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Introduction

Chapter 1 Introduction

1.1 Scope

This is the Hardware Functional Specification for the SID13517 External SDRAM LCD Controller. Included in this
document are timing diagrams. AC and DC characteristics, register descriptions, and power management descrip-
tions. This document is intended for two audiences: Video Subsystem Designers and Software Developers.

This document is updated as appropriate. Please check for the latest revision of this document before beginning any
development. The latest revision can be downloaded at vdc.epson.com.

We appreciate your comments on our documentation. Please contact us via email at

vdc-documentation@ea.epson.com.

1.2 Overview Description

The S1D13517 is a low power color LCD Controller with support for up to 128M-bit external SDRAM memory.
The S1D13517 supports an 8/16-bit asynchronous bus while providing high performance bandwidth into the
external display memory allowing for fast screen updates. The S1D13517 also provides support for multiple display
buffers, Picture-in-Picture, Alpha-Blend, and display rotation/mirror.

The S1D13517 is an excellent solution for WVGA LCD panel systems while keeping CPU performance.

S1D13517 Hardware Functional Specification Seiko Epson Corporation 7
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Features

Chapter 2 Features

2.1 Frame Buffer

* External 16M-bit, 64M-bit or 128M-bit SDRAM memory support
* Maximum 90MHz SDRAM clock

* 16-bit bus interface (SDRAM is just one piece)

Note
Memory data cannot be read.

2.2 Host Interface

* 2 types 8/16-bit asynchronous bus interface (register or memory data)
* Indirect Intel 80 bus
* Indirect ALE (Address Latch Enable) bus

Note
1. Memory data cannot be read.
2. Write cycle time changes depend on SDRAM clock frequency.

2.3 Input Data Formats
* RGB 8:8:8 and RGB 5:6:5

2.4 Display Mode
* 24bpp (RGB 8:8:8) color depth. (RGB 5:6:5 data is converted from 16bpp to 24bpp)

2.5 Display Support
* Active Matrix TFT interface
* 18/24-bit interface
* Maximum 960 x 960 display setting supported (maximum PCLK is 45MHz)
* HVGA: 640 x 240 x 16/18/24-bit LCD panel
* VGA: 640 x 480 x 16/18/24-bit LCD panel
* WVGA: 800 x 480 x 16/18/24-bit LCD panel
* SVGA: 800 x 600 x 16/18/24-bit LCD panel
* QHD: 960 x 540 x 16/18/24-bit LCD panel

8 Seiko Epson Corporation S1D13517 Hardware Functional Specification

Rev. 1.6



Features

2.6 Display Features

Display Window

The display window is defined by the size of the LCD display. Complete or partial updates to the display window
are done through the Write Window. The write window size and start position are specified in 8 pixel resolution
(horizontal) and 1 line resolution (vertical). All window coordinates are referenced to top left corner of the
display window (even when rotation or mirror are enabled no host side translation is required).

All display updates can have independent mirror, rotation, and transparency settings.

Picture-in-Picture (PIP) display

Up to two PIP windows are supported. When enabled the PIP windows are displayed over the Main window. The
PIP windows sizes and start positions are specified in 8 pixel resolution (horizontal) and 1 line resolution
(vertical). Image scrolling can be performed by changing the start address of a PIP window. The PIP windows do
not support a transparent overlay function.

Alpha-Blend

Alpha-blending allows two images to be blended to create a new image which can then be displayed using a PIP
window. The Alpha-blend image size is specified in 8 pixel resolution (horizontal) and 1 line resolution
(vertical). The processing speed of Alpha-blend function varies depending on the image size. Optionally, a single
input image can be processed.

Mirror / Rotation

Mirror and 180° counter-clockwise hardware rotation functions are available for image data writes. All windows
can have independent rotation and mirror settings. No additional programming is necessary when enabling these
modes.

Transparency

A transparency function is available for image data writes. When enabled, input image data matching a specified
key color is not written to the memory. This function can be used to overwrite text and icons in display data. This
function can not be used with rotation and mirror function, the REG[52h] bits 3-0 never be set to the value 9h,
Ah and Bh.

Double Buffer
Double buffering is available to prevent image tearing during streaming input.

Multi Buffer

Multi buffering allows the active display window to be switched between a maximum of 16 buffers. The number
of buffers depends on the external SDRAM size and the desired size of the write buffers. Multi buffering allows
a simple animation display to be performed by switching the buffers.

S1D13517 Hardware Functional Specification Seiko Epson Corporation 9
Rev. 1.6



Features

2.7 Clock Source

Internal programmable PLL (Maximum 180MHz)
Single MHz clock input: CLKI (2MHz~64MHz)
* Internal system clock (Maximum 45MHz)

* LCD pixel clock (Maximum 45MHz)

* The frequency of the internal system clock and the LCD pixel clock is the same

SDRAM clock (Maximum 90MHz)

» Two or three times the clock frequency can be selected for the internal system clock

Spread spectrum clock

 Available to add to the internal clock. (Note: the frequency is only 31MHz-80MHz.)

2.8 Power Supply

I/0 voltage: 3.3V +/- 0.3V
Core voltage: 2.5V +/- 0.2V
PLL voltage: 2.5V +/- 0.2V

2.9 Miscellaneous

PWM output for the LCD backlight control
Software Power Save Mode

Tearing Effect output

Interrupt output (Alpha-Blend complete)

General Purpose Output (GPO[3:0])

Test Color-bar display (does not use SDRAM data)
Package: QFP15-128
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System Diagrams

Chapter 3 System Diagrams

The following figures are example of the system diagram.

TFT LCD Panel
CNF2 (x 24bit)
CNF1
PVS > VSYNC
Host CPU CNFO
(x 16bit) v PHS »| HSYNC
VSS
cs# b HCS# PDE ENAB
PCLK DCK
Al »| HD/C#
RD# o] HRE# PDR[7:0] RI7:0]
WR o e PDG[7:0] G[7:0]
PDB[7:0] ! B[7:0]
D[15:0] [« P HD[15:0]
HALE GPO[3:0] »| Power Control
vss
INT TE PWM » Backlight
RESET# p| RESET# S$1D13517
SDRAM CLKI |« 0SC
(x 16bit)
BA[1:0]|[¢——— | MBA[1:0] IOVDD
AM110] | @ |MA[10 COREVDD
[11:0] [11:0] 1 1
DQ[15:0] |« »| MD[15:0] 2.5V 3.3V
CKE |4 MCKE VSS !
CLK |4 s MCLKO
PLLVDD
MCLKI
Cst |4 MCS# PLLCHGO—
RASH|q—— | MRASH Rp 25V
CAS# |4 MCAS#
WE# |4 MWE# T Cp
DQM1 |« MDQM1 PLLVSS .
DQMO | MDQMO
Figure 3-1: System Diagram Example (16-bit Intel80 bus)
S1D13517 Hardware Functional Specification Seiko Epson Corporation 11
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System Diagrams

10VDD
A TFT LCD Panel
CNF2 (x 24bit)
CNF1 PVS »| VSYNC
Host CPU CNFO
. PHS I
(x 8bit) v »| HSYNC
VSS PDE »| ENAB
oS P HCS# PCLK DCK
ADO ol 1 ipic#
PDR[7:0] »| R[7:0]
RD# » HRE#
PDG[7:0] » G[7:0]
WR# >
HWE# PDB([7:0] | B[7:0]
AD[7:0] |« » HD[7:0]
GPOI[3:0] »| Power Control
ALE HALE
INT TE PWM »| Backlight
RESET# RESET# S1D13517
SDRAM CLKI |« 0OSC
(x 16bit)
BA[1:0] l«—— | MBA[1:0] IOVDD
AM1:0] | q@—— | MA[11:0] COREVDD —]
DQ[15:0] |« »| MD[15:0] 25V ____ 3.3V
CKE |« MCKE VSS I
CLK |4 . MCLKO
PLLVDD
MCLKI
CSt|g—— | MCs# PLLCHGO—]
RASH| @—— | MRAS# Rp 25V
CASH |« MCAS#
WE# |4 MWE# Cp
DQM1 |« MDQM1 PLLVSS T
DQMO | MDQMO

Figure 3-2: System Diagram Example (8-bit ALE bus)
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Block Diagram

Chapter 4 Block Diagram

SDRAM
SdClk ¢ 16-bit AsynClk: Asynchronous clock
SysClk: System clock
SDRAM SdClk: SDRAM clock
Interface
SdClk i SdClk
SDRAM | q¢—]
lAlpha blending
Controller >
A
AsynClk AsynClk SysClk SysCik | w SysClk SysClk
-bi _bi 24-bit i -bi 24/18-bit
Host GPU G100 perate [B16BH] L b nput | Memory .| Display | 24bit | LCD it co
Interface Buffer ”| Controller ¥l FIFO 7| Interface
SysClk T SysClk SysCIkT
——p Control signals .
Window Timing Display
Controller Generator Test Color
LKl > —__» sdCk
25MHz - 90MHz -
> ! e Clock
» Pl oc »| MCLKO
—P Pl Buffer
31MHz -80MHz »
50MHz - 180MHz
Spread R
SdCIk Divider | ’ Spectrum d Clock
> 12013 > »| PCLK
Buffer
>
AsynClk
yn SysClk
RESET# > > PWM > PWM
TE |€&—— isc. |€—— TE (Tearing effect)
INT |4 <«4— |Interrupt (Alpha blending end)
L—p SysClk
Figure 4-1: S1D13517 Block Diagram
S1D13517 Hardware Functional Specification Seiko Epson Corporation 13
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Display Data Path

Chapter 5 Display Data Path

<+—>
)

Output Windows

Input Windows SDRAM
Write Window ¢ - ~--~- ! Buffer 1 < - o
A \\ * //i
\ / v |1
\ NEd 7 1
AN \I\ s 7
Y 2, Buffer 2 % R
4 ‘ | & TR
! /7 Ny
7 , »
‘)/ | ; \\
\ | i’ ,
\ \ A
/ \ r e,
7 \ { » 4
1 \
A Buffer n € -----
Alpha-Blend | _ _---%
Output Window
Register SDRAM Controller
Host ;
# Input Buffer Display FIFO
Interface P play -
S1D13517

Main Window

PIP1 Window

PIP2 Window

Alpha
Blending

LCD
Interface

Figure 5-1: Display Data Path
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Pinout Diagram

Chapter 6 Pinout Diagram

6.1 Pin-Out

‘96 ‘95 ‘94 |93 ‘92 |91 ‘90 |89 ‘88 ‘87 |86 ‘85 |84 ‘83 |82 |81 ‘80 |79 |78 |77 ‘76 |75 ‘74 |73 ‘72 ‘71 |70 ‘69 |68 ‘67 |66 ‘65

3| 2| o] 5| 8| o] 8| x| 8] 8] | 8| o] =] 2] 7| 7] 5| o] #] 2| 2| | 5| | o] o] 5] 8] o[
© O O O OV VILILI LILILILILIL TS| S| D] O O] O O] O™
aoaao i & &b & ct g2 <L I <
928583 :s32%5239258% e3¢
o asa?Q0o0 S Lxs= 0 == s =
= s S == m = =
VSs © Vss
MD5 IOVDD
MD10 SCANEN
MD4 RESET#
MD11 PLLVSS
MD3 PLLVDD
MD12 PLLCHGO
MD2 COREVDD
MD13 VSS
MD1 CNFO
MD14 CNF1
MDO CNF2
MD15 TEST1
COREVDD N TESTO
CLKI
IOVDD -~
VSS o VSS
PDE (op] IOVDD
PVS - COREVDD
PHS D HD15
PDB6 (0)) HD13
PDB5 HD12
PDB4 HD11
PDB3 e HD10
PDB2 HD9
L
PDB1 | HD8
PDBO Z HD7
PDG7 - HDG
PDG6 HD5
PDG5 HD4
PDG4 HD3
IOVDD VSS
a
a
MmN T ON © VT O O - o = #* o0 3+
Hn O 000 re e o ¥ o g o O = Q 3 15}
NnOO0O00o000o0o00oaon o o3 o o S wa< o
D> a T T o T o T o T o T o T e N s N s T [ONN&] [OINO] [ = i T

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

Figure 6-1: SID13517 Pinout (Top View)
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Pinout Diagram

6.2 Pin Descriptions

Key:
Pin Types
| = Input
0} = Output
10 = Bi-Directional (Input/Output)
P = Power pin

RESET# / Power Save Status

H = High level output
L = Low level output
Z = High Impedance
0 = Pull-down resistor on

Table 6-1: Cell Description

Item Description
HI H System LVCMO Input Buffer
HIS H System LVCMOS Schmitt Input Buffer
HID H System LVCMOS Input Buffer with pull-down resistor
HO1 H System LVCMOS Output Buffer Type 1 (+/- 3mA)
HO2 H System LVCMOS Output Buffer Type 2 (+/- 6mA)
HB1G H System LVCMOS Bidirectional Buffer Type 1 (+/- 3mA) with gated input
HB1D H System LVCMOS Bidirectional Buffer Type 1 (+/- 3mA) with pull-down resistor
LOT L System Analog Output
Note
1. H System is IOVDD
2. L System is COREVDD and PLLVDD
16 Seiko Epson Corporation S1D13517 Hardware Functional Specification
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Pinout Diagram

6.2.1 Host Interface

For a summary of the Host pin mapping see Section 6.5, “Host Interface Data Pin Mapping” and Section 6.6, “Host
Interface Control Pin Mapping” on page 24

Table 6-2: Host Interface Pin Descriptions

Pin Name

TYpe

PIN #

Cell

10
Voltage

RESET
#State

Power
Save
Status

Description

HD[15:8]

14, 13,
12, 11,
10,9,8,7

HB1G

IOVDD

Input

Intel80 bus / ALE bus

These pins are data bus. When the 8-bit
interface is selected by CNFO, the input is
gated. The input can be still floating.

When HCS# is high input, the input also can
be floating.

HD[7:0]

6,54,3,
2,127,
126, 125

HB1G

IOVDD

Input

Intel80 bus / ALE bus

These pins are data bus. When HCS# is high
input, the input also can be floating.

HWE#

122

HIS

IOVDD

Input

Input

Intel80 bus / ALE bus

This pin is the write enable.

HRE#

124

HI

IOVDD

Input

Input

Intel80 bus / ALE bus

This pin is the read enable.

HCS#

123

HI

IOVDD

Input

High
Input

Intel80 bus / ALE bus

This pin is the chip select. When the power
save mode is enabled, this pin should be high
level.

HD/C#

120

HI

IOVDD

Input

Input

Intel80 bus

This pin is used to select between address and
data.

ALE bus

This pin is used to select between address and
data. The data is latched by the rising edge of
HALE. When in 8-bit mode, this pin should be
connected to HDO. When the 16-bit mode, this
pin should be connected to HD1. This input
should never be floating.

HALE

121

HI

IOVDD

Input

Input

Intel80 bus

This pin is not used. This pin must be
connected directly to VSS.

ALE bus

This pin is the address latch enable. The data
on HD/C# is latched on the rising edge of
HALE.

S1D13517 Hardware Functional Specification
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Pinout Diagram

Table 6-2: Host Interface Pin Descriptions (Continued)

Pin Name

TYpe

PIN #

Cell

10
Voltage

RESET
#State

Power
Save
Status

Description

TE/INT

119

HO1

IOVDD

Stop

Tearing effect (default)

This output is the status signal of VNDP and
HNDP. When power save mode is enabled,
this signal is stopped.

Interrupt

This pin is the interrupt output. When power
save mode is enabled, this signal is stopped.

See REG[6Ah] bits 1-0 on page 79 for TE/INT
pin configuration.

RESET#

29

HIS

IOVDD

Input

High
Input

This pin is reset input. Active low input to set
all internal registers to the default value. This
input has the Schmitt input and delay line for
noise input.

See Section 8.2, “Reset Timing” on page 31
for further information.

6.2.2 LCD Interface

For a summary of the LCD Interface pin mapping see Section 6.7, “LCD Interface Pin Mapping” on page 25

Table 6-3: LCD Interface Pin Descriptions

Power
Pin Name | TYpe PIN # Cell 10 RESET Save Description
Voltage | #State
Status
102, 103, . .
PDR[7:2] o) 104, 105, HO1 | 10VDD L L th}tesuet pins are R[7:2] of the panel data
106, 107 put.

PDR[1:0]/ These pins are R[1:0] of the panel data
GPO[5"4] 0] 108, 109 HO1 | 10VDD L L output in 24-bit mode. These pins are

' GPO[5:4] output in 18-bit mode.

. 92, 93, 94, These pins are G[7:2] of the panel data
PDGI7:2] 0] 95, 98, 99 HO1 | 10VDD L L output.
PDG[1:0]/ These pins are G[1:0] of the panel data
GPO[7"6] 0] 100, 101 HO1 |10VDD L L output in 24-bit mode. These pins are

’ GPO[7:6] output in 18-bit mode.

) 84, 85, 86, These pins are B[7:2] of the panel data
PDBJ7:2] 0] 87, 88, 89 HO1 | 10VDD L L output.
PDB[1:0] / These pins are B[1:0] of the panel data
GPO[é'S] 0] 90, 91 HO1 | 10VDD L L output in 24-bit mode. These pins are

’ GPOI[9:8] output in 18-bit mode.

PVS (0] 82 HO1 | IOVDD L L This pin is the vertical sync pulse output.
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Table 6-3: LCD Interface Pin Descriptions (Continued)

Power
Pin Name | TYpe PIN # Cell 10 RESET Save Description
Voltage | #State
Status
PHS (0] 83 HO1 | 10VDD L L This pin is the horizontal sync pulse output.
PCLK (0] 110 HO1 | 10VDD L L This pin is the pixel clock output.
PDE 0] 81 HO1 |I10VDD L L This pin is the pixel data enable output.
GPO[3:0] 0] 111116 11115; HO1 |I10VDD L L These pins are GPO[3:0] output.

6.2.3 SDRAM Interface

Table 6-4: SDRAM Interface Pin Descriptions

Power
Pin Name | TYpe PIN # Cell 10 RESET Save Description
Voltage | #State
Status
77,75,73,
71, 69, 67,
. 63, 61, 60, These pins are the data bus for the SDRAM.
MD[15:0] Vo 62, 66, 68, HB1D | I0VDD 0 0 These pins have internal pull-down resistors.
70,72, 74,
76
MBA[1:0] o 43 45 HO1 |1ovDD L L These pins are the bank address output for the
SDRAM.
46, 41, 44,
. 42, 40, 38, These pins are the address output for the
MA[11:0] (0] 36, 34, 33, HO1 |I10OVDD L L SDRAM.
35, 37, 39
MCS# (0] 49 HO1 | 10VDD H H This pin is the chip select for the SDRAM.
This pin is the row address strobe output of the
MRAS# (0] 51 HO1 |1OVDD H H SDRAM.
This pin is the column address strobe output of
MCAS# (0] 56 HO1 |IOVDD H H the SDRAM.
This pin is the write enable output of the
MWE# (0] 58 HO1 |10OVDD H H SDRAM.
MDQM1 (0] 57 HO1 |I10OVDD L L This pin is the DQMH output of the SDRAM.
MDQMO (0] 59 HO1 |I1OVDD L L This pin is the DQML output of the SDRAM.
MCLKO (0] 55 HO2 |IOVDD | HorlL HorL |This pin is the clock output of the SDRAM.
This pin is the feedback clock input of the
MCLKI | 53 HI IOVDD | Input Input MCLKO.
MCKE (0] 50 HO1 | 10VDD H H This pin is the CKE output of the SDRAM.
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6.2.4 Clocks

Table 6-5: Clock Input Pin Description

Power
Pin Name | TYpe | PIN # Cell 10 RESET Save Description
Voltage | #State
Status
CLKI | 18 HI IOVDD | Input Input This pinis MHz input for PLL operation or MHz input if
PLL is bypassed.

6.2.5 Miscellaneous

Table 6-6: Miscellaneous Pin Descriptions

Power
Pin Name [ TYpe | PIN# Cell 10 RESET# Save Description
Voltage | State Status

This pin is PWM output for the LCD backlight

PWM (0] 118 HO1 I0VvDD L L
control.

These pins are used for power-up configuration.

Note: These pins must be connected directly to
HI IOVDD |Input Fix | Input Fix |IOVDD or VSS.

See Section 6.4, “Configuration Options” on page
23 for further information.

This pin is the low-path filter of the PLL. The
external component are needed.

When the PLL is bypassed, this pin should be left
unconnected.

See Chapter 18, “PLL” on page 132 for further
information.

21,22,

CNF[2:0] | | 23

PLLCHGO| O 26 LOT |PLLVDD — —

These pins are the test signals.

TEST[1:0] | | 20,19 HID | IOVDD — —  |When unused these pins should be connected to
VSS.

This pin is the test signal.

SCANEN | 30 HID I0VDD — —
When unused this pin should be connected to VSS.
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6.2.6 Power
Table 6-7: Power Pin Descriptions
Pin Name | Type Pin # Cell Descriptions
COREVDD| P 15, 251’1522’ 8, P Core power supply, all pins must be connected.
16, 31, 47, 64,
I0VDD P 79, 96, 113, P 10 power supply, all pins must be connected.
128
PLLVDD P 27 P PLL power supply
PLLVSS P 28 P PLL GND
1,17, 24, 32,
VSS P |48, 54, 65, 80, P GND, all pins must be connected.
97, 114
6.3 Pin Structure
6.3.1 Input Pin
——
Input Pin O ® Input Data
777

Figure 6-2: Input Pin (HI, HIS) Structure

S1D13517 Hardware Functional Specification

Rev. 1.6

Seiko Epson Corporation

21



Pinout Diagram

6.3.2 Output Pin

Output Data

|
L~

® O Output Pin

N
1

6.3.3 Bi-directional Pin

Figure 6-3: Output Pin (HO1, HO2) Structure

Input Data

Output Data

Bidirectional Control

L O Bidirectional Pin

®
High on L
C’ > s
High on Pull-down resistor
Ve

Figure 6-4: Bi-directional (HB1D) Structure
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II\I

Input Data \_
Higr;nable ‘
Input Control
Output Data
High on
Output Control

L O Bidirectional Pin

|I\I

Figure 6-5: Bi-directional (HB1G) Structure

6.4 Configuration Options

These pins are used for power-up configuration and must be connected directly to IOVDD or VSS. The state of
CNF[2:0] must not be changed during normal operation.

Power-on State

CNF[2:1] = 01b: Indirect ALE bus
CNF[2:1] = 1xb: Reserved

Pins 1 (connected to IOVDD) 0 (connected to VSS)
CNFO Host interface 8-bit bus Host interface 16-bit bus
Host interface type
CNF[2:1] CNF[2:1] = 00b: Indirect Intel80 bus

Note

When CNFO0 = 1b all register access is 8-bit only.
When CNFO0 = 0b the memory data port (REG[66h] ~ REG[67h]) is 16-bit access. All other registers are 8-bit ac-

cess only.

S1D13517 Hardware Functional Specification

Rev. 1.6

Seiko Epson Corporation

23



Pinout Diagram

6.5 Host Interface Data Pin Mapping

This function is controlled by CNFO.

If 16-bit bus interface is NOT used, pins HD[15:8] should not be connected directly to the power rails, please leave

these pins un-connected.

Table 6-8: Host Interface Data Pin Mapping

Pin Name 16-bit bus 8-bit bus
(CNFO0 = 0b) (CNFO0 = 1b)
HD15 HD15 Open
HD14 HD14 Open
HD13 HD13 Open
HD12 HD12 Open
HD11 HD11 Open
HD10 HD10 Open
HD9 HD9 Open
HD8 HD8 Open
HD7 HD7 HD7
HD6 HD6 HD6
HD5 HD5 HD5
HD4 HD4 HD4
HD3 HD3 HD3
HD2 HD2 HD2
HD1 HD1 HD1
HDO HDO HDO

6.6 Host Interface Control Pin Mapping

This function is controlled by CNF[2:1].

Table 6-9: Host Interface Control Pin Mapping

Pin Name Intel80 bus ALE bus
(CNF[2:1] = 00b) | (CNF[2:1] = 01b)

HCS# HCS# HCS#
HRE# HRE# HRE#
HWE# HWE# HWE#
HD/C# HD/C# HD/C#
HALE Connect to VSS HALE

TE/INT TE/INT TE/INT
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6.7 LCD Interface Pin Mapping

This function is controlled by REG[14h] bit 0.

Table 6-10: LCD Interface Pin Mapping

Pin Name TFT Interface
Color depth| 18bpp | 24bpp
PVS PVS
PHS PHS
PCLK PCLK
PDE PDE
PDRO GPO4 RO
PDR1 GPO5 R1
PDR2 R2
PDR3 R3
PDR4 R4
PDR5 R5
PDR6 R6
PDR7 R7
PDGO GPO6 GO
PDG1 GPO7 G1
PDG2 G2
PDG3 G3
PDG4 G4
PDG5 G5
PDG6 G6
PDG7 G7
PDBO GPO8 BO
PDB1 GPO9 B1
PDB2 B2
PDB3 B3
PDB4 B4
PDB5 B5
PDB6 B6
PDB7 B7
GPOO GPOO GPOO
GPO1 GPO1 GPO1
GPO2 GPO2 GPO2
GPO3 GPO3 GPO3
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D.C. Characteristics

Chapter 7 D.C. Characteristics

7.1 Absolute Maximum Rating

Table 7-1: Absolute Maximum Ratings

Symbol Parameter Rating Units
CORE Vpp |Core Supply Voltage VSS-0.3~3.0 \Y
PLL Vpp PLL Supply Voltage VSS-0.3~3.0 \%

10 Vpp IO Supply Voltage COREVDD ~ 4.0 \%

VN Input Signal Voltage VSS-0.3~10VDD + 0.5 \%

Vour Output Signal Voltage V8S-0.3~10VDD + 0.5 \

louT Output Signal Current 30 mA

7.2 Recommended Operating Conditions
Table 7-2: Recommended Operating Conditions

Symbol Parameter Condition Min Typ Max Units
CORE Vpp |Core Supply Voltage VSS=0V 2.30 2.50 2.70 \%
PLL Vpp PLL Supply Voltage VSS=0V 2.30 2.50 2.70 \Y
10 Vpp 10 Supply Voltage VSS=0V 3.00 3.30 3.60 \%
VN Input Voltage — VSS — IOVDD \%
ToPr Operating Temperature — -40 +25 +85 °C
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7.3 Electrical Characteristics

The following conditions are for VSS = 0V, TOPR = -40 to +85°C.

Table 7-3: Electrical Characteristics

Symbol Parameter Condition Min Typ Max Units
loaLL Quiescent Current Quiescent Conditions — — 1 mA
IpLL PLL Current fpLL = 90MHz — 1 — mA
lcore Operating Current COREVDD Pin — 50 100 mA
liz Input Leakage Current — -5 — 5 pA
loz Output Leakage Current — -5 — 5 pA
IOVpp1  |High Level Output Voltage (1) :OVDE’ =3min IOVDD - 0.40 — IOVDD \Y

oH1 = -3mA
IOVon,  |High Level Output Voltage (2) :2:2'35 :;::i: IOVDD - 040| — IOVDD v
IOVo 4 Low Level Output Voltage (1) :SD:ZD&:Omi: VSS — 0.40 \Y,
IOVp o |Low Level Output Voltage (2) :3?;2:6%1:: A VSS — 0.40 \Y,
1OV 41 High Level Input Voltage CMOS Input 2.20 — — \%
10V, 4 Low Level Output Voltage CMOS Input — — 0.80 \
1OV 2 High Level Input Voltage Gated Input 1.70 — — \%
10V, Low Level Input Voltage Gated Input — — 0.70 \
[O)V Positive Trigger Voltage CMOS Schmitt 1.40 — 2.70 \%
IOV, Negative Trigger Voltage CMOS Schmitt 0.60 — 1.80 \Y,
10 Vy Hysteresis Voltage CMOS Schmitt 0.30 — — \%
Rpp Pull-Down Resistance V,=VDD 60 120 288 kQ
Cio Pin Capacitance f=1MHz, VDD = 0V — — 10 pF
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Chapter 8 A.C. Characteristics

Conditions: IOVDD = 3.3V £ 0.3V, COREVDD = PLLVDD = 2.5V £ 0.2V, T5 = -40°C ~ 85°C
T,ise and Ty for all inputs except Schmitt must be <50ns (10% ~ 90%)
T,ise and Ty for all Schmitt must be; <5ms (10% ~ 90%)

Ci, = 30pF (Host Interface)

Cp = 15pF (SDRAM Interface)
C = 30pF (LCD Interface)

Cy = 30pF (Other Interface)

8.1 Clock Timing

8.1.1 Input Clocks

—t1

—t2

90%
ViH
CLKI
ViL
10%
t3—» <« —> «—t4
tosc
tosc tosc
5 < > e
L — ,
CLKI
Figure 8-1: Clock Input Requirement (CLKI)
Table 8-1: Clock Input Requirement (CLKI)

Symbol Parameter Min Typ Max Units
fosc Input clock frequency 2 — 64 MHz
tosc Input clock period — 1fosc — ns

t1 Input clock pulse width high 5 — — ns
t2 Input clock pulse width low 5 — — ns
t3 Input clock rise time (10% - 90%) — — 10 ns
t4 Input clock fall time (90% - 10%) — — 10 ns
t5 Input clock cycle jitter (see note 1) -150 150 ps

The input clock cycle jitter is the difference in period between adjacent cycles.
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8.1.2 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 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.

MHz

|
Reference clock |

PLL enable

PLL stable

10ms
Lock in time
— |

r
|
|
|

4

4
|
|
|
-

Foaor
Lo
[
[
4 -

Figure 8-2: PLL Start-up Time

Table 8-2: PLL Clock Requirements

Symbol Parameter Min Typ Max Units
fPLLI PLL input clock frequency 0.99 1.00 2.00 MHz
fPLLO PLL output clock frequency 50 — 180 MHz

fPLLDutv 4 |PLL output clock duty 30 50 70 %

fPLLDutv2 PLL output clock duty (note) 40 50 60 %
tpyref PLL output clock period jitter -500 — 500 ps
tpstal PLL output stable time — — 10 ms

Note

When REG[08h] bit 0 = 1b, the PLL output is divided to 1/2 clock.
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8.1.3 Clock Output

Table 8-3: Clock Output (SYSCLK: SDCLK = 1:3)

Symbol Parameter Min Typ Max Units
fSDCLK SDRAM clock (note1, 2) — — 90 MHz
tsputy SDRAM clock duty 30 50 70 %
tsputy2 SDRAM clock duty (note 3) 40 50 60 %
fSYSCLK Internal system clock (note 1) — — 30 MHz
fPCI_K Pixel clock (note 1) — — 30 MHz
teputy Pixel clock duty 45 50 55 %
Table 8-4: Clock Output (SYSCLK: SDCLK = 1:2)
Symbol Parameter Min Typ Max Units
fSDCLK SDRAM clock (note1, 2) — — 90 MHz
tsputy SDRAM clock duty 30 50 70 %
tsputy2 SDRAM clock duty (note 3) 40 50 60 %
fSYSCLK Internal system clock (note 1) — — 45 MHz
fPCI_K Pixel clock (note 1) — — 45 MHz
teDuty Pixel clock duty 45 50 55 %

Note

1. These values do not include the PLL jitter value and CLKI input difference.
2. The AC characteristic in the host interface changes depending on the frequency of the SDRAM clock.
3. When REG[08h] bit 0 = 1b, PLL output is divided to 1/2 clock.

8.1.4 Spread Spectrum (SS) Clock

As Spread Spectrum modulation clock EMI decreases, the spread Spectrum modulation can be increased.

Table 8-5: Spread Spectrum Clock

Symbol Parameter Min Max Units
fSSCLK Input SS clock (note) 31 80 MHz
SS clock diffusion width (REG[10h] bits 6-4 = 000b) -0.37 0.37 ns
SS clock diffusion width (REG[10h] bits 6-4 = 001b) -0.52 0.52 ns
tssw SS clock diffusion width (REG[10h] bits 6-4 = 010b) -0.67 0.67 ns
SS clock diffusion width (REG[10h] bits 6-4 = 011b) -0.82 0.82 ns
SS clock diffusion width (REG[10h bits 6-4 = 100b) -0.97 0.97 ns

Note

The input frequency of the SS must be from 31 to 80MHz. SS cannot be used between 82MHz to 90MHz.
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8.2 Reset Timing

trRes tRESNC
RESET#
Figure 8-3: Reset Timing
Table 8-6: Reset Timing
Symbol Parameter Min Max Units
tres Active reset pulse width 100 — us
tRESNC Noise cancel pulse width — 3 ns
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8.3 Power Sequence Timing

8.3.1 Power-on Sequence Timing

tPoN R
IOVDD
COREVDD
Figure 8-4: Power-on Sequence Timing
Table 8-7: Power-on Sequence Timing
Symbol Parameter Min Max Units
troN Power-on difference time 0 — ms
8.3.2 Power-off Sequence Timing
trorFF
I0vDD
COREVDD
Figure 8-5: Power-off Sequence Timing
Table 8-8: Power-off Sequence Timing
Symbol Parameter Min Max Units
trorF Power-off difference time 0 — ms
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8.4 Host Interface Timing

8.4.1 Indirect Intel80 Bus

HD/C#
Kote 1)
P twcs o twah .
< tast > - toh e tost o
Il » <€ Ll Ld
HCS#
Note 2) P tost I
P twi P twh -
oy
HWE#
P tr2w o
P tw2r R
» tast - taht -
HD[15:0] Write)
Note 3)
L tres o tran o
» trc »
< trI
HRE# \
4 trn
trad - P trodh N
HD[15:0] Read)
P trdv o
ote 3) < N ) trdy R
Note 1: The HD/C# input pin is used to distinguish between Address and Data
Note 2: The register address will auto-increment in word increments for all register access except the memory data port.
Writes to the memory data port will not increment the register address to support burst data write to memory.
Note 3: When CNFO0=1, only HD[7:0] are used.
When CNF0=0, HD[15:0] are used for accesses to the Memory Data Port. HD[7:0] are used for all other accesses.

Figure 8-6: Intel80 Bus A.C. Characteristics
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Table 8-9: Intel80 Bus A.C. Characteristics

Pin |Symbol Parameter Min Max Units Note
tast  |Address setup time (read/write) 1 — ns
HD/C# | tyan |Address hold time (write) 5 — ns
tan |Address hold time (read) 5 — ns
twes | Chip select setup time (write) twi — ns
HOS# tres Ch?p select setup.time (read) . ty — ns
teh | Chip select hold time (read/write) 0 — ns
tesf | Chip select wait time (read/write) 1 — ns
Write cycle for registers 30 — ns
8-bit 16bpp mode 35* (1/fSDCLK) — ns (note 1)
] 8-bit 24bpp mode 25* (1/fSDCLK) — ns (note 1)
\(’é”ég[‘;yzcr']‘]* g‘i’tr 4mfgng’)ry 16-bit 16bpp mode | 7 * (1/fg ) — ns | (note 1)
16-bit 24bpp mode 1 | 5* (1/fSDCLK) — ns (note 1)
twe 16-bit 24bpp mode 2 | 3.5* (1/fSDCLK) — ns (note 1)
HWE# 8-b?t 16bpp mode 7* (1/fSDCLK) — ns (note 2)
) 8-bit 24bpp mode 5* (1/fSDCLK) — ns (note 2)
}’;”Etg[%i"‘]* g‘i’tr 4”“:‘*’1“;;" 16-bit 16bpp mode | 14 (1/fgp, ) = ns | (note 2)
16-bit 24bpp mode 1 | 10 * (1/fSDCLK) — ns (note 2)
16-bit 24bpp mode 2 | 7 * (1/fSDCLK) — ns (note 2)
twi  |Pulse low duration 10 — ns
twh |Pulse high duration twe - twi — ns
twor |HWEH# rising edge to HRE# fall edge 20 — ns
tow |HRE# rising edge to HWE# fall edge 20 — ns
HRE# t. |Read cycle . ty + th — ns
ty Pulse low duration trav — ns
tn  |Pulse high duration 10 — ns
tyst | Write data setup time 3 — ns
tant | Write data hold time 5 — ns
HD[15:0]| todn |Read data hold time 1 — ns
(noted) | t.y, |HRE#rising edge to HD Hi-Z — 10 ns
tqy |HRE# fall edge to HD active data — 15 ns
tqa |HRE# fall edge to HD drive 5 — ns
Note

1. For REG[12h] bit 4 = Ob, when this spec is not satisfied, write buffer overflow of the memory controller occurs
(REG[92h] bit 3).

2. For REG[12h] bit 4 = 1b, when this spec is not satisfied, write buffer overflow of the memory controller occurs
(REG[92h] bit 3).

3. When CNF0=1, only HD[7:0] are used. When CNF0=0, HD[7:0] are used for all accesses except for the Mem-
ory Data Port when HD[15:0] are used.
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8.4.2

Indirect ALE Bus

HD/C#
fote 1)

HALE
fote 1)

HCS#
fote 2)

HWE#

HD[15:0] \rite)
fiote 3)

HRE#

fote 3)

HD[15:0] fead) 4<

t
P alest ~ talen
o L
taIeI
’ ltast )
< fwes > < fwan >
P tch ol tcsf -
o Ll L
P tcsf R
l L
P tW| A tWh »
al al L
P tch
t al
. wcC »
al »
P toow
<
< tw2r >
t
9t it .
o o L
Address *
» tros g tran g
hl Ll Ll
< fre >
P ty
hl
4 trh
o
t
4 tl‘dd = : rodh >
Address > \
trdv
—> 4 trrdz -
al L

Note 1: The HD/C# input pin is used to distinguish between Address and Data. The HD/C# signal is latched by HALE rising edge.

Note 2: The register address will auto-increment in word increments for all register access except the memory data port.
Writes to the memory data port will not increment the register address to support burst data write to memory.

Note 3: When CNFO0=1, only HD[7:0] are used.
When CNF0=0, HD[15:0] are used for accesses to the Memory Data Port. HD[7:0] are used for all other accesses.

Figure 8-7: ALE Bus A.C. Characteristics
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Table 8-10: ALE Bus A.C. Characteristics
Pin Symbol Parameter Min Max Units Note
tast  |Address setup time (read/write) 1 — ns
HD/C# twah |Address hold time (write) 5 — ns
tan  |Address hold time (read) 5 — ns
taest |Address setup time 5 — ns
HALE# | then |Address hold time 5 — ns
tael  |Pulse low duration 5 — ns
twes | Chip select setup time (write) twi — ns
HCS# tres Ch?p select setup.time (read) ' ty — ns
teh Chip select hold time (read/write) 0 — ns
tesf | Chip select wait time (read/write) 1 — ns
Write cycle for registers 30 — ns
8-bit 16bpp mode 35" (1/fSDCLK) — ns (note 1)
] 8-bit 24bpp mode 25* (1/fSDCLK) — ns (note 1)
Ygantgﬁyzcrlﬁ L?{;“frgg)ry 16-bit 16bpp mode 7% (figpe ) — ns | (note 1)
16-bit 24bpp mode 1 5* (1/fSDCLK) — ns (note 1)
twe 16-bit 24bpp mode 2 35" (1/fSDCLK) — ns (note 1)
HWE# 8-b?t 16bpp mode 7* (1/fSDCLK) — ns (note 2)
) 8-bit 24bpp mode 5* (1/fSDCLK) — ns (note 2)
}’;’{rggﬁyzc:]* L‘?{:‘f’?g{y 16-bit 16bpp mode | 14 * (1/fgp ) = ns | (note 2)
16-bit 24bpp mode 1 10 * (1/fSDCLK) — ns (note 2)
16-bit 24bpp mode 2 7* (1/fSDCLK) — ns (note 2)
twi  |Pulse low duration 10 — ns
twh  |Pulse high duration twe - twi — ns
twor |HWE# rising edge to HRE# fall edge 20 — ns
tow |HRE# rising edge to HWE# fall edge 20 — ns
HRE# t. |Read cycle ' ty + th — ns
ty Pulse low duration trav — ns
th Pulse high duration 10 — ns
tyst | Write data setup time 3 — ns
tght |Write data hold time 5 — ns
HD[15:0]| todn |Read data hold time 1 — ns
(note 3) | t.4, |HRE# rising edge to HD Hi-Z — 10 ns
tqv |HRE# fall edge to HD active data — 15 ns
tqq¢ |HRE# fall edge to HD drive 5 — ns
Note

1. For REG[12h] bit 4 = Ob, when this spec is not satisfied, write buffer overflow of the memory controller occurs
(REG[92h] bit 3).

2. For REG[12h] bit 4 = 1b, when this spec is not satisfied, write buffer overflow of the memory controller occurs
(REG[92h] bit 3).

3. When CNF0=1, only HD[7:0] are used. When CNF0=0, HD[7:0] are used for all accesses except for the Mem-
ory Data Port when HD[15:0] are used.
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8.4.3 Hi-Z Definition of transition time to Hi-Z state

Due to the difficulty of high impedance (Hi-Z) measurement for high speed signals, transition time from H/L to Hi-
Z specified as follows.

* High to Hi-Z delay time: t,y7
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 delay + typ7 (from High to Hi-Z)

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

to measure tyz

Tri-state output cell 4@

10VDD
o ——

S
—

VSS

to measure t, 7

v v
A A
ovop,—,EN L lovop| . EN N
0.8 IOVDD /
+-1/210vDD 0.2 10vDD. 1 17210VDD
» >
< > Time < b Time
torz toLz
Figure 8-8: Hi-Z Definition of transition time to Hi-Z state
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8.5 SDRAM Interface Timing

o thC o
< tmen P tmel >
MCLKO \
tmad tmah
—>
MCS#, MA[11:0]
MRAS#, MCAS#
MWE#, MBA[1:0]
MDQM[1:0], MCKE t
mdoz
< tmdod > ¢ tmdoh )
MD[15:0]
(Output) ‘
MCLKI \
< tmais »le tmdin
MDI[15:0]
(Input)
Figure 8-9: SDRAM Interface Timing
Table 8-11: SDRAM Interface Timing
Symbol Parameter MIN MAX Units
tmee MCLKO period (note 1) 10 — ns
it MCLKO Low pulse width 0.3tmec - 2 — ns
tmei2 MCLKO Low pulse width (note 2) 0.5t - 2 — ns
tmch1 MCLKO High pulse width 0.3tec - 2 — ns
trmch2 MCLKO High pulse width (note 2) 0.5tec - 2 — ns
tnad SDRAM control signals delay time — 7 ns
tman SDRAM control signals hold time 1 — ns
tmdod  |SDRAM data signal delay time — 7 ns
tmdgoh | SDRAM data signal hold time 1 — ns
tndoz | SDRAM data output signal Hi-Z time — 9 ns
tdis SDRAM data input signal setup time 3 — ns
tmdin SDRAM data input hold time 2 — ns
Note
1. MCLKO period (MIN) = (1/PLL frequency) /2 - Ins - SS jitter width.
2. When REG[08h] bit 0 is set 1b, PLL output is divided to 1/2 clock.
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Figure 8-10: SDRAM Read Timing
Note
Burst length = 4 and CAS latency = 2 are fixed.
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Figure §8-11: SDRAM Write Timing
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MCLKO
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MA[11:0] HorlL

MDQM[1:0] L

MD[15:0] Horl

Auto Refresh
Command 10 times)

All bank Precharge
Command

Mode Register Set
Command

Note

Figure 8-12: SDRAM Initialization Timing

The initialization sequence is started by setting the SDRAM Initialization bit (REG[84h] bit 1 = 1b). After power-
on/reset, the initialization sequence can be run only once. The initialization sequence requires 30,000 MCLKO cy-

cles.
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MCLKO
MCKE
MCS#
MRAS#
MCAS#
MWE#
MBA[1:0]
MA[11:0]
MDQM[1:0]
MD[15:0]

Auto Refresh
command

Figure 8-13: Auto Refresh / Self Refresh Timing

Auto refresh time = (REG[8Eh], REG[8Ch] counter value) / f .

Note

Rev. 1.6
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MCLKO
MCKE
MCS#
MRAS#
MCAS#
MWE#
MBA[1:0]
MA[11:0]
MDQM[1:0]
MD[15:0]

Power-Off
End

Power-Off
Start

Figure 8-14: Power-Off Timing

When the power-off mode is started, the control signals are forced to high level output so the SDRAM power is

never shut down.

Note
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8.6 LCD Interface Timing

The timing parameters required to drive a flat panel display are shown below. Timing details for each supported
panel type are provided in the remainder of this section.

Note
All timing measurements are taken to/from the 1/2*IOVDD level in the following display interface timing dia-
grams.
P HDISP P HNDP R
PDE
HPS | Hsw
PHS
7y 7y
<
9
%)
E T
7 < HDISP > HNDP
) < <
4
A A < A
)
vow
é A é é
o v = %
A
h] Y
5 R
Figure §8-15: Panel Timing Parameters
Table 8-12: Panel Timing Parameters
Symbol Description Register Min Max Units
HDISP Horizontal Display Width ((REG[16h] bits 6-0) + 1) x 8 32 960
HNDP Horizontal Non-Display Period ((REG[18h] bits 7-0) + 1) x 2 4 512 Ts
HPS PHS Pulse Start Position (REG[22h] bits 6-0) 0 127 |(Note 1)
HSW PHS Pulse Width (REGJ[20h] bits 6-0) + 1 1 128
VDISP Vertical Display Height (REG[1Ch] bits 1-0, REG[1AR] bits 7-0) + 1| 32 960
VNDP Vertical Non-Display Period ((REG[1Eh bits 7-0) + 1) x 2 4 512 Line
VPS PVS Pulse Start Position (REG[26h] bits 7-0) 0 255
VSW PVS Pulse Width (REG[24h] bits 5-0) + 1 1 64
Note
Ts=1/PCLK
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8.6.1 LCD Panel Power-on Sequence

t1

Display on bit **

*kk

LCD signals

**The LCD power-on sequence is activated by programming the Display on bit REG[2Ah] bit 0) from 0b to 1b.

***| CD signals include: PDR[7:0], PDG[7:0], PDB[7:0], PCLK, PHS, PVS and PDE.

Figure 8-16: LCD Panel Power-on Sequence Timing

Table 8-13: LCD Panel Power-on Sequence Timing

Symbol Parameter Min Max Units

t1 Display on to LCD signals active 0 10 Ts

8.6.2 LCD Panel Power-off Sequence

Display on bit **

t1

LCD signals ***

** The LCD power-off sequence is activated by programming the Display on bit REG[2Ah] bit0) from 1b to Ob.

*** | CD signals include: PDR[7:0], PDG[7:0], PDB[7:0], PCLK, PHS, PVS and PDE

Figure 8-17: LCD Panel Power-off Sequence Timing

Table 8-14: LCD Panel Power-off Sequence Timing

Symbol Parameter Min Max Units
t1 Display off to LCD signals inactive 0 10 Ts
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8.6.3 LCD Panel Timing

t1

. t2 ol I
PVS ) '}/ // -
R N
| Y
« t17 R 18
PDE ‘

e j _ Ik

ST —
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PDR[7:0]
PDG[7:0] invalid 1 >< 2 / >< 800 ) invalid
PDBI7:0]

Figure 8-18: LCD Panel Timing

Note
PHS, PVS and PCLK have Polarity Select bits REG[20h] bit 7, REG[24] bit 7, and REG[28] bit 7 respectively.
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Table 8-15: LCD Panel Timing

Symbol Parameter Min Typ Max | Units
t1 PVS cycle time — VDISP + VNDP — Lines
t2 PVS pulse width Low — VSW — Lines
t3 PVS falling edge to PHS rising edge phase difference — HPS — Ts
t4 PHS cycle time — HDISP + HNDP — Ts
t5 PHS pulse width Low — HSW — Ts
t6 PHS falling edge to PDE active — HNDP - HPS — Ts
t7 PDE pulse width — HDISP — Ts
t8 PDE falling edge to PHS falling edge — HPS — Ts
t9 PCLK period 1 — — Ts
t10 PCLK pulse width Low 0.5 — — Ts
t11 PCLK pulse width High 0.5 — — Ts
t12 PHS setup to PCLK falling edge 0.5 — — Ts
t13 PDE to PCLK rising edge setup time 0.5 — — Ts
t14 PCLK rising edge to PDE hold time 0.5 — — Ts
t15 Data setup to PCLK rising edge 0.5 — — Ts
t16 PCLK rising edge to data hold time 0.5 — — Ts
t17 PDE stop setup to PVS start — VPS — Ts
t18 Vertical non-display period — VNDP — Ts

1. Ts = Pixel clock period

S1D13517 Hardware Functional Specification
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8.6.4 LCD Interface Timing

< tpcc »
toch ;\4 tocl >
PCLK
(REG[28h] b7=0) \
todd tgddh
—>
PVS, PHS, PDE
PR[7:0]
PG[7:0]
PBI[7:0]
Figure 8-19: LCD Interface Timing
Table 8-16: LCD Interface Timing
Symbol Parameter MIN MAX Units
toce PCLK cycle time (note) 20 — ns
tocl PCLK pulse width Low toce * 0.4 — ns
toch PCLK pulse width High toce ™ 0.4 — ns
todd LCD signals output delay time — 5 ns
todh LCD signals output hold time 0 — ns

Note

PCLK cycle time (MIN) = ((1/PLL frequency) / 2 - 1ns - SS jitter width) * 2 (or 3)
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Chapter 9 Clocks

9.1 Clock Descriptions

An external clock is applied to the CLKI pin

The clock signal is applied to the CLKI pin. The clock to which are done with PLL is SDRAM clock (SDCLK). The
clock that 1/2 dividing frequency or 1/3 dividing is system clocks (SYSYCLK) from SDCLK. Pixel clock (PCLK)
becomes the same clock as SYSCLK.

Spread Spectrum modulation (SS) can be added to SDCLK or SYSCLK (however, the frequency range is limited to

31MHz ~ 80MHz.).

(REG[06h] bits 6-4)

PLL Enable
(REG[04h] bit 7)

PLL Divide Select
(REG[04h] bits 5-0)
(REG[0Ch] bits 6-0)

PLL Divide Select
(REG[08h] bit 0)

'

Divider|

v

External Clock Source

v

PLL

v

12

v

CLKI N—{

SDCLK Enable
(REG[68h] bit 0)

Note:

When REG[12h] bits 1-0 = 01b, SYSCLK is driven by the SS output clock.

SDCLK Source Select
(REG[12h] bit 7)

SS Clock Source Select
(REG[12h] bit 1)

RESET#

CLKI—p

0
—» MCLKO
1

Glitch free SDCLK ——Pp
segamersses
its 6-
> \ L,
_/ v 0
—+—» SDCLK
1 1
—» Ss >
— > 0
— SS Enable
Divider|  (REG[OE] bit 7)
12 |4
113
>
SYSCLK Divide Select SYSCLK
(REG[12h] bit 4) — (PCLK)
»
>

SS Clock Source Select J

(REG[12h] bits 1-0)

When REG[12h] bits 1-0 = 00b, 10b or 11b, SYSCLK s driven by the SDCLK output clock.

Figure 9-1: Clock Block Diagram

Table 9-1: Clock Selection

Selection SDCLK : SYSCLK SDCLK SS (SDCLK) | SYSCLK (=PCLK) | SS (SYSCLK)
Selection 1 3:1 25~90MHz not used 8.3~30MHz not used
Selection 2 2:1 62~90MHz not used 31~45MHz used
Selection 3 3:1 32~80MHz used 10.6~26.6MHz used
Selection 4 2:1 32~80MHz used 16~40MHz used

S1D13517 Hardware Functional Specification
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9.2 Clock Function

The following table summarizes the internal clocks that are required for various S1D13517 functions.

Note

Table 9-2: Clock Function

Function

CLKI Input

SYSCLK

SDCLK

Hardware reset

not required

not required

not required

Register access

not required

not required

not required

Memory access required required required
LCD display required required required
PWM output required required not required
GPO output not required not required not required

LCD display (Test color-bar)

required

required

not required

Register accesses do not require an internal clock as the SID13517 creates a clock from the bus cycle alone.
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9.3 Clock Control

The internal clocks can be controlled by register settings.

Table 9-3: Clock Control

Register Setting LCD PWM g'l‘:::i' Others
REG[68h] bit 0 = 0b Stop Stop Stop Stop
REGJ[2Ah] bit 0 = Ob Stop Run Run Run
REG[70h] bit 2 = 0b Run Stop Run Run
REGI[9Eh] bit 7 = Ob Run Run Stop Run

Note

All internal clocks are dependant on SDCLK.
When REG[68h] bit 0 = 1b, SDCLK is enabled and all internal clocks may be also enabled.
When REG[68h] bit 0 = 0b, SDCLK is disabled and all internal clocks are stopped.

9.4 Software Reset

Internal sub-system blocks may be software reset from within REG[68h]. All registers are never reset.

Table 9-4: Software Reset

. . Memo SDRAM Alpha-

Register Setting LCD PWM Controllriler Controller Blind
REGI[68h] bit 7 = 1b Reset - - - -
REG[68h] bit 6 = 1b - Reset - - -
REGI[68h] bit 5 = 1b - - Reset - -
REG[68h] bit 4 = 1b - - - Reset -

REGI[68h] bit 3 = 1b - - - - Reset

Note

When REG[68h] bit 0 = 0b the SID13517 is in power save mode. When returning from power save mode,
REG[68h] bit 0 = 1b, reset the LCD sub-system, the PWM sub-system, the memory (SDRAM) controller sub-sys-
tem and the Alpha-Blend sub-system to re-initialize the sub-systems. When the SDRAM controller is reset, it is
necessary to re-initialize the controller.
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Chapter 10 Registers

This section discusses how and where to access the SID13517 registers. It also provides detailed information about
the layout and usage of each register.

Burst data writes to the register space are supported for all register write accesses, except write accesses to the

Memory Data Port (REG[66h] ~ REG[67h]). All writes to these registers will auto-increment the internal memory
address only.

10.1 Register Mapping

All registers and memory are accessed via the Host interface. All accesses are 8-bit only except for the Memory Data
Port (REG[66h] ~ REG[67h]) which is accessed according to the configuration of the CNFO0 pin (16-bit for CNFO0
= 0b, 8-bit for CFNO = 1b). For further information on this setting, see Section 6.4, “Configuration Options” on page
23.

10.2 Register Set

The S1D13517 registers are listed in the following table.

Table 10-1: SID13517 Register Set

Register Pg | Register Pg
Read-Only Configuration Registers
REGI[00h] Product Code Register 54 |REG[02h] Configuration Readback Register 54
Clock Configuration Registers
REG[04h] PLL D-Divider Register 55 |REG[06h] PLL Setting Register 0 56
REG[08h] PLL Setting Register 1 56 |REG[0Ah] PLL Setting Register 2 57
REG[0Ch] PLL N-Divider Register 58 |REG[OEh] SS Control Register 0 59
REG[10h] SS Control Register 1 59 |REG[12h] Clock Source Select Register 60
Panel Configuration Registers
REG[14h] LCD Panel Type Register 61 |REG[16h] Horizontal Display Width Register (HDISP) 61
REG[18h] Horizontal Non-Display Period Register (HNDP) 62 |REG[1Ah] Vertical Display Height Register 0 (VDISP) 62
REG[1Ch] Vertical Display Height Register 1 (VDISP) 62 |REG[1Eh] Vertical Non-Display Period Register (VNDP) 62
REG[20h] PHS Pulse Width Register (HSW) 63 |REG[22h] PHS Pulse Start Position Register (HPS) 63
REG[24h] PVS Pulse Width Register (VSW) 63 |REG[26h] PVS Pulse Start Position Register (VPS) 64
REG[28h] PCLK Polarity Register 64
Display Mode Registers

REG[2Ah] Display Mode Register 65 |REG[2Ch] PIP1 Display Start Address Register 0 66
REGI[2Eh] PIP1 Display Start Address Register 1 66 |REG[30h] PIP1 Display Start Address Register 2 66
REG[32h] PIP1 Window X Start Position Register 67 |REG[34h] PIP1 Window Y Start Position Register 0 67
REG[36h] PIP1 Window Y Start Position Register 1 67 |REG[38h] PIP1 Window X End Position Register 68
REG[3Ah] PIP1 Window Y End Position Register 0 68 |REG[3Ch] PIP1 Window Y End Position Register 1 68
REGI[3Eh] PIP2 Display Start Address Register 0 69 |REG[40h] PIP2 Display Start Address Register 1 69
REG[42h] PIP2 Display Start Address Register 2 69 |REG[44h] PIP2 Window X Start Position Register 69
REG[46h] PIP2 Window Y Start Position Register 0 70 |REG[48h] PIP2 Window Y Start Position Register 1 70
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Table 10-1: SI1D13517 Register Set (Continued)

Register Pg Register Pg
REG[4Ah] PIP2 Window X End Position Register 70 |REG[4Ch] PIP2 Window Y End Position Register 0 71
REGI[4Eh] PIP2 Window Y End Position Register 1 71 |REG[50h] Display Control Register 72
Input Mode Registers
REG[52h] Input Mode Register 73 |REG[54h] Transparency Key Color Red Register 74
REG[56h] Transparency Key Color Green Register 74 |REG[58h] Transparency Key Color Blue Register 75
REG[5Ah] Write Window X Start Position Register 75 |REG[5Ch] Write Window Y Start Position Register 0 75
REGI[5Eh] Write Window Y Start Position Register 1 75 |REG[60h] Write Window X End Position Register 76
REG[62h] Write Window Y End Position Register 0 76 |REG[64h] Write Window Y End Position Register 1 76
Memory Access Registers
REG[66h] Memory Data Port Register 0 77 |REG[67h] Memory Data Port Register 1 77
Miscellaneous Registers
REG[68h] Power Save Register 78 |REG[6Ah] Non-Display Period Control / Status Register 79
General Purpose Output Pins Registers
REG[6Ch] General Purpose Output Register 0 80 |REG[6Eh] General Purpose Output Register 1 80
PWM Registers
REG[70h] PWM Control Register 81 |REG[72h] PWM High Duty Cycle Register 0 82
REG[74h] PWM High Duty Cycle Register 1 82 |REG[76h] PWM High Duty Cycle Register 2 82
REG[78h] PWM High Duty Cycle Register 3 82 |REG[7Ah] PWM Low Duty Cycle Register 0 83
REG[7Ch] PWM Low Duty Register 1 83 |REG[7Eh] PWM Low Duty Register 2 83
REG[80h] PWM Low Duty Register 3 83
SDRAM Control Registers
REG[82h] SDRAM Control Register 84 |REG[84h] SDRAM Status Register 0 84
REG[86h] SDRAM Status Register 1 85 |REG[88h] SDRAM MRS Value Register 0 86
REG[8Ah] SDRAM MRS Value Register 1 86 |REG[8Ch] SDRAM Refresh Counter Register 0 86
REG[8Eh] SDRAM Refresh Counter Register 1 86 |REG[90h] SDRAM Write Buffer Memory Size Register 0 87
REG[92h] SDRAM Debug Register 87
Alpha-Blend Registers
REG[94h] Alpha-Blend Control Register 88 |REG[96h] is Reserved 88
REG[98h] Alpha-Blend Horizontal Size Register 89 |REG[9Ah] Alpha-Blend Vertical Size Register 0 89
REG[9Ch] Alpha-Blend Vertical Size Register 1 89 |REG[9Eh] Alpha-Blend Value Register 89
REGJ[AOh] Alpha-Blend Input Image 1 Start Address Register 0 90 |REG[A2h] Alpha-Blend Input Image 1 Start Address Register 1 90
REGJ[A4h] Alpha-Blend Input Image 1 Start Address Register 2 90 |REG[A6h] Alpha-Blend Input Image 2 Start Address Register 0 91
REGJ[A8h] Alpha-Blend Input Image 2 Start Address Register 1 91 |REG[AAhN] Alpha-Blend Input Image 2 Start Address Register 2 91
REG[ACh] Alpha-Blend Output Image Start Address Register 0 91 |REG[AEh] Alpha-Blend Output Image Start Address Register 1 91
REG[BOh] Alpha-Blend Output Image Start Address Register 2 91
Interrupt Registers

REGI[B2h] Interrupt Control Register 92 |REG[B4h] Interrupt Status Register 93
REGI[B6h] Interrupt Clear Register 93
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10.3 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
0b during power-on reset.

10.3.1 Read-Only Configuration Registers

REG[00h] Product Code Register
Default = B8h Read Only
Product Code bits 5-0 Revision Code bits 1-0
7 | 6 | 5 | 4 | 3 | 2 1 | 0
bits 7-2 Product Code bits [5:0] (Read Only)
These read-only bits indicate the product code. The product code for the SID13517 is
101110b.
bits 1-0 Revision Code bits [1:0] (Read Only)

These read-only bits indicate the revision code. The revision code is 00b.

REG[02h] Configuration Readback Register
Default = XXh Read Only
n/a CNF2 Status CNF1 Status CNFO Status
7 | 6 | 5 | 4 | 3 2 1 0
bits 2-0 CNEFJ[2:0] Status (Read Only)

These read-only status bits return the status of the configuration pins CNF[2:0]. For details
on CNF[2:0] functionality, see Section 6.4, “Configuration Options” on page 23.

54 Seiko Epson Corporation S1D13517 Hardware Functional Specification
Rev. 1.6



Registers

10.3.2 Clock Configuration Registers

Default = 01h

REG[04h] PLL D-Divider Register

Read/Write

PLL Enable
7

n/a
6

D-Divider bits 5-0
5 | 4 | 3 2 1 | 0

bit 7

bits 5-0

PLL Enable

This bit enables the PLL output.

When this bit = 0b, the PLL is disabled.
When this bit = 1b, the PLL is enabled.

Note
All other PLL registers must be set before enabling SS or PLL. SDCLK must be dis-
abled (REG[68h] bit 0 = 0b) before changing the value of this bit. Do not change this bit
while operating.

D-Divider bits [5:0]
These bits determine the divide ratio between CLKI and the actual input clock to the PLL

Note
Depending on CLKI, these bits must be set such that the internal input clock to the PLL
(PLLCLK) is between 1Mhz ~ 2MHz.

Table 10-2: PLL D-Divide Selection

REG[04h] Bits 5-0 D-Divide Ratio
Oh Reserved
01h 2:1 (Default)
02h 3:1
03h 4:1

3Eh 63:1
3Fh 64:1
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REG[06h] PLL Setting Register 0
Default = 01h Read/Write
n/a VC bits 2-0 n/a Reserved
7 6 | 5 | 4 7 2 1 | 0
bits 6-4 VC bits [2:0]
These bits determine the frequency of the VCO.
Table 10-3: VC Selection
REG[06h] Bits 6-4 PLL Frequency
000b 50 ~ 100MHz
100b 102 ~ 140MHz
101b 142 ~ 180MHz
bits 2-0 Reserved
The default value for these bits are 001b.
REG[08h] PLL Setting Register 1
Default = 00h Read/Write
n/a Reserved PLL CE;gDiVide
7 6 | 5 | 4 | 3 | 2 1 0
bits 6-1 Reserved
The default value of these bits is 000000b.
bit 0 PLL Clock Divide By 2
This bit selects whether the PLL output is divided or not. See Chapter 9, “Clocks” on page
49 for a summary of the clock structure.
When this bit = 0b, PLL clock is not divided.
When this bit = 1b, the PLL clock is divided by 2.
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REG[0Ah] PLL Setting Register 2
Default = 08h Read/Write
n/a Reserved
7 | 6 | 5 | 4 3 | 2 0
This register must be programmed with the value 08h.
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REG[0Ch] PLL N-Divider Register
Default = 00h Read/Write
Reserved N-Counter bits 6-0
7 | 5 | 4 | 3 2 1 | 0
bit 7 Reserved
The default value for this bit is Ob.
bits 6-0 N-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  =((N-Counter + 1) x 2) x PLLCLKI
= NN x PLLCLKI

Where:
PLL Output is the desired PLL output frequency (in MHz).
N-Counter is the value of this register (in decimal).
PLLCLKI is the internal input clock to the PLL (1IMHz ~ 2MHz).

Note
1. The PLL output range is minimum 50MHz (REG[0Ch] = 18h), and maximum
180MHz (REG[0Ch] = 59h).
2. The composition of a recommended external low-pass filter changes depending on
PLL output frequency. See Chapter 18, “PLL” on page 132 for further information.

Table 10-4 PLL Setting Example

Target Frequency CLKI D-Divide
(MH) NN REG[06h] | REG[08h] | REG[OCh] | Input Clock i REG[04h]
(MHz2)
60 60 01h 00h 1Dh 24 24:1 17h
66 66 01h 00h 20h 24 24:1 17h
80 80 01h 00h 27h 27 27:1 1Ah
90 90 01h 00h 2Ch 27 271 1Ah
60 120 41h 01h 3Bh 24 24:1 17h
66 132 41h 01h 41h 24 24:1 17h
80 160 51h 01h 4Fh 24 24:1 17h
90 180 51h 01h 59h 24 24:1 17h
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REGI[0Eh] SS Control Register 0
Default = 3Fh Read/Write
Spreaéinigleectrum n/a Reserved
7 6 5 | 4 | 3 | 2 1 | 0
bit 7 Spread Spectrum Enable.

This bit controls Spread Spectrum (SS) modulation.
When this bit = 0b, SS modulation is disabled.
When this bit = 1b, SS modulation is enabled.

Note
Program the SS setting registers before enabling SS or PLL. Disable SDCLK
(REG[68h] bit 0 = 0b) before changing the value of this bit. Do not change this bit while
operating. The frequency for which SS can be used is 31MHz ~ 80MHz.

bits 5-0 Reserved
The default value for these bits is 11_1111b.

REG[10h] SS Control Register 1

Default = 41h Read/Write
Reserved W-Counter bits 2-0 Reserved
7 6 | 5 | 4 3 2 1 | 0
bit 7 Reserved
The default value for this bit is Ob.
bits 6-4 W-Counter bits [2:0]

These bits set the width of the SS output frequency change.

Table 10-5: W-Counter Selection

REG[10h] bits 6-4 W"g:afg':ﬁ';‘l‘:;‘cy
000b +/- 0.25ns
001b +/- 0.35ns
010b +/- 0.45ns
011b +/- 0.55ns
100b +/- 0.65ns (default)

All Other Values Reserved

bits 3-0 Reserved
The default value for these bits is 0001b.
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REG[12h] Clock Source Select Register
Default = 00h Read/Write
SDCIS_QESC(:urce n/a SYS(;I;EEthide n/a SS Clock Source Select bits 1-0
7 6 | 5 4 3 | 2 1 | 0
bit 7 SDCLK Source Select

This bit selects the source of the external SDRAM clock (SDCLK) for the SID13517. For
details on the clock structure see Chapter 9, “Clocks” on page 49.

When this bit = Ob, the SDCLK source is the external CLKI input.

When this bit = 1b, the SDCLK source is the internal PLL.

Note
The PLL output will become stable after 10ms.

bit 4 SYSCLK Divide Select
This bit specifies the divide ratio of the internal system clock (SYSCLK) from the
SDCLK. For details on the clock structure see Chapter 9, “Clocks” on page 49.
When this bit = Ob, the divide ratio of SYSCLK is 1:3.
When this bit = 1b, the divide ratio of SYSCLK is 1:2.

Note
SDCLK must be disabled (REG[68h] bit 0 = 0b) before changing the value of this bit.

Please do not change this bit while operating. +
bits 1-0 SS Clock Source Select bits [1:0]

These bits select the source for the SS clock. For details on the clock structure see Chapter
9, “Clocks” on page 49.

Table 10-6: SS Clock Source Selection

REG[12h] bits 1-0 SS Clock Source
00b SS is not used
01b SYSCLK
1xb SDCLK

Note
SDCLK must be disabled (REG[68h] bit 0 = 0b) before changing the value of these bits.

Please do not change while operating.

Note
The frequency for which SS can be used is 31MHz ~ 80MHz.
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10.3.3 Panel Configuration Registers

REG[14h] LCD Panel Type Register
Default = 00h Read/Write
n/a Input Image Format bits 1-0 Panel Data Width
7 | 6 | 5 | 4 | 3 2 | 1 0
bits 2-1 Input Image Format bits [1:0]
These bits select the input image format. For details on these formats see Section 11.2,
“Color Formats” on page 99.
Table 10-7: Input Image Format Setting
REG[14h] bits 1-0 Input Image Format
00b 24bpp (RGB 8:8:8) mode 1
01b 24bpp (RGB 8:8:8) mode 2
1xb 16bpp (RGB 5:6:5)
Note
Input image data is always stored in memory as RGB 8:8:8. For details see Section 13.4,
“Memory Data” on page 120.
bit 0 Panel Data Width

This bit specifies the data width for the LCD interface.
When this bit = 0b, the LCD interface is configured as 24-bit (1 pixel / clock).
When this bit = 1b, the LCD interface is configured as 18-bit (1 pixel / clock).

REG[16h] Horizontal Display Width Register (HDISP)
Default = 00h Read/Write
n/a Horizontal Display Width bits 6-0
7 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 6-0 Horizontal Display Width bits [6:0]
These bits specify the Horizontal Display Width (HDISP) for the LCD panel, in 8 pixel
resolution (bytes).
HDISP in number of pixels = ((REG[16h] bits 6-0) + 1)x &
Note
The minimum Horizontal Display Width is 32 pixels and the maximum is 960 pixels.
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REG[18h] Horizontal Non-Display Period Register (HNDP)
Default = 00h Read/Write
Horizontal Non-Display Period bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 Horizontal Non-Display Period bits [7:0]
These bits specify the Horizontal Non-Display Period (HNDP) for the LCD panel, in pix-
els.

HNDP in pixels = (REG[18h] bits 7-0) + 1) x 2

Note
The minimum Horizontal Non-Display Period is 4 pixels and the maximum is 512 pix-
els.
HPS + HSW <= HNDP

REG[1Ah] Vertical Display Height Register 0 (VDISP)
Default = 01h Read/Write
Vertical Display Height bits 7-0
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[1Ch] Vertical Display Height Register 1 (VDISP)

Default = 00h Read/Write
n/a Vertical Display Height bits 9-8
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[1Ch] bits 1-0
REG[1Ah] bits 7-0 Vertical Display Height bits [9:0]
These bits specify the Vertical Display Height (VDISP) for the LCD panel, in lines.
VDISP in lines = (REG[1Ch] bits 1-0, REG[1Ah] bits 7-0) +1

Note
The minimum Vertical Display Height is 32 lines and the maximum is 960 lines.

REG[1Eh] Vertical Non-Display Period Register (VNDP)
Default = 01h Read/Write
Vertical Non-Display Period bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 Vertical Non-Display Period bits [7:0]

These bits specify the Vertical Non-Display Period (VNDP) for the LCD panel, in lines.
VNDP in lines = (REG[1Eh] bits 7-0) + 1) x 2

Note
The minimum Vertical Non-Display Period is 4 lines and the maximum is 512 lines.
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REG[20h] PHS Pulse Width Register (HSW)
Default = 00h Read/Write
P';Z:r‘i‘t'se PHS Pulse Width bits 6-0
y
7 6 | 5 | 4 | 3 | 2 | 1 | 0
bit 7 PHS Pulse Polarity
This bit selects the polarity of the horizontal sync signal. This bit is set according to the
horizontal sync signal of the panel.
When this bit = Ob, the horizontal sync signal is active low.
When this bit = 1b, the horizontal sync signal is active high.
bits 6-0 PHS Pulse Width bits [6:0]

These bits specify the width of the horizontal sync signal (HSW) for the LCD panel, in
pixels. The horizontal sync signal is typically PHS, depending on the panel type.
HSW in pixels = (REG[20h] bits 6-0) + 1

Default = 00h

REG[22h] PHS Pulse Start Position Register (HPS)

Read/Write

n/a
7

PHS Pulse Start Position bits 6-0
| 5 | 1 | 3 | 2 | 1 | 0

bits 6-0

PHS Pulse Start Position bits [6:0]
These bits specify the start position of the horizontal sync signal with respect to the start of
Horizontal Non-Display period, in pixels.

HPS in pixels = REG[22h] bits 6-0

REG[24h] PVS Pulse Width Register (VSW)
Default = 00h Read/Write
P\éa:r‘i‘t'yse na PVS Pulse Width bits 5-0
7 6 5 | 4 | 3 | 2 | 1 | 0
bit 7 PVS Pulse Polarity
This bit selects the polarity of the vertical sync signal. This bit is set according to the ver-
tical sync signal of the panel.
When this bit = 0b, the vertical sync signal is active low.
When this bit = 1b, the vertical sync signal is active high.
bits 5-0 PVS Pulse Width bits [5:0]

These bits specify the width of vertical sync signal (VSW) for the LCD panel, in lines.
The vertical sync signal is typically PVS, depending on the panel type.
VSW in lines = (REG[24h] bits 5-0) + 1
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REG[26h] PVS Pulse Start Position Register (VPS)
Default = 00h Read/Write
PVS Pulse Start Position bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 PVS Pulse Start Position bits [7:0]

These bits specify the start position of the vertical sync signal with respect to the start of
Vertical Non-Display period (VPS), in lines.
VPS in lines = REG[26h] bits 7-0

REG[28h] PCLK Polarity Register
Default = 00h Read/Write
PCLK Polarity n/a Reserved
7 6 | 5 | 4 | 3 2 1 | 0
bit 7 PCLK Polarity

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

bits 2-0 Reserved
The default value for these bits is 000b.
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10.3.4 Display Mode Registers

REG[2Ah] Display Mode Register

7 | 6 | 5

4

3 | 2 |

Default = 00h Read/Write
Main Screen Display Buffer Select bits 3-0 Display Data Output Select bits 1-0 DispIIaE?/]allr;tl(earface

1

0

All changes, except to bit 0, entered into this register are not loaded into internal registers
until REG[50h] bit 7 has been written with a 1b. Bit 0 is not synchronized with REG[50h]

bit 7.

bits 7-4 Main Screen Display Buffer Select bits [3:0]
When the double buffer display is not selected, these bits select the writing buffer from 16

buffers.

When the double buffer display is selected (REG[2Ah] bits 3-1 = 001b), these bit are
ignored. (Buffer 1 and 2 are fixed)

Table 10-8: Main Screen Display Buffer Selection

REG[2Ah] bits 7-4 Main Screen Display Buffer
0000b Buffer 1
0001b Buffer 2
0010b Buffer 3
0011b Buffer 4
0100b Buffer 5
0101b Buffer 6
0110b Buffer 7
0111b Buffer 8
1000b Buffer 9
1001b Buffer 10
1010b Buffer 11
1011b Buffer 12
1100b Buffer 13
1101b Buffer 14
1110b Buffer 15
1111b Buffer 16
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bits 3-1 Display Data Output Select bits [2:0]
These bits are selected the display data. These bits can be update on LCD running.

Table 10-9: Display Data Output Selection

REG[2Ah] bits 3-1 Display Data Output
000b Single buffer display (default)
001b Double buffer display
010b PIP1 screen display
011b PIP2 screen display
100b PIP1 and PIP2 screen display
101b Display blanked (all lows output)
110b Display blanked (all highs output)
111b Test color bar display

bit 0 Display Interface Enable

Changes to this bit are not synchronized with REG[50h] bit 7 and occur immediately.
When this bit = Ob, the LCD display interface is disabled.

When this bit = 1b, the LCD display interface is enabled. The SDCLK should be enabled
(REG[68h] bit 0 = 1) before the LCD display interface is enabled.

REG[2Ch] PIP1 Display Start Address Register 0
Default = 00h Read/Write
PIP1 Display Start Address bits 7-3 n/a
7 | 6 | 5 | 4 | 3 2 1 | 0
REG[2Eh] PIP1 Display Start Address Register 1
Default = 00h Read/Write
PIP1 Display Start Address bits 15-8
7 | 6 | 5 | 4 | 3 2 1 | 0
REG[30h] PIP1 Display Start Address Register 2
Default = 00h Read/Write
PIP1 Display Start Address bits 23-16
7 | 6 | 5 | 4 3 2 1 | 0

REG[30h] bits 7-0

REGI2Eh] bits 7-0

REG[2Ch] bits 7-3 PIP1 Display Start Address bits [23:3]
These bits specify the start address of the PIP1 window image in the display buffer. The
value entered into these registers is not loaded into internal registers until REG[50h] bit 7
has been written with a 1b.

PIP1 Display Start Address [23:3] = (REG[30h] bits 7-0, REG[2Eh] bits 7-0, REG[2Ch]
bits 7-3)
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REG[32h] PIP1 Window X Start Position Register
Default = 00h Read/Write
PIP1 Window X Start Position bits 9-3 n/a
7 | 6 | 5 | 4 | 3 | 2 | 1 0
bits 7-1 PIP1 Window X Start Position bits [9:3]

These bits determine the X start position of the PIP1 Window in relation to the origin of
the panel, in 8 pixel resolution (bytes). The value entered into this register is not loaded
into internal registers until REG[50h] bit 7 has been written with a 1b.

PIP1 Window X Start Position = (REG[32h] bits 7-0) x 4 + 1

Note
1. The value of this register is incremented by 8 pixels (1, 9, 17, 25, ..., horizontal size
-7).
2. The PIP1 window must be positioned such that it remains within the dimensions of
the LCD display.

REG[34h] PIP1 Window Y Start Position Register 0
Default = 00h Read/Write
PIP1 Window Y Start Position bits 9-2
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[36h] PIP1 Window Y Start Position Register 1

Default = 00h Read/Write
n/a PIP1 Window Y Start Position bits 1-0
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[34h] bits 7-0

REG[36h] bits 1-0 PIP1 Window Y Start Position bits [9:0]
These bits determine the Y start position of the PIP1 Window in relation to the origin of
the panel, in lines. The value entered into these registers is not loaded into internal regis-
ters until REG[50h] bit 7 has been written with a 1b.

PIP1 Window Y Start Position = (REG [34h] bits 7-0, REG [36h] bits 1-0) + 1

Note
The PIP1 window must be positioned such that it remains within the dimensions of the
LCD display.
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REG[38h] PIP1 Window X End Position Register
Default = 00h Read/Write
PIP1 Window X End Position bits 9-3 n/a
7 | 6 | 5 | 4 | 3 | 2 | 1 0
bits 7-1 PIP1 Window X End Position bits [9:3]

These bits determine the X end position of the PIP1 Window in relation to the origin of the
panel, in 8 pixel resolution (bytes). The value entered into this register is not loaded into
internal registers until REG[50h] bit 7 has been written with a 1b.

PIP1 Window X End Position = (REG[38h] bits 7-0) x 4 + 8

Note
1. The value of this register is incremented by 8 pixels (8, 16, 24, 32, ..., horizontal
size)
2. The PIP1 window must be positioned such that it remains within the dimensions of
the LCD display.

REG[3Ah] PIP1 Window Y End Position Register 0
Default = 00h Read/Write

PIP1 Window Y End Position bits 9-2
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[3Ch] PIP1 Window Y End Position Register 1

Default = 00h Read/Write
n/a PIP1 Window Y End Position bits 1-0
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[3Ah] bits 7-0

REG[3Ch] bits 1-0 PIP1 Window Y End Position bits [9:0]
These bits determine the Y end position of the PIP1 Window in relation to the origin of the
panel, in pixels. The value entered into these registers is not loaded into internal registers
until REG[50h] bit 7 has been written with a 1b.

PIP1 Display Window Y End Position = (REG[3Ah] bits 7-0, REG[3Ch] bits 1-0) + 1

Note
The PIP1 window must be positioned such that it remains within the dimensions of the
LCD display.
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REGI[3Eh] PIP2 Display Start Address Register 0

Default = 00h Read/Write
PIP2 Display Start Address bits 7-3 n/a
7 | 6 | 5 | 4 | 3 2 1 | 0
REG[40h] PIP2 Display Start Address Register 1
Default = 00h Read/Write
PIP2 Display Start Address bits 15-8
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[42h] PIP2 Display Start Address Register 2
Default = 00h Read/Write
PIP2 Display Start Address bits 23-16
7 | 6 | 5 | 4 3 2 1 | 0

REG[42h] bits 7-0

REG[40h] bits 7-0

REG[3Eh] bits 7-3 PIP2 Display Start Address bits [23:3]
These bits specify the start address of the PIP2 window image in the display buffer. The
value entered into these registers is not loaded into internal registers until REG[50h] bit 7
has been written with a 1b.

PIP2 Display Start Address A [23:3] = (REG[42h] bits 7-0, REG[40h] bits 7-0, REG[3Eh]

bits 7-3)
REG[44h] PIP2 Window X Start Position Register
Default = 00h Read/Write
PIP2 Window X Start Position bits 9-3 n/a
7 | 6 | 5 | 4 | 3 | 2 | 1 0
bits 7-1 PIP2 Window X Start Position bits [9:3]

These bits determine the X start position of the PIP2 Window in relation to the origin of
the panel, in 8 pixel resolution (bytes). The value entered into this register is not loaded
into internal registers until REG[50h] bit 7 has been written with a 1b.

PIP2 Window X Start Position = (REG[44h] bits 7-0) x 4 + 1

Note
1. The value of this register is incremented by 8 pixels (1, 9, 17, 25, ..., horizontal size
-7)
2. The PIP2 window must be positioned such that it remains within the dimensions of
the LCD display.
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REG[46h] PIP2 Window Y Start Position Register 0

Default = 00h Read/Write
PIP2 Window Y Start Position bits 9-2
7 | 6 | 5 | 4 | 3 2 1 | 0
REG[48h] PIP2 Window Y Start Position Register 1
Default = 00h Read/Write
n/a PIP2 Window Y Start Position bits 1-0
7 | 6 | 5 | 4 | 3 | 2 1 | 0

REG[46h] bits 7-0
REG[48h] bits 1-0

PIP2 Window Y Start Position bits 7-0 [9:0]

These bits determine the Y start position of the PIP2 Window in relation to the origin of
the panel, in pixels. The value entered into these registers is not loaded into internal regis-
ters until REG[50h] bit 7 has been written with a 1b.

PIP2 Window Y Start Position = (REG [46h] bits 7-0, REG [48h] bits 1-0) + 1
Note

The PIP2 window must be positioned such that it remains within the dimensions of the
LCD display.

REG[4Ah] PIP2 Window X End Position Register
Default = 00h Read/Write
PIP2 Window X End Position bits 9-3 n/a
7 | 6 | 5 | 4 | 3 | 2 | 1 0
bits 7-1 PIP2 Window X End Position bits [9:3]
These bits determine the X end position of the PIP2 Window in relation to the origin of the
panel, in 8 pixel resolution (bytes). The value entered into this register is not loaded into
internal registers until REG[50h] bit 7 has been written with a 1b.
PIP2 Window X End Position = (REG [4Ah] bits 7-0) x 4 + 8
Note
1. The value of this register is incremented by 8 pixels (8, 16, 24, 32, ..., horizontal
size)
2. The PIP2 window must be positioned such that it remains within the dimensions of
the LCD display.
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REG[4Ch] PIP2 Window Y End Position Register 0
Default = 00h Read/Write
PIP2 Window Y End Position bits 9-2
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[4Eh] PIP2 Window Y End Position Register 1

Default = 00h Read/Write
n/a PIP2 Window Y End Position bits 1-0
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[4Ch] bits 7-0
REG[4Eh] bits 1-0 PIP2 Window Y End Position bits [9:0]
These bits determine the Y end position of the PIP2 Window in relation to the origin of the

panel, in pixels. The value entered into these registers is not loaded into internal registers
until REG[50h] bit 7 has been written with a 1b.

PIP2 Window Y End Position = (REG[4Ch] bits 7-0, REG[4Eh] the bits 1-0) + 1

Note
The PIP2 window must be positioned such that it remains within the dimensions of the
LCD display.
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REG[50h] Display Control Register
Default = not applicable Write Only
Display Setting
Register Update n/a
(WO)
7 6 | 5 | 4 | 3 | 2 | 1 | 0
bit 7 Display Setting Register Update (Write Only)

When the display registers (REG[2Ah] ~ REG[4Eh]) are changed, except REG[2Ah] bit
0, this bit must be written 1b to update the internal register values. Writing Ob to this bit
has no effect.

Register Setting
(REG[2Ah] ~ REG[4Eh]) Set Value 1 Set Value 2
Register Update
(REGI50h])
Register Loading Set Value 1 Set Value 2

Vertical display
beginning signal

Register Setting
Effective Timing Set Value 1 Set Value 2
Figure 10-1: Display Setting Register Update Timing
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10.3.5 Input Mode Registers

REG[52h] Input Mode Register
Default = 00h

Read/Write
Write Buffer Select bits 3-0 Transparency Reserved Mirror Display Rotation Enable
Enable Enable
6 | 5 | 4 3 2 1 0

bits 7-4 Write Buffer Select bits [3:0]
When double buffer display is not selected (REG[2Ah] bits 3-1 # 001b), these bits select
which write buffer will be written to by writes to the Memory Data Port registers
(REG[66h] ~ REG[67h]). Up to 16 buffers are available based on the amount of memory
and the Write Buffer Memory Size (see REG[90h]).
When the double buffer display is selected (REG[2Ah] bits 3-1 = 001b), these bits are
ignored and Buffer 1 and 2 are fixed.
Table 10-10: Write Buffer Selection
REGI[52h] bits 7-4 | Write Buffer Selected
0000b Buffer 1
0001b Buffer 2
0010b Buffer 3
0011b Buffer 4
0100b Buffer 5
0101b Buffer 6
0110b Buffer 7
0111b Buffer 8
1000b Buffer 9
1001b Buffer 10
1010b Buffer 11
1011b Buffer 12
1100b Buffer 13
1101b Buffer 14
1110b Buffer 15
1111b Buffer 16
Note
These bits do not select the image data that is displayed. The display output (Main and
PIP windows) is selected using the register settings in the Display Mode register
(REG[2Ah]))
bit 3 Transparency Enable
This bit controls whether the transparency function is enabled for writes to the write buff-
ers. When transparency is enabled, image data that matches the transparency key color as
defined by REG[54h] ~ REG[58h] will not be written to memory and the existing image
data will remain. For further information on the transparency function, see Section 12.2,
“Transparency” on page 107.
When this bit = Ob, the Transparency is disabled.
When this bit = 1b, the Transparency is enabled.
S1D13517 Hardware Functional Specification Seiko Epson Corporation 73

Rev. 1.6



Registers

bit 2 Reserved
The default value of this bit is Ob.
bit 1 Mirror Display Enable

This bit controls whether the mirror display function is enabled for writes to the write
buffers. When mirror display is enabled, the image data is “mirrored” in memory. For fur-
ther information on the mirror display function, see Section 12.3.2, “Mirror” on page 108.
When this bit = Ob, the mirror display function is disabled.

When this bit = 1b, the mirror display function is enabled.

bit 0 Rotation Enable
This bit controls whether the rotation function is enabled for writes to the write buffers.
When rotation is enabled, the image data is rotated by 180° (counter-clockwise) in mem-
ory. For further information on the rotation function, see Section 12.3.1, “180° Rotation”
on page 107.
When this bit = Ob, the rotation function is disabled.
When this bit = 1b, the rotation function is enabled.

REG[54h] Transparency Key Color Red Register
Default = 00h Read/Write
Window Transparency Key Color Red bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 Window Transparency Key Color Red bits [7:0]

These bits only have an effect when the transparency is enabled, REG[52h] bit 3 =
1b. These bits specify the 8-bit red component used to define the window transparency
key color.

Bits 2-0 are not used for RGB5:6:5.

REG[56h] Transparency Key Color Green Register

Default = 00h Read/Write
Window Transparency Key Color Green bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 Window Transparency Key Color Green bits [7:0]

These bits only have an effect when the transparency is enabled, REG[52h] bit 3 =
1b. These bits specify the 8-bit green component used to define the window transparency
key color

Bits 1-0 are not used for RGB5:6:5.
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REG[58h] Transparency Key Color Blue Register
Default = 00h Read/Write
Window Transparency Key Color Blue bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 Window Transparency Key Color Blue bits [7:0]

These bits only have an effect when the transparency is enabled, REG[52h] bit 3 =
1b. These bits specify the 8-bit blue component used to define the window transparency
key color

Bits 2-0 are not used for RGB5:6:5.

REG[5Ah] Write Window X Start Position Register
Default = 00h Read/Write
Write Window X Start Position bits 9-3 n/a
7 | 6 | 5 | 4 | 3 | 2 | 1 0
bits 7-1 Write Window X Start Position bits [9:3]

These bits determine the X start position of the write window in relation to the top left cor-
ner of the displayed image, in 8 pixel resolution (bytes). Even in a rotated orientation (see
REG[52h] bit 0), the top left corner is still relative to the displayed image.

Write Window X Start Position = (REG[5Ah] bits 7-0) x 4 +1

Note
The value of this register is incremented by 8 pixels (1, 9, 17, 25, ..., horizontal size - 7)

REG[5Ch] Write Window Y Start Position Register 0
Default = 00h Read/Write
Write Window Y Start Position bits 9-2
7 | 6 | 5 | 4 | 3 2 1 | 0

REGI[5Eh] Write Window Y Start Position Register 1

Default = 00h Read/Write
n/a Write Window Y Start Position bits 1-0
7 | 6 | 5 | 4 | 3 | 2 1 | 0

REG[5Ch] bits 7-0

REGI[5Eh] bits 1-0 Write 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 displayed image, in pixels. Even in a rotated orientation (see REG[52] bit 0), the top
left corner is still relative to the displayed image.

Write Window Y Start Position = (REG[5Ch] bits 7-0, REG[SEh] bits 1-0) + 1
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REG[60h] Write Window X End Position Register
Default = 00h Read/Write
Write Window X End Position bits 9-3 n/a
7 | 6 | 5 | 4 | 3 | 2 | 1 0
bits 7-1 Write Window X End Position bits [9:3]

These bits determine the X end position of the window in relation to the top left corner of
the displayed image, in 8 pixel resolution (bytes). Even in a rotated orientation (see
REG[52h] bits 1-0), the top left corner is still relative to the displayed image.

Write Window X End Position = (REG[60h] bits 7-0) x 4 + 8

Note
The value of this register is incremented by 8 pixels (8, 16, 24, 32, ..., horizontal size)

REG[62h] Write Window Y End Position Register 0
Default = 00h Read/Write

Write Window Y End Position bits 9-2
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[64h] Write Window Y End Position Register 1

Default = 00h Read/Write
n/a Write Window Y End Position bits 1-0
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[62h] bits 7-0

REG[64h] bits 1-0 Write Window Y End Position bits [9:0]
These bits determine the Y end position of the window in relation to the top left corner of
the displayed image, in pixels. Even in a rotated orientation (see REG[52h] bits 1-0), the
top left corner is still relative to the displayed image.

Write Window Y End Position = (REG[62h] bits 7-0, REG[64h] bits 1-0) + 1
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10.3.6 Memory Access Registers

REG[66h] Memory Data Port Register 0
Default = not applicable Write Only

Memory Data Port bits 7-0 (WO)
7 | 6 | 5 | 4 3 | 2 1 | 0
REG[67h] Memory Data Port Register 1
Default = not applicable Write Only
Memory Data Port bits 15-8 (WO)
7 | 6 | 5 | 4 | 3 | 2 1 | 0
REG[66h] bits 7-0 Memory Data Port bits [7:0] (Write Only)
These bits specify the Isb of the data word.

REG[67h] bits 7-0 Memory Data Port bits [15:8] (Write Only)
These bits specify the msb of the data word.

Note
1. If CNFO0 =1 (8-bit interface), REG[67h] is not used.
2. When the SDCLK is disabled (REG[68h] bit 0 = 0b), accesses to this register are
invalid.
3. Burst data writes are supported through these registers. Register auto-increment is
automatically disabled once reaching this address. All writes to this register will
auto-increment the internal memory address only.
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10.3.7 Miscellaneous Registers

Default = 00h

REG[68h] Power Save Register

Read/Write

LCD Controller
Reset

7

PWM Controller

Reset
6

SDRAM
Controller Reset

Memory
Controller Reset

5 4 3 2 | 1 0

Alpha Blending

Reset SDCLK Enable

Reserved

bit 7

bit 6

bit 5

bit 4

bit 3

bits 2-1

bit 0

LCD Controller Reset

This bit controls the internal LCD controller block reset.

When this bit = Ob, the LCD controller block is operating normally.
When this bit = 1b, the LCD Controller block is reset.

PWM Controller Reset

This bit controls the internal PWM controller block Reset.

When this bit = Ob, the PWM controller block is operating normally.
When this bit = 1b, the PWM controller block is reset.

Memory Controller Reset

This bit controls the internal memory controller block reset.

When this bit = Ob, the memory controller block is operating normally.
When this bit = 1b, the memory controller block is reset.

SDRAM Controller Reset

This bit controls the internal SDRAM controller block reset. After reset, the SDRAM
must be initialized.

When this bit = Ob, the SDRAM controller block is operating normally.

When this bit = 1b, the SDRAM controller block is reset.

Alpha Blending Controller Reset

This bit controls the internal alpha blending controller block reset.

When this bit = Ob, the alpha blending controller block is operating normally.
When this bit = 1b, the alpha blending controller block is reset.

Reserved
The default value of these bits is 00b.

SDCLK Enable

This bit controls the SDCLK.

When this bit = 0b, SDCLK is disabled and the S1D13517 is placed in power save mode.
When this bit = 1b, SDCLK is operating normally and the S1D13517 returns from power
save mode.

Note
Disable SDCLK before changing PLL settings, SS settings, SYSCLK settings, or en-
abling PLL, enabling SS, or performing a software reset.
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REG[6Ah] Non-Display Period Control / Status Register
Default = 00h Read/Write
Vertical Non- Horizontal Non- VDP OR’d with ) .
Display Period Display Period HDP Status n/a TE/INT Outputt)itPsln1 _Founctlon Select
Status (RO) Status (RO) (RO)
7 6 5 4 | 3 | 2 1 | 0

bit 7

bit 6

bit 5

bits 1-0

Vertical Non-Display Period Status (Read Only)

This bit indicates whether the LCD panel output is in a vertical non-display period
(VNDP). VNDP is defined as the time between the last pixel on the last line of one frame
to the first pixel on the first line of the next frame.

When this bit = Ob, the LCD panel output is in a Vertical Display Period.

When this bit = 1b, the LCD panel output is in a Vertical Non-Display Period.

Horizontal Non-Display Period Status (Read Only)

This bit indicates whether the LCD panel output is in a horizontal non-display period
(HNDP). HNDP is defined as the time between the last pixel in line n to the first pixel in
line n+1.

When this bit = Ob, the LCD panel output is in a Horizontal Non-Display Period.

When this bit = 1b, the LCD panel output is in a Horizontal Display Period.

VDP OR’d with HDP Status (Read Only)

This bit indicates whether the LCD panel is in a display period or a non-display period.
When this bit = Ob, the LCD panel is in a Display period.

When this bit = 1b, the LCD panel is in either a Horizontal or Vertical Non-Display
period.

TE/INT Output Pin Function Select bits[1:0]

Table 10-11: TE/INT Output Pin Function Selection

REG[6Ah] bits 1-0 TE/INT Output Function
00b Horizontal Non-Display Period
01b Vertical Non-Display Period
10b HDP OR’d with VDP
11b INT
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10.3.8 General Purpose Output Pins Registers

Note
When 18-bit TFT is selected (REG[14h] bit 1 = 1b), GPO[9:4] are only available

REG[6Ch] General Purpose Output Register 0
Default = 00h Read/Write
n/a Reserved GPOQO9 Status GPO8 Status
7 | 6 | 5 | 4 3 2 1 0
bits 3-2 Reserved
The default value of these bits is 00b.
bits 1-0 GPO[9:8] Status

Writing a 0b to this bit drives GPOx low.
Writing a 1b to this bit drives GPOx high.

REG[6Eh] General Purpose Output Register 1
Default = 00h

Read/Write

GPO7 Status GPOG6 Status GPOS5 Status GPO4 Status GPO3 Status GPO2 Status
7 6 5 4 3 2

GPO1 Status
1

GPOO Status
0

bits 7-0 GPO[7:0] Status
Writing a 0b to this bit drives GPOx low.
Writing a 1b to this bit drives GPOx high.
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10.3.9 PWM Registers

REG[70h] PWM Control Register

Default = 00h Read/Write
PUV:)’('Y;ZG(%VE(;E)T n/a PWM Enable PWM Output Select bits 1-0
7 6 | 5 | 4 | 3 2 1 | 0
bit 7 PWM Register Update (Write Only)

When any PWM register (REG[72h] ~ REG[80h]) is changed, this bit must be written 1b
to update the internal register values. Writing Ob to this bit has no effect.

Register Setting
(REG[72h] ~ REG[80h]) Set Value 1 Set Value 2
Register Update
(REG[70h])
Register Setting

Effective Timing Set Value 1 Set Value 2

Figure 10-2: PWM Register Update Timing Sequence

bit 2 PWM Enable
This bit Pulse Width Modulation (PWM).
When this bit = 0b, PWM is disabled. When PWM is disabled, the PWM output is stopped
at the current level and the may be High or Low. Use bits 1-0 of this register to set the
desired output level before disabling PWM.
When this bit = 1b, PWM is enabled.

bits 1-0 PWM Output Select bits [1:0]

Table 10-12: PWM Output Selection

REG[70h] bits 1-0 PWM Output Selected
00b Low Output (Default)
01b High Output
1xb PWM Output
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REG[72h] PWM High Duty Cycle Register 0

Default = 00h Read/Write
PWM High Duty Cycle bits 7-0
7 | 6 | 5 | 4 3 2 1 | 0
REG[74h] PWM High Duty Cycle Register 1
Default = 00h Read/Write
PWM High Duty Cycle bits 15-8
7 | 6 | 5 | 4 3 2 1 | 0
REG[76h] PWM High Duty Cycle Register 2
Default = 00h Read/Write
PWM High Duty Cycle bits 23-16
7 | 6 | 5 | 4 3 2 1 | 0
REG[78h] PWM High Duty Cycle Register 3
Default = 00h Read/Write
PWM High Duty Cycle bits 31-24
7 | 6 | 5 | 4 3 2 1 | 0

REG[72h] bits 7-0
REG[74h] bits 7-0
REG[76h] bits 7-0
REG[78h] bits 7-0  PWM High Duty Cycle bits [31:0]

These bits are the value for the PWM High duty cycle. The value entered into these regis-
ters is not loaded into internal registers until REG[70h] bit 7 has been written with a 1b.
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REG[7Ah] PWM Low Duty Cycle Register 0

Default = 00h Read/Write
PWM Low Duty Cycle bits 7-0
7 | 6 | 5 | 4 3 0
REG[7Ch] PWM Low Duty Register 1
Default = 00h Read/Write
PWM Low Duty Cycle bits 15-8
7 | 6 | 5 | 4 3 0

REG[7Eh] PWM Low Duty Register 2

Default = 00h Read/Write
PWM Low Duty Cycle bits 23-16
7 | 6 | 5 | 4 3 0
REG[80h] PWM Low Duty Register 3
Default = 00h Read/Write

PWM Low Duty Cycle bits 31-24
7 | 6 | 5 | 4 3

REG[7Ah] bits 7-0
REG[7Ch] bits 7-0
REG[7Eh] bits 7-0
REG[80h] bits 7-0  PWM Low Duty Cycle bits [31:0]

These bits are the value for the PWM Low duty cycle. The value entered into these regis-
ters is not loaded into internal registers until REG[70h] bit 7 has been written with a 1b.
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10.3.10 SDRAM Control Registers

REG[82h] SDRAM Control Register

Default = 02h Read/Write
Reserved SDRAM Memory Size Select bits 1-0
7 | 5 | 4 | 3 | 2 1 | 0
bits 7-2 Reserved
The default value of these bits is 00_0000b
bits 1-0 SDRAM Memory Size Select bits [1:0]
Table 10-13: SDRAM Memory Size Selection
REG[82h] bits 1-0 | SDRAM Memory Size Selected
Oxb 16M Bits
10b 64M Bits (Default)
11b 128M Bits
REG[84h] SDRAM Status Register 0
Default = not applicable Write Only
SDRAM Auto SDRAM Self SDRAM Power SDRAM
Refresh Enable Reserved Refresh Enable Save Enable Initialization (WO) Reserved
(WO) (WO) (WO)
7 | 5 | 4 3 2 1 0
bit 7 SDRAM Auto Refresh Enable (Write Only)
This bit controls SDRAM Auto Refresh. This bit should be set at the same time as the
SDRAM Initialization bit (bit 1 of this register).
When this bit is written O0b, SDRAM Auto Refresh is disabled.
When this bit is written 1b, SDRAM Auto Refresh is enabled.
bits 6-4 Reserved
The default value of these bits is 000b.
bit 3 Self Refresh Enable (Write Only)
This bit controls SDRAM Self Refresh
When this bit is written 0b, SDRAM Self Refresh is disabled.
When this bit is written 1b, SDRAM Self Refresh is enabled.
bit 2 SDRAM Power Save Enable (Write Only)
This bit controls SDRAM Power Save
When this bit is written 0b, SDRAM Power Save is disabled.
When this bit is written 1b, SDRAM Power Save is enabled.
bit 1 SDRAM Initialization (Write Only)
After power-on or reset, this bit is used to initialize the SDRAM.
When this bit is written Ob, the status bit is reset.
When this bit is written 1b, the SDRAM is initialized. This bit may only be written once
after power-on/reset.
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bit 0

Reserved

The default value of this bit is Ob.

REG[86h] SDRAM Status Register 1

Default = 00h Read Only
SDRAM A SDRAM Self SDRAM
Refresh St:ttL?s Reserved Refresh Sta(?(us SSDRQtMt POW;(S Initialization Reserved
(RO) (RO) ave Status (RO) | gia1us (RO)
7 | 5 | 4 3 2 1 0

bit 7 SDRAM Auto Refresh Status (RO)
This bit reflects the status of REG[84h] bit 7, SDRAM Auto Refresh Enable.
When this bit = 0b, SDRAM Auto Refresh is disabled.
When this bit = 1b, SDRAM Auto Refresh is enabled.

bits 6-4 Reserved
The default value of these bits is 000b.

bit 3 SDRAM Self Refresh Status (RO)
This bit reflects the status of REG[84h] bit 3, SDRAM Self Refresh Enable.
When this bit = 0b, SDRAM Self Refresh is disabled.
When this bit = 1b, SDRAM Self Refresh is enabled.

bit 2 SDRAM Power Save Status (RO)
This bit reflects the status of REG[84h] bit 2, SDRAM Power Save Enable.
When this bit = 0b, SDRAM Power Save is disabled.
When this bit = 1b, SDRAM Power Save is enabled.

bit 1 SDRAM Initialization Status (RO)
This bit reflects the status of the SDRAM Initialization sequence (REG[84h] bit 1 = 1b).
When this bit = Ob, the SDRAM Initialization is in progress.
When this bit = 1b, the SDRAM Initialization has finished.

bit 0 Reserved

The default value of this bit is Ob.
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REG[88h] SDRAM MRS Value Register 0
Default = 22h Read/Write

SDRAM MRS Value bits 7-0
7 | 6 | 5 | 4 3 2 1 | 0

REG[8Ah] SDRAM MRS Value Register 1
Default = 00h Read/Write

n/a SDRAM MRS Value bits 11-8
7 | 6 | 5 | 4 3 2 1 | 0

REG[8Ah] bits 3-0
REG[88h] bits 7-0 SDRAM MRS Value bits [11:0]
These bits are the MRS setting values for the SDRAM.
These bits must not be changed from the default value of 022h.

REG[8Ch] SDRAM Refresh Counter Register 0
Default = FFh Read/Write

SDRAM Refresh Counter bits 7-0
7 | 6 | 5 | 4 3 2 1 | 0

REG[8Eh] SDRAM Refresh Counter Register 1
Default = 03h Read/Write

n/a SDRAM Refresh Counter bits 11-8
7 | 6 | 5 | 4 3 2 1 | 0

REGI[8Eh] bits 3-0

REGI[8Ch] bits 7-0 SDRAM Refresh Counter bits [11:0]
These bits are used to set the value of the refresh counter. The refresh counter issues the
auto refresh command at the interval set by these registers. SDCLK is the input clock of
the counter. The value of these registers must satisfy the following expression.

Refresh Counter = (1/f5pcp k) X (value of these registers in decimal)
The resulting value must be less than the SDRAM refresh time.

For example, using the default value of 03FFh (1023), when SDRAM of 4096 refresh
cycles /64ms is used with a 90MHz SDCLK,

set-up time of the counter = (1/90MHz) x 1023 = 11.36us

SDRAM refresh time = 64ms/4096 = 15.63us.

11.36us < 15.63us, so the value of 03FFh is good.

Using the same memory as above, but with a 66 MHz SDCLK,
(1/66MHz) x 1023 = 15.50us

SDRAM refresh time = 64ms/4096 = 15.63us

15.50us < 15.63us, so the value of 03FFh is good.
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REG[90h] SDRAM Write Buffer Memory Size Register 0
Default = 00h Read/Write
SDRAM Write Buffer Memory Size bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 SDRAM Write Buffer Memory Size bits [7:0]

These bits determine the buffer memory size of each 16-buffers at the 16K byte units.
Buffer 1 becomes the start address Oh fixing of SDRAM, the start address of buffer 2 is
appointed at these bits. The buffer 3-16 is set at similar offset value. In case of initial value
00h, the start address of all buffers becomes the start addresses Oh of SDRAM.

The start address of buffer 2: A [23: 22]=0
The start address of buffer 2: A [21: 14] = (REG [90h] bits 7-0)
The start address of buffer 2: A [13: 0] =0

Table 10-14: SDRAM Write Buffer Memory Size Selection

LCD Panel Size Buffer Size REG[90h] Value
HVGA 512K byte 20h
VGA 1M byte 40h
WVGA 1.25M byte 50h
SVGA 1.5M byte 60h
QHD 1.75M byte 70h

REG[92h] SDRAM Debug Register
Default = 00h Read Only
SDRAM Controller Debug Status (RO)
7 | 6 | 5 | 4 | 3 | 2 1 | 0
bit 4 Memory Controller Read Buffer Empty (Read Only)

When this bit = Ob, the Read Buffer is not empty.
When this bit = 1b, the Read Buffer is empty.
This bit is cleared by resetting the Memory Controller.

bit 3 Memory Controller Write Buffer Overflow (Read Only)
When this bit = 0b, the Write Buffer is not full.
When this bit = 1b, the Write Buffer is full.
This bit is cleared by resetting the Memory Controller.
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bits 2-0 SDRAM Controller Status (Read Only)
These three bits indicate the status of the SDRAM controller state machine as shown in
the following table.

Table 10-15: SDRAM Controller Status

REG[92h] bits 2-0 Status
000b Reset
001b Initial
010b Idle
011b Read/Write
100b Auto Refreshing
101b MRS&PALL
110b Self Refresh
111b Power Save

10.3.11 Alpha-Blend Registers

REG[94h] Alpha-Blend Control Register

Default = not applicable Write Only
e Alpha-Blend Start
(WO)
7 | 6 | 5 | 4 | 3 | 2 1 0
bit 0 Alpha-Blend Start (Write Only)

When this bit is written Ob, there is no effect.
When this bit is written 1b then Ob, Alpha-Blend is started.

REG[96h] is Reserved

This register is Reserved and should not be written.
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REG[98h] Alpha-Blend Horizontal Size Register

Default = 00h Read/Write
n/a Alpha-Blend Horizontal Image Size bits 6-0
7 6 | 5 | 4 | 3 | 2 1 | 0

bits 6-0

Alpha-Blend Horizontal Image Size bits [6:0]

These bits set the Alpha-Blend Horizontal Image Size in 8 pixel resolution (bytes).
Alpha-Blend Horizontal Image Size = ((REG[98h] bits 6-0) + 1) x 8

REG[9Ah] Alpha-Blend Vertical Size Register 0
Default = 00h Read/Write
Alpha-Blend Vertical Image Size bits 7-0
7 | 6 | 5 | 4 | 3 2 1 | 0
REG[9Ch] Alpha-Blend Vertical Size Register 1
Default = 00h Read/Write
e Alpha-Blend Verﬁcgl Image Size bits 9-
7 | 6 | 5 | 4 | 3 | 2 1 | 0

REG[9Ch] bits 1-0
REG[9Ah] bits 7-0 Alpha-Blend Vertical Image Size bits [9:0]

These bits set the Alpha-Blend Horizontal Image Size.

Alpha-Blend Vertical Image Size = (REG[9Ch] bits 1-0, REG[9Ah] bits 7-0) + 1

REGI[9Eh] Alpha-Blend Value Register
Default = 00h Read/Write
A'pha'B'e”db'i't‘g"f_(')mage Seleat Alpha-Blend Value Select bits 5-0
7 | 6 5 | 4 | 3 | 2 1 | 0
bits 7-6 Alpha-Blend Input Image Select bits [1:0]
These bits select the Alpha-Blend Input Image.
Table 10-16: Alpha-Blend Input Image Selection
REGI[9ENh] bits 7-6 Alpha-Blend Input Image
Oxb Disabled (Default)
10b Input Image 1 + Input Image 2
11b Input Image 1
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bits 5-0 Alpha-Blend Value Select bits [5:0]

These bits set the value of Alpha-Blend. When the Alpha-Blend input image setting is
input image 1, the value of input image 2 becomes invalid.

Output image = (input image 1 x alpha setting value) * (input image 2 + x (one-alpha set-

ting value)

Table 10-17: Alpha-Blend Value Selection

REG[9Eh] bits 5-0 Alpha Value
00h 0
01h 1/32
02h 2/32
03h 3/32
1Fh 31/32
2xh 1

REG[AOh] Alpha-Blend Input Image 1 Start Address Register 0

Default = 00h Read/Write
Alpha-Blend Input Image 1 Start Address bits 7-3 n/a
7 | 6 | 5 | 4 | 3 2 1 | 0
REG[A2h] Alpha-Blend Input Image 1 Start Address Register 1
Default = 00h Read/Write
Alpha-Blend Input Image 1 Start Address bits 15-8
7 | 6 | 5 | 4 | 3 | 2 1 | 0
REG[A4h] Alpha-Blend Input Image 1 Start Address Register 2
Default = 00h Read/Write
Alpha-Blend Input Image 1 Start Address bits 23-16
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[A4h] bits 7-0
REG[A2h] bits 7-0

REG[AOR] bits 7-3 Alpha-Blend Input Image 1 Start Address bits 7-[23:3]
These bits specify the memory start address of Alpha-Blend Input Image 1 in byte

addresses.

Alpha-Blend Input Image 1 Start Address [23:3] = (REG[A4h] bits 7-0), (REG[A2h] bits

7-0), (REG[AOh] bits 7-3)

90 Seiko Epson Corporation

S1D13517 Hardware Functional Specification
Rev. 1.6




Registers

REG[A6h] Alpha-Blend Input Image 2 Start Address Register 0
Default = 00h Read/Write
Alpha-Blend Input Image 2 Start Address bits 7-3 n/a
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[A8h] Alpha-Blend Input Image 2 Start Address Register 1
Default = 00h Read/Write
Alpha-Blend Input Image 2 Start Address bits 15-8
7 | 6 | 5 | 4 | 3 | 2 1 | 0

REG[AAh] Alpha-Blend Input Image 2 Start Address Register 2
Default = 00h Read/Write
Alpha-Blend Input Image 2 Start Address bits 23-16
7 | 6 | 5 | 4 | 3 2 1 | 0
REG[AA] bits 7-0
REG[AS8h] bits 7-0
REG[A6h] bits 7-3 Alpha-Blend Input Image 2 Start Address bits[23:3]

These bits specify the memory start address of Alpha-Blend Input Image 2 in byte
addresses.

Alpha-Blend Input Image 2 Start Address [23:3] = (REG[AAH] bits 7-0), (REG[A8h] bits
7-0), (REG[AGh] bits 7-3)

REG[ACh] Alpha-Blend Output Image Start Address Register 0
Default = 00h Read/Write
Alpha-Blend Output Image Start Address bits 7-3 n/a
7 | 6 | 5 | 4 | 3 2 1 | 0

REGI[AEh] Alpha-Blend Output Image Start Address Register 1
Default = 00h Read/Write
Alpha-Blend Output Image Start Address bits 15-8
7 | 6 | 5 | 4 | 3 | 2 1 | 0

REG[BO0h] Alpha-Blend Output Image Start Address Register 2
Default = 00h Read/Write
Alpha-Blend Output Image Start Address bits 23-16

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

REG[AEN] bits 7-0

REG[ACh] bits 7-3 Alpha-Blend Output Image Start Address bits [23:3]

These bits specify the memory start address of Alpha-Blend Output Image in byte
addresses.

Alpha-Blend Input Image 2 Start Address[23:3] = (REG[BOh] bits 7-0), (REG[AEh] bits
7-0), (REG[ACH] bits 7-3)
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10.3.12 Interrupt Registers

The following Figure shows the block diagram of the Alpha-Blend interrupt circuit.

Alpha-Blend Interrupt Mask
(REG[B2h] bit 4)

Alpha-Blend End
Alpha-Blend Interrupt Enable
(REG[B2h] bit 0)
Alpha-Blend Interrupt Clear
(REG[B6h] bit 0)

Alpha-Blend Interrupt Status
(REGI[B4h] bit 0)

v

vV Yy

)
-

Interrupt
Flag

A

v

B

— Interrupt Signal (INT)

A

Figure 10-3: Alpha-Blend Interrupt Circuit Block Diagram

REG[B2h] Interrupt Control Register
Default = 00h Read/Write
n/a Reserved Irﬁlaﬁ?t?;;tB:azgk n/a Reserved Alpha-Blend
Disable Interrupt Enable
7 | 5 4 3 1 0
bits 6-5 Reserved
The default value of these bits is 00b
bit 4 Alpha-Blend Interrupt Mask Disable
This bit disables the Alpha-Blend Interrupt Mask.
When this bit = Ob, the interrupt mask is enabled.
When this bit = 1b, the interrupt mask is disabled.
bits 2-1 Reserved
The default value of these bits is 00b
bit 0 Alpha-Blend Interrupt Enable
This bit enables the Alpha-Blend Interrupt.
When this bit = Ob, the interrupt is disabled.
When this bit = 1b, the interrupt is enabled.
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REG[B4h] Interrupt Status Register
Default = 00h Read Only
Alpha-Blend
n/a Reserved Interrupt Status
(RO)
7 6 | 5 | 4 | 3 2 0
bits 2-1 Reserved
The default value of these bits is 00b.
bit 0 Alpha-Blend Interrupt Status (Read Only)
This bit indicates the status of the Alpha-Blend interrupt.
When this bit = Ob, an interrupt has not been generated.
When this bit = 1b, an interrupt has been generated.
REG[B6h] Interrupt Clear Register
Default = not applicable Write Only
Alpha-Blend
n/a Reserved Interrupt Clear
(WO)
7 6 | 5 | 4 | 3 2 0
bits 2-1 Reserved
The default value of these bits is 00b.
bit 0 Alpha-Blend Interrupt Clear (Write Only)

This bit clears the interrupt status bit.
When this bit is written Ob, there is no effect.

When this bit is written 1b then Ob, the Alpha-Blend interrupt status bit (REG[B4h] bit 0)

is cleared.
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Chapter 11 Host Interface

11.1 Indirect Interface

Accessing the S1D13517 through the asynchronous host interface is a multiple step process. All Registers and
Memory are accessed through the register space.

Note
All Register accesses are 8-bit only, except for the Memory Data Port. If the Host interface is 16-bits wide

(CNFO0 = 0b), the Isbs (HD[7:0]) are used for all registers except the Memory Data Port.
For the Memory Data Port (REG[66h, 67h]), both registers are used when the host interface is 16-bits wide
(CNFO0 = 0b) and only REG[66h] is used when it is 8-bits wide (CNF0 = 1b).

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 Memory Data Port (REG[66h], REG[67h]).

To write display data to a Window Aperture, specify the Window coordinates followed by burst data writes to the
Memory Data Port to fill the window. In this sequence, the internal memory addressing is automatic (see examples).
The Memory Data Port is located directly following the Window coordinates to minimize the number of Address
Writes.

Note
Memory read function is not supported
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11.1.1 Register Write Procedure

1. Perform an address write to setup 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-incremented.

HCS#

HD/C#

HRE#

HWE#

HD[7:0]

_I
T |
I D S e e
['n] [ ] ] ]
L L L L
Address Data Data Data
bits 7-0 Write Write Write
Write
Address Address Address
n n+2 n+4
1 2 3 4

Figure 11-1: Register Write Example Procedure
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11.1.2 Register Read Procedure
1. Perform an address write to setup register address bits 7-0.
2. Perform a data read to get the register value.

3. Additional data reads can be performed as the register addresses will be auto-incremented.

HCS# —|
HD/C#
HWE#
HD[7:0] n
L]
Write)
HRE# I_I
HD[7:0] |
Read)
Address Data Data Data
bits 7-0 Read Read Read
Write
Address Address | Address
n n+2 n+4
1 2 3 4

Figure 11-2: Register Read Example Procedure

11.1.3 Memory Write (New Window) Procedure

The S1D13517 has a special procedure to minimize setup accesses when bursting window data.
1. Set the panel dimension registers before writing any window data.

2. Perform an address write to point to the first window register (Window X Start Position Register 0,
REG[5Ah)).

3. Perform “data” writes to the next six, 8-bit registers (REG[5SAh] ~ REG[64h]). This will setup all the window
coordinates.

Note
The register addresses will be auto-incremented after each data write and will point at Memory Data Port Register
0 (REG[66h]) when done.

4. Perform burst data writes to fill the window (the register address will already be pointing at the Memory Data
Port).
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L LI L1

End Position

] ] 1 ] 1
LT
Window Y \—\
Window Y
End Position

Window X
End Position

[

| E—
Window Y
Start Position

1

I
Window Y
Start Position

Start Position

[
 E—
Window X

-
Window XStart
Register Address

HCS#
HD/C#
HRE#
HWE#
HD[7:0]

Figure 11-3: Sequential Memory Write Example
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11.1.4 Memory Write (Update Window) Using Existing Window Coordinates

1. Perform an address write to point to Memory Data Port Register 0 (REG[66h]).

2. Perform burst data writes to fill the window.

Note

In this case, the previous coordinates of the Window Aperture are used. Each write to the Memory Data Port will
auto-increment the internal memory address only.

HCS# _l
HD/C#
HRE#
mwer L) L[ L L[
HD[7:0] 66h
Address Memory Memory Memory
bits 7-0 Write Write Write
Write
1 2 3 4
Figure 11-4: Burst Memory Write
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11.2 Color Formats

11.2.1 8-bit 16bpp mode (RGB 5:6:5)

HCS#|

L 4 [ 4 | A4 | 4

|

L4
m— R1. bit 1
—— e o—
+bn 1

R1. bit4

Q

bit2 > Ra,

bita >— G2,

bit2 >

Q
T

bit 3

< Ra.

bita >—< G2

bit1 >+

@
g
=]

bit 2

< R2.

btz >—< G2,

bito >

@
=)
IS

< R,

bit1 >—< B2,

bit4 >—

R1. bit0

. bit3 >—-< R2.

bito >— B2,

bit 3 }—

G1. bit5

o
=
N

_< G2.

bit 5 >—< B2.

bit 2 >——

G1. bit 4

w
o
-

< G2

bit4 >—< B2,

bit1 >——

@
=)
o

G1. bit3

< e

bits >—< B2,

bit 0 >——

50000000

Pixel n+1

Figure 11-5: 8-bit 16bpp mode (RGB 5:6:5)
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11.2.2 8-bit 24bpp mode (RGB 8:8:8)

[ HCS#

HD/CH

HWE# L 4 L 4 L4 LY L4
HRE#I
HD7 R1. bit7 G1. bit 7 1. bit7 O—< R2 bit7 >—

—— e >——<R1.bit6

R1. bit4
R1. bit 3

R1. bit2 G1. bit2

19990000!

@

G1. bit6

bit6 >r—< R2.bit6 >—

@

G1, hit5

bits >—< R2. bits _>—

@

G1. bit4

bita >—< R bitda >—

19000

@

G1. bit3

it > R2.bit3 >—

@

. bit2 >--—< R2, bit2 »—

@

G1. bit1

cbit1 > R2cbitt >—

XX

@

G1. bit0

bit0 > R2.bit0 >—

Pixel n

Pixel n + 1

Figure 11-6: 8-bit 24bpp mode (RGB 8:8:8)
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11.2.3 16-bit 16bpp mode (RGB 5:6:5)

[HCSH |
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HWE#

L 4

L 4

HRE#

Cbitts p>—

R1. bi

-< R2. bit4 >—

~ R3.bit4 >——
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< R2.bit2 >

- R3.bit2 >—
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< R3.bit1 >—
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~ G3.bits >
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< Ga.bita >—
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Figure 11-7: 16-bit 16bpp mode (RGB 5:6.5)
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11.2.4 16-bit 24bpp mode 1 (RGB 8:8:8)

HCSH#|

L4

[HRE#
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— o >——<et.

bit 7
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bit7 > G2 bit7 >—

bit 6
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Figure 11-8: 16-bit 24bpp mode 1 (RGB 8:8:8)

102

Seiko Epson Corporation

S1D13517 Hardware Functional Specification

Rev. 1.6



Host Interface

11.2.5 16-bit 24bpp mode 2 (RGB 8:8:8)
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Figure 11-9: 16-bit 24bpp mode 2 (RGB 8:8:8)
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11.3 PCLK vs. Input Data Rate

The input image data rate from the host interface is shown.

Maximum Input Data (MB/sec)

SYSCLK = 1/3*SDCLK & RGB 8:8:8 (mode 2)
SYSCLK = 1/3*SDCLK & RGB 8:8:8 (mode 1)
SYSCLK = 1/3*SDCLK & RGB 5:6:5
SYSCLK = 1/2*SDCLK & RGB 8:8:8 (mode 2)
SYSCLK = 1/2*SDCLK & RGB 8:8:8 (mode 1)
SYSCLK = 1/2*SDCLK & RGB 5:6:5
T T y y "

PCLK Clock Frequency (MHz)

Figure 11-10: PCLK vs. Input Data Rate
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Chapter 12 Display Functions

12.1 Display Window

The S1D13517 display window is defined by the size of the LCD display (see REG[16h] and REG[1Ah] ~
REG[1Ch]). All updates to the display window are done through a write window which allows rectangular writes to
the selected write buffer (see REG[52h] bits 7-4). The write window is configured based on X/Y Start/End positions
(REG[5Ah] ~ REG[64h]) relative to the origin of the display window. Once the write window is configured, all
image data is written to the display buffer using the Memory Data Port registers, REG[66h] ~ REG[67h].

The write window X/Y Start/End positions are specified in 8 pixel resolution (horizontal) and 1 line resolution
(vertical). All window coordinates are referenced to top left corner of the display window (even when rotation or
mirror are enabled no host side translation is required).

The display window source can be selected from any of the available write buffers (REG[2Ah] bits 7-4). All display
updates can have independent mirror, rotation, and transparency settings.

12.1.1 Display Buffer Configuration

The Display Buffer is divided into a maximum of 16 write buffer areas. The number of write buffers is limited by
the memory size and the write buffer memory size specified in REG[90h]. The write buffers can be used to store
image data for the display window, PIP window, or Alpha-Blend image data.

SDRAM Address 0x0000000h ————»p
Buffer 1
REG[90h] Write Buffer Size —_
Buffer 2
(REG[90h] Write Buffer Size) x 2 ————,
Buffer 3
CTT T T Te T T T
| )
[
i i R Lo o
(REG[90h] Write Buffer Size) x (n - 1) —_—
Buffer n

Figure 12-1: Display Buffer Configuration
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12.1.2 Write Window Settings

Image data is stored in the display buffer using the write window. The write window can be configured for either a
“full screen” or “partial” update according to the setting of the Write Window X/Y Start/End position registers. All
position parameters are relative to the origin of the display. Horizontal position (X) must be set in eight pixel
resolution. Vertical position (Y) is set in one line resolution.

The destination write buffer and other write options, such as Transparency, Mirror, and Rotation, can be selected
using REG[52h]. All writes to a write buffer are “destructive” writes.

Top of Write Buffer

X Full Screen (REG[16h])

v

A

Display Window X Start

Display Window Y Start —
(1.1

Write Window X Start (REG[5Ah]

Full Window

v

Write Window Y Start
(REG[5Ch] ~ REG[5Eh])

Rectangular

Y Full Screen (REG[1Ah], [1Ch])

Window
v
Write Window Y End (REG[62h] ~ REG[64h]) Display Window Y End

(H size, V size)

Figure 12-2: Write Window Settings

The following example shows a rectangular write window being written to a write buffer
with a previously input “full screen” image.

Host Input Data to Write Window

Image Data in Write Buffer

v

Figure 12-3: Display Window Example
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12.2 Transparency

When image data is written to a write buffer, a transparency key color can be specified using REG[54h] ~ REG[58h].
When the Transparency function is enabled (REG[52h] bit 3 = 1b), pixels of the specified key color are not written
to the write buffer. This function can be used to overwrite text and icons in display data. This function can not be
used with rotation and mirror function, the REG[52h] bits 3-0 never be set to the value 9h, Ah and Bh.

The following example shows an example where the transparency function is enabled for the Write Window. In this
case the key color is black so the black pixels are not written to the write buffer.

Host Input Data to Write Window Image Data in Write Buffer
Transparency enable, color = black)

v

Figure 12-4: Transparency Example

12.3 Rotation and Mirror

Most computer displays are refreshed in landscape orientation - from left to right and top to bottom. Computer
images are stored in the same manner.

Rotation is designed to rotate the displayed image by 180° in a counter-clockwise direction. The rotation is done in
hardware and is transparent to the user. It is accomplished by rotating the image data during display writes (see
REG[52h] bit 0). By processing the rotation in hardware, there is a performance advantage over software rotation
of the displayed image.

Mirror is designed “mirror” the displayed image from right to left. Mirror is done in the hardware and is transparent
to the user. The mirror function is done during display writes (see REG[52h] bit 1). Mirroring the image in hardware,
also offers a performance advantage over software mirroring of the same image.

12.3.1 180° Rotation

The following figure shows the relationship between the image sent by the Host and the image as displayed on the
LCD panel when 180° rotation is enabled (REG[52h] bit 0 = 1b). The application image is written to the SID13517
as A-B-C-D. However, it is stored in the write buffer as D-C-B-A and the LCD display is refreshed as D-C-B-A.
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Display Buffer Data

Host CPU Data
Top of LCD panel)

Top of Transfer)

I

Window MOPUIA

480
480

800 800

v
A
v

A

Figure 12-5: 180° Rotation Example

12.3.2 Mirror

The following figure shows the relationship between the image sent by the Host and the image as displayed on the
LCD panel when Mirror is enabled (REG[52h] bit 1 = 1b). The application image is written to the SID13517 as A-
B-C-D. However, it is stored in the write buffer as B-A-D-C and the LCD display is refreshed as B-A-D-C.

Display Buffer Data

Host CPU Data
Top of LCD panel)

Top of Transfer)

.

wodniW

480

Window

480

800 800

A
v

A
v

Figure 12-6: Mirror Example

12.3.3 180° Rotation and Mirror

The following figure shows the relationship between the image sent by the Host and the image as displayed on the
LCD panel when both Mirror and Rotation are enabled (REG[52h] bits 1-0 = 11b). In this case, the image is rotated
by the rotation function after the mirror function takes place. The application image is written to the S1D13517 as
A-B-C-D. However, it is stored in the write buffer as C-D-A-B and the LCD display is refreshed as C-D-A-B.
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Host CPU Data Display Buffer Data
Top of Transfer) Top of LCD panel)

W

Window MIUPOM

480
480

800 800

A

v

A
v

Figure 12-7: 180° Rotation and Mirror Example

12.4 Picture-in-Picture

The S1D13517 can display up to two PIP (Picture-in-Picture) windows that overlap the main display window. The
PIP windows do not support transparent overlays, but provide windows that can be enabled/disabled without
overwriting the display window image data.

The image data for the PIP windows must be input using the write window in the same manner as for the Display
Window (see Section 12.1, “Display Window” on page 105). Typically, the PIP window image data is written to
unused write buffers and the PIP1/PIP2 Display Start Address registers (REG[2Ch] ~ REG[30h] or REG[3Eh] ~
REGT[42h])) are set to the beginning of selected write buffer. The PIP window position and size are configured using
X/Y Start/End positions relative to the origin of the display.

If the PIP1 and PIP2 windows are overlapped, the PIP1 window appears “on top” of the PIP2 window.

12.4.1 Picture-in-Picture Window Settings

A PIP window size and position is specified using X/Y Start/End position registers. Each PIP window has it’s own
set of registers (PIP1: REG[32h] ~ REG[3Ch], PIP2: REG[44h] ~ REG[4Eh]). The PIP Window X/Y Start/End
positions are specified in 8 pixel resolution (horizontal) and 1 line resolution (vertical).

Note
The PIP window must be positioned such that it remains within the dimensions of the
LCD display.

The PIP window display start address is set to the beginning of the PIP window image data in the appropriate write
buffer. The display start address can also be used to scroll PIP window image or provide basic animation. For more
information on using the display start address in this manner, see Section 12.4.2, “Picture-in-Picture Window
Display Start Address” on page 111.
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Top of Display Window PIP Display Memory Start Address

X Full Screen (REG[16h])

"1 —F A

Display Window
Buffer 1 to 16)

PIP Window X Start
(PIP1: REG[32h], PIP2: REG[44h])

PIP Window Y Start
(PIP1: REG[34h]~[36h], PIP2: REG[46h]~[48h])

v

PIP Window
Buffer 1 to 16)

Y Full Screen (REG[1Ah], [1Ch])

] I

PIP Window X End |
(PIP1: REG[38h], PIP2: REG[4Ah])

PIP Window Y End (H size, V size)
(PIP1: REG[3Ah]~[3Ch], PIP2: REG[4Ch]~[4Eh]) ’

Figure 12-8: Picture-in-Picture Window Settings

The following example shows a PIP window overlapping a Display window.

Display Window Image

LCD Display

v

PIP Window Image

Figure 12-9: Picture-in-Picture Window Example
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12.4.2 Picture-in-Picture Window Display Start Address

The PIP window display start addresses can changed to allow scrolling within an image larger than the PIP window
or basic animation by changing the start address between a series of images. This method does not alter the image
data in the write buffer, but simply changes the image data that is displayed within the PIP window.

For further information on calculating memory addresses, see <cross-ref to section 13.5>.
The following example shows a display window with a single PIP window. The write buffer containing the PIP

window image data includes 4 separate images at DSA1, DSA2, DSA3, and DSA4. The PIP window images are
“animated” by changing the PIP window display start address.

PIP Window Image Data

Display Window Image Data
play g DSA1 — 4/_aDSA3

DSA2 _— ,

DSA = Display Start Address

Display Window Display Window Display Window Display Window
+ PIP DSA1 + PIP DSA2 + PIP DSA3 + PIP DSA4

LCD Display with Animation

Figure 12-10: Animation Display Example

12.5 Double Buffer Display

The S1D13517 provides a display output mode which provides double buffering to prevent image tearing for

streaming input. When this mode is selected (REG[2Ah] bits 3-1 = 001b), the display buffer is managed automati-
cally. Image data is written to the write window as if a single buffer is being used. When the streaming image data
is being input, the first frame is written to Buffer 1 and second frame is written to Buffer 2. Buffer 1 and 2 are fixed.
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The buffer read/write pointers can only switch once per frame, at the beginning of the vertical non-display period.
The pointers only switch if an animation frame has completed being updated within the last output frame period,
and no new animation frame is currently being written. Because of this, each time the user finishes writing a frame
of animation data, they should wait until the next vertical non-display period before writing the next frame. This can
be accomplished by using the TE pin or by polling the Vertical Display Period Status (REG[6Ah] bit 7). Alterna-
tively, if the user can guarantee that the maximum input animation data frame rate is 1/2 the LCD frame rate and
that the burst length for writing a animation frame is less than one LCD frame period, then no checking for the
vertical non-display period is required. However, if attention is not paid to allowing the pointers to switch, frames
may be dropped.

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

being updated in the last written. LCD frame period LCD frame period
LCD frame period \ \ \ \
VNDP [ [ 1 [ 1 [ ]

Input Data Write Term Write Term Write Term
Read Buffer ‘ |

Write Buffer ‘ |

Figure 12-11: Double Buffer Switching

12.6 Alpha-Blend

Alpha-Blending is used in computer graphics to create the effect of transparency. This technique is useful for
graphics that feature glass or liquid objects and is done by combining a translucent foreground with a background
color to create a blend. It can also be used for animation, where one image gradually fades into another image.

The Alpha-Blend function blends either one or two images stored in the display buffer according to the selected
alpha value. The output is written back to the display buffer again, and returned. Time is required to create the
composite image and then write it back to the display buffer using the interval of the display cycle. An interrupt is
available which signals the end of the Alpha-Blend and can be used to inform the host CPU.

12.6.1 Alpha-Blend (2 Input Mode)

In Alpha-Blend 2 Input Mode (REG[9Eh] bits 7-6 = 10b), the output window image is generated by blending the
images from input windows 1 and 2. Either of the two input windows may overwrite the blended image by setting
the desired input window to be the output window. All three windows must be the same size.
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Input Window 1

Input Window 2

Alpha Calculation |g¢——

'

Output Window

Figure 12-12: Alpha-Blend Data Flow (2 Input Mode)

The following shows an example of a 2 Input Mode Alpha-Blend.

Input Window 1

Output Window

Input Window 2

12.6.2 Alpha-Blend (1 Input Mode)

Figure 12-13: Alpha-Blend Example

When 1 Input Mode is selected (REG[9Eh] bits 7-6 = 11b), the Alpha-Blend function creates the output image from
only input image 1. It is possible to make the output image a copy of input image 1 by specifying an alpha value of
32/32. The size of two images should be made the same.
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Input Window 1

Alpha Calculation

'

Output Window

Figure 12-14: Alpha-Blend Data Flow (1 Input Mode)
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12.6.3 Alpha-Blend Window Settings

The size of the Alpha-Blend input/output images is set using Horizontal Size (REG[98h]) and Vertical Size
(REG[9Ah] ~ REG[9Ch]) registers. The horizontal size is set in § pixel resolution and the vertical size is set in 1
line resolution. The input/output image start addresses must be set in eight pixel/one line resolution depending on

the address of SDRAM.

Top of Display Buffer

X Full Screen (REG[16h])

Alpha-Blend
Memory Start Address R
\ Horizontal Size (REG[98h]) =
Input Image 1: \< > o
REGI[AOh] ~ REG[A4h] A T =
(&) =
o <
Input Image 2: 0@ e
REG[A6h] ~ REG[AAR] Blending UN) i 8
Input/Output ol o
Output Image: Image g = c
REG[ACh] ~ REG[BOh] o< 3
> 9 o
8 (%]
vV 5
i [
>_

Figure 12-15: Alpha-Blend Window Settings

12.6.4 Alpha-Blend Processing Time

The Alpha-Blend processing time changes depending on the SDCLK frequency and the Alpha-Blend image size
because the Alpha-Blend function operates by using the SDRAM memory.

12.6.5 Alpha-Blend Programming Sequence

The following sequence should be used to setup and perform and Alpha-Blend. The sequence assumes that the input
images are already loaded into the display buffer.
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Start

v

Set Horizontal Size

v

Set Vertical Size

v

Select Number of Input Images

v

Select Blend Value

v

Configure Input Image 1 Address

Number of

Input Images

1 Image

Configure Input Image 2 Address

»
»

v

Configure Output Image Address

l

to Perform Alpha-Blend

REG[98h]

REG[9Ah] ~ REG[9Ch]

REGI9Eh] bits 7-6

REGI9Eh] bits 5-0

REG[AOh] ~ REG[A4h]

1 image: REG[9Eh] bits 7-6 = 11b
2 image: REG[9Eh] bits 7-6 = 10b

REGI[A6h] ~ REG[AAh]

REGI[ACh] ~ REG[BOh]

Figure 12-16: Alpha-Blend Setup Sequence
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Perform Alpha-Blend

l

Yes Use INT? No

v

Disable Interrupt Mask

Enable Interrupt

v

Start Alpha Blend

i

Wait for Interrupt

i

Clear Interrupt Status

REG[B2h] bit 4 = 1b REG[B2h] bit 0 = 1b

REG[B2h] bit 0 = 1b

REG[94h] bit 0 = 1b then Ob

REG[94h] bit 0 = 1b then Ob

REG[B4h] bit 0 = 1b?

REG[B6h] bit 0 = 1b then Ob

REG[B6h] bit 0 = 1b then Ob

v

Enable Interrupt

Start Alpha Blend

—

Alpha-Blend
Done?

iYes

Clear Interrupt Status

v

Use Output Image
(see Note)

End

Note

Figure 12-17: Perform Alpha-Blend Sequence

One method of using the Alpha-Blend output image is setting the output image address to a PIP window and en-
abling the PIP window once the Alpha-Blend is complete.
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Chapter 13 SDRAM Interface

The

SDRAM interface accesses external 16/64/128 Mbit single data rate SDRAM effectively by using bank inter-

leave. The initialization sequence and the auto refresh cycle are executed with hardware.

13.1 SDRAM Initialization

SDRAM must be initialized after resetting hardware. After hardware is reset, an initialization command can be
executed only once. The command is ignored after initialization.

The
1.

2.

initialization sequence is as follows.
Set the size setting register (REG[82h] bits 1-0) according to the memory size of SDRAM used.

Set the refresh counter (REG[8Ch] ~ REG[8Eh]) according to the clock frequency of SDRAM used (change
from default value is unnecessary for 66MHz or higher).

Set the Auto Refresh Enable bit (REG[84h] bit 7) to 1b and the SDRAM Initialization bit (REG[84h] bit 1) to
1b.

Steps 4 through 7 are automatically executed in hardware.

4.

5.

Wait for SDRAM initialization start.

Precharge all commands are issued.

The auto refresh command is issued ten times.

The MRS command is issued. (The setting of the MRS register is unnecessary.)

Poll the initialization status bit (REG[86h] bit 1) with software until the bit = 1b (initialization end) or wait the
processing time of steps 4 through 7 (30,000 clocks of SDCLK).

SDRAM can now be used.

13.2 SDRAM Connection

When a 16M bit SDRAM is used, the MBAO pin is connected to the bank signal of the SDRAM.

When the MBAO and MA11 pins are not used, they must be left unconnected.
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13.3 SDRAM Commands

This section explains the SDRAM interface commands.

13.3.1 MRS Command

The setting of the mode register of SDRAM command (MRS) is automatically executed by hardware in the initial-
ization sequence. S1ID13517 is set as follows.

Table 13-1: MRS Setting

MRS Setting Value
Burst Length 4
Lap Type Sequential
CAS Latency 2
Option All “0”

13.3.2 Read / Write Command

Read/Write of SDRAM is accessed respectively by the bank interleave every four bursts. Auto precharge is always
enabled (MA10 = Low), and the CAS latency is fixed to two.

13.3.3 Auto Refresh Command
Auto refreshing of SDRAM is automatically executed by hardware by an internal refreshing counter. Set the value

of the refresh cycle counter according to the clock frequency of SDRAM used. When the clock frequency is 66MHz
or higher, it is not necessary to change the register from the default value.

13.3.4 Self Refresh Command

The SDRAM self-refresh is enabled/disabled with the SDRAM Self Refresh Enable bit (REG[84h] bit 3) by
software. This command must be set when SDRAM controller is idle status (REG[86h] bit 6 = 1).

13.3.5 Power Down Command

The SDRAM power save can be enabled/disabled by the SDRAM Power Save Enable bit (REG[84h] bit 2) by
software. This command must be set when SDRAM controller is idle status (REG[86h] bit 6 = 1).

13.3.6 Controller Status

The status of the SDRAM controller is indicated by bit REG[86h] bit 6. If the SDRAM controller is move to the idle
status (REG[86h] bit 6 = 1), it is necessary to stop the access to SDRAM with disabling LCD display (REG[2Ah]
bit 0 = 0) and Alpha-Blend (REG[9Eh] bit 7 = 0). Please put the SDRAM controller into power save state before
disabling SDCLK for power saving (REG[68h] bit 0 = 0).
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13.4 Memory Data

The input image is stored in memory as 24bpp. If the image data is RGB 5:6:5 format, it is converted into RGB 8:8:8
format before being stored, as shown in Table 13-3:, “16bpp (RGB 5:6:5) Input Display Data”.

The data format stored in SDRAM is as follows.

Table 13-2: 24bpp (RGB 8:8:8) Input Display Data

Address | bit 15 | bit 14 | bit 13 | bit 12 | bit 11 | bit 10 | bit9 | bit8 | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bit0
0000h | Go' | Go® | Go° | Go* | G® | Go? | Go' | Go° | Bo” | Bo® | By’ | Bo* | Bg® | Bo? | By' | By
0002h | B4/ | Bs® [ B | By* [ B3| B2 | By' | B® | Ry’ | R | Ro? | Ro* | Ro® | Ro? | Ro' | Rg®
0004h [ R [RE | RPIRAIREIRZ|IRI IROIG|GE|GO|G* G2 | G2 |G| GO
0006h | G,Y | G8 | G0 | G | G2 | G2 | G' | G2 | By | B | B, | By* | B,® | B2 | By | BY?

Table 13-3: 16bpp (RGB 5:6:5) Input Display Data

Address | bit 15 | bit 14 | bit 13 | bit 12| bit 11 |bit 10 | bit9 | bit8 | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bit0
0000h | Gy | Go® | Go° | Go* | Go® | Go? | Go' | Go® | By | Bo® | Bg® | Bo* | Bo® | By | Be® | Bg®
0002h | By [ B® | B® | B4* | B3 | By | B® | B | R/ | R® | Ro® | Ro* | Ro® | Ry’ | Ro® | Ro®
0004h | Ry |RE IR RAIRE|IRIIRE|RE|GT|GE|GP |G |G| G2 |G| Gy
0006h | Gy | GB | G2 | G* | GL8 | G2 | Gy | G,B | By | BLS | B, | By | ByS | By | B | B
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13.5 Memory Address

If the memory address of an image in SDRAM must be entered into the registers to use the display or the Alpha-
Blend function, the following method should be used to calculate the memory address.

Image data is arranged in SDRAM using three bytes for each pixel (see <cross-reference to section 13.4>). To
determine the address of an image, the top left corner of the image must be calculated based on the X/Y start coordi-
nates of the image data using the following formula. The memory address must be specified as a byte address.

Image address = buffer n + (Ystart x HDW x 3 bytes) + (Xstart x 3 bytes)

Where:

* Buffer n is the memory start address of the write buffer containing the image data. The address is calculated
based on the SDRAM Write Buffer Memory Size in REG[90h]

* Ystart is the Y coordinate of the start of the image data relative to the start of write buffer n
* HDW is the horizontal display width as defined by REG[16h]

+ Xstart is the X coordinate of the start of the image data relative to the start of write buffer n

SDRAM Address 0 X Full Size (REG[16h])

»
»

A

Buffer 1

REG[90h] Address = Top left corner of image (Xstart/Ystart)

I

_________

Figure 13-1: Image Address in Memory
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Chapter 14 PWM Output

The PWM output can be used for the backlight control of the LCD panel. A high pulse width and the row pulse width
are set to system clock (SYSCLK) with 32 bit counter. There is a bit (REG 70h bit 7) that updates the register in
bulk though the PWM setting register has divided into two or more addresses.

To stop PWM output, disable the PWM (REG[70h] bit 2 = 0b) after ensuring the logic level of the output by setting
REG[70h] bits 1-0.

= JUUUUUL UL

PWML=3 |, PWMH=n .
PWM
Figure 14-1: Example PWM Timing
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Chapter 15 Color Bar Display Test

The test color bar display does not use the SDRAM memory and is selected when REG[2Ah] bits 3-1 = 111b

LCD Panel Image
(Display Start)
LCDPanel
Lines 1~64 <+— R[FFh], G[00h], B[0Oh]
Lines 65~128 <— RJ[00h], G[FFh], B[0Oh]
Lines 129~192 <— RJ[00h], G[0Oh], B[FFh]
Lines 193~256 <+— R[FFh], G[FFh], B[0Oh]
Lines 257~320 <4— RI[FFh], G[FFh], B[0Oh]
Lines 321~384 <——— R[00N], G[FFh], B[FFh]
! |
' ! (Repeating from Line 1)
Last Line
Horizontal direction is decreased every eight pixels. Example: FFh => FEh => FDh)
(800 x 480 Image Examle)
Figure 15-1: Color Bar Display Test
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Chapter 16 Power Save

S1D13517 can control power with software. The operation sequence is shown as follows.

16.1 Sleep Mode

While in sleep mode all internal clocks are disabled including the PLL. On return from sleep mode, the PLL needs
10ms to stabilize. Memory cannot be accessed while in sleep mode. All registers are accessible while in sleep mode.

< Standby Mode >

A\ 4

Select CLKI REG[12h] bit 7 = b

v

. REG[04h] bit 7 = Ob
Disable PLL / SS REGI[OEh] bit 7 = Ob

v

( Sleep Mode >

Figure 16-1: Recommended Procedure for Entering Sleep Mode
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( S|e91Mode >

§ ) REG[04h] bits 5-0
| PLL / SS Register Setting | REG[0Ch] bits 5-0
I I REG[10h] bits 6-4
| SYSCLK Register Setting | REG[12h] bits 4, 1, 0

REG[04h] bit 7 = 1b

PLL / SS Enable REGIOE] bit 7 = 1b

A

Wait Minimum 10ms

A

PLL Clock Selection REG[12h] bit 7 = 1b

v

( Standby Mode >

Figure 16-2: Recommended Procedure for Exiting Sleep Mode
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16.2 Standby Mode

In the standby mode, all internal clocks except the PLL are disabled. Image data can be input immediately after this
mode is exited. Registers can be accessed while in standby mode.

< Normal Operation >

A4

REG[2Ah] bit 0 = 0b
Stop use of circuit REG[70h] bit 2 = Ob
REG[9ENh] bit 7 = Ob

Wait 1us or longer

l Self Refresh
REG[84h] bit 3 = 1b
Stop SDRAM or
Power-Off
REG[84h] bit 2 = 1b

v

Wait 1us or longer

A 4
Disable SDCLK REG[68h] bit 0 = Ob

v

< Standby Mode >

Figure 16-3: Recommended Procedure for Entering Standby Mode
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( Standby Mode >

Various Register Settings

Initiate Software Reset REG[68h] bits 7-0 = E8h (note)
Software Reset Release REG[68h] bits 7-0 = 00h
Enable SDCLK REG[68h] bit 0 = 1b

( Normal Operation )
Note

SDRAM must be initialized (see Section 13.1, “SDRAM Initialization” on page 118).

Figure 16-4: Recommended Procedure for Exiting Standby Mode
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Chapter 17 Use Case Examples

17.1 Initialization Sequence

The following steps are required to initialize SID13517.

* Set the PLL frequency.

+ Set the system clock (SYSCLK).

* Set up the timing and the polarity of signals to the LCD panel.
* Set the SDRAM type.

* Return from sleep mode to standby mode.

* Return from the standby mode to normal operation.
The example on the following page is for a WVGA panel.

Conditions:

* CLKI: 24MHz

PCLK: 30MHz

SDRAM clock: 90MHz

* LCD panel: 800x480 (24bpp)
SDRAM: 64 Mbit

+ SS: is enabled for PCLK (30MHz)
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Reset

.

PLL D-Divider Setting
REG[04h] = 17h : 1:24
REGI[06h] = 51h : 180MHz
REG[08h] = 01h : 1/2
REG[OCh] = 59h : 180MHz

!

SYSCLK Clock Setting
REG[12h] = 01h: PLL, 1:3

l

Enable PLL
REG[04h] = 97h: PLL On

’

Enable Spread Spectrum (SS
REG[OEh] = BFh:SS On

Wait for PLL Stable

10ms No
Yes L
PLL Clock Select
REG[12h] = 81h: PLL Clock
Standby Mode
REG[14h] = 00h: 24bpp, 24bit
LCD Panel Timing Setting REG[16h] = 63h: HDISP = 800
REG[18h] = 7Fh: HNDP = 256
REG[1Ah] = DFh: VDISP = 480
L REG[1Ch] = 01h: VDISP =480
REGI[1Eh] = 16h: VNDP = 46
SDRAM Setting REG[20h] = 27h: HSW = 40
REG[82h] = 02h: 64Mbit REG[22h] = 78h: HPS = 120
REG[8Eh]/[8Ch] = 3FFh REGI[24h] = 0Ah: VSW = 11
REGI[90h] = 50h: 1.25MB REG[26h] = 04h: VPS =4
REGJ[28h] = 80h: PCLK Falling edge

v

Software Reset
REG[68h] = E8h => 00h

.

SDCLK Enable
REG[68h] = 01h

!

Normal Operation

Figure 17-1: Typical S1D13517 Initialization Sequence
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17.2 Display Initialization Sequence

The following steps are required to initialize the SID13517 Display.
* Initialize the SDRAM

* Set the display mode

* Set the image window size

* The image data is Burst Write

Enable the LDC display

» Write the image data (repeat if necessary)
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Normal
Operation

!

Initialize SDRAM
REG[84h] = 82h

!

Wait for SDRAM initialization
to complete
(REG[86h] bit 1 - 1b)

Change display mode? ~ Set the display mode
REG[2Ah] = 00h: Single Ves P REG[2AN] = xxh: xxx
v
Set the input mode P Update display register
REG[52h] = 00h: Buffer 1 |4 REG[50h] = 80h: Load
Set the window REG[5Ah] = 00h: Xstart = 0001
etthe window size REG[5Ch] = 00h, REG[5Eh] = 00h: Ystart = 0001

800 x 480 REG[60h] = C6h- Xend = 800
REG[62h] = 77h, REG[64h] = 03h: Yend = 480

v

Write image data
REG[66h], [67h]

;

Enable the display
REG[2Ah] bit 0 = 1b: LCD On

Set the input mode
Change window size? - » REG[52h] = xxh: xxxx +—
Yes
No v
L Set the window size
Write image data P HxV
REG[66h], [67h] «
v
Write image data
REG[66h], [67h]

;

Change window size?
Yes

Figure 17-2: Typical Display Initialization
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Chapter 18 PLL

18.1 PLL External Low-Pass Filter

The following external low-pass filter is recommended for use with the PLL.

PLLCHGO
]

—_ Cp
PLLVSS %

The wiring between PLLCHGO, Rp, Cp and PLLVSS should be as short as possible.

Table 18-1: Recommended Values for Rp and Cp

Figure 18-1: PLL External Low-Pass Filter Recommendation Parts

PLL Frequency Rp Cp
50~74MHz 1KQ 2000pF
76~100MHz 2KQ 2000pF
102~180MHz 3KQ 2000pF
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18.2 Guidelines for PLL Power Layout

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 following are guidelines which, if followed, will result in cleaner power to the PLL,
resulting in a cleaner and more stable clock. Even a partial implementation of these guide-

lines will give results.

Optional, but recommended

-— To Digital IOVpp Plane \
m
~Y

Voltage \ PLL power traces c3 M
g must split from the c2 C1

close to the regulator

Regulator digital traces very
w

<€4—— To Digital Vgg Plane

Notes:
« PLLVDD and PLLVSS traces should be as short as possible
« PLLVDD and PLLVSS must be separated from the digital supply
« Digital power and ground to L1 and L2 should be short parallel traces
on the same side of the board to reduce any loop area that can induce noise

PLLVpp

S1D13517
PLLVsg

Typical Values:
L1, L2 isolation bead

C1 ~10uf bypass
Cc2 1nf bypass
C3 .1uf bypass

Actual values may be different and
subject to validation

Figure 18-2: PLL 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).

* 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 (PLLVg)

except for a single short trace from C2 to the PLLVgq pin. The ground side of the large
bypass capacitor (C1) should also have a direct connection to the star point.
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* 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.

* Ifpossible, 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.

134

Seiko Epson Corporation S1D13517 Hardware Functional Specification
Rev. 1.6



Mechanical

Chapter 19 Mechanical

’ 16.0
’u 14.0
o o
I e
128 —33
h 0.145 + 0.055
g |
AN -y
N X il ———0~10°
S  [o.08max|s|  05254+0.225 J & 1
—
10

1=1mm

Figure 19-1: QFP15 128-pin Package
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Chapter 20 Change Record

X92A-A-001-01 Revision 1.6 - Issued: March 15, 2018
* updated Sales and Technical Support Section

* updated some formatting

X92A-A-001-01 Revision 1.5 - Issued: May 17, 2013

* chapter 2.6 Display Features - add “This function can not be used with rotation and mirror function, the
REG[52h] bits 3-0 never be set to the value 9h, Ah and Bh.”

* chapter 12.2 Transparency - add “This function can not be used with rotation and mirror function, the REG[52h]
bits 3-0 never be set to the value 9h, Ah and Bh.”

X92A-A-001-01 Revision 1.4 - Issued: February 25, 2013

* chapter 9.1 Clock Descriptions - changes to figure 9-1, Clock Block Diagram, for the first MUX change CLKI
selection to “0” and PLL selection to “1”

 chapter 14 PWM Output - rewrite second paragraph

X92A-A-001-01 Revision 1.3 - Issued: April 18, 2012
+ chapter 9.1 Clock Descriptions - changes to figure 9-1, Clock Block Diagram

* chapter 17.1 Initialization Sequence - change bulletted text “SS: is enabled” to “SS: is enabled for PCLK
(30MHz)

 chapter 18.1 PLL External Low-Pass Filter - add note to figure 18-1, PLL External Low-Pass Filter Recommen-
dation Parts

X92A-A-001-01 Revision 1.2 - Issued: October 09, 2009

* chapter 2.5 Display Support - change bulleted text “Maximum 1024 x 1024 display...” to “Maximum 960 x 960
display...”

* chapter 2.5 Display Support - change 16/18/24bpp to 16/18/24-bit
* chapter 2.6 Display Features - rewrite section

* chapter 6.2.1 Host Interface - add paragraph “For a summary of the Host pin mapping...”” and in table add register
REG[6A] reference to TE/INT pin Description

 chapter 6.2.2 LCD Interface - add paragraph “For a summary of the LCD pin mapping...”
* chapter 6.2.5 Miscellaneous - for CNF[2:0] description add reference to section 6.4

* chapter 6.2.5 Miscellaneous - for PLLGHGO description add reference to chapter 19

* chapter 6.4 Configuration Options - rewrite note after table

+ chapter 8.2 Reset Timing - add tggpgn( to figure 8-, Reset Timing

* chapter 8.4.1 Indirect Intel80 Bus - correct a typo in note 3, change MD[7:0] to HD[7:0]
* chapter 8.4.2 Indirect ALE Bus - correct a typo in note 3, change MD[7:0] to HD[7:0]
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* chapter 8.6 LCD Interface Timing - in table 8-12, Panel Timing Parameters, change VSW Register bits to 5-0
and Max value to 64

« chapter 8.6 LCD Interface Timing - in table 8-12, Panel Timing Parameters, change HDISP and VDISP Max to
960

 chapter 9.1 Clock Descriptions - changes to register references in figure 9-1 Clock Block Diagram

« chapter 9.3 Clock Control - in note, change all instances of SYSCLK to SDCLK

* REGJ[04h] bit 7 - in note, change SYSCLK to SDCLK

* REG[04h] bits 5-0 - rewrite note “Depending on CLKI, these bits...” and in the table, change M-Divide to D-
Divide

» REGJ[08h] bit 0 - rewrite bit description

* REGJ[O0CHh] bits 6-0 - add note 1 “The PLL output range is minimum 50MHz (REG[0Ch] = 18h), and maximum
180MHz (REG[0Ch] = 59h)”

* REGJ[OEh] bit 7 - in note, change SYSCLK to SDCLK

» REGJ[12h] bit 4 - rewrite bit description

* REG[12h] bits 1-0 - in note, change SYSCLK to SDCLK

» REG[14h] bits 2-1 - rename these bits to “Input Image Format” and add note to bit description

* REG[16h] - update the formula in the bit description and in the note change the maximum to 960 pixels

* REG[18h] - rename these bits to “Horizontal Non-Display Period” and in the note, change HS Start to HPS and
HS Width to HSW

* REG[1Ah] ~ REG[1Ch] - in the note change the maximum to 960 lines
* REG[1Eh] - in note change maximum to 512 lines

 chapter 10.3.4 Display Mode Registers - change section name to “Display Mode Registers” from “Input Mode
Register”

* REGJ[24h] bits 5-0 - in bit description formula, change PVS to VSW

* REG[2Ah] bit 0 - in bit description change “internal system clock” to SDCLK

* REGJ[32h] - add notes “The value of this register...” and “The PIP1 window must be positioned such that...”
* REG[34h] ~ REG[36h] change register bit order

* REG[34h] ~ REG[36h] - add note “The PIP1 window must be positioned such that...”

* Reg[38h] - changes to formula in bit description and add notes “The value of this register...” and “The PIP1
window must be positioned such that...”

* REG[3Ah] ~ REG[3Ch] change register bit order
* REG[3Ah] ~ REG[3Ch] - add note “The PIP1 window must be positioned such that...”

* REG[44h] - remove “Display” from register and bit names and add note 2 “The PIP2 window must be positioned
such that...”

* REG[44h] - add note “The value of this register...”
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+ REG[46h] ~ REG[48h] change register bit order

* REG[46h] ~ REG[48h] - add note “The PIP2 window must be positioned such that...”
* REG[4Ah] - add note 2 “The PIP2 window must be positioned such that...”

* Reg[4Ah] - changes to formula in bit description and add note “The value of this register...”
* REG[4Ch] ~ REG[4Eh] change register bit order

* REG[4Ch] ~ REG[4Eh] - add note “The PIP2 window must be positioned such that...”
* REG[50h] - change default value to “not applicable”

* REGJ[52h] bit 7 - rewrite bit description

* REG[52h] bit 3 - rewrite bit description

* REG[52h] bit 1 - rewrite bit description

* REGJ[52h] bit 0 - rewrite bit description

* REG[54h] - correct typo in bit description, change REG[53h] to REG[52h]

* REG[56h] - correct typo in bit description, change REG[53h] to REG[52h]

* REGJ[58h] - correct typo in bit description, change REG[53h] to REG[52h]

* REG[5Ah] - add note “The value of this register...”

* REG[5Ch] ~ REG[5Eh] - change register order in formula

* REG[60h] - change register reference REG[34h] to REG[52h], changes to formula in bit description and add
note “The value of this register...”

* REG[62h] ~ REG[64h] - change register reference REG[34h] to REG[52h] and change register order in formula
* REG[66h] ~ REG[67h] - change register default values to “not applicable”

* REG[66h] ~ REG[67h] - correct typos in bit description, correct register numbers and “internal system clock
(SYSCLK)” to SDCLK

+ REG[68h] bit 0 - in bit description rename bit to “SDCLK Enable” and change SYSCLK to SDCLK

* chapter 10.3.8 General Purpose Output Pins Registers - change section name from IO to Output and add note
“When 18-bit TFT is selected...”

+ REG[84h] - change register default value to “not applicable”

* REG[86h} bit 6 - reserve this bit

* REG[86h} bit 1 - in bit description, change reference to REG[84h] bit 3 to REG[84h] bit 1
* REG[94h] - change register default value to “not applicable”

* REG[96h] - reserve this register

* REG[B6h] - change register default value to “not applicable”

+ chapter 11.1.3 Memory Write (New Window) Procedure - in #3 change “five” to “six”

* chapter 12 Display Functions - rewrite entire section

138 Seiko Epson Corporation S1D13517 Hardware Functional Specification
Rev. 1.6



Change Record

 chapter 12.1.2 Display Window Setting - at the end of the first paragraph change “a multiple of eight” to “an
eight pixel resolution”

* chapter 12.2.1 Picture-in-Picture Window Setting - at the end of the first paragraph change “a multiple of eight”
to “an eight pixel resolution”

* chapter 13.3.6 Controller Status - in first paragraph change SYSCLK to SDCLK
* chapter 13.5 Memory Address - rewrite section
* chapter 15 Alpha-Blend Interrupt Circuit - move the figure and text to chapter 10.3.12 and delete this section

 chapter 16.2 Standby Mode - change SYSCLK to SDCLK in figure 16-3 Recommended Procedure for Entering
Standby Mode and figure 16-4 Recommended Procedure for Exiting Standby Mode

* chapter 17.1 Initialization Sequence - change SYSCLK to SDCLK in figure 17-1 Typical SID13517 Initializa-
tion Sequence

* chapter 17.2 Display Initialization Sequence - correct typos in figure 17-2 Typical Display Initialization, change
“REG[66h], [68h]” to “REG[66h], [67h]”

* chapter 17.2 Display Initialization Sequence - correct typos in figure 17-2 Typical Display Initialization, change
REG[5Ah] = 00h: Xstart = 0001, REG[5Ch] = 00h, REG[5Eh] = 00h: Ystart = 0001, REG[60h] = C6h: Xend =
640, and REG[62h] = 77h, REG[64h] = 03h: Yend = 480

X92A-A-001-01 Revision 1.1 - Issued: August 25, 2009
 chapter 5 Display Data Path - in figure 5-1, change “Main Window” to “Write Window”

* chapter 6.2.3 SDRAM Interface - change pins MCS#, MRAS#, MCAS#, MWE# and MCKE SDRAM Reset
state / SDRAM Power Save Status to “H”, and change MCLKO SDRAM Reset state / SDRAM Power Save
Status to “H or L”

* REG[32h] - change equation in bit description
» REGJ[38h] - change equation in bit description
* REG[44h] - change equation in bit description
* REG[4Ah] - change equation in bit description
* REG[5Ah] - change equation in bit description
* REG[5Ch] ~ REG[5Eh] - correct typos in bit designations of register table
* REG[60h] - change equation in bit description
* REG[62h] ~ REG[64h] - correct typos in bit designations of register table

X92A-A-001-01 Revision 1.0 - Issued: January 30, 2009
* chapter 4 Block Diagram - in figure 4-1 change “SDCLK” to MCLKO

* section 6.2.5 Miscellaneous - in table change TEST[1:0] and SCANEN descriptions to “...should be connected to
VSS”

* section 8.4.1 Indirect Intel80 Bus - in table 8-9 Intel80 Bus A.C. Characteristics, change t,,q, MIN to “1”
* section 8.4.2 Indirect ALE Bus - in table 8-10 ALE Bus A.C. Characteristics, change t; 4, MIN to “1”
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* section 8.5 SDRAM Interface Timing - in table 8-11 SDRAM Interface Timing, change t,.;; and t.,.,; MIN to
“0.3t e - 27, and tp, .o and t 0 MIN to “0.5t,.. - 27

* REG[08h] bit 0 - change name in bit description to match register table
+ REG[10h] bits 6-4 - in table change Width of Frequency Change for other values to reserved
« REG[12h] bits 1-0 - in table change 00b SS Clock Source to “SS is not used”

* REG[2Ah] bits 3-1 - in table change Display Data Output for 010b, 011b and 100b to “PIP1 screen display”,
“PIP2 screen display”, and “PIP1 and PIP2 screen display” respectively

* REG[2Ah] bit 0 - add “Changes to this bit are not synchronized with...” to bit description

+ REG[50h] bit 7 - change bit name to “Display Setting Register Update”

* REG[5Ah] ~ REG[64h] - rename registers and bits to “Write Window...”

* REG[6Ah] bit 5 - correct typo in bit description, change “VP” to “VDP”

* REG[6AN] bits 1-0 - in table change TE/INT Output Function for 10b to “HDP OR’d with VDP”

+ REG[86h] bit 6 Change bit description to “...When this bit = Ob, the SDRAM Controller is busy or otherwise in
use. When this bit = 1b, the SDRAM Controller is idle.”

+ REG[A2h] bits 7-0 - remove typo from bit range in register table, change “bits 7-15-8" to “bits 15-8.
* REG[A4h] bits 7-0 - remove typo from bit range in register table, change “bits 7-23-8” to “bits 23-8.

* section 11.1.3 Memory Write (New Window) Procedure - change the section name from “New Window Write
Procedure” and in step 3 change reference to REG[5Ch] to REG[5Ah]

* section 11.1.4 Memory Write (Update Window) Using Existing Window Coordinates - change the section name
from “New Window Write Using Existing Window Coordinates”

* section 12.1.2 Display Window Setting - in figure 12-2 Display Window Setting, correct typos - change “Strra”
to “Start”, “(0, 0)” to “(1, 1)”, and “(H size - 1, V size - 1)” to “(H size, V size)”

* section 12.2.1 Picture-in-Picture Window Setting - in figure 12-5 Picture-in-Picture Window Setting, correct
typos - change “Strat” to “Start”, “(0, 0)” to “(1, 1)”, and “(H size - 1, V size - 1)” to “(H size, V size)”

» section 13.2 SDRAM Connection - add this section
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Chapter 21 Sales and Technical Support

For more information on Epson Display Controllers, visit the Epson Global website.

https://global.epson.com/products_and_drivers/semicon/products/display_controllers/ l

For Sales and Technical Support, contact the Epson representative for your region.

https://global.epson.com/products_and_drivers/semicon/information/support.html l
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