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Chapter 1 Introduction

1.1 Scope

This is the Hardware Functional Specification for the S1D13L01 Series Simple LCD Controller. Included in this
document are timing diagrams, AC and DC characteristics, register descriptions, and power management descrip-
tions. This document is intended for two audiences: Video Subsystem Designers and Software Developers.

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

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

1.2 Operational Overview

The S1D13L01 is a simple LCD controller with an embedded 384K byte display buffer. The S1D13L01 supports
both 8/16-bit direct/indirect CPU interfaces and a SPI CPU interface.

Resolutions supported are up to 480x272 at 24 bpp or 800x480 at 8 bpp for single layer display, or 400x240 at 24
bpp (Main Layer) and 400x240 at 8 bpp (PIP Layer) for two layer display. TFT panels are supported.

The S1D13L01 provides hardware rotation of the display memory transparent to the software application. The
S1D13L01 supports both Alpha Blending and Transparency, and with PIP Layer Flashing both preset Blinking and
Fade In/Out is achieved with simple register settings. With PIP Layer Flashing the displayed image looks rich, even
when used with a low performance CPU.

S1D13L01 Series Hardware Functional Specification EPSON 7
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Chapter 2 Features

2.1 Display Resolution
« 384K hytes of embedded VRAM for storing the image data
 Display Resolutions for one layer display (Main Layer Only):
» Up to 480x272 at 24 bpp
» Up to 800x480 at 8 bpp
« Display Resolutions for two layer display (Main and PIP Layer):
» Up to 400x240 at 24 bpp (Main Layer) and 400x240 at 8 bpp (PIP Layer)

2.2 CPU Interface

» 8/16-bit Direct interface
* 8/16-bit Indirect interface
« SPI (Mode 0, Mode 3)

2.3 Input Data Format
* RGB 8:8:8, RGB 5:6:5, 8 bpp grayscale, or 8/16/24 bpp with Look-Up Table (LUT)

2.4 Display Interface

 Active Matrix TFT panels
* 16/18/24-bit

8 EPSON S1D13L01 Series Hardware Functional Specification
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2.5 Display Features
» Up to two display layers:
e Main Layer
* 8/16/24 bpp color depths with optional Look-up Table (LUT)
« Independent rotation (0, 90, 180, 270° counter-clockwise)
* PIP Layer
* 8/16/24 bpp color depths with optional Look-up Table (LUT)
« Independent rotation (0, 90, 180, 270° counter-clockwise)
» Configurable PIP Effects allow automatic blink and fade in/out effects
 Alpha Blending
* Transparency

» Look-up Tables for Main and PIP Layers (256 address x 24 bpp)

2.6 Miscellaneous

* Single Clock Input: CLKI
Embedded PLL

Software initiated Power Save Modes

General Purpose 10 Pins are available

Operating Temperature:
S1D13L01F00A*** -40 to 85 °C

 Package:
QFP15 128-pin (14mm x 14mm x 1.7mm)

S1D13L01 Series Hardware Functional Specification EPSON 9
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Chapter 3 Typical System Implementation

Direct 16-bit Mode 1 S1D13L01
Generic TFT 16-hit
CS# »| CS#
WR# » WR# VS »VSYNC
RD# »| RD# HS » HSYNC
UB# P UB# DE » DE
LB# > LB# PCLK » DCK
AB[18:1] »| AB[18:1] B[4:0] (PDT[4:0]) » Blue[4:0]
ABO GJ[5:0] (PDT[10:5]) » Green[5:0]
R[4:0] (PDT[15:11]) » Red[4:0]
INT (< TE (ABO) GPIO[15:8] (PDT[23:16])
DB[15:0] (¢ » DB[15:0]
RESET# P RESET#
Oscillator » CLKI

Figure 3-1: Typical System Diagram (Direct 16-bit Mode 1, Panel Generic TFT 16-bit)

Direct 16-bit Mode 2 S1D13L01
Generic TFT 18-bit
CS# » CS#
WRU# » WRU# (UB#) VS » VSYNC
WRL# » WRL# (LB#) HS » HSYNC
RDU# P RDU# (WR#) DE » DE
RDL# » RDL# (RD#) PCLK » DCK
AB[18:1] »| AB[18:1] B[5:0] (PDT[5:0]) »{Blue[5:0]
ABO G[5:0] (PDT[11:6]) Green[5:0]
R[5:0] (PDT[17:12]) » Red[5:0]
INT < TE (ABO) GPIO[15:10] (PDT[23:18])
DB[15:0] |« » DB[15:0]
RESET# »| RESET#
Oscillator » CLKI

Figure 3-2: Typical System Diagram (Direct 16-bit Mode 2, Generic TFT 18-bit)

10 EPSON S1D13L01 Series Hardware Functional Specification
(Rev. 1.0)



S1D13L01 Simple LCDC

Indirect 16 bit Mode 1 S1D13L01
Generic TFT 16-bit
CS# p| CS#
WR# » WR# VS » VSYNC
RD# » RD# HS » HSYNC
UB# P UB# DE » DE
LB# > LB# PCLK » DCK
P/C# » P/C# (AB1)
INT B[4:0] (PDT[4:0]) » Blue[5:0]
B TE (ABO) G[5:0] (PDT[L0:5]) > Green[5:0]
[ AB[18:2] R[4:0] (PDT[15:11]) »{Red[5:0]
- GPIO[15:8] (PDT[23:16])
DB[15:0] |« »| DB[15:0]
RESET# P RESET#
Oscillator » CLKI

Figure 3-3: Typical System Diagram (Indirect 16-bit Mode 1, Generic TFT 16-bit)

Indirect 16-bit Mode 2 S1D13L01
Generic TFT 18-bit
CcS# p| CS#
WRU# » WRU# (UB#) VS »|VSYNC
WRL# » WRL# (LB#) HS » HSYNC
RDU# P RDU# (WR#) DE » DE
RDL# » RDL# (RD#) PCLK » DCK
P/C# »| P/C# (AB1) B[5:0] (PDT[5:0]) » Blue[5:0]
INT TE (ABO) G[5:0] (PDT[11:6]) » Green|[5:0]
N R[5:0] (PDT[17:12]) Red[5:0]
[ AB[18:2] GPIO[15:10] (PDT[23:18])
DB[15:0] |« » DB[15:0]
RESET# > RESET#
Oscillator » CLKI

Figure 3-4: Typical System Diagram (Indirect 16-bit Mode 2, Generic TFT 18-bit)

S1D13L01 Series Hardware Functional Specification EPSON 11
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Direct 8-bit S1D13L01 Generic TFT 16-bit
cs# » Cs# VS » VSYNC
WRE o WR# HS HSYNC
IOVDD UB# PCLK > DCK
g i N
B[4:0] (PDT[4:0]) » Blue[4:0]
. N . G[5:0] (PDT[10:5]) »| Green[5:0]
AB[18:0] » AB[18:0] R[4:0] (PDT[15:11]) »|Red[4:0]
INT |¢ TE (DB8) GPIO[15:8] (PDT[23:16])
DB[7:0] (¢ » DB[7:0]
[ DbB[15:9]
RESET# » RESET#
Oscillator > CLKI
Figure 3-5: Typical System Diagram (Direct 8-bit, Generic TFT 16-bit)
Indirect 8-bit S1D13L01 Generic TFT 18-hit
cs# » Cs# VS » VSYNC
WR# o WR# HS HSYNC
RD# » RD# DE > DE
IOVDD UB# PCLK »DCK
i i N
B[5:0] (PDT[5:0]) » Blue[5:0]
P/C# » P/C# (AB1) G[5:0] (PDT[11:6]) p|Green[5:0]
[ AB[18:2] R[5:0] (PDT[17:12]) »|Red([5:0]
= GPIO[15:10] (PDT[23:18])
INT TE (ABO)
DB[7:0] (¢ » DB[7:0]
[ DB[15:8]
RESET# » RESET#
Oscillator » CLKI

Figure 3-6: Typical System Diagram (Indirect 8-bit, Generic TFT 18-bit)
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SPI

CS#
CLK#

INT

SO
Sl

RESET#

S1D13L01

SCS# (CSH)
SCK (WR#)

RD#
I0VDD UB#
LB#

TE (ABO)

AB[18:1]

Sl (DBO)

SO (DB1)
DB[15:2]

Oscillator

RESET#

||}—‘ ||}—‘ Ijm
v v v VY

CLKI

VS
HS
DE
PCLK

B[7:0] (PDT[7:0])
G[7:0] (PDT[15:8])
R[7:0] (PDT[23:16])

Generic TFT 24-bit

v

'Yv

vVVY

VSYNC
HSYNC

DE
DCK

Blue[7:0]
Green[7:0]
Red[7:0]

Figure 3-7: Typical System Diagram (SPI, Generic TFT 24-bit)
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Chapter 4 Pins

4.1 Pinout Diagram

l96195[0403]02/01 |o0|so|8s |87 (86|85 |s4[s3s2[s1 80|79 78|77 [76|75[74|73[72[71|70 /69|68 6 7|66 |65
~N 4 QN0 o oM~ ©AO D < MmN S O Q¥ oo wunoun o Qo
%"‘%,‘:'oﬁl— EEZ2 l—'—'—%'—'—o—lgozoz>gozgg
= SEoooo0fFcooo0n0“oo0S0csSH S35
O D0F50anoa aaaa aoaga o a7 35
a o fPa = 4 a 5 64
ﬂpDTlg (@) IOVDD|—
08 © NC B3
——NC | 62
100ppT15 GNDFes
104CcOREVDD NC
102 DB15-22
=4GND 58
103pp116 ngﬁ
104pp117 56
105nc DB12/-22
106pp11g o I
]_O_7NC DBlOE
108pp119 NC2
109ppT120 DBO-2%
110ppT21 DB8I
111 COREVDD}Y
11lppT122 49
112 GNDF42
TraNe 48
113 pp7a3 onola7
114 0vDpD 26
115 DB6>
GND 45
Ubne DB5 4>
117 6pioo DB4
118Gpio1 NCI—5
119GpI02 DB3-7
120Gpio3 DB2I 5
121 cNFo NCI g
122 cnFr Index DBlrag
123 IOVDD 22
CNF2 37
124 NC DBO %
125 TESTEN WS
126 5cANEN WRA
127\ne NCE
128 RESETH a RD#==
8 i O-dN ™YW ©ON~®
[alN PN | b R = i i e i R I+
V2R NRanlbhRuvlZ0ovnonUNNON MO ZBOd O
ZQZEQQQQEEE222082<<<z<<<<<2o9232
‘1 |2 |3 ‘4 ‘5 |6 |7 |8 |9 ‘1o|11‘12 ‘13 ‘14|15‘l6}17|18 Fg |20|21‘22|23‘24‘25‘26|27‘28|29‘30‘31|32
Figure 4-1 S1D13L01 Pinout Diagram (QFP15-128pin) - Top View
14 EPSON S1D13L01 Series Hardware Functional Specification
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4.2 Pin Description

Key:
Pin Types
| = Input
(0] = Output
10 = Bi-Directional (Input/Output)
P = Power pin
AP = Analog Power pin
G = Ground
AG = Analog Ground

RESET# / Power Save State

H = High level output
L = Low level output
Hi-Z = High Impedance
Q = Output Pin, retains output state

10 Pin, if configured as output retains state

QB

Table 4-1: Cell Description

Iltem Description
HIS H System LVCMOS Schmitt Input Buffer with Fail Safe
HISD H System LVCMOS Schmitt Input Buffer with pull-down resistor and Fail Safe
HISU H System LVCMOS Schmitt Input Buffer with pull-up resistor and Fail Safe
HID H System LVCMOS Input Buffer with pull-down resistor and Fail Safe
HO H System LVCOMOS Output buffer with Fail Safe
HB H System LVCMOS Bidirectional Buffer with Fail Safe
HBD H System LVCMOS Bidirectional Buffer with pull-down resistor and Fail Safe
LIDS L System2 LVCMOS Schmitt Input Buffer with pull-down resistor
LITR L System Transparent Input Buffer

IH System is IOVDD (see Chapter 8, “D.C. Characteristics” on page 27).
2L System is COREVDD (see Chapter 8, “D.C. Characteristics” on page 27).
3 LVCMOS is Low Voltage CMOS (see Chapter 8, “D.C. Characteristics” on page 27).

S1D13L01 Series Hardware Functional Specification EPSON 15
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4.2.1 Host Interface

Table 4-2: Host Interface Pin Descriptions

Pin Name

Type

Pin#

Cell

Power

Power
Save
State

RESET#
State

Description

CS#

36

HIS

IOVDD

This input pin is the Chip Select signal.

WR#

35

HIS

IOVDD

This input pin has multiple functions, WR#, RDU#
and SCK. See Section 4.4, “Host Interface Pin
Mapping” on page 20 for details.

RD#

33

HISU

IOVDD

This input pin has multiple functions, RD# and RDL#.
See Section 4.4, “Host Interface Pin Mapping” on
page 20 for detalils.

UB#

31

HISU

IOVDD

This input pin has multiple functions, UB# and
WRU#. See Section 4.4, “Host Interface Pin
Mapping” on page 20 for details.

LB#

29

HISU

IOVDD

This input pin has multiple functions, LB# and WRL#.
See Section 4.4, “Host Interface Pin Mapping” on
page 20 for details.

ABO

HB

IOVDD

QB

This bidirectional pin has multiple functions, ABO and
TE. See Section 4.4, “Host Interface Pin Mapping” on
page 20 for details.

AB1

HID

IOVDD

This input pin has multiple functions, AB1 and P/C#.
See Section 4.4, “Host Interface Pin Mapping” on
page 20 for details.

AB[18:2]

27~22,
20~18,
14,12~6

HID

IOVDD

These input pins are the host address bus AB[18:2].
See Section 4.4, “Host Interface Pin Mapping” on
page 20 for details.

DBO

37

HB

IOVDD

This bidirectional pin has multiple functions, host
data bus DBO and SI. See Section 4.4, “Host
Interface Pin Mapping” on page 20 for detalils.

DB1

39

HB

IOVDD

This bidirectional pin has multiple functions, host
data bus DB1 and SO. See Section 4.4, “Host
Interface Pin Mapping” on page 20 for details.

DB[7:2]

47~44,
42~41

HB

IOVDD

These bidirectional pins are the host data bus
DB[7:2]. See Section 4.4, “Host Interface Pin
Mapping” on page 20 for details.

DB8

51

HB

IOVDD

This bidirectional pin has multiple functions, host
data bus DB8 and TE. See Section 4.4, “Host
Interface Pin Mapping” on page 20 for details.

DB[15:9]

59~54,52

HB

IOVDD

These bidirectional pins are the host data bus
DB[15:9]. See Section 4.4, “Host Interface Pin
Mapping” on page 20 for details.

RESET#

128

HIS

IOVDD

Active low input to set all internal registers to the
default state and to force all signals to their inactive
states.

16
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4.2.2 Panel Interface

Table 4-3: Panel Interface Pin Descriptions

Power
Pin Name |Type Pin# Cell Power Save RESET# Description
State
State
93,91~87, These output pins are the panel data bus
PDT[11:0] (0] 84~81, HO IOVDD Q L PDT[11:0]. See Section 4.5, “Panel Interface Pin
79~78 Mapping” on page 21 for details.
113,
111~108, These bidirectional pins have multiple functions,
. 106, panel data bus PDT[23:12] and GPIO. See Section
PDT[23:12] | 10 104~103, HBD IOVDD QB L 4.5, “Panel Interface Pin Mapping” on page 21 for
100~99, details.
97,95
This output pin is VS, the panel vertical sync signal.
VS (0] 70 HO IOVDD Q L See Section 4.5, “Panel Interface Pin Mapping” on
page 21 for details.
This output pin is HS, the panel horizontal sync
HS (@] 71 HO IOVDD Q L signal. See Section 4.5, “Panel Interface Pin
Mapping” on page 21 for details.
This output pin has multiple functions, panel data
DE (@] 72 HO IOVDD Q L bus enable DE and MOD. See Section 4.5, “Panel
Interface Pin Mapping” on page 21 for details.
This output pin is PDCLK, pixel clock for panels.
PDCLK (0] 76 HO IOVDD Q L See Section 4.5, “Panel Interface Pin Mapping” on
page 21 for details.
4.2.3 Clock Input
Table 4-4: Clock Input Pin Descriptions
Power
Pin Name |Type| Pin# Cell Power Save RESET# Description
State
State
CLKI | 62 HIS I0VDD — — Input clock source for PLL or MCLK.
S1D13L01 Series Hardware Functional Specification EPSON 17
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4.2.4 Miscellaneous

Table 4-5: Miscelaneous Pin Descriptions

Power
Pin Name|Type| Pin# Cell Power Save RESET# Description
State
State
Test Enable input used for production test only. This
TESTEN | 125 LIDS |COREVDD — — pin must be connected directly to GND for normal
operation.
Scan Enable input used for production test only. This
SCANEN | | 126 HISD I0VDD — — pin must be connected directly to GND for normal
operation.
VCP o 68 LITR PLLVDD i . This pin is for production test o_nIy and should be left
unconnected for normal operation.
These inputs are used for power-on configuration.
For details, see Table 4-7: “Summary of Power-
On/Reset Options (Host Interface Selection),” on
CNF[2:0] | 123~121 HIS I0VDD — — page 19.
Note: These pins must be connected directly to
IOVDD or GND.
These pins are a general purpose input/output.
GPIO[3:0]| 10 | 120~117 HBD I0VDD QB — Default is input. See Section 10.6, “GPIO Setting
Registers” on page 79 for details.
1,3,13,17,
21,30,32,
34,40,43,
48,53,60,
63,65,66, .
NC — | 75.80.85. — — — — This pin must be left unconnected.
94,96,98,
105,107,
112,116,
124,127

425 Power And Ground

Table 4-6: Power And Ground Pin Descriptions

Power
Pin Name |Type Pin# Cell | Power | Save Rgtsai-# Description
State
2,38,64
IOVDD P 77, 92, 114 P — — — 10 power supply
COREVDD | P 16, 50, 74, 101 P — — — Core power supply
GND G 15, 28’1‘(1)%’, i11’573’ 86, P — — — GND for digital
PLLVDD | AP 69 P — — — PLL Power Supply
PLLGND | AG 67 P — — — GND for PLL
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4.3 Summary of Configuration Options

The CNF[2:0] pins are used for Host Interface selection and must be connected directly to IOVDD or GND.

Table 4-7: Summary of Power-On/Reset Options (Host Interface Selection)

Configuration Power-On/Reset State
Input 1 (connected to IOVDD) | 0 (connected to GND)

000: Direct 16-bit mode 1
001: Direct 16-bit mode 2
010: Indirect 16-bit mode 1
011: Indirect 16-bit mode 2

CNF[2:0] 100: Direct 8-bit
101: Indirect 8-bit
110: Reserved
111: SPI
S1D13L01 Series Hardware Functional Specification EPSON 19
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4.4 Host Interface Pin Mapping

The S1D13L01 Host interface is selected by setting of the CNF[2:0] pins. For a summary of the Host interface
options, see Section 4.3, “Summary of Configuration Options” on page 19.

Table 4-8: Host Interface Pin Mapping

S1D13L01 |Direct 16-bit | Direct 16-bit | Indirect 16-bit | Indirect 16-bit . . . .

Pin Name Mode 1 Mode 2 Mode 1 Mode 2 Direct 8-bit | Indirect 8-bit SPI
CS# CS# CS# CS# CSs# CS# CS# SCS#
WR# WR# RDU# WR# RDU# WR# WR# SCK
RD# RD# RDL# RD# RDL# RD# RD# H
UB# UB# WRU# UB# WRU# H H H
LB# LB# WRL# LB# WRL# H H H
ABO TE TE TE TE ABO TE TE
AB1l AB1l AB1 P/C# P/C# AB1 P/C# Low

AB[18:2] AB[18:2] AB[18:2] Low Low AB[18:2] Low Low
DBO DBO DBO DBO DBO DBO DBO Sli
DB1 DB1 DB1 DB1 DB1 DB1 DB1 SO

DB[7:2] DB[7:2] DB[7:2] DB[7:2] DB[7:2] DB[7:2] DB[7:2] L

DB8 DB8 DB8 DB8 DB8 TE L L

DB[15:9] DBI[15:9] DB[15:9] DB[15:9] DB[15:9] L L L
Where:

H = Connect directly to IOVDD.
L = Connect directly to GND.
Low = Internal pull-down for address bus is active.

TE is defined by REG[22h] bits 6-5.
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4.5 Panel Interface Pin Mapping

Panel interface mode selection is specified by REG[20h] bits 3-0.

Table 4-9: Panel Interface Pin Mapping

S1D13L01 Generic TFT
Pin 16-bit 18-bit 24-bit
VS VS VS VS
HS HS HS HS
DE DE DE DE
PDCLK PCLK PCLK PCLK
PDTO BO BO BO
PDT1 Bl Bl Bl
PDT2 B2 B2 B2
PDT3 B3 B3 B3
PDT4 B4 B4 B4
PDT5 GO B5 B5
PDT6 G1 GO B6
PDT7 G2 Gl B7
PDT8 G3 G2 GO
PDT9 G4 G3 Gl
PDT10 G5 G4 G2
PDT11 RO G5 G3
PDT12 R1 RO G4
PDT13 R2 R1 G5
PDT14 R3 R2 G6
PDT15 R4 R3 G7
PDT16 GPIO8 R4 RO
PDT17 GPIO9 R5 R1
PDT18 GPIO10 GPIO10 R2
PDT19 GPIO11 GPIO11 R3
PDT20 GPIO12 GPIO12 R4
PDT21 GPIO13 GPIO13 R5
PDT22 GPIO14 GPIO14 R6
PDT23 GPIO15 GPIO15 R7

Note

When PDT[23:12] are assigned as panel data bus, the internal pull down is inactive.
When PDT[23:12] are assigned as GPIO, the internal pull down is controlled by
REG[D4h].
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Chapter 5 Logic Diagram

LUT1
A
v
.| Main Layer -
Host d Pipe
Interface
Direct/

h Memo LCD
Indlreqt Interfa(?t/a Blending Interf
8/16-hit ntertace

SPI
R PIP Layer R
d Pipe
y
y
Memory PLL
Register 384KB LUT?2 Clock Test Mux

Figure 5-1: Block Diagram

22

EPSON

S1D13L01 Series Hardware Functional Specification

(Rev. 1.0)




S1D13L01 Simple LCDC

Chapter 6 Embedded Memory

6.1 Memory Map

1 Layer Mode 2 Layer Mode
00000h I must start 32-bit alignment 5 must start 32-bit alignment
A
Main Layer
384K Bytes ;
VRAM Main Layer must start 32-bit alignment
IPIP Layer
v
5FFFFh LWL
60000h
LUT 1 LUT 1 LUT 1
603FFh| YNl
60400h
607FFN| M.
60800h
Registers Registers Registers
608FFh| W M

Figure 6-1: Memory Construction for Direct Interface

The S1D13L01 has 384K bytes of memory. The VRAM, Registers, and LUT are directly mapped.
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6.2 Sample Maximum Resolution

When in 1 Layer Mode (PIP Layer off, REG[60h] bits 2-0 = 000b), all 384K bytes of VRAM are assigned for the
Main Layer. The Main Layer start address (REG[42h] ~ REG[44h]) must maintain 32-bit alignment. Maximum
Main Layer resolutions are shown in the following table.

Table 6-1: Maximum Main Layer Resolutions for 1 Layer Mode

Input Data Format | Horizontal Vertical
RGB 8:8:8 480 273
RGB 5:6:5 480 409

8 bpp + LUT1 800 491

When in 2 Layer Mode (PIP Layer on, REG[60h] bits 2-0 = 001b ~ 111b), the 384K bytes of VRAM are assigned
to both the Main Layer and PIP Layer. Both the Main Layer Start Address (REG[42h] ~ REG[44h]) and PIP Layer
Start Address (REG[52h] ~ REG[54h]) must maintain 32-bit alignment. maximum combination resolutions for

Main and PIP layer are shown in the following table.

Table 6-2: Maximum Combination Resolutions for 2 Layer Mode

Example Layer Input Data Format | Horizontal Vertical
Main RGB 8:8:8 400 240
! PIP 8 bpp + LUT2 400 240
Main RGB 8:8:8 480 240
2 PIP RGB5:6:5 200 110
Main RGB 8:8:8 270 240
3 PIP RGB 8:8:8 270 240
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Chapter 7 Clocks

7.1 Clock Tree

REG[10h] bit 0 oo

CLKI

PLL

POCLK

REG[10h] bit 1

)
I

REG[04h] bits 1-0 L MCLK
REG[16h] bits 3-0 DIV “
PCLK
L/
Figure 7-1: Clock Diagram
7.2 PLL Setting
PLL related registers (REG[10h] through REG[14h]) must be set as shown in the following figure.
PLL
CLKI M-Divider PFDCLK N-Counter L-Counter POCLK
f {PFZD,@,':'K frocLk
1~33MHz ‘ 1 1 33~66MHz

REG[12h] bits 9-0
(000h ~ 020h)

REG[12h] bits 13-10

(=0h)

REG[14h] bits 9-0
(010h ~ 041h)

Note

Figure 7-2: PLL Settings

If the SID13L01 is configured to use the PLL output as the MCLK source and the Host wants to turn off the input
clock (CLKI), the Host must disable the PLL (REG[10h] bit 0 = 0Ob) before shutting off CLKI. This procedure en-
sures that the PLL Lock bit (REG[10h] bit 15) goes low. Once CLKI has been turned back on, the Host should re-

enable the PLL.
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7.3 Clock Setting Minimum Requirement

REG[16h], the Internal Clock Configuration Register, defines the PCLK (Pixel Clock) ratio from MCLK (Memory
Clock). When the panel interface block requests more pixel data than the memory interface block can provide,
garbage data will be displayed. This means that when the MCLK to PCLK divide ratio is too low (REG[16h] bits 3-
0), the memory interface block cannot provide data to the PCLK at the rate set. Panel interface block requirements
depend on PIP enable and rotation of both Main and PIP window. Following table shows minimum setting examples
for REG[16h].

Table 7-1: REG[16] Minimum Setting Examples

Bpp 8 8 16 16 24 24 24 24
Main Window | Rotation | 0/180 | 90/270 | 0/180 | 90/270 | 0/180 | 90/270 | 0/180 | 90/270
Hit Ratio| 0.25 1.00 0.50 1.00 0.75 2.00 0.75 2.00

Bpp - 8 8 16 8 16 24 24

PIP Window | Rotation - 0/180 | 0/180 | 0/180 | 0/180 | 0/180 | 0/180 | 90/270
Hit Ratio | 0.00 0.25 0.25 0.50 0.25 0.50 0.75 2.00
Total Hit Ratio 0.25 1.25 0.75 1.50 1.00 2.50 1.50 4.00

REG[16] Minimum Setting| 0(1:1) | 1(2:1) | 0(2:1) | 1(2:1) | 0(2:1) | 2(3:1) | 1(2:1) | 3(41)

Note
The above table does not take into account Host accessing. For actual settings, space must be reserved for Host ac-

cessing.
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Chapter 8 D.C. Characteristics

8.1 Absolute Maximum Ratings

Table 8-1: Absolute Maximum Ratings

Symbol Parameter Rating Units
Core Vpp |Core Supply Voltage GND -0.3t02.0 \%
PLL Vpp |PLL Supply Voltage GND -0.3t02.0 \%
10 Vpp Host 10 Supply Voltage COREVDD to 4.0 \%
VN Input Voltage GND - 0.3to IOVDD + 0.3 \
Vout Output Voltage GND - 0.3to IOVDD + 0.3 \Y,
louT Output Current +10 mA

8.2 Recommended Operating Conditions

Table 8-2: Recommended Operating Conditions

Symbol Parameter Condition Min Typ Max Units
Core Vpp |Core Supply Voltage GND =0V 1.35 15 1.65 \%
PLL Vpp |PLL Supply Voltage GND=0V 1.35 15 1.65 Y,
10 Vpp Host 10 Supply Voltage GND =0V 1.62 1.8/3.3 3.6 \%
VN Input Voltage — GND — IOVDD \Y
Topr Operating Temperature S1D13LO1FO0A*** -40 25 85 °C
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8.3 Electrical Characteristics

The following characteristics are for: Topg = -40 to 85 °C (S1D13L01F00A***)

Table 8-3: IOVDD = 3.3V £ 0.3V, GND =0V

Symbol Parameter Condition Min Typ Max Units
liz Input Leakage Current — -5 — A
loz Off State Leakage Current — -5 — a

. I0VDD = Min.
I0Von High Level Output Voltage IOH = -4mA I0VDD-0.4 — — \%
I0VDD = Min.
IOV Low Level Output Voltage IOL = 4mA — — 0.4 \%
. LVCMOS Level,
ViH High Level Input Voltage |OVDD = Max. 2.2 — I0VDD+0.3 y
LVCMOS Level,
VL Low Level Input Voltage |OVDD = Min. -0.3 — 0.8
\a Positive Trigger Voltage LVCMOS Schmitt 1.2 — 2.52 v
V1. Negative Trigger Voltage LVCMOS Schmitt 0.75 — 1.98
AV Hysteresis Voltage LVCMOS Schmitt 0.3 — — \%
Rpy Pull-up Resistance VI=0V 20 50 120 kQ
Rpp Pull-down Resistance VI =10VDD 20 50 120 kQ
Cio Pin Capacitance f= 1MH20,\}OVDD - — — 10 pF
Table 8-4: IOVDD = 1.8V + 0.18V, GND = 0V

Symbol Parameter Condition Min Typ Max Units
liz Input Leakage Current — -5 — A
loz Off State Leakage Current — -5 — #

. I0VDD = Min.
I0VoH High Level Output Voltage |OH = -1.8mA I0VDD-0.4 — — \%
I0VDD = Min.
IOV Low Level Output Voltage IOL = 1.8mA — — 0.4 \Y
. LVCMOS Level,
ViH High Level Input Voltage |OVDD = Max. 1.39 — I0VDD+0.3 y
LVCMOS Level,
Vi Low Level Input Voltage |OVDD = Min. -0.3 — 0.48
V4 Positive Trigger Voltage LVCMOS Schmitt 0.57 — 1.48 v
V1. Negative Trigger Voltage LVCMOS Schmitt 0.41 — 1.28
AV Hysteresis Voltage LVCMOS Schmitt 0.17 — — \%
Rpy Pull-up Resistance VI =0V 36 100 244 kQ
Rpp Pull-down Resistance VI = I0VDD 36 100 244 kQ
Cio Pin Capacitance f= 1Msz\I/OVDD - — — 10 pF
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Chapter 9 A.C. Characteristics

Conditions:
IOVDD =1.62V ~ 3.60V

Tp =-40 °C to 85 °C (S1D13LO1FO0A***)
Trise and Ty for all inputs except Schmitt and CLKI must be < 50 ns (10% ~ 90%)

Trise and Ty for all Schmitt must be <5 ms (10% ~ 90%)
C_ = 8pF ~ 30pF (Panel I/F)

9.1 Clock Timing

9.1.1 Input Clocks

t1 t2
90%
ViH
ViL
10%
B3—| —> et
b terk "
teyclel tCyC|92
e >«
_ e .

Figure 9-1 Clock Input Required (PLL)
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Table 9-1: Clock Input Requirements for PLL (CLKI)

Symbol Parameter Min Typ Max Units
feLki Input clock frequency 1 1 33 MHz
teLki Input clock period — ek — us

tl Input clock pulse width high 0.45 — 0.55 teki
t2 Input clock pulse width low 0.45 — 0.55 teLki
t3 Input clock rise time (10% - 90%) — — 10 ns
t4 Input clock fall time (90% - 10%) — — 10 ns
t5 Input clock period jitter (see Note 1) -300 — 300 ps

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

frequency).
Table 9-2: Clock Input Requirements for PLL Bypassed (CLKI)

Symbol Parameter Min Typ Max Units
feLki Input clock frequency — — 66 MHz
teLki Input clock period — ek — us

t1 Input clock pulse width high 6.8 — — ns
t2 Input clock pulse width low 6.8 — — ns
t3 Input clock rise time (10% - 90%) — — 5 ns
t4 Input clock fall time (90% - 10%) — — 5 ns
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9.1.2 PLL Clock

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

the jitter.

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

PLL Enable
2.5ms

PLL Stable

1~ 33MHz /
Reference Clock 7
/

/

~

Jitter (ns)

A

\ Lock In Time /
—_— >

I

| | I | [

| | I | [

|
\ PLL xxMHz Output (xx = 33 ~ 66MHz)
|

Lock in time
2.5ms

Time (ms)

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

Figure 9-2: PLL Start-Up Time
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Table 9-3: PLL Characteristics

Symbol Parameter Min Max Units
fF,LLI PLL input clock frequency after M-Divider 1 2 MHz
fPLLI2 PLL input clock frequency before M-Divider 1 33 MHz
fPLLO PLL output clock frequency 33 66 MHz
tpref PLL output clock period jitter -3 3 %
teputy PLL output clock duty cycle 30 70 %
tpstal PLL output stable time — 25 ms
9.2 RESET# Timing
t1 t2
“—>
RESET# L 1 L J
Figure 9-3 RESET# Timing
Table 9-4 RESET# Timing
Symbol Parameter Min Max Units
t1 Reset Pulse Width is ignored — 42 ns
t2 Active Reset Pulse Width (see Note) 150 — ns
1. The RESET# line should be held low longer than 150ns to guarantee reset.
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9.3 Power Supply Sequence

9.3.1 Power-On Sequence

COREVDD
PLLVDD
t1
>

I0VDD

Figure 9-4: Power-On Sequence

Table 9-5: Power-On Sequence

Symbol Parameter Min Max Units
t1l I0OVDD on delay from COREVDD, PLLVDD on 0 500 ms

Note
The sequence of COREVDD to IOVDD may be reversed as long as the timing is within the 500ms maximum.

9.3.2 Power-Off Sequence

COREVDD
PLLVDD
t1

IOVDD

Figure 9-5: Power-Off Sequence

Table 9-6: Power-Off Sequence

Symbol Parameter Min Max Units
t1 COREVDD, PLLVDD off delay from IOVDD 0 500 ms

Note
The sequence of COREVDD to IOVDD may be reversed as long as the timing is within the 500ms maximum.
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9.4 Host Interface Timing

9.4.1 Direct 16-bit Mode 1 Timing

t1 t6 tl t6 t1
AB[18:1] <« <«
UB#
LB#
CS# Control a1 / 1
CcS# N > N
P t10 AT e t10 N
WR# O\ t2_ t5 L2
RD# = h =
. t12w R
RD#/WR# Control - d
csr | Ve 2y PELCEN PRZEN
WRE t11 t11
< > “—p
RD# 10 -
p 3 | 4. P t3 |, t4 |
DB[15:0 - — ~ o
(\[Nrite)] —ﬂL valid valid
‘t9 N t9 |
DB[15:0] iq ) i )
road vali vali
(read) PRUN t7
t8 t8

Figure 9-6: Direct 16-bit Mode 1 Timing
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Table 9-7: Direct 16-bit Mode 1 Timing

3.3 Volt 1.8 Volt )
Symbol Parameter - - Units
Min Max Min Max
t1 AB[18:1], UB#, LB# setup time to CS# (WR#, RD#) 2 - 1 - ns
t2 WR#,RD# (CS#) setup time to CS# (WR#, RD#) 1 - 1 - ns
t3 DBJ[15:0] setup time to CS# (WR#) rising edge: write cycle 1 - 1 - ns
t4 DBJ[15:0] hold time from CS# (WR#) rising edge: write cycle 7 - 8 - ns
5w WR# (CS#) hold time from CS# (WR#) rising edge: write 3 i 3 i ns
cycle
t5r RD# (CS#) hold time from CS# (RD#) rising edge: read 0 i 0 i ns
cycle
AB[18:1], UB#, LB# hold time from CS# (WR#, RD#)
t6 . 5 - 5 - ns
rising edge
t7 CS# (RD#) falling edge to DB[15:0] driven: read cycle - 15 - 21 ns
t8  |CS# (RD#) falling edge to valid Data: read cycle - AXT eik+16 - AXTet23| ns
t9 DBJ[15:0] hold time from CS# (RD#) rising edge: read cycle 2 12 2 14 ns
t10w |End of write to next read/write 7 - 6 - ns
t10r |End of read to next read/write Teikt9 - Trnait10 - ns
t1lw |CS# (WR#) pulse width for write cycle 3 - 5 - ns
tl2w |CS# (WR#) rise to next CS# (WR#) rise: write cycle 3XTmelkt6 - 3XTmelkt6 - ns
Tmelk = period of internal MCLK clock signal
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9.4.2 Direct 16-bit Mode 2 Timing

t1

16
tl t6 tl
AB[18:1]
CS# Control
t11
CS# < > / 4L>
P t10 T e 110 N
WRU#, WRL# \ |, t2 t5 L2
RDU#, RDL# =
P t12w R
RD#/WR# Control h
Cs# \PRLZN BT 2,
WRU#, WRLE  — T e 1 1
RDU#, RDL# 10 -
P 3 t4 P 3 | t4
DB[15:0 ~ — ~ ———
(\[Nrite; —*L valid valid
‘t9 N t9 |
DB[15:0] — —
(read) 7 valid 7 valid
8 t8

Figure 9-7: Direct 16-bit Mode 2 Timing
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Table 9-8: Direct 16-bit Mode 2 Timing

3.3 Volt 1.8 Volt )
Symbol Parameter - - Units
Min Max Min Max
t1  |AB[18:1] setup time to CS# (WRU#, WRL#, RDU#, RDL#) 2 - 1 - ns
2 WRU#, WRL#, RDU#, RDL# (CS#) setup time to 5 i 5 i ns
CS# (WRU#, WRL#, RDU#, RDL#)
DB[15:0] setup time to CS# (WRU#, WRL#) rising edge:
t3 . 1 - 1 - ns
write cycle
DB[15:0] hold time from CS# (WRU#, WRL#) rising edge:
t4 - 7 - 8 - ns
write cycle
WRU#, WRL# (CS#) hold time from CS# (WRU#, WRL#)
tSw . o 3 - 3 - ns
rising edge: write cycle
RDU#, RDL# (CS#) hold time from CS# (RDU#, RDL#)
t5r . - 0 - 0 - ns
rising edge: read cycle
ABJ[18:1] hold time from CS# (WRU#, WRL#, RDU#,
t6 S 5 - 5 - ns
RDL#) rising edge
7 CS# (RDU#, RDL#) falling edge to DB[15:0] driven: read i 15 i 21 ns
cycle
t8 |CS# (RDU#, RDL#) falling edge to valid Data: read cycle - 4XT et 16 - 4XTmekt23| ns
t9 DB[15:0] hold time from CS# (RDU#, RDL#) rising edge: 2 12 2 14 ns
read cycle
t10w |End of write to next read/write 7 - 7 - ns
t10r |End of read to next read/write Trnckt9 - Trnek 110 - ns
tllw |CS# (WRU#, WRL#) pulse width for write cycle 3 - 5 - ns
12w CS# (WRU#, WRL#) rise to next CS# (WRU#, WRL#) rise: 3T, 6 i 3XT, 6 i ns
write cycle
Tmelk = period of internal MCLK clock signal
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9.4.3 Indirect 16-bit Mode 1 Timing

t1 t6 t1 t6 t1
P/C# > [—
UB#
LB#
CS# Control
t11 - t11
CS# < >/ «——
110 T e t10 <
WR# 2 5 | 12
RD# < <« L
RD#/WR# Control < tow >
Cst 12, PRCEN PRZI
WRE < t11 aa— 111
RD# -, 110 - _
. t3 [, t4_ P 3 |, t4
DB[15:0 - — . ——
(\[Nrite)] —ﬂL valid valid
19 9 |
DB[%%:% ) = valid = valid
t8 t8
Figure 9-8: Indirect 16-bit Mode 1 Timing
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Table 9-9: Indirect 16-bit Mode 1 Timing

Symbol Parameter : 3.3 Volt : 1.8 volt Units
Min Max Min Max
1 P/C#, UB#, LB# setup time to CS# (WR#, RD#) 1 - 1 - ns
2 WR#, RD# (CS#) setup time to CS# (WR#, RD#) 1 - 1 - ns
3 DBJ[15:0] setup time to CS# (WR#) rising edge: write cycle 1 - 1 - ns
t4 DBJ[15:0] hold time from CS# (WR#) rising edge: write cycle 7 - 8 - ns
5w WR# (CS#) hold time from CS# (WR#) rising edge: write 3 i 3 i ns
cycle
t5r cI?yl?:;lf;;(cs#) hold time from CS# (RD#) rising edge: read 0 i 0 i ns
6 E(/j(g:Z UB#, LB# hold time from CS# (WR#, RD#) rising 4 i 4 i ns
t7 CS# (RD#) falling edge to DB[15:0] driven: read cycle - 15 - 21 ns
t8 CS# (RD#) falling edge to valid Data: read cycle - AXTekt16 - AXTet23| ns
19 DBJ[15:0] hold time from CS# (RD#) rising edge: read cycle 2 12 2 14 ns
t10w |End of write to next read/write 5 - 5 - ns
t10r |End of read to next read/write Trnckt9 - Tmelkt10 - ns
tllw |CS# (WR#) pulse width for write cycle 3 - 5 - ns
tl2w |CS# (WR#) rise to next CS# (WR#) rise: write cycle 3XTmelkt6 - 3XTmeikt6 - ns
Tmelk = period of internal MCLK clock signal
Table 9-10: Indirect 16-bit Mode 1 Function Select
PIC# WR# RD# Comments
0 0 1 Command Write (register address)
1 0 1 Data (Parameter) Write
0 1 0 inhibit
1 1 0 Data (Parameter) Read
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9.4.4 Indirect 16-bit Mode 2 Timing

t6 t1
t1 16 t1
P/C#
CS# Control
t11 t11
CcS# < >/ «—»
P t10 T e t10 N
WRU#, WRL# t2 A t5 20
RDU#, RDL# N
RD#/WR# Control < tow >
—\, 2, t5 <2
CcS# < >
WRU#, WRL# —1——, 11 R t11
RDU#, RDL# ¢ 7. t10 ' s
Pl t3 1 t4 » 4 t3 [ t4
DB[15:0 ~ = - e
(Lvrite% —*L valid valid
19 9
DB[15:0] —\ -
(read) 7 valid 7 valid
8 8

Figure 9-9: Indirect 16-bit Mode 2 Timing
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Table 9-11: Indirect 16-bit Mode 2 Timing

3.3 Volt 1.8 Volt )
Symbol Parameter - - Units
Min Max Min Max
t1 P/C# setup time to CS# (WRU#, WRL#, RDU#, RDL#) 3 - 1 - ns
2 WRU#, WRL#, RDU#, RDL# (CS#) setup time to 5 i 5 i ns
CS# (WRU#, WRL#, RDU#, RDL#)
DBJ[15:0] setup time to CS# (WRU#, WRL#) rising edge:
t3 . 1 - 1 - ns
write cycle
DBJ[15:0] hold time from CS# (WRU#, WRL#) rising edge:
t4 . 7 - 8 - ns
write cycle
WRU#, WRL# (CS#) hold time from CS# (WRU#, WRL#)
tSw . o 3 - 3 - ns
rising edge: write cycle
RDU#, RDL# (CS#) hold time from CS# (RDU#, RDL#)
tor S ) 0 - 0 - ns
rising edge: read cycle
P/C# hold time from CS# (WRU#, WRL#, RDU#, RDL#)
t6 - 4 - 5 - ns
rising edge
7 CS# (RDU#, RDL#) falling edge to DB[15:0] driven: read i 15 i 21 ns
cycle
t8 CS# (RDU#, RDL#) falling edge to valid Data: read cycle - AXTcct16 - 4XTmekt23| ns
t9 DB[15:0] hold time from CS# (RDU#, RDL#) rising edge: > 12 > 14 ns
read cycle
t10w |End of write to next read/write 7 - 7 - ns
t10r |End of read to next read/write Trnait9 - Tmelkt10 - ns
t1lw |CS# (WRU#, WRL#) pulse width for write cycle 3 - 5 - ns
12w \(/:vﬁtt ((\:/)\//CFT:#, WRL#) rise to next CS# (WRU#, WRL#) rise: 3XT, 6 i 3XT, 4 +6 i ns

Tmelk = period of internal MCLK clock signal

Table 9-12: Indirect 16-bit Mode 2 Function Select

P/C# WRU#, WRL# RDU#, RDL# Comments
0 0 1 Command Write (register address)

1 0 1 Data (Parameter) Write
0 1 0 inhibit
1 1 0 Data (Parameter) Read
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9.4.5 Direct 8-bit Timing

6 t1

11 t6 t1l
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t8 t8

Figure 9-10: Direct 8-bit Timing
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Table 9-13: Direct 8-bit Timing

Symbol Parameter _ 33 volt _ 1.8 Volt Units
Min Max Min Max
t1 AB[18:0] setup time to CS# (WR#, RD#) 2 - 1 - ns
t2 WR#, RD# (CS#) setup time to CS# (WR#, RD#) 1 - 1 - ns
t3 DBJ[7:0] setup time to CS# (WR#) rising edge: write cycle 1 - 1 - ns
t4 DBJ[7:0] hold time from CS# (WR#) rising edge: write cycle 7 - 8 - ns
5w WR# (CS#) hold time from CS# (WR#) rising edge: write 3 i 3 i ns
cycle
t5r (F:{y[c):ali(CS#) hold time from CS# (RD#) rising edge: read 0 i 0 i ns
t6 AB[18:0] hold time from CS# (WR#, RD#) rising edge 5 - 5 - ns
t7 CS# (RD#) falling edge to DB[7:0] driven: read cycle - 15 - 21 ns
t8  |CS# (RD#) falling edge to valid Data: read cycle - AXT met17 - AXTet23| ns
t9 DBJ[7:0] hold time from CS# (RD#) rising edge: read cycle 2 12 2 14 ns
t10w |End of write to next read/write 7 - 6 - ns
t10r |End of read to next read/write Tmekt9 - Trneit10 - ns
tllw |CS# (WR#) pulse width for write cycle 3 - 5 - ns
tl2w |CS# (WR#) rise to next CS# (WR#) rise: write cycle 3XTmelt6 - 3XTmelkt6 - ns
Tmelk = period of internal MCLK clock signal
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9.4.6 Indirect 8-bit Timing
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Figure 9-11: Indirect 8-bit Timing
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Table 9-14: Indirect 8-bit Timing

Symbol Parameter _ 33 volt _ 1.8 Volt Units
Min Max Min Max
t1 P/C# setup time to CS# (WR#, RD#) 1 - 1 - ns
t2 WR#, RD# (CS#) setup time to CS# (WR#, RD#) 1 - 1 - ns
t3 DBJ[7:0] setup time to CS# (WR#) rising edge: write cycle 1 - 1 - ns
t4 DBJ[7:0] hold time from CS# (WR#) rising edge: write cycle 7 - 8 - ns
5w WR# (CS#) hold time from CS# (WR#) rising edge: write 3 i 3 i ns
cycle
t5r CI?yI?:Tf;(CS#) hold time from CS# (RD#) rising edge: read 0 i 0 i ns
t6 P/C# hold time from CS# (WR#, RD#) rising edge 4 - 4 - ns
t7 CS# (RD#) falling edge to DB[7:0] driven: read cycle - 15 - 21 ns
t8 CS# (RD#) falling edge to valid Data: read cycle - AXT et 17 - AXTmet23| ns
t9 DBJ[7:0] hold time from CS# (RD#) rising edge: read cycle 2 12 2 14 ns
t10w |End of write to next read/write 5 - 5 - ns
t10r |End of read to next read/write Trneikt9 - Tmelkt10 - ns
t1lw |CS# (WR#) pulse width for write cycle 3 - 5 - ns
tl2w | CS# (WR#) rise to next CS# (WR#) rise: write cycle 3XTmelkt6 - 3XTmelkt6 - ns
Tmelk = period of internal MCLK clock signal
Table 9-15: Indirect 8-bit Function Select
P/C# WR# RD# Comments
0 0 1 Command Write (register address)
1 0 1 Data (Parameter) Write
0 1 0 inhibit
1 1 0 Data (Parameter) Read
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9.4.7 SPI Timing
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Figure 9-12: SPI Timing
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Table 9-16: SPI Timing

Symbol Parameter _ 3.3 volt _ 1.8 volt Units
Min Max Min Max
1 Chip select setup time 2 - 3 - ns
2 S| Data setup time 1 - 1 - ns
t3 S| Data hold time 7 - 8 - ns
t4 Serial clock pulse width low (high) 15 - 15 - ns
t5 Serial clock pulse width high (low) 15 - 15 - ns
t6 Serial clock period 30 - 30 - ns
t7 Chip select hold time 7 - 8 - ns
18 Chip select de-assert to reassert 2 - 2 - ns
19 SCK falling edge to SO hold time 3 10 4 15 ns

NOTE: C_ = 10pF for SPI timing

Table 9-17: SPI Function Select

Command Comments
10000000 8-bit Write
11000000 8-bit Read
10001000 16-bit Write
11001000 16-bit Read
the other reserved
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9.5 Panel Interface Timing

9.5.1 General TFT Panel Timing

The timing parameters required to drive a TFT display are shown below. Timing details for each supported panel
type are provided in the following sections.

HT
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DE P HNDP .
I~ HDISP g —
w) »
r_r|| r_r|| < m HPS | HSW
I’S |‘° » HS
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Figure 9-13: TFT Panel Timing Parameters
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Table 9-18: TFT Panel Timing Parameter Definition and Register Summary

Symbol Description Derived From Units
HDISP® Horizontal Display Width (REGJ[24h] bits 6-0) x 8
HNDP? Horizontal Non-Display Period REG[26h] bits 6-0
HPS? HS Pulse Start Position REG[2ENh] bits 6-0 Ts
HSW? HS Pulse Width REG[2Ch] bits 6-0
VDISP®’  |Vertical Display Height REG[28h] bits 9-0
VNDP#®  |Vertical Non-Display Period REG[2Ah] bits 7-0 Lines
VPS>’ VS Pulse Start Position REG[32h] bits 7-0 (HT)
VSWP VS Pulse Width REG[30h] bits 5-0

1. Tg= pixel clock period.
2. (HPS + HSW) <= HNDP
3. HNDP>0

4. VNDP >0

5. (VPS + VSW) <= VNDP
6. VDISP + VNDP <1024

7. VDISP + VPS <1024

8. For TFT panels, HDISP must be set to a minimum of 8 pixels and must be increased by multiples of 8 pixels.
9. REG[22h] bits 6-5=01b

10. REG[22h] bits 6-5 = 10b
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9.5.2 TFT 16/18/24-Bit Panel Timing

Vs S(
1 :
HS X \
/]
P t2
) 3
HS } \S L
t4 t5 R t6
DE \S
t7 t9
/—\;\lL t8 £10 t11 t12
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PDT[23:0] Invalid 1 2 >< >q \ Last Invalid
Figure 9-14: TFT 16/18/24-Bit Panel Horizontal Timing
Table 9-19: TFT 16/18/24-Bit Panel Horizontal Timing
Symbol Parameter Typ Units
t1 VS falling edge to HS falling edge HPS Ts (Note 1)
t2 Horizontal total period HDISP + HNDP Ts
3 HS pulse width HPW Ts
t4 HS falling edge to DE active HNDP - HPS Ts
t5 Horizontal display period HDISP Ts
t6 DE falling edge to HS falling edge HPS Ts
t7 HS setup time to PCLK falling edge (Note 2) 0.5 Ts
t8 DE setup to PCLK falling edge (Note 2) 0.5 Ts
t9 PCLK period 1 Ts
t10 PCLK pulse width high 0.5 Ts
t11 PCLK pulse width low 0.5 Ts
t12 DE hold from PCLK falling edge (Note 2) 0.5 Ts
t13 Data setup to PCLK falling edge (Note 2) 0.5 Ts
t14 Data hold from PCLK falling edge (Note 2) 0.5 Ts
1. Ts = pixel clock period

2. PCLK polarity (REG[20h] bit 5) =0
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Figure 9-15: TFT 16/18/24-Bit Panel Vertical Timing

Table 9-20: TFT 16/18/24-Bit Panel Vertical Timing

Symbol Parameter Min Typ Units

t1 Vertical total period — VDISP + VNDP Line

t2 VS pulse width — VSW Line

t3 Vertical display start position — VNDP - VPS Line

t4 Vertical display period — VDISP Line

t5 Vertical Non Display Period after Display Area VPS VNDP Line
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Chapter 10 Registers

10.1 General

All registers except the Look-Up Table start at offset 608 XXh (i.e. REG[04h] is located at 60804h) .
The Look-Up Table starts at offset 60XXX (i.e. LUT[000h] is located at 60000h). See Chapter 6, “Embedded

Memory” on page 23 for details.

Note
1.

For 8-bit addressing, all register accesses are Little Endian. The lower byte will be at memory address

60XXXh, and the upper byte will be at memory address 60XXXh + 1.

When the Host interface is indirect, the address is incremented automatically (burst write).
Although registers REG[20h] ~ REG[32h] are asynchronously read/writable in any power save mode

(REGJ[04h] bits 1-0 = xxb), all register changes are synchronized with the VS signal and take effect in NMM

2.
3.

mode when the panel interface is active (REG[04h] bits 1-0 = 1xb).
4. Do not access memory or LUT1/2 during PSMO.

Table 10-1: S1D13L01 Register Set

Register Pg | Register Pg
Configuration Registers

REG[04h] Power Save Configuration Register 54 |REG[06h] Software Reset Register 54

Clock Configuration Registers
REG[10h] PLL Setting Register 0 55 REG[12h] PLL Setting Register 1 56
REG[14h] PLL Setting Register 2 57 REG[16h] Internal Clock Configuration Register 58
REG[18h] Reserved 58 REG[1Ah] Reserved 58
REG[1Ch] Reserved 59

Panel Configuration Registers
REG[20h] Panel Setting Miscellaneous Register 60 REG[22h] Display Settings Register 61
REG[24h] Horizontal Display Width Register (HDISP) 64 REG[26h] Horizontal Non-Display Period Register (HNDP) 64
REG[28h] Vertical Display Height Register (VDISP) 64 REG[2Ah] Vertical Non-Display Period Register (VNDP) 65
REG[2Ch] HS Pulse Width Register (HSW) 65 REG[2Eh] HS Pulse Start Position Register (HPS) 66
REG[30h] VS Pulse Width Register (VSW) 66 REG[32h] VS Pulse Start Position Register (VPS) 67
REGJ[34h] TE Line Count Register 67

Layer Configuration Registers
REG[40h] Main Layer Setting Register 68 REG[42h] Main Layer Start Address Register 0 69
REG[44h] Main Layer Start Address Register 1 69 REG[46h] Main Layer Width Register 70
REG[48h] Main Layer Height Register 70 REG[50h] PIP Layer Setting Register 70
REGI[52h] PIP Layer Start Address Register 0 71 REG[54h] PIP Layer Start Address Register 1 71
REG[56h] PIP Layer Width Register 72 REG[58h] PIP Layer Height Register 72
REG[5Ah] PIP Layer X Start Position Register 72 REG[5Ch] PIP Layer Y Start Position Register 73
REG[60h] PIP Enable Register 74 REG[62h] Alpha Blending Register 76
REG[64h] Transparency Register 77 REG[66h] Transparency Key Color Register 0 78
REG[68h] Transparency Key Color Register 1 78

GPIO Setting Registers

REG[DOh] GPIO Configuration Register 79 REG[D2h] GPIO Status and Control Register 79
REG[D4h] GPIO Pull-Down Control Register 79
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Table 10-1: S1D13L01 Register Set

Register Pg ‘ Register Pg
Look-Up Table Registers
LUT[000h] Look-Up Table 1 Address 00h Register O 80 LUT[002h] Look-Up Table 1 Address 00h Register 1 80
LUT[004h] Look-Up Table 1 Address 01h Register O 81 LUT[006h] Look-Up Table 1 Address 01h Register 1 81
LUT[3F8h] Look-Up Table 1 Address FEh Register O 82 LUT[3FAh] Look-Up Table 1 Address FEh Register 1 82
LUT[3FCh] Look-Up Table 1 Address FFh Register 0 82 LUT[3FEh] Look-Up Table 1 Address FFh Register 1 82
LUT[400h] Look-Up Table 2 Address 00h Register 0 83 LUT[402h] Look-Up Table 2 Address 00h Register 1 83
LUT[404h] Look-Up Table 2 Address 01h Register O 83 LUT[406h] Look-Up Table 2 Address 01h Register 1 83
LUT[7F8h] Look-Up Table 2 Address FEh Register O 84 LUT[7FAh] Look-Up Table 2 Address FEh Register 1 84
LUT[7FCh] Look-Up Table 2 Address FFh Register 0 85 LUT[7FEh] Look-Up Table 2 Address FFh Register 1 85
Where:

Must be in PSMO for writes (PSMO0, PSM1 or NMM for reads)

Must be in PSM1 or NMM for reads/writes

No power save mode restrictions for reads/writes.
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10.2 Configuration Registers

REG[04h] Power Save Configuration Register
Address 60804h  Default = 0000h

Read/Write

n/a

15 | 14 | 11 | 10 9 |

8

6 | 1 |

7 |

Power Save bits 1-0

0

bits 1-0 Power Save bits [1:0]

These bits select the power save mode of the S1D13L01. They control the clock-gating
logic of the S1ID13L01. The panel interface output and display pipes are enabled/disabled

by REG[22h] bit 0, Panel Interface Enable.

Table 10-2: Power Save Selection

REG[04h] bits 1-0 Mode Description

read/write registers
can NOT read/write memory (MCLK inactive)
Panel I/F clock is inactive (PCLK inactive)

00b PSMO

read/write registers
read/write memory (MCLK active)
Panel I/F clock is inactive (PCLK inactive)

01b PSM1

read/write registers
read/write memory (MCLK active)
Panel I/F clock is active (PCLK active)

1xb NMM

Note
Do not access memory or LUT1/2 during PSMO.

REG[06h] Software Reset Register
Address 60806h  Default = 0000h

Write Only

n/a

15 | 14 | 13 | 12 | 10 |

Software Reset
(WO)

8

6 | 5 | 4 |

0

bit 8 Software Reset (Write Only)
When this bit is written 0b, there is no effect in hardware.
When this bit is written 1b, the internal sequencer, state machine and all registers are reset
to default values.
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10.3 Clock Configuration Registers

REG[10h] PLL Setting Register 0
Address 60810h Default = 0000h Read/Write
PLL Lock (RO) n/a
15 14 | 13 | 12 | 11 | 10 9 8
n/a PLL Bypass PLL Enable
7 | 6 | 5 | 4 | 3 | 2 1 0
Note

The S1D13L01 must be in Power Save Mode 0 (REG[04h] bits 1-0 = 00b) before
changing this register.

bit 15 PLL Lock (Read Only)
This bit indicates whether the PLL output is stable.
When this bit = Ob, the PLL output is not stable. In this state the display buffer, LUT and
registers must not be accessed.
When this bit = 1b, the PLL output is stable.
bit 1 PLL Bypass
When this bit = Ob (PLL is selected), the Power Save bits can only be changed when the
PLL output is running (REG[10h] bit 0 = 1b) and it is stable (after 2.5 ms lock time,
REG[10h] bit 15 = 1b).
When this bit = 1b (CLKI is selected), the Power Save bits (REG[04h] bits 1-0) can be
programmed at any time.
bit 0 PLL Enable
When this bit = 0b, the PLL is.disabled.
When this bit = 1b, the PLL enabled.
Note
If the S1D13L01 is configured to use the PLL output as the MCLK source and the Host
wants to turn off the input clock (CLKI), the Host must disable the PLL (REG[10h] bit 0
= 0b) before shutting off CLKI. This procedure ensures that the PLL Lock bit
(REG[10h] bit 15) goes low. Once CLKI has been turned back on, the Host should re-
enable the PLL.
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REG[12h] PLL Setting Register 1

Address 60812h  Default = 0000h

Read/Write

n/a

N-Counter bits 3-0
13 | 12 |

11 | 10

9

M-Divider bits 9-8
| 8

M-Divider bits 7-0
5 | 1 |

3

1

| 0

Note

The S1D13L01 must be in Power Save Mode 0 (REG[04h] bits 1-0 = 00b) and the PLL

disabled (REG[10h] bit 0 = Ob) before changing this register.

bits 13-10 N-Counter bits [3:0]
These bits must be set to 0000b.
bits 9-0 M-Divider bits [9:0]
These bits determine the divide ratio between CLKI and the actual input clock to the PLL.
These bits must be set such that the internal input clock to the PLL (PFDCLK) is between
1MHz and 2MHz. For further details, see Section 7.2, “PLL Setting” on page 25.
PFDCLK = CLKI + (M-Divider + 1)
= CLKI + MM
Table 10-3: PLL M-Divide Selection
REG[12h] bits 9-0 M-Divide Ratio
000h (default) 11
001h 2:1
002h 31
003h 41
020h 33:1
021h to 13Fh Reserved
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REG[14h] PLL Setting Register 2
Address 60814h  Default = 0029h Read/Write
n/a L-Counter bits 9-8
15 | 14 | 13 | 12 | 11 | 10 9 | 8
L-Counter bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
Note

The S1D13L01 must be in Power Save Mode 0 (REG[04h] bits 1-0 = 00b) and the PLL
disabled (REG[10h] bit O = Ob) before changing this register.

bits 9-0 L-Counter bits [9:0]
These bits must be set between 010h ~ 041h. These bits are used to configure the PLL
Output (POCLK) and must be set according to the following formula. For further details,
see Section 7.2, “PLL Setting” on page 25.
POCLK = (L-Counter + 1) x (N-Counter + 1) x PFDCLK
=LL X NN (=1) x CLKI + MM
= LL x CLKI + MM
For example, CLKI input is 1MHz and target POCLK is 42MHz. Because PFDCLK is
between 1MHz and 2MHz, MM (REG[12h] bits 9-0) is 000h. Because target POCLK =
42MHz and PFDCLK = 1MHz, LL (REG[14h] bits 9-0) is 29h.
Table 10-4: PLL L-Counter Selection
REG[14h] bits 9-0 L-Counter Ratio
000h to 00Fh Reserved
010h 17:1
011h 18:1
012h 19:1
029h (default) 42:1
041h 66:1
042h to 13Fh Reserved
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REG[16h] Internal Clock Configuration Register
Address 60816h  Default = 0005h

Read/Write

n/a

15 | 14 | 13 | 12 11 | 10 | 9 8
n/a PCLK Divide Select bits 3-0
7 | 6 | 5 | 4 3 | 2 | 1 0
Note

The S1D13L01 must be in Power Save Mode 0 (REG[04h] bits 1-0 = 00b) before

changing this register.

bits 3-0 PCLK Divide Select bits [3:0]

These bits determine the divide used to generate the Pixel Clock (PCLK) from the Mem-

ory Clock (MCLK).

Table 10-5: PCLK Divide Selection

REG[16h] bits 3-0 MCLK to PCLK Frequency Ratio
0000b 1:1
0001b 2:1
0010b 31
0011b 4:1
1110b 15:1
1111b 16:1

REG[18h] Reserved

Address 60818h  Default = 0408h Read/Write
Reserved bits 15-8
15 | 14 | 13 | 12 | 11 | 10 | 9 8
Reserved bits 7-0
15 | 14 | 13 | 12 | 11 | 10 | 9 8
bits 15-0 Reserved
The value of this register must be 0408h.
REG[1Ah] Reserved
Address 6081Ah  Default = 0400h Read/Write
Reserved bits 15-8
15 | 14 | 13 | 12 | 11 | 10 | 9 8
Reserved bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 0
bits 15-0 Reserved

The value of this register must be 0400h.
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REG[1Ch] Reserved
Address 6081Ch  Default = 1000h Read/Write
Reserved bits 15-8
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 15-0 Reserved

The value of this register must be 1000h.
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10.4 Panel Configuration Registers

REG[20h] Panel Setting Miscellaneous Register

7

| 6

5

3

Address 60820h  Default = 0000h Read/Write
n/a
15 | 14 13 12 11 10 | 9 8
DE Polarity bits 1-0 PCLK Polarity n/a Paé1r$;|§)|:ta Panel Data Width bits 1-0 Panel Port Enable

2

1

0

Note
The S1D13L01 must be in Power Save Mode 0 or Power Save Mode 1 (REG[04h] bits

1-0 = 00b or 01b) before changing this register.

bits 7-6 DE Polarity bits [1:0]
These bits define status of DE.
Table 10-6: DE Polarity Selection
REG[20h] bits 7-6 DE Polarity
00b Low active
01b High active
10b Fixed to Low
11b Fixed to High
bit 5 PCLK Polarity
When this bit = Ob, the LCD data outputs transition on the rising edge of PCLK.
When this bit = 1b, the LCD data outputs transitions on the falling edge of PCLK.
bit 3 Panel Data Enable
This bit selects whether the LCD panel data is enabled.
When this bit = Ob, panel data is disable.
When this bit = 1b, panel data is enable.
This bit should be set to “1b” before setting Panel Interface Enable (REG[22h] bit0 = 1b).
bits 2-1 Panel Data Width bits [1:0]
These bits select the data width size of the LCD panel.
Table 10-7: Panel Selection
Panel Data Width P |
(REG[20h] bits 2-1) ane
01b TFT 16-bit
10b TFT 18-bit
11b TFT 24-bit
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bit 0

Panel Port Enable

This bit selects whether the Panel port is enabled or not.
When this bit = Ob, TFT panel is disable.

When this bit = 1b, TFT panel is enable.

This bit should be set to “1b” before setting Panel Interface Enable (REG[22h] bit0 = 1b).

REG[22h] Display Settings Register

bit 8

Address 60822h  Default = 0000h Read/Write
TE Output Pin
i Disable
15 14 | 13 12 11 10 9 8
TE Status (RO) TE Function bits 1-0 Display Blank n/a Dlslglay I_3Iank SW Video Invert Panel Interface
olarity Enable
7 6 | 5 4 3 2 1 0
Note

This register takes effect on the next frame, synchronized with VS

TE Output Pin Disable

This bit determines whether the status of TE is output to either the ABO or DB8 pin based
on the Host Interface configuration. This bit does not have any effect on the TE Status bit,
REG[22h] bit 7. For a host interface pin mapping summary, see Section 4.4, “Host Inter-
face Pin Mapping” on page 20.

When this bit = Ob, the status of TE is output on the configured pin.

When this bit = 1b, the status of TE is not output on the configured pin.
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bit 7

bits 6-5

TE Status (Read Only)

This bit indicates the status of TE which is configured by the TE Function bits (REG[22h]
bits 6-5). This bit is not affected by the setting of the TE Output Pin Disable bit, REG[22h]
bit 8.

When this bit = Ob, the selected condition in not occurring.

When this bit = 1b, the selected condition is occurring.

Note
When REG[22] bits 6-5 = 10b (Line Count)
- TE always stays High when REG[34h] =0
- TE always stays Low when REG[34h] > (VDISP+VNDP-1)

TE Function bits [1:0]

These bits determine the function of TE. The status of TE is indicated by the TE Status bit
(see REG[22h] bit 7) and can be output on either the ABO or DB8 pin based on the Host
Interface configuration. The TE Output Pin Disable bit allows TE output to be disabled if
not required. For a host interface pin mapping summary, see Section 4.4, “Host Interface
Pin Mapping” on page 20.

Table 10-8: TE Function Selection

REG[22h] bits 6-5

TE Function Description

00b

Disabled: TE output is disabled and the pin output is low.

01b

VNDP: TE output is high (1) when the display is in the Vertical Non-Display Period (VNDP)
and low (0) when the display is in Vertical Display Period (VDISP).

10b

Line Count: TE output is high (1) when the internal vertical line counter is greater than the
value specified by the TE Line Count bits (REG[34h] bits 9-0), otherwise TE output is low (0).
The internal vertical line counter counts from 0 to (VDISP+VNDP-1) then rolls back to 0.

11b

Reserved

bit 4

bit 2

bit 1

Display Blank

When this bit = Ob, the LCD data is masked.

When this bit = 1b, all applicable LCD data outputs (see Table 4-9: “Panel Interface Pin
Mapping,” on page 21) are forced to zero or one. Table 10-9: “Display Control Summary”
summarizes the changes to the signals on PDT[23:0] for each combination of bits.

Display Blank Polarity

When this bit = Ob, the display blank function operates normally.

When this bit = 1b, the display blank function switches polarity. Table 10-9: “Display
Control Summary,” on page 63 summarizes the changes to the signals on PDT[23:0] for
each combination of bits.

Software Video Invert

When this bit = Ob, video data is normal.

When this bit = 1b, video data is inverted. Table 10-9: “Display Control Summary,” on
page 63 summarizes the changes to the signals on PDT[23:0] for each combination of bits.

Note
Video data is inverted after the Look-Up Table
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bit 0 Panel Interface Enable
This bit enables/disables the panel interface output pins and the display pipes of the
S1D13L01.
When this bit is Ob (default), PDT[23:0], HS, VS, DE and PCLK are fixed to H or L (see
table below) and the display pipes are disabled.
Before setting this bit to 1b to enable the panel output and display pipes, make sure that
the Power Save bits are in NMM mode (PCLK is running). The panel output pins and dis-
play pipes will be enabled on the next internal frame synchronization pulse.
When the panel output is disabled by setting this bit back to Ob, the display pipes and
panel output pins will turn off on the next internal frame synchronization pulse.
When going into power savings mode, software must ensure that at least one frame period
has elapsed between setting this bit to Ob and setting the Power Save bits (REG[04h] bits
1-0) to PSM1 mode. Otherwise, if PSM1 mode is entered (PCLK is turned off) too early
(before next frame synchronization pulse which is clocked by PCLK), the display pipes
and panel output pins will not be turned off.
Table 10-9: Display Control Summary
. Display Blank Software Video
(REG[22h] bit 2) | (REG[22h] bit 1) '
Ob 1b Normal Normal
Ob xb
1b 1b Inverted Normal
b 0Ob 1b AllO Normal
b 0 1b 1b All 1 Normal
! b 0Ob 1b All'1 Normal
! 1b 1b All O Normal
Ob Ob All 0 All 0
xb xb
1b Ob All 1 All 1
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REG[24h] Horizontal Display Width Register (HDISP)
Address 60824h Default = 0000h Read/Write
n/a
15 14 | 13 | 12 | 11 | 10 | 9 8
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 LCD panel Horizontal Display Width (HDISP), in 8 pixel resolu-
tion.

REG[24h] bits 6-0 = horizontal display width in pixels + 8

Note
For TFT panels, HDISP must be set to a minimum of 8 pixels (bits 6-0 = 01h) and must

be increased by multiples of 8 pixels.

REG[26h] Horizontal Non-Display Period Register (HNDP)
Address 60826h Default = 0003h Read/Write
n/a
15 14 | 13 | 12 | 11 | 10 | 9 | 8
n/a Horizontal Non-Display Period bits 6-0
7 6 | 5 4 | 3 | 2 | 1 | 0
bits 6-0 Horizontal Non-Display Period bits-{6:0]

These bits specify the LCD panel-Harizontal Non-Display Period (HNDP), in pixels.
REG[26h] bits 6-0 = horizontal non-display period in PCLK’s

Note
The minimum Horizontal Non-Display Period is 3 pixels (REG[26h] bits 6-0 = 03h).

HS Start + HS Width <= HNDP

REG[28h] Vertical Display Height Register (VDISP)
Address 60828h Default = 0001h Read/Write
n/a Vertical Display Height bits 9-8
15 | 14 | 13 | 12 | 11 | 10 9 | 8
Vertical Display Height bits 7-0
7 | 6 | 5 4 | 3 | 2 | 1 | 0
bits 9-0 Vertical Display Height bits [9:0]

These bits specify the LCD panel Vertical Display Height (VDISP), in lines.
REG[28h] bits 9-0 = vertical display height in lines

Note
1. Minimum value =1 line
2. This register must be set such that the following formulae are valid:

VDISP + VNDP < 1024
VDISP + VPS < 1024
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REG[2Ah] Vertical Non-Display Period Register (VNDP)

Address 6082Ah Default = 0002h Read/Write
n/a
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
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 LCD panel Vertical Non-Display Period (VNDP), in lines.
REG[2Ah] bits 7-0 = vertical non-display period in lines

Note
1. Minimum value = 2 lines
2. This register must be set such that the following formula is valid:

VDISP + VNDP < 1024

REG[2Ch] HS Pulse Width Register (HSW)
Address 6082Ch Default = 0000h Read/Write
n/a
15 14 | 13 | 12 | 11 | 10 | 9 | 8
HS Pulse Polarity HS Pulse Width bits 6-0
7 6 | 5 | 4 | 3 | 2 | 1 | 0
bit 7 HS 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 HS Pulse Width bits [6:0]
These bits specify the width of the panel horizontal sync signal (HSW), in pixels. The hor-
izontal sync signal is typically HS, depending on the panel type. The minimum value for
these bits is 1b.
REG[2Ch] bits 6-0 = HS pulse width in PCLK’s

These bits must be set as follows:

For TFT panels
HS Pulse Start + HS Pulse Width < HNDP

S1D13L01 Series Hardware Functional Specification EPSON 65

(Rev. 1.0)




S1D13L01 Simple LCDC

REG[2Eh] HS Pulse Start Position Register (HPS)

Address 6082Eh Default = 0000h Read/Write
n/a
15 14 | 13 | 12 | 11 | 10 | 9 | 8
n/a HS Pulse Start Position bits 6-0
7 6 | 5 | 4 | 3 | 2 | 1 | 0

bits 6-0

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

REG[2Eh] bits 6-0 = HS pulse start position in PCLK’s

These bits must be set as follows:
For TFT panels
HS Pulse Start + HS Pulse Width < HNDP

REG[30h] VS Pulse Width Register (VSW)

Address 60830h Default = 0000h Read/Write
n/a
15 14 13 | 12 | 11 | 10 | 9 | 8
VS Pulse Polarity n/a VS Pulse Width bits 5-0
7 6 5 | 4 | 3 | 2 | 1 | 0
bit 7 VS 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 VS Pulse Width bits [5:0]
These bits specify the width of the panel vertical sync signal (VSW), in lines. The vertical
sync signal is typically VS, depending on the panel type.
REG[30h] bits 5-0 = VS pulse width in lines
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REG[32h] VS Pulse Start Position Register (VPS)
Address 60832h Default = 0000h Read/Write
n/a
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
VS Pulse Start Position bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 7-0 VS Pulse Start Position bits [7:0]

These bits specify the start position of the vertical sync signal (VPS) with respect to the
start of Vertical Non-Display Period, in lines.

For TFT panels: REG[32h] bits 7-0 = VS pulse start position in lines

REG[34h] TE Line Count Register
Address 60834h Default = 0000h Read/Write
n/a TE Line Count bits 9-8
15 | 14 | 13 | 12 | 11 | 10 9 | 8
TE Line Count bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 9-0 TE Line Count bits [9:0]

When the TE Function is configured for Line Count (REG[22h] bits 6-5 = 10b), these bits
specify the line count value that is compared with the internal vertical line counter to
determine whether TE output is high (1) or low (0). The internal line counter counts from
0 to (VDISP+VNDP-1).
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10.5 Layer Configuration Registers

REG[40h] Main Layer Setting Register

Address 60840h Default = 0000h Read/Write
Multi-Byte Layer
n/a Registers
Synchronous
Latching Disable
15 | 14 | 13 12 | 11 10 | 9 8
n/a Main Layer Rotation Select bits 1-0 Main Layer Color Depth bits 2-0
7 | 6 | 5 4 | 3 2 | 1 0
Note
This register takes effect on the next frame, synchronized with VS.
bit 8 Multi-Byte Layer Registers Synchronous Latching Disable
The asynchronous multi-byte layer registers can be written and read any time independent
of the value of this bit. Synchronous copies of the multi-byte layer registers are internally
kept for use by the display engine. The display engine latches the values of the synchro-
nous copies on every frame sync.
When this bit = Ob, Synchronous latching of multi-byte layer registers is performed on
writes to any register. Any writes to registers will cause the asynchronous multi-byte layer
register values to be latched into the internal synchronous copies.
When this bit = 1b, Synchronous latching of multi-byte layer registers is disabled. Syn-
chronous latching will occur when REG[40h] bit 8 is written back to Ob.
Multi-byte layer registers consist of the following:
Main Start Address [18:0] (REG[42h] ~ REG[44h])
PIP Start Address [18:0] (REG[52h] ~ REG[54h])
PIP Width [9:0] (REG[56h] ~ REG[57h])
PIP Height [9:0] (REG[58h] ~ REG[59h])
PIP Start X [9:0] (REG[5Ah] ~ REG[5Bh])
PIP Start Y [9:0] (REG[5Ch] ~ REG[5Dh])
bits 4-3 Main Layer Rotation Select bits [1:0]
These bits specify the rotation orientation for the Main Layer (counterclockwise).
Table 10-10: Main Layer Rotation Selection
REG[40h] bits 4-3 Main Layer Rotation
00b 0° (Normal)
01b 90°
10b 180°
11b 270°
bits 2-0 Main Layer Color Depth bits [2:0]
These bits specify the color depth for the Main layer.
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Table 10-11: Main Layer Color Depth Selection

REG[40h] bits 2-0 Main Layer Color Depth

000b RGB 8:8:8 (default)
001b RGB 5:6:5

010b Reserved

011b Reserved

100b 24 bpp + LUT1
101b 16 bpp + LUT1
110b 8 bpp + LUT1
111b Reserved

REG[42h] Main Layer Start Address Register 0

Address 60842h Default = 0000h Read/Write
Main Layer Start Address bits 15-8
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Main Layer Start Address bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

REG[44h] Main Layer Start Address Register 1

Address 60844h Default = 0000h Read/Write
n/a
15 | 14 | 13 | 12 | 11 10 | 9 | 8
n/a Main Layer Start Address bits 18-16
7 | 6 | 5 | 4 | 3 2 | 1 | 0
Note

These registers take effect on the next frame, synchronized with VS.

REG[44h] bits 2-0

REG[42h] bits 15-0 Main Layer Start Address bits [18:0]
Main Layer Start Address bits in embedded RAM. The Start Address bits must be 32-bit
aligned, so the Main Layer Start Address bits 1-0 must be set to 00b.
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REG[46h] Main Layer Width Register
Address 60846h Default = 0000h Read Only
n/a Main Layer Width bits 9-8
15 | 14 | 13 | 12 | 11 | 10 9 | 8
Main Layer Width bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 9-0 Main Layer Width bits [9:0] (Read Only)

These bits indicate the width of the Main Layer, in pixels. When Main Layer rotation is set
for 0° or 180° (REG[40h] bits 4-3 = 00b or 10b), these bits are based on the value in the
REG[24h]. When Main Layer rotation is set for 90° or 270° (REG[40h] bits 4-3 = 01b or
11b), these bits are based on the value in the REG[28h].

Note
When REG[24h] or REG[28h] are updated, there is up to a two frame delay before the
value in this register is updated.

REG[48h] Main Layer Height Register
Address 60848h Default = 0001h Read Only
n/a Main Layer Height bits 9-8
15 | 14 | 13 | 12 | 11 | 10 9 | 8
Main Layer Height bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bits 9-0 Main Layer Height bits [9:0] (Read Only)

These bits indicate the height of the Main Layer, in lines. When Main Layer rotation is set
for 0° or 180° (REG[40h] bits 4-3-= 00b or 10b), these bits are based on the value in the
REG[28h]. When Main Layer rotation is set for 90° or 270° (REG[40h] bits 4-3 = 01b or
11b), these bits are based on the value in the REG[24h].

Note
When REG[24h] or REG[28h] are updated, there is up to a two frame delay before the
value in this register is updated.

REG[50h] PIP Layer Setting Register
Address 60850h Default = 0000h Read/Write
n/a
15 | 14 | 13 12 | 11 10 | 9 | 8
n/a PIP Layer Rotation Select bits 1-0 PIP Layer Color Depth bits 2-0
7 | 6 | 5 4 | 3 2 | 1 | 0
Note

This register takes effect on the next frame, synchronized with VS.
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bits 4-3 PIP Layer Rotation Select bits [1:0]
These bits specify the rotation orientation for the PIP layer (counterclockwise).
Table 10-12: PIP Layer Rotation Selection
REG[50h] bits 4-3 PIP Layer Rotation

00b 0° (Normal)

01b 90°

10b 180°

11b 270°
bits 2-0 PIP Layer Color Depth bits [2:0]

These bits specify the color depth for the PIP Layer.

Table 10-13: PIP Layer Color Depth Selection

REG[50h] bits 2-0 PIP Layer Color Depth
000b RGB 8:8:8 (default)
001b RGB 5:6:5
010b Reserved
011b Reserved
100b 24 bpp + LUT2
101b 16 bpp + LUT2
110b 8 bpp + LUT2
111b Reserved
REG[52h] PIP Layer Start Address Register 0
Address 60852h Default = 0000h Read/Write
PIP Layer Start Address bits 15-8
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
PIP Layer Start Address bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
REG[54h] PIP Layer Start Address Register 1
Address 60854h Default = 0000h Read/Write
n/a
15 | 14 | 13 | 12 | 11 10 | 9 | 8
n/a PIP Layer Start Address bits 18-16
7 | 6 | 5 | 4 | 3 2 | 1 | 0

Note
These registers take effect on the next frame, synchronized with VS.

REG[54h] bits 2-0
REG[52h] bits 15-0 PIP Layer Start Address bits [18:0]
PIP Layer Start Address bits in embedded RAM. The Start Address bits must be 32-bit

aligned, so the PIP Layer Start Address bits 1-0 must be set to 00b.
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Address 60856h

REG[56h] PIP Layer Width Register

Default = 0000h Read/Write

15 |

n/a PIP Layer Width bits 9-8
13 |

14 | 12 | 11 | 10 9 8

7 |

|
PIP Layer Width bits 7-0
6 | 5 | 4 | 3 | 1 | 0

bits 9-0

Note
This register takes effect on the next frame, synchronized with VS.

PIP Layer Width bits [9:0]
These bits specify the width of the PIP Layer, in pixels.

REG[56h] bits 9-0 = PIP Layer Horizontal Display Period in number of pixels

REG[58h] PIP Layer Height Register
Address 60858h Default = 0000h Read/Write
n/a PIP Layer Height bits 9-8
15 | 14 | 13 | 12 | 11 | 10 9 | 8
PIP Layer Height bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
Note
This register takes effect on the next frame, synchronized with VS.
bits 9-0

PIP Layer Height bits [9:0]
These bits specify the height of the PIP Layer, in lines.

REG[58h] bits 9-0 = PIP Layer Vertical Display Period in number of lines

Address 6085Ah

REG[5Ah] PIP Layer X Start Position Register

Default = 0000h Read/Write

n/a

15 |

14

PIP Layer X Start Position bits 9-8
| 13 | |

12 11 | 10 9 | 8

7 |

PIP Layer X Start Position bits 7-0

| 5 | 4 | 3 |

bits 9-0

1 | 0
Note

This register takes effect on the next frame, synchronized with VS.

PIP Layer X Start Position bits [9:0]

These bits specify X start position of the PIP Layer on the panel, in pixels. See Section
14.5.1, “Location Address” on page 113 for details.
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Addres

S 6085Ch

REG[5Ch] PIP Layer Y Start Position Register

Default = 0000h Read/Write

n/a

15

| 14

PIP Layer Y Start Position bits 9-8
| 13 | 12 | 11 | 10

7

| 6

9 | 8
PIP Layer Y Start Position bits 7-0

4 | 3 |

| 5 |

0

bits 9-0

1 |
Note

This register takes effect on the next frame, synchronized with VS.

PIP Layer Y Start Position bits [9:0]

These bits specify Y start position of the PIP Layer on the panel, in lines. See Section
14.5.1, “Location Address” on page 113 for details.
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REG[60h] PIP Enable Register

Address 60860h Default = 0000h Read/Write
Blink/Fade Period bits 6-0 n/a
15 | 14 | 13 | 12 11 10 | 9 8
nfa B"”k”:(aRdoe)Stat”S Blink/Fade Effect bits 2-0
7 | 6 | 5 | 4 3 2 | 1 0

Note
This register takes effect on the next frame, synchronized with VS.

bits 15-9 Blink/Fade Period bits [6:0]
These bits define the PIP Layer blink/fade period, in 1 frame units.
REG[60h] bits 15-9 = blink/fade period in frames - 1
For PIP Effects Blink1 and Blink2, the blinking period is specified by these bits.
For PIP Effects Fade Out, Fade In, and Fade In/Out Continuous, the period between each
alpha blend value increment/decrement (see REG[62h] bits 9-8) is specified by these bits.
bit 3 Blink/Fade Status (Read Only)
When this bit = Ob, the PIP layer is not blinking or fading.
When this bit = 1b, the PIP layer is in the process of blinking or fading.
This bit is normally used for the one-time Fade Out and Fade In PIP Effects to check when
the fade-out or fade-in has finished: It.is also used when transitioning from the Blink1,
Blink2, and Fade In/Out Continuous effects to the Normal or Blank effects to check when
the blinking or fading has finished.
bits 2-0 PIP Effect bits [2:0]
These bits select the effect applied to the PIP Layer. For further details, see Section 14.4,
“PIP Effects” on page 108.
Table 10-14: PIP Effect Selection
REG[60h] bits 2-0 PIP Effect
000b Blank
001b Normal
010b Blink 1
011b Blink 2
100b Fade Out
101b Fade In
110b Fade In/Out Continuous
111b Reserved
Blank
Default setting. When this type is set, the PIP Layer disappears (turned off).
Normal
When this type is set, the PIP Layer is displayed (turned on). When the Alpha Blending
ratio (REG[62h] bits 6-0) is changed while in this mode, the change to the PIP occurs on
the next frame.
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Blink 1

PIP Layer blinks, toggling between the current Alpha Blending ratio setting (“ON”) and
alpha blending value = 0000000b (“OFF”). The period for switching between “ON” and
“OFF” is specified by REG[60h] bits 15-9 Blink/Fade Period bits. The Blink1 setting
should only be entered from Normal or Blank setting. To exit Blink1 state, the PIP Effect
bits should be programmed to Normal or Blank.

Blink 2

PIP Layer pixel data will toggle between normal and invert. Alpha Blending ratio is effec-
tive even if PIP Layer image data is inverted. The period for switching between normal
and invert is specified by REG[60h] PIP Enable Register bits 15-9 Blink/Fade Period bits.
The Blink2 setting should only be entered from Normal or Blank setting. To exit Blink2
state, the PIP Effect bits should be programmed to Normal or Blank.

Fade Out

PIP Layer one-time fade-out. When this PIP Effect is selected, the alpha blending value
for the PIP Layer starts counting down from the Alpha Blending Ratio setting to the mini-
mum alpha blending value (0000000b). The time period between each decrement of the
alpha blending value is specified by REG[60h] PIP Enable Register bits 15-9 Blink/Fade
Period bits, and the decrement step is specified by REG[62h] Alpha Blending Register bits
9-8 Alpha Blending Step bits. During fade-out, the period and step can be changed dynam-
ically to speed up or slow down the fade-out. To initiate another fade-out, the PIP Effect
should be programmed to either Blank or Normal first and then back to Fade Out. After
fade-out is finished, the PIP Effect can also be programmed to Fade In to initiate a fade-in.

Fade In

PIP Layer one-time fade-in. When this PIP Effect is selected, the alpha blending value for
the PIP Layer starts counting up from the minimum alpha blending value (0000000b) to
the Alpha Blending Ratio value. The time period between each increment of the alpha
blending value is specified by REG[60h] PIP Enable Register bits 15-9 Blink/Fade Period
bits, and the increment step is specified by REG[62h] Alpha Blending Register bits 9-8
Alpha Blending Step bits. During fade-in, the period and step can be changed dynamically
to speed up or slow down the fade-out. The target Alpha Blending Ratio value can also be
changed during fade-in to speed up or delay the fade-in. To initiate another fade-in, the
PIP Effect should be programmed to either Blank or Normal first and then back to Fade In.
After fade-in is finished, the PIP Effect can also be programmed to Fade Out to initiate a
fade-out.

Fade In/Out Continuous

PIP Layer continuously repeats fade in and out. The Fade In/Out Continuous setting
should only be entered from Normal or Blank setting. If the PIP Effect transitions from
Blank to Fade In/Out Continuous, the PIP Layer will start with fade-in. If the PIP Effects
transitions from Normal to Fade In/Out Continuous, the PIP Layer will start with fade-out.
The time period between each increment/decrement of the alpha blending value is speci-
fied by REG[60h] PIP Enable Register bits 15-9 Blink/Fade Period bits, and the incre-
ment/decrement step is specified by REG[62h] Alpha Blending Register bits 9-8 Alpha
Blending Step bits. The target alpha blend value during fade-in is specified by REG[62h]
Alpha Blending Register bits 6-0 Alpha Blending Ratio bits. The period, step, and target
alpha blend value can be changed dynamically to speed up or slow down and fades. To
exit Fade In/Out Continuous state, the PIP Effect bits should be programmed to Normal or
Blank.
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REG[62h] Alpha Blending Register
Address 60862h Default = 0040h Read/Write
n/a Alpha Blending Step bits 1-0
15 14 | 13 | 12 | 11 | 10 9 | 8
n/a Alpha Blending Ratio bits 6-0
7 6 | 5 | 4 | 3 | 2 | 1 | 0
Note

This register takes effect on the next frame, synchronized with VS.

bits 9-8 Alpha Blending Step bits [1:0]
These bits specify the increment/decrement steps for the PIP Layer alpha blend value dur-
ing fade-in or fade-out effects.

Table 10-15: Alpha Blending Step Selection

REG[62h] bits 9-8 Alpha Blending Step
00b 1
01b 2
10b 4
11b 8

Note
If the Alpha Blending Ratio is notset to “Full PIP” (REG[62h] bits 6-0 = 40h), these bits
should be set such that the “step” value is evenly divisible into the Alpha Blending Ra-
tio.

bits 6-0 Alpha Blending Ratio bits [6:0]
These bits define the alpha blending ratio. When these bits are set to a value other than
0000000b, the PIP Layer is enabled. For further information on alpha blending, see Sec-
tion 14.3, “Alpha Blending” on page 107.

Table 10-16: Alpha Blending Ratio Selection

REG[62h] bits 6-0 Main Layer : PIP Layer
0000000b 64:0 (no PIP)
0000001b 63:1
0000010b 62:2
0111101b 3:61
0111110b 2:62
0111111b 1:63
1000000b 0:64 (full PIP)

1000001b ~1111111b Reserved

Note
When PIP Layer Transparency is enabled (REG[64h] bit 0 = 1b), the alpha blending ra-
tio has no effect on the Transparency Key Colors (see REG[66h] ~ REG[68h]).
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REG[64h] Transparency Register
Address 60864h Default = 0000h Read/Write
n/a
15 | 14 | 13 | 12 | 11 | 10 | 9 8
TreLency
7 | 6 | 5 | 4 | 3 | 2 | 1 0
Note

This register takes effect on the next frame, synchronized with VS.

bit 0 Transparency Enable
This bit enables/disables the transparency function. For more information on transparency,
see Section 14.2, “Transparency” on page 106.
When this bit = Ob, transparency is disabled.
When this bit = 1b, transparency is enabled.
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REG[66h] Transparency Key Color Register 0

Address 60866h Default = 0000h Read/Write
Key Color Green bits 7-0
15 | 14 | 13 | 12 | 11 | 10 9 | 8
Key Color Blue bits 7-0
7 | 6 | 5 | 4 | | 2 1 | 0
REG[68h] Transparency Key Color Register 1
Address 60868h Default = 0000h Read/Write
n/a
15 | 14 | 13 | 12 | 11 | 10 9 | 8
Key Color Red bits 7-0
7 | 6 | 5 | 4 | 3 | 2 1 | 0
Note

These registers take effect on the next frame, synchronized with VS.

REG[66h] bits 15-8
REG[66h] bits 7-0
REG[68h] bits 7-0

Key Color Green bits [7:0]
Key Color Blue bits [7:0]
Key Color Red bits [7:0]

When Transparency is enabled (REG[64h] Transparency Register bit 0 = 1b), these bits
define the Key Color. The key color is compared with the PIP pixel color to determine
whether the pixel will become transparent. The key color is not affected by the PIP Effect
(see REG[60h]) or Alpha Blending (see REG[62h]). For further information on Transpar-
ency, see chapter 14.2, “Transparency”-on page 106.

Table 10-17: Key Color Register Use

Panel Data PIP Color Depth Key Color Register Use
Mode Enable (REG[50h] bits 2-0) Comments
(REG[20h] bit 3) Red Green Blue
o REG[68h] | REG[66h] | REG[66h] L
RGB 8:8:8 1b 000b bits 7-0 | bits 15-8 | bits 7-0
. REG[68h] | REG[66h] | REG[66h]
RGB 5:6:5 1b 001b bits 7-3 | bits 15-10 | bits 7-3 o
24 bpp + LUT2 1b 100b For these modes, the Key
16 bpp + LUT2 1b 101b Color register values are
REG[68h] | REG[66h] | REG[66h] | compared to the contents of
bits 7-0 bits 15-8 bits 7-0 |the LUT. The LUT index is
8 bpp + LUT2 1b 110b determined by the pixel value
stored in display memory.
78 EPSON S1D13L01 Series Hardware Functional Specification

(Rev. 1.0)




S1D13L01 Simple LCDC

10.6 GPIO Setting Registers

GPI0O[3:0] are dedicated GPIO pins.
GPIO[15:4] are activated based on the selected panel type and data width (see REG[20h] bits 3-0). For a summary
of GPIO pin availability, see Section 4.5, “Panel Interface Pin Mapping” on page 21.

REG[DOh] GPIO Configuration Register

Address 608D0Oh Default = 0000h Read/Write
GPI0O15 Config GPI014 Config GPIO13 Config GPIO12 Config GPIO11 Config GPI010 Config GPI109 Config GPI108 Config
15 14 13 12 11 10 9 8
GPIO7 Config GPIO6 Config GPIO5 Config GPI0O4 Config GPIO3 Config GPIO2Config GPIO1 Config GPIOO0 Config
7 6 5 4 3 2 1 0
bits 15-0 GPI0O[15:0] Pin Configuration

These bits can be used to change individual GPIO pins between inputs/outputs.
When this bit = Ob (default), the corresponding GPIO pin is configured as an input pin.
When this bit = 1b, the corresponding GPIO pin is configured as an output pin.

Default = 0000h

REG[D2h] GPIO Status and Control Register
Address 608D2h

Read/Write

GPIO15 Status
15

GPIO14 Status
14

GPIO13 Status
13

GPIO12 Status
12

GPIO11 Status
11

GPIO10 Status
10

GPIO9 Status
9

GPIOS8 Status
8

GPIO7 Status
7

GPIO6 Status
6

GPIOS5 Status
5

GPIO4 Status
4

GPIO3 Status
3

GPIO2 Status
2

GPIO1 Status
1

GPIOO Status
0

bits 15-0

GPIO[15:0] Pin Status
When GPI10x is configured-as an output, writing a 1b to this bit drives GP10x high and
writing a 0b to this bit drives GPIOX low.
When GPI10Ox is configured as an input, a read from this bit returns the status of GP1Ox.

Note

If a GPIO pin is programmed as a panel output signal (see Section 4.5, “Panel Interface
Pin Mapping” on page 21), the corresponding input status bit will indicate the status of
the panel output signal.

Default = 0000h

REG[D4h] GPIO Pull-Down Control Register
Address 608D4h

Read/Write

GPI015
Pull-down Control

15

GPIO14
Pull-down Control

14

GPIO13
Pull-down Control

13

GPIO12
Pull-down Control

12

GPIO11
Pull-down Control

11

GPI1010 Pull-
down Control

10

GPI09 Pull-down
Control

9

GPI08 Pull-down
Control

8

GPIO7 Pull-down
Control

7

GPI106 Pull-down
Control

6

GPIO5 Pull-down
Control

5

GP104 Pull-down
Control

4

GPIO3 Pull-down
Control

3

GPI02 Pull-down
Control

2

GPI01 Pull-down
Control

1

GPIOO0 Pull-down
Control

0

bits 15-0

GPI0O[15:0] Pull-down Control
All GPIO pins have internal pull-down resistors. These bits individually control the state
of the pull-down resistors.
When the bit = 0b, the pull-down resistor for the associated GP1O pin is inactive.
When the bit = 1b, the pull-down resistor for the associated GP1O pin is active.
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10.7 Look-Up Table Registers

Note
Do not access LUT1 or LUT2 during PSMO.

LUT1: LUT[000N] ~ LUT[3FEh]

LUT[000h] Look-Up Table 1 Address 00h Register O

Address 60000h  Default = 0000h Read/Write
LUT1 Address 00h Green Data bits 7-0
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT1 Address 00h Blue Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

LUT[002h] Look-Up Table 1 Address 00h Register 1

Address 60002h  Default = 0000h Read/Write
n/a
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT1 Address 00h Red Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

LUT[000N] bits 15-8  LUT1 Address 00h Green Data bits [7:0]
These bits contain the data to be written to the green component of the Look-Up Table 1

Address 00h.

LUT[000hN] bits 7-0 LUT1 Address 00h Blue Data bits [7:0]
These bits contain the data to be written to the blue component of the Look-Up Table 1

Address 00h.

LUT[002h] bits 7-0 LUT1 Address 00h Red Data bits [7:0]
These bits contain the data to be written to the red component of the Look-Up Table 1

Address 00h.
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LUT[004h] Look-Up Table 1 Address 01h Register 0

Address 60004h  Default = 0000h Read/Write
LUT1 Address 01h Green Data bits 7-0
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT1 Address 01h Blue Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
LUT[006h] Look-Up Table 1 Address 01h Register 1
Address 60006h  Default = 0000h Read/Write
n/a
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT1 Address 01h Red Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

LUT[004h] bits 15-8  LUT1 Address 01h Green Data bits [7:0]
These bits contain the data to be written to the green component of the Look-Up Table 1

Address 01h.

LUT[004h] bits 7-0 LUT1 Address 01h Blue Data bits [7:0]
These bits contain the data to be written to the blue component of the Look-Up Table 1

Address 01h.

LUT[006h] bits 7-0 LUT1 Address 01h Red Data bits [7:0]
These bits contain the data to be written to the red component of the Look-Up Table 1

Address 01h.
[ ]
®
o
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LUT[3F8h] Look-Up Table 1 Address FEh Register 0

Address 603F8h  Default = 0000h Read/Write
LUT1 Address FEh Green Data bits 7-0
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT1 Address FEh Blue Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
LUT[3FAh] Look-Up Table 1 Address FEh Register 1
Address 603FAh  Default = 0000h Read/Write
n/a
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT1 Address FEh Red Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

LUT[3F8h] bits 15-8  LUT1 Address FEh Green Data bits [7:0]
These bits contain the data to be written to the green component of the Look-Up Table 1

Address FEh.

LUT[3F8h] bits 7-0 LUT1 Address FEh Blue Data bits [7:0]
These bits contain the data to be written to the blue component of the Look-Up Table 1
Address FEh.

LUT[3FAh] bits 7-0  LUT1 Address FEh Red Data bits [7:0]
These bits contain the data to be written to the red component of the Look-Up Table 1

Address FEh.

LUT[3FCh] Look-Up Table 1 Address FFh Register O

Address 603FCh  Default = 0000h Read/Write
LUT1 Address FFh Green Data bits 7-0
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT1 Address FFh Blue Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

LUT[3FEh] Look-Up Table 1 Address FFh Register 1

Address 603FEh  Default = 0000h Read/Write
n/a
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT1 Address FFh Red Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

LUT[3FCh] bits 15-8 LUT1 Address FFh Green Data bits [7:0]
These bits contain the data to be written to the green component of the Look-Up Table 1

Address FFh.

LUT[3FCh] bits 7-0 ~ LUT1 Address FFh Blue Data bits [7:0]
These bits contain the data to be written to the blue component of the Look-Up Table 1

Address FFh.

LUT[3FEh] bits 7-0 LUT1 Address FFh Red Data bits [7:0]
These bits contain the data to be written to the red component of the Look-Up Table 1
Address FFh.
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LUT2: LUT[400h] ~ LUT[7FEh]

LUT[400h] Look-Up Table 2 Address 00h Register 0

Address 60400h  Default = 0000h Read/Write
LUT2 Address 00h Green Data bits 7-0
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT2 Address 00h Blue Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

LUT[402h] Look-Up Table 2 Address 00h Register 1

Address 60402h  Default = 0000h Read/Write
n/a
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT2 Address 00h Red Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

LUT[400h] bits 15-8

LUT[400h] bits 7-0

LUT[402h] bits 7-0

LUT2 Address 00h Green Data bits [7:0]
These bits contain the data to be written to the green component of the Look-Up Table 2

Address 00h.

LUT2 Address 00h Blue Data bits [7:0]
These bits contain the data to be written to the blue component of the Look-Up Table 2

Address 00h.

LUT2 Address 00h Red Data bits [7:0]
These bits contain the data to be written to the red component of the Look-Up Table 2

Address 00h.

LUT[404h] Look-Up Table 2 Address 01h Register 0

Address 60404h  Default = 0000h Read/Write
LUT2 Address 01h Green Data bits 7-0
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT2 Address 01h Blue Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

LUT[406h] Look-Up Table 2 Address 01h Register 1

Address 60406h  Default = 0000h Read/Write
n/a
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT2 Address 01h Red Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

LUT[404h] bits 15-8

LUT[404h] bits 7-0

LUT[406h] bits 7-0

LUT2 Address 01h Green Data bits [7:0]
These bits contain the data to be written to the green component of the Look-Up Table 2

Address 01h.

LUT2 Address 01h Blue Data bits [7:0]
These bits contain the data to be written to the blue component of the Look-Up Table 2

Address 01h.

LUT2 Address 01h Red Data bits [7:0]
These bits contain the data to be written to the red component of the Look-Up Table 2

Address 01h.
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LUT[7F8h] Look-Up Table 2 Address FEh Register 0

Address 607F8h  Default = 0000h Read/Write
LUT2 Address FEh Green Data bits 7-0
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT2 Address FEh Blue Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

LUT[7FAh] Look-Up Table 2 Address FEh Register 1

Address 607FAh  Default = 0000h Read/Write
n/a
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT2 Address FEh Red Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

LUT[7F8h] bits 15-8  LUT2 Address FEh Green Data bits [7:0]
These bits contain the data to be written to the green component of the Look-Up Table 2

Address FEh.

LUT[7F8h] bits 7-0 LUT2 Address FEh Blue Data bits [7:0]
These bits contain the data to be written to the blue component of the Look-Up Table 2

Address FEh.

LUT[7FAR] bits 7-0 ~ LUT2 Address FEh Red Data bits [7:0]
These bits contain the data to be written to the red component of the Look-Up Table 2

Address FEh.
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LUT[7FCh] Look-Up Table 2 Address FFh Register 0

Address 607FCh  Default = 0000h Read/Write
LUT2 Address FFh Green Data bits 7-0
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT2 Address FFh Blue Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
LUT[7FEh] Look-Up Table 2 Address FFh Register 1
Address 607FEh  Default = 0000h Read/Write
n/a
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
LUT2 Address FFh Red Data bits 7-0
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

LUT[7FCh] bits 15-8  LUT2 Address FFh Green Data bits [7:0]
These bits contain the data to be written to the green component of the Look-Up Table 2

Address FFh.

LUT[7FCh] bits 7-0 ~ LUT2 Address FFh Blue Data bits [7:0]
These bits contain the data to be written to the blue component of the Look-Up Table 2
Address FFh.

LUT[7FEh] bits 7-0 LUT2 Address FFh Red Data bits [7:0]
These bits contain the data to be written to the red component of the Look-Up Table 2

Address FFh.
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Chapter 11 Indirect and Serial Host Interface

Accessing

Sequence

11.1 Indirect Interface

The Indirect Interface requires that the address be defined before the data is written or read. When any of memory,
registers, or LUT are accessed, the address is incremented automatically making burst transfers an efficient way of
accessing theS1D13L01. There is no boundary between the memory, registers, and LUT (see Chapter 6, “Embedded
Memory” on page 23). Note that rectangular writes/reads are not supported.

11.1.1 Write Procedure

The following figures provide example procedures for performing single writes and burst writes. The examples are

shown for the Indirect 16-bit Mode and Indirect 8-bit interfaces.

RD#/WR# Control !
CS#, UBH#, LB# 4‘

R

WR#

CS# Control

L]

1

CS#

WR#
UB#, LB#

L]

L

PIC#

DB[15:0]

&

1

|
| [
Verb[12:0], |

A[18:16]

|
|
|
|
|
|
|
|
|
|
T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
A[15:0] |
|
I

Address must be even number

1
D[15:0]

l Ll
 Dummy bits and 19-bit address' 16/8-bit Data

-

|
| [
| | |

Verb[12:0],

A[18:16]

|
|
|
|
|
I
|
|
|
I A[15:0]
|

Address must be even number

D[15:0] I

—>
< + Pt !
» Dummy bits and 19-bit address, 16/8-bit Data

Figure 11-1: Indirect 16-bit Mode 1 Single Write Example Sequence
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RD#/WR# Control !
cs# j

L

WR# i | | | | i
CS#CoCr;tSr;)I i u u |_| I_l i

SR e I

|
|
|
|
P/C# |
| . :
. | |
DB7O)—— |+ |
I A7:0] A[15:8] Verb[4:0, 1 py7:0] |
| A[18:16] | \
[ »e »
' Dummy bits and 19-bit address ' 8-bitData
Figure 11-2: Indirect 8-bit Single Write Example Sequence
RD#\WR# Control | | ! ! ' ! !
I | I
Cs#, UB#, LB# | : . | | . |
| | T | T T |
| I I | | I I
i 1 i [
L I N O O O L
| | | |
: : | : | | |
CS# Control ! I : I ! ! !
cs# | ' i | | i i
Lo o e
WR# — | | ' l | I
UBH#, LB# I : : ! | |
| | | |
: : I : | I I
| I I | | I I
| I T t } .
P/C# I I I I I I
T T | | I I
| | | | | | |
. | I I | | I I
OBuSO——  f— | b | l
, A[16:0] ,  Verb[12:0], 1  D[15:0] ,  D[150] | D[15:0] | D[15:0] |
| , A[18:16] I | | I I
—————————————Plt—————Pt——————P¢———P¢——Pp!
‘Dummy bits and 19-bit address' 16/8-bit Data :+ 16/8-bit Data' 16/8-bit Data' 16/8-bit Data '
Address must be even number
defined address defined address +4
defined address +2 defined address +6
Figure 11-3: Indirect 16-bit Mode 1 Burst Write Example Sequence
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RD#/WR# Control

cs# 4‘

WR#

CS# Control

L] L] L]

CS#

L] L] L]

I
| | | I I [ | |
[ | [ | | | I | [ | [ |
Al7:0] A[15:8] Verb[4:0], |  D[7:.0] D[7:0] D[7:0]
Al18:16] |
¢ '  ga » - P - >
Dummy bits and 19-bit'address ' 8-bit Data 8-bit Data 8-bit Data

defined address

'
|
|
|
|
1
|
|
|
|
|
|
|
|
|
|
L
|
|
|
|
|
|
|

I L | |
|
|
|
&

L
'

defined address +2
defined address +1

Figure 11-4: Indirect 8-bit Burst Write Example Sequence
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11.1.2 Read Procedure

The following figures provide example procedures for performing single reads and burst reads. The examples are
shown for the Indirect 16-bit Mode and Indirect 8-bit interfaces.

RD#/WR# Control !
CS#, UB#, LB# j

WR#

RD#

CS# Control

cs# || |
|
WR#—— :
UB#, LB# |
|
RD# — =
(UB#, LB#) I

| I
| I
| I
| I
| | - 4
P/C# ' ' !
t f I
| | | | | |
| I | [ I I
DB50l ——{ | | e = B N
I AL5:0] ' Verb[12:0], '  D[15:0] o A[RS0] Verb[12:0], |  D[15:0] !
: : A[18:16] : : : | A[18:16] : :
'Dummy bits and 19-bit address = 16/8-bit Data 'Dummy bits and 19-bit address  16/8-bit Data '
Address must be even number Address must be even number
Write Read Write Read
Figure 11-5: Indirect 16-bit Mode 1 Single Read Example Sequence
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RD#/WR# Control !
CS# _\

WR#

RD#

L L

CS# Control

cs# ||

L]

I
I
I
I
1
I I
RD# — | :
I I |
I I | I
I I | I
I I
PIC# ! !
I I | I
. I I | I
DB7O)——f |=o | |4 |
| A[7:0] | A[15:8] Verb[4:0], 1 D[7:0] |
I I A[18:16] | I
ld | »ld »l
' Dummy bits and 19-bit address ' 8-bitData '
Write Read
Figure 11-6: Indirect 8-bit Single Read Example Sequence
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RD#/WR# Control ! : : : : : !
CS#, UB#, LB# | | | | | | |
] [ I | | I I
| I I | | I I
| I I | | I I
WRi# | I_I I u I | | I I
| I I | | I I
RD# | | 1 L 1
| I I | | I I
| I I | | I I
I
CS# Control : I : : : : :
I

O O e N e O e N i I i O
| ! | | | | |
WR# [ T T T T
UB#, LB# : | | I I
] | | I I
| ! | | I I
RD# | I | | I I
(UB#, LB#) | : I I | |
| I | | I I
| ! I | | I I
| ! I | | I I
| ! T T T T
P/IC# | ' ‘ I I | |
| I | | I I
S0 N s s s SN e AN N
DB[lS:O] : | | | | : | | : | | : | | : I :
. AI50] Verb[12:0], ,  D[15:0] ., D[150] | D[15:0] | D[15:0] |
I Al18:16] I I | |
| I | | I I
¢ Pt——————Pit—————Pt——————Pt—————P!
iDummy bits and 19-bit address| 16/8-bit Data 1 16/8-bit Data 16/8-bit Data | 16/8-bit Data |
I Address must be even number ! ! ! !
! I defined.address défined address +4 '
| I | ] I I

' ' defined address +2 defined address +6

Write Read Read Read Read
Figure 11-7: Indirect 16-bit Mode 1 Burst Read Example Sequence
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RD#/WR# Control | | | i | |
cs# | . | | : : |
I i T T | | |
| ' ! ! ! ! |
I I ! | |
WR# | u | u ! I_I | : : |
| I ! | I I I

' | 1
' ' T T t
oo | ; | L L L
! I I I
I I : | | | |

I I
CS# Control : I | | : : :

I ! |
== I T s i 1 I B
| | | | | |

| |

WR# | | . | | !
| T N |
| ' ! I : : |
I [ ' | | I
RD# | | I . .
| | ! | | X |
| I ! | | : |
| : : I | | |
I T T
PICH# 1 ! ! . : .
! I | I
I I I | I
T N [ S O [ S
| ATl A[15:8] Verb[@0], |, D[70] TTE & |
| A[18:16] | | : |
' Dummy bits and 19-bit address I 8-bit Data | 8-bitData ~, 8-bit Data !
: : defined addreq's dllefined address :+2
I | defined address +1 I

I
! Write ! Read ! Read ! Read !

Figure 11-8: Indirect 8-bit Burst Read Example Sequence
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11.2 SPI

The SPI host interface supports both Mode 0 and Mode 3.

Mode 0 and Mode 3 latch the data on the rising edge of the clock and shift the data on the falling edge of the clock.
The idle state of SCK is low for Mode 0, and high for Mode 3. This means that Mode 0 always starts with latching
the data and Mode 3 always starts with shifting the data. For both Mode 0 and Mode 3, the MSB is first. The
accessing cycle always starts after the SCS# falling edge. When the accessing cycle starts, the first byte must be
command 8-bit, the second byte must be verbose 5-bit and upper address 3-bit, the third byte must be middle address
8-hit, the fourth byte must be lower address 8-bit. From the fifth byte on, it depends on the command in the first
byte. The accessing cycle is broken by SCS# rising edge.

When burst accessing, the address is incremented automatically.
When Reading, the first byte (or word) is dummy data. Actual data will come on the second byte (or word).

If there is a difference between command and data (or address) bit counts, the data will be ignored when it is larger.
The accessing cycle is broken by SCS# when data is smaller.

For 16-bit read/write, the address must be an even number.

Table 11-1: SPI Function Select

Command Comments
10000000b 8-bit Write
11000000b 8-bit Read
10001000b 16-bit- Write
11001000b 16-bit Read
all other values | Reserved
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11.2.1 Write Procedure

SCs# 4| i ' ; i i i ,f i li

| (N +4) |

¢ LstByte | | 2nd Byte 1, 3rdByte | | 4th Byte 'I 5th Byte ||| 6th Byte I' 'I Byte I'
/
ss— ¢ [ v ]|a A A | o | o [ J | b }—
10000000 ! A[18:16] A[15:8] A[7:0] ] D[7:0] I D[7:0] I I D[7:0] I

erbose 5bj

Command | 19-bit

|

| defined "1 defined
address

|

|

T

address : address + 1

defined
address +

WL
O !

| |
| |
| |
SO ' Driven Low !

Figure 11-9: SPI 8-bit Write Example Sequence to Write N Bytes (N = 1 or greater)

SCS#<| i i i i f i -

1st word 2nd word ! 3rd word 4th word (N + 2) word

I |1st Byte ) .gnd Byte' |3rd BﬂeI '4th Bﬂe' | | | |
s ¢ [v]al A [ A | oD | o [ JJ | © —
I I | |
I I |

10001000 A[18:16] A[158] Aol | D[15:0] D[15:0] D[15:0]
! Ve bose 5-bit | | |

- t“—p
defined

address + 2

defined
address +

:
| | |
| | |
| f | 2x(N-1) |
| | |

| |

/

¢ —FF—>
'Command' 19-bit address | defined |
| ' Address must be evbn numberi address |
I I I
SO  'Driven Low! | ' | |
t T |
I

Figure 11-10: SPI 16-bit Write Example Sequence to Write N Words (N = 1 or greater)

94 EPSON S1D13L01 Series Hardware Functional Specification
(Rev. 1.0)




S1D13L01 Simple LCDC

11.2.2 Read Procedure

scsﬂee::::effeh

L_
|
1
d

I
I
, 1stByte | 2nd Byte | 3rd Byte | 4th Byte , , | | | |
| | | | I
S| — C \Vj ‘ A A A 1 1 1 //i 1 1
| 11000000 Allg:l6]  AlLS8] | AIT0] : : : jj : :
Verbose 5-bit
| I < I | ! | | | | I
: Command: : 1o-bi adc:ress : 5th Byte : 6th Byte : 7th Byte : : ('\é);:) :
I | I | P t—> | / —>
SO : Driven Llpw : : Dummy D D | // ‘ D
| | | | , D[7:0] ,  D[70] |, Do | -/ | D70
| 1 | 1 —Pp
I | I | | | defined 1 defined 1 I defined 1
I | I | | I address !address +1! I address +!
I | I | | | | | I (N-1) !
I | I | | | | | | I

Figure 11-11: SPI 8-bit Read Example Sequence to Read N Words (N = 1 or greater)

Scs#j ; ; ; ; ; f( ; |—
SCK \H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\\\H\HHH\H\HHW |||\\\H\\\H\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\H\HH\HHH
| 1st word 2nd word | : :
| 41st Byte 2nd Byt | 3rd Byte 4th Byte I | I I | |
R | | . |
| 11001000 A[8:16] A[15:8] | AT : : : /j : :
Velrbose 5-bit : | | | | |
:Command: ;\:(Li?irtég: ?n(ﬂgf Ee : 3rd word : 4th word : 5th word : : (N + 3) word :
! I I even number ! ! ! ! ! !
SO :Driven quw : : Dummy D D | // | D
| | | | 1 D[15:0] | D[15:0] | D[15:0] 1 | D[15:0] |
I I Pt ——P¢——H >
! : ! | ! ' defined ' defined ! ' defined !
: ! : : : : address : address + 2 : : address + :
I : I | | I | | i 2x(N-1) I
| | ! ! | ! ! | |

Figure 11-12: SPI 16-bit Read Example Sequence to Read N Words (N = 1 or greater)
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Chapter 12 Image Data Formats

12.1 Image Data Formats for Host Interface

The following diagrams show the display data formats for the Host Interface. The display start addresses of both the
PIP and Main Layers must be 32-bit aligned, AB[1:0] = 00b.

12.1.1 RGB 8:8:8 Data Format

When the Host inputs data using the RGB 8:8:8 data format, the destination layer (Main or PIP) should be set to the
RGB 8:8:8 color depth, REG[40h] bits 2-0 = 000b or REG[50h] bits 2-0 = 000b.

Table 12-1: RGB 8:8:8 Data Format for 16-bit Host Interface

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

m G |Gl lGl |Gt |G G2 |G| Gl By | B |BY | B | B | B2 | B! | B
m+1 Bn+17 Bn+16 Bn+15 Bn+14 Bn+13 Bn+12 Bn+11 Bn+10 Rn7 Rn6 Rn5 Rn4 Rn3 an Rnl Rn0
m+2 Ris1’|Rns1® |Rne2® | Rusr? | Rosa® |Rnea® | Rust R | Grot /| Gnva® | Ginea® | Gt ? G a® | Grea® | Gt | Ginea

Table 12-2: RGB 8:8:8 Data Format for 8-bit Host Interface

96

Cycle DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO

m B, | By® | B2 B | By® | B2 | By | BY

m+1 Gy | G G2 |G| G| G2 |Gt G

m+2 Ry | RE | RSP [ RAI RS RZ | R | R

m+3 e e L= e N e e

m+4 Gne1'|Gn+1°|Gne1’|Gner? | Gnea®|Gret?| Gt | Gea®

m+5 Rns1’|Rns1®|Rne2®| Rust? | Rnva® |Risa®| Rnst | R

EPSON S1D13L01 Series Hardware Functional Specification
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12.1.2 RGB 5:6:5 Data Format

When the Host inputs data using the RGB 5:6:5 data format, the destination layer (Main or PIP) should be set to the
RGB 5:6:5 color depth, REG[40h] bits 2-0 = 001b or REG[50h] bits 2-0 = 001b.

Table 12-3: RGB 5:6:5 Data Format for 16-bit Host Interface

DB13|DB12|DB11|DB10| DB9 | DBS | DB7 | DB6 | DB5 | DB4 | DB3
RY G2 |G 62|62 |6 |62 B | B2 | B2 | Byt

Cycle DB15|DB14 DB2 | DB1 | DBO

m Ry | RS | R | Ry!

m+1 Rn+14 Rn+13 Rn+12 Rn+11 Rn+10 Gn+15 Gn+14 Gn+13 Gn+12 Gn+1l Gn+10 Bn+14 Bn+13 Bn+12 Bn+1l Bn+10
4 3 2 1 0 5 4 3 2 1 0 4 3 2 1 0

m+2 Rn+2" | Rns2” |[Rn+2” |Rnt2” |Rns2 [Gne2” | Gne2” | Gna2” | Gne2” | G2 |Gnvz | Bnez | Bne2™ | Bnt2™ | Bneo ™| Bne2

Table 12-4: RGB 5:6:5 Data Format for 8-bit Host Interface

Cycle DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO

m G2 |Gl |G| By | B | B2 | Byt | B
m+1 R RS |RZ|RIRL| GO |G 6B
m+2 Gn+1%|Gn+1?|Gne1®| Bnst? | Bres® |Bnea? | Bnsa? | Bred®
m+3 Rns1?|Rn+1® |Rnta® | Rust’ | Rns1° | Gre1 | Gnva? | Ginea®

S1D13L01 Series Hardware Functional Specification EPSON
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12.1.3 24 bpp + LUT Data Format

When the Host inputs data using the 24 bpp + LUT data format, the destination layer (Main or PIP) should be set to
the 24 bpp + LUTx color depth, REG[40h] bits 2-0 = 100b or REG[50h] bits 2-0 = 100b.

Table 12-5: 24 bpp + LUT Data Format for 16-bit Host Interface

Cycle DB15(DB14|DB13|DB12|DB11|{DB10| DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO

m LG, | LG8 | LG® | LG | LG® | LG? | LGyt | LG | B, | LB.S | LB.® | LB | LB | LB,2 | LB, | LB,
m+1 LBns1” | LBps1® | LBnst® [ LBrya® | LBpss® | LBrsa? [ LBpsat | LBnet® | LRy | LRSS | LR | LR, | LR | LR,2 | LR | LRy
m+2 LRpe1” | LRns1® [ LRAa® | LRpsr® | LRnts® [ LRwa? | LRpea® | LRt [ LGhet” | LGnis® | LGnia® | LGrit® | LGnia® | LGhar? | LGhit® | LGiis®

Table 12-6: 24 bpp + LUT Data Format for 8-bit Host Interface

Cycle DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO

m LB, | LB® | LB,® | LB* | LB | LB, | LB, | LB,
m+1 LGy | LG8 | LGS | LG | LG,® | LG? | LGy | LG
m+2 LR, | LR.® | LR | LR, | LR | LR | LR, | LR,
m+3 LBne1 | LBre1® | LBnis® | LBriy® | LBrar® | LBnig? [ LBria® | LBpis®
m+4 LGt | LGns1® [ LGni1® | LGnir® | LGhst® | LGnis? | LGria® | LGpsd°
m+5 LRpe1” | LRns1® [ LRAa® [ LRper® | LRnts® [ LRAa? | LRper® | LRnis®

12.1.4 16 bpp + LUT Data Format

When the Host inputs data using the 16 bpp + LUT data format, the destination layer (Main or PIP) should be set to
the 16 bpp + LUTX color depth, REG[40h] bits 2-0 = 101b or REG[50h] bits 2-0 = 101b.

Table 12-7: 16 bpp + LUT Data Format for 16-bit Host Interface

Cycle DB15(DB14|DB13|DB12|DB11|DB10| DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
m LR | LR | LR | LR | LR | LG® | LG, | LG® | LG | LGt | LG | LB, | LB,® | LB | LB, | LB.C
m+1 LRpe1* | LRnsa® [ LRAta® | LRpsr® | LRn1t® [ LGrar® | LGnia? | LGnia® | LGres? | LGnia® | LGnia® | LBria® | LBras® | LBris? | LBris® | LBras®
m+2 LRp:2? | LRys2® | LRys2? | LRpso! | LRns2® | LGns2® | LGniz® | LGiio® [ LGnso? | LGrio® | LGni2® | LBpso® | LBpio® | LBrio? | LBpso® | LBpyo®

Table 12-8: 16 bpp + LUT Data Format for 8-bit Host Interface

98

Cycle DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
m LG22 | LGt | LG | B, | LB.® | LB, | LB, | LB
m+1 LRy | LR.2 | LR? | LR, | LR | LGS | LG* | LG®
m+2 LGni1? | LGnir" [ LGne1® | LBrer® | LBnis® | LBnia® | LBrog® | LBnis®
m+3 LRpr1? | LRps1® | LRyt 2 [ LRpsa | LRs1® | LGst® | LGhat® | LGrya®
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12.1.5 8 bpp + LUT Data Format

When the Host inputs data using the 8 bpp + LUT data format, the destination layer (Main or PIP) should be set to
the 8 bpp + LUTx color depth, REG[40h] bits 2-0 = 110b or REG[50h] bits 2-0 = 110b.

Table 12-9: 8 bpp + LUT Data Format for 16-bit Host Interface

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

M LA LA 8 LAY [ LA LA 3 LA 12 [ LA LA O LAY | LALS | LAY | LAY | LA | LA? | LA | LA

M+1  |LApea’ | LAns® | LAM3® LA st LAG3S | LARa? [LARat | LA 30 [LAN T [LAL 28 [LAR® [LAL oY [ LARS | LAR 22 | LAnsot | LAG:°

M+2  |LApss’ | LAGs® | LAMs® LA s | LALsS | LAN+s? [ LAnest | LALsO [LAM 4" LA 48 [LAR+a® [LAR 2 [ LAR 23 | LA 42 | LAY | LA 120

Table 12-10: 8 bpp + LUT Data Format for 8-bit Host Interface

Cycle | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
m LA, | LALS | LALS | LAY | LA | LA? | LA | LA
M+l |LAn | LAG | LAG® | LAt | LAR . 3| LARea? | LA | LAGL
m+2 I-Ar1+27 I-Ar1+26 I-Ar1+25 I-An+24 I-An+23 I-An+22 I-An+21 I-An+20
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12.2 Data Expansion

Between VRAM and the panel interface, data is expanded (or bit covered) to 24-bit by copying the MSBs to the
LSBs as follows.

RGB 5:6:5 RGB 8:8:8
R4|R3[R2R; [Ro R4|R3]R; [R1 [Ro R4 Rz [R2
Gs|G4|G3[G2[G1 Gy Expandto 248t 1G.1G4[G3|G2[G1|Go|Cs [Ca
B, |B3 B, |B1 [Bo B, |B |B2 |B1 [Bo [Bs B3 |B2

Figure 12-1: Data Path Image

12.3 Color Depth

To define color depth, the following registers need to be set. REG[40h] (REG[50h]) bits 2-0 define the data format
in memory and if the LUT is used or not. REG[20h] bits 3-0 define panel data format. See the following figure for
details.

REG[40n] bits 2:0 _
efines data format in memor .
y REG[40h] bits 2-0 REG[20h] bits 3-0

defines use of LUT or not defines panel data format

memory

\,( T ¢ ) - 24-bit

S B LUT > y
host I/F memory I/F » Layer . ( panel I/F)
8/16-bit - 24-bit 24-bit

24-bit

A
A

Figure 12-2: Color Depth Registers for Main layer

All image data is handled as 24-bits, 8-bits for each color. The master logic output is 24-bits from which slave logic
takes the required data bits. The slave logic removes any unused bits from the least significant bits of data. For
example, the memory interface block outputs data as 24-bits, even if it is stored as RGB 5:6:5 in memory (see
Section 12.2, “Data Expansion” on page 100 for details). When REG[20h] bits 3-0 select the TFT 16-bit panel, the
interface block uses 5-bits for red and blue, and 6-bits for green from the most significant bits, even if RGB 8:8:8
format is in memory.
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Chapter 13 Look-Up Table Architecture

The Main and PIP Layers can be configured for a variety of color depths (see REG[40h] and REG[50h]). Some color
depths use a Look-up Table (LUT) architecture to determine the output color. Each layer has its own LUT: Main
Layer uses LUT1, PIP Layer uses LUT2.

13.1 24 bpp LUT

When the Main or PIP Layer is configured for 24 bpp + LUTx (REG[40h] bits 2-0 = 100b or REG[50h] bits 2-0 =
100b), the following LUT architecture is used.
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8-bit Red data of 24 bpp

Red Look-Up Table 256x8

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

from Display Buffer

8-bit Green data of 24 bpp
from Display Buffer

8-bit Blue data of 24 bpp
from Display Buffer

g;reen Look-Up Table 256x8

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

Blue Look-Up Table 256x8

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

8-bit Red Data

8-bit Green Data

v

8-bit Blue Data

v

v

Figure 13-1: 24 bpp LUT
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13.2 16 bpp LUT

When the Main or PIP Layer is configured for 16 bpp + LUTx (REG[40h] bits 2-0 = 101b or REG[50h] bits 2-0 =
101b), the following LUT architecture is used.

Red Look-Up Table 32x8

00| 0000 0000
01 0000 0001
02 0000 0010
03 0000 0011
04 0000 0100
05 0000 0101
06 0000 0110
07 0000 0111 )
. . 8-bit Red Data R
H . »
18 0001 1000
19 0001 1001
1A 0001 1010
1B 0001 1011
1C 0001 1100
1D 0001 1101
1E 0001 1110
1F 0001 1111
5-bit Red data of 16 bpp
from Display Buffer
Green Look-Up Table 64x8
00 0000 0000
01 0000 0001
02 0000 0010
03 0000 0011
04 0000 0100
05 0000 0101
06 0000 0110
07 0000 0111 )
. . 8-bit Green Data R
. . >
38 0011 1000
39 0011 1001
3 0011 1010
3B 0011 1011
3C 0011 1100
3D 0011 1101
3E 0011 1110
3F 0011 1111
6-bit Green data of 16 bpp
from Display Buffer
Blue Look-Up Table 32x8
00 0000 0000
01 0000 0001
02 0000 0010
03 0000 0011
04 0000 0100
05 0000 0101
06 0000 0110
07 0000 0111 .
. o 8-bit Blue Data R
. S »
18 0001 1000
19 0001 1001
1A 0001 1010
1B 0001 1011
1C 0001 1100
1D 0001 1101
1E 0001 1110
1F 0001 1111
5-bit Blue data of 16 bpp
from Display Buffer
Figure 13-2: 16 bpp LUT
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13.3 8 bpp LUT in Color Mode

When the S1D13L01 is configured for a color LCD panel (REG[20h] bit 3 = 1b) and the Main or PIP Layer is
configured for 8 bpp + LUTx (REG[40h] bits 2-0 = 110b or REG[50h] bits 2-0 = 110b), the following LUT archi-

tecture is used.

Red Look-Up Table 256x8
00 0000 0000
01 0000 0001
02 0000 0010
03 0000 0011
04 0000 0100
05 0000 0101
06 0000 0110
07 0000 0111 .
. . 8-bit Red Data R
F8 1111 1000
F9 1111 1001
FA 1111 1010
FB 1111 1011
FC 1111 1100
FD 1111 1101
FE 1111 1110
FF 1111 1111
Green Look-Up Table 256x8
0 0000 0000
01 0000 0001
02 0000 0010
03 0000 0011
04 0000 0100
05 0000 0101
06 0000 0110
07 0000 0111 )
. . 8-bit Green Data
F8 1111 1000
F9 1111 1001
FA 1111 1010
EB 1111 1011
FC 1111 1100
ED 1111 1101
FE 1111 1110
FE 1111 1111
L
Blue Look-Up Table 256x8
0000 0000
01 0000 0001
02 0000 0010
03 0000 0011
04 0000 0100
05 0000 0101
06 0000 0110
07 0000 0111 )
. o 8-bit Blue Data
F8 1111 1000
F9 1111 1001
FA 1111 1010
FB 1111 1011
FC 1111 1100
FD 1111 1101
FE| 1111 1110
FF 1111 1111
s

8 bit-%er-pixel data
from Display Buffer

Figure 13-3: 8 bpp LUT in Color Mode
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Chapter 14 Display Features

14.1 PIP (Picture-in-Picture) Layer

REG[60h] PIP Enable Register bits 2-0 are the PIP Effect bits. When the PIP Effect bits are 000b, the PIP (picture-
in-picture) Layer is not displayed (set to Blank). The PIP Layer is displayed when the PIP Effect bits are not 000b.
PIP Effect settings include Normal, Blink1, Blink2, Fade Out, Fade In, and Fade In/Out Continuous. PIP Layer is
displayed on top of the Main Layer. Its width and height are specified by REG[56h] and REG[58h], respectively,
and its (X,Y) position within the Main Layer is specified by REG[5Ah] and REG[5Ch]. The PIP Layer is alpha-
blended with the Main Layer, and the alpha-blend value is specified by REG[62h] Alpha Blending Register bits 6-
0. The example below shows the PIP Effect bits set to Normal with maximum alpha-blend value (solid PIP Layer).

Images in Display Buffer Display Image

54 - Al
’ @

dress Ca Card Info
@ 5

Memo Pad
4 r-..v_‘

efs Securlty SMS

0

List Welcome olist Welcome

Yiew Tools <= fa o T S fat
Main Layer PIP Layer Enabled

PIP Layer

Figure 14-1: PIP Layer
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14.2 Transparency

REG[64h] bit 0 is the Transparency Enable bit. When this bit is enabled, the color defined by REG[66h] and
REG[68h] are assigned as the Key Color. The Key Color is not affected by either the Alpha Blending or PIP Effect
features. The PIP Layer must be enabled through REG[60h] bits 2-0.

D
a
o

a

@
@
w

o
“_’
Lal

- Ali

Yiew Tools & )

Main Layer

PIP Layer

Key Color (REG[66h] and REG[68h])

@

Address Calc Card .|I.'If0

ToDolist Welcome

Yiew Tools & )

PIP Layer Enabled

6:46 am [ — - Rl
2 %“e _
Flddress Calc Card Info
Date Book Memo Pad
A
X
Prefs 5MS

@

ﬂi’lﬁl

s

To Do List Welcome

Yiew Tools & )

PIP Layer Enabled with Transparency

Figure 14-2: Transparency
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14.3 Alpha Blending

Alpha Blending ratio is defined by REG[62h] bits 6-0. Alpha Blending can be used with Transparency. Alpha
Blending does not affect Key Color.

Main Layer

Key Color ———»

PIP Layer

Figure 14-3: PIP Layer Alpha Blending
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14.4 PIP Effects
PIP Effect is defined by REG[60h] bits 2-0. PIP Effect settings include Blank (PIP is off), Normal (PIP is solid on),

Blink1, Blink2, Fade Out, Fade In, Fade In/Out Continuous. See the following figures for details on blink and fade
PIP effects. PIP effects can be used with Transparency.

14.4.1 Blinking and Fading Effects

Main Layer

Key Color
B

PIP Layer

Figure 14-4: PIP Effect: Blink 1
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6:46 am [ S— - Hii 6:46 am [ —" - Hii
2 ' _
Address Calc Card Info

Yiew Tools & )

Main Layer

EmalL
PIP Layer

inverted color PIP Layer

ToDolist Welcome

Yiew Tools & )

PIP Effect: Blink 2

ToDP6List Welcome

- Ali

Yiew Tools & )

Figure 14-5: PIP Effect: Blink 2
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PIP Layer

- Ali

[

rE;:ﬁi am

Security
Welcome

Prefs
To Do List

Yiew Tools & )

Main Layer

- Ali

[

rE;:ﬁi am

<D
Calc
Seﬁurity
Welcome
Yiew Tools &= A

—» FadeIn

[

rE;:ﬁi am

z
» =
L E o= iy L)
@w@m@w
S 2 =z
. . i m _m
Py - W m =]
n 3 @ & w
A NE A 2
@w@m@_mﬁm =
5 a - &
z
o B » 5 =
® = 5 e B S e
@m@m@w @m@m@w
= = i = =

Yiew Tools & )

6:46 am
ddrés
te Bo

Yiew Tools & )

—» Fade Out

PIP Effect: Fade In/Out, continuous

—» Fade In/Out Continuous

(Transparency is ON)

Figure 14-6: PIP Effects: Fade In, Fade Out, Fade In/Out Continuous
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14.4.2 Blink/Fade Period
The blink/fade period is defined by REG[60h] bits 15-9 as follows.
Blink/Fade Period (frames) = (REG[60h] bits 15-9) + 1

For PIP Effects Blink1 and Blink2, the blinking period is specified by these bits.

For PIP Effects Fade Out, Fade In, and Fade In/Out Continuous, the period between each alpha-blend value incre-
ment/decrement is specified by these bits. During blinking or fading, the Blink/Fade Period can be dynamically
changed to speed up or slow down the blinking/fading.

14.4.3 Fade Steps

For fading effects, the alpha-blend value to increment/decrement for each Blink/Fade Period is specified by
REG[62h] Alpha Blending Register bits 9-8 Alpha Blending Step bits.

The alpha-blend value can be incremented/decremented in steps of +/-1, +/-2, +/-4, or +/-8.

During fading, the Alpha Blending Step bits can be dynamically changed to speed up or slow down the fading.

A REG[60h] PIP Enable Register bits 15-9

()
=]
=
>
(@]
c
<
c
o
ﬁ REG[62h] Alpha Blending Register bits 9-8
s 0:+1
< 1.+2

2:+4

3:+8

—>
Time
Figure 14-7: Example of Fade-In Steps
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14.4.4 PIP Effect State Transitions

%

Fade In/Out Continuous

Figure 14-8: PIP Effect State Transition Diagram

From Normal or Blank state, the PIP Effect can be set to all the other states.

To stop Blink1, Blink2, or Fade In/Out Continuous (Group A states), the PIP Effect bits should be programmed to
Normal or Blank. The Blink/Fade Status bit in REG[60h] bit 3 indicates if the PIP Layer is busy blinking or fading
infout. In the Group A states, the Blink/Fade Status bit is always 1. When the PIP Effect is set to Normal or Blank
from the Group A states, the Blink/Fade Status bit should be checked to determine when the PIP Layer has finished
blinking or fading.

When the PIP Effect is set to Fade In from Normal or Blank state, the PIP Layer will start fade-in with alpha blend
value of 0 and stops at alpha blend value specified by the Alpha Blending Register (REG[62h] bits 6-0). During fade-
in, the Blink/Fade Status bit is 1. It goes to 0 when fade-in is finished. To perform another fade-in, the PIP Effect
bits should be programmed to Normal or Blank and then back to Fade In.

When the PIP Effect is set to Fade Out from Normal or Blank state, the PIP Layer will start fade-out with alpha blend
value specified by the Alpha Blending Register (REG[62h] bits 6-0) and stop at alpha-blend value of 0. During fade-
out, the Blink/Fade Status bit is 1. It goes to 0 when fade-out is finished. To perform another fade-out, the PIP Effect
bits should be programmed to Normal or Blank and then back to Fade Out.
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14.5 Rotation

Both the Main and PIP layers can be rotated independent of each other.

14.5.1 Location Address

Location is defined from panel origin (top left corner of panel) to PIP Layer Origin (top left corner of PIP layer), in
1 pixel and 1 line resolution.

Image in Display Buffer

Start Address of Main /Start Address of PIP
A
PIP Layer Height
Main Layer Height REG[58h]
REG[48h]
PIP Layer Width
v REG[56h]
h Main Layer Width "
REG[46h]
Display Image
Panel Origin (always top left corner) -
Start Address of Main Panel Origin (always top left corner)
REG[5Ch] REG[5Ch]

REG[5Ah] l¢p -

- Start Address of PIP
Start Address of PIP

e 'y

REG[5AN]

Start Address of Main

Figure 14-9: Relationship Between Layer Location Address and Rotation Layer

14.5.2 Start Address

For both the Main and PIP layer, the start address of the embedded RAM must be defined by REG[42h] ~ REG[44h]
and REG[52h] ~ REG[54h]. All of the above registers must be 32-bit aligned. This means the two least significant
bits must always be 00b.
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14.6 Operating Modes

The following operating modes are possible for the S1ID13L01.

Table 14-1: Operating Modes Summary

. . . Memory Accessible? Panel I/F Clock Acitve?
?
Operating Mode Registers Accessible? (MCLK active) (PCLK active)
NMM - Panel Enabled Yes Yes Yes
NMM Panel Disabled Yes Yes Yes
PSM1 Yes Yes No
PSMO (see Note) Yes No No
Note
Do not access memory or LUT1/2 during PSMO.
| Power On |
Hardware Reset
| | Power Off |

PSMO

. PLL Enable (REG[10h] bit 0 = 1b)
. Wait 2.5ms

3. Enable PSM1 (REG[04h] bits 1-0 = 01b)

N =

1. Enable PSMO (REG[04h] bits 1-0 = 00b)
2. Disable PLL (REG[10h] bit 0 = Ob)

PSM1

A +
\
\
\
\
\
\
\

_________ _"

1. Enable NMM (REG[04h] bits 1-0 = 1Xb)

1. Wait at least 1 frame period after
setting REG[22h] bit 0 to Ob |
2. Enable PSM1 (REG[04h] bits 1-0 = 01b) |
or PSMO (REG[04h] bits 1-0 = 00b)

NMM - Panel Disabled

. Setting REG[20h] bit 2-1

. Setting REG[20h] bit0 =1

. Setting REG[20h] bit 3=1

. Enable Panel IF (REG[22h] bit 0 = 1b)

AWDN P

A

\
\
1. Disable Panel IF (REG[22h] bit 0 = Ob) |
|
\

NMM - Panel Enabled

Figure 14-10: Switching Between Operating Modes
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Chapter 15 Mechanical Data
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Figure 15-1: Mechanical Data QFP15 128pin
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Chapter 16 Change Record
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