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Chapter 1 Introduction

Chapter 1 Introduction

1.1 Scope

This is the Hardware Functional Specification for the S1D13U11 External SDRAM LCD Controller. Included in
this document are timing diagrams. AC and DC characteristics, register descriptions, and power management
descriptions. This document is intended for two audiences: Video Subsystem Designers and Software Developers.

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

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

1.2 Overview Description

The S1D13U11 is a low power color LCD Controller with support for up to 128M-bit external SDRAM memory.
The S1D13U11 supports a USB2.0 High-speed device port interface while providing high performance bandwidth
into the external display memory allowing for fast screen updates. The S1D13U11 also provides support for multiple
display buffers, Picture-in-Picture, Alpha-Blend, and display rotation/mirror.

Additionally the S1D13U11 supports one 12C and two SPI serial interfaces. These can be connected to an external
touch screen controller and serial flash memory. The S1D13U11 is an excellent solution to connect between the host
CPU and LCD panel via the USB port.

W Active Matrix TFT Display

I SDRAM (16M / 64M / 128M-bits) (16 / 18 / 24-bit)

RGB Interface

»
»

SPI-ch0 Touch
<4 p BN ¢——

USB Host Port USB Device Port

Host Controller
CPU S1D13U11 GPIO _
. USB2.0 High-Speed & Full-Speed Key Switch
SPI-chl Serial
) Flash
Figure 1-1: System Overview
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Chapter 2 Features

Chapter 2 Features

2.1 Frame Buffer

« Single External 16M-bit, 64M-bit or 128M-bit SDRAM memory support (16-bit bus interface)
e Maximum 96MHz SDRAM clock

2.2 Host CPU Interface

» USB2.0 device port (1-port)
» HS mode (480Mbps) and FS mode (12Mbps) transfer support
» Embedded FS/HS termination (no need for external components)
» VBUS 5V direct interface (requires protection components)

< Endpoint

* Endpoint 0: For system control (Control transfer)

Endpoint 1: For command write (Bulk OUT transfer)

Endpoint 2: For status read (Bulk IN transfer)

Endpoint 3: For event read (Interrupt IN transfer)
 Endpoint 4: For display data write (Bulk OUT transfer)

« USB protocol control
» Embedded protocol sequencer and 96K-byte work SRAM
* Device class: Vendor class

» Need the download configuration data into work SRAM from USB port or external serial flash

2.3 Input Data Formats
* RGB 8:8:8 (3-byte/pixel or 4-byte/pixel)
* RGB 5:6:5 (2-byte/pixel)

2.4 Display Mode
* 24bpp (RGB 8:8:8) or 16bpp (RGB 5:6:5) color depths selectable

2.5 Display Support

¢ Active matrix 16/18/24-bit TFT interface
» Maximum 800 x 600 display support (QVGA/WQVGA/HVGA/VGA/WVGA/SVGA)

10 EPSON S1D13U11 Hardware Functional Specification
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Chapter 2 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.

» Copy /Fill
A new window can be copied by Alpha-Blending the image of a window. A new window can be filled by Alpha-
Blending a programmed color.

» 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.

» Double buffer display
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.

* Pixel doubling display
Display Doubling is available for the main window.

* Virtual display
Virtual display is available to show the display data which is larger than LCD panel size. The display data can be
easily scrolled to the left/right/top/bottom directions.

» Wake-up display
Wake-up display is available to show quickly the display data which is stored into SDRAM without host CPU
support. This function is used when returning from the sleep.

* Start-up display
Start-up display is available to show quickly the display data which is stored into serial flash without host CPU
support. This function is used when starting from the reset.

S1D13U11 Hardware Functional Specification EPSON 11
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Chapter 2 Features

« Display enhancement

Display enhancement is available to show display data which is enhanced by the Gamma correction, Brightness

correction and Contrast correction.

2.7 SPI Interface

* SPI master interface (SP1-ch0: SSO0#)
* For the external touch screen controller
* Sequential command support
* SPI master interface (SPI-ch1-1: SS1#)
* For the expand 1/O device
* Sequential command support
» SPI master interface (SP1-ch1-2: SS2#)
* For the external serial flash

» 1M-hit serial flash support for the following devices:
Sanyo LE25FU106B
Numonyx M25PE10
Numonyx M25PE10A

2.8 12C Interface

* 12C master interface
* For the expand 1/O device

« Standard mode (100kbps) and Fast mode (400kbps) support

2.9 GPIO Interface
« 16-bit general purpose input / output ports (GPIOA [7:0]/GPIOBJ[7:0])

» Programmable on/off pull-up resistor

2.10 Key-scan Interface

* 8x8,8x4or8x 2 key matrix support (share the GPIO ports)

« Programmable scan period

2.11 Buzzer Interface

» Buzzer pulse output for beep sound

» Programmable buzzer frequency and on period

12 EPSON
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Chapter 2 Features

2.12 PWM Interface
* PWM pulse output for LED backlight control

» Programmable high and low pulse width

2.13 Event Notification

 Event notification for host CPU via USB endpoint 3
* INTO input interrupt (SPI interface interrupt)
< INTL1 input interrupt (Wake-up key input)
» GPIO input interrupt (Edge or level detection)
» Key-scan data changing
« SPI sequential command data receive

« LCD interface interrupt (Alpha-Blend complete)

2.14 Clock Source
» 12MHz or 24MHz crystal oscillator (frequency is selected by CNFO pin)

* Internal programmable PLL (maximum 96MHz)
» SDRAM clock (66MHz ~ 96MHz)
* Spread spectrum clock available (maximum 78MHz)
» LCD pixel clock (maximum 48MHz)
« 1/2, 1/3, 1/4, 1/6 or 1/8 the clock frequency can be selected for the SDRAM clock
« Spread spectrum clock available
» General purpose clock output (FOUT)
« 1/1, 1/2 or 1/4 the clock frequency for crystal oscillator

S1D13U11 Hardware Functional Specification EPSON
(Rev. 1.2)
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2.15 Miscellaneous

Reset

» Hardware reset

» USB bus reset

» Software command reset

Power Save

* Sleep (Crystal: stop, USB port: stop, LCD interface: stop)
* Entry factor: USB suspend or VBUS low input
« Exit factor: USB resume, USB bus reset, INTO/INT1 input or VBUS high input

» USB remote wake-up support

Package

* QFP20-144 pin

14 EPSON S1D13U11 Hardware Functional Specification
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Chapter 3 System Diagrams

RESET#
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GPIOA[7:0]
GPIOB[7:0]
INTL
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TESTEN
SCANEN

TFT LCD Panel

(x 24bit)
PVS »| VSYNC
PHS »| HSYNC
PDE »| ENAB
PCLK »| DCK
PDR[7:0] »| R[7:0]
PDGI[7:0] »| G[7:0]
PDB[7:0] »! B[7:0]
PWM > BaCkllght
BUZZER—p
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Moslo——— | DI Screen
Count.
MISOO|¢—— | DO
INTO |« INT
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MOSI1 » b Flash
MISO1| ¢—— | DO

Z
==

i2ccLk || i 12C

I2CDATA |¢— o3

USBVDD

jT PIOVDD

pio Device

MIOVDD
PIOVDD

COREVDD-—_‘_

1.8v

3.3V

VSS
PLLVDD

PLLVSS

I
|
— 18V

Reset -
IC
A
Host CPU
(USB2.0-HS)
VBUS ﬁy\A___
DP |« >
DM |« »
GND
d
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SDRAM l
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Figure 3-1: System Diagram Example
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Chapter 4 Block Diagram

S| d AsynClk: Asynchronous clock
eep mode USBCIlk: USB System clock
OSCI
—» osc 12MHz / 24MHz »| (LCLK)
OSCO |«
A 4
CNFO > USBPLL | ——» UsBCK
USBClk USBClk
Display Data >
Rl > USB Devi
evice
DP [¢—p Interface USBClk Other Data / <P
Command
< > < > < > LCD Bridge o (LD[15:0])
DM |« FIFO > :
- —Pp Interface g
»
VBUS » <+— Data/Command
USBCIk
4+—r—>r Register
SRAM < N
96KB Protocol
USBCIlk
Sequencer
<4—»| 12CCLK
< » 12C
<4—»| 12CDATA
Power < »
Management USBCIKk
P»| SSO0#
» SCKO
AsynClk <+“—> SPI-ch0 » MOSIO
Interrupt <« MISO0
INTO |[—» > b
INT1 > Interrupt l SPI-cho USBCIk
Controller <4— SPlchl »| ss1#
(LINT) » <4—— GPIOinput P SS2#
<4—— Key Scan USBCIk <4+—> SPI-chl »| SCK1
»| MOSI1
< MISO1
> GPIO |€¢—P «
USBCIKk USBCIk
GPIOA[7:0] |« »
I >
GPIOB[7:0] |« o KeyScan |« < > BUZZER »| BUZZER
AsynClk
»
RESET# » Reset ———> USB block reset
Software reset  ——p| Controller »| (LRESET#)
Figure 4-1: Block Diagram 1 of 2 (USB Interface Block)
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Chapter 4 Block Diagram

AsynClk: Asynchronous clock
LCDCIk: LCDC System clock SDClk
SDClk: SDRAM clock
L »| MBA[1:0]
— »| MA[11:0]
sbck — | MCKE
SDRAM | 16-bit . | SDRAM > Mos#
Interface »| Interface | —P{ MRAS#
—_p| MCASH#
i —»| MwWE#
SDCIk SDCIk LCDClk MDQM[1:0]
Alpha P SDRAM Timing <—p| MD[15:0]
Blend [« Controller Generator
AsynClk LCDCIk LCDCIKT l LCDCIk Y LcDClk _LCeDClk
; ) » PVS
16-bit i 16/24-bit|  Input Memor Displ 16/24-bit
LD[15:0]) |¢—» LCD Bridge > P y isplay
(ol D Interfac Buffer > Controller EIEO —» LUT »| PHS
»| PDE
8-bit LCD »| PDR[7:0]
LCDClk AsynClk Interface 4
_ o »| PDG[7:0]
Register |——p» Control signals Window GPO » »| PDB[7:0]
Controller
»| (LINT)
16/18/24-bit Select ————P»
(LCLK) 12MHz / 24MHz > Divider »| FOUT
1/1to 1/4
66MHz - 96MHz
—> PLL =\
> Clock » MCLK
Buffer
66MHz - 78MHz p Divider |8.25MHz - 48MHz|  Clock
P 12wus " Buffer PCLK
LCDClk
» SbCk > PWM > PWM
(LRESET#)|—— LCDC block reset
L LcDclk
Figure 4-2: Block Diagram 2 of 2 (LCD Interface Block)
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Chapter 5 Pinout Diagram

5.1 Pin-Out

[a)
8Z2YY232%8E8B388E &
BB RN R 8RRy 20000000000000000 N
AdRdo0odoooococnocowlganaaaaoaoaaoaaoanoanoakbs
00aaaaaaaaaaaaa>a00000000000000000En
108 [| [N QR ppairnaaes
109 7, 10810710610510410310210110099 98 97 96 95 94 93 92 91 90 89 88 87 86 8584 83 828180797877 76 757473 72
PDGO0 —| 109 72 ||—= PIOVDD
PDR7 —| 110 71 [/ VSS
PDR6 —| 111 70 |[|/—= FOUT
PIOVDD —|112 69 |[— 12CCLK
VSS —| 113 68 |[—3 I2CDATA
PDR5 —| 114 67 ||— SS2#
PDR4 —| 115 66 |[—— SS1#
PDR3 —| 116 65 [—— MISO1
PDR2 —| 117 64 [— MOSI1
COREVDD | 118 63 |1 SCK1
PDR1 | 119 62 |—3 INTO
PDRO —| 120 61 |—— SSOo#
PDE —|121 60 |— MISO0
PVS —|122 59 |[—/—= MOSsI0
PHS —|123 58 |—=3 SCKO
PCLK C——|124 57 |/ MD15
PWM C—]|125 56 [— MDO
DBGOUT | 126 55 |— COREVDD
DBGEN# —| 127 54 |[— MD14
DBGCLK ]| 128 53 |2 MD1
COREVDD —| 129 52 |I—— MIOVDD
VSS | 130 51 |3 VSS
R1 |13 50 |—— MD13
VSS [—|132 49 |—31 MD2
USBVDD ——|133 48 |I—— MD12
DM 134 47 |——= MD3
VSS —|135 46 \—— MD11
DP —|136 45 |— MD4
USBVDD  [—|137 44 |I—1 MD10
VBUS [—|138 43 \[—1 MD5
COREVDD —| 139 |ndex 42 |—= MIOVDD
VSS —| 140 41 |/ VSS
CNFO /|14 40 |—— MD9
CNF1 —| 142 39 |——= MD6
CNF2 | 143 38 |[—3 MD8
RESET# [—{| 144 37 |=— MD7
144 123456 7 8 91011121314151617 181920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
R
anmzzgn_mmwmm‘—ammgoor\‘g‘wﬁmo:#m%xmok-—cuo
08 oeBDo0esIS252000325255338523%5%358
E o ﬂ 8 373 <] % = ==2== < = 0 s asa
o} Fapo o 55 S=3"3
O (@]

Figure 5-1: S1D13U11 Pinout (Top View)
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5.2 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

X = Don't care

1 = Pull-up resistor on

0 =  Pull-down resistor on

Table 5-1: Cell Descriptions
Item Description
HI H System LVCMOS Input Buffer
HID H System LVCMOS Input Buffer with pull-down resistor
HIDC H System LVCMOS Input Buffer with pull-down control resistor
HSI H System LVCMOS Schmitt Input Buffer
HSID H System LVCMOS Schmitt Input Buffer with pull-down resistor
HTID H System LVCMOS Tolerant Input Buffer with pull-down resistor
HO1 H System LVCMOS Output Buffer Type 1 (+/- 2mA)
HO1T H System LVCMOS Output Buffer Type 1 (+/- 2mA) with tri-state
HO2 H System LVCMOS Output Buffer Type 2 (+/- 3mA)
HO2S H System LVCMOS Output Buffer Type 2S (+/- 3mA or +/- 4mA)
HO3 H System LVCMOS Output Buffer Type 3(+/- 5mA)
HSB1 H System LVCMOS Bidirectional Buffer Type 1 (+/- 2mA)
HSB1U H System LVCMOS Bidirectional Buffer Type 1 (+/- 2mA) with pull-up resistor
HSB1UC H System LVCMOS Bidirectional Buffer Type 1 (+/- 2mA) with pull-up control resistor
HSB1D H System LVCMOS Bidirectional Buffer Type 1 (+/- 2mA) with pull-down resistor
HSB1DC H System LVCMOS Bidirectional Buffer Type 1 (+/- 2mA) with pull-down control resistor
HB2 H System LVCMOS Bidirectional Buffer Type 2 (+/- 3mA)
HB2D H System LVCMOS Bidirectional Buffer Type 2(+/- 3mA) with pull-down resistor
HBA H System Analog Input / Output
LBA L System Analog Input / Output
Note

1. H System is PIOVDD, MIOVDD and USBVDD
2. L System is COREVDD and PLLVDD

S1D13U11 Hardware Functional Specification EPSON 19
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5.2.1 Host CPU Interface

Table 5-2: Host CPU Interface Pin Descriptions

Power
Pin Name | Type | PIN# Cell 0 RESET Save Description
Voltage | #State
Status
DP 10 136 HBA uSB Z Z This bidirectional pin is the USB data line +.
DM 10 134 HBA USB z z This bidirectional pin is the USB data line -.
VBUS | 138 HTID USB 0 0 This mput pin is the USB device detection. 5V level
can be input.
This input pin is the reference current input for USB.
R1 ' 131 HBA | USB — —  |A6.2kQ +/- 1% resistor should be connected
between this pin and VSS.
OSClI | 2 LBA | CORE — — This input pin is the crystal oscillator input.
0OSCO (0] 3 LBA | CORE — — This output pin is the crystal oscillator output.
CNFO | 141 HSI USB e e Th|§ input pin is the configuration input of crystal
oscillator.
CNF[2:1] | 143, 142 HSI USB z z These two pins are reserved.
This input pin is the Reset input. Active low input to
set all internal registers to the default state and to
RESET# | 144 HSI USB z z force all signals to their inactive states. This input
uses a Schmitt input and delay line for noise
reduction.

5.2.2 LCD Interface

Table 5-3: LCD Interface Pin Descriptions

Power
Pin Name | Type PIN # Cell 0 RESET Save Description
Voltage | #State
Status
110, 111, : .
PDR[7:3] o 114,115, | HO2S PIO L L These output pins are R[7:3] of the panel data
output.
116
This output pin has multiple functions.
¢ R[2] of the panel data output in 18/24-bit
PDR[2] / mode.
cpope] | © 117 | HO2S | PIO L | L/Keep | . Gpors] output in 16-bit mode.
See Table 5-8: “LCD Interface Pin Mapping,” on
page 30
These output pins have multiple functions.
PDRIL:O1 / ¢ R[1:0] of the panel data output in 24-bit mode.
GPO[[l"(%] 0] 119,120 | HO2S PIO L L / Keep ¢ GPOJ[1:0] output in 16/18-bit mode.
See Table 5-8: “LCD Interface Pin Mapping,” on
page 30
102, 103, . .
PDG[7:2] o 104, 105, | HO2S PIO L L theslﬁ output pins are G[7:2] of the panel data
106, 107 put.
20 EPSON S1D13U11 Hardware Functional Specification

(Rev. 1.2)



Chapter 5 Pinout Diagram

Table 5-3: LCD Interface Pin Descriptions (Continued)

Power
Pin Name | Type PIN # Cell 10 RESET Save Description
Voltage| #State
Status
These output pins have multiple functions.
PDGIL:01/ ¢ G[1:0] of the panel data output in 24-bit mode.
GP()[[é-z]] O 108, 109 | HO2S PIO L L/ Keep e GPO[3:2] output in 16/18-bit mode.
See Table 5-8: “LCD Interface Pin Mapping,” on
page 30
PDB[7:3] o 94, 95, 96, HO2S PIO L L These output pins are B[7:3] of the panel data
97, 98 output.
This output pin has multiple functions.
« B[2] of the panel data output at 18/24-bit
PDB[2] / mode.
cpor] | © % | HO2S | PO | L L/Keep | 5por7) output at 16-bit mode.
See Table 5-8: “LCD Interface Pin Mapping,” on
page 30
These output pins have multiple functions.
PDBI1:01/ « B[1:0] of the panel data output at 24-bit mode.
GP()[[é'z]l] O 100, 101 | HO2S PIO L L / Keep e GPO[5:4] output at 16/18-bit mode.
See Table 5-8: “LCD Interface Pin Mapping,” on
page 30
PVS o] 122 HO2S PIO L L This output pin is the vertical sync pulse output.
PHS o 123 HO2S PIO L L This output pin is the horizontal sync pulse output.
PCLK 0] 124 HO2S PIO L L This output pin is the pixel clock output.
PDE o] 121 HO2S PIO L L This output pin is the pixel data enable output.
PWM 0 125 HO1 PIO L keep This c_;utput pin is the PWM output for the LCD
backlight control.
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5.2.3 SDRAM Interface

Table 5-4: SDRAM Interface Pin Descriptions

Power
Pin Name | Type PIN # Cell 10 RESET Save Description
Voltage| #State
Status
57, 54, 50,
48, 46, 44,
. 40, 38, 37, These pins are the data bus for the SDRAM. These
MD[15:0] Vo 39, 43, 45, HB2D MIO 0 Keep pins have internal pull-down resistors.
47, 49, 53,
56
MBA[L:0] o 23, 25 HO2 MIO L Keep These pins are the bank address output for the
SDRAM.
26, 21, 24,
. 22, 20, 15, .
MA[11:0] (0] 13 11. 10 HO2 MIO L Keep |These pins are the address output for the SDRAM.
12,14, 19

MCS# 27 HO2 MIO H Keep |[This pin is the chip select for the SDRAM.

This pin is the row address strobe output of the

MRAS# 29 HO2 MIO H Keep SDRAM.

MCAS# o 33 HO2 MIO H Keep This pin is the column address strobe output of the

SDRAM.

MWE# (0] 35 HO2 MIO H Keep [This pin is the write enable output of the SDRAM.
MDQM1 (0] 34 HO2 MIO L Keep |[This pin is the DQMH output of the SDRAM.
MDQMO (0] 36 HO2 MIO L Keep [This pin is the DQML output of the SDRAM.

MCLK (0] 30 HO3 MIO X Keep |[This pin is the clock output of the SDRAM.

MCKE (0] 28 HO2 MIO H Keep [This pin is the CKE output of the SDRAM.
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5.2.4 1/O Interface
Table 5-5: 1/O Interface Pin Descriptions
Power
Pin Name | Type PIN # Cell 0 RESET# Save Description
\Voltage | State
Status
83 84 85 These bidirectional pins have multiple functions.
GPIOA[7:0]| 10 | 86,87, 88, |HSBIUC| PIO 1 Keep « General purpose input / output ports in GPIO
89, 90 mode.
« Key-scan input in key-scan mode.
These bidirectional pins have multiple functions.
GPIOB[7:4]| 10 75,76, 77, HSBIUC| PIO 1 Keep » General purpose input / output ports in GP1O
78 mode.
¢ Key-scan output in 8x8 key-scan mode.
These bidirectional pins have multiple functions.
GPIOB[3:2]| 10 79, 80 HSB1UC| PIO 1 Keep . gﬁgzral purpose input / output ports in GPIO
« Key-scan output in 8x8/8x4 key-scan mode.
These bidirectional pins have multiple functions.
GPIOB[1:0]| 10 81,82 |HsBiUC| PIO 1 Keep . ﬁiggral purpose input / output ports in GPIO
¢ Key-scan output in key-scan mode.
l2CCLK | 10 69 HSB1 | PIO z z  |Thispinis the 12C clock input. .
This pin requires an external pull-up resistor.
12CDATA | 10 68 HSB1 PIO 7 7 Th!s pin is th(_e I2C data input/output. _
This pin requires an external pull-up resistor.
SSO# 10 61 HSB1U PIO 1 H This pin is the slave select output of SPI-chO.
SCKO 10 58 HSB1D PIO 0 L This pin is the serial clock output of SPI-chO.
MOSIO (0] 59 HO1 PIO L L This pin is the serial data output of SPI-chO.
MISOO0 | 60 HID PIO 0 0 This pin is the serial data input of SPI-ch0.
SS1# (0] 66 HO1 PIO L H This pin is the slave select output of SPI-ch1-1.
SS2# (0] 67 HO1 PIO L H This pin is the slave select output of SPI-ch1-2.
SCK1 (0] 63 HO1 PIO L L This pin is the serial clock output of SPI-ch1l.
MOSI1 (0] 64 HO1 PIO L L This pin is the serial data output of SPI-ch1.
MISO1 | 65 HID PIO 0 0 This pin is the serial data input of SPI-ch1.
INTO | 62 HSI PIO z z This pin is the interrupt input of SPI interface.
INT1 I 74 HSI PIO z z This pin is the interrupt input of Wake-up key.
BUZZER (0] 73 HO1 PIO L L This pin is the buzzer output.
FOUT (0] 70 HO1 PIO L L This pin is the clock output.
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5.2.5 Miscellaneous

Table 5-6: Miscellaneous Pin Descriptions

Power
Pin Name | Type | PIN# Cell 10 RESET# Save Description
\Voltage | State
Status
VCP 10 8 LBA PLL . This pin is for production test orlly and should be left
unconnected for normal operation.
Test Enable input used for production test only. This
TESTEN I 5 HSID UsB 0 pin must be connected directly to GND for normal
operation.
Scan Enable input used for production test only. This
SCANEN | 6 HSID USB 0 pin must be connected directly to GND for normal
operation.
DBGOUT | O 126 HO1 PIO L This pin is for production test o_nly and should be left
unconnected for normal operation.
DBGEN# | 10 127 HSB1U PIO 1 This pin is for production test o_nly and should be left
unconnected for normal operation.
DBGCLK | © 128 HO1 PIO H This pin is for production test o_nly and should be left
unconnected for normal operation.
5.2.6 Power
Table 5-7: Power Pin Descriptions
Pin Name | Type Pin # Cell Descriptions
1, 18, 55, 91, .
COREVDD| P 118, 129, 139 P Core power supply, all pins must be connected.
PLLVDD P 7 P PLL power supply
USBVDD P 133, 137 P USB power supply, all pins must be connected.
PIOVDD P 72,92,112 P Peripheral 1/0 power supply, all pins must be connected.
MIOVDD P 17,32, 42,52 P Memory I/0O power supply, all pins must be connected.
4,16, 31, 41,
51,71, 93, .
VSS P 113, 130, 132, P GND, all pins must be connected.
135, 140
PLLVSS P 9 P PLL GND
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5.3 Pin Structure

5.3.1 Input Pin

NN

Input Data

Input Pin O @
AN

e

Figure 5-2: Input Pin (HI, HSI) Structure

>

Input Pin Q ®

ﬁ Input Data

AN

Pull-down resistor

Figure 5-3: Input Pin (HID, HSID) Structure

Input Pin O ®

T— Input Data

On/Off Control

Pull-down resistor

Figure 5-4: Input Pin (HIDC, HSIDC) Structure
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5.3.2 Output Pin

N

Output Data I/

777

Figure 5-5: Output Pin (HO1, HO2, HO3) Structure

® O Output Pin

Output Data }/

Output Control

AN

777

Figure 5-6: Output Pin (HOLT) Structure

N

Output Data D ] Q Output Pin

Drive Size Control

777

Figure 5-7: Output Pin (HO2S) Structure
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5.3.3 Bi-directional Pin

—e—
Input Data
Output Data ® O Bidirectional Pin
High on s
Bidirectional Control ! e
Figure 5-8: Bi-directional (HB2, HSB1) Structure
e
Input Data —
Output Data ® ® Q Bidirectional Pin
High on .

Bidirectional Control c{} 777
High on Pull-down resistor

/

Figure 5-9: Bi-directional (HB2D, HSB1D) Structure
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-
Input Data ‘
Output Data ~——————— ® L O Bidirectional Pin
High on L
Bidirectional Control : YOua
On/Off Control High on Pull-down resistor
/7
Figure 5-10: Bi-directional (HSB1DC) Structure
R
Input Data ‘
Output Data ~——————— ® @ O Bidirectional Pin
High on L

Bidirectional Control c[} ya
High on Pull-up resistor

Figure 5-11: Bi-directional (HSB1U) Structure
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Input Data ‘
Output Data ® ® O Bidirectional Pin
High on s

Bidirectional Control j 77
On/Off Control High on Pull-up resistor

Figure 5-12: Bi-directional (HSB1UC) Structure
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5.4 Configuration Options

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

) Power-on State
Pins 1 (connected to USBVDD) 0 (connected to VSS)
CNFO 24MHz crystal oscillator 12MHz crystal oscillator
CNF1 Reserved. Must be set to 0
CNF2 Reserved. Must be set to 0

5.5 LCD Interface Pin Mapping

Table 5-8: LCD Interface Pin Mapping

Pin Name TFT Interface

Color depth | 16bpp | 18bpp | 24bpp
PVS PVS
PHS PHS
PCLK PCLK
PDE PDE
PDRO GPOO RO
PDR1 GPO1 R1
PDR2 GPO6 R2
PDR3 R3
PDR4 R4
PDR5 R5
PDR6 R6
PDR7 R7
PDGO GPO2 GO
PDG1 GPO3 Gl
PDG2 G2
PDG3 G3
PDG4 G4
PDG5 G5
PDG6 G6
PDG7 G7
PDBO GPO4 BO
PDB1 GPO5 Bl
PDB2 GPO7 B2
PDB3 B3
PDB4 B4
PDB5 B5
PDB6 B6
PDB7 B7
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Chapter 6 D.C. Characteristics

6.1 Absolute Maximum Rating

Table 6-1: Absolute Maximum Ratings

(Rev. 1.2)

Symbol Parameter Rating Units
CORE Vpp |Core Supply Voltage VSS-0.3~25 \%
PLL Vpp PLL Supply Voltage VSS-03~25 \Y,
USB Vpp USB Supply Voltage COREVDD ~ 4.0 \Y,
PIO Vpp Peripheral 10 Supply Voltage COREVDD ~ 4.0 \Y,
MIO Vpp Memory 10 Supply Voltage COREVDD ~ 4.0 \%
VN1 Input Signal Voltage VSS-0.3~10VDD + 0.5 \Y,
VN2 Input Signal Voltage (DP, DM) VSS - 0.3 ~USBVDD + 0.5 \%
VN3 Input Signal Voltage (VBUS) VSS-0.3~6.0 \%
VN4 Input Signal Voltage (OSCI) VSS - 0.3 ~ COREVDD + 0.5 \Y,
VouTt1 Output Signal Voltage VSS - 0.3~10VDD + 0.5 \Y,
VouT? Output Signal Voltage (DP, DM) VSS - 0.3 ~USBVDD + 0.5 \%
lout Output Signal Current +10 mA

6.2 Recommended Operating Conditions
Table 6-2: Recommended Operating Conditions
Symbol Parameter Condition Min Typ Max Units
CORE Vpp |Core Supply Voltage VSS=0V 1.65 1.80 1.95 \Y
PLL Vpp PLL Supply Voltage VSS=0V 1.65 1.80 1.95 \%
USB Vpp USB Supply Voltage VSS=0V 3.00 3.30 3.60 \Y
PIO Vpp Peripheral 1O Supply Voltage VSS=0V 3.00 3.30 3.60 \%
MIO Vpp Memory IO Supply Voltage VSS=0V 3.00 3.30 3.60 \
VN1 Input Voltage — VSS — IOVDD \Y
VN2 Input Voltage (DP, DM) — VSS — USBVDD \Y
ViN3 Input Voltage (VBUS) — VSS — 5.50 \%
Topr Operating Temperature — -40 +25 +85 °C
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6.3 Electrical Characteristics

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

Table 6-3: Electrical Characteristics

Symbol Parameter Condition Min Typ Max Units
liz Input Leakage Current — -5 — 5 UA
loz Output Leakage Current — -5 — 5 A

. IOVDD =min _ .
VoH1 High Level Output Voltage (1) lopy = -2MA, TYPEL pin IOVDD - 0.40 I0VDD \%
. IOVDD =min
Vou2 High Level Output Voltage (2) lopa = -3MA, TYPE2 pin IOVDD - 0.40 — I0VDD \
. lOVDD = min
Von3 High Level Output Voltage (3) lopip = -4mA, TYPE2S pin IOVDD - 0.40 — I0VDD \Y
. IOVDD =min _ .
VoHa High Level Output Voltage (4) lopo = -5MA, TYPES pin IOVDD - 0.40 I0VDD \Y
. USBVDD =min
VoHs High Level Output Voltage (5) USB-FS, DP, DM 2.8 — — \%
. USBVDD =min
VoHns High Level Output Voltage (6) USB-HS, DP, DM 360 — — mV
IOVDD = min
Vor1 Low Level Output Voltage (1) lop1 = 2MA, TYPEL pin VSS — 0.40 \%
IOVD = min
VoL2 Low Level Output Voltage (2) loL» = 3MA, TYPE2 pin VSS — 0.40 \
I0OVD = min
Vors Low Level Output Voltage (3) loL» = 4mA, TYPE2S pin VSS — 0.40 \%
IOVD = min
VoLa Low Level Output Voltage (4) loL» = 5MA, TYPE3 pin VSS — 0.40 \Y
IOVD = min
Vors Low Level Output Voltage (5) USB-FS, DP, DM — — 0.30 \%
IOVD = min
Vois Low Level Output Voltage (6) USB-HS, DP, DM — — 10 mV
ViH High Level Input Voltage CMOS Input 2.20 — — \%
VL Low Level Output Voltage CMOS Input — — 0.80 \Y
V11 Positive Trigger Voltage (1) CMOS Schmitt 1.40 — 2.70 \%
Vi Positive Trigger Voltage (2) USB-FS, DP, DM 1.10 — 1.80 \%
VT3 Positive Trigger Voltage (3) VBUS 1.86 — 2.85 \%
V1.1 Negative Trigger Voltage (1) |CMOS Schmitt 0.60 — 1.80 \%
V1.2 Negative Trigger Voltage (2) |USB-FS, DP, DM 1.00 — 1.50 \%
V13 Negative Trigger Voltage (3) |VBUS 1.48 — 2.23 \%
A Hysteresis Voltage (1) CMOS Schmitt 0.30 — — \%
Vo Hysteresis Voltage (2) USB-FS, DP, DM 0.10 — — \%
Vh3 Hysteresis Voltage (3) VBUS 0.31 — — \%
. V,=0.8Vto 2.5V
Vps Deferential Input Voltage USB-FS, DP, DM — — 0.20 \Y
Rpy Pull-Up Resistance V|=VSS 50 100 240 kQ
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Table 6-3: Electrical Characteristics

Symbol Parameter Condition Min Typ Max Units
Rpp1 Pull-Down Resistance (1) V,=VDD 50 100 240 kQ
Rpp2 Pull-Down Resistance (2) V=5V, VBUS 110 125 150 kQ

. . f=1MHz, VDD = 0V
Cio1 Pin Capacitance (1) DP. DM — — 11 pF
. . f=1MHz, VDD = 0V
Cioz Pin Capacitance (2) Other pins — — 8 pF
6.4 Power Consumption
Table 6-4: Power Consumption
Symbol Parameter Condition Min Typ Max Units

ICORE+PLL COREVDD / PLLVDD Current — 50 80 mA

luse Active Current (note 1)  |USBVDD Current — 7 — mA

lio I0VDD Current — 25 — mA

ICORE+PLL COREVDD / PLLVDD Current — 10 1000 UA

luse Sleep Current (note 2) USBVDD Current — 20 UA

lio I0VDD Current — 80 UuA

1. Typ (typical) is measured values using typical display settings of 800x480, 16bpp, MCLK = 96MHz, PCLK =
32MHz, USB data transfer and the Typ conditions listed in Table 6-2: “Recommended Operating Conditions,”
on page 31.
Max (maximum) is the estimated values using worst case display settings of 800x600, 24bpp, MCLK = 96MHz,
PCLK = 48MHz, USB data transfer and on the Max conditions listed in Table 6-2: “Recommended Operating
Conditions,” on page 31.

2. The values listed for this parameter do not include the pull-up/pull-down current of each input pin, or the pull-
up current of the DP pin (approximately 200uA).
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Conditions: USBVDD =

IOVDD = 3.3V £ 0.3V, COREVDD =PLLVDD = 1.8V *+0.15V, T =-40°C ~ 85°C

Trise and Ty for all inputs except Schmitt must be <50ns (10% ~ 90%)
Trise and Ty for all Schmitt must be; <5ms (10% ~ 90%)
C_ = 15pF (SDRAM Interface)
C_ = 30pF (LCD Interface)
C_ = 30pF (Other Interface)

7.1 Clock Timing

7.1.1 Crystal Oscillator Clock

Table 7-1: Crystal Oscillator Clock (OSCI/OSCO)

Symbol Parameter Min Typ Max Units
fosciz Input clock frequency (12MHz) 11.9988 12 12.0012 MHz
toscoa Input clock frequency (24MHz) 23.9976 24 24.0024 MHz

tosta Oscillator start time (note 1) — — 20 ms

1. Oscillator start time is dependant upon external components. The value given is for reference only.

7.1.2 USB Clock

Both the crystal oscillator start time and USB-PLL stable time are necessary for the USB clock to become stable.
The wait time is controlled by hardware automatically, software control is unnecessary while waiting for the USB
clock to become stable.

USB Clock \

OSC start trigger

USB clock stable

I
|
|
4

|

|
|
[E—

Crystal oscillator start time  USB-PLL stable time
|

.
|
|
|

a

UL

Figure 7-1: USB Clock Stable Time

Table 7-2: USB Clock Requirements

Symbol Parameter Min Typ Max Units
fUCLKO USB clock frequency — 60 — MHz
tupsta USB-PLL clock stable time — — 250 us
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7.1.3 PLL Clock

The PLL circuit is an analog circuit that is very sensitive to noise on the power supply. If the supplied power is noisy,

it 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.

See Section 16.2, “Guidelines for PLL Power Layout” on page 168 for further details.

The waiting time for the PLL clock to become stable must be controlled by software.

|
PLL Clock \

PLL enable

200us
Lock in time

r
|
|
|

)

1
|
|
|
[

oA
[
[
[
4 -

PLL stable

Figure 7-2: PLL Stable Time

Table 7-3: PLL Clock Requirements

Symbol Parameter Min Typ Max Units
fPLLO PLL output clock frequency 66 — 96 MHz

fPLLDuN PLL output clock duty 40 — 60 %
tpref PLL output clock period jitter -400 — 400 ps
tpsta PLL output stable time — — 200 us

7.1.4 Clock Output
Table 7-4: Clock Output

Symbol Parameter Min Typ Max Units

fSDCLK SDRAM clock (note) 66 — 96 MHz
tsputy SDRAM clock duty 40 50 60 %
flek LCD clock (note) 8.25 — 48 MHz
tLpbuty LCD clock duty 45 50 55 %

fFCLK12 FOUT clock 12MHz (note) 3 — 12 MHz

fFCLK24 FOUT clock 24MHz (note) 6 — 24 MHz
trDuty FOUT clock duty 45 50 55 %

Note

These values do not include the PLL jitter value and OSC input difference.
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7.1.5 Spread Spectrum (SS) Clock

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

Table 7-5: Spread Spectrum Clock

Symbol Parameter Min Max Units
fsscik Input SS clock (note) — 78 MHz
SS clock diffusion width (REG[10h] bits 6-4 = 000b) -0.210 0.210 ns
SS clock diffusion width (REG[10h] bits 6-4 = 001b) -0.333 0.333 ns
SS clock diffusion width (REG[10h] bits 6-4 = 010b) -0.462 0.462 ns
. SS clock diffusion width (REG[10h] bits 6-4 = 011b) -0.586 0.586 ns
SSW 1SS clock diffusion width (REG[10h] bits 6-4 = 100b) -0.715 0.715 ns
SS clock diffusion width (REG[10h] bits 6-4 = 101b) -0.842 0.842 ns
SS clock diffusion width (REG[10h] bits 6-4 = 110b) -0.971 0.971 ns
SS clock diffusion width (REG[10h] bits 6-4 = 111b) -1.096 1.096 ns

Note

The input frequency of the SS must be up to 78MHz. SS can not be used between 84MHz to 96MHz.
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7.2 Reset Timing

RES tRESNC
RESET#
Figure 7-3: Reset Timing
Table 7-6: Reset Timing
Symbol Parameter Min Max Units
tres Active reset pulse width 1 — us
tRESNC Noise cancel pulse width — 10 ns
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7.3 Power Sequence Timing

7.3.1 Power-on Sequence Timing

P tron R
IOVDD
USBVDD
COREVDD
Figure 7-4: Power-on Sequence Timing
Table 7-7: Power-on Sequence Timing
Symbol Parameter Min Max Units
troN Power-on difference time 0 — ms
7.3.2 Power-off Sequence Timing
tporF
|IOVDD
USBVDD
COREVDD
Figure 7-5: Power-off Sequence Timing
Table 7-8: Power-off Sequence Timing
Symbol Parameter Min Max Units
trorF Power-off difference time 0 — ms
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7.4 Host CPU Interface Timing

The USB timings conform to the USB2.0 standard specification, Universal Serial Bus Specification Revision 2.0

Released April 27, 2000.

7.5 SDRAM Interface Timing

P thC o
< tmch P tmel >
MCLK \
tmad tmah
MCS#, MA[11:0]
MRAS#, MCAS#
MWE#, MBA[1:0]
MDQM[1:0], MCKE t
mdoz
—>
< tmdod > tmdoh
MD[15:0]
(Output)
< tmdis ¢ tmdih
MD[15:0]
(Input)
Figure 7-6: SDRAM Interface Timing
Table 7-9: SDRAM Interface Timing
Symbol Parameter MIN MAX Units
tmee MCLK cycle period 10 — ns
tel MCLK Low pulse width 3 — ns
tmeh MCLK High pulse width 3 — ns
tmad SDRAM control signals delay time — 7 ns
tmah SDRAM control signals hold time 1 — ns
tmdod | SDRAM data signal delay time — 7 ns
tmdgon | SDRAM data signal hold time 1 — ns
tndoz |SDRAM data output signal Hi-Z time — 9 ns
tmdis SDRAM data input signal setup time 3 — ns
tmdih SDRAM data input hold time 2 — ns
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MCLK
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Active
Command

Read Command

)(i

Auto Precharge

Enable

Note

Figure 7-7: SDRAM Read Timing

Burst length = 4 and CAS latency = 2 are fixed.
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|
|
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| | | |
| ; +
! |

| |
- t ~ T T -

MCS# 1'/ o\ I/ | (I | [ | \ | oy
| I \_I._I | \_I._I I \..I_l | \..[J
| | | 1 1 1 ~ 1 1 1 | . | 1
MRAS# LN I I N I I Loy I I
! | I I -t | I I — | |
| | ! | | I ] | | ! 1 [
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Active Write Command Auto Precharge
Command Enable
Figure 7-8: SDRAM Write Timing
Note
Burst Length = 4 is fixed.
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MCKE

MCS#

MRAS#

MCAS#

MCLK K / ! :
|
[E—
|
|
|
|
|
|
|
|
|
- 1

MWE#

MBA[1:0] HorlL

MA[11:0] HorlL I
Co T o I i |
[ | | | 1
MDQM][1:0] L I | | | |
| | | | |
1 Il
T T t t T
MD[15:0] HorL 1 ! I I I I
T 1 T T T T T
| | | | | |
All bank Precharge Auto Refresh Mode Register Set
Command Command 10 times) Command

Figure 7-9: SDRAM Initialization Timing

Note
The initialization sequence is started by setting the SDRAM Initialization bit (REG[84h] bit 1 = 1). After power-
on/reset, the initialization sequence can only be ran once. The initialization sequence requires 30,000 MCLK cy-
cles.
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Figure 7-10: Auto Refresh / Self Refresh Timing

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

Note
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Figure 7-11: Power-Off Timing

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

Note

never shut down.
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7.6 Serial Interface Timing

7.6.1 SPI Clock / Data Timing

P 1:SCC o
tseh P tsel N
SCK \
(CPOL =0)
tSdOd tsdoh
MOSI
tsdis fsaih
MISO
Figure 7-12: SPI Clock / Data Timing
Table 7-10: SPI Clock / Data Timing
Symbol Parameter Min Max Units
tsee SCK cycle period 66 — ns
tsel SCK Low pulse width tsec X 0.45 — ns
tseh SCL High pulse width tsec X 0.45 — ns
tsdod MOSI data output delay time — 20 ns
tsdoh MOSI data output hold time 0 — ns
tsdis MISO data input setup time 20 — ns
tsdin MISO data input hold time 10 — ns
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7.6.2 SPI Slave Select Timing

tssw
+—>
SS# //
tsss tssh
“—P —>
U /U]ﬂﬂﬂj
Figure 7-13: SPI Slave Select Timing
Table 7-11: SPI Slave Select Timing
Symbol Parameter Min Max Units
tsss SS# setup time 400 — ns
teshl SS# hold time 1000 — ns
tssw SS# High pulse width 1000 — ns
46 EPSON S1D13U11 Hardware Functional Specification

(Rev. 1.2)



Chapter 7 A.C. Characteristics

7.6.3 12C Interface Timing

P tizce |
P tiocl P ligch _
I12CCLK
ti2doz
tiodod iiZdOhk
[2CDATA
(Output) /
tizdis tiogin
I2CDATA
(Input) \
Note: Both I2CCLK, 12CDATA have to drive high by external pull-up resistor
Figure 7-14: 12C Interface Timing
Table 7-12: 12C Interface Timing
Symbol Parameter MIN MAX Units
tioee I2CCLK cycle period 2500 — ns
tiogl I2CCLK Low pulse width tinee X 0.45 — ns
tioch I2CCLK High pulse width tioce X 0.45 — ns
togod  ||2CDATA data output delay time — 20 ns
togon  |I2CDATA data output hold time 0 — ns
todoz  |I2CDATA data output Hi-Z time — 20 ns
tiodis I2CDATA data input setup time 20 — ns
tiodin I2CDATA data input hold time 10 — ns
S1D13U11 Hardware Functional Specification EPSON 47

(Rev. 1.2)



Chapter 7 A.C. Characteristics

7.7 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*I0VDD level in the following display interface timing dia-
grams.
P HDISP P HNDP
PDE
HPS | Hsw
PHS
A A
<
9
%)
E T
7 < HDISP . HNDP
o < <
v
A A<
0
A A%
é A é é
v v = 9
A
Rv) o
5 =
Figure 7-15: Panel Timing Parameters
Table 7-13: 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)
HSW PHS Pulse Width (REG[20h] bits 6-0) + 1 1 128
VDISP Vertical Display Height (REG[1Ch] bits 1-0, REG[1Ah] bits 7-0) + 1 32 960
VNDP Vertical Non-Display Period ((REGI1Eh 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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7.7.1 LCD Panel Power-on Sequence

t1

Display On bit **

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], PDGJ[7:0], PDB[7:0], PCLK, PHS, PVS and PDE.

Figure 7-16: LCD Panel Power-on Sequence Timing

Table 7-14: LCD Panel Power-on Sequence Timing

Symbol Parameter Min Max Units
t1 Display on to LCD signals active 0 10 Ts

7.7.2 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], PDGJ[7:0], PDBJ[7:0], PCLK, PHS, PVS and PDE

Figure 7-17: LCD Panel Power-off Sequence Timing

Table 7-15: 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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7.7.3 LCD Panel Timing

t1 R

t2

e | ﬁf Ty

PDE

N e
<£%wmfﬁ/4W1 aaafaialalalils
e T LR i

t16
<>
PDR[7:0]
PDG[7:0] invalid >< / >< last ) invalid
PDB[7:0]

Figure 7-18: 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 7-16: 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

Ts = Pixel clock period
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7.7.4 LCD Interface Timing

—

pcc

A

v

< foch >« fpo >
PCLK
(REG[28h] b7=0) \
tpds tpdh
——r——>
PVS, PHS, PDE
PR[7:0]
PG[7:0]
PB[7:0]
Figure 7-19: LCD Interface Timing
Table 7-17: LCD Interface Timing
Symbol Parameter MIN MAX Units
toce PCLK cycle time 20 — ns
tocl PCLK pulse width Low toce * 0.4 — ns
thch PCLK pulse width High tocc ¥ 0.4 — ns
tods LCD signals output setup time toch - 3 — ns
todh LCD signals output hold time toei- 3 — ns
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Chapter 8 Clocks

8.1 Clock Descriptions

The clock source for the S1D13U11 is the crystal oscillator. The USB clock (USBCLK) is generated by the USB-
PLL, the SDRAM clock (SDCLK) is generated by a PLL or directly from the oscillator, and the LCD clock
(LCDCLK) is divided from SDCLK, which then becomes the pixel clock (PCLK).

The Spread Spectrum modulation (SS) can be added to SDCLK or LCDCLK (however, the frequency range is
limited to 78MHz.).

CNFO = >
o . . USBCLK
| ! USB-PLL ¥ (60MHz)

Sleep Control ——— |

OSCl & ——1— >: : > | '
| |
11IMQ % |
| |

0SCO ®! !
e 12MHz or 24MHz |
SDCLK Clock Select SS Source Select
REG[12h] bit 7) REG[12h] bit 1)
> |
Divider 6MHz . K } ’ » 0
» 120r 14 PLL g g Y —s+—» SDCLK
1 1 (MCLK)
T T > ss >
» 0
PLL Input Clock Select PLL Enable
EG[04h] bit 0 i
REG[04h] bit 0) REG[04h] bit 7) _ SS ehable
PLL Output Clock Select Divider (iIREG[OENh] bit 7)
REG[OCHh] bits 3-0) 12~ |4
REG[06h] bit 4) 1/8
SDCLK Enable T I
REG[68h] bit 0) LCDCLK Divide Select p LCDCLK
REG[12h] bits 6-4) (PCLK)
>
SS Source Select
REG[12h] bits 1-0)
Note:
When REG[12h] bits 1-0 = 01b, LCDCLK is derived from the SS output clock.
When REG[12h] bits 1-0 = 00b, 10b or 11b, LCDCLK is derived from the SDCLK output clock.

Figure 8-1: Clock Block Diagram
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Chapter 9 Reset

9.1 Hardware Reset

All internal system blocks may be hardware reset by bringing the RESET# input pin low.

9.2 Software Reset

All internal system blocks may be software reset from host CPU command input. This function is the same as the
hardware reset. For further information on this command, see the S1D13U11 Software Technical Manual, X96A-
A-002-xx.

9.3 USB Bus Reset

The USB bus reset is triggered from host CPU input. After a USB bus reset, most internal system blocks, except the
USB device port, are kept at the previous status. For further information on this function, see S1D13U11 Software
Technical Manual, X96A-A-002-xXx.

time | | | >
| 3ms~3125ms |  100us ~ 875us |
Last Activity .
DP /DM Driven SEO
HS mode J FS mode R
Vl L
Reset | Restart

Figure 9-1: USB Bus Reset (HS mode)

time | | >
| 2.5Us ~ !

DP/DM  Last Activity X ’J’State\ Driven SEO

FS mode

v

Reset Restart

v
v

Figure 9-2: USB Bus Reset (FS mode)
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Chapter 10 Host CPU Interface

10.1 USB Device Port

The S1D13U11 supports the USB2.0 (Universal Serial Bus Specification Revision 2.0) device port.

10.1.1 Speed Mode

The S1D13U11 supports High-speed mode (HS: 480Mbps) and Full-speed mode (FS: 12Mbps) USB. The speed
mode is determined automatically by the speed negotiation in the USB bus reset. For example, when the S1D13U11
connects to the USB HS host, the speed negotiator will select the HS mode automatically.

10.1.2 Transfer Type

The S1D13U11 supports Control transfer, Bulk IN transfer, Bulk OUT transfer and Interrupt IN transfer. Other
transfer modes are not supported.

10.1.3 Descriptor

The device class of the S1D13U11 is vender class. For further information on the descriptor, see the S1D13U11
Software Technical Manual, X96A-A-002-xX.

10.1.4 Protocol Sequencer

The S1D13U11 includes the protocol sequencer for simpler host CPU control. The host CPU must use the protocol
commands to control the S1D13U11. For further information on the protocol, see the S1ID13U11 Software
Technical Manual, X96A-A-002-xXx.

10.1.5 Configuration Data

Configuration data is necessary to run the protocol sequencer. This data has to be downloaded from the USB port
or SPI interface (serial flash) into the embedded SRAM (96KB). For further information on the method of download,
see the S1D13U11 Software Technical Manual, X96A-A-002-xx.

10.1.6 External Components

The S1D13U11 includes the terminal resistor for both HS mode and FS mode. Impedance matching is not necessary,
so the external components are also not necessary. The DP/DM lines can connect directly between the S1ID13U11
and the USB connector (or USB host device). External components for ESD protection and the EMI suppression
should be added, if necessary. The VBUS pin supports 5V input, but some USB hosts may drive the voltage higher
with serges, so additional protection circuits are recommended.
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10.2 Endpoint

The S1D13U11 has the endpoint 0 and four specified endpoints. For further information on the endpoint, see the
S1D13U11 Software Technical Manual, X96A-A-002-xX.

10.2.1 Endpoint O

Endpoint 0 is used as the control transfer. HS mode: 64-byte, FS mode: 64-byte. The S1D13U11 uses the control
transfer as the standard request and vender request.

10.2.2 Endpoint 1

Endpoint 1 is used as the command transfer (Bulk OUT transfer). HS mode: 512-byte, FS mode: 64-byte. The
S1D13U11 receives the command block (command + additional data) from the host CPU.

10.2.3 Endpoint 2

Endpoint 2 is used as the status transfer (Bulk IN transfer). HS mode: 512-byte, FS mode: 64-byte. The S1D13U11
sends the status block (status + additional data) to the host CPU for returning the command response.

10.2.4 Endpoint 3

Endpoint 3 is used as the event notification (Interrupt IN transfer). HS mode: 64-byte, FS mode: 64-byte. The
S1D13U11 sends the event block (event + additional data) to the host CPU.

10.2.5 Endpoint 4

Endpoint 4 is used as the display data transfer (Bulk OUT transfer). HS mode: 512-byte, FS mode: 64-byte. The
S1D13U11 receives the display data from the host CPU.
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10.3 Protocol

The S1D13U11 communicates the command, status, event and display data to/from host CPU. The sequence and
method are determined by the protocol.

10.3.1 Command

The S1D13U11 receives the following commands from host CPU.

Table 10-1: Command Descriptions

Command

Description

Configuration

Control the download of the configuration data

LCD register write

Control the register write for LCD interface

LCD register read

Control the register read for LCD interface

LCD display data write

Control the display data write for LCD interface

LCD wake-up Control the wake-up for LCD interface
12C Control the 12C interface
SPI Control the SPI interface

SPI sequential

Control the SPI sequential interface

GPIO Control the GPIO interface
Key-scan Control the key-scan interface
Buzzer Control the buzzer interface
Event Control the event natification

10.3.2 Status

The S1D13U11 sends the following status to the host CPU.

Table 10-2: Status Description

Status

Description

Command Success

Indicate the command success

Command Error

Indicate the command error

Invalid Parameter

Indicate the invalid parameter

Protocol Error

Indicate the protocol error
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10.3.3 Event Notification

The S1D13U11 sends the following event notifications to the host CPU.

Table 10-3: Event Naotification Description

Event Notice

Description

LCD interface

Show the LCD interface interrupt

INTO input Show the SPI interface interrupt
SPI sequential Show the receive the SPI sequential data
GPIO input Show the GPIO interrupt
INT1 input Show the wake-up key input
Key-scan Show the key-scan data changing
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10.4 Display Input Data Format

The data format of the display input is selected as 16bpp mode (16-bit/pixel), 24bpp mode 1 (24-bit/pixel) or 24bpp
mode 2 (32-bit/pixel). The three formats can be mixed in a system, but the data format of the SDRAM must be
selected as either 16bpp or 24bpp.

10.4.1 Endian Type 1 (REG[14h] bit 6 = Ob)

Table 10-4: 16bpp mode (REG[14h] bits 2-1 = 1Xb)

Order | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bit0
1 Go* | Go® | Go? | By’ | By | By | Bo* | Bg®

|| B[ W[IN
Py
fia
=
X
fia
o
Py
fia
(4]
Py
fia
I
X
fia
w
(9]
[y
=
(9]
fiy
o
(9]
fiy
(4]

Table 10-5: 24bpp mode 1 (REG[14h] bits 2-1 = 00b)

Order | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bit0
1 Go' | Go® | Go° | Go* | Go® | Go? | Got | Gg°

Ol W[IN
oy}
o
~
us}
o
o
oy}
o
al
oy}
o
IN
us}
o
w
us}
o
N
oy}
o
-
oy}
o
o

Table 10-6: 24bpp mode 2 (REG[14h] bits 2-1 = 01b)

Order | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bit0
1 Ro’ | R® | Ro® | Ro* | Ro® | Ro? | Rot | R

O NS~ W[DN
Py
fia
=
X
fia
o
Py
fia
(4]
Py
fia
I
X
fia
w
X
fia
N
Py
fia
[N
Py
fia
o
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10.4.2 Endian Type 2 (REG[14h] bit 6 = 1b)

Table 10-7: 16bpp mode (REG[14h] bit 2-1 = 1Xb)

Order | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bitO
1 Go* | Go® | Go? | Ry’ | Re® | Re® | Ro* | Rg®

ol W[IN
vy)
=
.
vy)
=
o
vy]
=~
o
vy)
=
IS
vy)
=
w
@
-
<
@
-
o)
@
i
o

Table 10-8: 24bpp mode 1 (REG[14h] bits 2-1 = 00b)

Order | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bit0
1 Ro’ | Re® | Ro® | Ro* | Ro® | Ro? | Rot | R

Ol bl WIN
Py
i
<
Py
i
o
Py
2
o
Py
i
IS
Py
ie
w
Py
2
N
Py
2
N
Py
i
o

Table 10-9: 24bpp mode 2 (REG[14h] bits 2-1 = 01b)

Order | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bit0
1 nfa | nla | nla | nla | nla nfa | nla | nla

V| N[O~ W|DN
>
=2
QD
>
~
Q
>
~
Q
>
~
Q
>
=
Q
>
=2
<))
>
=2
<))
>
=2
<))
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Chapter 11 LCD Interface

11.1 Overview

The S1D13U11 includes the color LCD interface with the external SDRAM frame buffer. The maximum panel size
supported is 800x600 @ 24bpp TFT.

11.1.1 Display Support

The S1D13U11 supports the following TFT panel sizes. The maximum frequency of the pixel clock (PCLK) is

48MHz.

Table 11-1: LCD Panel Support

Panel Size Data width
QVGA 320 x 240 @ 16bit / 18bit / 24bit
WQVGA 400 x 240 @ 16bit / 18bit / 24bit
HVGA 640 x 240 @ 16bit / 18bit / 24bit
VGA 640 x 480 @ 16bit / 18bit / 24bit
WVGA 800 x 480 @ 16bit / 18bit / 24bit
SVGA 800 x 600 @ 16bit / 18bit / 24bit
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11.1.2 Display Function

The S1D13U11 supports the following display functions. The start-up display requires external flash memory.

Table 11-2: Display Function

Display Function

Description

24bpp / 16bpp display

24bpp / 16bpp color depth in the frame buffer

Write window

X/Y window data write for the frame buffer

Transparent write

Write data mask for the frame buffer

Picture-in-Picture display

PIP1 window and PIP2 window display

Overlay display

Overlay PIP window display on main window

Alpha-blend (normal mode)

Alpha-blend from 2 window

Alpha-blend (copy mode)

Copy from a window

Alpha-blend (fill mode)

Color fill from programmable color

Rotation display

180-degree rotation display

Mirror display

Right/left mirror display

Double buffer display

Hardware switching display in double buffer

Multi buffer display

Software switching display in 16 buffer

Doubling display

Pixel doubling display for main window

Virtual display

4 direction smooth scroll

Wake-up display

Wake-up display from sleep without host CPU support

Start-up display

Start-up display from reset without host CPU support

Color enhancement

Gamma / Brightness / Contrast correction for LCD output data
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11.1.3 Display Data Path

The display data is stored into the external SDRAM (frame buffer), then output to the LCD panel at the required

refresh rate.

SDRAM
Write window — f - =~ - =~ > Buffer 1 *----- Main window
\\\ ,/
v < , ’
A N J P ‘ ’
Y S -, 1
N
\\ Buffer 2 i N ,'
\ YA .
\ N S PIP1 window
‘\ 1 \\II 4
¥ | \ ’
\ | / A
\ | ¢
\ 7 A
v !y '\
A
Buffer n < ----- PIP2 window
. | Alpha
Register SDRAM controller Blend
“—> LCD
USB I/F B 'IaCDIIF mmmmp (nput buffer Display FIFOmmmssl)»| |CD I/F Panel
—) ridge
S1D13U11
Where:
Blue: Write input data path
Red: LCD output data path
Yellow: Alpha-blend input data path
Green: Alpha-blend output data path

Figure 11-1: Display Data Path
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11.2 LCD Bridge Interface

The LCD bridge interface is the interface block between USB interface and LCD interface. The LCD bridge
interface is accessed is as follows.
11.2.1 Register Write Procedure

1. Perform the LCD register write command.

11.2.2 Register Read Procedure
1. Perform the LCD register read command.

2. Perform a data read to get the register value.

11.2.3 SDRAM (New Window) Write Procedure

1. Perform the LCD register write command to set the panel dimension registers (REG[5Ah] ~ REG[64h]).
2. Perform the LCD display data write command to start the display data write into SDRAM.

3. Perform burst data writes to fill the window.

4. Perform the LCD display data write command to complete the display data write into SDRAM.

11.2.4 SDRAM (Update Window) Write Procedure
1. Perform the LCD register write command to start the display data write into SDRAM.
2. Perform burst data writes to fill the window.

3. Perform the LCD display data write command to complete the display data write into SDRAM.

11.2.5 SDRAM Read Procedure
1. Perform the LCD register write command to set the SDRAM register (REG[E6h] bit 0 = 1).
2. Perform the LCD register write command to set the SDRAM registers (REG[E8h] ~ REG[ECh]).

3. Perform the LCD register read command to get the SDRAM dummy data port (REG[EEh]). (Dummy data is
not used)

4. 500ns wait.
5. Perform the LCD register read command to get four SDRAM data at the Memory Data Port (REG[66h).

6. Return to No.3 if repeat.
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11.2.6 Look-up Table Write Procedure

1. Perform the LCD register write command to set the LUT access mode (REG[B8h]). The Gamma correction en-
able bit is still be disabled (REG[B8h] bit 0 = 0).

2. Perform the LCD register write command to set the LUT table index register (REG[BAh]).
3. Perform the LCD register write command to point the LUT table Port (REG[BCh]).

4. Perform burst data writes to fill the LUT table.

11.2.7 Look-up Table Read Procedure

1. Perform the LCD register write command to set the LUT access mode (REG[B8h]). The Gamma correction en-
able bit is still be disabled (REG[B8h] bit 0 = 0).

2. Perform the LCD register write command to set the LUT table index register (REG[BAh]).
3. Perform the LCD register read command to point the LUT table Port (REG[BCh]).

4. Perform burst data read from the LUT table.
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11.3 Write Window

All image data from the host is input to the LCD Controller through the Write Window. The Write Window is
specified by writing the image data to a position specified by X/Y parameters. The image data can be written for a
partial display update by specifying two parameters of X/Y for complete (full) display in the frame buffer.

When transparency color is enabled, the transparency color data is not written to the frame buffer.

11.3.1 Write Buffer Setting

Up to 16 write buffers may be used, depending on the buffer memory size (setin REG[90h]). The available memory
is automatically divided so that all buffers are equal in size. The write buffer is selected by the register (REG[52h]
bits 7-4). The mapping of the write buffers is shown in Figure 11-2: “Write Buffer Mapping”.

SDRAM Address 0x0000000h
Buffer 1
REG[90h] Setting Address utter

Buffer 2

(REG[90h] Setting Address) x 2
Buffer 3

(REG[90h] Setting Address) x (n - 1)

\I

Buffer n

Figure 11-2: Write Buffer Mapping
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11.3.2 Write Window Setting

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 () 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 Display Buffer
X Full Size (REG[16h])
< >
Window X Start
Window Y Start > A
(1,1 Full Window
=
O
=
Window X Start - =
Window Y Start > 3
5}
w
3
Rectangular Window 8
o
=]
o
>-
A
v
A
Window X End Window X End
Window Y End Window Y End
(H size, V size)

Figure 11-3: Write Window Setting

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

T

v

Figure 11-4: Write Window Example
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11.3.3 Transparency Color

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.

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.

Frame Buffer

Write Data
(Transparency enable, color = black)

My Vacation >

Figure 11-5: Transparency Color Example

11.4 Display Window

The S1D13U11 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.
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11.4.1 Main Window Setting

One of the maximum 16 display buffers is used for the Main Window. The Main Window is selected by register
REG[2Ah] bits 7-4, Main Window Display Buffer Select. The mapping of the display buffer is shown in Figure
11-6: “Display Buffer Map”

SDRAM Address 0x0000000h
Buffer 1
REG[90h] Setting Address utter

Buffer 2

(REG[90h] Setting Address) x 2
Buffer 3

(REG[90h] Setting Address) x (n - 1)

\|

Buffer n

Figure 11-6: Display Buffer Map
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11.4.2 Picture-in-Picture (PIP) Display

The S1D13U11 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 11.4, “Display Window” on page 68). 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] ~
REG[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.

LCD Panel Display

Main Window

PIP Window

Figure 11-7: Picture-in-Picture Display
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11.4.3 Picture-in-Picture Window Setting

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 11.4.2, “Picture-in-Picture (PIP) Display”

on page 70.

Top of Display Buffer PIP Display Memory Strat Address

X Full Size (REG[16h])

11) —p A
Main Window
Buffer 1 to 16)

PIP Window X Start

=y

(@)

=

PIP Window Y Start > g
[0)

L

3

PIP Window e
>

5

L

>_

A
v
PIP Window X End T

PIP Window Y End

(H size, V size) (H size, V size)

Figure 11-8: Picture-in-Picture Window Setting
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11.4.4 Picture-in-Picture Window Start 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 Section 11.13.10, “Memory Address” on page 89.
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.

Display Window Image Data PIP Window Image Data

‘/iDSA4
\7 \ 7/

DSA = Display Start Address

DSA2 —

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

LCD Display with Animation

Figure 11-9: Animation Display Example
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11.4.5 Overlay Display

The overlay display is a function for the main window to be overlayed with two PIP windows. The transparency
color is set for PIP window. When pixels of the PIP window are matched with the transparent color, the main
window data is shown instead of the PIP window data. If the overlay function is not operating correctly due to color
depth (16bpp/24bpp) and clock ratio (SDCLK:LCDCLK), see “REG[12h] Clock Source Select Register” on page
100.

LCD Panel Display

Main Window

\YAVET:UTl  PIP Window _
(Overlay is enabled, transparent color is black)

Figure 11-10: Overlay Display Example
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11.5 Virtual Display

The virtual display is a method of displaying image data which is larger than the LCD panel size. The PIP window
can be scrolled by changing the memory start address for the top/bottom/left/right directions. When the virtual image
is written to the frame buffer, REG[52h] bit 2 must be set to 1b.

The horizontal size of the virtual image should be set by registers REG[E2h] and [E4h], the maximum size is 8192

pixels.
Virtual Image PIP Display Memory Strat Address
—
LCD Panel Display
Horizontal Virtual Image size (REG[E2h], [E4h])
Figure 11-11: Virtual Display Example
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11.6 Display 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.

11.6.1 180° 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 S1ID13U11
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.

Host CPU Data Display Buffer Data
Top of Transfer) Top of LCD panel)
A B a o]
Window § MOPUIM §
C D S| v
< 800 > < 800 >
Figure 11-12: 180° Rotation Example
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11.6.2 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 S1D13U11 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.

Host CPU Data Display Buffer Data
Top of Transfer) Top of LCD panel)
A B B A
Window 8 wodniw S
< <
C D D C
800 800

A

A

v
v

Figure 11-13: Mirror Example

11.6.3 180° 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 S1ID13U11 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.

Host CPU Data Display Buffer Data
Top of Transfer) Top of LCD panel)
A B C D
Window ® MIUPOM 8
C D A B
< 800 . < 800 R
N L N L
Figure 11-14: 180° Rotation and Mirror Example
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11.7 Double Buffer Display

The S1D13U11 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.

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 polling the Vertical Display Period Status (REG[6Ah] bit 7). Alternatively, 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 \ \ \ x
VNDP [ ] 1 [ [ |1

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

Write Buffer ‘ |

Figure 11-15: Double Buffer Switching
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11.8 Display Doubling

The display doubling (also known as pixel doubling) is displayed with double the number of pixels in the frame
buffer data for both the horizontal and vertical directions. The main window is only used for the display doubling.

LCD Panel Display

/'

/

Frame Buffer

/

Doubling Direction

Figure 11-16: Doubling Display
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11.9 Alpha-Blend

Alpha-Blend 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.

Alpha-Blend is synthesized two images of the display buffer according to the alpha value, written to Display Buffer
again, and returned. Time will be required by the time the composite image is completed to access the display buffer
by using the interval of the display cycle. Therefore, it can inform host CPU of the end of Alpha-Blend with an

interrupt signal.

11.9.1 Alpha-Blend (Normal Mode)

In Alpha-Blend Normal Mode, the output window image is generated by blending the images from input windows
1 and 2. Either of the two input windows may over write the blended image by setting the desired input window to

be the output window. All three windows should be the same size.

Input Window 1

Input Window 2

Alpha Calculation

'

Output Window

Figure 11-17: Alpha-Blend Data flow (Normal mode)
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Input Window 1

Output Window

Input Window 2

Figure 11-18: Alpha-Blend Example

11.9.2 Alpha-Blend (Copy mode)

Alpha-Blend can make the output image from the input image 1. It is possible to make it to the output image by
copying input image 1 as it is if the alpha value is 32/32. The size of two images should be made the same.

Input Window 1

Alpha Calculation

)

Output Window

Figure 11-19: Alpha-Blend Data Flow (Copy mode)
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11.9.3 Alpha-Blend (Fill mode)

Alpha-Blend can make the output image from the input color. It is possible to make it to the output image by filling
programmable color as it is if the alpha value is 32/32.

Register Value

Red: REG[54h]
Green: REG[56h]
Blue: REG[58h]

Alpha Calculation

'

Output Window

Figure 11-20: Alpha-Blend Data Flow (Fill mode)
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11.9.4 Alpha-Blend Window Setting

The image size of Alpha-Blend can be set by X/Y parameters. It is necessary to set the horizontal image size by a
multiple of eight. Moreover, the position of beginning the memory of the Blending window can be set by every eight
pixels/one line in the SDRAM.

Top of Display Buffer

Alpha-Blend

X Full Size ( REG[16h])

v

A

v

Memory Start Address

Alpha-Blend Window
(XIY Size Setting)

Y Full Size (REG[1Ah], [LCh])

Figure 11-21: Alpha-Blend Window Setting
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11.9.5 Alpha-Blend Start Setting

Alpha-blend has two modes, manual mode and auto mode. In manual mode, the operation start and the alpha value
changes must be set by software every time.

In auto mode, when the Alpha-blend processing ends, the alpha value is automatically incremented (or decremented)
and the next operation will start synchronizing with vertical display period. When the area of the Alpha-blend output
window is set the same area with the PIP window, the display image of the alpha-blend is automatically changed.
When the image size is too large, image tearing can occur because the alpha-blend has not finished within a frame.
This function can be used for a small size images which the alpha blend can finish within a VNDP.

Vertical display
beginning signal

Alpha-blend operation n time n+1 time

Alpha-blend complete

Alpha value n/m (n+1)/m
(Auto increment)

Figure 11-22: Alpha-Blend Start Setting

11.9.6 Alpha-Blend Process Time

The Alpha-Blend processing time changes depending on the SDCLK frequency because the Alpha-Blend utilizes
unused SDRAM memory.
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11.10 Gamma Correction Look-up Table

Gamma correction is used to correct for the nonlinear relationship between luminance and brightness in an image.
The S1D13U11 applies the gamma correction from the look-up table to the data from the display FIFO. The look-
up table data cannot be changed when Gamma correction is enabled (REG[B8h] bit 0 = 1b).

8-bit Red Data from the Dis-

Red Look-up Table 256 x 8

play FIFO

8-bit Green Data from the

Display FIFO

play FIFO

8-bit Blue Data from the Dis-

00 0000 0000
01 0000 0001
02 0000 0010
03 0000 0011
04 0000 0100
05 0000 0101
06 0000 0110
07 0000 0111
F8 1111 1000
F9 1111 1001
FA 1111 1010
FB 1111 1011
FC 1111 1100
ED 1111 1101
FE 1111 1110
FF 1111 1111
Green Look-up Table 256 x 8
00 0000 0000
01 0000 0001
02 0000 0010
03 0000 0011
04 0000 0100
05 0000 0101
06 0000 0110
07 0000 0111
F8 1111 1000
F9 1111 1001
FA 1111 1010
FB 1111 1011
FC 1111 1100
FD 1111 1101
FE 1111 1110
FF 1111 1111
Blue Look-up Table 256 x 8
00 0000 0000
01 0000 0001
02 0000 0010
03 0000 0011
04 0000 0100
05 0000 0101
06 0000 0110
07 0000 0111
F8 1111 1000
F9 1111 1001
FA 1111 1010
FB 1111 1011
FC 1111 1100
FD 1111 1101
FE 1111 1110
FF 1111 1111

Note: In case 16bpp, the LSB bits are filled by the MSB bit.

8-bit Red Data

v

8-bit Green Data

8-bit Blue Data

Figure 11-23: Gamma Correction
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11.11 Brightness Correction

The S1D13U11 applies brightness correction to the data from the display FIFO. The register setting can be changed
asynchronously, with the changes becoming effective in the next vertical display period.

255

After Correction Data

Brightness Correction Value

o 4t+—>»

After correction

Before Correction Data 255

Figure 11-24: Brightness Correction

11.12 Contrast Correction

The S1D13U11 applies contrast correction to the data from the display FIFO. The register setting can be changed
asynchronously, new data becomes effective synchronizing with the next vertical display period.

255

After Correction Data

Brightness Correction Value I
0

After Correction
L Contrast Correction Value
”~
-
-
s .
i P
- e
[ P
L P
4 4
- e
cd 'l
-
e
Before correction - e
e
P .~ After brightness correction
- 'l
- '
- e
L e
- g
i g
- e
-
-
Cd
‘<
Before Correction Data 255

Figure 11-25: Contrast Correction
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11.13 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 within hardware.

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

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

Steps 3 through 6 are automatically executed in hardware.

3. SDRAM initialization start.

4. Precharge all commands are issued.

5. The auto refresh command is issued ten times.

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

7. Poll the initialization status bit (REG[86h] bit 1) with software until the bit = 1b (initialization end) or wait the
processing time of steps 3 through 6 (30,000 clocks of SDCLK).

8. SDRAM can now be used.

11.13.2 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.

Table 11-3: SDRAM Connection

Pin Name 16M bit 64/128M bit
MBA1 not use MBA1
MBAO MA11 (Bank select) MBAO
MA11 not use MA11
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11.13.3 MRS Command

The setting of the mode register of SDRAM command (MRS) is automatically executed by hardware in the initial-
ization sequence. S1D13U11 is set as follows.

Table 11-4: MRS Setting

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

11.13.4 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.

11.13.5 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.

11.13.6 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 = 1b).

11.13.7 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 = 1b).

11.13.8 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 = 1b), it is necessary to stop the access to SDRAM with disabling LCD display (REG[2Ah]
bit 0 = 0b) and Alpha-Blend (REG[9Eh] bit 7 = 0b). Please put the SDRAM controller into power save state before
disabling SDCLK for power saving (REG[68h] bit 0 = Ob).
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11.13.9 Memory Data

The input image is stored in memory as 24bpp or 16bpp.

The data format stored in SDRAM is as follows.

Table 11-5: 24bpp Display (RGB 8:8:8 Input Data)

Address | bit 15 | bit 14 | bit 13 | bit 12| bit 11| bit 10| bit9 | bit 8 | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bit0
0000h | Go' | G® | Gg° | Go* | Go® | Go? | Go* | Go° | By’ | Bo® | Bo® | Bo* | Bo® | Bp? | Bol | Bg?
0002h | By' | By | By® | By* | B2 [ B2 | Byt | B1° | Ry | Re® | Ro® | Ro* | Ro® | Ro? | Rot | Ro°
0004h | RyY | R® [ RPIRAIRE|IRZ IR IRO|IGT|IG®G® |G| G2 G2 |Gt G0
0006h | G,7 | G,° | G,° | G, | G2 | G2 | Gt | G0 | By | BS | B,® | B,* | By® | B2 | Byt | BO

Table 11-6: 24bpp Display (RGB 5:6:5 Input Data)

Address | bit 15 | bit 14 | bit 13 | bit 12| bit 11 | bit 10| bit 9 | bit 8 | bit 7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bit0
0000h | Go’ | Gg® | Go° | Go* | Go® | Gg? | Go” | Go® | Bo” | Bo® | Bo® | Bo* | Bg® | By’ | Bo® | Bg®
0002h | ByY | B1® | B1® | By | B3 | By | Bi® | B:® | Ry’ | R® | Ro® | Ro* | Ro® | Ro’ | Ro® | Ro®
0004h | Ry [ R® [ R [ R | RE2|IR[RO IR |G| G® |G| G*| G2 | G2 |G| Gy8
0006h | Gy’ | G,B | G° | G* | G8 | G2 | GoY | GLB | By | BLS | B, | By | B | By | B® | BY®

Table 11-7: 16bpp Display (RGB 8:8:8 / RGB 5:6:5 Input Data)

Address |bit 15 | bit 14 | bit 13 |bit 12 | bit 11 | bit 10| bit9 | bit 8 | bit 7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bit 0
0000h | Ry’ | Re® | Ro® | Ro* | Ro® | Go’ | Go® | Go° | Go* | Go® | Go? | Bo” | Be® | Bo® | Bo* | Bg®
0002h | Ry [ R® | R | R | RE2|GY G| GP° |G| 63|62 B | B® | B | B | B®
0004h | Ry' | R® | R | R | R | Gy | GP | GO | G | G2 | G2 | By | BS | B, | By | BYS
0006h | Ry’ | Rg® | R® | Rg* | R | G537 | G5 | G3° | G3* | G3® | G52 | By | Bs® | B3 | Bg* | Bg®
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11.13.10 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)

\
Bufferi/

_________

Figure 11-26: Image Address in Memory
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11.13.11 SDRAM System Performance

The SDRAM memory is used by the LCD interface (LCD panel refreshing), the USB interface (image writing) and
Alpha-Blend. The priority level for memory access is SDRAM refresh, the LCD interface, the USB interface, and

Alpha-blend.

The usable data rate of SDRAM is show in the following tables. The SDRAM refresh and the access penalty are

considered as 10%.

Table 11-8: SDRAM Usable Data Rate

SDRAM Clock Usable Data rate
96MHz 192M bytes/sec * 90%
90MHz 180M byes/sec * 90%
84MHz 168M bytes/sec * 90%
78MHz 156M bytes/sec * 90%
72MHz 144M bytes/sec * 90%
66MHz 132M bytes/sec * 90%

The consumption data rate of SDRAM is show in the following tables.

Table 11-9: SDRAM Consumption Data Rate

Priority Order

Circuit

Operation Condition

Peak Rate

1 SDRAM Refresh

Auto refresh cycle

16bpp, no overlay display

fLcLk * 2 bytes/sec

16bpp, overlay display

fLcLk * 4 bytes/sec

2 LCD Interface 24bpp, no overlay display fLcLk * 3 bytes/sec
24bpp, overlay display fLcLk * 6 bytes/sec
no display period 0
Access 60M bytes/sec
3 USB Interface
No access 0
4 Alpha-blend - fspcLk * 2 bytes/sec

When the consumption data rate nears the usable data rate, the following phenomenons will occur. When the overlay
display is enabled, the clock ratio of SDCLK vs. PCLK must be considered for the target system.

Table 11-10: Phenomenon

Circuit Phenomenon
USB Interface Data write operation is waiting for NAK response.
Alpha-blend It takes time to execute Alpha-blend.
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11.14 PWM Output

PWM output can be used for the backlight control of the LCD panel. The high and low pulse width are set to the
system clock (LCDCLK) with a 32 bit counter. REG 70h bit 7 is used to update the PWM registers once they have
been set.

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

~ JUUUUUL __JTHL

PWML=3 |, PWMH=n -
PWM
Figure 11-27: PWM Timing Example
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11.15 LCD Interface Interrupt

The following Figure shows the block diagram of the LCD interface interrupt.

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

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

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

vy

v

Interrupt

B
-

Flag

v

—— Interrupt Signal
> (LCDINT)

A

A

Figure 11-28: LCD Interface Interrupt Block Diagram
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11.16 Color Bar Display Test

The color bar display test 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[0Oh], B[0Oh]

Lines 65 ~ 128

<«—— R[00h], G[FFh], B[0Oh]

Lines 129 ~ 192

<«—— R[00h], G[0Oh], B[FFh]

Lines 193 ~ 256

<«—— RI[FFh], G[FFh], B[0Oh]

Lines 257 ~ 320

<«—— R[FFh], G[00], B[FFh]

Lines 321 ~ 384

<«—— R[00h], G[FFh], B[FFh]

Last Line

(Repeating from Line 1)

Horizontal direction is decreased every eight pixels. Example: FFh => FEh => FDh)

(800 x 480 Image Example)

Figure 11-29: Color Bar Display Test
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11.17 LCD Interface Registers

The LCD interface registers are listed in the following table.
All reserved bits must be set to the default value. Writing a non-default value to a reserved bit may produce

undefined results. Bits marked as n/a have no hardware effect. Unless specified otherwise, all register bits are set to
Ob during power-on reset.

Table 11-11: LCD Interface Register Set

Register Pg | Register Pg
Read-Only Configuration Registers
REG[00h] Product Code Register 96 |REG[02h] Configuration Readback Register 96
Clock Configuration Registers

REG[04h] PLL D-Divider Register 97 |REG[06h] PLL Setting Register 0 97
REG[08h] through REG[0Ah] are Reserved 97

REG[OCh] PLL Setting Register 1 98 |REG[OEh] SS Control Register 0 99
REG[10h] SS Control Register 1 99 |REG[12h] Clock Source Select Register 100

Panel Configuration Registers
REG[14h] LCD Panel Type Register 102 |REG[16h] Horizontal Display Width Register (HDISP) 103
REG[18h] Horizontal Non-Display Period Register (HNDP) 103 |REG[1Ah] Vertical Display Height Register 0 (VDISP) 103
REG[1Ch] Vertical Display Height Register 1 (VDISP) 103 |REG[1Eh] Vertical Non-Display Period Register (VNDP) 104
REG[20h] PHS Pulse Width Register (HSW) 104 |REG[22h] PHS Pulse Start Position Register (HPS) 104
REG[24h] PVS Pulse Width Register (VSW) 105 |REG[26h] PVS Pulse Start Position Register (VPS) 105
REG[28h] PCLK Polarity Register 105
Display Mode Register
REG[2Ah] Display Mode Register 106 |REG[2Ch] PIP1 Display Start Address Register 0 108
REG[2Eh] PIP1 Display Start Address Register 1 108 |REG[30h] PIP1 Display Start Address Register 2 108
REG[32h] PIP1 Window X Start Position Register 108 [REG[34h] PIP1 Window Y Start Position Register O 109
REG[36h] PIP1 Window Y Start Position Register 1 109 [REG[38h] PIP1 Window X End Position Register 109
REG[3Ah] PIP1 Window Y End Position Register 0 110 |REG[3Ch] PIP1 Window Y End Position Register 1 110
REG[3Eh] PIP2 Display Start Address Register 0 110 |REG[40h] PIP2 Display Start Address Register 1 110
REG[42h] PIP2 Display Start Address Register 2 110 |REG[44h] PIP2 Window X Start Position Register 111
REG[46h] PIP2 Window Y Start Position Register 0 111 [REG[48h] PIP2 Window Y Start Position Register 1 111
REG[4Ah] PIP2 Window X End Position Register 112 |REG[4Ch] PIP2 Window Y End Position Register 0 112
REG[4Eh] PIP2 Window Y End Position Register 1 112 |REG[50h] Display Control Register 113
Input Mode Registers
REG[52h] Input Mode Register 114 |REG[54h] Transparency Key Color Red Register 115
REG[56h] Transparency Key Color Green Register 115 |REG[58h] Transparency Key Color Blue Register 116
REG[5Ah] Write Window X Start Position Register 116 |[REG[5Ch] Write Window Y Start Position Register 0 116
REG[5Eh] Write Window Y Start Position Register 1 116 |REG[60h] Write Window X End Position Register 117
REG[62h] Write Window Y End Position Register 0 117 |REG[64h] Write Window Y End Position Register 1 117
Memory Access
REG[66h] Memory Data Port Register 0 118 |REG[67h] Memory Data Port Register 1 118
Miscellaneous Registers
REG[68h] Power Save Register 119 |REG[6Ah] Non-Display Period Control / Status Register 120
General Purpose Output Pins Registers

REG[6Ch] is Reserved 121 |REG[6Eh] General Purpose Output Register 121
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Table 11-11: LCD Interface Register Set (Continued)

Register Pg ‘ Register Pg
PWM Registers
REG[70h] PWM Control Register 122 |REG[72h] PWM High Duty Cycle Register 0 123
REG[74h] PWM High Duty Cycle Register 1 123 |REG[76h] PWM High Duty Cycle Register 2 123
REG[78h] PWM High Duty Cycle Register 3 123 [REG[7Ah] PWM Low Duty Cycle Register 0 124
REG[7Ch] PWM Low Duty Register 1 124 |REG[7Eh] PWM Low Duty Register 2 124
REG[80h] PWM Low Duty Register 3 124
SDRAM Control Registers
REG[82h] SDRAM Control Register 0 125 |REG[84h] SDRAM Status Register 0 125
REG[86h] SDRAM Status Register 1 126 |REG[88h] SDRAM MRS Value Register 0 127
REG[8Ah] SDRAM MRS Value Register 1 127 |REG[8Ch] SDRAM Refresh Counter Register O 127
REG[8Eh] SDRAM Refresh Counter Register 1 127 |REG[90h] SDRAM Write Buffer Memory Size Register O 128
REG[92h] SDRAM Debug Register 128
Alpha-Blend Registers
REG[94h] Alpha-Blend Control Register 130 |[REG[96h] is Reserved 130
REG[98h] Alpha-Blend Horizontal Size Register 131 |REG[9AhN] Alpha-Blend Vertical Size Register 0 131
REG[9Ch] Alpha-Blend Vertical Size Register 1 131 |REG[9EN] Alpha-Blend Value Register 132
REG[AOh] Alpha-Blend Input Image 1 Start Address Register 0 133 |REG[A2h] Alpha-Blend Input Image 1 Start Address Register 1 133
REG[A4h] Alpha-Blend Input Image 1 Start Address Register 2 133 |REG[A6h] Alpha-Blend Input Image 2 Start Address Register 0 134
REG[A8h] Alpha-Blend Input Image 2 Start Address Register 1 134 | REG[AAh] Alpha-Blend Input Image 2 Start Address Register 2 134
REGJ[ACNhH] Alpha-Blend Output Image Start Address Register 0 134 |REG[AEh] Alpha-Blend Output Image Start Address Register 1 134
REG[BOh] Alpha-Blend Output Image Start Address Register 2 134
Interrupt Registers
REG[B2h] Interrupt Control Register 135 |REG[B4h] Interrupt Status Register 135
REG[B6h] Interrupt Clear Register 135
Display Enhancement Registers
REG[B8h] Display Enhancement Control Register 136 |REG[BAh] Gamma Correction Table Index Register 137
REG[BCh] Gamma Correction Table Data Register 137 |REG[BEh] Brightness Correction Red Register O 137
REG[COh] Brightness Correction Red Register 1 137 |REG[C2h] Brightness Correction Green Register 0 138
REG[C4h] Brightness Correction Green Register 1 138 |REG[C6h] Brightness Correction Blue Register 0 138
REG[C8h] Brightness Correction Blue Register 1 138 |REG[CAh] Contrast Correction Red Register 139
REG[CCh] Contrast Correction Green Register 139 |REG[CEh] Contrast Correction Blue Register 139
Display Extend Registers

REG[EOh] Extend Display Control Register 140 |REG[E2h] Virtual Display Horizontal Width Register 0 140
REG[E4h] Virtual Display Horizontal Width Register 1 140 |REG[E6h] SDRAM Read Register 141
REG[E8h] SDRAM Read Start Address Register 0 141 |REG[EAh] SDRAM Read Start Address Register 1 141
REG[ECh] SDRAM Read Start Address Register 2 141 |REG[EEh] SDRAM Dummy Read Port Register 141
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11.17.1 Read-Only Configuration Registers

REG[00h] Product Code Register
Default = BCh Read Only
Product Code bits 5-0 Revision Code bits 1-0
7 | 6 | 5 | 4 | 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 SID13U11 is
101111b.
bits 1-0 Revision Code bits [1:0] (Read Only)

These read-only bits indicates 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 | 2 1 0
bits 2-0 CNF[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 5.4, “Configuration Options” on page 30.
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11.17.2 Clock Configuration Registers

REG[04h] PLL D-Divider Register

Default = 00h Read/Write
PLL Enable n/a PLL ggllét;loc'(
7 6 | 5 | 4 | 3 0
bit 7 PLL Enable
This bit enables the PLL output.
When this bit = 0, the PLL is disabled.
When this bit = 1, 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 = Ob) before changing the value of this bit. Do not change this bit
while operating.
bit 0 PLL Input Clock Select

This bit determines the input clock to the PLL. This bit must be set before enabling PLL.
When this bit = 0, the OSC frequency is 12MHz.
When this bit = 1, the OSC frequency is 24MHz.

REG[06h] PLL Setting Register O
Default = 3Ah Read/Write
Reserved VC bit Reserved
7 | 6 | 5 4 3 | 0
bits 7-5 Reserved
The default value for these bits are 001b.
bit 4 VC bit
This bit sets the range of the PLL frequency.
Table 11-12: VC Selection
REG[06h] Bit 4 PLL Frequency
Ob 66 ~ 78MHz
1b 84 ~ 96MHz
bits 3-0 Reserved
The default value for these bits are 1010b.
REG[08h] through REG[0Ah] are Reserved
These registers are Reserved and should not be written.
The default value for these registers are 01h and 00h respectively.
EPSON 97
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REG[OCh] PLL Setting Register 1
Default = OFh

Read/Write

n/a
7 | 6 | 5 |

4

PLL Output Clock Select bits 3-0
2 | 1

bits 3-0 PLL Output Clock Select bits [3:0]

These bits are used to configure the PLL output clock frequency.

Table 11-13: PLL Output Clock Selection

REG[0Ch] Bit 3-0 PLL Frequency
1010b 66MHz
1011b 72MHz
1100b 78MHz
1101b 84MHz
1110b 90MHz
1111b 96MHz (default)
Other don’t use
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REG[OEh] SS Control Register 0
Default = 00h Read/Write
S d Spect
preallznaglic rum nla
7 | 5 | 4 3 | 2 1 | 0
bit 7 Spread Spectrum Enable

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

Note

Program the SS setting registers before enabling SS or PLL. The enabling of this bit is
synchronized with PLL enable bit (REG[04h] bit 7). The frequency for which SS can

not be used in 84 ~ 96MHz.

REG[10h] SS Control Register 1
Default = 55h Read/Write
Reserved W-Counter bits 2-0 Reserved
7 | 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 11-14: W-Counter Selection
. Width of Frequency
REG[10h] bits 6-4 Change (TYP)
000b +/- 0.10ns
001b +/- 0.17ns
010b +/- 0.23ns
011b +/- 0.30ns
100b +/- 0.35ns
101b +/- 0.42ns (default)
110b +/- 0.48ns
111b +/- 0.54ns
bits 3-0 Reserved
The default value for these bits is 0101b.
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REG[12h] Clock Source Select Register
Default = 00h

SDCLK Source
Select

Read/Write

LCDCLK Divide Select bits 2-0 FOUT Clock Divide Select bits 1-0 SS Clock 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 S1D13U11. For
details on the clock structure see Chapter 8, “Clocks” on page 53.
When this bit = Ob, the SDCLK source is the OSC clock input.
When this bit = 1b, the SDCLK source is the internal PLL.
Note

The PLL output will become stable after 200us.
bits 6-4 LCDCLK Divide Select bits [2:0]

These bits specify the ratio of the dividing frequency for the LCD clock (LCDCLK).

Table 11-15: LCDCLK Divide Selection

LCDCLK Divide LCDCLK Divide LCDCLK Divide LCDCLK Divide
REG[12h] bits 6-4 (SDRAM Data Typ_e is | (SDRAM Data Type is | (SDRAM Data Type is | (SDRAM Data Type is

24bpp, Overlay is 16bpp, Overlay is 24bpp, Overlay is 16bpp, Overlay is
disabled) disabled) enabled) enabled)

000b 1/3 divide (default) 1/3 divide (default) reserved 1/3 divide (default)
001b 1/2 divide 1/2 divide reserved reserved
010b 1/4 divide 1/4 divide 1/4 divide 1/4 divide
011b 1/6 divide reserved 1/6 divide reserved
100b 1/8 divide reserved 1/8 divide reserved
101b ~ 111b reserved reserved reserved reserved

Note

SDCLK must be disabled (REG[68h] bit 0 = Ob) before changing the value of these bits.
Please do not change these bits while operating.

bits 3-2 FOUT Clock Divide Select bits [1:0]
These bits specify the ration of dividing frequency of FOUT clock.
Table 11-16: FOUT Clock Divide Selection
REG[12h] bits 3-2 FOUT Clock Divide
00b no output (default)
01b 1/1 divide
10b 1/2 divide
11b 1/4 divide
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bits 1-0 SS Clock Select bits [1:0]
These bits select the using of the SS clock.

Table 11-17: SS Clock Using Selection

REG[12h] bits 1-0 SS Clock Using
00b SS is not used (default)
01b LCDCLK
1xb SDCLK

Note
SDCLK must be disabled (REG[68h] bit 0 = Ob) before changing the value of these bits.
Please do not change while operating.

Note
The frequency for which SS can not be used is 84MHz ~ 96MHz.
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11.17.3 Panel Configuration Registers

Default = 00h

REG[14h] LCD Panel Type Register

Read/Write

LCD Pin Driver
Size

7

LCD Input Data

Endian
6

SDRAM Data LCD Output Data LCD Output Data
Type Width bit 1 Width bit 0

5 4 3 2 1 0

n/a Input Image Format bits 1-0

bit 7

bit 6

bit 5

bits 2-1

bits 4, 0

LCD Pin Driver Size

This bit specifies the driver size for the LCD interface.

When this bit = Ob, the LCD interface pins are TYPE2 driver size.
When this bit = 1b, the LCD interface pins are TYPE2S driver size.

LCD Input Data Endian

This bit specifies the input data endian for the USB interface.
When this bit = Ob, the input data is the Endian Type 1.
When this bit = 1b, the input data is the Endian Type 2.

SDRAM Data Type

This bit specifies the data type for the SDRAM.

When this bit = Ob, the data is stored into the SRAM as 24bpp.
When this bit = 1b, the data is stored into the SDRAM as 16bpp.

Note
There are some limitations when this bit is set for 16bpp, please refer to Table 11-15:
“LCDCLK Divide Selection,” on page 100 for further information

Input Image Format bits [1:0]
These bits select the input image format.

Table 11-18: Input Image Format Setting
REG[14h] bits 2-1
00b

01b
1xb

Input Data Format
24bpp (RGB 8:8:8) mode 1
24bpp (RGB 8:8:8) mode 2

16bpp (RGB 5:6:5)

Note
Input image data is always stored in memory as RGB 8:8:8 (REG[14h] bit 5 = 0b) or
RGB 5:6:5 (REG[14h] bit 5 = 1b). For details see Section 11.13.9, “Memory Data” on
page 88.

LCD Output Data Width bits [1:0]
These bits specify the data width for the LCD interface.

Table 11-19: Output Data Width Setting

REG[14h] bits 4, 0
00b
01b
1xb

Output Data Width
24bit
18bit
16bit
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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 8

Note
The minimum Horizontal Display Width is 32 pixels and the maximum is 960 pixels.

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.
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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.
VNDRP 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.

REG[20h] PHS Pulse Width Register (HSW)
Default = 00h Read/Write
PEZ:&‘&?E PHS Pulse Width bits 6-0
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 for the LCD panel (HSW), 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
6 | 5 | 4 | 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)
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REG[24h] PVS Pulse Width Register (VSW)
Default = 00h Read/Write
PYS Puise n/a PVS Pulse Width bits 5-0
olarity
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 = Ob, 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

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
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.
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11.17.4 Display Mode Register

REG[2Ah] Display Mode Register

7 | 6 | 5

4

3 | 2

1

Default = 00h Read/Write
Main Window Display Buffer Select bits 3-0 Display Data Output Select bits 1-0 Dlsplgér;tltérface

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 Window Display Buffer Select bits [3:0]
When the double buffer display is not selected, these bits select the display buffer of the

main window.

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

Table 11-20: Main Window Display Buffer Selection

REG[2Ah] bits 7-4 Main Window 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

bit 0

Display Data Output Select bits [2:0]
These bits are selected the display data. These bits can be update on LCD running.

Table 11-21: Display Data Output Selection

REG[2Ah] bits 3-1

Display Data Output

000b Single buffer display (default)
001b Double buffer display

010b PIP1 window display

011b PIP2 window display

100b PIP1 and PIP2 window display
101b Display blanked (all lows output)
110b Display blanked (all highs output)
111b Test color bar display

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[68N] bit 0 = 1b) before the LCD display interface is enabled.
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REG[2Ch] PIP1 Display Start Address Register 0

Default = 00h Read/Write
PIP1 Display Start Address bits 7-3 n/a
7 | | 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 | | 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 | | 5 | 4 | 3 2 1 | 0

REG[30h] bits 7-0
REG[2Eh] 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)

REG[32h] PIP1 Window X Start Position Register
Default = 00h Read/Write
PIP1 Window X Start Position bits 9-3 n/a
7 | | 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.
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REG[34h] PIP1 Window Y Start Position Register O
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.

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.
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REG[3Ah] PIP1 Window Y End Position Register 0

Default = 00h Read/Write
PIP1 Display 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
a5 PIP1 Display Wi_ndow 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 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.

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 [23:3] = (REG[42h] bits 7-0, REG[40h] bits 7-0, REG[3Eh]
bits 7-3)
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REG[44h] PIP2 Window X Start Position Register

Default = 00h Read/Write
PIP2 Display 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.

REG[46h] PIP2 Window Y Start Position Register O
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 [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.
S1D13U11 Hardware Functional Specification EPSON 111

(Rev. 1.2)



Chapter 11 LCD Interface

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.

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] 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 = 00h 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 0b to this bit
has no effect.

Register Setting

Register Update
(REG[50h])

Register Loading

Vertical display
beginning signal

Register Setting
Effective Timing

(REG[2Ah] ~ REG[4Eh])

Set Value 1 Set Value 2

Set Value 1 Set Value 2

Set Value 1 Set Value 2

Figure 11-30: Display Setting Register Update Timing
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11.17.5 Input Mode Registers

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

Read/Write
Write Buffer Select bits 3-0 Transparency Window Setting 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 11-22: Write Buffer Selection
REG[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 11.3.3,
“Transparency Color” on page 68
When this bit = Ob, the Transparency is disabled.
When this bit = 1b, the Transparency is enabled.
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bit 2

bit 1

bit 0

Window Setting

This bit controls the window setting.

When this bit = Ob, the window size is controlled by the registers (REG[5Ah] ~ [64h]).
When this bit = 1b, the window size is not controlled by the register. This bit is used the
data write for the virtual display.

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 11.6.2, “Mirror” on page 76.
When this bit = Ob, the mirror display function is disabled.

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

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 11.6.1, “180° Rotation”
on page 75.

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 | | 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 RGB 5:6:5.

REG[56h] Transparency Key Color Green Register
Default = 00h Read/Write
Window Transparency Key Color Green bits 7-0
7 | | 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 RGB 5:6:5.
S1D13U11 Hardware Functional Specification EPSON 115

(Rev. 1.2)



Chapter 11 LCD Interface

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 RGB 5:6:5.

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 main 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] bits 1-0), 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

REG[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

REG[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[5Eh] 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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11.17.6 Memory Access

REG[66h] Memory Data Port Register O
Default = not applicable Read/Write
Memory Data Port bits 7-0
7 | 6 | 5 | 4 3 2 1 | 0
REG[67h] Memory Data Port Register 1
Default = not applicable Read/Write
Memory Data Port bits 15-8
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[66h] bits 7-0 Memory Data Port bits [7:0]
These bits specify the Isb of the data word.

REG[67h] bits 7-0 Memory Data Port bits [15:8]

These bits specify the msb of the data word.

Note

1. When the SDCLK is disabled (REG[68h] bit 0 = Ob), accesses to this register are

invalid.

2. 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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11.17.7 Miscellaneous Registers

REG[68h] Power Save Register

Default = 00h

Timing Controller
Reset

7

PWM Controller

Reset
6

Read/Write
Memory SDRAM Alpha-Blend
Controller Reset | Controller Reset Reset Reserved SDCLK Enable
5 4 3 2 | 1 0

bit 7

bit 6

bit 5

bit 4

bit 3

bits 2-1

bit 0

Timing Controller Reset

This bit controls the internal timing controller block reset.

When this bit = Ob, the timing controller block is operating normally.
When this bit = 1b, the timing 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-Blend Controller Reset

This bit controls the internal alpha-blend controller block reset.

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

Reserved
The default value of these bits is 00b.

SDCLK Enable

This bit controls the SDCLK.

When this bit = Ob, SDCLK is disabled and the LCD interface is placed in power save
mode.

When this bit = 1b, SDCLK is operating normally and the LCD interface returns from
power save mode.

Note
Disable SDCLK before changing PLL settings, changing SS settings, changing LCD-
CLK settings, enabling PLL, enabling SS, and software reset.
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REG[6Ah] Non-Display Period Control / Status Register

Default = 03h Read/Write
Vertical Non- Horizontal Non- VDP OR'd with
Display Period Display Period HDP Status n/a Reserved
Status (RO) Status (RO) (RO)
7 6 5 4 | 3 | 2 1 | 0

bit 7 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.

bit 6 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.

bit 5 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 either a Horizontal or Vertical Non-Display
period.
When this bit = 1b, the LCD panel is in a Display period.

bits 1-0 Reserved
The default value of these bits is 11b.
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11.17.8 General Purpose Output Pins Registers

REG[6Ch] is Reserved

This register is Reserved and should not be written.

REG[6Eh] General Purpose Output Register

Default = 00h

Read/Write

GPO?7 Status
7

GPOG6 Status
6

GPOS5 Status
5

GPO4 Status
4

GPO3 Status
3

GPO2 Status
2

GPO1 Status
1

GPOO Status
0

bits 7-0

GPO[7:0] Status

Writing a Ob to this bit drives GPOXx low.
Writing a 1b to this bit drives GPOXx high.
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11.17.9 PWM Registers

REG[70h] PWM Control Register
Default = 00h Read/Write
nggnag e(%vis(t)e)r 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

Register Update
(REG[70h])

Register Setting
Effective Timing

(REG[72h] ~ REG[80h]) Set Value 1

Set Value 2

-

}

Set Value 1

Set Value 2

bit 2

bits 1-0

Figure 11-31: PWM Register Update Timing Sequence

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.

PWM Output Select bits [1:0]

Table 11-23: 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 | 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 | 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 | 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 | 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.

S1D13U11 Hardware Functional Specification EPSON
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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 2 1 | 0
REG[7Ch] PWM Low Duty Register 1
Default = 00h Read/Write
PWM Low Duty Cycle bits 15-8
7 | 6 | 5 | 4 3 2 1 | 0
REG[7Eh] PWM Low Duty Register 2
Default = 00h Read/Write
PWM Low Duty Cycle bits 23-16
7 | 6 | 5 | 4 3 2 1 | 0
REG[80h] PWM Low Duty Register 3
Default = 00h Read/Write
PWM Low Duty Cycle bits 31-24
7 | 6 | 5 4 3 2 1 | 0

REG[7Ah] bits 7-0
REG[7Ch] bits 7-0
REG[7Eh] bits 7-0
REG[80h] bits7-0  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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11.17.10 SDRAM Control Registers

REG[82h] SDRAM Control Register 0
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 11-24: 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 Ob, 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 Ob, 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 Ob, 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 Auto SDRAM SDRAM Self SDRAM Power SDRAM
Refresh Status Controller Status Reserved Refresh Status Save Status (RO) Initialization Reserved
(RO) (RO) (RO) Status (RO)
7 6 5 | 4 3 2 1 0
bit 7 SDRAM Auto Refresh Status
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.
bit 6 SDRAM Controller Status
This bit shows the status of the SDRAM Controller.
When this bit = Ob, the SDRAM Controller is busy or otherwise in use.
When this bit = 1b, the SDRAM Controller is idle.
bits 5-4 Reserved
The default value of theses bits is 00b.
bit 3 SDRAM Self Refresh Status
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
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
This bit reflects the status of the SDRAM Initialization sequence (REG[84h] bit 3 = 1b).
When this bit = Ob, the SDRAM Initialization is in progress.
When this bit = 1b, the SDRAM Initialization has finished.
bits 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

REGI8EN] 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/fspc 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 96MHz SDCLK,

set-up time of the counter = (1/96MHz) x 1023 = 10.65us

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

10.65us < 15.63us, so the value of 03FFh is good.

Using the same memory as above, but with a 66MHz 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 | 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 11-25: 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

REG[92h] SDRAM Debug Register
Default = 00h Read Only
SDRAM Controller Debug Status (RO)
7 | 6 | 5 | 4 | 3 | 2 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 = Ob, 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 11-26: SDRAM Controller Status

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

REG[94h] Alpha-Blend Control Register
Default = 00h Write Only
Alpha-l\ljl)edn: Start Agitggigie Auto-mode Alpha Resolution bits 1-0 n/a Alpha_l-_IrBi‘Igegn‘g Start AIpha-(I\BAI%)d Start
7 6 5 | 4 3 | 2 1 0
bit 7 Alpha-Blend Start Mode

This bit determines the start mode of the Alpha-blend.
When this bit is written Ob, the manual-mode is selected.
When this bit is written 1b, the auto-mode is selected.

bit 6 Auto-mode Direction
This bit determines the direction of the auto-mode. When the manual-mode is selected,
this bit is ignored.
When this bit is written Ob, the direction is increment from 0 to 1.
When this bit is written 1b, the direction is decrement from 1 to 0.

bits 5-4 Auto-mode Alpha Resolution bits [1:0]
These bits determine the alpha resolution of the auto-mode. When the manual-mode is
selected, these bits are ignored.

Table 11-27: Auto-mode Alpha Resolution

REG[94h] bits 5-4 Alpha Resolution
00b 1/256 (default)
01b 1/128
10b 1/64
11b 1/32
bit 1 Alpha-Blend Start Trigger

This bit determines the start trigger of the Alpha-blend.

When this bit is written Ob, the start trigger is the register set (bit 0 = 1) immediately.
When this bit is written 1b, the start trigger is the vertical non-display period after the reg-
ister set (bit 0 = 1).

bit 0 Alpha-Blend Start (Write Only)
When this bit is written 0b, 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[9AN] 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

Alpha-Blend Vertical Image Size bits 9-
8

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

n/a

REG[9Ch] bits 1-0
REG[9AN] 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[9AN] bits 7-0) + 1
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Default = 00h

REG[9Eh] Alpha-Blend Value Register

Read/Write

Alpha-Blend Input Mode Select
bits 1-0

7 | 6

5

4

Alpha-Blend Value Select bits 5-0

| 3 | 2

bits 7-6 Alpha-Blend Input Mode Select bits [1:0]
These bits select the Alpha-Blend input mode.

Table 11-28: Alpha-Blend Input Mode Selection

REG[9Eh] bits 7-6

Alpha-Blend Input Image

00b

Disabled (Default)

01b

Fill mode

10b

Normal mode

11b

Copy mode

bits 5-0 Alpha-Blend Value Select bits [5:0]
These bits set the value of Alpha-Blend.

Normal mode:

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

Copy mode:
Output image = (input image 1 x alpha setting value)

Fill mode:

Output image = (register setting color x alpha setting value)

Table 11-29: Alpha-Blend Value Selection

REG[9Eh] bits 5-0 Alpha Value

00h

0

01h

1/32

02h

2/32

03h

3/32

1Fh

2xh
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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[AZ2h] bits 7-0
REG[AOh] 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[AZ2h] bits
7-0), (REG[AO0N] bits 7-3)
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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[AAR] 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[AB8h] 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[AANh] bits 7-0), (REG[A8h] bits

7-0), (REG[A6h] 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
REG[AEhN] 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[BOh] 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[AE] 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[BON] bits 7-0), (REG[AEN] bits

7-0), (REG[ACh] bits 7-3)
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11.17.12 Interrupt Registers

REG[B2h] Interrupt Control Register

Default = 00h Read/Write
Alpha-Blend
n/a Interrupt Mask n/a Inggza;‘?iliggle
Disable P
7 6 | 5 4 3 | 2 0
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.

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.

REG[B4h] Interrupt Status Register

Default = 00h Read Only
Alpha-Blend
n/a Interrupt Status
(RO)
7 6 | 5 | 4 | 3 | 2 0

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 = 00h Write Only

Alpha-Blend
n/a Interrupt Clear
(Wo)
7 6 | 5 | 4 | 3 | 2 0

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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11.17.13 Display Enhancement Registers

REG[B8h] Display Enhancement Control Register
Default = 00h Read/Write
Brightness Contrast Gamma
LUT Access Mode bits 1-0 n/a Correction Correction Correction
Enable Enable Enable
7 | 6 5 | 4 | 3 2 1 0
bits 7-6 LUT Access Mode bits [1:0]

This bit determines the access method for the Look-up table. The Gamma correction bit
must be disabled to be access the Look-up table.

Table 11-30: LUT Access Mode Selection

REG[B8h] bits 7-6 LUT Access Mode
00b Writing will be done to each Red, Green and Blue table at the same time.
Reading will be done from Red table.
01b Writing and Reading will be done to Red table.
10b Writing and Reading will be done to Green table.
11b Writing and Reading will be done to Blue table.
bit 2 Brightness Correction Enable

This bit enables the Brightness correction.
When this bit = Ob, the Brightness correction is disabled.
When this bit = 1b, the Brightness correction is enabled.

bit 1 Contrast Correction Enable
This bit enables the Contrast correction.
When this bit = Ob, the Contrast correction is disabled.
When this bit = 1b, the Contrast correction is enabled.

bit0 Gamma Correction Enable
This bit enables the Gamma correction.
When this bit = Ob, the Gamma correction is disabled.
When this bit = 1b, the Gamma correction is enabled.
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REG[BAh] Gamma Correction Table Index Register
Default = 00h Read/Write
Gamma Correction Table Index bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 Gamma Correction Table Index bits [7:0]

These bits specify the index of the gamma correction look-up table which subsequent
read/write start at.

REG[BCh] Gamma Correction Table Data Register
Default = 00h Read/Write
Gamma Correction Table Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 Gamma Correction Table Data bits [7:0]

When writing to gamma correction table data register, the index to the internal table will
be automatically incremented. For continuos update to the table, the gamma correction
table data register needs only to be written once. The index will be incremented by 1 for
every write to the gamma correction table register.

REG[BEh] Brightness Correction Red Register O
Default = 00h Read/Write

Brightness Correction Red bits 7-0
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[COh] Brightness Correction Red Register 1

Default = 00h Read/Write
Brightness
n/a Correction Red
bit 8
7 | 6 | 5 | 4 | 3 2 1 0

REG[COh] bit 0

REGI[BEh] bits 7-0 Brightness Correction Red bits [8:0]
These bits specify the red value of the brightness correction. The register value will be
updated with next vertical period.
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REG[C2h] Brightness Correction Green Register 0
Default = 00h Read/Write
Brightness Correction Green bits 7-0
7 | 6 | 5 | 4 | 3 2 1 | 0
REG[C4h] Brightness Correction Green Register 1
Default = 00h Read/Write
Brightness
n/a Correction Green
bit 8
7 | 6 | 5 | 4 | 3 | 2 1 0

REG[C4h] bit 0
REG[C2h] bits 7-0

Brightness Correction Green bits [8:0]
These bits specify the green value of the brightness correction. The register value will be
updated with next vertical period.

REG[C6h] Brightness Correction Blue Register 0
Default = 00h Read/Write
Brightness Correction Blue bits 7-0
7 | 6 | 5 | 4 | 3 2 1 | 0
REG[C8h] Brightness Correction Blue Register 1
Default = 00h Read/Write
Brightness
n/a Correction Blue
bit 8
7 | 6 | 5 | 4 | 3 2 1 0

REG[C8h] bit 0
REG[C6h] bits 7-0

Brightness Correction Blue bits [8:0]
These bits specify the blue value of the brightness correction. The register value will be
updated with next vertical period.

138

EPSON S1D13U11 Hardware Functional Specification
(Rev. 1.2)



Chapter 11 LCD Interface

REG[CAh] Contrast Correction Red Register
Default = 00h Read/Write
Contrast Correction Red bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 Contrast Correction Red bits [7:0]

These bits specify the red value of the contrast correction. The register value will be
updated with next vertical period.

REG[CCh] Contrast Correction Green Register
Default = 00h Read/Write
Contrast Correction Green bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 Contrast Correction Green bits [7:0]

These bits specify the green value of the contrast correction. The register value will be
updated with next vertical period.

REG[CEh] Contrast Correction Blue Register
Default = 00h Read/Write
Contrast Correction Blue bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 Contrast Correction Blue bits [7:0]

These bits specify the blue value of the contrast correction. The register value will be
updated with next vertical period.
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11.17.14 Display Extend Registers

REG[EONh] Extend Display Control Register

Default = 00h Read/Write
Overlay Display Doubling Display
@ Enable e Enable
7 | 6 | 5 4 3 2 1 0
bit 4 Overlay Display Enable

This bit enables the overlay display.
When this bit = Ob, the overlay display is disabled.
When this bit = 1b, the overlay display is enabled.

Note
There are some limitations when this bit is enabled, please refer to Table 11-15: “LCD-

CLK Divide Selection,” on page 100 for further information

bit 0 Doubling Display Enable
This bit enables the doubling display.
When this bit = Ob, the doubling display is disabled.
When this bit = 1b, the doubling display is enabled.

REG[E2h] Virtual Display Horizontal Width Register O

Default = 00h Read/Write
Virtual Display Ta Virtual Display Horizontal Size bits 9-
Enable 8
7 6 | 5 | 4 | 3 2 1 | 0

REG[E4h] Virtual Display Horizontal Width Register 1

Default = 00h Read/Write
Virtual Display Horizontal Size bits 7-0
7 | 6 | 5 | 4 | 3 2 1 | 0
REG[E2h] bit 7 Virtual Display Enable

This bit enables the virtual display.
When this bit = Ob, the virtual display is disabled.
When this bit = 1b, the virtual display is enabled.

REG[E2h] bits 1-0

REG[E4h] bits 7-0 Virtual Display Horizontal Size bits [9:0]
These bits specify the horizontal size of the virtual display, in 8 pixel resolution (bytes).
Horizontal Size of pixels = (REG[E2h] bits 1-0, REG[E4h] bits 7-0) x 8

Note
The minimum Horizontal Display Width is 32 pixels and the maximum is 8192 pixels.
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REG[E6h] SDRAM Read Register
Default = 00h Read/Write
Reserved n/a SDiﬁgﬂbEead
7 | 6 5 | 4 | 3 | 2 1 0

bits 7-6 Reserved
The default value for these bits is 00b.

bit 0 SDRAM Read Enable
This bit enables the SDRAM read. When this bit is enabled, the Alpha-blend function can
not be used.

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

REG[E8h] SDRAM Read Start Address Register 0
Default = 00h Read/Write

SDRAM Read Start Address bits 7-3 n/a
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[EAh] SDRAM Read Start Address Register 1
Default = 00h Read/Write

SDRAM Read Start Address bits 15-8
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[ECh] SDRAM Read Start Address Register 2
Default = 00h Read/Write

SDRAM Read Start Address bits 23-16
7 | 6 | 5 | 4 | 3 2 1 | 0

REG[ECh] bits 7-0
REG[EAR] bits 7-0
REGIES8h] bits 7-3 SDRAM Read Start Address bits [23:3]
These bits specify the start address of the SDRAM read in the display buffer.

SDRAM Read Start Address A [23:3] = (REG[ECh] bits 7-0, REG[EAh] bits 7-0,
REG[E8h] bits 7-3)

REG[EEh] SDRAM Dummy Read Port Register
Default = 00h Read Only
SDRAM Dummy Read Port bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

bits 7-0 SDRAM Dummy Read Port bits [7:0] (Read Only)
These bits are the dummy read port for the SDRAM read function. These data are not
used.
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Chapter 12 1/0O Interface

12.1 SPI Interface

The SPI interface is a synchronous serial interface that works only as master mode. The transmission buffer and the
receive buffer can be built into besides the shift register, and the data transfer be done efficiently.

The SPI interface controls the operation mode, the data transmission and the data receive by using the SPI command.
For further information on the SPI command, see S1D13U11 Software Technical Manual.

Receive Data €+—

Receive Buffer <+—

Shift Register

Transmission Data ———»

A

<+«— ) MISO

Shift Clock

—»() sck

v

Transmission Buffer

Shift Register

_.O MOSI

v

Control Signal

Register

_>O SS#

Figure 12-1: SPI Interface Block Diagram
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12.1.1 SPI Clock

The frequency, polarity (CPOL) and phase (CPHA) of the SPI clock are set according to the SPI command.

Table 12-1: SPI Clock Frequency

Divide Ratio| SPI Clock Frequency |Divide Ratio| SPI Clock Frequency
1/2 15.00MHz 1/256 117kHz
1/4 7.50MHz 1/512 58.6kHz
1/8 3.75MHz 1/1024 29.3kHz
1/16 1.88MHz 1/2048 14.6kHz
1/32 938kHz 1/4096 7.32kHz
1/64 469kHz 1/8192 3.66kHz
1/128 234kHz 1/16384 1.83kHz

(CPOL = 1, CPHA = 1)

(CPOL =1, CPHA=0) WAV EWEAVAYEY YAV
eror=o.coma=y L
/

SCK /T
(CPOL =0, CPHA = 0)

Sox U UyyYyyyyy

Naiataiatatia

MISO / MOSI >< D7 D6 D5 D4 >< D3 >< D2>< D1 >< DO ><

Data Sampling T T T T T T T T

Figure 12-2: SPI Clock Timing
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12.1.2 SPI Slave Select

There are three SPI slave select pins. The SSO# pin becomes SPI interface of channel 0 (Ch0). The SS1# and SS2#
pins become SPI interfaces of channel 1(Ch1l). (SS2 # pin is used exclusively for the serial flash memory.)

The polarity of the SPI slave select (low active or high active) and the pulse width (1-byte assert or continuous assert)
are set according to the SPI command.

SS# —_—
(1-byte assert) \ﬁ/#/i —

SS# Low active
(Continuous assert)

MISO / MOSI WWMWWMMWM

Figure 12-3: SPI Slave Select

12.1.3 SPI Sequential Command

The SPI sequential command executes several SPI commands registered beforehand synchronizing with the trigger
input (constant interval or INTO interrupt). And the event notification is generated at the same time as ending. It is
possible to use it for the coordinate data from the touch screen controller etc. For further information on the SPI
sequential command, see S1D13U11 Software Technical Manual.

Trigger Input ’> ﬂ

X SPI sequential comman >< SPI sequential comman%

Event notification Event naotification

Figure 12-4: SPI Sequential Command
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12.1.4 12C Interface

The 12C interface is a synchronous serial interface that works only as single master mode. Standard mode (100kbps),
fast mode (400kbps) and 7-bit slave address mode are supported.

The 12C Interface controls the operation mode, the data transmission and the data reception by using the 12C
command. For further information on the 12C command, see S1D13U11 Software Technical Manual.

Receive Data +——— Shift Register < »() I12CDATA
/Y
Shift Clock «——»() 12ccLk
Receive Data ——»/| Shift Register

Figure 12-5: 12C Interface Block Diagram
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12.1.5 12C Clock

The frequency of the 12C clock is set according to the 12C command.

Table 12-2: 12C Clock Frequency

Mode I2C Clock Frequency
Standard 93.75kHz
Fast 375kHz

12.1.6 12C Slave Address

The 12C slave address (slave side device address and forwarding direction) is output, when the data sending and
receiving begins. The 12C slave address is set according to the 12C command.

e YUY YUY YUY YL
I2CDATA :>< AB | AS >< A4 ) A3 >< A2 >< A1>< AO >< DIR><

A[6:0]: 7-bit slave address DIR: 0 = Data transission, 1 = Data recieve

Figure 12-6: 12C Slave Address
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12.1.7 Start Condition

The start condition is output, when the data sending and receiving begins. The start condition makes I2CDATA from
the high level to the low level with 12CCLK kept high level.

I2CDATA \

12CCLK \

Start condition

Figure 12-7: Start Condition

12.1.8 Stop Condition

The stop condition is output, when the data sending and receiving is ended. The stop condition makes I2CDATA
high level from the low level with I2CCLK kept high level.

I2CDATA

I2CCLK /

Stop condition

Figure 12-8: Stop Condition

12.1.9 Repeated Start Condition

The repeated start condition is output, when the sending and receiving of data begins again after the sending and
receiving of data ends. The repeated start condition makes I2CDATA from the high level to the low level with
1I2CCLK kept high level.

I2CDATA

I2CCLK /

Repeated start condition

Figure 12-9: Repeated Start Condition
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12.1.10 ACK/NAK Receive

The data of the 9th clock when the 12C data is transmitted becomes ACK/NAK response receive from the slave
device. The ACK (low level) is detected when the slave device can correctly receive data. The NAK (high level) is
detected with the pull-up resistor when data cannot be correctly received.

aceik U Y

I2CDATA (OUT) \< D7 >< D6 >< D5 >< D4 >< D3 D2 D1 DO y Hi-Z

I2CDATA (IN) Hi-Z \ AN/C&I

Figure 12-10: ACK/NAK Receive

12.1.11 ACK/NAK Transmission

The data of the 9th clock when the 12C data is received becomes ACK/NAK response transmission to the slave
device.

aceik AVAVEVEVENEWAWENE

I2CDATA (OUT) D7 D6 >< D5 D4 D3 >< D2>< D1 >< DO y Hi-Z

I2CDATA (IN) Hi-Z \ ﬁlilé/

Figure 12-11: ACK/NAK Transmission
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12.1.12 GPIO Interface

The GPIO interface becomes a general-purpose 1/0O port in 16 bits. The 1/O switch and the pull-up resistor can be
controlled as bit unit.

The GPIO interface controls the operation mode, the input data read and the output data write by using the GPIO

command. For further information on the GPIO command, see S1D13U11 Software Technical Manual.

Resistor Control
Direction Control

Output Data

Input Data

Interrupt Signal

4 Ol__) High on

Pull-up Resistor

4+—

Interrupt
Generator

GPIOA[7:0]
O GPIOB[7:0]

Figure 12-12: GPIO Interface Block Diagram
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12.1.13 GPIO Pin Configuration

The pin configuration of the GPIO interface is set according to the GPIO command.

Table 12-3: GPIO Pin Configuration

GPIO Interface Key-scan Interface

Fin Name Pin Direction I:\E)euslil:tlsr 8x8 Matrix 8x4 Matrix 8x2 Matrix Igeuslil:tjgr
GPIOAO |Input or Output| On or Off On or Off
GPIOA1 |Input or Output On or Off On or Off
GPIOA2 |Input or Output| On or Off On or Off
GPIOA3 | Input or Output On or Off On or Off

Key-scan Input | Key-scan Input | Key-scan Input

GPIOA4 |Input or Output| On or Off On or Off
GPIOA5 | Input or Output On or Off On or Off
GPIOA6 |Input or Output| On or Off On or Off
GPIOA7 |Input or Output On or Off On or Off
GPIOBO |Input or Output| On or Off Key-scan -
GPIOB1 |Inputor Output| On or Off Key-scan Output -
GPIOB2 |Input or Output| On or Off Output Input or Output|  On or Off
GPIOB3 |Input or Output| On or Off Key-scan Input or Output|  On or Off
GPIOB4 |Input or Output| On or Off Output Input or Output | Input or Output|  On or Off
GPIOB5 | Input or Output On or Off Input or Output | Input or Output On or Off
GPIOB6 |Input or Output| On or Off Input or Output | Input or Output|  On or Off
GPIOB7 |Input or Output| On or Off Input or Output | Input or Output|  On or Off

12.1.14 GPIO Interrupt

The interrupt setting of the GPIO interface is set according to the GPIO command. The GPIO interrupt cannot be
used when Key-scan is used or in sleep mode..

Table 12-4: GPIO Interrupt

Input Interrupt Polarity
] Rising Edge
Edge Detection _
Falling Edge
] High Level
Level Detection
Low Level
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12.1.15 Key-scan Interface

The key-scan interface scans reads the switch data automatically by hardware scanning the key matrix switch. It is
possible to select it from three kinds of key matrices of 8x8, 8x4 or 8x2. The rest pins can be used as the GPIO
interface in the key matrices of 8x4 or 8x2.

The key-scan interface controls the operation setting and the switch data read by using the Key-scan command. For
further information on the Key-scan command, see S1D13U11 Software Technical Manual.

PIOVDD

S1D13U11 f 8x8 Matrix Switch

oo | 177 uiin]

]
—i—
tif‘L—J

L
i

|
L

-

[ ‘ * ¢ =
F—a]r—a|rf—a,r—a]|r—n
| ‘ (N T R N A N I
apioaL <] ‘
GPIOAN = - —————— « L L PR B T
e
opions <] IO 00
GPIOA7 <' ‘ . . s
I I
i i Pl
|
GPIOBO | w
|
GPIOBL | \
|
GPIOBN o o e e .
GPIOB6 |
GPIOB7 |
The pull-up resistor of the GPIOB pins should be on.
The diode should be added for each switches due to multi touch.
Figure 12-13: Key-scan Interface Block Diagram
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12.1.16 High Drive Mode

In the high drive mode, the high level is output after one clock Hi-Z level. The expected pull-up resistor must add
to recognize the high level for the scan clock.

e [T U T
Scan Cycle
< —»
High |Hi-Z Low Hi-Z | High Hi-Zz High
<>« > <>« 4 > <
1clk Nclk  |1clk | 7clk N+2clk
GPIOBO e -— - -
o ; L
High Hi-Z High [Hi-Z Low Hi-Z | High
—P P |[¢— P> P ¢— |4 Hi¢
N+2clk 7clkk |lclk N clk 1clk
GPIOB1 . ] . o h- -
|
GPIOA Input Sampling T T N: 2, 4, 6, 8 clock selectable

Figure 12-14: Key-scan Timing (High drive mode)

12.1.17 Hi-Z Drive Mode

In the Hi-Z drive mode, the Hi-Z is output after low level is output. The expected pull-up resistor must add to
recognize the high level for the scan clock.

o S T U T L
Scan Cycle
< —»>
Hi-Z |Hi-Z Low Hi-zZ Hi-Z
—>—> >« —
lclk N clk 9clk
GPIOBO ________. e __ N
| 1
Hi-Z Low Hi-Z
47 —
N clk
GPIOB1 - - - 4 e bl
GPIOA Input Sampling T T N: 2, 4, 6, 8 clock selectable

Figure 12-15: Key-scan Timing (Hi-Z drive mode)
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12.1.18 Scan Clock

The scan clock frequency (KSCLK) and the scan cycle are set according to the Key-scan command.

Table 12-5: Scan Clock Frequency
Scan Clock Frequency
12MHz
6MHz
3MHz
1.5MHz

Table 12-6: Scan Cycle
Scan Cycle
1.365ms
2.731ms
5.461ms
10.92ms

12.1.19 Key-scan Event

The key-scan interface generates the event notification when the scan data is changed.

Scan Cycle ﬂ

X No change >< >< New Data ><

Event notification

Figure 12-16: Key-scan Event
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12.1.20 Buzzer Interface

The buzzer interface can be used for the beep sound that ring synchronizing with the touch screen. The on term of
the buzzer can be controlled with hardware.

The buzzer interface controls operation mode and buzzer on term by using the Buzzer command. For further infor-
mation on the Buzzer command, see S1D13U11 Software Technical Manual.

awme [T T T

BUZZ CYC _

<« |

Buzzer Frequency |‘

Buzzer On Term
(Auto mode)

Figure 12-17: Buzzer Timing
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12.1.21 Buzzer Clock

The frequency (BUZZ_CYC) of the buzzer and buzzer on term (BUZZ_LEN) are set according to the Buzzer
command.

Table 12-7: Buzzer Frequency
BUZZ_CYC
46.88kHz
23.43kHz

183Hz

Table 12-8: Buzzer On Term
BUZZ LEN
100ms
200ms

1500ms

12.1.22 Buzzer Auto Mode

The buzzer automatically is turned off after the buzzer is turned on for a set on term.

4—»‘ BUZZ_CYC

BUZZER

BUZZ_LEN \
|

»
|

A

Figure 12-18: Buzzer Auto Mode
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Chapter 13 Event Notification

13.1 Event Notification Function

Event Notification is the function used to inform host CPU of interrupts via end point 3 of the USB. The host CPU
receives the event factor and the attached data (event block) by interrupt IN transfer. Only one event factor is

included in a event notification. The event will be notified by the time series when there are two or more factors. A
maximum of 10 events can be stored. A new event will not be stored when the event factor to exceed it is generated.

Each event factor can be enabled or disabled. For further information on the event notification, see the S1D13U11
Software Technical Manual.

Event Factor

“«— LCD interface

+— SPI Interface

< SPI Sequential

Host CPU USB port Endpoint 3 Event Enable
4 (64-byte) / Disable
‘: < GPIO Input
!
I
1 <
| < Wake-up Key
Interrupt IN Transfer < Key-scan

Figure 13-1: Event Notification Function

13.1.1 LCD Interface Event

The LCD interface event notifies the host CPU of an LCD interface interrupt (Alpha-blend completion).

13.1.2 SPI Interface Event

The SPI interface event notifies the host CPU of an input interrupt on the INTO pin (interrupt of the device connected
with SPI interface channel 0). Only SPI sequential event is generated when synchronizing with SPI sequential
command and this interrupt.
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13.1.3 SPI Sequential Event

The SPI sequential event notifies the host CPU when data is received from SPI interface. The read data from the
device connected with the SPI interface is contained as an event block.

13.1.4 GPIO Input Event

The GPIO input event notifies the host CPU that the GPIO input interrupt has occurred. The GPIO input status and
interrupt pin name are contained as an event block.

13.1.5 Wake-up Key Event

The wake-up key event notifies the host CPU when an INT1 pin interrupt occurs (wake-up key input generation).

13.1.6 Key-scan Event

The key-scan event notifies the host CPU when there is a change in the key-scan data.

13.2 Sleep Event Notification

Only the input of the INTO pin (SPI interface interrupt) and the INT1 pin (wake-up key) is accepted while in sleep
mode. The return sequence starts from sleep when the interrupt level matches the setting value. This event is notified
to the host CPU after it returns.
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Chapter 14 Power Save

14.1 Power Management

There are three power states (reset, active and sleep) in the S1D13U11. All clocks, including crystal oscillation, stop
in sleep mode. The return from sleep mode has the factor of the USB resume, USB bus reset, the INTO/INT1 input,
and the VBUS change (low to high). The transition to sleep mode has the factor of the USB suspend and the VBUS
change (high to low).

Restart from Reset

Hardware Reset
Hardware Reset
Software Reset

USB Suspend

P VBUS Change (Low)
( Sleep | o  Active
USB Resume

USB Bus Reset
INTO / INT1 Input
VBUS Change (High)

USB Bus Reset

Figure 14-1: Power State Description

The power status of sleep and active are as follows.

Table 14-1: Power Status

Power Status Crystal Oscillator | USB Device Port LCD Interface SDRAM
Sleep Stop Stop Stop Stop (note)
Active Run Run Run Run

Note
SDRAM can select self-refresh or power down.
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14.2 USB Suspend

USB suspend uses a different transition method depending on whether HS mode or FS mode is used. The use of
USB resume is prohibited within 5ms of a transition to FS mode.

time | | | >
I 3ms ~3.125ms | ~ 20ms !
Last Activit
pp/pM softse0 / )" State
HS mode | FS mode
V| »
Active ‘ Sleep
Figure 14-2: USB Suspend (HS mode)
time | | >
| ~ 23.125ms !
DP /DM Last Activity X ')’ State
FS mode R
Active ‘ Sleep
Figure 14-3: USB Suspend (FS mode)
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14.3 USB Resume

The USB resume signaling is shown in the following diagram.

time | | |

Mostar + tupstar | 20ms | "
DP / DM ')’ State >< ‘K’ State \ SEO
FS mode J HS mode R
Vl L
Sleep | OSC stable time| Active

Figure 14-4: USB Resume

14.4 USB Remote Wake-up

The USB remote wake-up issues the resume command to the USB host and returns from the sleep simultaneously.

time | I | | >
| tostar + tupstar ' 10ms l 20ms !
DP /DM ")’ State >< Resume signal (‘K” State)\ SEO
FS mode ‘| HS modei

Vl »

Sleep | OSC stable tim Active

|

v

e|
"

Figure 14-5: USB Remote Wake-up
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Chapter 15 Use Case Examples (LCD Interface)

15.1 Sleep

The LCD interface can be active without host CPU control when the following sequences are set to the LCD wake-
up command. For further information on the LCD wake-up command, see the S1D13U11 Software Technical

Manual.
v
PLL enable REG[04h] bit 7 = 1b
v
Wait minimum 200us
v
PLL clock select REG[12h] bit 7 = 1b
4
REGI[68h] bits 7-0 = E8h
Software reset for internal circuits REGJ68h] bits 7-0 = 00h
SDCLK enable REG[68h] bit 0 = 1b
v
Wait minimum 1us
i Self refresh off
REGI[84h] bit 3 =0b
SDRAM Active or
Power down off
REGI[84h] bit 2 = 0b
4
Wait minimum 1us
< Active >
Figure 15-1: Return from Sleep Flow
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The LCD interface can be placed in sleep mode without host CPU control when the following sequences are set to
the LCD wake-up command. For further information on the LCD wake-up command, see the S1D13U11 Software

Technical Manual.

C

Active

D

Using circuits stop

!

Wait minimum 1us

!

SDRAM Stop

!

Wait minimum 1us

!

SDCLK disable

I

CLKI clock select

I

PLL disable

!

C

Sleep

D

REG[2Ah] bit 0 = Ob
REG[70h] bit 2 = Ob
REGI9EH] bits 7-6 = 00b

Self refresh on
REG[84h] bit 3 = 1b
or

Power down on
REG[84h] bit 2 = 1b

REG[68h] bit 0 = Ob

REG[12h] bit 7 = Ob

REG[04h] bit 7 = Ob

Figure 15-2: Entering Sleep Mode
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15.2 Initialization Sequence

The following steps are required to initialize the S1D13U11.

Example conditions:

* CLKI: 24MHz

PCLK: 32MHz

SDRAM clock: 96MHz

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

» SS:is enabled.
Reset
Clock setting
REG[04h] = 01h: 24MHz
REGJ[06h] = 3Ah: 96MHz
REG[0Ch] = OFh: 96MHz
REG[OEh] = 80h: SS use
REG[10h] = 55h: SS value
REG[12h] = 01h: 1:3 divide
v .
REG[14h] = 00h: 24bpp, 24bit
LCD panel timing setting REG[16h] = 63h: HDISP = 800
REG[18h] = 7Fh: HNDP = 256
REG[1Ah] = DFh: VDISP = 480
i REG[1Ch] = 01h: VDISP = 480
REGJ[1Eh] = 16h: VNDP = 46
SDRAM setting REG[20h] = 27h: HSW = 40
REGI[82h] = 02h: 64Mbit REG[22h] = 78h: HPS = 120
REGI8Eh])/[8Ch] = 3FFh REG[24h] = 0Ah: VSW =11
REG[90h] = 50h: 1.25MB REG[26h] = 04h: VPS = 4
L REG[28h] = 80h: PCLK Falling edge
Sleep
Return from sleep
Active
SDRAM initialization
REG[84h] = 82h
Wait SDRAM initialization completion
REG[86h] bit 1 = 1b
Initialization completion
Figure 15-3: Initialization Sequence Example
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15.3 LCD Display Sequence

The following steps are needed to display an image with the SID13U11.

Initialization completion

;

Display mode change?

Display mode setting

v

REG[2Ah] = 00h: Single

Input mode setting

YES REG[2Ah] = xxh: xxx

v

Display register update

REG[52h] = 00h: Buffer 1 | ¢

.

Write window size setting
800 x 480

!

Display data write
REGI[66h]

;

Display on
REG[2Ah] bit 0 = 1:LCD On

Write window size change?

o]

Display data write

REG[50h] = 80h: Load

REG[5Ah] = 00h: Xs = 0001
REG[5Ch] = 00h: Ys = 0001
REGI[5Eh] = 00h: Ys = 0001
REG[60h] = C6h: Xe = 0800
REG[62h] = 77h: Ye = 0480
REG[64h] = 03h: Ye = 0480

Input mode setting

S — REG[52h] = xxh: xxxx <

YES

.

New window size setting
HxV

A

REG[66h]

v

Display data write
REGI[66h]

.

Write window size change?

YES

Figure 15-4: LCD Display Sequence Example

164

EPSON S1D13U11 Hardware Functional Specification

(Rev. 1.2)



Chapter 15 Use Case Examples (LCD Interface)

15.4 Wake-up Display Sequence

Wake-up display can be performed without host CPU control when the following sequences are set to the LCD
wake-up command. For further information on the wake-up display, see the S1D13U11 Software Technical Manual.

LCD panel display

;

Display off
REG[2Ah] bit0 =0

;

Wake-up display
buffer select

:

LCD wake-up command
sequence set

|

Enter to sleep

.

Sleep

.

return from sleep

;

Active

'

LCD wake-up command
sequence run

;

LCD panel display

REG[xxh] = xxh: User setting
REG[xxh] = xxh: User setting
REG[xxh] = xxh: User setting
REG[2Ah] bit0 =1

Self refresh on
REG[84h] bit 3 = 1b

REG[xxh] = xxh: User setting
REG[xxh] = xxh: User setting
REG[xxh] = xxh: User setting
REG[2Ah] bit 0 = 1b

Figure 15-5: Wake-up Display Sequence Example
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15.5 Start-up Display Sequence

The start-up display can be performed without host CPU control when the following sequences are stored into the

external serial flash memory. For further information on the start-up display, see the S1D13U11 Software Technical
Manual.

Reset

!

Initialization sequence run

.

Initialization completion

REG[54h] = xxh: Red
Background color setting REG[56h] = xxh: Green
REG[58h] = xxh: Blue

v REG[98h] = xxh: LCD panel horizontal
REG[9Ah] = xxh: LCD panel vertical
Alpha-blend setting REGI[9Ch] = xxh: LCD panel vertical
REG[9Eh] = 60h
L REG[9AN] = xxh: LCD panel vertical:

Alpha-blend start
REG[94h] = 01h

;

Alpha-blend end
REG[B4h] = 01h

v

Doubling display enable
REG[EOh] = 01h

v

Display window size setting
100 x 120

v

Display data write
REGI[66h]

.

Display on
REGI[2Ah] bit 0 = 1:LCD On

.

LCD panel display

Figure 15-6: Start-up Display Sequence Example
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Chapter 16 External Components

16.1 OSC

For the external components of the crystal oscillator, consult the crystal manufacturer.

@ OSCI
Cg — f—
Crystal
VSS T
Q OSCO
Rd
cd

vss /7

Figure 16-1: Crystal Oscillator External Component
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16.2 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 guidelines will give results.

Optional, but recommended

€—— 10 Digital I0Vpp, Plane \/—\
L1

v A0 PLLVpp
V0|tage PLL power traces Cc3 h
must split from the Cc2 e
digital ti
Regulator | /e e S1D13U11
PLLVsg

<——— To Digital Vgg Plane
Typical Values:
L1, L2 isolation bead

Notes: C1 ~10uf bypass
* PLLVDD and PLLVSS traces should be as short as possible c2 1nf bypass

« PLLVDD and PLLVSS must be separated from the digital supply Cc3 .1uf bypass

« Digital power and ground to L1 and L2 should be short parallel traces

. " i Actual values may be different and
on the same side of the board to reduce any loop area that can induce noise subject to validation

Figure 16-2: 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
significant 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 (PLLVgg) except for a single short trace from C2 to the PLLVgg pin. The ground side of
the large bypass capacitor (C1) should also have a direct connection to the star point.

« The same star topology rules used for analog ground apply to the analog power connection where L2 connects to
C2.

 All of the trace lengths should be as short as possible.
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* 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 components.

* If possible, include a partial plane under the PLL area only (area under PLL components and traces). The solid
analog plane should be grounded to the C2 (bypass) pad. This plane won’t help if it is too large. It is strictly an
electrostatic shield against coupling from other layers’ signals in the same board area. If such an analog plane is
not possible, try to have the layer below the PLL components be a digital power plane instead of a signal layer.

* If possible, keep other board signals from running right next to PLL pin vias on any layer.

» Wherever possible use thick traces, especially with the analog ground and power star connections to either side
of C2. Try to make them as wide as the component pads — thin traces are more inductive.

It is likely that manufacturing rules will prohibit routing the ground and power star connections as suggested. For
instance, four wide traces converging on a single pad could have reflow problems during assembly because of the
thermal effect of all the copper traces around the capacitor pad. One solution might be to have only a single trace

connecting to the pad and then have all the other traces connecting to this wide trace a minimum distance away from
the pad. Another solution might be to have the traces connect to the pad, but with thermal relief around the pad to
break up the copper connection. Ultimately the board must also be manufacturable, so best effort is acceptable.
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Size (mm)
Symbol

y Min Typ Max
E 20
D 20
He 22
Hp 22 -

Amax - 1.7
A, 0.1
A, 1.4
€] - 0.5 -
b 0.17 0.27
c 0.09 0.2
q 0° 10°
L 0.3 - 0.75
Ly - 1 -
y - 0.08

He

Unit = mm

Figure 17-1: QFP20 144 Package
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The following documents contain additional information related to the S1D13U11. Document numbers are listed in
parenthesis after the document name. All documents can be found at the Epson Research and Development Website
at www.erd.epson.com.

» S1D13U11 Product Brief (X96A-C-001-xx)
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Chapter 19 Change Record

X96A-A-001-01 Revision 1.1 - Issued: February 23, 2011
* chapter 12.1.14 GPIO Interrupt - remove “Both Edge” from table 12-4, GPIO Interrupt

X96A-A-001-01 Revision 1.1 - Issued: January 25, 2011
 chapter 2.7 SPI Interface - add supported devices for 1 M-bit serial flash

X96A-A-001-01 Revision 1.0 - Issued: January 12, 2010
* initial release of the S1D13U11 specification
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