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1 Introduction

1.1 Scope

This is the Hardware Functional Specification for the SID13746, TV-Out Embedded
Memory Mobile Graphics Engine. 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 Devel-
opers.

This document is updated as appropriate. Please check the Epson Research and Devel-
opment Website at www.erd.epson.com for the latest revision of this document before
beginning any development.

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

1.2 Abbreviations and Acronyms

The following abbreviations and acronyms are used in this document:

All numbers are in decimal unless marked otherwise (b for binary, h for hexadecimal)
k =210=1024 when used with regards to memory
b = bit

B =Byte

bpp = bits-per-pixel

msb = Most Significant bit

Isb = Least Significant bit

10 = Input/Output

LUT = Look-Up Table

NC = No Connection

YYC=YUV to YUV Converter

YRC =YUV to RGB Converter

RYC =RGB to YUV Converter

VDP = Vertical Display Period

VNDP = Vertical Non-display Period

DDS = Digital Direct Synthesis

POUT = PLL Output

Hardware Functional Specification S1D13746
Issue Date: 2007/09/14 X74B-A-001-02
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1.3 S1D13746 TV-Out Mobile Graphics Engine Family

The S1D13746 TV-Out Mobile Graphics Engine family currently includes the

S1D13746B00 and the S1D13746B01/S1D13746F01. The following table describes the

differences between these devices.

Table 1-1 S1D13746B0x Comparison

Device

Feature Differences

S1D13746B00

Base Design

S1D13746B01

All features of the S1D13746B00 plus:

GPIO interrupt and registers are asynchronous and fully functional in
SLEEP mode.

Chrominance and Luminance filters for TV output improved from 11-TAP to
15-TAP to enhance Composite output.

Dot-Crawl elimination circuitry added for NTSC Composite mode.
Input and output scalers improved to provide sharper output image.

Input pre-scaler (decimation scaler) added to allow input image size of up
to 3072x4092.

TV block changed to operate with flexible frequency range of 18MHz to
27MHz, and changed clock source for TV block to be selectable between
CLKI/OSCI and PLL output divided by 2. This allows the possibility of
running CLKI/OSCI from 1MHz to 54MHz range.

Square Pixel Correction Enable bit added to auto-scale the output window
width to display square pixels.

Two more pin functions added to the TE (Tearing Effect) signal.
10 cells changed to Fail-Safe type.
Pull-Down resistor on the PWRSVE input removed.

S1D13746F01

All features of the S1D13746B01 in a QFP15 128-pin package.

S1D13746
X74B-A-001-02
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2 Operational Overview

2.1 TV Support

The S1D13746 is a Mobile Graphics Engine offering direct TV-output capability allowing
for the display of multiple windows and orientations.

The S1D13746 contains a 312k byte display buffer. Input resolutions exceeding the
memory space are automatically scaled down to fit. The final display output can be scaled-
up and bordered to fit the standard TV resolutions as defined by PAL or NTSC.

TV output can be double-buffered to prevent image tearing during streaming video and also
act as a frame-rate converter, allowing slow input video streaming while still maintaining
PAL or NTSC output timing.

Input Data can come from a Host processor using an Intel 80 protocol or from a standard
TFT display output (Parallel RGB Interface). The S1D13746 can be connected directly to
a standard TFT display output. In this case, the registers are programmed using a Serial
Interface and the S1D13746 converts the TFT output data appropriately for display on a
TV.

All image data uses the Input/Output Window Size/Position registers and is accesses using
the Display Memory Data Port. Subsequent windows are considered destructive overlays.
Each window can have independent rotation and position characteristics.

The S1D13746 is designed to accept DMA burst accesses from an Intel 80 CPU interface.
All accesses to the display buffer are handled through a Display Memory Data Port.

The S1D13746 conforms to both the PAL and NTSC output standards with respect to
resolution and output format. Both Composite and S-Video outputs formats are supported.
The S1D13746 supports multiple RGB, YUV 4:2:2 and YUV 4:2:0 input formats. All data
is converted and stored as YUV 4:2:0.

2.1.1 Writing Window Data

Window data can either be written by a Host processor via the Intel 80 Interface or input
by the Parallel RGB Interface. For the Intel 80 processor, the windows can vary in size, For
the Parallel RGB Interface, the window size is automatically determined by the horizontal
and vertical input timings.

Hardware Functional Specification S1D13746

Issue Date: 2007/09/14
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2.1.2 Scaling Features

* Host Input Data can be scaled-down to fit within the available memory.

» The Input Scaler logic requires an input size, either programmed by the Host or calcu-
lated automatically if using the Parallel RGB Interface. The available memory is ei-
ther the entire display buffer (312k bytes) or 156k bytes if the double buffer feature is
enabled. The required scaling ratio from Input Size to memory is automatically calcu-
lated.

* Memory Output Data (intended for display on the TV) can be scaled-up for display on
the TV (Display Output Scaler).

« if the resulting scale-up does not equal full resolution as defined by the PAL or NTSC
standards, then an automatic border is generated and the resulting image is centered
within the border.

« If displaying multiple images on the TV, the initial background image determines
both the Scale-down ratio to memory and the Scale-up ratio to the display. These ra-
tios are used by all other windows.

« If displaying multiple images on the TV, all subsequent windows are referenced to the
top-left of the (auto-centered) background image for position.

2.1.3 Window Rotation

SwivelView™ provides 90°, 180°, 270° counter-clockwise hardware rotation of the image
window as written by the host. All windows can have independent rotation when writing to
memory. No additional programming is necessary when enabling these modes.

2.1.4 Multiple TV Windows

Multiple “windows” can be destructively written to the TV display. If multiple windows
are required, the first window written is considered the “background”. All subsequent
windows are stored in memory “on-top” of the background image and are therefore
considered destructive.

Multiple TV Windows with Transparency

Any destructive window can have a transparent color associated with it. Only those pixels
that are not transparent are actually written to memory. The window is first scaled-down (if
necessary) to fit in memory. After the scaler the pixels are compared to the 24-bit YUV
value programmed for the transparent color.

There are three modes in which to use the transparent feature.

1. Normal Mode: if the resulting scaled pixels equal the transparent color, they are not
written to memory. In this mode there will be color artifacts surrounding the non-
transparent color.

S1D13746
X74B-A-001-02
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2. Black/White Mode: in this mode, the transparent color is limited to black or white
with the visible color being the opposite. In this mode any color artifacts are mini-
mized by forcing all pixels to be either transparent or not.

3. Text Mode: in this mode, the transparent color intensity range calculated from the
Transparency Color Registers determines if the pixel is transparent or not. This mode
is similar to Black/White mode with the effect of removing more color artifacts.

2.1.5 Single TV Window

If only a single window is required, The S1D13746 can scale-down the input data to fit
within the memory, scale-up for display on the TV, auto-center and Auto Border if the final
output is not full screen.

2.1.6 TV Window Border Support

S1D13746 automatically generates a programmable border color around a window where
the resulting image size (after scale-up) does not equal the TV output resolution (PAL or
NTSC). The window is centered within the border.

2.1.7 Double Buffered TV Window

A single TV window can be double buffered to prevent any visual tearing from a streaming
input. This window can be the entire screen resolution or a just a portion.

When configuring a window for streaming video, the S1D13746 automatically double
buffers the input data based on the window coordinates. If this window is only a portion of
the screen, Buffer #1 is used for the “background” static portion and one of the buffered
windows data. Buffer #2 is used only for the other double buffered window data and does
not contain any static data from the background.

Interrupting a streaming window to update static information on the screen is permitted
since the TV display pipe only uses data from a buffer that has been completely written.
Therefore, a single buffer may be repeatedly displayed until the next buffer is ready. If the
display pipe is currently using Buffer #2 when the Double Buffer is disabled, the display
pipe reverts to using Buffer #1 since it is the only buffer containing the background infor-
mation. Double-buffering supports the maximum resolutions as defined by the PAL and
NTSC standard.

When Double Buffering is enabled, the memory is split into 2 banks of 156k bytes and the
scale ratio from the input image to memory is increased to allow the image to fit inside 1/2
the previously available memory.

Hardware Functional Specification S1D13746
Issue Date: 2007/09/14 X74B-A-001-02
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Host Input Data TV Display
(written to memory)

360x288 = ~152k bytes stored as YUV 4:2:0
In this case, there is no Input Scale-down
to fit in memory.

720x576

Display Output Scaler

Height = 720
Width = 576

TV Display

720x576

Host Input Data
(written to memory)
320x240 = ~112.5k bytes stored as YUV 4:2:0

Display Output Scaler

Height = 640
Width = 480

Automatic Border

S1D13746 Hardware Functional Specification
X74B-A-001-02 Issue Date: 2007/09/14

Revision 2.0 - EPSON CONFIDENTIAL



Epson Research and Development Page 13
Vancouver Design Center

Host Input Data

(written to memory, Single Buffered)

720x576 = 607.5k bytes @ 4:2:0

514x412 = ~310k bytes @ 4:2:0

Scaled-down to fit
inside 312k bytes

Hardware Functional Specification S1D13746
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Host Input Data

(written to memory)

514x412 = ~312Kk bytes @ 4:2:0

720x576

Scaled-down to fit
inside 312k bytes

Host Input Data (destructive window)

352x416

?%Hideu editor
- Scaled-down to fit

inside background image

B

Options # Exit

720x576

Memory Output Data

Scaled-up and Bordered e <y
| ’
L Eﬁ\ﬁdeu editor

Hardware Functional Specification
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Host Input Data

(written to memory)

Scaled-down to fit
inside 312k bytes

Host Input Data
(transparency enabled = black)

Memory Output Data

Scaled-up and Bordered

720x576
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3 Features

3.1 Integrated Display Buffer
* Embedded 312k byte SRAM display buffer.

3.2 CPU Interface

 8/16-bit Intel 80 interface (used for display or register data).
* Parallel RGB Interface (display data only).
» Three Wire Serial Interface (register data only).

* Chip select is used to select the SID13746. When inactive, input data/commands are
ignored.

3.3 Input Data Formats
« RGB: 8:8:8, 6:6:6, 5:6:5, 3:3:2.
« all RGB input data is converted and stored as YUV 4:2:0.
* YUV: 4:2:2,4:2:0.
* all YUV input data is converted and stored as YUV 4:2:0.

3.4 TV Display Support

» Composite Output for both PAL and NTSC TV standards.
* S-Video Output for both PAL and NTSC TV standards.
* Programmable 15-tap Chrominance / Luminance Filters.

* Wide-Screen Signalling support (ITU-R BT.1119-2, ETSI EN 300 294, IEC 61880,
compliant).

* Closed Caption Support (CEA-608-B).

S1D13746 Hardware Functional Specification
X74B-A-001-02 Issue Date: 2007/09/14
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3.5 TV Display Features

* Input Data can:
* be scaled-down to fit within available memory
* be rotated.
* have an associated transparent color
* Memory Output Data can be scaled-up for display on the TV
* TV image is automatically “bordered” to fit the output resolution, if not scaled to fit.
» programmable YUV border color
¢ auto-center
* independent aspect ratio is available for Display Output Height/Width scaling factors

* Square pixel correction output width scaling

3.6 Image Enhancement Engine
» 3x3 Pixel Filter
* User defined coefficients
* individual control for each YUV component
* Display effects include:

» smooth, sharpen, blur, detail, edge enhance, emboss, contour, flicker filter, sepia

3.7 Clock Source

* Internal programmable PLL

* Single oscillator input: CLKI (determined by CNF2)

or

» Two-terminal Crystal support: OSCI, OSCO (determined by CNF2)

Note
An 18MHz to 27MHz clock is required by internal TV DDS logic in order to derive ap-
propriate PAL and NTSC output timings. For any clock source other than 27MHz, the
PLL should be programmed for 54MHz.

* CLKI available as CLKOUT (separate CLKOUTEN pin associated with output)

* output state = 0 when disabled

Hardware Functional Specification S1D13746
Issue Date: 2007/09/14 X74B-A-001-02

Revision 2.0 - EPSON CONFIDENTIAL



Page 18 Epson Research and Development
Vancouver Design Center

3.8 Miscellaneous

» Hardware / Software Power Save mode
* Input pin to Enable/Disable Power Save Mode

* General Purpose Input/Output pins are available (GPIO[7:0])
* INT pin associated with selectable GPIO inputs

» Package:
PFBGA 100 pin (7mm x 7mm)
QFP15 128 pin

S1D13746 Hardware Functional Specification
X74B-A-001-02 Issue Date: 2007/09/14
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4 Block Diagram

Parallel
RGB
Interface
Input TV CTC
Intel 80 ~ Input Input TV Input TV Main TV 3x3 Pixel TV
Interface ' Line [® Down [ ® Rotate [ IMEM [ | Up Scaler | Filter [ Interface
Buffer Scaler
3rvd]
Serial I/F [
> REG CLOCKS | | TESTMUX
Figure 4-1: S1D13746 Block Diagram
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5 Pinout

5.1 Package Pin Mapping

TOP VIEW

NI OGMMOO W@X>

OO0O0O0OO0OOOOOO
OO0O0O0OOOOOOO
OO0O0O0OO0OOOOOO
OO0O0O0OO0OOOOOO
OO0OO0OO0OOOOOOO
OO0OO0OO0OOOOOOO
OO0OO0OO0OOOOOOO
OO0OO0OO0OO0OOOOOO
OO0OO0OO0OOOOOOO
OO0OOO0OOOOOOO

1 23456789 10

These marks are for reference only
and do not appear on the top of
the package.

Figure 5-1: SID13746 PFBGA 100-pin Pinout Diagram (Top View)

Table 5-1: S1D13746 PFBGA 100-pin Pinout (Top View)

NC COREVDD SCLK SO Sl VSS PCLK DE VSS NC
PWRSVE TESTEN GPIO7 CS# GPIO1 GPIO0 TE D/C# COREVDD MD15
SCANEN TESTO GPIO6 GPIO5 GPIO2 GPIO_INT GPIO4 WE# VSS MD13
DACVEE DACVCC TEST2 SIOVDD GPIO3 RESET# I0VDD MD11 MD12 MD9

BOUT DACVCC DACVEE TEST1 CNFO RD# MD10 MD8 MD7 MD6
DACVEE VADJ DACVCC VSS CNF1 I0VDD MD14 MD5 MD4 MD3
DACVEE VREF DACVEE VSS CNF3 CNF2 MDO MD1 MD2 COREVDD

AOUT DACVCC DACVCC VSS VSS I0VDD VSS |I0VDD CLKOUTEN CLKOUT
DACVEE DACVEE DACVCC 10VDD COREVDD OSCVSSs OSCVDD VCP VSS CLKI

NC NC DACVEE VSS VSS OSClI OSCO PLLVDD PLLVSS NC

1 2 3 4 5 6 7 8 9 10
Note

Pins marked as NC are not used and must be left unconnected.

S1D13746
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Figure 5-2: S1D13746 QFP15 128-pin (Top View)
Note
Pins marked as NC are not used and must be left unconnected.
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5.2 Pin Descriptions

Key:

Pin Types

Input

Output

Bi-Directional (Input/Output)
Power pin

Analog power pin

Ground pin

Analog ground pin

RESET# /| Power Save Status

H = High level output

L = Low level output

Hi-Z = High Impedance

Table 5-3 Cell Description
Item Description

HI H System1 LVCMOS3 Input Buffer with Fail Safe
HIS H System LVCMOS Schmitt Input Buffer with Fail Safe
HID H System LVCMOS Input Buffer with pull-down resistor and Fail Safe
HO H System LVCOMOS Output buffer with Fail Safe
HB H System LVCMOS Bidirectional Buffer with Fail Safe
HBD H System LVCMOS Bidirectional Buffer with pull-down resistor and Fail Safe
LIDS L System2 LVCMOS Schmitt Input Buffer with pull-down resistor
LITR L System Transparent Input Buffer
LOTR L System Transparent Output Buffer
AIO Analog

TH System is IOVDD and PIOVDD (see Section 7, “D.C. Characteristics” on page 31).
2L System is COREVDD (see Section 7, “D.C. Characteristics” on page 31).
3 LVCMOS is Low Voltage CMOS (see Section 7, “D.C. Characteristics” on page 31).
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5.2.1 Intel 80 Host Interface

Table 5-2: Host Interface Pin Descriptions

Pin Name

Type

PFBGA
Pin #

QFP
Pin #

Cell

10
Voltage

RESET#
State

Power
Save
Status

Description

MD[15:0]

B10, F7,
C10, D9,
D8, E7,
D10, ES,
E9, E10,
F8, F9,
F10, G9,
G8, G7

96, 95, 92,

89, 88, 87,

86, 85, 84,

82, 81, 80,

79,78, 77,
75

HB

I0VDD

Hi-Z

Hi-Z

This pin has multiple functions.

» For the Intel 80 Interface these pins are the
data lines MD[15:0], see Section 6.1, “Intel 80
Data Pins” on page 30.

* For the Parallel RGB Interface these pins are
the input data bits VD[17:2], see Section 6.2,
“Parallel RGB Data Pins” on page 30

WE#

C8

101

HI

I0VDD

This pin has multiple functions.

» For the Intel 80 Interface this input pin is the
Write Enable signal (WE#)

* For the Parallel RGB Interface this input pin
is the data bit 1 (VD1)

RD#

E6

102

HI

I0VDD

This pin has multiple functions.

» For the Intel 80 Interface this input pin is the
Read Enable signal

» For the Parallel RGB Interface this input pin
is the data bit 0 (VDO)

CS#

B4

121

HI

SIOVDD

This input pin is the Chip Select signal for both the
Intel 80 Host Interface as well as the Serial
Interface.

D/C#

B8

104

HI

I0VDD

This pin has multiple functions.

» For the Intel 80 Interface this input pin selects
between address and data (D/C#)

* For the Parallel RGB Interface this input pin
is the Horizontal Sync (HS)

TE

B7

105

HB

I0VDD

This pin has multiple functions.

» For the Intel 80 Interface this pin is Tearing
Effect. This pin reflects the VSYNC status of
the display and can be used to indicate when
it is safe to write new data from the Host in
order to prevent visual tearing of an image.

» For the Parallel RGB Interface this input pin
is the Vertical Sync (VS)

PCLK

A7

111

HIS

I0VDD

This input pin is the Parallel RGB Interface PCLK
input.

If the Parallel RGB Interface is not used (CNF[1:0]
= 01b or 11b) this pin should be connected to
VSS.

DE

A8

110

HI

I0VDD

This input pin is the Parallel RGB Interface DE
input.

If the Parallel RGB Interface is not used (CNF[1:0]
= 01b or 11b) this pin should be connected to
VSS.
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Table 5-2: Host Interface Pin Descriptions

Pin Name | Type

PFBGA
Pin #

QFP
Pin #

Cell

10
Voltage

RESET#
State

Power
Save
Status

Description

GPIO_INT| O

C6

106

HO

I0VDD

This pin is the interrupt output associated with
GPIO pins when they are configured as inputs.
When a GPIO interrupt occurs, this output pin is
driven high. For details see the register
descriptions for REG[FOh] ~ REG[FAh], in Section
11.3.9, “General Purpose 10 Pins Registers” on
page 106

RESET# |

D6

107

HIS

I0VDD

This active low input sets all internal registers to
the default state and forces all signals to their
inactive states.

5.2.2 Serial Peripheral Interface (SPI)

Table 5-3: SPI Pin Descriptions

Power
. PFBGA | QFP 10 RESET# e
Pin Name |Type Pin # Pin # Cell Voltage | State Save Description
Status
This pin is the Serial Output.
. . If the serial interface is not used (CNF[1:0] = 01b
SO 10 Ad 19 HB | SIOVDD|  Hi-Z Hi-Z o 11b), this pin should be connected to either
SIOVDD or VSS through a resistor.
This pin is the Serial Input.
Sl | A5 118 HI SIOVDD — — |If the serial interface is not used (CNF[1:0] = 01b
or 11b), this pin should be connected to VSS.
This pin is the Serial Clock.
SCLK A3 120 HIS |SIOVDD — — |If the serial interface is not used (CNF[1:0] = 01b
or 11b), this pin should be connected to VSS.
S1D13746
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5.2.3 TV Interface

Note
If unused, these pins should be left unconnected.

Table 5-4: TV Interface Pin Descriptions

Power
. PFBGA | QFP 10 RESET# o
Pin Name |Type Pin # Pin # Cell Voltage | State SSt::/:s Description

These are the TV analog output pins. The TV
outputs are designed to drive a double
terminated 75Q load (37.5 ohms). For further
details, see Section 24.1, “DAC External

O | H1,E1 | 28, 18 AIO DAC - __ |Components” on page 172.
When using Composite Video, AOUT is used
and BOUT is left unconnected.

When using S-Video, AOUT is the luminance
signal and BOUT is the chrominance signal.

AOUT,
BOUT

This input/output pin is the reference voltage for
the DAC. The VREF Enable bit (REG[9Eh] bit 0)
is used to determine whether external or internal
VREF mode is selected.

When REGI[9Eh] bit 0 = Ob, external VREF mode
is selected and 1.23 volts should be applied to

VREF [} G2 23 AlO DAC — — |this pin.

When REG[9ENh] bit 0 = 1b, internal VREF mode
is selected and this pin can be used during
testing to confirm the output level is 1.23V.
However, for normal operations, this pin should
be left unconnected.

This input/output is the reference current
generation pin for the DAC. Connect a 2.06kQ
resistor (Rset) between VADJ and DACVEE. For
further details, see Section 24.1, “DAC External
Components” on page 172.

VADJ 10 F2 22 AlO DAC — — |When the IREF Enable bit = 0b (REG[9ENh] bit 1
= 0b), the internal generation of the reference
current is disabled, and VADJ does not control
reference current. There should be no problems
with leaving the resistor connected.
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5.2.4 Clocks

Note

For details on the clock structure, see Section 9, “Clocks” on page 50.

Table 5-5: Clock Input Pin Descriptions

Power
. PFBGA| QFP 10 RESET# _
Pin Name |Type Pin# | Pin# Cell Voltage | State Save Description
Status
This pin is the clock input when CNF2 = 0. When CNF2

CLKI | J10 68 HIS | 10VDD - " |=1, this pin should be connected to VSS.

This pin outputs the clock signal from either the CLKI

pin or the OSCx pins, when enabled by the CLKOUTEN

pin (see Section 9.1, “Clock Block Diagram” on page 50
CLKOUT e} H10 71 HO | 10VDD | Note 1 | Note 1 [|for further information). When disabled, the output on

this pin is low.

Note: This output pin is not affected by the various

power save modes.

This input pin enables/disables the CLKOUT pin.

CLKOUTEN| | H9 70 HI I0VDD — — When CLKOUTEN = 0, CLKOUT is disabled. When

CLKOUTEN = 1, CLKOUT is enabled.

This output pin, along with OSCI, forms the 2-terminal

crystal interface when CNF2 = 1.

0OSCO 0] K7 58 LOTR |OSCVDD| Note 2 | Note 2
When the Internal Oscillator is not used or CNF2 =0,
This pin should be left unconnected.

This input pin, along with OSCO, forms the 2-terminal
crystal interface when CNF2 = 1.

OSsCl | K6 54 LITR |OSCVDD - - When the Internal Oscillator is not used or CNF2 =0,
This pin should be connected to OSCVDD or left
unconnected.

Note
When CLKOUTEN = 1, this pin outputs CLKI (CNF2 = 1) or OSCI (CNF2 = 0).
When CLKOUTEN = 0, this pin is L.
When CNF2=1, this pin is active.
When CNF2=0, this pin is H.
S1D13746 Hardware Functional Specification
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5.2.5 Miscellaneous

Table 5-6: Miscellaneous Pin Descriptions

Power
. PFBGA| QFP 10 RESET# _
Pin Name | Type Pin# | Pin# Cell Voltage | State Save Description
Status
These inputs are used for power-on configuration. For
G5.G6. | 39, 38 details, see Section 5.3, “Summary of Configuration
. , GO, , 96, _ _ Options” on page 29.
CNFJ[3:0] | F5 E5 | 37,36 HI IOVDD p pag
Note: These pins must be connected directly to
10 VDD or Vss.
This pin is the Test Enable input and is used for
TESTEN I B2 4 LIDS IOVDD 0 — production test only. This pin should be left unconnected
for normal operations.
B3 C3 124, These pins are General Purpose 10 pins.
GPIO[7:5]| 1O (':4 123, HBD |SIOVDD 0 active |These pins have internal pull-down resistors which can
122 be controlled using REG[FAh].
103,
C7,D5, 115, These pins are General Purpose 10 pins.
GPIO[4:0]| IO |C5,B5,| 114, HBD IOVDD 0 active |These pins have internal pull-down resistors which can
B6 113, be controlled using REG[FAh].
112
This input pin enables/disables the selected Power Save
Mode (Sleep or Standby). REG[2Eh] bit 7 allows the
state of this pin to be ORed with either the Sleep Mode
PWRSVE | | B1 1 HI IOVDD — — |Enable bit (REG[2Eh] bit 1) or the Standby Mode Enable
bit (REG[2Eh] bit 0).
Note: This pin must be driven by an external source or
terminated to VSS so that it is not floating.
TESTR2:0]| | D3, E4, 9.8,7 HID |OVDD . . These input pins are for production te§t only and should
Cc2 be left unconnected for normal operations.
This pin is the Scan Enable input and is used for
SCANEN | C1 10 HID IOVDD — — production test only. This pin should be left unconnected
for normal operations.
VCP | 8 63 LITR |PLLVDD . . This input pin is for production test.only and should be
left unconnected for normal operations.
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5.2.6 Power And Ground

Table 5-7: Power And Ground Pin Descriptions

. PFBGA QFP o
Pin Name |Type Pin # Pin # Cell Description
2,3, 41,47,
COREVDD | P A2, Bj)s G10, 73,74, 93, 99, P Core power supply
100, 127, 128
6, 43, 50, 61,
|IOVDD P D7, F6, H6, 69, 83, 90, 97, P 10 power supply for the host interface
H8, J4 98
SIOVDD P D4 125, 126 P IO power supply for the serial interface
A6, A9, C9, | 5,40, 42, 46,
F4, G4, H4, |49, 66,67, 91,
VSS G H5, H7, J9, | 94, 108, 109, P GND
K4, K5 116, 117
OSCVDD P J7 60 P 10 power supply for the Oscillator (2.5v)
OSCVSS P J6 56 P GND for the Oscillator
PLLVDD AP K8 62 P PLL Power Supply
PLLVSS | AG K9 64 P GND for PLL
D2, E2, F3, |14, 16, 20, 24,
DACVCC | AP H2, H3, J3 26. 30 P DAC Analog Power Supply
D1, E3, F1,
DACVEE | AG | G1.G3,J1. | 12171921, 1 5 16ND for DAC Analog
25, 27, 29, 32
J2, K3
S1D13746 Hardware Functional Specification
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5.3 Summary of Configuration Options

These pins are used for power-up configuration and must be connected directly to IOVpp
or Vgg. The status of these pins can be read in REG[02h] using the CNF[3:0] Status bits.

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

Configuration Power-On/Reset State
Input 1 (connected to I0Vpp) ‘ 0 (Connected to Vgg)
Select Host Interface as follows:
CNF1 CNF0 HostBus
CNF[1:0] 0 0 3-Wire Serial Host Interface with Parallel RGB Interface
' 0 1 8-Bit Intel 80
1 0 SPI Host Interface with Parallel RGB Interface
1 1 16-Bit Intel 80
2-Terminal Crystal used as input clock . . .
CNF2 (OSCI, OSCO pins) Oscillator used as input clock (CLKI pin)
CNF3 Reset Filter = 5 us (clock must be present) Reset Filter = 43 ns (no clock needed)
Note
When CNF1 =0, all register accesses are 8-bit only.
When CNF1 =1 (16-bit), all register accesses are 8-bit ONLY (most significant
byte on the data bus is ignored) except to the Display Memory Data Port
(REG[AOh]. Access to the Display Memory Data Port is 16-bit.
Hardware Functional Specification S1D13746
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6 Pin Mapping

6.1 Intel 80 Data Pins

Intel 80 data pin mapping is controlled by CNF[1:0]. For details on CNF[1:0], see Section
5.3, “Summary of Configuration Options” on page 29.

Table 6-1: Intel 80 Data Pin Mapping

Pin Name 16-Bit Data 8-Bit Data Pin Name 16-Bit Data 8-Bit Data
CNF[1:0] = 11b | CNF[1:0] = 01b CNF[1:0] = 11b | CNF[1:0] = 01b
MD15 MD15 MD7 MD7 MD7
MD14 MD14 MD6 MD6 MD6
MD13 MD13 Connect to MD5 MD5 MD5
MD12 MD12 ground through MD4 MD4 MD4
pull-down
MD11 MD11 esistors MD3 MD3 MD3
MD10 MD10 (eight used) MD2 MD2 MD2
MD9 MD9 MD1 MD1 MD1
MDS8 MD8 MDO MDO MDO

6.2 Parallel RGB Data Pins

Table 6-2: Parallel RGB Data Pin Mapping

S1D13746 RGB RGB S1D13746 RGB RGB
Pin Name Pin Name Function Pin Name Pin Name Function
MD15 VD17 R5 MD4 VD6 GO
MD14 VD16 R4 MD3 VD5 B5
MD13 VD15 R3 MD2 VD4 B4
MD12 VD14 R2 MD1 VD3 B3
MD11 VD13 R1 MDO VD2 B2
MD10 VD12 RO WE# VD1 B1
MD9 VD11 G5 RD# VDO BO
MD8 VD10 G4 D/C# HS HS
MD7 VD9 G3 TE VS VS
MD6 VD8 G2 DE DE DE
MD5 VD7 G1 PCLK PCLK PCLK
S1D13746 Hardware Functional Specification
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7 D.C. Characteristics

7.1 Absolute Maximum Ratings

Table 7-1: Absolute Maximum Ratings

Symbol Parameter Rating Units
COREVDD |Core Supply Voltage -0.3~20 \%
PLLVDD PLL Supply Voltage -03~20 \Y,
IOVDD Host 10 Supply Voltage COREVDD ~ 4.0 \%
SIOVDD Serial 10 Supply Voltage COREVDD ~ 4.0 Vv
OSCVvDD Crystal Oscillator Supply Voltage COREVDD ~ 4.0 \%
DACVCC DAC Analog Supply Voltage COREVDD ~ 4.0 \Y
VN Input Voltage -0.3~10VDD + 0.5 \Y
VIN_F Input Voltage (Fail Safe 1/0) -03~4.0 \Y,
Vout Output Voltage -0.3~10VDD + 0.5 \Y
louT 10 Digital Output Current 10 mA
lout pAcC DAC Output Current 50 mA
Tsta Storage Temperature -65 ~ 150 °C

7.2 Recommended Operating Conditions
The following characteristics are for: VSS = PLLVSS = OSCVSS = DACVEE =0V
Table 7-2: Recommended Operating Condition
Symbol Parameter Min Typ Max Units

COREVDD |Core Supply Voltage

PLLVDD PLL Supply Voltage 135 1.0 1.65 v

IOVDD Host 10 Supply Voltage 1.62 — 3.60 \%

SIOVDD Serial 10 Supply Voltage 1.62 — 3.60 \Y

OSCVDD Crystal Oscillator Supply Voltage 1.62 — 3.60 \%

DACVCC DAC Analog Supply Voltage 2.70 3.00 3.30 V

VN Input Voltage 0 — IOVDD \Y,

VIN F Input Voltage (Fail Safe 1/0) 0 — 3.90 \%

Torr Operating Temperature -40 25 85 °C
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7.3 Electrical Characteristics

The following characteristics are for the Recommended Operation Conditions.

Table 7-3: Electrical Characteristics IOVDD or SIOVDD or OSCVDD = 1.62V to 3.60V, VSS=0V

Symbol Parameter Condition Min. Typ. Max. Unit
liz Input Leakage Current — -1 — 1 HA
loz Off State Leakage Current — -1 — 1 pA

. IOVDD = Min.
I0Von High Level Output Voltage IOH = -1.8mA IOVDD -0.4 — — \%
IOVDD = Min.
10V Low Level Output Voltage IOL = 1.8mA — — 0.4 \
ViH High Level Input Voltage LVCMOS Level | IOVDD x 0.7 — IOVDD + 0.3 \%
Vi Low Level Input Voltage LVCMOS Level -0.3 — IOVDD x 0.3 V
L . LVCMOS
Vs Positive Trigger Voltage Schmitt IOVDD x 0.4 — IOVDD x 0.7 \Y,
V1. Negative Trigger Voltage LVCMQS IOVDD x 0.25 — IOVDD x 0.55 \%
Schmitt
. LVCMOS
AV Hysteresis Voltage Schmitt IOVDD x 0.1 — — \Y,
Rpp Pull-down Resistance VI =10vVDD 20 — 244 kQ
. . f=1MHz,
Co Pin Capacitance |OVDD = 0V — — 8 pF
Table 7-4: Power Consumption

Symbol Parameter Condition Min. Typ. Max. Unit
lqHvDD 10, OSC Quiescent Current — — 1 — LA
laLvpD Core, PLL Quiescent Current — — 20 — HA
lapac DAC Quiescent Current — — 1 — pA
lio IOVDD Operation Current — — — 5 mA
losc OSCVDD Operation Current 27MHz Crystal — 600 — HA
lcore COREVDD Operation Current — — — 33 mA
IpLL PLLVDD Operation Current f = 54MHz — 0.8 2.0 mA

S-Video — 90 100 mA
I DACVCC O ti t
DAC CVCC Operation Curren Composite — 5 55 —
S1D13746 Hardware Functional Specification
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7.4 DAC Characteristics

The following characteristics are for: DACVCC =2.7V to 3.3V, VSS = PLLVSS = OSCVSS = DACVEE =
0V, Topr = -40 to 85 °C, Ry = 37.5Q, C; = 30pF, Rzp; = 20602, VREF = Open.

Table 7-5: DAC Characteristics

Symbol Parameter Condition Min. Typ. Max. Unit
Resolution — — 10 — bits
Sample Rate — — 27 — MHz
Clock Duty Cycle — 40 50 60 %
Minimum Output Voltage Zero Scale -0.05 0 0.05 \%
Maximum Output Voltage Full Scale 1.17 1.30 1.43 \%
Differential Nonlinearity — -1 — 1 LSB
Integral Nonlinearity — -3 — 3 LSB

Note
If the TV outputs from AOUT or BOUT are not connected to a double termination of 75

ohms (i.e. the 75 ohm load resistor and an external 75 ohm load) but only single termi-
nated with a single 75 ohm load, the output voltage level is double.
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7.5 Power Estimation Guidelines

The following information summarizes the power estimation guidelines for each of the
three possible modes: Active, Standby Mode, and Sleep Mode.

These guidelines are based on CLKI/OSC =27 MHz, SYSCLK = 54 MHz, and results will
vary based on user environment.

Table 7-6. Typical Power Consumption

Active Display (Note 1)

Current Consumption

Comments

Core (1.5V) 15mA / 20mA Intel 80 Host / Parallel RGB Host
PLL (1.5V) 528uA —
48mA Composite video output (REG[40h] bit 4 = Ob)
DAC(3.0V) - -
92mA S-Video output (REG[40h] bit 4 = 1b)
OSCVDD(1.8V) 565uUA if used, otherwise zero
|IOVDD(1.8V)* 80uA / 900uA Host Activity / CLKOUT enabled
SIOVDD(1 .8V)4 15uA Serial host register accesses
Standby Mode Enabled (Note 2) | Current Consumption Comments
Core (1.5V) 820uA —
PLL (1.5V) 528uA —
DAC(3.0V) 0 —
OSCVDD(1.8V) 565uA if used, otherwise zero

Sleep Mode Enabled (Note 3)

Current Consumption

Comments

Core (1.5V) 330uA /15 UuA CLKI Active / CLKI Grounded

PLL (1.5V) 0 —

DAC(3.0V) 0 —
OSCVDD(1.8V) 565uA if used, otherwise zero

Note

1. Active Display Mode is when the PWRSVE pin is low and both the Sleep Mode
Enable bit (REG[2Eh] bit 1) and Standby Mode Enable bit (REG[2Eh] bit 0) = Ob.

2. Standby Mode is when the Standby Mode Enable bit = 1b (REG[2Eh] bit 0 = 1b) or
the PWRSVE pin is high when the PWRSVE Input Pin Function is configured for

Standby Mode (REG[2Eh] bit 7 = 1b).

3. Sleep Mode is when the Sleep Mode Enable bit = 1b (REG[2Eh] bit 1 = 1b) or the
PWRSVE pin is high when the PWRSVE Input Pin Function is configured for Sleep
Mode (REG[2Eh] bit 7 = 0b).

4. 10VDD/SIOVDD depends on activity on the Intel 80 host interface, Serial Host
Interface, or GPIOs and are not affected by Standby or Sleep Mode.
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8 A.C. Characteristics

Conditions:
IOVDD =1.62V to 3.60V
Topr =-40° C to 85° C
T}ise and Ty for all inputs except Schmitt and CLKI must be < 50 ns (10% ~ 90%)
T}ise and Tgy); for all Schmitt must be < 5 ms (10% ~ 90%)
C = 8pF ~ 30pF (MD[15:0])
Cp = 15pF (TE, GPIO_INT, CLKOUT)
Cr, = 30pF (GPIO Interface)

8.1 Clock Timing

8.1.1 Input Clocks

t1 t2
90%
ViH
\A
10%
t3—> «—— —> «—t4
) tew "
tcycle1 tcycle2
t5 < >l
_’ _‘_
Figure 8-1 Clock Input Required (PLL)
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Table 8-1: Clock Input Requirements (CLKI)

Symbol Parameter Min Typ Max Units
foLki Input clock frequency 18 27 27 MHz
teLki Input clock period — 1oLk — us

t1 Input clock pulse width high 0.45 — 0.55 teLki
t2 Input clock pulse width low 0.45 — 0.55 teLki
t3 Input clock rise time (10% - 90%) — — 5 ns
t4 Input clock fall time (90% - 10%) — — 5 ns
t5 Input clock period jitter (see notes 2 and 4) -300 — 300 ps
6 Input clock cycle jitter, NTSC TV output (see notes 3 and 4) -50 — 50 ppm

(see note 1) |Input clock cycle jitter, PAL TV output (see notes 3 and 4) -25 — 25 ppm

1. 16 = teyclet - teycle2

2. The input clock period jitter is the displacement relative to the center period (reciprocal of the center

frequency).

3. The input clock cycle jitter is the difference in period between adjacent cycles.

4. The jitter characteristics must satisfy both the t5 and t6 characteristics

8.1.2 OSC Clock

Table 8-2: OSC Crystal Clock Requirements (OSC)

Symbol Parameter Min Typ Max Units
fosc OSC Crystal clock frequency 18 27 27 MHz
tosc OSC Crystal clock period — 1fosci — us

8.1.3 PLL Clock

The PLL circuit is an analog circuit and is very sensitive to noise on the input clock
waveform or the power supply. Noise on the clock or the supplied power may cause the

operation of the PLL circuit to become unstable or increase the jitter.

Due to these noise constraints, it is highly recommended that the power supply traces or the
power plane for the PLL be isolated from those of other power supplies. Filtering should
also be used to keep the power as clean as possible. The jitter of the input clock waveform

should be as small as possible.
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PLL Enable

25ms PLL Stable

L

1~ 33MHz /
Reference Clock /

Jitter (ns)

\ Lock In Time /
—

hl r l oA F
| 1 | [
| 1 | [
| | | | [
| | = -4 [

|
| PLL xxMHz Output (xx = 45 ~ 54MHz)
|

Q

2.5 ms

Lock in time

Time (ms)

Note: PLL minimum frequency = 45MHz
(Based on Intel 80 cycle length.)

PLL maximum frequency = 54MHz

The PLL frequency will ramp between the OFF state and the programmed frequency.
To guarantee the lowest possible clock jitter, 2.5 ms is required for stabilization.

Figure 8-2: PLL Start-Up Time

Table 8-3: PLL Characteristics
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Symbol Parameter Min Max Units
fPLLI PLL input clock frequency after M-Divider 1 2 MHz
fPLLI2 PLL input clock frequency before M-Divider 1 33 MHz
fPLLO PLL output clock frequency 45 54 MHz
tpyref PLL output clock period jitter -3 3 %
teDuty PLL output clock duty cycle 30 70 %
tpstal PLL output stable time — 2.5 ms
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8.2 RESET# Timing

t1 t2
>
RESET# L 1 L
<+« t3
Active Reset

Figure 8-3 SID13746 RESET# Timing

Table 8-4 SID13746 RESET# Timing

Min Max .
CNF3 Symbol Parameter (note 1) | (note 2) Units
0 t1 Reset Pulse Width to be ignored when 5us Reset Filter is disabled 43 138 ns
t2 Active Reset Pulse Width when 5us Reset Filter is disabled 50 150 ns
1 t1 Reset Pulse Width to be ignored when 5us Reset Filter is enabled 5.01 5.10 us
t2 Active Reset Pulse Width when 5us Reset Filter is enabled 5.10 5.20 us
t3 t2-11 — — —
1. Min numbers are based on the minimum recommended operating conditions
(see Section 7.2, “Recommended Operating Conditions” on page 31)
2. Max numbers are based on the maximum recommended operating conditions
(see Section 7.2, “Recommended Operating Conditions” on page 31)
Note
The 5us Reset Filter requires CLKI and timing is based on a CLKI frequency of
27MHz.
S1D13746 Hardware Functional Specification
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8.3 Host interface Timing

8.3.1 Intel 80 Interface Timing

D/C#
¢ tast ) ¢ )
< CS >< aht >
CS# t
P csf N
t l L
< twri | < osh >« tosf
- twc 4P twrh R
< hl | 4
WE#
< » tresh
5 tyst P tant o
MDI[15:0] write
P tres ol tant
< fre >
< tral >
RD#
P trdn o
trat
< > todh
Lt < >
MDI[15:0] read ’«
Note: The D/C# input pin is used to distinguish between Address and Data.
Note: The CS# pin can be kept low between write pulses as the register addresses will auto increment.
The register address will auto increment in word increments for all register access except the Display Memory
Data Port. Writes to the Display Memory Data Port will not increment the register address to support burst data
writes to memory.

Figure 8-4: Intel 80 Input A.C. Characteristics

Hardware Functional Specification S1D13746
Issue Date: 2007/09/14 X74B-A-001-02

Revision 2.0 - EPSON CONFIDENTIAL



Page 40

Epson Research and Development
Vancouver Design Center

Table 8-5: Intel 80 Input A.C. Characteristics

Signal |Symbol Parameter Min Max Unit | Description
D/CH tast |Address setup.time 3.0 — ns
tant |Address hold time 1.0 — ns
tcs |Chip Select setup time (write) 2.0 +tyy — ns
ts |Chip Select setup time (read) 1.0 + tq — ns
Cs# t.sf  |Chip Select Wait time 10.0 — ns
tesh  |Chip select hold time (write) 0 — ns
tresn | Chip select hold time (read) 0 — ns
twe | Write cycle (falling edge to next falling edge) 2SYSCLK — ns
WE# twrh  |Pulse high duration Note 1 — ns
twrr  |Pulse low duration 1.0 — ns
t. |Read cycle for Registers 28.0 — ns
RD# tgn | Pulse high duration 4.0 — ns
t.q  |Pulse low duration for Registers 24.0 — ns
tyst |Data setup time 4.0 — ns
tqnt |Data hold time 3.0 — ns

trat Read falling edge to Data valid for Registers 55 225 ns For_maximum

MD[15:0] (See note) CL—3QRF
todh  |Read hold time 11.0 36.5 ns (F;oLr_rgmlmum
(See note) =8pF

(Set:ggte) Read falling edge to Data driven 4.0 19.0 ns

1. tyrn Min = long enough to satisfy t,¢

Note

Definition of transition time to Hi-Z state.

Due to the difficulty of Hi-Z impedance measurement for high speed signals, transition
time from H/L to Hi-Z specified as follows.
H to Hi-Z delay time: t,7, delay time when a gate voltage of final stage of the Pch-MOSFET

turns to 0.8 x IOVDD (Pch-MOSFET is off). Total delay time to Hi-Z is calculated as following

equation;

Internal logic delay + t,y7 (from H to Hi-Z)
L to Hi-Z delay time: t;; 7, delay time when a gate voltage of final stage of the Nch-MOSFET
turns to 0.2 x IOVDD (Nch-MOSFET is off). Total delay time to Hi-Z is calculated as following

equation;

Internal logic delay + ty7 (from H to Hi-Z)

The functional model of a final stage of the Tri state Output Cell is shown in Figure 8-5:
“Definition of Transition Time to Hi-Z State”.
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to measure tyyz
Tri-state Output Cell :"
IOVDD
—o—— " L4
A D
VSS
to measure t; 7
VOltA VOltA
lovop| —,EN L IOVDD EN
0.8 I0VDD
+-110VDD 021ovpp 1 7AOVDD
> >
< » Time Time
tpHZ tpLZ
Figure 8-5: Definition of Transition Time to Hi-Z State
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8.4 Serial Interface Timing

8.4.1 3-Wire Serial Interface Timing

t4

A

t1 5

t2 t3

SCLK
SI >< ><
t7
e Hi-Z
—_» 6 “—
Figure 8-6: 3-Wire Serial Interface Timing
Table 8-6: 3-Wire Serial Interface Timing
Symbol Parameter Min Max Units
t1 CS# Active to positive edge of SCLK 10 — ns
t2 S| Setup to positive edge of SCLK 6 — ns
t3 S| Hold from positive edge of SCLK 8 — ns
t4 SCLK Period 150 — ns
t5 Positive edge of SCLK to CS# High 1 — SCLK
t6 Negative edge of SCLK to SO driven, not Hi-Z — 22 ns
t7 Negative edge of SCLK to SO Valid Data — 25 ns
S1D13746 Hardware Functional Specification
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8.4.2 4-Wire Serial Interface (SPI) Timing
P t4
| t1 t5
< > »
| t2 t3 -
cs# f
SCLK [
Sl
t6 t7
<4+“—> ¢ >
so Hi-Z
Figure 8-7: 4-Wire Serial Interface (SPI) Timing
Table 8-7: 4-Wire Serial Interface (SPI) Timing
Symbol Parameter Min Max Units
t1 CS# Active to positive edge of SCLK 10 — ns
t2 S| Setup to positive edge of SCLK 6 — ns
t3 S| Hold from positive edge of SCLK 8 — ns
t4 SCLK Period 100 — ns
t5 Positive edge of SCLK to CS# high 1 — SCLK
t6 CS# low to SO driven, not Hi-Z — 20 ns
t7 Negative edge of SCLK to SO Valid Data — 25 ns
Hardware Functional Specification S1D13746
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8.5 Parallel RGB Interface Timing

8.5.1 Vertical Timing

t1 t2 t3 t4

v
_N

DE
VD[17:0] ‘ ‘ Active Image Data ‘ ‘
E = Data is ignored
Figure 8-8: Parallel RGB Interface Vertical Timing
Table 8-8: Parallel RGB Interface Vertical Timing
Symbol Parameter Min Max | Units
t1 Vertical Sync Period 2 — Lines
t2 Vertical Back Porch 2 — Lines
t3 Vertical Active Frame Period 16 1024 | Lines
t4 Vertical Front Porch 2 — Lines
S1D13746 Hardware Functional Specification
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8.5.2 Horizontal Timing

‘ t1 | t2 t3 t4 |
“ r“ < » < "
CO - B
DE
VD[7:0] | | Active Image Data | |
E = Data is ignored

Figure 8-9: Parallel RGB Interface Horizontal Timing

Table 8-9: Parallel RGB Interface Horizontal Timing

Symbol Parameter Min Max Units
t1 Horizontal Sync Period 2 — PCLK
t2 Horizontal Back Porch 2 — PCLK
t3 Horizontal Active Line Period 16 1024 PCLK
t4 Horizontal Front Porch 2 — PCLK

8.5.3 Input Signal Timings Relative to PCLK

t3 o
t1 t2
PCLK
VD[17:0], VS,
HS, DE
Figure 8-10: Input Signal Timings Relative to PCLK
Table 8-10: Input Signal Timings Relative to PCLK
Symbol Parameter Min | Max | Units
t1 VDI[17:0], VS, HS, and DE Setup Time 5 — ns
t2 VD[17:0], VS, HS, and DE Hold Time 8 — ns
t3 PCLK Period 25 — ns
Hardware Functional Specification S1D13746
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8.6 TV Timing

8.6.1 TV Output Timing

The overall PAL and NTSC video timing is shown in Figure 8-11: and Figure 8-12: respec-
tively.

261 262 1 2_ 3| 4 _5 6 | 7 8»»9 10] ) | 19] 20|21
Field 1 e e . Vp/\
o rrrrrryuerngrrrrey rey o
< tart of field |1
VNDP

I2EV1\T252|2(3| |2 | 41516171 | F100 D1 fel20]21]

Feaz J‘HN e aaaaiii il Rsaananan nsanatdh
< start of field 2

Start of Vertical Sync

Figure 8-11: NTSC Video Timing
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620 | 621| 622| 623 | 624|625| 1 2 3 4 5 6 7 32 211 22| 28 | 24
e
' A 11 «
< tart of field |1
|3?/£3\J|3)9|30 31113121313 131413151316 1317 1318 1319 1320 | 2 | 334 | 335|336 |
Field 2 ) \ 4 AJ u;_ JVJV\
J/ (L HEERER BN R B
start off field 2
620 | 621| 622 | 623 | 624|625 | 1 2 3 4 5 6 7 23 211 22 | 23 | 24
Field 3 (’Wﬁﬁ/\ T T S I T ﬂyy\
A 11 4
start of field 3
| 30813091310 | 3111312 1313 1314 | 3151316 | 317 1318 | 319 | 320 | 2 | 334 | 335|336 |
Field 4 V\J J/j B HL JVIV\
J/ (L R EREE B
< start of field 4
Start of Vertical Sync
Figure 8-12: PAL Video Timing
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Figure 8-13: Horizontal Timing for NTSC/PAL
Table 8-11: Horizontal Timing for NTSC/PAL
PAL
Symbol Parameter (2;58 (L:irI:IZ:) B/DIGI_HII/N (ngti::s) (52PSAII_-irI:’¢Ies) Units
(625 Lines)
t1 Front Porch (note 1) 0.96 0.96 0.96 0.96 us
t2 Horizontal Sync 4.7 4.7 4.7 4.7 us
t3 Breezeway 0.85 0.9 0.9 1.12 us
t4 Color Burst 2.52 2.26 2.52 2.52 us
t5 Color Back Porch (note 2) 1.19 1.85 1.59 0.96 us
t6 Horizontal Blanking 10.222 10.667 10.667 10.222 us
t7 Active Video 53.333 53.333 53.333 53.333 us
t8 Line Period 63.555 64 64 64 us
t9 Half Line Period 31.7777 32 32 32 us
t10 Equalizing Pulse 2.3 2.35 2.35 2.35 us
t11 Vertical Serration 4.66 4.66 4.66 4.66 us

Note
The values in this table are measured when REG[9Eh] bits 6-4 are set to Oh (default).
1. t1 =0.074 x (13 £ REG[9Eh] bits 6-4) us (the % is controlled by REG[9Eh] bit 7)
2. t5 =2.15us-tl for NTSC M/]
=2.81us - t1 for PAL B/D/G/H/I/N
=2.55us - t1 for PAL Nc¢
=1.92us - t1 for PAL M
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909 (NTSC)
0 1134 (PAL)
y A 4 ' Y y
Vertical . v t !
Non-Display Vertical ! )
Period Sync |
NTSC 4 ! 4
Field 1 1 | 4
PAL ) :
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Display I
Period |
|
|
y y | L t5
A y i y
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Non-Display Vertical » T 13
Period Sync |
NTSC v \ v
Field 2 4 | 4
PAL !
Fields 2,4 ) !
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|
v 4 + y 4
Horizontal Sync
Figure 8-14: Vertical Timing for NTSC/PAL
Table 8-12: Vertical Timing for NTSC/PAL
Symbol Parameter NTSC M/J, PAL M PAL B/D/G/H/I/IN/INc Units
TUNE Line Period 63.5555 64 us
t1 Vertical Field Period 240 288 TUNE
t2 Vertical Even Blanking 22 24 TUNE
t3 Vertical Odd Blanking 23 25 TLNE
t4 Vertical Sync Position (note) 3 3 TUNE
t5 Frame Period 525 625 TUNE
Note
The values in this table are measured when REG[9Eh] bits 3-2 are set to 00b (default).
t4 =3 - REG[9Eh] bits 3-2
Hardware Functional Specification S1D13746
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9 Clocks

9.1 Clock Block Diagram

>
——Jp TV Timing

TV Timing Clock Source Select
REGI[2Ch] bit 1

CLKI 0
» TvDDS
]

—

External Clock Source
OSCI
OosC Ea
Cell
osco s ~°
Pre- » 0
o L
CNF2 lEnabIe 1D'V'der - » SYSCLK
P2 —»  PLL > 1
3 MHz
33
CLKOUT < A
Internal PLL Enable
(REG[OCh] bit 1
CLKOUTEN SYSCLK Source Select
(REG[2Ch] bit0)

M-Divider |
(REG[20h] bits 5-0)

clock source for TV Direct Digital Synthesis (DDS) of the sub-carrier.

TV DDS =
TV Timing =clock source for TV timing circuits.

Note:
The TV Clock Setting bits (REG[4Eh] bits 5-4) need to be programmed to reflect the CLKI frequency used.
See Section 11.3.3, “TV Configuration Registers” on page 62

Figure 9-1: S1D13746 Clock Block Diagram
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9.2 PLL Block Diagram

' VCP
REG[20h] bits 5-0 $
AMON
CLKI M-Divider PLLCLK g
PFD CP VCO | 4
MUX
>
2 TCK
L
o
o
o
-
REG[2Ah] bits 6-0
% V-Divider
7
L-Counter «@— N-Counter «¢ l
MUX SYSCLK
Where:
PFD = Phase Frequency Detector REFCK
CP = Charge Pump
VCO = Voltage Controlled Oscillator
Loop Filter = Low Pass Filter
TEST Control = Internal Control Logic
§ g MUX 1/32 TOUT

Figure 9-2: PLL Block Diagram
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10 Memory Map

The S1D13746 includes 312k byte of embedded SRAM. The memory is used for the
Display Buffer which contains both main image data and overlay image data.

312k bytes

~
Buffer#1
(159744 bytes)
<
Buffer#2
(159744 bytes)
—

00000h

26FFFh
27000h

4DFFFh

Figure 10-1: Physical Memory
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11 Registers

This section discusses how and where to access the S1D 13746 registers. It also provides
detailed information about the layout and usage of each register.

All S1D13746 registers are accessed through either the Intel 80 interface or the Serial
Interface. All register access is 8-bit only, except for the Display Memory Data Port
(REG[AOh]), which is accessed as 16-bit (if CNF1=1) or 8-bit (if CNF1=0). The width of
the Intel 80 interface is configured by the configuration pins (CNF).

Burst data reads/writes from/to the register space are supported. A write with D/C# low sets
up the register address for the next register read/write. The register address increments on
a word boundary after each read or write with D/C# high. This applies to all register write
accesses except the Memory Data Port (REG[AOh]), the TV Filter Coefficient and User
Clock Ratio Data register (REG[56h]). All writes to these registers auto increment the
internal memory address only.

11.1 Register Mapping

The S1D13746 registers are memory-mapped. Asynchronous registers are accessible at all
times. Synchronous registers are only accessible when power save mode is disabled
(REGJ[2Eh]) and the PLL is locked (REG[20h] bit 7 = 1b).

Table 11-1: S1D13746 Register Mapping

Address Type Function

00h to 02h Asynchronous Product Information Registers

20h to 2Eh Asynchronous Clock Configuration Registers

40h to 56h Synchronous TV Configuration Registers

60h to 6Ah Synchronous Input Data Control Registers

80h to 9Ch Synchronous Display Output Control Registers

AOh to A6h Synchronous Display Memory Access Registers

COh to EAh Synchronous 3X3 Pixel Matrix Filter Registers

ECh to EEh Synchronous Miscellaneous Registers

FOh to FAh Asynchronous General Purpose 10 Pins Registers
Hardware Functional Specification S1D13746
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11.2 Register Set

The S1D13746 registers are listed in the following table.

Table 11-2: S1D13746 Register Set

Register Pg | Register Pg
Product Information Registers
REG[00h] Revision Code Register 56 |REG[02h] Configuration Readback Register 56
Clock Configuration Registers
REG[20h] PLL M-Divider Register 57 |REG[22h] PLL Setting Register 0 58
REG[24h] PLL Setting Register 1 58 |REG[26h] PLL Setting Register 2 58
REG[28h] PLL Setting Register 3 58 |REG[2Ah] PLL Setting Register 4 59
REG[2Ch] Clock Source Select Register 60 |REG[2Eh] Power Save Register 61
TV Configuration Registers
REG[40h] TV Display Configuration Register 62 |REG[42h] TV Vertical Blanking Interval Data bits Register 0 63

REG[44h] TV Vertical Blanking Interval Data bits Register 1 63 |REG[46h] TV Vertical Blanking Interval Data bits Register 2 63

REG[48h] TV Vertical Blanking Interval Data bits Register 3 63 |REG[4Ah] VBI: Closed Caption / XDS Control / Status Register 67

REG[4Ch] TV DDS Fine Tuning Register 0 68 |REG[4Eh] TV DDS Fine Tuning Register 1 68
REGI[50h] TV Test Pattern Setting Register 70 |REG[52h] TV Filter Setting Register 71
REG[54h] TV Filter Coefficient and User Clock Ratio Index Register |REG[56h] TV Filter Coefficient and User Clock Ratio Data Register

72 75

Input Data Control Registers
REG[60h] Input Data Format Register 76 |REG[62h] Special Effects Register 77
Input Window Size / Position Registers
REG[64h] Host Input Window Height Register 0 84 |REG[66h] Host Input Window Height Register 1 84
REG[68h] Host Input Window Width Register 0 84 |REG[6Ah] Host Input Window Width Register 1 84
Display Output Control Registers

REG[80h] Display Mode Register 85 |REG[82h] Display Output Window X Start Position Register 0 86
REG[84h] Display Output Window X Start Position Register 1 86 |REG[86h] Display Output Window Y Start Position Register 0 87
REG[88h] Display Output Window Y Start Position Register 1 87 |REG[8Ah] Display Output Window Height Register 0 87
REGI[8Ch] Display Output Window Height Register 1 87 |REG[8Eh] Display Output Window Width Register 0 88
REG[90h] Display Output Window Width Register 1 88 |REG[92h] Border Color Register 0 89
REG[94h] Border Color Register 1 89 |REG[96h] Border Color Register 2 89
REG[98h] TV Transparency Color Register 0 90 |REG[9Ah] TV Transparency Color Register 1 90
REG[9Ch] TV Transparency Color Register 2 90 |REG[9Eh] DAC Reference Source Select Register 91
S1D13746 Hardware Functional Specification
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Table 11-2: S1D13746 Register Set (Continued)
Register Pg | Register Pg
Display Memory Access Registers
REGI[AON] Display Memory Data Port Register 0 92 |
3X3 Pixel Matrix Filter Registers

REG[CO0h] 3X3 Pixel Matrix Filter Control Register 93 |REG[C2h] 3X3 Pixel Matrix Filter Coefficient Table Register 0 96
REGI[C4h] 3X3 Pixel Matrix Filter Coefficient Table Register 1 97 |REG[C6h] 3X3 Pixel Matrix Filter Coefficient Register 2 97
REGI[C8h] 3X3 Pixel Matrix Filter Coefficient Table Register 3 97 |REG[CAh] 3X3 Pixel Matrix Filter Coefficient Table Register 4 98
REGI[CCh] 3X3 Pixel Matrix Filter Coefficient Table Register 5 98 |REG[CEh] 3X3 Pixel Matrix Filter Coefficient Table Register6 98
REGI[DOh] 3X3 Pixel Matrix Filter Coefficient Register 7 99 |REG[D2h] 3X3 Pixel Matrix Filter Coefficient Table Register 8 99
REG[D4h] 3X3 Pixel Matrix Filter Coefficient Table Register 9 99 |REG[D6h] 3X3 Pixel Matrix Filter Coefficient Table Register 10 99
REGI[D8h] 3X3 Pixel Matrix Filter Coefficient Table Register 11 100 |REG[DAh] 3X3 Pixel Matrix Filter Coefficient Register 12 100

REG[DCh] 3X3 Pixel Matrix Filter Coefficient Table Register 13 100

REGI[DEh] 3X3 Pixel Matrix Filter Coefficient Table Register 14 101

REGI[EOh] 3X3 Pixel Matrix Filter Scale Value for Luminance Y

REGI[E2h] 3X3 Pixel Matrix Filter Scale Value for Chrominance U

Channel Register 101  |Channel Register 101
REGI[E4h] 3X3 Pixel Matrix Filter Scale Value for Chrominance V REGI[E6h] 3X3 Pixel Matrix Filter Offset Value for Luminance Y
Channel Register 101 |Channel Register 102

REGI[E8h] 3X3 Pixel Matrix Filter Offset VValue for Chrominance U

REG[EAh] 3X3 Pixel Matrix Filter Offset Value for Chrominance V

Channel Register 102 |Channel Register 102
Miscellaneous Registers
REGI[ECh] Non-Display Period Control / Status Register 103 |REG[EEh] Parallel RGB Interface Register 105
General Purpose 10 Pins Registers
REGI[FO0h] General Purpose |0 Pins Configuration Register 106 |REG[F2h] General Purpose 10 Pins Status/Control Register 106
REGI[F4h] GPIO Positive Edge Interrupt Trigger Register 106 |REG[F6h] GPIO Negative Edge Interrupt Trigger Register 107
REGI[F8h] GPIO Interrupt Status Register 107 |REG[FAh] GPIO Pull Down Control Register 107
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11.3 Register Descriptions

All reserved bits must be set to the default value. Writing a non-default value to a reserved
bit may produce undefined results. Bits marked as n/a have no hardware effect. Unless
specified otherwise, all register bits are set to Ob during power-on reset.

Reserved registers must not be written. The Host must do a dummy read to reserved
registers in Auto-Increment mode, or stop Auto-Increment after the last valid register
before the reserved register and then re-start Auto-Increment from the next valid register.

11.3.1 Product Information Registers

REG[00h] Revision Code Register
Default = A9h Read Only
Product Code bits 5-0 Revision Code bits 1-0
7 | | 5 | 4 | 3 | 2 1 | 0
bits 7-2 Product Code bits [5:0] (Read Only)
These bits indicate the product code. The product code for the S1ID13746 is 101010b.
bits 1-0 Revision Code bits [1:0] (Read Only)

These bits indicate the revision code. The revision code is 01b.

REG[02h] Configuration Readback Register

Default = not applicable Read Only
Macrog:ftigr‘] Bond n/a CNF3 Status CNF2 Status CNF1 Status CNFO Status
7 | 5 | 4 3 2 1 0
bit 7 Macrovision Bond Option (Read Only)
When this bit = Ob, the Macrovision block is permanently disabled and can not be used,
and REG[80h] bit 7 has no effect.
When this bit = 1b, the Macrovision block can be enabled (REG[80h] bit 7)
bits 3-0 CNF[3:0] Status (Read Only)
These status bits return the current status of the configuration pins CNF[3:0]. For a func-
tional description of each configuration bit (CNF[3:0]), see Section 5.3, “Summary of
Configuration Options” on page 29.
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11.3.2 Clock Configuration Registers

REG[20h] PLL M-Divider Register
Default = 1Ah Read/Write
PLL Lock (RO) n/a M-Divider bits 5-0
7 6 5 | 4 | 3 | 2 | 1 | 0
bit 7 PLL Lock (Read Only)
This bit indicates the status of the PLL output. The maximum PLL lock time is 2.5ms. For
further information, refer to Section 8.1.3, “PLL Clock” on page 36.
When this bit = Ob, the PLL output is not stable. In this state read/write access to the dis-
play buffer is prohibited.
When this bit = 1b, the PLL output is stable.
bits 5-0 M-Divider bits [5:0]
These bits determine the divide ratio between CLKI and the actual input clock to the PLL.
The internal input clock to the PLL (PLLCLK) must be between 1 MHz and 2 MHz.
Depending on CLKI, these bits will have to be set accordingly.
Table 11-3: PLL M-Divide Selection
REG[04h] Bits 5-0 M-Divide Ratio
Oh 1:1
01h 21
02h 3:1
03h 4:1
1Ah (default 27:1
20h 33:1
21h to 3Fh Reserved
Note
When the input clock is between 1MHz and 18MHz or between 27MHz and 54MHz,
which requires the TV DDS Clock Source to be configured for PLL output + 2
(REG[2Ch] bit 2 is 1), the clock input must have such a value that the PLL output is ex-
actly 54.0000MHz. This is because the color subcarrier frequency is generated from the
TV DDS clock and if the TV DDS clock is not exactly 27.0000MHz, it is possible to
lose the color on the TV.
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REG[22h] PLL Setting Register 0
Default = F8h Read/Write
PLL Setting Register 0 bits 7-0
7 | 6 | 5 | 4 | 3 | 2 1 | 0

This register must be programmed with the value F8h.

REG[24h] PLL Setting Register 1
Default = 80h Read/Write
PLL Setting Register 1 bits 7-0
7 | 6 | 5 | 4 | 3 | 2 1 | 0

This register must be programmed with the value 80h.

REG[26h] PLL Setting Register 2
Default = 28h Read/Write
PLL Setting Register 2 bits 7-0
7 | 6 | 5 | 4 | 3 | 2 1 | 0

This register must be programmed with the value 28h.

REG[28h] PLL Setting Register 3
Default = 00h Read/Write
PLL Setting Register 3 bits 7-0
7 | 6 | 5 | 4 | 3 | 2 1 | 0

This register must be programmed with the value 00h.
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REG[2Ah] PLL Setting Register 4
Default = 35h Read/Write
n/a L-Counter bits 6-0
7 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 6-0 L-Counter bits [6:0]

These bits are used to configure the PLL Output (in MHz) and must be set according to the
following formula.

PLL Output = (L-Counter + 1) x PLLCLK
=LL x (PLLCLK)

Where:
PLL Output is the desired PLL output frequency (in MHz).
L-Counter is the value of this register (in decimal).
PLLCLK is the internal input clock to the PLL (in MHz).

Table 11-4 Example PLL Clock Settings

CLKI  |M-Divider| L-Counter| _ . . | PLL | TVDDS TV Timing CIIZ(';z;:ng F;:’j’;f'm fs;;:::ds
| ECE | ECA | T |cuma cn o | co e | RS e
bits 5-4) REG[56h]
27 | 26 (1An) | 53 (35h) 1 54 0b 0b 00b no
26 | 25(19h) | 53 (35h) 1 54 Ob 1b 01b no (see Note)
24 | 15(0Fh) | 35(23n) | 15 54 0b 1b 10b yes
23 | 22(16h) | 53 (35h) 1 54 Ob 1b 10b yes
22 | 21(15h) | 53 (35h) 1 54 Ob 1b 10b yes
21 13(0Dh) | 35(23n) | 15 54 Ob 1b 10b yes
19.8 | 10(0Ah) | 20 (1Dh) | 1.8 54 0b 1b 10b yes
19.44 | 17 (11h) | 49(31h) | 1.08 54 Ob 1b 10b yes
19.2 | 15(0Fh) | 44(2ch) | 1.2 54 Ob 1b 10b yes
19 | 17 (11h) | 53 (35h) 1 54 Ob 1b 10b yes
18 | 11(0Bh) | 35(23h) | 15 54 0b 1b 10b yes
Note
1. For 26 MHz CLKI, f,/f4s and fine/fqqs REG[54h] ~ REG[56h] must be
programmed for NTSC M/J.

2. When the input clock is between 1MHz and 18MHz or between 27MHz and
54MHz, which requires the TV DDS Clock Source to be configured for PLL
output + 2 (REG[2Ch] bit 2 is 1), the clock input must have such a value that the
PLL output is exactly 54.0000MHz. This is because the color subcarrier frequency
is generated from the TV DDS clock and if the TV DDS clock is not exactly
27.0000MHz, it is possible to lose the color on the TV.
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REG[2Ch] Clock Source Select Register
Default = 00h Read/Write
e TV DDS Clock TV Timing Clock | SYSCLK Source
Source Select Source Select Select
7 | 5 | 4 | 3 2 1 0

bit 2

bit 1

bit 0

TV DDS Clock Source Select

This bit selects the TV DDS clock source. For details on the clock structure, see Section 9,
“Clocks” on page 50.

When this bit = Ob (default), the TV DDS clock source is the external Clock input (CLKI
or OSCx).

When this bit = 1b, the TV DDS clock source is the internal PLL + 2.

Note
When the input clock is between 1MHz and 18MHz or between 27MHz and 54MHz,
which requires the TV DDS Clock Source to be configured for PLL output + 2
(REG[2Ch] bit 2 is 1), the clock input must have such a value that the PLL output is ex-
actly 54.0000MHz. This is because the color subcarrier frequency is generated from the
TV DDS clock and if the TV DDS clock is not exactly 27.0000MHz, it is possible to
lose the color on the TV.

TV Timing Clock Source Select

This bit selects the TV Timing clock source. If CLKI is 27MHz, this bit can be set to Ob. If
CLKI is not 27MHz, the PLL must be programmed to 54MHz (see Table 11-4 “Example
PLL Clock Settings,” on page 59) and this bit should be set to 1b. For details on the clock
structure, see Section 9, “Clocks” on page 50.

When this bit = Ob, the TV Timing clock source is the external Clock input (CLKI or
OSCx).

When this bit = 1b, the TV Timing clock source is the internal PLL + 2.

SYSCLK Source Select

This bit selects the system clock (SYSCLK) source for the S1D13746. For more informa-
tion on the PLL and clock structure, see Section 9, “Clocks” on page 50.

When this bit = Ob, the SYSCLK source is the external Clock input (CLKI or OSCx).
When this bit = 1b, the SYSCLK source is the internal PLL.

If the PLL is to be selected as the SYSCLK source, the PLL must be configured before
setting this bit. To configure the PLL, sleep mode needs to be enabled (REG[2Eh] bit 1 =
1b). Once in sleep mode, REG[20h] and REG[2Ah] can be changed to set the desired PLL
frequency. Once REG[20h] and REG[2Ah] have been set, REG[2Ch] bit 0 can be set to 1b
to select the PLL as system clock source.

Note
There may be up to a 2.5ms delay before the PLL output becomes stable. The display
memory must not be accessed before PLL output is stable. The PLL Lock bit
(REG[20h] bit 7), can be used to determine if the PLL output is stable.
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REG[2Eh] Power Save Register
Default = 00h Read/Write
P\é\{sgtfclir;%m n/a Sleep Mode Enable Starlwzdnl;)/b:\gode
7 6 | 5 | 4 | 3 | 2 1 0
bit 7 PWRSVE Input Pin Function
This bit determines the functionality of the PWRSVE input pin.
When this bit = Ob, the PWRSVE pin is ORed with the Sleep Mode Enable bit (REG[2Eh]
bit 1) and setting either to 1b will enable Sleep Mode.
When this bit = 1b, the PWRSVE pin is ORed with the Standby Mode Enable bit
(REG[2Eh] bit 0) and setting either to 1b will enable Standby Mode.
bit 1 Sleep Mode Enable
This bit controls the Sleep power save mode. Sleep mode can also be controlled by the
PWRSVE pin when REG[2Eh] bit 7 = 0b.
When this bit = Ob, Sleep Mode is disabled (normal operation).
When this bit = 1b, Sleep Mode is enabled.
When Sleep Mode is enabled, all internal blocks, including the PLL, are disabled.
When Sleep Mode is disabled, the PLL requires approximately 2.5ms lock time before
any memory access should be attempted. The PLL Lock bit, REG[20h] bit 7, can be read
to verify when the PLL becomes stable.
Note
IREF/VREF and TV OUT must be disabled before entering Sleep Mode. Set REG[9Eh]
bits 1-0 = 00b and REG[80h] bit 2 = 0b.
bit 0 Standby Mode Enable
This bit controls the Standby power save mode. Standby mode can also be controlled by
the PWRSVE pin when REG[2Eh] bit 7 = 1b.
When this bit = Ob, Standby Mode is disabled (normal operation).
When this bit = 1b, Standby Mode is enabled.
When Standby Mode is enabled, all internal blocks are disabled except for the PLL.
When Standby Mode is disabled, the SID13746 can be accessed immediately.
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11.3.3 TV Configuration Registers

Default = 00h

REG[40h] TV Display Configuration Register

Read/Write

Reserved

4

VBI Selection bits 1-0

6

| 5

Output Signal

Format
4 3

TV Standard Select bits 2-0

2

n/a

bit 7

bits 6-5

bit 4

bits 3-1

Reserved

The default value for this bit is Ob.

VBI Selection bits [1:0]
These bits control the Wide-Screen signalling standard.

Table 11-5: Wide-Screen Signalling Standard

REG[40h] bits 6-5

Standard

00b (default)

No VBI Data (default)

01b

Enable WSS according to ITU-R BT.1119-2

standard

10b

Enable WSS + CGMS + APS according to CEI

61880

11b

Enable the Closed Caption and XDS according to

CEA-608-B

Output Signal Format

This bit determines the format of the TV output signal.
When this bit = Ob, the output signal format is composite video.
When this bit = 1b, the output signal format is S-Video.

TV Standard Select bits [2:0]
These bits select the TV standard and sub-standard as follows.

Table 11-6: TV Standard Selection

REG[40h] bits 3-1

TV Standard

Sub-Standard

000b (default)

625 Line System

PALB,D, G, H, I

001b

525 Line System

PAL M

010b

625 Line System

PAL N

011b

625 Line System

PAL Nc

100b

525 Line System

NTSC M

101b

525 Line System

NTSC J

110b - 111b

Reserved
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REG[42h] TV Vertical Blanking Interval Data bits Register 0
Default = 00h Read/Write
VBI Data bits 7-0
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[44h] TV Vertical Blanking Interval Data bits Register 1
Default = 00h Read/Write
VBI Data bits 15-8
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[46h] TV Vertical Blanking Interval Data bits Register 2
Default = 00h Read/Write
VBI Data bits 23-16
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[48h] TV Vertical Blanking Interval Data bits Register 3
Default = 00h Read/Write
VBI Data bits 31-23
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[48h] bits 7-0

REG[46h] bits 7-0

REG[44h] bits 7-0

REG[42h] bits 7-0 VBI Data bits [31:0]
These bits configure the data required for wide-screen signalling. The data set differs
based on the TV standard (see REG[40h] bits 6-5).
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Table 11-7: VBI Data Bit Descriptions (ITU-R BT.1119-2/ETSI EN 300 294 625 and 525 Line systems)

VBI PAL NTSC
Data Bit
pit | BitNo Name Desc. No. Name Desc.
0 0 1000b: Full format 4:3 1 Reference Should be set to 1b
1 1 0001b: Box 14:9 center 2 Reference Should be set to Ob
) ) 1010b: Box 14:9 top 3 Aspect Rati 0Ob: 4:3 full format
1011b: Box 16:9 center spect Ratio 1b: 16:9 letter box
Aspect Ratio | 0100b: Box 16:9 top
1101b: Box > 16:9 center
3 3 1110b: Full format 14:9 or center shoot and 4 Parity Even parity for bit no. 3 ~ 5 (B3 ~ B5)
protect 14:9
0111b: Full format 16:9 anamorphic
. . Ob: Camera mode
4 4 Film bit i 5 Reserved Should be set to 0b
1b: Film mode
5 5 Color Coding bit 0Ob: conventional coding 6 Field Type 0b: Field type not active, output =0.
olor Coding bi . - Fi i =
9 1b: Motion Adaptive Color Plus Active 1b: Flel_d type active, output = 0 for first field,
output = 1 for next field.
Ob: Frame type not active, output = 0.
6 6 H . Ob: No helper Frame Type P ) P
elper bit i 7 Acti 1b: Frame type active, output = 0 for reference
1b: Modulated helper clive -
frame, output = 1 for other frame.
i Ob: No.
7 7 Reserved | Should be set to Ob 8 Vertical
Temporal Helper | 1p: Yes.
Subtitles Within | 0b: No subtitles within teletext Vertical High | gp: No.
8 8 Teletext bit ) i L 9 Resolution )
1b: Subtitles within teletext Helper 1b: Yes.
9 9 00b: No open subtitles 10 Horizontal 0b: No.
Subiting Mod 01b: Subtitles in active image area Helper 1b: Yes.
ubtitling Mode n
o 10b: Subtitles out of active image area Horizontal 0Ob: No.
10 10 ) 11 Helper Pre- )
11b: Reserved Combing 1b: Yes.
11 11 Ob: see Note 12 | Assigned foruse
12 12 Reserved Ob: see Note 13 in TV .
broadcasting
13 13 Ob: see Note 14 stations Should be set to 0b
14 15
15 16 Reserved Should be set to 0b
16 17
17 18
18 19
19 20 Error Correction | CRC codes for bit no. 3 ~ 17 (B3 ~ B17):
20 21 Codes G(x) = XM6 + X + 1
21 22
22 23
23 24 Reference Should be set to Ob
Note
For ITU-R BT.1119-2 bits 13 ~ 11 are reserved and should be written 000b
For ETSI EN 300 294 these bits have the following functions:
bit 11 Surround Sound  Ob = no surround sound information
1b = surround sound mode
bit 12 Copy Right Ob = no copy right asserted or status unknown
1b = copy right asserted
bit 13 Copying 0b = copying not restricted
1b = copying restricted
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Table 11-8: VBI Data Bit Descriptions (CEI 61880, 525 Line systems)
VBI For NTSC System Only
Data
bit Bit No Name Desc.
0 1 Reference Bit
1 2 Reference Bit
2 3 Bits 4-3
00b: Normal 4:3
3 4 Aspect Ratio | 01b: Normal 16:9
10b: Letter Box 4:3
11b: Reserved:
4 5 Bits 8-5
5 6 Copy Control 0000b: The bits 14-7 (CGMS-A, APS trigger, ASB
6 7 Information bits) are trans_ferred. .
1111b: The bits 14-7 are not transferred (bits 14-7
7 8 are set to Ob).
8 9 Bits 10-9
) 00b: Copying is permitted without restriction
9 10 CGMS-A bits | 01b: One generation of copies may be made
10b: Condition not to be used
11b: No copying is permitted
10 11 Bits 12-11
00b: PSP off
APS trigger bits | 01b: PSP on, split burst off
11 12 10b: PSP on, 2-line split burst on
11b: PSP on, 4-line split burst on
12 13 Analogue 1b: Analog pre-recorded packaged medium.
source bit Ob: Not Analog pre-recorded packaged medium.
13 14
14 15 Shall be set to Ob
15 16
16 17
17 18
18 19 s
CRCC bits G(x) =X+ X+1
19 20
20 21
21 22
22 Must be set to Ob
23 Must be set to Ob
24 Must be set to Ob
25 Must be set to Ob
26 Must be set to Ob
27 Must be set to Ob
28 - 31 Must be set to Ob
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Table 11-9: VBI Data Bit Descriptions (CEA-608-B)

REGJ[4Ah] bit 1 = Ob (in auto WSS+CMGS+APS mode)

VBI .
D bit See Table 11-10: when REG[4Ah] bit 1 = 1b
Bit No. Name Desc.
0 1 SO0.
1 2 S1 Aspect Ratio Information: Start Position
2 3 S2 The SO0 to S5 bits define the Starting line number for
3 2 s3 active picture information. The starting line number is
computed by adding 22 (for 525-line System) to the
4 5 S4 decimal number represented by bits S0 to S5.
5 6 S5
6 7 EO
7 8 E1 Aspect Ratio Information: End Position
P 9 E2 The EO to E5 bits define the Ending line number for
active picture information. The ending line number is
9 10 E3 calculated by subtracting the decimal number
10 P = represented by bits EO to E5 from 262 (for 525-line
System).
11 12 E5
This bit indicates if the video is squeezed (Q0=1b) or
12 13 Qo normal (Q0=0b). Squeezed video results from
compressing an original 16 X 9 image into 4 X 3 format
without cropping off the side panels.
13 14 ASB the Analog Source Bit.
14 15 APS, bit0 APS Bits 1-0
00b: No APS
. 01b: PSP On; Split Burst Off
15 16 APS, bit1 10b: PSP On:; 2 line Split Burst On
11b: PSP On; 4 line Split Burst On
16 17 CGMS-A, bito | CGMS-A Bits 1-0
00b: Copying is permitted without restriction
i 01b: Condition not to be used
17 18 CGMS-A, bit1 | 10p: One generation of copies may be made
11b: No copying is permitted
18 19
19 20
20 21 The second byte of the “Copy Generation Management
Reserved System” is reserved for future use. All reserved bits
21 22 shall be zero.
22 23
23 24
24 25 Bits 27-25 - Auto XDS Packet Refresh Rate bits 2-0
This 3-bit register defines the refresh rate for the two
XDS packets, “Aspect Ratio Information” and “Copy
25 26 Generation Management System”.
The two XDS packets are sent out every
26 27 8*(the value of this register + 1) /25 seconds for PAL,
8*(the value of this register + 1) /30 seconds for NTSC.
27-31 | 28-32 Reserved Must be set to Ob
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Table 11-10: VBI Data Bit Descriptions for XDS (CEA 608-B)

And REG[4A] bit1=1b (in auto WSS+CGMS+APS disable mode)
VBI Data bit See Table 11-9: when REG[4A] bit 1 = 0b
Bit Number Name Description
0-6 1.7 XDS Byte 1, |The first ASCIl Character sent out on the Line21/22
D[0:6] field 1
XDS Byte 2, |The second ASCII Character sent out on the Line21/22
8-14 9-15 : )
D[0:6] field 1
16-22 17.23 XDS B.yte 3, The first ASCII Character sent out on the Line284/384
D[0:6] field 2
XDS Byte 4, |The second ASCII Character sent out on the
24-30 25-31 D[0:6] Line284/384 field 2

REG[4Ah] VBI: Closed Caption / XDS Control / Status Register
Default = 10h Read/Write
CEA 608-B Line
Reserved Fg";zig/(sg(;‘)c Field 2 Data Valid | Field 1Data Valid | 2’ gjatga'\?sg\gce VBI Enable
Disable
7 6 | 5 4 3 2 1 0
bits 7-5 Reserved
The default value for these bits is 000b.
bit 4 Frame VSYNC Period (Read Only)
When this bit = Ob, it indicates the time interval when TV Frame VSYNC is not active
When this bit = 1b, it indicates the time interval when TV Frame VSYNC is active
During the active TV Frame VSYNC period, the host can update the VBI Data Registers
(REG[46h] ~ REG[4Ch]) and bits 3 ~ 0 of this register. When not in an active TV Frame
VSYNC period, the host should not update the VBI Data Registers and bits 3 ~ 0 of this
register.
The active TV Frame VSYNC time interval depends on the TV standard set with
REG[40h] bits 3-1.
For for PAL B/D/G/H/I/Nc between lines 624 and 16
For for PAL N between lines 623 and 15
For for NTSC M/J between lines 1 to 18
For for PAL M between lines 523 and 15
bit 3 Field 2 Data Valid

When this bit = Ob, VBI Data bits 30-16 are invalid or have already been sent out on the
previous Field 2.

Write a 1b to this bit when REG[4Eh] bit 4 = 1b to send VBI Data bits 30-16 out at the
next field 2.

Note
1. This bit is only valid when bit 1 = 1b and REG[44h] bits 6-5 = 11b.
2. Check REG[4Eh] bit 4 = 1b before updating this bit.

Hardware Functional Specification
Issue Date: 2007/09/14

S1D13746
X74B-A-001-02

Revision 2.0 - EPSON CONFIDENTIAL



Page 68 Epson Research and Development
Vancouver Design Center
bit 2 Field 1 Data Valid
When this bit = Ob, VBI Data bits 14-0 are invalid or have already been sent out on the
previous Field 1.
Write a 1b to this bit when REG[4Eh] bit 4 = 1b to send VBI Data bits 14-0 out at the next
field 1.
Note
1. This bit is only valid when bit 1 = 1b and REG[44h] bits 6-5 = 11b.
2. Check REG[4Eh] bit 4 = 1b before updating this bit.
bit 1 CEA 608-B Line 21 Data Service Auto Mode Disable
When this bit = Ob, the VBI Data + CGMS + APS is combined with the XDS sequence
and sent out automatically on field 2 packets (field 1 packets are sent as zero data packets).
Refer to Table 11-9: “VBI Data Bit Descriptions (CEA-608-B),” on page 66 for more
information on the field 2 packet data transfer information.
When this bit = 1b, the CEA 608-B Line 21 Data Service Auto Mode is disabled and
REGI4E] bits [4:2] are used in conjunction with REG[46h ~ 4Ch] to send the XDS
sequence manually on field 1 or 2 packets. Refer to Table 11-10: “VBI Data Bit Descrip-
tions for XDS (CEA 608-B),” on page 67 more information on the field 1 and 2 packet
data transfer information.
Note
This bit is only valid when REG[40h] bits 6-5 = 11b.
bit 0 VBI Enable

When this bit = Ob, the VBI is disabled.
When this bit = 1b, the VBI is enabled.

REG[4Ch] TV DDS Fine Tuning Register 0

Default = 00h Read/Write
Reserved
7 | | 5 | 4 3 2 1 | 0
REG[4Eh] TV DDS Fine Tuning Register 1
Default = 00h Read/Write
Reserved TV Clocks Setting bits 1-0 n/a Reserved
7 | 5 | 4 3 2 1 | 0

REG[4Eh] bits 2-0
REG[4Ch] bits 7-0

REGI[4Eh] bits 7-6

Reserved
The default value for these bits is 0000000 _0000D.

Reserved
The default value for these bits is 00b.
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REG[4Eh] bits 5-4

TV Clocks Setting bits [1:0]

These bits are used in conjunction with CLKI frequency, REG[2Ch] bits 2-1, and
REG[54h] ~ REG[56h] to set the clocks for the TV block.

Table 11-11: TV Input Clock Setting

REG[4Eh] bits 5-4

faas
(frequency of the Clock used for internal

DDS and DAC)

ftiming
(frequency of the Clock used for Timing)

00b 27MHz 27MHz

01b 27MHz 26MHz

10b 27MHz 18 ~ 27MHz (Notes 1 and 2)
11b Reserved

Table 11-12: TV Clock Settings

CLKI Frequency TV Inpu? Clock TV DDS Cloc.k Select TV Timing Clock Select Need to Program
(MHz) Setting (REG[2Ch] bit 2) (see (REG[2Ch] bit 1) fsc/fyqs and
(REG[4Eh] bits 5-4) Note) ftiming/fads Ratios?
27 00b Ob (CLKI) Ob (CLKI) No
26 01b Ob (CLKI) 1b (PLL =+ 2 = 27MHz) No (Note 1)
18 <CLKI <27 10b Ob (CLKI) 1b (PLL + 2 = 27MHz) Yes (Note 2)
1<CLKI<18 00b 1o (PLL = 2 = 27MHz) 1b (PLL =+ 2 = 27MHz) No
(Note 3)
Note

If REG[4Eh] bits 5-4 = 10b, (CLKI is not 27MHz or 26MHz), the f, /f 4, registers
(REG[54h] Index 20~27 and REG[56h]) must be programmed with the correct
values for NTSCM or NTSCJ.

If REG[4Eh] bits 5-4 = 10b and CLKI is less than 26MHz, the SCH Phase error
cannot meet the consumer grade specification of within 20 degrees.

REG[2Ch] bit 2 allows the DDS clock to be selected from the PLL. However, due to
PLL jitter there is no guarantee that all timings will be met as per ITU-BT470 or
SMPTE170M.

When the input clock is between 1MHz and 18MHz or between 27MHz and
54MHz, which requires the TV DDS Clock Source to be configured for PLL
output + 2 (REG[2Ch] bit 2 is 1), the clock input must have such a value that the
PLL output is exactly 54.0000MHz. This is because the color subcarrier frequency
is generated from the TV DDS clock and if the TV DDS clock is not exactly
27.0000MHz, it is possible to lose the color on the TV.
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REG[50h] TV Test Pattern Setting Register
Default = 00h Read/Write
Luminance Delay Setting 3-0 Test Pattern Select bits 3-0
7 | 6 | 5 | 4 3 | 2 | 1 | 0
bits 7-4 Luminance Delay Setting bits [3:0]

These bits determine the delay between the Luminance and Chrominance data for S-Video
output (REG[40h] bit 4 = 1b).

Luminance delay = {(REG[50h] bits 7-4) x 37ns}

where REG[50h] bits 7-4 is a value between 0000b to 1100b

(Ons ----- > 12 x 37ns range in 37ns increments)

bits 3-0 Test Pattern Select bits [3:0]
These bits select the built-in TV test patterns from the test pattern generator.

Table 11-13: Test Pattern Definitions

REG[50h] bits 3-0 Test Pattern Description Notes
0000b Test Pattern Generator Disabled Normal operation
0001b 75% Color Bar with 75% white
0010b 100% Color Bar Stagvfeffymeyougus’
0011b 75% Color Bar with 100% white
0100b Reserved
0101b Constant Y (77IRE, YCbCr: 180/128/128) ) .
0110b Constant Y + Red (YCbCr: 65/100/212) allfine acive as hde
0111b 10-step staircase without chrominance st4au: f?(\)/r?wnq gtgﬂs
1000b Ramp Y without chrominance from 20.2us to 53.0us
1001b 10-step staircase with chrominance 1 (CbCr: 89/156) for PAL
1010b 10-step staircase with chrominance 2 (CbCr: 73/128) for NTSC
1011b Ramp A with chrominance 1 (UV: -20/20) for PAL
1100b Ramp A with chrominance 2 (UV: -28/0) for NTSC
1101b 100IRE Ramp with color A: n/-21/21, n: 0 -140 for NTSC
1110b 100IRE Ramp with color B: n/-28/0, n: 0 -140 for PAL
1111b 80IRE Ramp with color A: n/-21/21, n: 0 -448 for NTSC

Table 11-14: Test Pattern Usage for Each Video Parameter

Item/Parameters Requirement Test Signals
Differential Phase <40 A modulatecrjasr;t]a;,r%aosi ig tc:)rtslg)bzrrsia modulated
Differential Gain <4% 10--step modulated staircase
Hue Accuracy <3° color bar
Saturation Accuracy <3% color bar
SNR > 48 dB
SCH phase 40° any signals with color burst

Subcarrier Tolerance < 2/1 Hz (NTSC/PAL)
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Default = 00h

REG[52h] TV Filter Setting Register

Read/Write

Reserved

7

Programmable Chrominance Luminance Filter
Filter Select Filter Enable Enable

| 5 4 | 3 2 1 0

n/a Reserved

bit 7

bits 4-3

bit 2

bit 1

bit 0

Reserved
The default value for this bit is Ob.

Reserved
The default value for these bits is 00b.

Programmable Filter Select

This bit selects whether the filter parameters for the chrominance/luminance filters are
pre-programmed or programmable using the registers REG[54h] and REG[56h].

When this bit = Ob, the filter parameters are pre-programmed according to the TV stan-
dard.

When this bit = 1b, the filters parameters are programmable through registers.

See Section 22, “TV Filter Operation” on page 164 for further information.

Chrominance Filter Enable

This bit controls the chrominance filter function.
When this bit = 0b, the chrominance filter is disabled.
When this bit = 1b, the chrominance filter is enabled.

Luminance Filter Enable

This bit controls the luminance filter function.
When this bit = Ob, the luminance filter is disabled.
When this bit = b1, the luminance filter is enabled.
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REG[54h] TV Filter Coefficient and User Clock Ratio Index Register
Default = 00h Read/Write
Reserved n/a TV Filter Coefficient and User Clock Ratio Index bits 5-0
7 6 5 | 4 | 3 | 2 1 | 0
bit 7 Reserved
The default value for this bit is 0b.
bits 5-0 TV Filter Coefficient and User Clock Ratio Index bits [5:0]
The Luminance Filter is a 15-tap FIR filter which can be configured as a notch or low-pass
filter. The Chrominance Filter is a 15-tap low-pass FIR Filter.
There are 8 Chrominance coefficients (16 bytes) each having a sign bit associated with it.
There are 8 Luminance coefficients (16 bytes) each having a sign bit associated with it.
There is one register (4 bytes) which defines the ratio ftiming/fdds’ and one register (4
bytes) which defines the ratio f;./f44s. This Index register provides access to the 40 bytes
of data accessed through REG[56h].
Index 00h ~ 1Fh
The first 16 bytes are the Luminance coefficients and the next 16 bytes are the Chromi-
nance coefficients (every coefficient has 2 bytes, first byte = coefficient, second byte, bit 0
= sign bit).
Index 20h ~ 23h
These 4 bytes set the ratio between TV timing clock (f;;in) and the DDS clock (fy45)-
This clock ratio must be programmed when TV timing clock is not 27 MHz or 26 MHz,
REG[4Eh] bits 5-4 is 10b. The 30-bit value is equal to fiine/fags X 22°. The default value
s 0.
Index 24h ~27h
These last 4 bytes set the ratio between the subcarrier clock (f;.) and the DDS clock (fys)-
This clock ratio must be programmed based on the TV standard (REG[40h] bits 3-1) when
DDS clock is not 27 MHz or 26 MHz (REG[4Eh] bits 5-4 is 10b) or when DDS clock is
26 MHz and NTSCM or NTSC]J is selected (REG[4Eh] bits 5-4 = 01b and REG[40h] bits
3-1=100b or 101b). The 30-bit value is equal to fy./f;qx 2.
Note
The f,/f445 ratio is based on the TV standard. Therefore, it must be reprogrammed if the
TV standard is changed in REG[40h] bits 3-1.
Example
If CLKI is 18 MHz and the TV standard is NTSCM:
Sub Carrier f is 3.5795454MHz
DDS clock fy4is 18MHz
TV timing clock fi;ine is 27MHz,
REGI[2Ch] bits 2-1 should be set 01b
REGJ4ENh] bits 5-4 should be set 10b.
Clock Ratio fijping/fags = 27/18 x 22 = 805,306,368 = 3000_0000h.
The 4 bytes indexed from 20h to 23h in REG[54h] should be programmed as 00h, 00h, 00h, and
30h in REG[56h].
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Clock Ratio fy /£, = 3.5795454/18 x 232 =1854,112,802 = 32E8_BA21h.
The last 4 bytes indexed from 24h to 27h in REG[54h] should be programmed as 21h, BAh, E8h,
and 32h in REG[56h].

Note

The Luminance and Chrominance Filters have the following default values.

Table 11-15: Default Luminance Filter Values

REG[52h] | REG[40h] TV Coefficient | Coefficient | Coefficient | Coefficient | Coefficient | Coefficient | Coefficient | Coefficient Not
bit 2 bit4 | Standard 0 1 2 3 4 5 6 7 ote
Ob 1b - 1FDh 005h 1FCh 1FDh 012h 1DAh 036h 0C3h low-pass
NTSC, .
Ob | Ob | MINc | 1FDh | 006h | 00Ah | 1E6h | 1Fth | 036h | 00sh | oBDh | Noich Fiter@
3.58MHz
PAL
(B,D,G, .
ob | Ob |HIN)| 003h | 1F6h | 00Ah | 00Eh | 1Dsh | oich | 01Eh | oBFn | Notch Fiter@
4.43MHz
PAL
1b - - Register values used User
9 Configuration
Table 11-16: Default Chrominance Filter Values
REG[52h] | Coefficient | Coefficient | Coefficient | Coefficient | Coefficient | Coefficient | Coefficient | Coefficient Note
bit 2 0 1 2 3 4 5 6 7
low-pass [1.5db attenuation @
0b 001h 001h 1FBh 1F5h 1FDh 01Dh 047h 05Bh 1.3MHz, > 20db at 3.6MHz]
1b Register values used User Configuration
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Table 11-17: Chrominance / Luminance Filter Coefficient Index

Index Description Index Description
00h luminance filter coefficient 0 register 0 (bits 7-0) 14h chrominance filter coefficient 2 register 0 (bits 7-0)
01h luminance filter coefficient 0 register 1 (sign bit) 15h chrominance filter coefficient 2 register 1 (sign bit)
02h luminance filter coefficient 1 register 0 (bits 7-0) 16h chrominance filter coefficient 3 register 0 (bits 7-0)
03h luminance filter coefficient 1 register 1 (sign bit) 17h chrominance filter coefficient 3 register 1 (sign bit)
04h luminance filter coefficient 2 register 0 (bits 7-0) 18h chrominance filter coefficient 4 register 0 (bits 7-0)
05h luminance filter coefficient 2 register 1 (sign bit) 19h chrominance filter coefficient 4 register 1 (sign bit)
06h luminance filter coefficient 3 register 0 (bits 7-0) 1Ah chrominance filter coefficient 5 register 0 (bits 7-0)
07h luminance filter coefficient 3 register 1 (sign bit) 1Bh chrominance filter coefficient 5 register 1 (sign bit)
08h luminance filter coefficient 4 register 0 (bits 7-0) 1Ch chrominance filter coefficient 6 register 0 (bits 7-0)
0%h luminance filter coefficient 4 register 1 (sign bit) 1Dh chrominance filter coefficient 6 register 1 (sign bit)
OAh luminance filter coefficient 5 register 0 (bits 7-0) 1Eh chrominance filter coefficient 7 register 0 (bits 7-0)
0Bh luminance filter coefficient 5 register 1 (sign bit) 1Fh chrominance filter coefficient 7 register 1 (sign bit)
0Ch luminance filter coefficient 6 register 0 (bits 7-0) 20h fiiming/faas ratio [7:0]
0Dh luminance filter coefficient 6 register 1 (sign bit) 21h fiming/fads ratio [15:8]
OEh luminance filter coefficient 7 register 0 (bits 7-0) 22h ftiming/fdds ratio [23:16]
OFh luminance filter coefficient 7 register 1 (sign bit) 23h fiiming/fdds ratio [29:24]
10h chrominance filter coefficient O register 0 (bits 7-0) 24h fse/fags ratio [7:0]
11h chrominance filter coefficient O register 1 (sign bit) 25h fsc/fqqs ratio [15:8]
12h chrominance filter coefficient 1 register O (bits 7-0) 26h fsc/fqqs ratio [23:16]
13h chrominance filter coefficient 1 register 1 (sign bit) 27h fsc/fqqs ratio [29:24]
Table 11-18: Common ftiming/fdds and f /44 Ratios
faas Ratio fiming/fags Ratio f Ratio foo/fags Ratio
(cLKd (Fh;‘:l‘:;’e"cy) (Fiming/faas) X 22° “Value (nex) | TV Standard (MH2) (Faolfage) x 272 | Value (hex)
18 NTSC 3.5795454 854112802 32E8BA21
18 PAL-M 3.57561149 853174134 32DA6776
805306368 30000000
18 PAL-Nc 3.58205625 854711914 32F1DE69
18 PAL - Others 4.43361875 1057902641 3FOE5030
19.2 NTSC 3.5795454 800730751 2FBA2ET7F
19.2 PAL-M 3.57561149 799850751 2FACCOFE
754974720 2D000000
19.2 PAL-Nc 3.58205625 801292419 2FC2C083
19.2 PAL - Others 4.43361875 991783726 3B1D6B2D
26 NTSC 3.5795454 591308863 233EA83F
26 PAL-M 3.57561149 590659016 2334BDC8
557519793 213B13B1
26 PAL-Nc 3.58205625 591723633 2344FCT71
26 PAL - Others 4.43361875 732394136 2BA77298
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REG[56h] TV Filter Coefficient and User Clock Ratio Data Register
Default = 00h Read/Write
TV Filter Coefficient and User Clock Ratio Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 TV Filter Coefficient and User Clock Ratio Data bits [7:0]

This register specifies the data to be R/W based on the above indexed address (REG[54h]
bits 4-0). Continuous write access to this register will auto increment the address above
(REG[54h] bits 5-0).

REG[58h] through REG[5Ah] are Reserved

These registers are reserved and must not be written.
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11.3.4 Input Data Control Registers

REG[60h] Input Data Format Register
Default = 30h Read/Write
n/a YUV Input Data Type Select bits 1-0 Input Data Format Select bits 3-0
7 | 6 5 | 4 3 | 2 | 1 | 0
bits 5-4 YUYV Input Data Type Select bits [1:0]

These bits define the YUV data type of input data to the SID13746. The YUV input data
is always converted to YCbCr before being written to the memory. The default type is
YCbCr.

Table 11-19: YUV Data Type Selection

REG[60h] bits 5-4 Data Type YRC Input Data Range
0<Y<255
00b YUV -128<U <127
-128<Vv <127
16<Y<235
01b YCbCr 113U <112
113V <112
0<Y<255
10b YUV Offset 0<U<L255
0<V<255
16<Y<235

11b (default) YCbCr Offset 16 <U <240
16 <V <240
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bits 3-0

Input Data Format Select bits [3:0]

These bits select the input data format. For details on individual data formats, see Section
12, “Intel 80, 8-Bit Interface Color Formats” on page 108, Section 13, “Intel 80, 16-bit
Interface Color Formats” on page 112, and Section 14, “YUV Timing” on page 118.

Table 11-20: Input Data Format Selection

REG[60h] bits 3-0 Input Data Format
0000b RGB 3:3:2
0001b RGB 5:6:5
0010b RGB 6:6:6 Mode 1
0011b RGB 8:8:8 Mode 1
0100b Reserved
0101b Reserved
0110b RGB 6:6:6 Mode 2 (note 3)
0111b RGB 8:8:8 Mode 2 (note 3)
1000b YUV 4:2:2
1001b YUV 4:2:0
1010b - 1111b Reserved

Note

1. All input data is converted and stored as YUV 4:2:0.

2.  When using the Parallel RGB interface to input image data (CNF[1:0] = 00b or
10b), REG[60h] bit 3 must be set to Ob.

3. RGB 6:6:6 Mode 2 and RGB 8:8:8 Mode 2 are only supported for the 16-bit Intel 80
interface (CNF[1:0] = 11b).

REG[62h] Special Effects Register
Default = 00h Read/Write
Window Data Double Buffer Background Square Pixel . - . .
Type Enable Window Correction Enable Transparency Select bits 1-0 Window Rotation bits 1-0
7 6 5 4 3 | 2 1 | 0
bit 7 Window Data Type

This bit determines the data type for the window. For use case examples and double-bufter
information, see Section 20, “Typical Use Case Descriptions” on page 147 and Section 21,
“Double Buffer Description” on page 161.

When this bit = Ob, the data being written from the Host is considered “static” and is not
double-buffered.

When this bit = 1b, the data being written from the Host is considered “streaming” and
requires double-buffering (REG[62h] bit 6 = 1b).
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bit 6

bit 5

bit 4

Double-Buffer Enable

This bit is used to enable the Double-Buffer. For use case examples and double-buffer
information, see Section 20, “Typical Use Case Descriptions” on page 147 and Section 21,
“Double Buffer Description” on page 161.

When this bit = 0b, the Double-Buffer is disabled for the window being written / activated.
When this bit = 1b, the Double-Buffer is enabled for the window being written / activated
to prevent image tearing with streaming data.

When a Parallel RGB interface is selected (see CNF[1:0]), the following restrictions must
be met or the Double-Buffer should not be used.

* The input frame rate must be smaller than half of the output (display frame rate).
* The input data burst must be shorter than the output frame period.

Background Window

This bit is used to change the input image type from background to destructive overlay.
For use case examples and double-buffer information, see Section 20, “Typical Use Case
Descriptions” on page 147 and Section 21, “Double Buffer Description” on page 161.
When this bit = Ob, the window being written is considered a destructive overlay

When this bit = 1b, the window being written is considered the background image

Note
For the Parallel RGB Host Interface (CNF[1:0] = 00 or 10), this bit must be set to 1b.

Square Pixel Correction Enable

When images are displayed on a calibrated TV, the length of a given number of pixels hor-
izontally is not the same as the length of the same number of pixels vertically. For exam-
ple, with a calibrated NTSC TV, a box which is 8x8 pixels will not look like a square but
rather the width will look shorter than the height. When square pixel is enabled, the width
of the output image will be scaled appropriately by the SID13746 to make an NxN image
look like a square. The square pixel scaling logic takes into account which TV standard
(PAL or NTSC) is selected and scales accordingly. For NTSC, the image will be widened.
For PAL, the image will be narrowed.

When this bit = Ob, Square Pixel correction is disabled. (default)
When this bit = 1b, Square Pixel correction is enabled.

Table 11-21: Square Pixel Correction

REG[62h] bit 4 TV Standard Scaling Ratio

Maximum Output Width
Setting

0 — 256/256 (1.000) 720

654

1b NTSC 2821256 (1101) | 654, 282+ 256 = 720)

788

1b PAL 234/256 (0.914) (788 x 234 + 256 = 720)

Note
Square Pixel Correction is not supported for PALM, REG[40h] bits 3-1 = 001b.
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bits 3-2

bits 1-0

Transparency Select bits [1:0]

These bits select the transparency mode.

Normal Mode: in this mode, if the resulting scaled pixels equal the transparent color, they
are not written to memory. In this mode, there will be color artifacts surrounding the non-
transparent color.

Black/White Mode: in this mode, the transparent color is limited to white or black with the
visible color being the opposite. In this mode, color artifacts are removed by forcing all
pixels to be either transparent or not.

Text Mode: In this mode, the transparent color intensity range calculated from the Trans-
parency Color Registers (REG[98h] ~ REG[9Ch]) determines if the pixel is transparent or
not. This mode is similar to Black/White mode with the effect of removing more color
artifacts.

Table 11-22: Transparency Select

. Transparenc
REG[62h] bits 3-2 M?) - y
00b (default) Disabled
01b Normal Mode
10b Black/White Mode
11b Text Mode

Window Rotation bits [1:0]
These bits determine the counter clock wise rotation applied to the window being written.
If writing data from the Host, setting these bits will rotate as appropriate.

Table 11-23: Window Rotation

REG[6Ah] bits 1-0 Window Rotation
00b (default) 0°
01b 90°
10b 180°
11b 270°
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Input Window Size / Position Registers

All windows written from the Host require the following parameters:

* Input Size (height, width): If processing the Background Image, the input size combined
with the double-buffer bit is used to determine the scale-down ratio required to fit the
image within available memory. All destructive windows written on-top of the back-
ground use the same scale-down ratio as the original background image.

* Output Size (height, width): If processing the Background Image, the Output Size is
used to determine the scale-up ratio. All destructive windows written on-top of the back-
ground use the same scale-up ratio as the original background image.

* Output Position (only applicable if displaying multiple windows): The original Back-
ground Image does not have an associated position as it is always centered and bordered
(if necessary). All destructive windows are referenced to the top-left of the background
image.

* Background or Destructive Overlay?

* Double-Buffered?
Limitations

If the Double-Buffer feature is disabled, then there is 312k bytes of memory available for
the image. If the Double-Buffer feature is enabled, then there is 156k bytes of memory
available for the image.

The maximum input window resolution for RGB and YUV 4:2:2 formats is 3072x4092.
The maximum input window resolution for YUV 4:2:0 format is 720x4092.

The overlay window output X,y start positions are referenced to the background output size
(size after scaling). The overlay input window size is referenced to the background input
size (size before scaling).

Depending on the background input window resolution, the input window width must be
divisible by 2, 4, or 8, and height must be divisible by 2, 4, or 8. All subsequent destructive
windows must follow the same divisibility numbers as the background window. The input
window width/height divisibility thresholds are as follows:

Table 11-24: Window Width/Height Divisibility Thresholds

If either input width or height is within the range: Both Restrictions Apply
. . . . Width Height
Input Window Width Input Window Height Divisible by Divisible by
2 <width < 768 2 < height 1022 2 2
772 < width < 1536 1024 < height <2044 4 4
1544 < width < 3072 2048 < height <4088 8 8
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Note
1. In cases where the width and height fall within 2 different ranges with different
divisibility restrictions, the largest divisibility restriction applies to both width and
height. For example, a 720x2048 window has divisibility restrictions of 8 for both
width and height.
2 When either the input width or input height falls within the ranges listed below, the
associated restriction must be observed.
a. If 2<width<768 or 2<height<1022, the following restriction applies:
Input Width x Input Height > 524,288
2. For 772<width<1536 or 1024<Height<2044, the following restriction applies:
Input Width + 2 x Input Height + 2 > 524,288
3. For 1544<width<3072 or 2048<Height<4088, the following restriction applies:
Input Width + 4 x Input Height + 4 > 524,288

The following figure indicates supported input image resolutions as colored regions. Gray
areas indicate background window resolutions that are not supported. The curves defining
the bottom boundaries of not supported resolutions are defined as:
Lower Gray Area
Height = A + Width, where A = 524288
Upper Gray Area
Height = A + Width, where A =2097152
Upper Boundary
Height = A + Width, where A = 8388608
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Figure 11-1: Input Image Restrictions Summary
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The following table provides typical supported panel resolutions.

Figure 11-2: Example Supported Input Sizes

Example Commc.)n Supported Input Resolution
Sizes
QCIF 176x144
QVGA 320x240
CIF 352x288
WQVGA 400x240
VGA 640x480
WVGA 800x480
SVGA 800x600
XGA 1024x768
Wide Screen XGA 1280x800
SXGA 1280x1024
WXGA+ 1440x900
UXGA 1600x1200
WUXGA+ 2560x1600
720p 1280X720
1080i/p 1920X1080
1080p 1920x1080
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REG[64h] Host Input Window Height Register 0
Default = 00h Read/Write
Host Input Window Height bits 7-0
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[66h] Host Input Window Height Register 1
Default = 00h Read/Write
n/a Host Input Window Height bits 11-8
7 | 6 | 5 | 4 3 2 1 | 0
REG[66h] bits 3-0
REG[64h] bits 7-0 Host Input Window Height bits [11:0]

These bits determine the height of the window input from the Host, in pixels. This value
should specify the height of the input image prior to applying rotation.

REG[68h] Host Input Window Width Register 0
Default = 00h Read/Write
Host Input Window Width bits 7-0
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[6Ah] Host Input Window Width Register 1
Default = 00h Read/Write

n/a Host Input Window Width bits 11-8
7 | 6 | 5 | 4 3 2 1 | 0
REG[6Ah] bits 3-0
REG[68h] bits 7-0 Host Input Window Width bits [11:0]

These bits determine the width of the window input from the Host, in pixels. This value
should specify the width of the input image prior to applying rotation.
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11.3.5 Display Output Control Registers

REG[80h] Display Mode Register
Default = 00h Read/Write
Maé:;g\t/)ilseion n/a TV Display Blank TV Enable n/a
7 | 5 | 4 3 2 1 | 0

bit 7 Macrovision Enable
The Macrovision feature is a bond out option on the S1D13746. Therefore, Macrovision
can only be enabled when the Macrovision Bond Option bit is set to 1b, REG[02h] bit 7 =
1b. When REG[02h] bit 7 = 0b, this bit has no effect.
When this bit = Ob, the Macrovision block is enabled.
When this bit = 1b, the Macrovision block is disabled.

bit 3 TV Display Blank
This bit controls the TV display pipeline and allows the TV display to be “blanked”.
When this bit = Ob, the TV display pipeline is enabled.
When this bit = 1b, all TV data outputs are forced to zero (i.e. the screen is blanked).

bit 2 TV Enable
This bit controls the TV interface.
When this bit = Ob, the TV interface is disabled and all TV control signals are inactive.
When this bit = 1b, the TV interface is enabled.
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Display Output Window Size / Position Registers

When writing a single or background image (REG[62h] bit 5), the desired Output Width /
Height are required. The start position must be programmed to O.

When writing destructive overlays (multiple windows), only the Start position is necessary.
The Start position of the overlay window is relative to the top-left of the displayed
background image.

Note
The overlay window output x,y start positions are referenced to the background output
size (size after scaling). The overlay input window size is referenced to the background
input size (size before scaling).

REG[82h] Display Output Window X Start Position Register 0
Default = 00h Read/Write
Display Output Window X Start Position bits 7-0
7 | 6 | 5 | 4 | 3 | 2 1 | 0

REG[84h] Display Output Window X Start Position Register 1
Default = 00h Read/Write

Display Output Window X Start
Position bits 9-8

7 | 6 | 5 | 4 | 3 | 2 1 | 0
REG[84h] bits 1-0

REG[82h] bits 7-0 Display Output Window X Start Position bits [9:0]

These bits determine the X start position of the window in relation to the top left corner of
the background image, in pixels. For rotated orientations (see REG[62h] bits 1-0), the top
left corner is still relative to the displayed image.

n/a

Note
If the host is writing the background image, these bits must be set to zero.
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REG[86h] Display Output Window Y Start Position Register 0
Default = 00h Read/Write
Display Output Window Y Start Position bits 7-0
7 | 6 | 5 | 4 | 3 | 2 1 | 0

REG[88h] Display Output Window Y Start Position Register 1
Default = 00h Read/Write

Display Output Window Y Start
Position bits 9-8

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

REG[88h] bits 1-0

REG[86h] bits 7-0 Display Output Window Y Start Position bits [9:0]
These bits determine the Y start position of the window in relation to the top left corner of
the background image, in pixels. For rotated orientations (see REG[62h] bits 1-0), the top
left corner is still relative to the displayed image.

n/a

Note
If the host is writing the background image, these bits must be set to zero.

REG[8Ah] Display Output Window Height Register 0
Default = 40h Read/Write
Display Output Window Height bits 7-0
7 | 6 | 5 | 4 | 3 2 1 | 0

REGI[8Ch] Display Output Window Height Register 1

Default = 02h Read/Write
n/a Display Output Window Height bits 9-8
7 | 6 | 5 | 4 | 3 | 2 1 | 0

REG[8Ch] bits 1-0

REG[8Ah] bits 7-0 Display Output Window Height bits [9:0]
These bits determine the height of the window output to the display, in pixels. This value
is used to determine the ratio required to scale-up the image stored in memory to the
resulting displayed image. For rotated orientations (see REG[62h] bits 1-0), the top left
corner is still relative to the displayed image.

Note
1. These bits are only used for the initial background image. All subsequent windows
use the same scale ratio as defined by the background image.
2. The values of these registers are latched when REG[90h] is written, during the TV
Vertical Blanking Period. REG[90h] should be the last register written before
writing image data.
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REG[8Eh] Display Output Window Width Register 0
Default = DOh Read/Write
Display Output Window Width bits 7-0
7 | 6 | | 4 | 3 1 | 0
REG[90h] Display Output Window Width Register 1
Default = 02h Read/Write
Display Output Window Y End Position
s bits 9-8
7 | 6 | | 4 | 3 | 1 | 0

REG[90h] bits 1-0
REGI[8Eh] bits 7-0

Display Output Window Width bits [9:0]
These bits determine the with of the output window to the display, in pixels. This value is
used to determine the scale-up ratio from the image stored in memory to the resulting dis-
played image. For rotated orientations (see REG[62h] bits 1-0), the top left corner is still

relative to the displayed image.

Note
1.

2.

These bits are only used for the initial background image. All subsequent windows
use the same scale ratio as defined by the background image.

When writing a background image, the values of these registers are latched when
REG[90h] is written, during the TV Vertical Blanking Period. REG[90h] should be
the last register written before writing image data.

S1D13746
X74B-A-001-02

Revision 2.0 - EPSON CONFIDENTIAL

Hardware Functional Specification
Issue Date: 2007/09/14



Epson Research and Development Page 89
Vancouver Design Center
Border Color Registers
REG[92h] Border Color Register 0
Default = 10h Read/Write
Border Color - Y [7:0]
7 | 6 | 5 | 4 | 3
REG[94h] Border Color Register 1
Default = 80h Read/Write
Border Color - U [7:0]
7 | 6 | 5 | 4 | 3
REG[96h] Border Color Register 2
Default = 80h Read/Write
Border Color - V [7:0]
7 | 6 | 5 4 | 3 0

REG[96h] bits 7-0  Border Color - V [7:0]

|

[
REG[94h] bits 7-0  Border Color - U [7:0]

[

REG[92h] bits 7-0 Border Color - Y [7:0]
These bits specify the YUV (8:8:8) components of the border color which is used if the
resulting output TV resolution does not match the appropriate full-screen resolution of the
selected display format (PAL or NTSC). When this occurs, the Display Output Window is

automatically centered within a border of the specified color.

The border color must be set to a value within the YCbCr Offset range as shown below.
16 <Y <235
16 <U <240
16 <V <240

To calculate the YUV values for an equivalent RGB color, use the following formulas.

Y =(838h x R+ 1022h x G + 322h x B) = 2000h + 10h
U= (-4Clh x R - 94Eh x G + EOEh x B) + 2000h + 80h
V =(EOEh x R - BC7h x G - 247h x B) + 2000h + 80h
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Transparency Color Registers

REG[98h] TV Transparency Color Register 0

Default = 10h Read/Write
Transparency Color - Y [7:0]
7 | | 5 | 4 3 | 2 1 | 0
REG[9Ah] TV Transparency Color Register 1
Default = 80h Read/Write
Transparency Color - U [7:0]
7 | | 5 | 4 3 | 2 1 | 0
REG[9Ch] TV Transparency Color Register 2
Default = 80h Read/Write
Transparency Color - V [7:0]
7 | | 5 | 4 | 3 | 2 1 | 0

REG[9Ch] bits 7-0
REG[9Ah] bits 7-0
REG[98h] bits 7-0

Transparency Color - V [7:0]

Transparency Color - U [7:0]

Transparency Color - Y [7:0]

These bits specify the YUV (8:8:8) components of the transparency color. Transparency
can only be used during the host data write. In this case, the transparency color is stripped
from the input data before being written to memory, and therefore once written (enabled)
can not be disabled. As with all other windows written, the transparency window is also
considered destructive and can not be un-done.

The transparency color must be set to a value within the YCbCr Offset range as shown
below, even if the input image data is in a different format.

16 <Y <235

16 <U <240

16 <V <240

To calculate the YUV values for an equivalent RGB color, use the following formulas.
Y =(838h x R+ 1022h x G + 322h x B) + 2000h + 10h
U= (-4Clhx R - 94Eh x G + EOEh x B) + 2000h + 80h
V =(EOEh x R - BC7h x G - 247h x B) + 2000h + 80h
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REG[9Eh] DAC Reference Source Select Register

Default = 00h Read/Write
TV Display
Horizontal TV Display Horizontal Position bits 2-0 TV Display Vertical Position bits 1-0 IREF Enable VREF Enable
Direction
7 6 | 5 | 4 3 | 2 1 0
bit 7 TV Display Horizontal Direction
This bit controls the direction the TV display moves when the TV Display Horizontal
Position (REG[9Eh] bits 6-4) is set.
When this bit = 0b, REG[9Eh] bits 6-4 set the number of pixels the TV display will move
to the left.
When this bit = 1b, REG[9Eh] bits 6-4 set the number of pixels the TV display will move
to the right.
bits 6-4 TV Display Horizontal Position bits [2:0]
These bits set the TV display horizontal position offset, in pixels, from the default posi-
tion. The direction of the offset is controlled with bit 7 of this register.
bits 3-2 TV Display Vertical Position bits [1:0]
These bits set the number of lines the TV display is moved down from the default position.
bit 1 IREF Enable
DAC reference current source circuit enable.
When this bit = Ob, the internal generation of the reference current is disabled. (Default)
When this bit = 1b, the VADJ pin is enabled. For more information see Section 24.1,
“DAC External Components” on page 172
bit 0 VREF Enable
DAC reference voltage source circuit enable.
When this bit = Ob, the DAC uses the external VREF mode. See “DAC External Compo-
nents” on page 172.(Default)
When this bit = 1b, the DAC uses the internal VREF mode. In this mode, the DAC refer-
ence voltage is supplied by the DAC.
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11.3.6 Display Memory Access Registers

REG[AOh] Display Memory Data Port Register 0
Default = not applicable Read/Write
Display Memory Data Port bits 15-8
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
Display Memory Data Port bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

REG[AOR] bits 15-0  Display Memory Data Port bits [15:0]
These bits are the data port for Host data writes to display memory and are used for all
configurations.

Bits 7-0 form the least significant byte of the data word and are used for both 8-bit
accesses (CNF[1:0] = 01b) and 16-bit accesses (CNF[1:0] = 11b). Bits 15-8 form the most
significant byte of the data word and are used only for 16-bit accesses (CNF[1:0] = 11b).

Note
1. Burst data writes are supported through these registers. Once reaching this address,
register auto increment is automatically disabled and all further writes to this
register auto increment the internal memory address only.
2. The Host Window Size / Position registers (REG[64h] ~ REG[6Ah], REG[82h] ~
REG([88h]) must be programmed prior to writing the data.

REG[A2h] through REG[A6h] are Reserved

These registers are reserved and must not be written.
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11.3.7 3X3 Pixel Matrix Filter Registers

REG[CO0h] 3X3 Pixel Matrix Filter Control Register
Default = 00h Read/Write
n/a 3x3 Filter Enable
7 | 6 | 5 | 4 | 3 | 2 | 1 0
bit 0 3x3 Filter Enable

This bit enables the 3x3 Filter. See Section 16, “Image Enhancement Engine” on page 129
for further information.

When this bit = Ob, the 3x3 Filter is disabled.

When this bit = 1b, the 3x3 Filter is enabled.

3X3 Pixel Matrix Filter Coefficient Registers

Table 11-25: Coefficient Table Mapping

Coefficient . Use for 3x3 Coefficient . Use for 3x3
Table # Register Address Filter Table # Register Address Filter
0 REG[C2h] bits 2-0 YO 14 REG[D2h] bits 2-0 us
1 REG[C2h] bits 6-4 Y1 15 REGI[D2h] bits 6-4 U6
2 REG[C4h] bits 2-0 Y2 16 REG[D4h] bits 2-0 u7
3 REG[C4h] bits 6-4 Y3 17 REGI[D4h] bits 6-4 us
4 REG[C6h] bits 4-0 Y4 18 REG[D6h] bits 2-0 VO
5 REG[C8h] bits 2-0 Y5 19 REGI[D6h] bits 6-4 V1
6 REG[C8h] bits 6-4 Y6 20 REG[D8h] bits 2-0 V2
7 REGI[CAh] bits 2-0 Y7 21 REGI[D8h] bits 6-4 V3
8 REG[CAh] bits 6-4 Y8 22 REG[DAh] bits 4-0 V4
9 REG[CCh] bits 2-0 uo 23 REG[DCh] bits 2-0 V5
10 REG[CCh] bits 6-4 U1 24 REG[DCh] bits 6-4 V6
11 REG[CERh] bits 2-0 U2 25 REGI[DEh] bits 2-0 V7
12 REG[CERh] bits 6-4 U3 26 REG[DEh] bits 6-4 V8
13 REG[DOh] bits 4-0 U4
YO Y3 Y6 uo U3 U6 VO Y3 V6
Y1 Y4 Y7 U1 U4 u7 V1 Y4 V7
Y2 Y5 Y8 U2 us us V2 V5 V8
Figure 11-3: YUV Coefficient Matrix
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Note
The data range for each coefficient is -15 to 15 (decimal) for the middle pixel and -3 to 3
(decimal) for all others. The two's complement values must be set from 10h to OFh.
For Y4, U4, V4 the data range for the coefficients is -16 to 15. The 2’s compliment val-
ues must be set from 10h to OFh. For all other coefficients, the data range is -4 to 3. The
2’s compliment values must be set from 4h to 3h.

Note
The Y data after 3x3 filtering is:
Y’ = (Y0C0+Y1C1+Y2C2+Y3C3+Y4C4+Y5C5+Y6C6+Y7C7+Y8C8) / Scale + Offset
Scale: REG[EOh]
Offset: REG[E6h]
Cy-g: Coefficient (REG[C2h] ~ REG[CA])
Y -g: Original Y data
YrY5Yg

Note
The U data after 3x3 filtering is:
U’ = (UpCotU; CygtUnC1+U3C 51U C31+U5C14tUCo57U7C1tUsCy7) / Scale +
Offset
Scale: REG[E2h]
Offset: REG[ESh]
Cy_17: Coefficient (REG[CCh] ~ REG[D4h])
Ug_g: Original U data
Uy U; Ug
U, U, Uy
U, Us Ug

Note
The V data after 3x3 filtering is:
V7 =(VoCigtV CrotVaCopt V3Coy+V4ContVsCostVeCoytV7Cos+VgCog) / Scale +
Offset
Scale: REG[E4h]
Offset: REG[EAh]
Cyg-2¢: Coefficient (REG[D6h] ~ REG[DEh])
V.g: Original V data

Vo V3 Vg

Vy V4V,

V, Vs Vg
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Coel0 | Coe3 Coeb
Coel | Coed4 | Coe7
Coe2 | Coe5 Coe8

Figure 11-4 Coefficient Matrix

The filter scans left to right, top to bottom, with coe4 multiplying by the current pixel. The
coefficients operate on each YUV component separately. After scaling and offsets are
applied, the value is clipped back to 16 to 235 for the Y component and 16 to 240 for the U

and V components.

Initial Image

D — e

Matrix
Multiply

Image After Matrix Multiply

Figure 11-5 Matrix Multiply Example

The following formulas are used to calculate the resulting components (F’y, F’u, F’v). F is
the pixel used in the calculation and the component sizes are Fy (8 bits), Fu (8 bits), and Fv

(8 bits).

F'y = Ay * Coe0Q + By * Coe3 + Cy * Coe6 + Ey * Coel1 + Fy * Coe4 + Gy * Coe7 + ly * Coe2 + Jy * Coe5 + Ky * Coe8
F'u=Au* Coe0 + Bu * Coe3 + Cu* Coeb + Eu * COe1 + Fu * Coe4 + Gu * Coe7 + lu* Coe2 + Ju * Coeb5 + Ku * Coe8
F'v=Av * Coe0 + Bv * Coe3 + Cv * Coeb + Ev * COe1 + Fv * Coed + Gv * Coe7 + |Iv * Coe2 + Jv * Coe5 + Kv * Coe8
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The top/left/right/bottom edges and corners of the original image are treated as follows,
when the 3x3 matrix is applied to the edges and corners.

Original Edge/Corner Image

Image As Seen By Image Enhancement Filter

Figure 11-6 Edge/Corner Adjustment

The following formulas are used to calculate the resulting components (F’y, F’u, F’v). A is
the pixel used in the calculation and the component sizes are Ay (8 bits), Au (8 bits), and
Av (8 bits).

A'y = Ay * Coe0 + Ay * Coe3 + By * Coe6 + Ay * COe1 + Ay * Coe4 + By * Coe7 + Ey * Coe2 + Ey * Coe5 + Fy * Coe8
A'u=Au * Coe0 + Au * Coe3 + Bu * Coeb + Au * COe1 + Au * Coe4 + Bu * Coe7 + Eu * Coe2 + Eg* Coeb + Fu * Coe8
A'v=Av * Coe0 + Av * Coe3 + Bv * Coe6 + Av * COe1 + Av * Coe4 + Bv * Coe7 + Ev * Coe2 + Eb* Coeb + Fv * Coe8

REG[C2h] 3X3 Pixel Matrix Filter Coefficient Table Register 0
Default = 00h Read/Write
n/a Y1 Coefficient Table bits 2-0 n/a YO Coefficient Table bits 2-0
7 6 | 5 | 4 3 2 | 1 | 0
bits 6-4 Y1 Coefficient Table bits [2:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.

bits 2-0 Y0 Coefficient Table bits [2:0]
These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.
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REG[C4h] 3X3 Pixel Matrix Filter Coefficient Table Register 1
Default = 00h Read/Write
n/a Y3 Coefficient Table bits 2-0 n/a Y2 Coefficient Table bits 2-0
7 6 | 5 | 4 3 2 | 1 | 0
bits 6-4 Y3 Coefficient Table bits [2:0]
These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.
bits 2-0 Y2 Coefficient Table bits [2:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.

REG[C6h] 3X3 Pixel Matrix Filter Coefficient Register 2
Default = 01h Read/Write
n/a Y4 Coefficient Table bits 4-0
7 | 6 | 5 4 | 3 | 2 | 1 | 0
bits 4-0 Y4 Coefficient Table bits [4:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.

REG[C8h] 3X3 Pixel Matrix Filter Coefficient Table Register 3

Default = 00h Read/Write
n/a Y6 Coefficient Table bits 2-0 n/a Y5 Coefficient Table bits 2-0
7 6 | 5 | 4 3 2 | 1 | 0
bits 6-4 Y6 Coefficient Table bits [2:0]
These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.
bits 2-0 Y5 Coefficient Table bits [2:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.
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REG[CAh] 3X3 Pixel Matrix Filter Coefficient Table Register 4
Default = 00h Read/Write
n/a Y8 Coefficient Table bits 2-0 n/a Y7 Coefficient Table bits 2-0
7 | 5 | 4 3 2 | 1 | 0
bits 6-4 Y8 Coefficient Table bits [2:0]
These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.
bits 2-0 Y7 Coefficient Table bits [2:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.

REG[CCh] 3X3 Pixel Matrix Filter Coefficient Table Register 5
Default = 00h Read/Write
n/a U1 Coefficient Table bits 2-0 n/a UO Coefficient Table bits 2-0
7 | 5 | 4 3 2 | 1 | 0
bits 6-4 U1 Coefficient Table bits [2:0]
These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.
bits 2-0 UO Coefficient Table bits [2:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.

REG[CEh] 3X3 Pixel Matrix Filter Coefficient Table Register 6
Default = 00h Read/Write
n/a U3 Coefficient Table bits 2-0 n/a U2 Coefficient Table bits 2-0
7 | 5 | 4 3 2 | 1 | 0
bits 6-4 U3 Coefficient Table bits [2:0]
These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.
bits 2-0 U2 Coefficient Table bits [2:0]
These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.
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REG[DO0h] 3X3 Pixel Matrix Filter Coefficient Register 7
Default = 01h Read/Write
n/a U4 Coefficient Table bits 4-0
7 | 6 | 5 4 | 3 | 2 | 1 | 0
bits 4-0 U4 Coefficient Table bits [4:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.

REG[D2h] 3X3 Pixel Matrix Filter Coefficient Table Register 8
Default = 00h Read/Write
n/a U6 Coefficient Table bits 2-0 n/a U5 Coefficient Table bits 2-0
7 6 | 5 | 4 3 2 | 1 | 0
bits 6-4 U6 Coefficient Table bits [2:0]
These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.
bits 2-0 U5 Coefficient Table bits [2:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.

REG[D4h] 3X3 Pixel Matrix Filter Coefficient Table Register 9
Default = 00h Read/Write
n/a U8 Coefficient Table bits 2-0 n/a U7 Coefficient Table bits 2-0
7 6 | 5 | 4 3 2 | 1 | 0
bits 6-4 U8 Coefficient Table bits [2:0]
These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.
bits 2-0 U7 Coefficient Table bits [2:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.

REG[D6h] 3X3 Pixel Matrix Filter Coefficient Table Register 10
Default = 00h Read/Write
n/a V1 Coefficient Table bits 2-0 n/a VO Coefficient Table bits 2-0
7 6 | 5 | 4 3 2 | 1 | 0
bits 6-4 V1 Coefficient Table bits [2:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.
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bits 2-0

VO Coefficient Table bits [2:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.

REG[D8h] 3X3 Pixel Matrix Filter Coefficient Table Register 11
Default = 00h Read/Write
n/a V3 Coefficient Table bits 2-0 n/a V2 Coefficient Table bits 2-0
7 6 | 5 | 4 3 2 | 1 | 0
bits 6-4 V3 Coefficient Table bits [2:0]
These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.
bits 2-0 V2 Coefficient Table f bits [2:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.

REG[DAh] 3X3 Pixel Matrix Filter Coefficient Register 12
Default = 01h Read/Write
n/a V4 Coefficient Table bits 4-0
7 | 6 | 5 4 | 3 | 2 | 1 | 0
bits 4-0 V4 Coefficient Table bits [4:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.

REG[DCh] 3X3 Pixel Matrix Filter Coefficient Table Register 13
Default = 00h Read/Write
n/a V6 Coefficient Table bits 2-0 n/a V5 Coefficient Table bits 2-0
7 6 | 5 | 4 3 2 | 1 | 0
bits 6-4 V6 Coefficient Table bits [2:0]
These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.
bits 2-0 V5 Coefficient Table bits [2:0]
These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.
S1D13746 Hardware Functional Specification

X74B-A-001-02

Issue Date: 2007/09/14
Revision 2.0 - EPSON CONFIDENTIAL



Epson Research and Development Page 101

Vancouver Design Center

REG[DEh] 3X3 Pixel Matrix Filter Coefficient Table Register 14
Default = 00h Read/Write
n/a V8 Coefficient Table bits 2-0 n/a V7 Coefficient Table bits 2-0
7 | 5 | 4 3 2 | 1 | 0
bits 6-4 V8 Coefficient Table bits [2:0]
These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.
bits 2-0 V7 Coefficient Table bits [2:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b).
These signed 2’s complement values specify the coefficient tables for the filter and are
arranged Vertically.

REGI[EOh] 3X3 Pixel Matrix Filter Scale Value for Luminance Y Channel Register
Default = 01h Read/Write
n/a Filter Scale Value for Luminance Y Channel bits 5-0
7 | 5 | 4 | 3 | 2 | 1 | 0
bits 5-0 Filter Scale Value for Luminance Y Channel bits [5:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b) and
are ignored for all other operations. These unsigned bits specify the filter scale value for

luminance (Y channel) and must be programmed such that the following formula is valid.
1 < REG[EOh] bits 5-0 < 3Fh

REG[E2h] 3X3 Pixel Matrix Filter Scale Value for Chrominance U Channel Register
Default = 01h Read/Write
n/a Filter Scale Value for Chrominance U Channel bits 5-0
7 | 5 | 4 | 3 | 2 | 1 | 0
bits 5-0 Filter Scale Value for Chrominance U Channel bits [5:0]

These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b) and
are ignored for all other operations. These unsigned bits specify the filter scale value for
chrominance (U channel) and must be programmed such that the following formula is
valid.

1 < REG[E2h] bits 5-0 < 3Fh

REG[E4h] 3X3 Pixel Matrix Filter Scale Value for Chrominance V Channel Register
Default = 01h Read/Write
n/a Filter Scale Value for Chrominance V Channel bits 5-0
7 | 5 | 4 | 3 | 2 | 1 | 0
bits 5-0 Filter Scale Value for Chrominance V Channel bits [5:0]
These bits are only used when the filter operation is selected (REG[COh] bit 0 = 1b) and
are ignored for all other operations. These unsigned bits specify the filter scale value for
chrominance (V channel) and must be programmed such that the following formula is
valid.
1 £ REG[E4h] bits 5-0 < 3Fh
Hardware Functional Specification S1D13746

Issue Date: 2007/09/14

X74B-A-001-02
Revision 2.0 - EPSON CONFIDENTIAL



Page 102 Epson Research and Development
Vancouver Design Center

REG[E6h] 3X3 Pixel Matrix Filter Offset Value for Luminance Y Channel Register
Default = 00h Read/Write
Filter Offset Value for Luminance Y Channel bits 8-1
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 Filter Offset Value for Luminance Y Channel bits [8:1]

This register is only used when the filter operation is selected (REG[COh] bit 0 = 1b) and
are ignored for all other operations. This register specifies bits [8:1] of the desired offset
value (bit 0 is internal and forced to 0). These signed 2’s complement bits specify the filter
offset value for luminance (Y channel).

Note
The data range for each offset is -256 to 254 (decimal). The two's complement values
must be set from 10h to 7Fh. For example, if an offset of 42h is required, program this
register with 21h.

REG[E8h] 3X3 Pixel Matrix Filter Offset Value for Chrominance U Channel Register
Default = 00h Read/Write
Filter Offset Value for Chrominance U Channel bits 8-1
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 Filter Offset Value for Chrominance U Channel bits [8:1]

This register is only used when the filter operation is selected (REG[COh] bit 0 = 1b) and
are ignored for all other operations. This register specifies bits [8:1] of the desired offset
value (bit 0 is internal and forced to 0). These signed 2’s complement bits specify the filter
offset value for chrominance (U channel).

Note
The data range for each offset is -256 to 254 (decimal). The two's complement values
must be set from 10h to 7Fh. For example, if an offset of 42h is required, program this
register with 21h.

REG[EAhR] 3X3 Pixel Matrix Filter Offset Value for Chrominance V Channel Register
Default = 00h Read/Write
Filter Offset Value for Chrominance V Channel bits 8-1
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 Filter Offset Value for Chrominance V Channel bits [8:1]

This register is only used when the filter operation is selected (REG[COh] bit 0 = 1b) and
are ignored for all other operations. This register specifies bits [8:1] of the desired offset
value (bit 0 is internal and forced to 0). These signed 2’s complement bits specify the filter
offset value for chrominance (V channel).

Note
The data range for each offset is -256 to 254 (decimal). The two's complement values
must be set from 10h to 7Fh. For example, if an offset of 42h is required, program this
register with 21h.

S1D13746 Hardware Functional Specification
X74B-A-001-02 Issue Date: 2007/09/14

Revision 2.0 - EPSON CONFIDENTIAL



Epson Research and Development Page 103
Vancouver Design Center

11.3.8 Miscellaneous Registers

REG[ECh] Non-Display Period Control / Status Register

Default = 26h Read/Write
n/a TE Status (RO) Input B‘(lésg)Status TE gﬁ;‘ﬁl’; Pin TE Output Pin Function Select bits 2-0
7 | 6 5 4 3 2 | 1 | 0
bit 5 TE Status

This bit indicates the status of the TE output, even when the TE Output Pin is disabled
(REG[ECh] bit 3 = 0b).

When this bit = Ob, the TE output is low (0).

When this bit = 1b, the TE output is high (1).

bit 4 Input Busy Status (Read Only)
This bit will be high when the input circuitry is busy writing the current window data to
memory. There is some latency between the last pixel of a window written by the Host and
this bit going low. When writing back-to-back windows, ensure that this bit returns low
before writing the next window.
When this bit = Ob, Host Input Window data is not being written to memory.
When this bit = 1b, Host Input Window data is being written to memory.

bit 3 TE Output Pin Enable
This bit determines whether the state of TE is output on the TE pin. The status of TE is
still available using the TE Status bit (REG[ECh] bit 5) even when the TE Output Pin is
disabled.
When this bit = Ob, the TE output pin is disabled.
When this bit = 1b, the TE output pin is enabled.
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bits 2-0

TE Output Pin Function Select bits [2:0]
These bits select which function is indicated by the TE output pin.

Table 11-26: TE Output Pin Function Selection

REG[ECh] bits 2-0 TE Output Pin Function
000b Reserved
001b Field 2 VNDP
010b Field 1 VNDP
011b ~ 100b Reserved

TV Horizontal Non-Display Period ORed with TV Vertical Non-Display Period

101b
(The TE pin and status are active HIGH to indicate the specified condition is TRUE)

TV Vertical Non-Display Period

110b (default
( ) (The TE pin and status are active HIGH to indicate the specified condition is TRUE)

111b Reserved

VDP

HDP

. ] ]
JUTTTTTTL o oo T oo

TE Output Pin when REG[ECh] bits 2-0

001b
010b
101b o o o LI
110b
Figure 11-7: TE Output Pin Function Timing
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REGI[EEh] Parallel RGB Interface Register
Default = 00h Read/Write
Parallel RGB Parallel RGB Parallel RGB Parallel RGB
n/a Interface PCLK Interface HS Interface VS Interface DE
Polarity Polarity Polarity Polarity
7 6 | 5 | 4 3 2 1 0
bit 3 Parallel RGB Interface PCLK Polarity

This bit selects the active polarity of the PCLK signal.
When this bit = Ob, the data is valid on the rising edge of PCLK.
When this bit = 1b, the data is valid on the falling edge of PCLK.

bit 2 Parallel RGB Interface HS Polarity
This bit selects the active polarity of the HS signal.
When this bit = Ob, the data is valid when the HS signal is high.
When this bit = 1b, the data is valid when the HS signal is low.

bit 1 Parallel RGB Interface VS Polarity
This bit selects the active polarity of the VS signal.
When this bit = Ob, the data is valid when the VS signal is high.
When this bit = 1b, the data is valid when the VS signal is low.

bit 0 Parallel RGB Interface DE Polarity
This bit selects the active polarity of the DE signal.
When this bit = Ob, the data is valid when the DE signal is high.
When this bit = 1b, the data is valid when the DE signal is low.
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11.3.9 General Purpose 10 Pins Registers

REG[FOh] General Purpose 10 Pins Configuration Register
Default = 00h Read/Write
GPIO7 GPIO6 GPIO5 GPI104 GPIO3 GPIO02 GPIO1 GPIO0
Configuration Configuration Configuration Configuration Configuration Configuration Configuration Configuration
7 6 5 4 3 2 1 0
bits 7-0 GPIO[7:0] Configuration

These bits configure the corresponding GPIO[7:0] pin between an input or output.
When this bit = 0 (normal operation), the corresponding GPIO pin is configured as an
input.

When this bit = 1b, the corresponding GPIO pin is configured as an output.

REG[F2h] General Purpose 10 Pins Status/Control Register
Default = 00h Read/Write
GPIO7 Status GPIO6 Status GPIO5 Status GPIO4 Status GPIO3 Status GPIO2 Status GPIO1 Status GPIOO Status
7 6 5 4 3 2 1 0
bits 7-0 GPIO[7:0] Status

When the corresponding GPIO[7:0] pin is configured as an output (see REG[FOh]), writ-
ing a 1b to this bit drives GPIOx high and writing a 0b to this bit drives GPIOx low.
When the corresponding GPIO[7:0] pin is configured as an input (see REG[FOh]), a read
from this bit returns the raw status of GPIOx.

Default = 00h

REG[F4h] GPIO Positive Edge Interrupt Trigger Register

Read/Write

GPIO7 Positive
Edge Interrupt

GPIOG6 Pos

Edge Interrupt

GPIOO Positive
Edge Interrupt

GPIO1 Positive
Edge Interrupt

GPIO2 Positive
Edge Interrupt

GPIO3 Positive
Edge Interrupt

GPIO4 Positive
Edge Interrupt

GPIOS5 Positive
Edge Interrupt

itive

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

bits 7-0 GPIO[7:0] Positive Edge Interrupt Trigger
This bit determines whether the associated GPIO interrupt (see REG[F8h]) is triggered on
the positive edge (when the GPIOx pin changes from O to 1).
When this bit = Ob, the associated GPIO interrupt (GPIO INT) is not triggered on the pos-
itive edge.
When this bit = 1b, the associated GPIO interrupt (GPIO_INT) is triggered on the positive
edge.
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REG[F6h] GPIO Negative Edge Interrupt Trigger Register
Default = 00h

GPIO7 Negative
Edge Interrupt

Read/Write

GPIOO0 Negative
Edge Interrupt

GPIO3 Negative
Edge Interrupt

GPIO2 Negative
Edge Interrupt

GPIO1 Negative
Edge Interrupt

GPIO6 Negative
Edge Interrupt

GPIO5 Negative
Edge Interrupt

GPI104 Negative
Edge Interrupt

Trigger Trigger Trigger Trigger Trigger Trigger Trigger Trigger
7 6 5 4 3 2 1 0
bits 7-0 GPIO[7:0] Negative Edge Interrupt Trigger

This bit determines whether the associated GPIO interrupt (see REG[F8h]) is triggered on
the negative edge (when the GPIOx pin changes from 1 to 0).

When this bit = Ob, the associated GPIOx interrupt (GPIO_INT) is not triggered on the
negative edge.

When this bit = 1b, the associated GPIOx interrupt (GPIO_INT) is triggered on the nega-
tive edge.

REG[F8h] GPIO Interrupt Status Register
Default = 00h Read/Write
GPIO7 Interrupt GPIO6 Interrupt GPIO5 Interrupt GPIO4 Interrupt GPIO3 Interrupt GPIO2 Interrupt GPIO1 Interrupt GPIOO Interrupt
Status Status Status Status Status Status Status Status
7 6 5 4 3 2 1 0
bits 7-0 GPIO[7:0] Interrupt Status

If GPIOs are configured to generate an Interrupt (see REG[F4h] and REG[F6h]), these
status bits indicate which GPIO generated the interrupt.

To clear the corresponding GPIO[7:0] Interrupt Status bit, write a 1b then a Ob to the bit.

REG[FAh] GPIO Pull Down Control Register
Default = FFh Read/Write
GPIO7 Pull-down | GPIO6 Pull-down | GPIO5 Pull-down | GPIO4 Pull-down | GPIO3 Pull-down | GPIO2 Pull-down | GPIO1 Pull-down | GPIOO Pull-down
Control Control Control Control Control Control Control Control
7 6 5 4 3 2 1 0
bits 7-0 GPIO[7:0] Pull-down Control

All GPIO pins have internal pull-down resistors. These bits individually control the state
of the corresponding pull-down resistor.
When the bit = 0, the pull-down resistor for the corresponding GPIO pin is inactive.
When the bit = 1, the pull-down resistor for the corresponding GPIO pin is active.
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12 Intel 80, 8-Bit Interface Color Formats

12.1 8 bpp Mode (RGB 3:3:2), 256 colors

When REG[60h] bits 3-0 = 0000b and CNF[1:0] = 01, the input data format for the Intel 80
Host interface is RGB 3:3:2.

LCS# |

[D/C#]

[WR#| L4 L4 L4 L4
[RD# |

R1,Bit2 > R2, Bit2 Y R3, Bit2_>—
R1,Bit1 »1< R2,Bit1 > R3, Bit1 >1—
R1,Bit0 >~ R2, Bit0 > R3,Bit0 »>—
G1,Bit2 >~ G2, Bit2 »1<_G3, Bit2 >—
61,Bit1 »1—< G2, Bit1 > G3,Bit1 »—
61,8it0 »1 < G2, Bito > G3,Bit0 »1—
B1,Bit 1 >1< B2,Bit1 >4< B3, Bit1 >
B1,8it0 > 1< B2,Bit0 > 1< B3, Bit0 »>—

Pixel n Pixel n+1 Pixel n+2

Note: The Data order is as follows, msb = MD7, Isb = MDO and Picture Data is msb = Bit 2, Isb = Bit 0 for
Red and Green data and msb = Bit 4, Isb = Bit O for Blue data.

Figure 12-1: 8 bpp Mode (RGB 3:3:2), 256 colors
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12.2 16 bpp Mode (RGB 5:6:5), 65,536 colors

When REG[60h] bits 3-0 =0001b and CNF[1:0] =01, the input data format for the Intel 80
Host interface is RGB 5:6:5.

CS#
[D/C#
[WR# | L4 |4 Y A A

RD#
R1,Bit4 >—G1,Bit2 > 1< R2,Bit4 >—< G2,Bit2_ >+
R1,8it3 >—< G61,Bit1 > 1< R2,Bit3 »—< G2,Bit1 >
R1,Bit2 > G1,8it0 >1< R2,Bit2 >—< G2, Bit0_>—r

R1,Bit1 >— B1,Bit4 >—< R2,Bit1 >—< B2, Bit4 >—
R1,Bito »>— B1,Bit3 > R2,Bit0 »— B2, Bit3 >—

G1,Bits > B1,Bit2>—< G2,Bit5>_< BZ,Bit2>—

G1,Bit4 >— B1,Bit1 >—< G2,Bit4 »—< B2, Bit1 >—
G1,Bit3 >—< B1,Bit0 >—< G2, Bit3 »—< B2,Bit0 >
Pixel n Pixel

Note: The Data order is as follows, msb = MD7, Isb = MDO and Picture Data is msb = Bit 5, Isb = Bit 0 for
Green data and msb = Bit 4, Isb = Bit 0 for Red and Blue data.

Figure 12-2: 16 bpp Mode (RGB 5:6:5), 65,536 colors
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12.3 18 bpp (RGB 6:6:6), 262,144 colors

When REG[60h] bits 3-0 = 0010b and CNF[1:0] = 01, the input data format for the Intel 80
Host interface is RGB 6:6:6.

CS# | |
[DIC#

WR# A [ Y L4 L4 A

RD#
R1,Bit5 >— G1,Bit5 »—< B1,Bit5 >1—< R2, Bit5 >—
R1,Bit4 >—< &1, 8it4 >—< B1,Bit4 »>—< R2,Bit4 >—
R1,Bit3 >— &1, Bit3 »>—< B1,Bit3 >1< R2, Bit3 >—

R1, Bit2 >— 61, Bit2 »>—<_B1,Bit2 >+<_R2, Bit2 >—
R1,Bit 1 >—< &1,8it1 > 81,Bit1 > R2,Bit1 >—

R1,Bit0 > G1,Bit0 »>—< B1,8it0 > 1 R2,Bit0 »—
D S G ST G
N e S S e

Pixel n Pixeln + 1

Note: The Data order is as follows, msb = MD7, Isb = MDO and Picture Data is msb = Bit 5, Isb = Bit 0.

Figure 12-3: 18 bpp (RGB 6:6.6), 262,144 colors
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12.4 24 bpp (RGB 8:8:8), 16,777,216 colors

When REG[60h] bits 3-0 =0011b and CNF[1:0] =01, the input data format for the Intel 80

Host interface is RGB 8:8:8.

]
[DICH]
L4 L4 |4 4 |4

RD#
R1,Bit7 >— 61,Bit7 >—< B1,Bit7 >—< R2,Bit7 >—
R1,Bit6 >—< c1,Bit6 >— B1,Bit6 >—< R2,Bit6 >—
R1,Bit5 >—< 61, Bit5 >—< B1,Bits >—< R2,Bit5 >—
[ MD4 ] R1,Bit4 >— 61, Bit4 »—<_81, Bit4 >1—< R2,Bit4d >—
R1,Bit3 >— 61,Bit3 >— 81,8it3 >—< R2,Bit3 >—
R1,Bit2 > < 61, Bit2 >—< _B1,Bit2 > Re.Bit2 y—
R1,Bit1 >—< 1,Bit1 >—< B1,Bit1 >r— R2,Bit1 >—
R1,Bit0 > 61,8ito > B1,Bit0 >—< R2,Bit0 »—

Pixel n Pixel n + 1

Note: The Data order is as follows, msb = MD7,

Isb = MDO and Picture Data is msb = Bit 7, Isb = Bit 0.

Figure 12-4: 24 bpp (RGBS:8:8), 16,777,216 colors
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13 Intel 80, 16-bit Interface Color Formats

13.1 8 bpp (RGB 3:3:2), 256 colors

When REG[60h] bits 3-0 = 0000b and CNF[1:0] = 11, the input data format for the Intel 80

Host interface is RGB 3:3:2.

CS#
[ D/CH]
L4 L4 L4 L4
RD#
MD15 R1,Bit2 > R3,Bit2 >1< R5,Bit2 >
MD14 {Bit14 >—< R1,Bit1 > R3,Bit1 > R5,Bit1 >
MD13 < R1,Bit0 > R3,Bit0 »>—< R5,Bit0 >—
MD12 G1,Bit2 »—< G3,Bit2 »>1< G5 Bit2 >—
MD11 Bit 11 G1,Bit3 > G3,Bit1 > G5,Bit1 >
PG S AT
MD70 G1,Bit0 > < 63,Bit0 > G5,Bit0 >+
B1,Bit1 >1< B3,Bit1 >1< B5,Bit1 >+
B1,Bit0 >—1< B3,Bit0 »—< B5,Bit0 >+
R2, Bit2 > R4, Bit2 ><_R6, Bit2 >+
MD6 Bit6 R2, Bit 1 >—1< R4, Bit1 >—1< R6, Bit 1 >—
MD5 Bit5 R2,Bit0 > R4, Bito >—< R6, Bit0 >—
T S
62, Bit2 > G4,Bit2 >—1< G6, Bit2 >—
G2, Bit 1 >_< G4, Bit 1 >—< G6,Bit1 >
G2, Bit0 > G4, Bit0 > G6, Bit0 >+
B2, Bit 1 >—< B4,Bit1 > B6,Bit 1 >—
B2, Bit0 »—< B4,Bit0 > B6, Bit0 »—-
Pixel n+1 Pixeln+3 || Pixeln+5

Note: The Data order is as follows, msb = MD15, Isb = MDO and Picture Data is msb = Bit 2, Isb = Bit O for

Red and Green data and msb = Bit 1, Isb = Bit 0 for Blue data.

Figure 13-1: 8 bpp (RGB 3:3:2), 256 colors
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13.2 16 bpp (RGB 5:6:5), 65,536 colors

When REG[60h] bits 3-0 =0001b and CNF[1:0] = 11, the input data format for the Intel 80
Host interface is RGB 5:6:5.

CS#

[DIC#

[ ) L4 L 4 L4
RD#

R1,Bit4 >+ R2,Bit4 > R3,Bit4 >—
Bit14 >———R1,Bit3 > 1 R2,Bit3 >—(R3,Bit3 H—
R1,Bit2 > R2,Bit2 >1< R3,Bit2 >—
R1,Bit 1 > R2,Bit1 > R3,Bit1 >
R1,Bit0 1< R2,Bito >< R3,Bit0 >—
61,Bit5 »>< 62,Bit5 > G3,Bit5 H»—

B STy S gy Ul
G1,Bit3 >1< G2,8it3 »1< G3,Bit3 >+
c1,8it2 > 1< 62, Bit2 < G3,Bit2 >+

G1,Bit 1 >< G2, Bit1 »>—1< G3, Bit1 >—
G1,Bit0 > G2, Bit0 »—1<_G3, Bit0 >—

B1,Bit4 > B2,Bit4 > B3,Bit4 >—
B1, Bit 3 >—< B2, Bit 3 >—-< B3, Bit3 »>—

B1,Bit2 > B2, Bit2 > B3, Bit2 »—

B1,Bit 1 >—< B2,Bit1 > B3 Bit 1 >—
B1,Bit0 > B2,Bit0 »—< B3, Bit0 »—
Pixel n Pixel n + 1 Pixeln + 2

Note: The Data order is as follows, msb = MD15, Isb = MDO and Picture Data is msb = Bit 5, Isb = Bit 0 for
Green data and msb = Bit 4, Isb = Bit 0 for Red and Blue data.

Figure 13-2: 16 bpp (RGB 5:6:5), 65,536 colors
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13.3 18 bpp Mode 1 (RGB 6:6:6), 262,144 colors

When REG[60h] bits 3-0 = 0010b and CNF[1:0] = 11, the input data format for the Intel 80

Host interface is RGB 6:6:6 mode 1.

CS#

D/C#

K &

RD#

MD15 R,

Bit5 >— B1,

Bits >< G2, Bits »—

MD14 B >— R,

Bit 4 >_< B1, Bit4 >——< G2, Bit4 »—r

MD13 _T

Bit 3 >— B1,Bit3 > G2, Bit3 >—

MD12 R1,

Bit2 >—< B1,Bit2 » 1< G2,Bit2 >—

MD 11 R1,

Bit1 >— B1,8it1 »1< G2, Bit1 >—

MD0 R1

Bito > < B1,Bit0 >1< G2, Bit0 »—

—~

<

—

DS

J

G1,Bit5 > R2,Bit5 >—< B2,Bits >—
G1,8it4 > Re, Bit4 »—< B2, Bit4 >—
G1,Bit3 >Rz, Bits »—< B2, Bit3 >—

Bit2>—

_<

R2, Bit 2 B2, Bit 2

G1,Bit 1 »>< R2,Bit1 »>— B2, Bit1 >—

G1,Bit0 » 1 Rz, Bit0 >—< B2, Bit0 »—

N S e

D O G W
Pixel n Pixel n + 1

Note: The Data order is as follows, msb = MD15, Isb = MDO and Picture Data is msb = Bit 5, Isb = Bit 0.

Figure 13-3: 18 bpp Mode 1 (RGB 6:6:6), 262,144 colors
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13.4 18 bpp Mode 2 (RGB 6:6:6), 262,144 colors

When REG[60h] bits 3-0 =0110b and CNF[1:0] = 11, the input data format for the Intel 80
Host interface is RGB 6:6:6 mode 2.

CS#
[D/CH]

|4 L_4 |4 |4

RD#
>—at,8its »< —
Bitts >— >—G1ita < >
Bit 13 4 >—<61,Bit3 > 1< >
TS G
G
> G1,Bito > 1< S
G S R G

MD8 Bit 8 > > >—
R1,Bit5 >—B2,Bit5s » < R2,Bit5 >—

R1,Bit4 >—< B2,Bit4 »>+< R2, Bit4 >—
R1,Bit3 »>— B2 Bits »1< R2,Bit3 »>—
— < Bit4 >—r R1,Bit2 >— B2, Bit2 »><_R2,Bit2 >—
R1,Bit1 > B2,Bit1 »1< R2,Bit1 >—
R1,Bit0 » (82, Bit0 > R2 Bit0 »—

=

a

<
> o<
Pixel n Pixel n + 1

Note: The Data order is as follows, msb = MD15, Isb = MDO and Picture Data is msb = Bit 5, Isb = Bit 0.

Figure 13-4: 18 bpp Mode 2 (RGB 6:6:6), 262,144 colors
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13.5 24 bpp Mode 1 (RGB 8:8:8), 16,777,216 colors

When REG[60h] bits 3-0 =0011b and CNF[1:0] = 11, the input data format for the Intel 80
Host interface is RGB 8:8:8 mode 1.

LCS# | |
[D/CH#]
WR# L4 L4 L 4 L4

L RD# |

R1,Bit7 >— B1,Bit7 >+ G2,Bit7 >—
Bitta_p——— RI.Bit6 » (B Bi6 e GED =
< R1,Bit5 >— B1,Bit5 »—1< G2,Bit5 >—
R1,Bit4 >—< B1,Bit4 >—< G2,Bitd >—
R1,8it3 >— B1,Bit3 >1< G2,Bit3 >—
R1,Bit2 > B1,Bit2 > G2,Bit2 »—
—— Bty >——Ri,Bit1 > B1,Bit1 >< G2, Bit1 >—
R1,Bit0 >—< B1,Bito »—< G2, Bit0 »>—
61,Bit7 > R2,Bit7 »>—<B2,Bit7 >—
G1,Bit6 >< R2,Bit6 >—< B2,Bit6 >—
61,8it5 1< R2, Bits >—<B2,Bits >—
——Bita >——< 61,84 > R, Bit4 »—< B2, Bit4 >—
G1,8it3 > R2,Bit3 »>— B2, Bit3 »>—
G1,8it2 > R2, Bit 2 >— B2, Bit2_y—
G1,Bit 1 > R2,Bit1 >— B2, Bit 1 »>—
G1,Bit0 >1< R, Bito >—< B2, Bit0 >—

Pixel n Pixel n +1

Note: The Data order is as follows, msb = MD15, Isb = MDO and Picture Data is msb = Bit 7, Isb = Bit 0.

Figure 13-5: 24 bpp Mode 1 (RGB 8:8:8), 16,777,216 colors
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13.6 24 bpp Mode 2 (RGB 8:8:8), 16,777,216 colors

When REG[60h] bits 3-0=0111b and CNF[1:0] = 11, the input data format for the Intel 80
Host interface is RGB 8:8:8 mode 2.

[CS# |

[D/C#]

[WRF] 4 | & & L4

[ RD# |

S—<618it7 M S>—
{ Bit14 >—— >_<G1,Bit6>__<—>_
o am <
> c1,Bit4 > >—
>< 61,8tz 1< >—
>—<G1,Bit2>——<—>—
> 61,Bit1 >+ S>—
T A G

R1,Bit7 >—B1,Bit7 »+—<R2,Bit7 >—

R1,Bit6 > B1,Bit6 > R2,Bit6 >—
R1,Bit5 > B1,Bit5 > < R2,Bits >—

R1,Bit4 >— B1,Bit4 > 1< R2 Bit4 >—
R1,Bit3 > B1,Bit3 > 1< R2,Bit3 >—
R1,Bit2 > B1,Bit2 >~ R2,Bit2 »—
R1,Bit1 >— B1,Bit1 >1< R2,Bit1 >—
R1,Bit0 > B1,Bit0 1< R2,Bit0 >—
Pixel n Pixel n +1

Note: The Data order is as follows, msb = MD15, Isb = MDO and Picture Data is msb = Bit 7, Isb = Bit 0.

Figure 13-6: 24 bpp Mode 2 (RGB 8:8:8), 16,777,216 colors
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14 YUV Timing

Format Definition
* The number of pixels per line is always even
* The YCgCy colorspace is defined in ITU-R BT601.4

* YUV 4:2:2 format
Ui1Y11 V1Y 2U3Y 13V 3Y 4.

* YUV 4:2:0 format
Odd Line: UYl 1Y12...
Even Line: VY21Y22...

Note
When a window is setup for YUV data, the data must always alternate between odd and

even lines, starting with an odd line.

YUV 4:2:2

u11) (013)

0dd Line @ w
& vis)
(021) (U23)

Even Line @ <> ‘@
vas)

YUV 4:2:0

Odd Line
(must start with this line)
Even Line @' @ @' ‘

Figure 14-1: YUV Format Definition
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14.1 YUV 4:2:2 with Intel 80, 8-bit Interface

—
[ ]
WP | & | & | & 1 & | & | & |_4& | _& 1 %«
RO# r—-"""-"—"-"—"—"— — — — T"“—- - - - - - - — — — A
| - H - a - . - -
Bite | |— - - | - | - -
MD5 Bits | - - L UL L - - .
I I |
[ ] ——Cw > - ~ - H — o = —
o] ——Co U Dy v Oy U OY13[0 v [1Y14 [
(11,12) (11,12) [ (13,14) (13,14) |
o] | - - = . n -
Wbz ] B > Tl T
o] ——CT>—— - - . m H — - H—
—~ = H Hh H — - =
I [ |
L o S |
Figure 14-2: YUV 4:2:2 with Intel 80, 8-bit Interface
14.2 YUV 4:2:0 ODD Line with Intel 80, 8-bit Interface
RESET#
[oreA]
WRE i | & 1 _4& | _4& |_4& 1 & 1 & | & 14
RD# r——"—=—— — ar - - - - — — — — — ar — - — — — — a
Bit7 } — — H — = Hh — — |
- u - - - L - —!
— o m | o i | |
. | I [l |
MD4 { Bit4 > - - | — L Al - -
— | U Y117 Y12} U Y13[1Y14 || U Y15 [
(11,12,21,22)— — ﬁ(13,14,23,24)— - ﬁ(15,16,25,26)— _|
| L u i | _ o u -
— — n- — | i o B
Bito i — — H — = Hi — —|
| [ [ |
Lo S L - |
Figure 14-3: YUV 4:2:0 ODD Line with Intel 80, 8-bit Interface
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14.3 YUV 4:2:0 EVEN Line with Intel 80, 8-bit Interface

RESET#
[orer]
WR# £ L & 1 4& & 1 _4& 1 4 7w T S T
[_RO# | r—— - — - — — Tt —— - = = ar—-— - - - - - A
MD7 Bit 7 | — - HH — HH ] ]
it ' — — L — - — — |
: — . - - - - — !
. | I I I
TO— VY211 Y225 V Y23 Y241 V HY25
Bit 3 (11,12,21,22)[] ™ —1(13,14,23,24) —1(15,16,25,26)[] —
— _ | I I |
e ] - I | N L ] ] ] ]
MD1 Bit 1 I — I n ™ Il ] |
0 BiL0 : = = th = H = — |
| Il [ I
L o e | JL — A
Figure 14-4: YUV 4.:2:0 EVEN Line with Intel 80, 8-bit Interface
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14.4 YUV 4:2:2 with Intel 80, 16-bit Interface

]
[ RESET#]
[or7]
[wR¥] L4 & /) K /) K ) L4

RD#
.
—
—
- = = = - - s —
o e |UTT VAT QU3 VI3 [J U1 [] V15 [JU17 [ V17 [
-
-
Bits -
-
—
-
— - n . - - = -
e Y1 Y12[] Y13 Y14 [ Y15 [] Y16 [] Y17 [] Y18 [
| -
- -
Bit0 | -

Figure 14-5: YUV 4:2:2 with Intel 80, 16-bit Interface
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14.5 YUV 4:2:0 ODD Line with Intel 80, 16-bit Interface

—
[RESET]
o]
[ Wr# [ 4 4 LY LY 4 A L 4
[Ro#
Bit 15 — —
Bit 14 L -
Bit 13 — —
U HY120Y130 U QY16H Y17
Bit 11 (11,12,21,22) (15,16,25,26) — —
- —
Bito L |
Bit8 = —
| .
Bite — —
MD5 Bit5 — —
Y11 U OY140Y150 U Y18
Bit 3 13,14,23,24) (17,18,27,28) —
Bit2 | -
Bit 1 L I
Bito u -

Figure 14-6: YUV 4:2:0 ODD Line with Intel 80, 16-bit Interface

Note

When using this mode, the input window width must be divisible by 4.
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14.6 YUV 4:2:0 EVEN Line with Intel 80, 16-bit Interface

—
[o7]
& | & & & & K K

RD#
. H - —
— - H —
— - - —
V HY22HY23H V HY26H Y27
——Bit1t >———(11,12.21,22) — —(15,16,25,26) —
H  H F —
= - a —

MD8 Bit 8 m m m —
s H H H —
[ M6 ] ] B B T
] B T —
Y211 V Y24 71Y25 V Y28 —
[CMD3] 1(13,14,23,24) ] u (17,18,27,28) -
— — — —
o) = s - -

—Bita. >———

Figure 14-7: YUV 4:2:0 EVEN Line with Intel 80, 16-bit Interface
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15 SwivelView™

15.1 SwivelView™ Concept

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

The actual address translation is performed during the Host Write and the image data is,
therefore, stored in memory in it’s rotated orientation. Due to this design of the rotation

logic, all windows written to the S1D13746 can be independently rotated with respect to
each other.
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15.2 90° SwivelView™

The following figure shows how the programmer sees a 320x480 portrait image and how
the image is being displayed. The application image is written to the S1D13746 in the
following sense: A—B—C-D. The display is refreshed in the following sense: B-D-A-C.

4 A B physical memory
start address
3 SwivelView @ = a
window display start address S 3 Q
display origin) 22 ™
2 =2
< @ o
C D
v . 480 R
320 ) -
image input by Host image refreshed by the S1D13746
= image stored in display buffer

Figure 15-1: Relationship Between the Screen Image and the Image Refreshed in 90° SwivelView

15.2.1 Register Programming

There are no special programming requirements other than enabling the rotation (see
REG[62h] bits 1-0). The start address and line offset are automatically calculated by the

hardware.
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15.3 180° SwivelView™

The following figure shows how the programmer sees a 480x320 landscape image and how
the image is being displayed. The application image is written to the S1D13746 in the
following sense: A—B—C-D. The display is refreshed in the following sense: D-C-B-A.

physical memory
start address

A B a o|*
display start address
SwivelView 8 display origin) MOPUIM o
window ™ MBIA|DAIMG &
C D S| v il
< 480 R ) 480 R
image input by Host

image refreshed by the S1D13746
= image stored in display buffer

Figure 15-2: Relationship Between the Screen Image and the Image Refreshed in 180° SwivelView
15.3.1 Register Programming

There are no special programming requirements other than enabling the rotation (see

REG[62h] bits 1-0). The start address and line offset are automatically calculated by the
hardware.
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15.4 270° SwivelView™

The following figure shows how the programmer sees a 320x480 portrait image and how
the image is being displayed. The application image is written to the S1D13746 in the
following sense: A—B—C-D. The display is refreshed in the following sense: C-A-D-B.

4 A B physical memory
start address
3| | SwivelView o @ >
= window % = °
display start address g2 N
display origin) s % ™
3
o w
C D
v P 480 I
320 ) -

image refreshed by the S1D13746

image input by Host
= image stored in display buffer

Figure 15-3: Relationship Between the Screen Image and the Image Refreshed in 270° SwivelView

15.4.1 Register Programming

There are no special programming requirements other than enabling the rotation (see
REG[62h] bits 1-0). The start address and line offset are automatically calculated by the

hardware.
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15.5 Sub-Window Position / Rotation

In a typical environment, all windows are rotated in the same orientation. However, it is
conceivable that individual windows require independent rotation. The examples below
show all Use Cases with emphasis placed on the fact that window position is always based
on top-left corner of the main display image and the top-left corner of the new window
independent of their rotations.

0° Rotated Window 90° Rotated Window (Counter Clockwise)
REG[62h] b1:0=00 REG[62h] b1:0=01
(0, 0) 640 (0, 0) 640
/ PR YS100 / PR S 00
Panel Origin| Xs Panel Origin| Xs Ye
» ve 100 <
>
> 480 xe 480
Input Image
A E—
Xe
180° Rotated Window (Counter Clockwise) 270° Rotated Window (Counter Clockwise)
REG[62h] b1:0=10 w0 REG[62h] b1:0=11
(0,0 (0,0) 640
| [
PR "S100 PR S 00
Panel Origin| Xs Panel Origin| Xs Ye
>
480 xe 480
Xe
Figure 15-4: Sub-window position / rotation
Where:
All rotations: Xs = REG[82h] ~ REG[84h]
Ys =REG[86h] ~ REG[88h]
0°, 180°: Xe = Xs + Input Window Width (REG[68h] ~ REG[6Ah])
Ye = Xs + Input Window Height (REG[64h] ~ REG[66h])
90°, 270°: Xe = Xs + Input Window Height (REG[64h] ~ REG[66h])
Ye = Xs + Input Window Width (REG[68h] ~ REG[6Ah])
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16 Image Enhancement Engine

The Image Enhancement Engine (IEE) provides a 3x3 filter which allows the S1D13746 to
manipulate images. When data is sent to the filter for processing, the data path is as follows.

Original Matrix Divide By Shifted By Enhanced
Pixel Data Multiply "| Scale Factor B Offset Pixel Data
REG[C2h]~REG[DEh] REG[EOh]~REG[E4h] REG[E6h]~REG[EAh]

Figure 16-1 Image Enhancement Filter Overview

16.1 3x3 Filter

The 3x3 filter function can manipulate each pixel in an image by calculating the intensity
of neighboring pixels using a 3x3 matrix. The following figure describes the operation of
the 3x3 filter.

3x3 Coefficients YUV Offsets
Source Image YUV Component ~ (REG[C2h]~REG[DER]) (REG[E6h]~REG[EAh])
3x3 Block Scale Factor
REG[EOh]~REG[E4h])
Yo|y3|ve colc3lce
N Y1|va|v7 X c1|calc7 X + YO
N :“**—— =L LT L] Jy2|vs5fvs c2lcslcs
[~ - i
™~
L Uo|u3| ue colcalcs
SuN u1|u4|uz X c1|ca|c ><+
. |u2|us|us cz2|cs|cs
VO |Vv3 | Ve co|c3|cs
vi|valvr| x [cilcalcr x+
v2|vs|vs cz2|cs|cs

Figure 16-2: 3x3 Filter Matrix Function

The 3x3 filter scans through every pixel in an image and its neighboring pixels. Each YUV
component block is calculated based on the programmable 3x3 coefficients (REG[C2h] ~
REG[DEh]), scaling rate (REG[EOh] ~ REG[E4h]), and offsets (REG[E6h] ~ REG[EAh]).
The following figure provides some examples of the possible visual effects.

Note
For visual effect example programming values, see Section 16.1.1, “Example Program-

ming Values” on page 131.
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Original Image
Sepia

Blur Edge Enhance

Edge Detect Emboss
Sketch GrayScale
Bump Mapping
Figure 16-3: Filter Visual Effect Examples
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16.1.1 Example Programming Values

The following table provides example values that can be used to achieve various visual
effects using the 3x3 filter.

Table 16-1: 3X3 Pixel Matrix Filter Function Programming Values

Filter Functions

Dot

ReSISIer PrOGramIng | Bapeesy| Share | Blur | S99 | sketeh | Sepia | 109° | Emboss | 0P | Feer | CENCY

Filter

Y0 REG[C2h] bits [2:0] Oh 7h 1h 7h 7h Oh 7h 1h 7h Oh Oh
Y1 REG[C2h] bits [6:4] Oh 7h 1h 7h 7h Oh 7h 1h 7h Oh Oh
Y2 REG[C4h] bits [2:0] Oh 7h 1h 7h 7h Oh 7h Oh 7h Oh Oh
Y3 REG[C4h] bits [6:4] Oh 7h 1h 7h 7h Oh 7h 1h Oh 1h 1h
Y4 REG[C6h] bits [4:0] 01h 09h 1h 08h 08h 01h 0Ah 00h 00h 02h 02h
Y5 REG[C8h] bits [2:0] Oh 7h 1h 7h 7h Oh 7h 7h Oh 1h 1h
Y6 REG[C8h] bits [6:4] Oh 7h 1h 7h 7h Oh 7h Oh 1h Oh Oh
Y7 REG[CAR] bits [2:0] Oh 7h 1h 7h 7h Oh 7h 7h 1h Oh Oh
Y8 REG[CAR] bits [6:4] Oh 7h 1h 7h 7h Oh 7h 7h 1h Oh Oh
U0 REG[CCHh] bits [2:0] Oh 7h 1h 7h Oh Oh Oh Oh Oh Oh Oh
U1 REG[CCHh] bits [6:4] Oh 7h 1h 7h Oh Oh Oh Oh Oh Oh 2h
U2 REGI[CENh] bits [2:0] Oh 7h 1h 7h Oh Oh Oh Oh Oh Oh Oh
U3 REGI[CENh] bits [6:4] Oh 7h 1h 7h Oh Oh Oh Oh Oh 1h 1h
U4 REGIDOh] bits [4:0] 01h 09h 01h 08h 00h 00h 01h 00h 01h 02h 02h
U5 REG[D2h] bits [2:0] Oh 7h 1h 7h Oh Oh Oh Oh Oh 1h 1h
U6 REG[D2h] bits [6:4] Oh 7h 1h 7h Oh Oh Oh Oh Oh Oh Oh
U7 REG[D4h] bits [2:0] Oh 7h 1h 7h Oh Oh Oh Oh Oh Oh 2h
U8 REG[D4h] bits [6:4] Oh 7h 1h 7h Oh Oh Oh Oh Oh Oh Oh
V0 REG[D6h] bits [2:0] Oh 7h 1h 7h Oh Oh Oh Oh Oh Oh Oh
V1 REG[D6h] bits [6:4] Oh 7h 1h 7h Oh Oh Oh Oh Oh Oh 2h
V2 REG[D8h] bits [2:0] Oh 7h 1h 7h Oh Oh Oh Oh Oh Oh Oh
V3 REG[D8h] bits [6:4] Oh 7h 1h 7h Oh Oh Oh Oh Oh 1h 1h
V4 REG[DAN] bits [4:0] 01h 09h 01h 08h 00h 00h 01h 00h 01h 02h 02h
V5 REG[DCh] bits [2:0] Oh 7h 1h 7h Oh Oh Oh Oh Oh 1h 1h
V6 REG[DCh] bits [6:4] Oh 7h 1h 7h Oh Oh Oh Oh Oh Oh Oh
V7 REG[DER] bits [2:0] Oh 7h 1h 7h Oh Oh Oh Oh Oh Oh 2h
V8 REG[DER] bits [6:4] Oh 7h 1h 7h Oh Oh Oh Oh Oh Oh Oh
YD (REGI[EOh]) 01h 01h 09h 01h 01h 01h 02h 01h 01h 04h 04h
UD (REGIE2h]) 01h 01h 09h 01h 01h 01h 01h 01h 01h 04h 08h
VD (REGI[E4h]) 01h 01h 09h 01h 01h 01h 01h 01h 01h 04h 08h
YO (REG[E6h]) 00h 00h 00h 00h 75h 00h 00h 40h 40h 00h 00h
UO (REG[E8h]) 00h 00h 00h 40h 40h 30h 00h 40h 00h 00h 00h
VO (REG[EAh]) 00h 00h 00h 40h 40h 49h 00h 40h 00h 00h 00h
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17 Host Interface

17.1 Using the Intel 80 Interface

Accessing the S1D13746 through the Intel 80 host interface is a multiple step process. All
Registers and Memory are accessed through register space.

Note
1. All Register accesses are 8-bit only, except for the Display Memory Data Port.
If the Host interface is 16-bits wide (CNF[1:0] = 11b), the Isbs (MD][7:0]) are
used for all registers except the Display Memory Data Port.
2. For the Display Memory Data Port (REG[AOh]), all 16 bits are used when the
Host interface is 16-bits wide (CNF[1:0] = 11b) and only the lower 7 bits are
used when the Host interface is 8-bits wide (CNF[1:0] = 01Db).

First, perform a single “Address Write” to setup the register address. Next, perform a “Data
Read/Write” to specify the data to be stored or read from the registers or memory specified
in the “Address Write” cycle. Subsequent data read/writes without an address write to
change the register address, will automatically “auto” increment the register address, or the
internal memory address if accessing the Display Memory Data Port (REG[AOh]), or TV
Filter Coefficient and User Clock Ratio Data register (REG[56h]), or Macrovision Data
register (REG[5Ah].

To write display data to a window aperture, specify the window size and coordinates
followed by the burst data writes to the Display Memory Data Port required to fill the
window. In this sequence, the internal memory addressing is automatic (see examples).
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17.1.1 Register Write Procedure

Writing to the S1D13746 registers is a two step process. First the register “index”, or
address, must be written. This is followed by the “data” to be placed in the specified
register.

1. Perform an address write to setup the register address bits 7-0.
2. Perform a data write to update the register.

3. Additional data writes can be performed as the register addresses will be auto incre-

mented.
cs# |
D/C#
RD#
wex. | [ [ [ [ [ [ [
MD[7:0] [
Address Data Data Data
bits 7-0 Write Write Write
Write
1 2 3 4

Figure 17-1: Register Write Example Procedure
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17.1.2 Register Read Procedure

Reading from the S1D13746 registers is a two step process. First the register “index”, or
address, must be written. Then the “data” can be read from the specified register.

1.

2.

Perform an address write to setup the register address bits 7-0.
Perform a data read to get the value of the specified register.

Additional data reads can be performed as the register addresses will be auto incre-
mented.

CS# ]
D/C#
WE#
MD[7:0]
Write
RD# B
MD[7:0] E D__
Read
Address Data Data Data
bits 7-0 Read Read Read
Write
1 2 3 4

Figure 17-2: Register Read Example Procedure
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17.1.3 Sequential Memory Write Procedure

The S1D13746 display memory is written to using the Display Memory Data Port register,
REG[AOh]. Once the “index” of the Display Memory Data Port register is written, display
data can be burst written to display memory. After each memory write is completed, the
internal memory address is automatically incremented.

1. Write to window parameters specified in registers, REG[60h] ~ REG[6Ah] and
REG[82h] ~ REG[90h].

2. Perform an address write to setup the Display Memory Data Port address
(REG[AO]).

3. Perform a data write to display memory.

4. The internal memory address is automatically incremented allowing further data
writes to display memory.

cst |
D/C#
RD#
wex. [ [ [ [ [ [ [ [
L [ o
Address| Display | Display Display
bits 7-0 Data Data Data
Write Write Write Write
(REGI[AOh])
Step 1 2 3 3

Figure 17-3: Memory Burst Write Example Procedure

Note
Interrupting an image frame write with a register write will reset the frame. After any
register write operation, the user must write the entire frame over again.
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17.2 Serial Host Interface

The S1D13746 Serial Host Interface supports the following interfaces:
* 3-Wire Serial Interface (9-bit), CNF[1:0] = 00
* 4-Wire Serial Interface (8-bit SPI Interface), CNF[1:0] =10

17.2.1 3 Wire 9-bit

The 3 wire 9-bit serial interface is selected when CNF[1:0] = 00. The 3 wire 9-bit serial
interface consists of a Chip Select (CS#), Serial Clock (SCLK), and a Bi-directional Data
pin (SDA). The S1D13746 has a Serial Data Out (SO) pin and a Serial Data In (SI) pin
which can be connected together to form the Bi-Directional data pin.

Write and Read Transfers

The following shows the format for a 3-Wire Serial Interface Write Transfer. The first bit
of the Command is the D/C# bit which is set to Ob to indicate that it is a Command. The 8
bits, C[7:0] representing the Command, are then sent with the msb first. After the
Command, the D/C# bit is set to 1b to indicate that the Data will now be sent. The 8 bits of
Data are sent with the msb first. SIis valid on the rising edge of SCLK.

D/C# = Data/Command#
C[7:0] = Command Value

CS# —‘ D[7:0] = Data Value ’_

s —foroX 1) os) ) o) ez ) Con)pich(orX o) o5 (o5 o2 (or) o0}

SO
HI-Z
Command Data
Figure 17-4: Write Transfer
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The following figure shows the format for a 3-Wire Serial Interface Read Transfer. The first
bit of the Command is the D/C# bit which is set to Ob to indicate that it is a Command. After
that the 8 bits C[7:0] representing the Command are sent with the msb first. Then the SIline
is deasserted. Now the S1D13746 drives the SO line and sends the 8 bits of data with the
msb first. The S1D13746 will drive the line until the CS# goes high. SIis valid at the rising
edge of SCLK. SO is launched at the falling edge of SCLK.

cs# T

D/C# = Data/Command#
C[7:0] = Command Value
D[7:0] = Data Value r

SCLK

SI. —(D/C# C7 X C6 X C5X C4X C3X C2X C1X CO
SO Az D7 Xx D6 X D5 X D4 X D3 X D2 X D1 X DO
Command Data
Figure 17-5: Read Transfer
Commands
Using the 3-Wire Serial Interface Read and Write Transfers the user can perform the
following functions using the S1D13746:
» Set the Register Address to write to or read from
* Write Data to the Register Address
* Read Data from the Register Address
» Write to consecutive Register addresses.
* Read from consecutive Register addresses.
Table 17-1: Commands
3-Wire
Command Value Serial Description
Interface
Transfer
SET_ADDR 0x40 Write Set the Register Address to access
WRITE 0x80 Write Write Data to the Register Address
READ 0xCO Read Read Data from the Register Address

In order to access a register in the SID13746 the SET ADDR Command must be sent first
to set the Register Address to access.
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cs# |

X = Unknown

—

D/C# Command D/C# Data

Sl ‘ 0 | Set_Addr | 1 ‘ Register Address ‘ X ‘
SO HI-Z
Figure 17-6: Register Address Write
X = Unknown
cs# |
D/C# Command D/C#  Data
Sl ‘ 0 | Write | 1 | Register Data | X |
SO HI-Z
Figure 17-7: Single Register Data Write
- X = Unknown
cs# |
D/C# Command Data
Sl ‘ 0 ‘ Read I —
SO :
Thd Register Data }—
Figure 17-8: Register Data Read
Data can be written to or read from consecutive addresses. After each Data is written or
read, the internal Register Address is incremented by 2 to the next address as long as the
CS# remains low. For Writes the D/C# bit must precede the Data for each transfer. For
Reads the S1D13746 will only send 8 bits of Data for each transfer.
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X = Unknown

cst |

D/C# Command D/C# Data D/C# Data D/C#  Data
Sl ‘ 0 | Write | 1 ‘Register Data ‘ 1 |Register Data | | 1 ‘Register Data ‘ x‘
Register Address -> Addr Addr +2 Addr +n
SO HI-Z

Figure 17-9: Multiple Register Data Writes

X = Unknown

cs# |

D/C# Command Data Data Data
|
Sl ‘ 0 | Read iz
SO Register Dat Register Dat Register Dat
g egister Data egister Data egister Data l—
Register Address -> Addr Addr +2 Addr +n
Figure 17-10: Multiple Register Data Reads
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17.2.2 SPI Interface

The 4 wire 8-bit serial interface (SPI) is selected when CNF[1:0] = 10b. The SPI interface
is comprised of a Chip Select (CS#), Serial Clock (SCLK), Serial Data Out (SO), and a
Serial Data In (SI).

SPI Write and Read Transfers

For the SPI Write Transfer the Command C[7:0] is sent after the CS# goes low with the
msb first. Following this the Data D[7:0] is sent with the msb first. As long as the CS# is
held low then the SO line is driven. SIis valid at the rising edge of SCLK.

C[7:0] = Command
CS#—‘ D[7:0] = Data ’—

seee LU L L L L e e e e e e e e e
S —( crX cs X csX caX caX caX ciX coX prX eX DsX DeX 3K p2X D1X D0)
X X

SO

Command Data

Figure 17-11: SPI Write Transfer

For the SPI Read Transfer the Command C[7:0] is sent after the CS# goes low with the msb
first. Following this, the S1D13746 will now send the Data D[7:0] on the SO line with the
msb first. During this phase any value on the SI line is ignored. As long as the CS# is held
low then the SO line is driven. Slis valid at the rising edge of SCLK. SO is launched at the
falling edge of SCLK.

C[7:0] = Command
D[7:0] = Data

CS# _‘ ’_
SCLK
St —(crlceX csX caX caX caf 1) co) X )
SO X (D7) D6X D5/ D4} D3) D2X D1 DO)

Command Data

Figure 17-12: SPI Read Transfer
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SPI Commands

Using the SPI Read and Write Transfers the user can perform the following functions using
the S1D13746:

* Set the Register Address to write to or read from

* Write Data to the Register Address

* Read Data from the Register Address

* Write to consecutive Register addresses.

* Read from consecutive Register addresses.

Table 17-2: SPI Commands

Command Value Description

SET_ADDR 0x40 Set the Register Address to Write to
WRITE 0x80 Write Data to the Register Address
READ 0xCO0 Read Data from the Register Address

In order to access a register in the S1D13746 the SET ADDR Command must be sent first
to set the Register Address to access.

—— X = Unknown
cs# |

Command Data
S ‘ Set_Addr RegisterAddress‘ X |

SO_{ X }_

Figure 17-13: Register Address Write

X = Unknown

CS# —‘ [

Command Data

S| ‘ Write Register Data ‘ X ‘

0 g -

Figure 17-14: Single Register Data Write
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— X = Unknown

CS#

Command Data
Sl | Read | X |

SO —| X | Register Data |—

Figure 17-15: Single Register Data Read

Data can be written to or read from consecutive addresses. After each Data is written or
read, the internal Register Address is incremented by 2 to the next address as long as the
CS# remains low.

X = Unknown

CS#
Command Data Data Data
Sl ‘ Write Register Data Register Data ‘ ‘ Register Data ‘ X ‘
Register Address ->  Addr Addr +2 Addr +n
S o

Figure 17-16: Multiple Register Data Writes

—_— X = Unknown —
CS#
Command Data Data Data
Sl ‘ Read ‘ X ‘
SO —{ X ‘ Register Data Register Data Register Data }—
Register Address ->  Addr Addr +2 Addr +n
Figure 17-17: Multiple Register Data Reads
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18 Parallel RGB Interface Input

When the Parallel RGB Interface input is enabled using the CNF setting, the Host Input
Size registers are automatically determined from the Parallel RGB Interface timing. The
Display Output Size registers are programmed using a serial interface.

In a typical Parallel RGB Interface implementation, the Input Scaler and Display Output
Scaler are only set once after power-up. Since the Host Input Size is always the same (same
as the Parallel RGB display resolution), these settings should suffice for all further
operation.

The RGB Parallel Interface accepts 18-bit RGB Data along with a Horizontal Sync,
Vertical Sync, and a Data Enable signal. The RGB data is fed directly to the TV.

Note
When the Parallel RGB interface is selected, the following restrictions must be met or
the Double-Buffer should not be used.
® The input frame rate must be smaller than half of the output (display frame rate).
® The input data burst must be shorter than the output frame period.

18.1 Width and Height Auto Detect

The RGB Parallel Interface can Auto Detect the Width and Height of the input image. By
default the Auto Detect is enabled. If the RGB Parallel Interface detects 10 frames of the
same height then it will set the Input Size registers with the width and height and will output
the 11th frame and every frame thereafter to the TV.
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If the Host writes to any of the Input Size registers, Auto Detect is disabled and any image
data written after is immediately sent to the TV.

'

Host Write to
Input Size Register

Is VS
at End of
Frame

Count
10 Frames
of same
Height

Yes

Set Input Size Register with Width
of HS and Height of VS signals

Enable RGB Parallel
Data to the TV

Figure 18-1: Width and Height Auto Detect Flow
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19 VBI and Wide-Screen Signalling Function

The S1D13746 supports four VBI/WSS standards:

« ETSI EN 300 294

* ITU-R BT1119-2

* IEC 61880

+ CEA-608-B

The above standards specify a method of sending digital information to a TV receiver

capable of decoding such data during the Vertical Blanking Interval (VBI) period of the TV
output.

The particular line number which the VBI signalling is inserted into depends on the TV
output standard. Refer to Table 19-1: “VBI Position” for more information.

The line sequence is referenced to the ITU-R BT.470-6 for 625-line systems (PAL-
B/D/G/H/I/N/Nc¢) and SMPTE for 525-line systems (PAL and NTSC-M).

Table 19-1: VBI Position

TV Standard
NTSC PAL-M PAL - others Comments
(525 Lines) | (525 Lines) | (625 Lines)
Line pos — — 23 WSS only.
ETSI EN 300 294 V1.4.1 Bits _ — 14 Specified for 625 Line System only
Coding — — Bi-phase Similar to BT.1119-2
1 Line Pos | 22and 285 | 22 and 285 23 WSS onl
- - on
'TU-R BT. . 9-2 . Bits 24 24 14 Y
o | (Implemented in April NRZ+ NRZ+ For PAL-M, not specified (behaves
o 2004) i i- 525 Li tem: NTSC
g Coding SC Modulate | SC Modulate Bi-phase as nes system )
n Line Pos | 20and 283 — —
g CEI 61880 Bits 20 — — WSS+CMGS+A_P_SFor PAL, not
specified
Coding NRzZ — —
Line Pos 21/284 — 22/335 Closed Caption & Extended Data
CEA-608.B Bits | 14x2 (2x7x2) _ 14x2 (2x7x2) |  Service (VSS+CMGS+APS)
. For PAL, not specified
Coding NRZ - NRZ For PAL-M, not specified
For the ETSI EN 300 294, ITU-R BT1119-2, and IEC 61880, the VBI data is sent out on
the above specified line. The VBI data is programmed in REG[46h] ~ REG[4Ch] and the
register bit mapping is specified in the register description.
For CEA-608-B, the standard defines a protocol for sending VBI data, there are two modes
of operation as specified in REG[4Eh] bit 1.
* Auto WSS + CGMS + APS
* Manual mode
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19.1 CEA-608-B Auto Mode

In Auto Mode, the data programmed into registers REG[46h] ~ REG[4Ch] is sent out
repeatedly as conforming to the protocol outlined in the standard on field 2 (line 284 or
385). In this mode, only information as listed in the register bit mapping of the registers
REG[46h] ~ REG[4Ch] is supported.

The CEA-608-B data is sent out as 16-bit binary sequence (Isb first) on field 2 of the
specified VBI line for 8 consecutive TV frames (16 fields). During the CEA-608-B data
transmission, field 1 of the specified line contains zero data. During the CEA-608-B data
transmission, field 2 contains formatted data as outlined in Table 19-2: “CEA-608-B Auto
WSS + CGMS + APS Data Format,” on page 146.

Note
The CEA-608-B data on Field 1 (line 21/22) for CEA-608-B Auto Mode will always

contain zero data dummy packet.

The refresh rate of VBI data is determined by REG[4Ch] bits 2-0 as defined in the register
description.

Table 19-2: CEA-608-B Auto WSS + CGMS + APS Data Format

Bit Bit Character
0 1 2 3 4 5 6 Parity 0 1 2 3 4 5 6 Parity Byte 0 Byte 1
XDS Start Current
Program: Aspect 1b Ob Ob Ob Ob Ob Ob Ob 1b Ob 0b 1b 0b 0Ob Ob 1b 01h 8%h
Ratio Information
Aspect Rt REG[48] bits
spect Ratio i 3:0
Information so | st | s2 | s3] sa|ss| | o 0 | E1 | E2 | E3 | E4 | E5 | 1B | W REG?S] bits (01
Start/End Line [5:0] REGI[46] bits
[7:6]
AspectRatio | o | | xp | xb | xb | xb | 10 | xb ob | ob | ob | oo | ob | ob | ob | 1b REG[48] bit 4 80h
Information: Other’
End and Checksum 1b 1b 1b 1b Ob Ob Ob 1b xb xb xb xb xb xb xb xb 8Fh Checksum Byte
XDS Start Current
Program: CGMS 1b Ob Ob Ob Ob Ob Ob Ob 1b Ob Ob 1b Ob Ob Ob 1b 01h 08h
(Analog)
REG[4A] bits
APS | APS |CGMS|CGMS [1:0] REGI[4A] bits
CGMS (Analo ASB Ob 1b xb Note 1 | Note 1 | Note 1 [ Note 1 | Note 1 | Note 1| Note 1 1b
( 9) BO B1 -ABO | -AB1 REG[48] bits [7:2]
[7:5]
End and Checksum 1b 1b 1b 1b Ob Ob Ob 1b xb xb xb xb xb xb xb xb 8Fh Checksum Byte
Zero Data Dummy Ob Ob Ob Ob Ob Ob Ob 1b Ob Ob Ob Ob Ob Ob Ob 1b 80h 80h

Note
1. This bit is Reserved

19.2 CEA-608-B Manual Mode

The host has direct control of the VBI data and timing. Therefore, the user can support
sending any type of data to conform with the CEA-608-B standard. In this mode, the host
programs registers REG[46h] ~ REG[4Ch] only during the TV frame vsync time, so that
the data will be sent out on the beginning of the upcoming field. This is accomplished by
polling REG[4Eh] bit 4. After programming the data the host can trigger the VBI data to
output on the specified field by writing a 1b to REG[4Eh] bit 3 and/or bit 2.
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20 Typical Use Case Descriptions

20.1 Initializing the S1D13746

The S1D13746 is initialized based on the frequency of the input clock used for CLKI. CLKI
is used as the source for the PLL and also can be used as the source for the TV Timing clock
and the TV DDS clock. For further details on the S1D13746 clocks, see Section 9, “Clocks”
on page 50.

The following steps are required to initialize the S1D13746.

L]

set the M-Divide which control the divide ratio between the CLKI input and the input
clock to the PLL

set the L-Counter which determines the output frequency of the PLL, in MHz

set the TV Timing clock source

set the TV DDS clock source

disable sleep mode

» The PLL must be correctly configured before disabling sleep mode

check whether the PLL output is stable

 This step must be performed before the synchronous registers can be accessed

select the TV input clock settings which configures the clocks required for the TV block

program the image data for display on the TV (see Section 20.2, “Writing An Image For
Display On The TV” on page 151)

enable the TV interface

For a example programming flows, see Section 20.1.1, “Initialization Flow Charts” on page
148.
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20.1.1 Initialization Flow Charts

Set M-Divide
REGI[20h] bits 5-0 = 1Ah

!

Set L-Counter
REG[2Ah] bits 6-0 = 35h

l

Set TV Timing Clock
REG[2Ch] bit 1 = 0b

.

Set TV DDS Clock
REG[2Ch] bit 2 = Ob

4

Set System Clock
Source
REG[2Ch] bit 0 = 1b

!

Disable Sleep Mode
REGI[2Eh] bit 1 = 0b

Check PLL Lock
REG[20h] bit 7 = 1b?

Yes

Configure TV Input

Clock Settings
REGI4Eh] bits 5-4 = 00b

v

Select TV Standard
REG[40h] bits 3-1

.

Program Image Data

v

Enable TV
REG[80h] bit 2 = 1b

See Section 20.2, “Writing An Image For
Display On The TV” on page 151.

Figure 20-1: Initializing the SID13746 for CLKI = 27MHz
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Set M-Divide
REGJ[20h] bits 5-0 = 19h

l

Set L-Counter
REG[2Ah] bits 6-0 = 35h

l

Set TV Timing Clock
REGI[2Ch] bit 1 =1b

I

Set TV DDS Clock
REGI[2Ch] bit 2 = 0b

Set System Clock
Source
REG[2Ch] bit 0 = 1b

Disable Sleep Mode
REGI[2Eh] bit 1 = Ob

Check PLL Lock
REG[20h] bit 7 = 1b?

Yes

Configure TV Input

Clock Settings
REGI4Eh] bits 5-4 = 01b

I

Select TV Standard
REG[40h] bits 3-1

.

Program Image Data

;

Enable TV
REGI[80h] bit 2 = 1b

PLL + 2 must equal 27MHz

Ifthe TV standard is NTSCM or NTSCJ, the fsc/fpps

ratios must be programmed (REG54h] ~ REG[56h]).

See Section 20.2, “Writing An Image For
Display On The TV” on page 151.

Figure 20-2: Initializing the SID13746 for CLKI = 26 MHz
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Set according to Table 11-4 “Example PLL

Set M-Divide Clock Settings,” on page 59.

REG[20h] bits 5-0

I

Set L-Counter
REG[2Ah] bits 6-0

I

Set TV Timing Clock
REG[2Ch] bit 1 = 1b PLL + 2 must equal 27MHz

.

Set TV DDS Clock
REG[2Ch] bit 2 = 0b

Set according to Table 11-4 “Example PLL
Clock Settings,” on page 59.

Set System Clock

Source
REG[2Ch] bit 0 = 1b

I

Disable Sleep Mode
REG[2Eh] bit 1 = 0b

Check PLL Lock
REG[20h] bit 7 = 1b?

Yes

Configure TV Input

Clock Settings
REGI4Eh] bits 5-4 = 10b

Configure fommelfag The fgc/fpps ratio must be set based on TV standard.
timing'"dds Changing the TV standard requires reprogramming

and fsc/fdds Ratios the fSC/fDDS ratio

REG[54h] ~ REG[56h]

Select TV Standard
REG[40h] bits 3-1

.

Program Image Data

’

Enable TV
REG[80h] bit 2 = 1b

See Section 20.2, “Writing An Image For
Display On The TV” on page 151.

Figure 20-3: Initializing the SID13746 for ISMHz < CLKI < 27MHz
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20.2 Writing An Image For Display On The TV

If writing a single or multiple images on the display, one of them must be considered the
“Background Image” (REG[62h] bit 5). The Input Scale Ratio is automatically calculated
to allow this background image to fit in the available memory. All subsequent input images
intended to be displayed on-top as overlays automatically use the same input scale ratio to
maintain aspect with the background.

* set the Host Input Data Format

« set the Special Effects register as appropriate. If changing the Window Data Type from
Streaming to Static while the double buffer remains enabled, then the Special Effects
register should be set after the Host Input Size and Display Output Size and Positions
registers.

* Window Data Type

» Background Image (if it is the background image, the automatic input scale ratio is
latched and used for all subsequent images)

* Double Buffer
* Transparency
* Window Rotation
* set the Host Input size
* set the Display Output Size/position accordingly

* if the window being written is the background image, the Output position registers
must be set to 0.

« if the window being written is an overlay, the Output Height/Width registers are ig-
nored.

* if the window is the background and the Display Output Size does not equate to full-
screen resolution as determined by PAL or NTSC, a Border is automatically generat-
ed.

* write window data
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20.3 Use Case Flowcharts

20.3.1 Host Write Background

The following flowchart provides an example method for programming a static background
window. This method can be used to program the background image when initializing the
device, or any time the entire background must be re-painted. If the background must be re-
programmed using different input/output coordinates, the display should be blanked before
setting the new coordinates using the TV Display Blank bit, REG[80h] bit 3.

If a streaming background window is required, refer to Figure 20-6: “Streaming

Background,” on page 154.

e

A

Check Input Line
Buffer Status?

Set Input Data Format

Set Special Effect Register

Streaming/Streaming, Double Buffer, Background,
Rotation as appropriate.

If Transparency used, program REG[98h ~ 9Ch].

Set Input/Output Coordinates

Input Width and Height
Input size defined by input image size

- Output start x,y position must be 0,0
- Output Width and Height determine display scaleup
- Scale up to physical display size supported

If output size is smaller than physical display size, window is
autocentered with border defined by REG[92h ~ 96h]

Write 1 frame to Memory Data Port

v
< Done >

REG[ECh] bit 4 = 0b

For updating during Non-display Period, refer to
Figure 20-10: “Update at VSYNC Using TE,” on
page 158.

REG[60h]

REG[62h] = XX1XX_XXXXb

REG[64h] ~ REG[90h]
Input Width and Height divisibility restrictions.

REGIAOh]

Figure 20-4: Host Write Background
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20.3.2 Host Write Overlay

The following flowchart provides an example method for programming a static overlay
window. The background window should be configured and programmed before an overlay
window is programmed, as the scaling ratio from the background window is also used to

scale the overlay window.

If a streaming overlay window is required, refer to Section 20.3.4, “Background and
Streaming Overlay” on page 155.

e

Check Input Line
Buffer Status,
REGI[ECHh] bit 4 = 0b?

Note:
For updating during Non-display Period, refer to Figure
20-10: “Update at VSYNC Using TE,” on page 158.

Set Input Data Format
REG[60h]

Set Special Effect, REG[62h] = XX0X_XXXXb
Streaming, Double Buffer, Overlay, Rotation as appropriate.
If Transparency used, program REG[98h ~ 9Ch].

Note:
Set Input/Output Coordinates, REG[64h ~ 90h] Input Width and Height divisibility restrictions.
- Input Width and Height . Overlay Window Input width and height must
- Input size defined by input image size follow the same divisibility restrictions as back
- Output start x,y position relative to background output width ground window

and height

- Output Width and Height no used. Do not program.

- overlay window must be positioned within the boundaries of
background output window size.

v

Write 1 frame to Memory Data Port
REGI[AOh].

v
< Done >

Figure 20-5: Host Write Overlay
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20.3.3 Streaming Background

The following flowchart provides an example method for programming a streaming
background window. This method should be used when the background image will be
continually updated. If the background must be re-programmed using different input/output
coordinates, the display should be blanked before setting the new coordinates using the TV
Display Blank bit, REG[80h] bit 3.

If a static background window is required, refer to Figure 20-4: “Host Write Background,”
on page 152.

.

I

If using TE pin enable TE VNDP
REGI[ECh] bits 3-0 = 1110b.

Note:
For updating during Non-display Period, refer to Figure
No | 20-10: “Update at VSYNC Using TE,” on page 158.

Check Input Line
Buffer Status
REG[ECh] bit 4 = 0b?

v

Write 1 frame to Memory Data Port
REG[AOh]

TE Status Check
TE pin or
REG[ECh] bit 5 = 1b?

No

Streaming
Done?

Set Input Data Format
REGI[60h]

I

Set Special Effect, REG[62h] = 110X_XXXXb

Streaming, Double Buffer, Background, Rotation as appropriate. Done
If Transparency used, program REG[98h ~ 9Ch].

I

Set Input/Output Coordinates, REG[64h ~ 90h]
- Input Width and Height

- Input size defined by input image size

- Output start x,y position must be 0,0

- Output Width and Height determine display scaleup

- Scale up to physical display size supported

- If output size is smaller than physical display size, window is
autocentered with border defined by REG[92h ~ 96h]

Note:
Input Width and Height divisibility
restrictions.

Figure 20-6: Streaming Background
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20.3.4 Background and Streaming Overlay

The following flowchart provides an example method for programming a static background
with a streaming overlay window.

e

Check Input Line
Buffer Status,
REGI[ECHh] bit 4 = 0b?

A

iYes

Set Input Data Format
REGI60]

v

Set Special Effect, REG[62h]= 011XX_XXXXb
Static, Double Buffer, Background, Rotation as appropriate.
If Transparency used, program REG[98h ~ 9Ch].

'

Set Input/Output Coordinates, REG[64h ~ 90h]

- Input Width and Height

- Input size defined by input image size

- Output start x,y position must be 0,0

- Output Width and Height determine display scaleup

- Scale up to physical display size supported

- If output size is smaller than physical display size, window is
autocentered with border defined by REG[92h ~ 96h]

.

Write 1 frame to Memory Data Port
REG[AOh].

Note:
Input Width and Height divisibility restrictions.

If using TE pin enable TE VNDP
REGIECh] bits 3-0 = 1110b.

.

< Streaming Overlay >

Figure 20-7: Background and Streaming Overlay (Figure 1 of 3)
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< Streaming Overlay )
< Streaming Resume >

» d
L]
VA/

Check Input Line Note:
Buffer Status, No For updating during Non-display Period, refer to Figure
REG[ECHh] bit 4 = 0b? 20-10: “Update at VSYNC Using TE,” on page 158.

Yes
i

«

) 4

TE Status Check
TE pin or
REGIECh] bit 5 = 1b?

Set Input Data Format
REGI[60h]

A4

Set Special Effect, REG[62h] = 110X_XXXXb
Streaming, Double Buffer, Overlay, Rotation as appropriate.
If Transparency used, program REG[98h ~ 9Ch].

v
. Note:
Set Input’Output Coordinates, REG[64h ~ 90h] Input Width and Height divisibility restrictions.
- Input Width and Height ) . )
- Input size defined by input image size Overlay Window I.npgt .V\.Ildth anq helght must
- Output start x,y position relative to background output width | follow the same divisibility restrictions as the
background window.

and height
- Output Width and Height no used. Do not program.
- overlay window must be positioned within the boundaries of

background output window size.

A

Write 1 frame to Memory Data Port
REG[AOh].

Optional o Streaming Interruption
v '\ - Static Overlay

No Streaming
Done?

I

Yes
v

C pone >

Figure 20-8: Background and Streaming Overlay (Figure 2 of 3)
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Streaming Interruption
- Static Overlay

>l
€«

»
»

)

4

Buffer
REGI[ECh]

Check Input Line

Status
bit 4 = 0b?

i Yes

REG

Set Input Data Format

[60h]

A

v

No

Set Special Effect, REG[62h] = 010X_XXXXb
Static, Double Buffer, Overlay, Rotation as appropriate.
If Transparency used, program REG[98h ~ 9Ch].

y

Write 1 frame to Memory Data Port
REGI[AOh].

Finished
Static Overlays?

Yes

< Streaming Resume >

Figure 20-9: Background and Streaming Overlay (Figure 3 of 3)
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20.3.5 Update at VSYNC Using TE

The following flowchart provides an example of how to use TE to perform updates during
the VNDP. For further information on using TE and the various options available, refer to
the bit descriptions in REG[ECh] (see Section 11.3.8, “Miscellaneous Registers” on page
103).

e
I

Enable TE Pin Output,
REGI[ECHh] bits 2-0
REGIECHh] bit 3

l¢

€

Check Input Line
Buffer Status,
REGI[ECh] bit 4 = 0b?

TE Status Check,
TE pin or
REG[E8h] bit 5 = 1b?

No

i Yes

Set Input Data Format
REGI60h]

I

Set Special Effect, REG[62h]

Streaming/Static, Double Buffer, Background/Overlay,
Rotation as appropriate.

If Transparency used, program REG[98h ~ 9Ch].

’

?fﬁ;ﬂf’%gﬂtgﬂgaﬁgﬂ[‘ates’ REG[64h ~ 90N] Input Width and Height divisibility restrictions.

- Input size defined by input image size

- Output start x,y position must be 0,0

- Output Width and Height determine display scaleup

- Scale up to physical display size supported

- If output size is smaller than physical display size, window is
autocentered with border defined by REG[92h ~ 96h]

Note:

|

Write 1 frame to Memory Data Port
REGI[AOh].

!

O o)

Figure 20-10: Update at VSYNC Using TE
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20.4 Example: Enable a Double-Buffered Window on TV

This example shows how to open a destructive window and treat that window as double-
buffered to accept a streaming input. It will also show how that window can be disabled
such that the User Interface (static background image) can be updated
Write Background Window
* set the Input Data Format
« set the Special Effects register as appropriate
* Window Rotation
* Double Buffer Enable = 1
* Window Data Type =0
« set the Host Input Size and Display Output Size/Position
* write the background window data

* wait for the Input Busy Status = 0

Write Streaming Window
* set the Input Data Format
* set the Special Effects register as appropriate
* Window Rotation
* Double Buffer Enable = 1
* Window Data Type = 1
« set the Host Input Size and Display Output Position
* write the streaming window data continuously (must ensure Input Busy Status = 0
between frames)
Interrupt Streaming to Update Static Data
* set the Input Data Format
« set the Host Input Size and Display Output Position
« set the Special Effects register as appropriate
* Window Rotation
* Double Buffer Enable = 1
* Window Data Type =0
* write the static data

* wait for Input Busy Status = 0
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Continue Writing Streaming Data
* set the Input Data Format
+ set the Special Effects register as appropriate
* Window Rotation
* Double Buffer Enable = 1
* Window Data Type = 1
* set the Host Input Size and Display Output Position
* write the streaming window data continuously (must ensure Input Busy Status = 0
between frames)
Note
S1D13746 utilizes a double buffer architecture to prevent any visual tearing during
streaming input. The active display pipe only reads from a buffer after it has been com-
pletely written. At this time, the host writes switches to the other buffer. If necessary,
the TE output pin can be used in conjunction with double buffering to guarantee that no
tearing will occur.
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21 Double Buffer Description

Double buffering is provided to prevent tearing of streaming video data. All static (non-
video) image data will always be written to Buffer 1 of the frame buffer. When video is
being input, the frame will be written alternately between Buffer 2 and Buffer 1. While
video data is being input, the static part of the image going to the TV will still always come
from Buffer 1. The source of the streaming video window will come from either Buffer 1
or Buffer 2, depending on which one was the last to be completely updated.

When streaming video data, each time the user finishes writing a frame of video data, they
should wait until the ILB (Input Line Buffer) is not busy and for the next vertical non-
display period before writing the next frame. This can be accomplished by first polling ILB
status (REG[EC] bit 4) and then using the TE pin or by polling the TE Status bit
(REG[ECh] bit 5). Alternatively, if the user can guarantee that the maximum input video
frame rate is one half the TV frame rate and that the burst length for writing a video frame
is less than one TV frame period, then no checking for the vertical non-display period is
required.

Vertical Non-Display Period

) ) Switch buffer pointers Switch buffer pointers
Switch buffer pointers since a frame completed since a frame completed
since a frame completed being updated in the last being updated in the last

being updated in the last TV frame period \ TV frame period

TV frame period \A

Input Video Frame Bum

Figure 21-1: Double Buffer Streaming Timing - Recommended

Vertical Non-Display Period

Switch buffer pointers
Switch buffer pointers Don’t switch buffer pointers  since a frame completed
since a frame completed since a frame is currently being updated in the last

being updated in the last being written. TV frame period
TV frame period \ \ \

Input Video Frame Burst

Figure 21-2: Double Buffer Streaming Timing - Not Recommended
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To use the double buffer feature:

* Check the ILB Status, REG[EC] bit 4.

* Check TE VNDP Status, TE pin or REG[EC] bit 5.

+ Set the Input Data Format REG[60].

+ Set the Special Effects Register REG[62h] bits 7-6 to 11b.

* Setup the Host Window Size / Position registers (REG[64h] ~ REG[6Ah], REG[82h] ~
REG[90h].

* Write a frame of video data to the Memory Data Port REG[AOh].

* Repeat all check of ILB status and TE VNDP before writing each subsequent frame to
Memory Data Port.

It is also possible to update a static window while double buffering is enabled, even in the

middle of a video stream. To do this:

» Write the last pixel of the current frame of video data.

» Set the Special Effects Register REG[62h] bits 7-6 to 01b.

+ Set the Input Data Format REG[60].

* Setup the Host Window Size / Position registers (REG[64h] ~ REG[6Ah], REG[82h] ~
REG[88h].

* Write the static data to the Memory Data Port REG[AOh].

This allows a static image to be written at any time, while still preventing the double
buffered window from tearing. Once the static window has been written, the user can go
back to writing the streaming video data by repeating the steps described above for using
the double buffer feature.
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21.1 Double Buffering Limitations

When a streaming and static overlay window overlap and streaming is stopped, the
streaming overlay window data will overwrite the static overlay window data if
streaming is resumed.

When a double buffered streaming overlay window is stopped and double buffering is
disabled, the TV will display either the most recent frame or the previous frame to it.

The user must either wait for a vertical non-display period between writing frames of
video data, or guarantee that their maximum input frame rate is 1/2 the TV frame rate
and that the length of time it takes to burst write a frame of video data is less than one
TV frame period.

Only one window can be double buffered at a time.

A double buffer streaming overlay window, requires the background window to be
created with double buffer enabled.

Input Line Buffer (ILB) Status must still be checked for idle before writing back to back
frame data.
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22 TV Filter Operation

The S1D13746 contains fixed and programmable digital filters to minimize noise in the TV
luminance and chrominance signals. For the fixed filters setting (REG[52h] bit 2 = 0b), the
function of the luminance filter depends on the current TV output type (REG[40h] bit 4)
and the selected TV standard in REG[40h] bits 3-1.

For S-Video TV output, the fixed filter function for luminance is a 4MHz low pass filter.
For Composite TV output, the fixed filter function for luminance is a notch filter at either
3.58 or 4.43 MHz depending on the TV standard setting (REG[40h] bits 3-1).

The fixed filter function for chrominance is a low pass filter with 1.5 dB attenuation at
1.3MHz and >20 db at 3.6 MHz.

The TV filters default functions will perform optimally in most cases. However, if the user
wishes to optimize the filter performance further for their application, custom filter coeffi-
cients can be generated with generic FIR filter design software and programmed into
indirect indexed registers REG[54h] and REG[56h)].

22.1 Generating Custom Luminance (Y) and Color (UV) Filter Coefficients

The Luminance and Chrominance are symmetric FIR filters. The coefficient values can be
positive or negative. See Figure 22-1: “15-Tap, Positive Symmetric Impulse Response,” on
page 164.

For symmetric impulse response, only 8 of the coefficients are needed to be programmed
as the remaining 7 are a duplicate of the first 7.

Similarly, the chrominance is a 15-Tap FIR filter similar to Figure 22-1: “15-Tap, Positive
Symmetric Impulse Response”. For symmetric impulse response, only 8 of the coefficients

are needed to be programmed as the remaining 7 are a duplicate of the first 7.

The coefficients are 2’s complement and 9-bits wide.

Figure 22-1: 15-Tap, Positive Symmetric Impulse Response
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22.1.1 Filter Parameters
The following information is required in order to generate custom FIR filter values.
However, it will depend on the users filter design software and is provided as a guide.
* type of filter: low pass, high pass, notch, band stop
 sample clock frequency: 13.5 MHz (fixed)
» number of taps: 15 (Y) and 15 (UV)
* upper pass band, i.e. 4 MHz
* stop band, i.e. 6.2 MHz
* pass band ripple, i.e. 3 dB

* stop band attenuation, i.e. 60 dB

The below response curves show the theoretical performance of the built-in fixed function
TV filter.

Inphase Filter Frequency Response

Magnitude in dB

40 +

-60 } 1 1 } i -
0 1 2 3 4 5 6 7
Frequency in MHz

Figure 22-2: Frequency Response of Y 4MHz Low Pass Filter
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Inphase Filter Frequency Response

Magnitude in dB

-60 } } } } } } 1
0 1 2 3 4 5 6 7
Frequency in MHz

Figure 22-3: Frequency Response of Y Notch Filter @ 3.58MHz

Inphase Filter Frequency Response

Magnitude in dB
n
o

=100 } } } } } 1
0 1 2 3 4 5 6 7
Frequency in MHz

Figure 22-4: Frequency Response of Y Notch Filter @ 4.43MHz
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Magnitude in dB

40

Inphase Filter Frequency Response

1 2 3 4 5
Frequency in MHz

Figure 22-5: Frequency Response of UV Filter
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23 Power Save Modes

The S1D13746 supports two power save modes: Sleep Mode and Standby Mode.

23.1 Sleep Mode

Sleep mode disables all internal blocks except the analog TV encoder block, which must be
manually disabled before entering Sleep mode. This mode offers the lowest power
consumption, but when Sleep mode is disabled the S1D13746 requires approximately
2.5ms before the PLL becomes stable. The S1D13746 should not be accessed during this
period.

Sleep mode is controlled by the Sleep Mode Enable bit (REG[2Eh] bit 1) or the PWRSVE
pin when REG[2Eh] bit 7 = Ob. For further details on Sleep Mode, refer to the bit
description for REG[2Eh] bit 1 in Section 11.3.2, “Clock Configuration Registers” on page
57.

The following sequence is recommended for entering Sleep mode.

( Normal Operation >

A4

Disable TV Output REG[80h] bit 2 = 0b

Disable IREF/VREF REG[9ER] bits 1-0 = 00b

v

REG[2Eh] bit 1 = 1b

Enable Sleep mode
or PWRSVE Pin

—_———

Figure 23-1: Recommended Sequence for Entering Sleep Mode
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The following sequence is recommended for exiting Sleep mode.

D

Exit SLEEP mode REG[2EN] bit 1 = 0b
or PWRSVE Pin

A

Check PLL Lock bit REG[ZOh] bit7 = 1b?

Enable IREF/VREF REGI[9EN] bits 1-0 = 11b

Enable TV Output REG[80h] bit 2 = 1b

< Normal )

Figure 23-2: Recommended Sequence for Exiting Sleep Mode
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23.2 Standby Mode

Standby mode disables all internal blocks except the PLL and analog TV encoder blocks.
The analog TV encoder block must be manually disabled before entering Standby mode.
This mode offers the advantage of being able to access the S1D13746 immediately after

disabling Standby mode.

Standby mode is controlled by the Standby Mode Enable bit (REG[2Eh] bit 0) or the
PWRSVE pin when REG[2Eh] bit 7 = 1b. For further details on Standby Mode, refer to the
bit description for REG[2Eh] bit 0 in Section 11.3.2, “Clock Configuration Registers” on
page 57.

The following sequence is recommended for entering Standby mode.

( Normal Operation >

A 4

Disable TV Output REG[80h] bit 2 = 0b

Disable IREF/VREF REGI[9ER] bits 1-0 = 00b

v

REG[2Eh] bit 0 = 1b

Enable Standby mode
or PWRSVE Pin

( Standby >

Figure 23-3: Recommended Sequence for Entering Standby Mode
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The following sequence is recommended for exiting Standby mode.

( Standby >

Exit Standby mode REGI[2Eh] bit 0 = 0b
or PWRSVE Pin

Enable IREF/VREF REGI[9EN] bits 1-0 = 11b

Enable TV Output REG[80h] bit 2 = 1b

( Norml >

Figure 23-4: Recommended Sequence for Exiting Standby Mode
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24 External Components

241 DAC External Components

The following circuit is recommended when Internal VREF is used, REG[9Eh] bit 0 = 1b

AOUT, BOUT » To TV

75Q + 1%

DACVEE

VADJ
]

1.5KQ £ 1%

560Q + 1%

DACVEE

Figure 24-1: Recommended External Components - Internal V-Ref Used

The following circuit is recommended when External VREF is used, REG[9Eh] bit 0 = 0b

AOUT, BOUT »p ToTV
75Q £ 1%
DACVEE

VADJ —’

1.5KQ + 1%
560Q + 1%
DACVEE
VREF
S 1.23V(Typ)
DACVEE

Figure 24-2: Recommended External Components - External V-Ref Used
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The following circuit is recommended for the DAC power supply pins.

3.0V £10% DACVCC

22uF 0.1uF

0.0v T 1\ DACVEE
Note:

For each power supply line, use 0.1uF ceramic chip capacitor and 22uF capacitor
as bypass capacitors. Place these capacitors close to each power supply pin as
possible. Use a multi-layer PCB and isolate the ground and power supply.

Figure 24-3: Recommended External Components - DAC Power Pins, ESD Considerations

The following circuit describes the recommended external components for TV analog

output.
e Riecomimeﬁed—I
| C1 Output |
| 33pF Filter (Note 1)
I e :
‘ N | ESD Circuit
| | | (Note 2) |
‘ L1 | | |
1.8uH | |
AOUT/BOUT [ ] | A | To
\ | | v
\ DY D2 |
See Note See Note
R1 | L ¢ 1 c3|l =X | =
750 T 100pF i 27OPF| | | DACVEE
| = — lpacvege  PACVEC
‘ DACVEE DACVEE | | |
- Lo - - Je - J
DACVEE
Notes:
1. The output filter values shown are typical values and may vary based on the user environment.
2. Itis recommended to use a pair of series connected diodes in a single package (i.e. BAT54S or equivalent).

Figure 24-4: Recommended External Components - TV Output, ESD Considerations

Note
The large capacitance of the above ESD circuit may introduce minor degradation of the
video signals. Typically, this degradation is not “visually” noticeable and should be
evaluated for each implementation.
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24.2 Crystal Oscillator Circuit

S1D13746
OSCl OSCO
R¢
Rq
\ D \
[y
| Xtal L
Cg Cq

Figure 24-5: Crystal Oscillator External Circuit

Table 24-1 Recommended Oscillator External Circuit Parameter

Symbol Parameter Min Typ Max Units
Ry¢ Rf — 1 — MQ
Ry Rd — 1800 — Q
Cqy Cg — 5.6 — pF
Cq Cd — 5.6 — pF
Xtal Fundamental mode Crystal 18 27 27 MHz
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25 Analog Power Supply Considerations

The PLL and DACA circuits are an analog circuit which is very sensitive to noise on the
input clock waveform or the power supply. Noise on the clock or the supplied power may
cause the operation of these circuits to become unstable or increase the jitter.

Due to these noise constraints, it is highly recommended that the power supply traces or the
power plane for these circuits to be isolated from those of other power supplies. Filtering
should also be used to keep the power as clean as possible.

The following are guidelines which, if followed, will result in cleaner power to the PLL and

DACA circuits. This will result in a cleaner and more stable clock. Even a partial imple-
mentation of these guidelines will give results.

25.1 Guidelines for Analog Power Layout

Optional, but recommended

- 70 Digital I0Vpp Plane \/—\
L1

Voltage \ Analog power traces c3 m\ . Analog VDD
mqst split from the C2 o
Regulator |/ 40 e S1D13746
Analog Vgg

N7

<4— To Digital Vgg Plane
Typical Values:
L1, L2 isolation bead

Notes: C1 ~10uf bypass
+ Analog VDD and Analog VSS traces should be as short as possible C2 1nf bypass

+ Analog VDD and Analog VSS must be separated from the digital supply C3 1uf bypass

« Digital power and ground to L1 and L2 should be short parallel traces

L . ) Actual values may be different and
on the same side of the board to reduce any loop area that can induce noise subject to validation

Figure 25-1: Analog Power Layout

* Place the ferrite beads (L1 and L2) parallel to each other with minimal clearance
between them. Both bypass caps (C2 and C3) should be as close as possible to the
inductors. The traces from C3 to the power planes should be short parallel traces on the
same side of the board with just the normal small clearance between them. Any signifi-
cant loop area here will induce noise. If there is a voltage regulator on the board, try to
run these power traces directly to the regulator instead of dropping to the power planes
(still follow above rules about parallel traces).
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The analog ground point where bypass cap (C2) connects to the ground isolation
inductor (L2) becomes the analog ground central point for a ground star topology. None
of the components connect directly to the analog ground pin of the MGE (PLLVgg)
except for a single short trace from C2 to the PLLVgg pin. The ground side of the large
bypass capacitor (C1) should also have a direct connection to the star point.

The same star topology rules used for analog ground apply to the analog power connec-
tion where L2 connects to C2.

All of the trace lengths should be as short as possible.

If possible, have all the PLL traces on the same outside layer of the board. The only
exception is C1, which can be put on the other side of the board if necessary. C1 does
not have to be as close to the analog ground and power star points as the other compo-
nents.

If possible, include a partial plane under the PLL area only (area under PLL components
and traces). The solid analog plane should be grounded to the C2 (bypass) pad. This
plane won’t help if it is too large. It is strictly an electrostatic shield against coupling
from other layers’ signals in the same board area. If such an analog plane is not possible,
try to have the layer below the PLL components be a digital power plane instead of a
signal layer.

If possible, keep other board signals from running right next to PLL pin vias on any
layer.

Wherever possible use thick traces, especially with the analog ground and power star
connections to either side of C2. Try to make them as wide as the component pads — thin
traces are more inductive.

It is likely that manufacturing rules will prohibit routing the ground and power star connec-
tions as suggested. For instance, four wide traces converging on a single pad could have
reflow problems during assembly because of the thermal effect of all the copper traces
around the capacitor pad. One solution might be to have only a single trace connecting to
the pad and then have all the other traces connecting to this wide trace a minimum distance
away from the pad. Another solution might be to have the traces connect to the pad, but
with thermal relief around the pad to break up the copper connection. Ultimately the board
must also be manufacturable, so best effort is acceptable.
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26 Mechanical Data
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Figure 26-1: S1D13746 PFBGA 100-pin Package
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Figure 26-2: SID13746 QFP15 128-pin Package
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Item No. Notes
Logo Specified (1)
Device Name (2) ~(9) 137461B6
Control Code (10))
Year of Manufacture (11) Last number of A.D.
Month of Manufacture (12) 1-9: Jan ~ Sep, X: Oct, Y: Nov, Z: Dec
Assembly Lot No. (13) ~ (16)
JAPAN 17)~ (21)
Figure 26-3: §1D13746 PFBGA 100-pin Package Marking
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units = mm
Y Package Center Line
<
2 B @ B 6 @O ¢ ') (9) (10) (11) (12) (13) (14) < |
| o
X% = (15) | (16) | (17) | (18) | (19) | (20) [ 21) | (22) [ (23) < X
| (@]
|
(24) [ (25) | (26) | (27) | (28) <|
JAPAN o
|
|
B|B| B|B | B| B | B|B| B|B|B| B/
|
A/ | \A
Package Center Line Y | A=04
| B=0.8
X X | c=1.0
v
Pin1 Y
Item No. Notes
Logo Specified (1)
Device Name (2)~(14) |[S1D13746F01A6
Control Code (15)
Year of Manufacture (16) ~ (17) |Last two numbers of A.D.
Week of Manufacture (18) ~ (19) |Calendar week of the year
Assembly Lot No. (20) ~ (23)
JAPAN (24) ~ (28)
Figure 26-4: SID13746 QFP15 128-pin Package Marking
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Table 26-1: S1D13746 Product Marking
Product Code Marking Description
S1D13746B01B600 137461B6 MacroVision Disabled
S1D13746F01A600 S1D13746F01A6 | MacroVision Disabled
Hardware Functional Specification S1D13746
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27 References

The following documents contain additional information related to the S1D13746.
Document numbers are listed in parenthesis after the document name. All documents can
be found at the Epson Research and Development Website at www.erd.epson.com.

* S1D13746 Product Brief (X74A-C-001-xx)
» S5U13746P00C100 Evaluation Board User Manual (X74A-G-001-xx)
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28 Sales and Technical Support

AMERICA ASIA
EPSON ELECTRONICS AMERICA, INC. EPSON (CHINA) CO., LTD.
HEADQUARTERS 23F, Beijing Silver Tower 2# North RD DongSanHuan

2580 Orchard Parkway
San Jose, CA 95131,USA
Phone: +1-800-228-3964 FAX: +1-408-922-0238

SALES OFFICES
Northeast

301 Edgewater Place, Suite 210
Wakefield, MA 01880, U.S.A.

Phone: +1-800-922-7667 FAX: +1-781-246-5443
EUROPE

EPSON EUROPE ELECTRONICS GmbH
HEADQUARTERS

Riesstrasse 15
80992 Munich, GERMANY
Phone: +49-89-14005-0 FAX: +49-89-14005-110

28.1 Ordering Information

ChaoYang District, Beijing, CHINA
Phone: +86-10-6410-6655 FAX: +86-10-6410-7320

SHANGHAI BRANCH

7F, High-Tech Bldg., 900, Yishan Road,

Shanghai 200233, CHINA

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

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 Electronic Technology Development (Shenzhen)
LTD.

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

Hi- Tech Park, Shenzhen

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

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

Taipei 110

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 CORPORATION

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

GUMI OFFICE

2F, Grand B/D, 457-4 Songjeong-dong,

Gumi-City, KOREA

Phone: +82-54-454-6027 FAX: +82-54-454-6093

SEIKO EPSON CORPORATION
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 S1D13746 TV-Out Mobile Graphics Engine, contact the Epson sales repre-

sentative in your area.
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Change Record

X74B-A-001-02 Revision 2.0 - Issued: September 14, 2007
* Changes from the previous Revision are Red
+ add the QFP15 128-pin package information to the spec
 section 27, added References section
* section 28, added Sales and Technical Support section
X74B-A-001-01 Revision 1.05 - Issued: June 11, 2007
* Changes from the previous Revision are Red

* REGJ[20h] bits 5-0 - add note “When the input clock is between 1MHz and 18MHz or
between 27MHz and 54MHz...”

* REG[2Ah] bits 6-0 - add note “2. When the input clock is between 1MHz and 18MHz or
between 27MHz and 54MHz...”

* REG[2Ch] bit 2 - add note “When the input clock is between IMHz and 18MHz or
between 27MHz and 54MHz...”

* REG[4Eh] bits 5-4 - add note “4. When the input clock is between 1MHz and 18MHz or
between 27MHz and 54MHz...” and in Table 11-13 TV Clock Settings, under CLKI
Frequency, remove “27<CLKI<54”

* section 26 Mechanical Data - correct typo in figure 26-2, change “E = 025" to “E =
0.25”

S1D13746 Hardware Functional Specification
X74B-A-001-02 Issue Date: 2007/09/14
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X74B-A-001-01 Revision 1.04 - Issued: February 8, 2007

L]

L]

L]

Changes from the previous Revision are Red

section 5.2.1 Intel 80 Host Interface - rewrite both PCLK and DE descriptions for
connection to VSS only when not used

section 5.2.5 Miscellaneous - rewrite PWRSVE description and add “terminated to
VSS”

section 5.2.6 Power and Ground - for OSCVSS description in table, change “IO power
supply for the Oscillator (2.5v)” to “GND for the Oscillator”

section 6.1 Intel 80 Data Pins - for MD[15:8], under 8-Bit Data, add “eight used”

section 7.1 Absolute Maximum Ratings - correct typo in table 7-1, change “HIOVDD”
to “IOVDD”

section 7.2 Recommended Operating Conditions - correct typo in table 7-2, change
“HIOVDD” to “IOVDD”

section 7.5 Power Estimation Guidelines - in table 7-10 add S-Video output to
DAC(3.0V)

section 17.1.3 Sequential Memory Write Procedure - rewrite note “Interrupting an
image frame write...”

section 23.2 Standby Mode - in figures 23-3 and 23-4, change “Sleep” to “Standby”

X74B-A-001-01 Revision 1.03 - Issued: October 3, 2006

L]

Changes from the previous Revision are Red

section 5.2.5 Miscellaneous - for GPIO[7:5] and GPIO[4:0] change RESET# State to
C‘O’?

section 26 Mechanical Data - add figure 26-2 S1D13746 Package Marking

X74B-A-001-01 Revision 1.02 (issued 2006/09/12)

L]

Changes from the previous Revision are Red

section 3.2 CPU Interface - rewrite Three Wire Serial Interface Bullet for Register data
only

section 5.2.3 TV Interface - rewrite description for AOUT, BOUT
section 5.2.3 TV Interface - rewrite description for VADJ

section 6.1 Intel 80 Data Pins - in table under 8-Bit Data, change MDJ[15:8] to Connect
to ground through pull-down resistor

section 7.3 Electrical Characteristics - in table 7-4 Power Consumption, change Ingc to
600 pA

section 7.4 DAC Characteristics - rewrite note “If the TV outputs from AOUT or BOUT
are not connected...”

section 7.5 Power Estimation Guidelines- add this section

Hardware Functional Specification S1D13746

Issue Date: 2007/09/14

X74B-A-001-02
Revision 2.0 - EPSON CONFIDENTIAL



Page 186

Epson Research and Development
Vancouver Design Center

X74B-A-001-01

X74B-A-001-01

* REG[2Ah] - replace table of example PLL clock settings

* REG[54h] bits 5-0 - rewrite bit description and change table for Common fi;i50/Tq4s
and fy/fy45 Ratios

* section 20.1 Initializing the S1D13746 - add this section

* section 23.1 Sleep Mode - rewrite the first paragraph “Sleep mode disables all internal
blocks...” for analog TV encoder block

* section 23.2 Standby Mode - rewrite the first paragraph “Sleep mode disables all
internal blocks...” for analog TV encoder block

* section 24.1 DAC External Components - figure 24-4 Recommended External Compo-
nents - TV Output, changes to the figure and added note “All component values are
typical values.” in figure and note “The large capacitance of the above ESD circuit...”
below figure

* section 26 Mechanical Data - add table 26-1 S1D13746 PFBGA 100-pin Product
Marking

Revision 1.01 (issued 2006/06/13)
+ All changes from the previous Revision are Red
* REG[2Ch] bit 2 - un-reserve this bit

* REG[4Eh] bits 5-4 - in table 11-12 TV Input Clock Settings, reserve 11b, for table 11-
13 TV Clock Settings, add TV DDS Clock Select column and 1 < CLKI £ 18 or 27 <
CLKI £ 54 row

* section 11.3.4 Macrovision Protection Registers (REG[58h] ~ REG[5Ah]) - put these
registers back in spec

Revision 1.0 (issued 2006/06/13)
+ All changes from the previous Revision are Red

* section 3.4, added a note for the Macrovision Protection description that Macrovision is
only supported when CLKI or OSC frequency is 27MHz

* section 5.2.1 Intel 80 Host Interface - for both PCLK and DE add paragraph “If the
Parallel RGB Interface is not used...” to Description

* section 5.2.4 Clocks - change CLKOUT and OSCO RESET# State and Power Save
State and add notes “1. When CLKOUTEN = 1, this pin...” and “2. When CNF2=1, this

ER]

pin...

* section 7.3 Electrical Characteristics - for table 7-4 Power Consumption add I and
Icorg max values

* section 7.4 DAC Characteristics - add note “If the TV outputs AOUT or BOUT are not
connected...”

* section 7.4, for the DAC Characteristics changed Radj from 2300ohm to 2060ohm and
changed the clock cycle from 50+/-5% to 50+/-10%

S1D13746
X74B-A-001-02
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* section 8.1.3, for the PLL Clock figure and table changed the maximum PLL Lock
in/Stable time from Ims to 2.5ms

* section 8.3.1, removed Memory Read parameters from the Intel 80 Timing table
* section 8.5.1, changed t3max (Vertical Active Frame Period) from “1023” to “1024”
* section 8.5.2, changed t3max (Horizontal Active Line Period) from “1023” to “1024”

* section 8.6.1 TV Output Timing - in table 8-11 Horizontal Timing for NTSC/PAL,
change t1 and t5 for all, t4 = 2.52 for PAL N, t6 = 10.222 for PAL M, and add notes

* section 8.6.1 TV Output Timing - in table 8-11 Horizontal Timing for NTSC/PAL,
change t4 = 2.52 for PAL M

* section 8.6.1 TV Output Timing - in table 8-12 Vertical Timing for NTSC/PAL, change
t4 = 3 for all, and add note

* section 9.1, removed the TV DDS Clock Source Select bit from the clocks figure

* section 11.3 Register Descriptions - add paragraph “Reserved registers must not be
written. The Host...” to body text

* REGJ[02h] bit 7 - add “...and REG[80h] bit 7 has no effect” to bit description

* REGJ[20h] bit 7, added information to the PLL Lock bit description that the maximum
PLL Lock in time is 2.5ms and added cross reference to the PLL Clock timing section

* REG[2Ch] bit 2, reserved the TV DDS Clock Source Select bit
* REG[2Ch] bit 0 - in note change “1ms” to “2.5ms”

* REG[2Eh] - add note “IREF/VREF and TV OUT must be disabled before entering
Sleep Mode”

e REG[2Eh] bit 7 - in bit description change “Ims” to “2.5ms”
* REGJ[2Eh] bits 1-0, added engineering text note as follows “
* REG[4Ah] bit 4 - rewrite bit description

* REGJ[4Eh] bits 2-0, REG[4Ch] bits 7-0, reserved the DDS Accumulator Reset Value
bits

* REG[4Eh] bits 5-4, for the TV Clocks Setting bit description added option=11b where
timing=26MHz and fdds=26MHz

* REGJ[4Eh] bits 5-4, for the TV Clocks Setting bit description added a note for
option=10b when CLKI is not 26MHz as follows “If REG[4Eh] bits 5-4 = 10b and
CLKI is less than 26MHz, the SCH Phase error cannot meet the consumer grade specifi-
cation of within 20 degrees.”

* REGJ[4Eh] bits 5-4 - in table remove row starting “1 < CLKI < 18 or 27 < CLKI £ 54”

* REGJ[4Eh] bits 5-4, for the TV Clocks Setting bit description removed references to
REG[2Ch] bit 2 from the TV Clock Settings table

* REG[58h] ~REG[5Ah] - reserve these registers. Under normal operation these registers
should not be written to

Hardware Functional Specification S1D13746
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REG[62h] bit 7, for the Window Data Type bit description added cross references to the
Use Case and Double Buffer sections, and removed the notes which are explained in the
back sections

REG[62h] bit 6, added double-buffer restrictions relating to the input frame rate and the
input data burst when Parallel RGB interface is selected

REG[62h] bit 6, for the Double-Buffer Enable bit description added cross references to
the Use Case and Double Buffer sections, and removed the notes which are explained in
the back sections

REG[62h] bit 5, for the Background Window bit description added cross references to
the Use Case and Double Buffer sections, and removed the notes which are explained in
the back sections

REG[62h] bit 5 - add note “1. For RGB Host Interface, this bit must be set to 1b”
REG[62h] bit 4 - correct typo in table under scaling ratio for NTSC

REG[62h] bit 4, added a note to the Square Pixel Correction Enable bit description that
PALM is not supported

REG[64h] ~ REG[6Ah], added information to the Input Window Size / Position Regis-
ters section including more input width/height restrictions and a figure/table indicating
supported resolutions

section 11.3.5 Input Data Control Registers - under Input Window Size/Position Regis-
ters in the paragraph “Depending on the background input window resolution...” change
“height must be divisible by 1, 2, or 4” to “height must be divisible by 2, 4, or 8”

REG[64h] ~ REG[6Ah], added engineering text information to the Input Window Size /
Position Registers section about double-buffering restrictions based on the background
window

REG[64h] ~ REG[6Ah], added the following information to the Input Window
Size/Position Description “The overlay window output x,y start positions are referenced
to the background output size (size after scaling). The overlay input window size is
referenced to the background input size (size before scaling).”

REG[80h] bit 7 - correct typo in bit description, change reference to REG[04h] to
REG[02h]

REG[80h] bit 7, added a note for the Macrovision Enable bit description that Macrovi-
sion is only supported when both TV clocks are configured for 27MHz

REG[82h] ~ REG[88h], added a note to the Display Output description as follows “The
overlay window output X,y start positions are referenced to the background output size
(size after scaling). The overlay input window size is referenced to the background input
size (size before scaling).”

REG[92h] ~ REG[96h], added formulas for generating the YUV values needed for the
Border Color registers

REG[98h] ~ REG[9Ch], added formulas for generating the YUV values needed for the
Transparency Color registers and re-organized the bit description for clarity
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REG[98h] ~ REG[9Ch] - remove note “2. When using transparency, the input scaler is
not available”

REG[9Eh] bits 7-2 - add these bits
REG[AOh], removed comment about “...individual memory location reads...”
REG[A2h] ~ REG[A6h], reserved the Memory Read Address registers

REGIECHh], changed the default register value from “06h” to “26h” for the Non-Display
Period Control / Status register

section 14.5 YUV 4:2:0 ODD Line with Intel 80, 16-bit Interface - add note “When
using this mode, the input window width must be divisible by 4”

section 16.1.1, added Dot Crawl + Flicker Filter programming values to the 3x3 Pixel
Matrix Filter Function table

section 17.1 Register Write Procedure - add paragraph “Writing to the S1D13746 regis-
ters is a two step process...”

section 17.1, removed information about “... memory reads...”

section 17.2 Register Read Procedure - add paragraph “Writing to the S1D13746 regis-
ters is a two step process...”

section 17.1.3 Sequential Memory Write Procedure - rewrite section

section 18, added double-buffer restrictions relating to the input frame rate and the input
data burst when Parallel RGB interface is selected

section 21 Double Buffer Description - rewrite entire section
section 21, Double Buffer Description section updated with ILB information

section 23, added new section with recommended sequences for entering and exiting
sleep mode

section 24.2, for the Crystal Oscillator Circuit table changed the Rd typical value from
820 Ohms to 1800 Ohms

section 24.2 Crystal Oscillator Circuit - in the table add Xtal min and max values

X74B-A-001-00 Revision 0.03 (issued 2006/05/15)

L]

All changes from the previous Revision are Red

section 2.1.4 Multiple TV Windows - rewrite Multiple Windows with Transparency and
add the third mode “Text Mode”

section 3.8 Miscellaneous - add package information

section 5.1 Package Pin Mapping - add note “Pins marked as NC...”
section 5.2 Pin Descriptions - add AP, G, and AG to Key

section 5.2.1, for MD[7] fixed pin# typo, should be “E9” instead of “E7”
section 5.2.1, for MD[6] fixed pin# typo, should be “E10” instead of “E6”
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X74B-A-001-00

section 5.2.1 Intel 80 Host Interface - rewrite GPIO INT description

section 5.2.3 TV Interface - for AOUT, BOUT description add “For further details...”,
and rewrite the VREF and VADJ descriptions

section 5.2.4 Clocks - add note “For details on the clock...” and change the Power Save
Status for OSCO

section 8.3.1 Intel 80 Interface Timing - in table 8-5 for twc parameter change “rising
edge” to “falling edge”

section 8.6.1 TV Output Timing - in table 8-12 Vertical Timing for NTSC/PAL change
the heading “NTSC” to “NTSC M/J, PAL M” and “PAL” to “PAL B/D/G/H/I/N/N¢”

section 9.1 Clock Block Diagram - correct error for selection of TV Timing source

REG[2Ch] bit 2 - add “This clock should not be from...” and change “OSC or Xtal” to
“CLKI or OSCx” in “When this bit = 0b...”

REG[2Ch] bit 1 - add “or OSCx” to “When this bit = 0b...”

REG[2Ch] bit 0 - change “OSC or Xtal” to “CLKI or OSCx” in “When this bit = 0b...”
and correct typo in note, change “10ms delay” to “1ms delay”

REG[2Eh] bit 1 - correct typo in bit description, change “10ms delay” to “Ims delay”

REG[40h] bits 6-5 - correct typo in table, under Standard, change ITU-R BT.119-2 to
ITU-R BT.1119-2

INDEX][05h] bits 2-0 - correct typo, change 525/50 to 625/50 in equations

REG[COh] - correct typos in table 11-29 3X3 Pixel Matrix Filter Function Programming
Values, change second set of Ul ~ U8 to V1 ~ V8§

section 12 Intel 80, 8-Bit Interface Color Formats - for each subsection add “When
REG[60h] bits 3-0 =...”

section 15.1 SwivelView Concept - correct typo, change LCD to TV

section 16.1 Example Programming Values - correct typos in table 16-1 3X3 Pixel
Matrix Filter Function Programming Values, change second set of Ul ~ U8 to V1 ~ V8

Revision 0.02 (issued 2006/04/07)

All changes from the previous Revision are Red
globally remove references to DACVDD and change DACVSS to DACVEE

section 1.2, added YYC, YRC, RYC, VDP, VNDP, DDS, POUT to the list of abbrevia-
tions

section 1.2.1, added Comparison section
section 5.1 Package Pin Mapping - change pins K2 to NC and K3 to DACVEE

section 5.2.5 Miscellaneous - rewrite the PWRSVE pin description and change cell type
to HI

section 5.2.6 Power and Ground - add pin K3 to DACVEE
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section 7 D.C. Characteristics - this entire section has been edited and updated
section 8 A.C. Characteristics - changes to Conditions, change IOVDD range
section 8.1.1 Input Clocks - multiple changes to table §-1

section 8.1.2 OSC Clock - add this section

section 8.1.3 PLL Clock - in figure 8-2, change the PLL min = 45 and max = 54, and
lock time to 1 ms

section 8.1.3 PLL Clock - multiple changes and updates to table 8-3

section 8.2 RESET# Timing - in table 8-3, for CNF3 =1 change t1 min to 5.01 and max
to 5.10

section 8.3.1 Intel 80 Interface Timing - multiple changes and updates to table 8-5

section 8.4.1 3-Wire Serial Interface Timing - in table 8-5 change t3 min to 8 and t7 max
to 25

section 8.4.2 4-Wire Serial Interface Timing - in table 8-6 change t3 min to 8, t6 max to
20, and t7 max to 25

section 8.5.3 Input Signal Timings Relative to PCLK - in table 8-9 change t2 min to 8
REG[62h] bit 4 - add table for bit function

REG[ECh] bit 5, added bit state descriptions to the TE Status bit description
REG[ECHh] bit 4, added bit state descriptions to the Input Busy Status bit description

REG[ECh] bit 3, updated the TE Output Pin Enable bit description to better describe the
actual function of this bit

REG[ECH] bits 2-0, fixed register reference typo in the table (“E8h” changed to “ECh”)
and added TE Output Pin Function Timing figure

section 17.1, for the Host Interface Access example diagrams, changed references to
“D[7:0]” to “MD[7:0]”

section 23.1 DAC External Components - figure 23-3 Recommended External - DAC
Power Pins, ESD Considerations, remove references to DACVDD and DACVSS

section 24, removed references to SAVDD and SPVDD from the Analog Power
Supply Considerations section, these power supplies do not apply to the
S1D13746

X74B-A-001-00 Revision 0.01 (issued 2006/03/02)

L]

All changes from the previous Revision are Red

created from the S1D13745B00 specification rev. 0.12

section 3.5 TV Display Features - add bullet “Square pixel output width scaling”
section 3.7 Clock Source - rewrite note “An 18MHz to 27MHz clock is required...”

section 5.2, updated HI, HIS, HID, HO, HB, and HBD cell descriptions to include “Fail
Safe”
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section 9.1 Clock Block Diagram - add TV Timing Source Select and TV DDS Source
Select to diagram

section 11.1 Register Mapping - change Address FOh to FAh to “Asynchronous” in table
11-1 S1D13746 Register Mapping

REG[00h] - change default value to A9h, change bits 1-0 value to 01b
REG[02h] bit 7 - correct typo in bit description (register reference)
REG[20h] - change default value to 1Ah

REG[2Ah] - change default value to 35h

REG[2Ah] - changes to entire PLL Setting Examples table
REG[2Ch] - add bits 2 and 1 to register

REG[4Ah] bit 4 - rewrite bit description

REG[4Ch] bits 7-0 ~ REG[4Eh] bits 2-0 - add note “The value written into REG[4Ch]
will not...”

REG[4Eh] bits 7-6 - reserve these register bits
REG[4Eh] bits 5-4 - add these bits to register
REG[52h] bit 7 - reserve this bit

REG[54h] bits 4-0 - changes to tables, add 2 more Luminance Filter coefficients and 4
more Chrominance Filter coefficients to tables, and add User Clock Ratio

REG[56h] add “and User Clock Ratio” to register name

section 11.3.5 Input Data Control Registers - under Input Window Size / Position Regis-
ters, add the paragraphs “The maximum input window resolution for...” and “Depending
on the background input window resolution, the...” with table under Limitations

REG[62h] bit 4 - add this bit to register

REG[64h] ~ REG[66h] - add 2 bits to Input Window Height
REG[68h] ~ REG[6Ah] - add 2 bits to Input Window Width
REG[9Eh] bits 7-2 - reserve these bits

section 22 TV Filter Operation - rewrite for 15 tap filter
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