCD/CRT Pixel Panning register:

* Increment/decrement LCD/CRT Display Start Address register in 8 bpp mode scrolls
the display window up/down by 2 lines.

* Increment/decrement LCD/CRT Display Start Address register in 15/16 bpp mode
scrolls the display window up/down by 1 line.

* Increment/decrement LCD/CRT Pixel Panning register in 8 bpp mode scrolls the
display window up/down by 1 line.
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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 requiredis:

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.

The Dual Panel Buffer is used for dual panel mode. Its memory requirement is:

Dual Panel Buffer (bytes)
=(WxH)/4 for color mode
=(W xH)/16 for monochrome mode

where W isthe width of the panel in number of pixels, and H is the height of the panel in
number of lines.

The Dual Panel Buffer is aways located at the end of the physical memory.

The Hardware Cursor or Ink Layer also takes up memory. If thismemory is> 1KB, it must
be located at an 8K B 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. Note that DRAM size for the S1ID13506 is limited
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 requiresonly 1KB of memory and so may resides at the last 1KB areaif thereisno
Dual Panel Buffer, otherwise it must reside at an 8K B boundary. The 2-bit ink layer
requires (W x H) / 4 bytes of memory; it must reside at an 8K B boundary. The table shows
only one possible Hardware Cursor/Ink Layer location — at the highest possible location
without interfering with the Dual Panel Buffer. It isalso assumed that CRT/TV isnot used.
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Table 15-1: Minimum DRAM Sze Required for SwivelView™

panel Size panel Tvpe 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 0KB 18.75KB/1KB | 488KB/511KB
8 bpp 240KB 512KB
Mono
15/16 bpp 480KB
Col 8 bpp 480KB --/511KB
olor
) 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
Dual 15/16 bpp 960KB
ua
8 bpp 480KB 512KB --1488KB
Mono 18.75KB
15/16 bpp 960KB 1952KB/2024KB
8 bpp 600KB
Color
) 15/16 bpp 1.2MB
Single 0KB 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 bytesand MB = 1024KB

15.2.3 Limitations

The following limitations apply to 90° Swivel View™:
» 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.
Swivel View™ Enable bit O must be set to 0 when the user is accessing the Hardware
Cursor or the Ink Layer 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 fetchingisreversed. This setting 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_Offsat 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 Swivel View™ is not enabled, except
that the effect of the LCD Pixel Panning register is reversed:

* Increment/decrement LCD Display Start Address register pans the display window to
the right/left.

* 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.
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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.
« CRT/TV modeis not supported.

» 180° SwivelView™ does not support all BitBLTs.

15.4 270° SwivelView™

270° SwivelView™ is a combination of 90° SwivelView™ and 180° Swivel View™. 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 195.

15.4.1 Register Programming
Enabling 90° Rotation on CPU Read/Write to Display Buffer

Set SwivelView™ Enable bit 0to 1. All CPU accessto 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 pixe 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
Addressregister (REG[042h], REG[043h], REG[044h]) must be set accordingly.

LCD Display Start Address (words)
= ((LCD Memory Address Offset) x H) — 1

where H is the height of the panel in number of lines.

Horizontal Panning

Horizontal panning is achieved by changing the LCD Display Start Addressregister. It

works in 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 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. It worksin 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.
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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.
Swivel View™ Enable bit O must be set to 0 when the user is accessing the Hardware
Cursor or the Ink Layer memory.

» CRT/TV mode is 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 BitBLTs.
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16 EPSON Independent Simultaneous Display (EISD)

16.1 Introduction

EPSON Independent Simultaneous Display (EISD) allows the S1D13506 to display
independent images on 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 also 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 thereis only 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 a so 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 is used for the LCD display. Memory clock may come from CLKI or
BUSCLK.

To display different imageson the LCD and CRT/TV, thetwo images should reside in 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 thedisplay 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 S1ID13506. Theresult isthat display modes with a high resol ution or color
depth may not be supported. In some cases, Ink Layers may not be possible on one or both
of thedisplays. 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:

e 11hfor 4 bpp mode
 21hfor 8 bpp mode
 23h for 15/16 bpp mode

Changing this register to anon-zero value sets the high threshold FIFO level to thisvalue.
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 alower 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 thesetwo
methods is required. Correcting EISD display problems by adjusting the FIFO High
Threshold Control registersis mostly atria-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 209.
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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. The revision code for thisimplementation 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

F?li\Dl\lljri?s 10 Type MediaPlug I/F
FPDATS ¢} VMPLCTL
FPDAT9 | VMPRCTL
FPDAT10 (¢} VMPDO
FPDAT11 [e} VMPD1
FPDAT12 (¢} VMPD2
FPDAT13 10 VMPD3
FPDAT14 ¢} VMPCLK
FPDAT15 ¢} VMPCLKN

DRDY or MA11 o 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. This s 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 page 31.

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 frame rate is calculated using the following formula.

LCD PCLK
max. LCD Frame Rate = max

(LHDP + LHNDP) x ('-_\LQ_P + LVNDP)

n

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 Vertical 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 = 1for 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 5,
(CHDP + CHNDP) x (CVDP + CVNDP)

max. CRT Frame Rate =

Where:

CRT PCLKmax= maximum CRT pixel clock frequency

CVDP = CRT Vertica Display Height
= (REG[057h] bits[1:0], REG[056h] bits[7:0]) + 1
CVNDP = CRT Vertica 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
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18.1.3 TV Frame Rate Calculation

The maximum TV frame rate is calculated using the following formula.

TV PCLK,,
(THDP + THNDP) x (TVDP + TVNDP + 0.5)

max. TV Frame Rate =

Where:
TV PCLKmax= maximum TV pixel clock frequency

TVDP =TV Vertical Display Height
= (REG[057h] bits[1:0], REG[056h] bits[7:0]) + 1

TVNDP =TV Vertical 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 al example frame rates the following conditions apply:
» Dual panel buffer isenabled for dual panel.
* 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
Horiz| Vert max | min | min | Ma&X Horiz| Vert Frame
LCD Type | Ink | Res | Res | bpp |PCLK [HNDP|VNDP F;;T;e CRT ok |'Res | Res bpp PCLK HNDIP \{.':eDSP Rate
(pixels) | (lines) (MHz) | (pixels) | (lines) (H2) TV (pixels) | (lines) (MHZ) | (pixels) | (lines) (Hz)
No | 640 | 480 40 | 56 | 1 |119 | - - - - - - | -] - -
Passive
Single/TFT | N0 | 640 | 480 | 8 | 40 | 64 | 1 | 118 | - - - - - - - - -
No | 640 | 480 | 16 | 34 | 56 | 1 |101| - e - | -] - -
No | 640 | 480 40 | 64 | 1 | 235 | -- - - - - - - - -
MonoPassve'No [ 640 (480 8 [ 40 [ 72 [ 1 2838 ~ [ - [ - | - [ -~ -] ~-]-1]-
No | 640 | 480 | 16 | 27 | 56 | 1 | 161 | - . - - - - - - -
No | 640 | 480 35 | 64 | 1 | 206 | - T e .
ColorPassve'No [640 [480 | 8 |33 |64 | 1 [10a| - [~ [ - [ - [ -] -[-]-1]+-
No | 640 | 480 | 16 | 23 | 48 | 1 | 138 | - T .
Yes | 640 | 480 40 | 56 | 1 | 119 | -- - - - - - - - -
Passive
Single/TFT | YeS | 640 | 480 | 8 | 40 | 64 | 1 |118| - T .
Yes | 640 | 480 | 16 | 30 | 48 | 1 | 90 | -- . - - - - - - -
Yes | 640 | 480 39 | 64 | 1 | 229 - T .
MonoPasselves [640 480 | 8 |31 |56 [ 1 184 ~ [ - [ - | - |~ [ -~ [-]-
Yes | 640 | 480 | 16 | 22 | 48 | 1 | 132 | -- T .
Yes | 640 | 480 31 [ 56 | 1 | 184 | - - - - - - - - -
ColorPassive 'ves 640 [480 | 8 | 26 | 48 | 1 [1s6| —~ | ~ | ~ | - [ - | - [ - | -] -
Yes | 640 | 480 | 16 | 20 | 40 | 1 | 122 | -- - - - - - - - -
- | - | - | -1 |- -1 -1 -~ | CRT| No | 640 | 480 36 [ 192 | 29 | 85
- - - - - - - . - - | CRT| No | 640 | 480 | 8 | 36 | 192 | 29 | 85
- - | - | -] | -] -] -] -] -~ |CRT| No 640|480 | 16 | 36 | 192 | 29 | 85
- - - - - - - - - - |nTscTv| No | 640 | 480 | 4 [14.32] 270 | 22 | 62
w | = | = | - | - | - | -] - | - | -~ |nsctv| No | 640 | 480 | 8 |14.32| 270 | 22 | 62
- - - - - - - - - - |ntscTv| No | 640 | 480 | 16 [14.32] 270 | 22 | 62
- - - - - - - — | —- | - |PALTV| No | 640 | 480 | 4 |17.73| 495 | 72 | 56
- - - - - - - - - - |PALTV| No | 640 | 480 | 8 [17.73]| 495 | 72 | 56
- - - - - - - — | —- | - |PALTV| No | 640 | 480 | 16 |17.73| 495 | 72 | 56
I:lz Example Frame Rates with Ink Layer Enabled
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Table 18-1: Frame Rates for 640x480 with EISD Disabled (Continued)

; ; .| max :
LCD Type | Ink HRoeréZ \F_/e%rst bpp |PCLK HTJQP VNDP Frame | CRTH -y HFSeréz \F_/gst bpp |~ - [HNDPVNDP rate.
(pixels) | (lines) (MHz) | pixels) | (lines) H2) TV (pixels) | (lines) (MHz) | (pixels) | (lines) | )
- -] -] -1 ~1=1-=-1-1 =1~ |crr| Yes | 640 | 480 36 192 | 29 | 85
- -] -] -] - 1] ~1] -]~ 1~ |crr|Yes|640 | 480 | 8 | 36 | 192 | 29 | 85
- -] -] -1~ ~1=-1 -1 ~1 -~ |crr|Yes|640 | 480 | 16 [ 315|200 | 20 | 75
- - - -] - -] - -] ~- | ~ |nscwv| Yes | 640 | 480 14.32| 270 | 22 | 62
- -] -] -1 -1 ~1 -1 -1 1 - |nscwv|Yes | 640 | 480 | 8 [14.32] 270 | 22 | 62
- - -- -- -- -- -- -- -- -- |nTscTv| Yes | 640 | 480 | 16 |14.32| 270 | 22 62
- -] -] -1 -1 =111 =1~ |patv| Yes | 640 | 480 17.73| 495 | 72 | 56
- - -] -] - -] -] -] | ~ |patv|Yes | 640 | 480 | 8 [17.73| 495 | 72 | 56
- -] -] -1 -1 ~1-=-1 -1 -1~ |patv| Yes | 640 | 480 | 16 [17.73| 495 | 72 | 56
|:|: 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
: : : max H
LCD Type | Ink | Res | Res | bpp |PCLk [Hnbp|vipp|Frame| CRT/ |y FRECE | RES | ppp | PCLK | HNDP [vnDP | Fae
(pixels) | (lines) (MHz) | pixels) | (lines) H2) TV (pixels) | (lines) (MHz) | (pixels) | (lines) | )
No | 800 | 600 40 | 64 | 1 | 153 | -- T .
ColorPassive 'No [ 800 [600 | 8 [33 [ 64 | 1 [126| ~ | - | -~ [ - [ - -] -]-1]-
No | 800 [600 | 16 | 23 | 48 | 1 | 90 | - = = = -]
Yes | 800 | 600 31 | 56 | 1 |120| -- S -
ColorPassive | ves | 800 | 600 26 | 48 | 1 100 -~ | - | - | - - ~-]~-1--1-
Yes | 800 | 600 | 16 | 20 | 40 | 1 | 79 | -- e -
-l - -] -]~ ~1-1=-1 1= |crT| No | 800|600 40 | 256 | 28 | 60
- -] -] -] | ~1 1]~ -~ |CRT|No|800|600| 8 | 40 |256 | 28 | 60
- -] -] -]~ ~1 =111 - |crT| No|800|600]| 16 | 36 | 224 | 25 | 56
- - - -] - -1 -1 1«1~ |cRT| Yes| 800 | 600 40 | 256 | 28 | 60
- -] -] -] -1 ~1-1-1 =1 - |crr] Yes| 800 | 600 40 | 256 | 28 | 60
- - -] - - | -] -] -] | ~ |CRT|Yes|800|600| 16 |31.5| 224 | 25 | 49

|:|: 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 Rates for LCD and CRT (640x480) with EISD Enabled
. . —Tmax .
LCD Type | Ink HROeréZ \l_gst bpp |PCLK [HNDP |vNDP | Frame | CRT/ |y HRoeréZ \I_éeerst bpp | PCEK(|HNDP VDR FLEES
(pixels) | (lines) (MH2) | @ixels) | (lines) | 35 TV (pixels) | (lines) MHz) | (pixels) | (lines) | /v
No [ 320 | 240 | 16 | 97 | 40 | 1 | 111 | CRT | No | 640 | 480 | 16 [25.175| 160 | 44 | 60
passive | No | 640 | 240 | 16 | 9.7 | 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
C°'°rDzaa|SS“’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 | 8 | 1 | 91 |CRT | No | 640 [ 480 | 4 [25.175| 160 | 44 | 60
Single / TFT | Yes | 640 | 480 | 8 | 20 | 72 | 1 | 58 | CRT | No | 640 | 480 | 8 |25.175| 160 | 44 | 60
Mono Passive | 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'OBZZTS“’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
Sirﬁ’;zs/“fw 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
Mono Passive| 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'OEZZTS“’e 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 | yYes | 640 | 480 | 4 | 24 | 64 | 1 | 70 | CRT | Yes | 640 | 480 | 4 |25.175| 160 | 44 | 60
Mono Passive | 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 '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
I:I: Example Frame Rates with Ink Layer Enabled
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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

max

Horiz| Vert max | min | min Horiz| Vert Frame
LCD Type | Ink | Res | Res | bpp [PCLK |[HNDP|VNDP |Frame CRT 10k |'Res | Res bpp |- K HNDlP \(ﬁ:eDg Rate
(ixels) | (lines) (MHz) | pixels) | (lines) H2) TV (ixels) | (lines) (MHz) | (pixels) (Hz)
No | 640 | 240 20 | 72 | 1 | 116 | CRT | No | 800 | 600 40 | 256 | 28 | 60
Passive No | 640 | 480 40 | 112 | 1 | 120 | crRT | No | 800 | 600 40 | 256 | 28 | 60
Single / TFT
No | 640 | 480 | 8 | 20 | 72 | 1 | 58 | CRT | No | 800 | 600 | 8 | 40 | 256 | 28 | 60
C°"gu2"’|‘§3“’e No | 640 | 480 | 8 | 13 | 56 | 1 | 77 | CRT | No | 800 | 600 | 8 | 40 | 256 | 28 | 60
C°'°rDisz‘Ve No | 800 | 600 | 4 | 24 | 72 | 1 | 91 | CRT | No | 800 | 600 | 4 | 40 | 256 | 28 | 60
C°"gu2"’|‘sf“’e No | 800 | 600 | 8 | 15 | 56 | 1 | 58 | CRT | No | 800 | 600 | 8 | 40 | 256 | 28 | 60
TET3 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 | Yes | 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 | CRT | 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'O’DZ";TS“’E Yes | 640 | 480 | 4 | 19 | 56 | 1 | 113 | CRT | No | 800 | 600 | 4 | 40 | 256 | 28 | 60
No | 640 | 240 | 4 | 27 | 72 | 1 | 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
MO”ODZZISS“’G 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 | yes | 640 | 480 | 4 20 | 56 1 59 | CRT | Yes | 800 | 600 | 4 40 | 256 | 28 | 60
MO”"DZZTS“’G Yes | 640 | 480 | 4 | 17 | 56 | 1 | 101 | CRT | Yes | 800 | 600 | 4 | 40 | 256 | 28 | 60
°°'°rDZZTs“’e Yes | 640 | 480 | 4 | 14 | 48 | 1 | 84 | CRT | Yes | 800 | 600 | 4 | 40 | 256 | 28 | 60

|:|: 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. REG[04Ah] must be set to Fh.
3. REG[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 | Ma&X Horiz| Vert Frame
LCD Type | Ink | Res | Res | bpp [PCLK [HNDP [VNDP | Frame CRT 0k ['Res | Res bpp |FEHK HNDIP XmeDg Rate
(pixels) | (lines) (MHZ) | (pixels) | (lines) H2) TV (pixels) | (lines) (MHz) | (pixels) (H2)
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 |ntscTv| 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 [14.32| 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
Color Passive | NO | 640 | 480 | 4 21 | 88 1 | 119 |ntscTv| No | 640 | 480 | 4 |14.32| 270 | 22 | 62
Dual No | 640 | 480 | 8 13 | 72 1 75 |ntscTv| No | 640 | 480 | 8 [14.32| 270 | 22 | 62
C°'°rDFL’JaaISS“’e No | 800 [600| 8 | 13 | 72 | 1 | 49 |nrsctv| No | 640 | 480 | 8 |14.32] 270 | 22 | 62
Passive
_ Yes | 640 | 480 | 4 24 | 96 1 67 |ntscTv| No | 640 | 480 | 4 [14.32| 270 | 22 | 62
Single / TFT
MonoPassive | Yes | 640 | 480 | 4 20 | 80 1 | 115 |ntscTv| No | 640 | 480 | 4 |14.32| 270 | 22 | 62
Dual Yes | 640 | 480 | 8 12 | 64 1 70 |ntscTv| No | 640 | 480 | 8 [14.32| 270 | 22 | 62
Color Passive | Yes | 640 | 480 | 4 17 | 72 1 99 |ntscTv| No | 640 | 480 | 4 [14.32| 270 | 22 | 62
Dual Yes | 640 | 480 | 8 11 | 64 1 64 |ntscTv| No | 640 | 480 | 8 [14.32| 270 | 22 | 62
No | 640 | 240 | 4 19 | 72 1 | 110 |nTscTv| Yes | 640 | 480 | 4 |14.32| 270 | 22 | 62
Sir;zs/"fﬁ No | 640 | 240 | 8 | 12 | 64 | 1 | 70 [ntsctv| Yes | 640 | 480 | 8 |14.32] 270 | 22 | 62
No | 640 | 480 | 4 19 | 72 1 55 |nTscTv| Yes | 640 | 480 | 4 [14.32| 270 | 22 | 62
MonoPassive | No | 640 | 480 | 4 16 | 64 1 94 |ntscTv| 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
Color Passive | NO | 640 | 480 | 4 14 | 56 1 83 |ntscTv| Yes | 640 | 480 | 4 [14.32| 270 | 22 | 62
Dual No | 640 | 480 | 8 | 9.3 | 48 1 56 |nTscTv| Yes | 640 | 480 | 8 [14.32| 270 | 22 | 62
passive | Yes | 640 | 240 | 4 16 | 64 1 94 |ntscTv| 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
Mono Passive | Yes | 640 | 480 | 4 14 | 56 1 83 |ntscTv| Yes | 640 | 480 | 4 [14.32| 270 | 22 | 62
Dual Yes | 640 | 480 | 8 9 | 48 1 54 |nTscTv| Yes | 640 | 480 | 8 [14.32| 270 | 22 | 62
CO'OBZaafS“’e Yes | 640 | 480 | 4 | 12 | 48 | 1 | 72 |ntsc1v| Yes | 640 | 480 | 4 |14.32]| 270 | 22 | 62
I:Iz Example Frame Rates with Ink Layer Enabled
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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 | M&X Horiz| Vert Frame
LCD Type | Ink | Res | Res | bpp [PCLK |[HNDP|VNDP |Frame CRT 10k |'Res | Res bpp |- K HNDlP \(ﬁ:eDsl; Rate
(pixels) | (lines) (MHz) | pixels) | (lines) H2) TV (pixels) | (lines) (MHz) | (pixels) (Hz)
passive |No  [640 [480 |4 31 [120 |1 84 |PALTV [No [640 [480 |4 17.73|495 |72 |56
Single/ TFT [No  |640 (480 |8 18 |88 |1 51 |PALTV [No [640 [480 |8 17.73|495 |72 |56
Mono Passive [NO 640 480 |4 25 [104 |1 139 |PALTV [No |640 (480 |4 17.73|495 |72 |56
bual  |No [640 [480 |8 15 [s0 |1 86 |PALTV [No [640 [480 |8 17.73|495 |72 |56
No |640 |480 |4 21 [s8 |1 119 |PALTV [No |640 (480 |4 17.73|495 |72 |56
C°'°BF:§S'V€ 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 [s8 |1 43 |PALTV [No 640 [480 |8 17.73|495 |72 |56
Passive |Yes |640 |480 |4 24 lo6 |1 67 |PALTV [No [640 |480 |4 17.73|495 |72 |56
Single / TFT
Mono Passive | Yes 640 (480 |4 20 [s0 |1 115 |[PaLTV [No |640 [480 |4 17.73|495 |72 |56
Dual  |yes 640 |480 |8 12 lea |1 70 |PALTV [No [640 [480 |8 17.73|495 |72 |56
Color Passive |Yes 640 [480 |4 17 |2 |h 99 |[PaLTV [No [640 [480 |4 17.73|495 |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 |2 |h 110 |[PALTV |Yes [640 [480 |4 17.73|495 |72 |56
Si:;ZS/NTeFT No |640 [240 |8 12 lea |1 70 |PALTV |Yes [640 [480 |8 17.73|495 |72 |56
No |640 |480 |4 19 |2 |h 55 [PALTV |Yes [640 [480 |4 17.73|495 |72 |56
Mono Passive N0 |640 480 |4 16 |64 |1 94 |PALTV |Yes [640 [480 |4 17.73|495 |72 |56
bual  |No [640 [480 |8 10 [s6 |1 59 |[PALTV |Yes [640 [480 |8 17.73|495 |72 |56
Color Passive INO 640|480 |4 14 |56 |1 83 |PALTV |Yes [640 |480 |4 17.73|495 |72 |56
bual  [No [640 |480 |8 93 |48 |1 56 |PALTV |Yes [640 [480 |8 17.73|495 |72 |56
passive |Yes |640 [240 |4 16 |64 |1 94 |PALTV |Yes [640 [480 |4 17.73|495 |72 |56
Single / TFT |Yes |640 [240 |8 10 [s6 |1 59 |[PALTV |Yes [640 [480 |8 17.73|495 |72 |56
Mono Passive | 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 displays inactive, 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 sequencesin Section 7.4, “Power Sequencing” on page 70.

19.2 Power Save Mode

Power save mode is invoked by setting REG[1FOh] 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 70. Accessto
memory is not allowed and the memory controller merely refreshes the memory in the
method selected by REG[021h]. Register access is 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 this bit is 0, the panel is powered up, or in transition of powering up
or down. The system may disable the LCD pixel clock source whenthisbitis1. Thishitis
1 after chip reset.

Memory Controller Power Save Status bit

The Memory Controller Power Save Status bit (REG[1F1h] bit 1, when 1, indicatesthat 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 Refresh is pre-selected (see REG[021h] bits 7-6); this condition will never occur if
CBR Refreshis selected. When thishit is0, the DRAM interfaceisactive. The system may
disable the memory clock source when this bitis 1. This bit is 0 after chip reset.
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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.
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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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20.2 Clock Descriptions

20.2.1 MCLK

20.2.2 LCD PCLK

MCLK should be configured as close to its maximum (40MHz) as possible. The S1D13506
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
takes its share. CPU bandwidth can be seriously reduced when the MCLK frequency is
reduced, especially for high-resolution, high-color modes where screen refresh has high
bandwidth requirements.

LCD PCLK should be chosen to match the optimum frame rate of the panel. See Section
18, “Clocking” on page 206 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 createthisclock,
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 115. VMPCLK istypically intherange
6-8MHz so MediaPlug Clock must be in the range of 12-16MHz.
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20.3 Clocks vs. Functions

The S1D13506 has five 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 LQT Yes Yes -- -- --
read/write
CRT/TV I__UT ves B ves B _
read/write
Memor.y Yes -- -- Yes --
read/write
2D Operation Yes -- -- Yes --
MediaPlug
Registers Yes - -- - Yes
read/write
Power Save -- -- -- -- --
Note

The S1D 13506 contains sophisticated power management that dynamically shuts down
clocks when not needed.
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21 Mechanical Data
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Figure 21-1: Mechanical Drawing QFP15
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22 Sales and Technical Support

AMERICA

ASIA

EPSON ELECTRONICS AMERICA, INC.
2580 Orchard Parkway

San Jose, CA 95131,USA

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

EUROPE

EPSON EUROPE ELECTRONICS GmbH
Riesstrasse 15, 80992 Munich,

GERMANY

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

22.1 Ordering Information

EPSON (CHINA) CO., LTD.

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

Dongcheng District,

Beijing 100005, CHINA

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

SHANGHAI BRANCH

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

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

SHENZHEN BRANCH

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

Hi-Tech Park, Shenzhen 518057, CHINA

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

EPSON HONG KONG LTD.

20/F, Harbour Centre, 25 Harbour Road

Wanchai, Hong Kong

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

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

Taipei 110, TAIWAN

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

EPSON SINGAPORE PTE., LTD.

1 HarbourFront Place,

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

SEIKO EPSON CORP.

KOREA OFFICE

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

SEIKO EPSON CORP.
SEMICONDUCTOR OPERATIONS DIVISION

IC Sales Dept.

IC International Sales Group

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

To order the S1D13506 Color LCD/CRT/TV Controller, contact the Epson sales represen-

tative in your area.
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Change Record

X25B-A-001-12 Revision 12.2 - Issued: December 16, 2008

« changes from the previous revision are red

« release as revision 12.2 to align with Japan numbering

« section 23 - update Sales and Technical Support addresses
X25B-A-001-12 Revision 12.01 - Issued: September 19, 2007

* updated tagline and copyright

* REG[034h], fixed typo in REG[034h] minimum register value formula, should refer to
REG[034h] instead of REG[032h]

* updated Sales and Technical Support addresses
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