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SED1374 EMBEDDED MEMORY COLOR LCD CONTROLLER

m DESCRIPTION

The SED1374 is a color/monochrome LCD graphics controller with an embedded 40K Byte SRAM display buffer.
The high integration of the SED1374 provides a low cost, low power, single chip solution to meet the requirements
of embedded markets such as Office Automation equipment, Mobile Communications devices, and Hand-Held
PCs where board size and battery life are major concerns.

Products requiring a “Portrait” display can take advantage of the Hardware Portrait Mode feature of the SED1374.
Virtual and Split Screen are just some of the display modes supported. The above features, combined with the
Operating System independence of the SED1374, make it the ideal solution for a wide variety of applications.

m FEATURES
Memory Interface Display Modes
* Embedded 40K byte SRAM display buffer. * Hardware Portrait Mode: direct hardware rotation
of display image for portrait mode display.
CPU Interface * 1/2/4 bit-per-pixel (bpp), 2/4/16-level grayscale
* Direct support of the following interfaces: display.
Hitachi SH-3. * 1/2/4/8 bit-per-pixel, 2/4/16/256-level color display.
Hitachi SH-4. * Up to 16 shades of gray by FRM on monochrome
Motorola M68K. passive LCD panels.
MPU bus interface with programmable READY. * 256 simultaneous of 4096 colors on color passive
* Direct memory mapping of internal registers. and active matrix LCD panels.
* CPU write buffer. * Split screen display for all panel modes allows two
different images to be simultaneously displayed.
Display Support * Virtual display support (displays images larger
* 4/8-bit monochrome LCD interface. than the panel size through the use of panning).
* 4/8-bit color LCD interface.
* 16-bit color LCD interface with minimal external Power Down Modes
curcuitry. ¢ Hardware and software Suspend modes.

* Single-panel, single-drive passive displays. * LCD power-down sequencing.

¢ Dual-panel, dual-drive passive displays. General Purpose 10 Pins

* Active Matrix TFT / TFD interface. * Five General Purpose Input / Output pins are
* Example resolutions: available.
640x480 at a color depth of 1 bpp
640x240 at a color depth of 2 bpp Operating Voltage
320x240 at a color depth of 4 bpp ® 2.7 volts to 5.5 volts.
240x160 at a color depth of 8 bpp
Package
Clock Source ¢ 80-pin QFP14 surface mount package.

¢ Single clock input for both pixel and memory clocks.

* The SED1374 clock source can be internally
divided down for a higher frequency clock input.

* Dynamic switching of memory clocks in portrait
mode.

X26A-C-001-05
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1 Introduction

1.1 Scope

This is the Functional Specification for the SED1374 Embedded Memory LCD Controller
Chip. Included in this document are timing diagrams, AC and DC characteristics, register
descriptions, and power management descriptions. This document is intended for two
audiences: Video Subsystem Designers and Software Developers.

Please check the Epson Electronics America website at http://www.eea.epson.com for the
latest revision of this document before beginning any development.

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

1.2 Overview Description

The SED1374 is a color / monochrome LCD graphics controller with an embedded 40K
Byte SRAM display buffer. The high integration of the SED1374 provides a low cost, low
power, single chip solution to meet the requirements of embedded markets such as Office
Automation equipment, Mobile Communications devices, and Hand-Held PCs where
board size and battery life are major concerns.

Products requiring a “Portrait” display can take advantage of the Swivelview™ (90°
Hardware Rotate) feature of the SED1374. Virtual and Split Screen are just some of the
display modes supported. The above features, combined with the Operating System
independence of the SED1374, make it the ideal solution for a wide variety of applications.

Hardware Functional Specification SED1374
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2 Features

2.1 Integrated Frame Buffer
 Embedded 40K byte SRAM display buffer.

2.2 CPU Interface

« Direct support of the following interfaces:
Hitachi SH-3.
Hitachi SH-4.
Motorola M68K.
MPU bus interface using WAIT# signal.

» Direct memory mapping of internal registers.

Single level CPU write buffer.
» Registers are mapped into upper 32 bytes of 64K byte address space.

* The complete 40K byte frame buffer is directly and contiguously available through the
16-bit address bus.

2.3 Display Support

* 4/8-bit monochrome LCD interface.

4/8-bit color LCD interface.

 Single-panel, single-drive passive displays.

Dual-panel, dual-drive passive displays.

Active Matrix TFT / MD-TFD interface

Register level support for EL panels.

« Example resolutions:
640x480 at a color depth of 1 bpp
640x240 at a color depth of 2 bpp
320x240 at a color depth of 4 bpp
240x160 at a color depth of 8 bpp

SED1374 Hardware Functional Specification
X26A-A-001-02 Issue Date: 99/04/29
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2.4 Display Modes

» SwivelView™: direct 90° hardware rotation of display image for portrait mode display.
» 1/2/4 bit-per-pixel (bpp), 2/4/16-level grayshade display.
» 1/2/4/8 bit-per-pixel, 2/4/16/256-level color display.

» Up to 16 shades of gray by FRM on monochrome passive LCD panels; a 16x4 Look-
Up-Table is used to map 1/2/4-bpp modes into these shades.

» 256 simultaneous of 4096 colors on color passive and active matrix LCD panels; three
16x4 Look-Up Tables are used to map 1/2/4/8-bpp modes into these colors.

 Split screen display for all landscape panel modes allows two different images to be
simultaneously displayed.

« Virtual display support (displays images larger than the panel size through the use of
panning).

2.5 Clock Source

» Maximum operating clock (CLK) frequency of 25MHz.
» Operating clock (CLK) is derived from CLKI input.

CLK = CLKI
or
CLK = CLKl/2

* Pixel Clock (PCLK) and Memory Clock (MCLK) are derived from CLK.

2.6 Miscellaneous

» Hardware/Software Video Invert.
» Software Power Save mode.
» Hardware Power Save mode.
» LCD power-down sequencing.
» 5 General Purpose Input/Output pins are available.
* GPIOOQ is available if Hardware Power Save is not required.

» GPIO[4:1] are available if upper LCD data pins (FPDAT[11:8]) are not required for
TFT/MD-TFD support or Hardware Video Invert.

» |0 Operates from 3.0 volts to 5.5 volts

» Core operates from 3.0 volts to 3.6 volts.

2.7 Package
» 80 pin QFP14 package.

Hardware Functional Specification SED1374
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3 Typical System Implementation Diagrams

Oscillator

<
SH-4 o
BUS
P cs#
P AB[15:0]
DB[15:0]
FPDAT[7:0] D[7:0]
FPSHIFT P FPSHIFT
WEL#
» BSH# SED1374 R 8-bit
ROMRE FPFRAME P FPFRAME LCD
b o FPLINE FPLINE Displ
< DROY » oo isplay
WEO#
< WAIT# T
LCDPWR
P BCLK
RESET#
Figure 3-1: Typical System Diagram (SH-4 Bus)
Oscillator
z
SH-3 o
BUS
cst#
P AB[15:0]
DB[15:0]
FPDAT[3:0] D[3:0]
FPSHIFT | FPSHIFT
WE1#
»| BS# SED1374 R 4-bit
ROMRE FPFRAME »{ FPFRAME LCD
3 ros FPLINE FPLINE Display
g »
WEO# bROY »| mob
< WAIT# T
LCDPWR
P BCLK
RESET#

Figure 3-2: Typical System Diagram (SH-3 Bus)

SED1374
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Oscillator
MC68000
BUS
FCO, F%?Flg]Z O—> csi# %
A[15:1] P AB[15:1]
D[15:0] DB[15:0]
FPDAT[3:0] P D[3:0]
FPSHIFT FPSHIFT
LDS# P ABO# SED1374 4-bit
uDS# > WELH FPFRAME > FPFRAME LCD
As# Bk FF’DLRISYE P FPLINE Display
RIW# B RDWR# MOD
DTACK# WAIT# T
LCDPWR
CLK P BCLK
RESET# RESET#
Figure 3-3: Typical System Diagram (M68K #1 Bus)
Oscillator
MC68030
BUS
Foo, Foi. Fo O—’ cs# 3
A[15:0] AB[15:0]
D[31:16] P DB[15:0] E— o701
DS# » WELH FPSHIFT P FPSHIFT o
Ast B SED1374 R ot
RIWH# »| ROWR FPFRAME P FPFRAME LCD
siz1 RD# FPLINE > FPLINE Display
120 b weok DRDY » mop
DSACK1# WAIT# T
LCDPWR
CLK BCLK
RESET# P RESET#
Figure 3-4: Typical System Diagram (M68K #2 Bus)
Hardware Functional Specification SED1374
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Oscillator
BS# 4
GENERIC #1 a
BUS =
csn# cs#
A15:0] ABI[15:0]
D[15:0] DB[15:0]
FPDAT[11:0] D[11:0]
FPSHIFT FPSHIFT
WEO# WEO# SED1374 12-bit
WEL# WEL# FPFRAME FPFRAME TFT
RDO# RD FPLINE FPLINE Display
RD1# RD/WR# bROY DRDY
WAIT# |« WAIT# T
LCDPWR
BCLK BCLK
RESET# RESET#
Figure 3-5: Typical System Diagram (Generic #1 Bus)
Oscillator
] BS# 2
ISA ’
REFRESH [— |
BUS  safi9:16] > cs#
SA[15:0] P AB[15:0]
SD[15:0] DB[15:0]
FPDAT[8:0] P D[8:0]
SMEMW# P WEO# FPSHIFT FPSHIFT
SMEMR# P RD# SED1374 9-bit
FPFRAME FPFRAME  TET
SBHE# P WEL# FPLINE P FPLINE Display
DRDY DRDY
IOCHRDY WAIT# T
LCDPWR
BCLK P BCLK
RESET >0 P{ ReseT

Figure 3-6: Typical System Diagram (Generic #2 Bus - e.g. ISA Bus)
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4 Functional Block Diagram

20k x 16-bit SRAM
T A I
| A |
| Memory | Power Save
Register | Controller |
| —2
| : Clocks
y | |
| | LCD > LCD
Generic MPU h
MC68K Host | | o uF
SH-3 < d
IIF | |
SH-4 Look-Up
< | | p| Table
| |
| |
| |
| |
| | Sequence Controller
Bus Clock | Memory Clock | Pixel Clock
| |

Figure 4-1: System Block Diagram Showing Data Paths
4.1 Functional Block Descriptions

4.1.1 Host Interface

The Host Interface provides the means for the CPU/MPU to communicate with the display
memory and internal registers.

4.1.2 Memory Controller

The Memory Controller arbitrates between CPU accesses and display refresh accesses. It
also generates the necessary signals to control the SRAM frame buffer.

4.1.3 Sequence Controller

The Sequence Controller controls data flow from the Memory Controller through the Look-
Up Table and to the LCD Interface. It also generates memory addresses for display refresh
accesses.

Hardware Functional Specification SED1374
Issue Date: 99/04/29 X26A-A-001-02
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4.1.4 Look-Up Table

The Look-Up Table contains three 16x4 Look-Up Tables or palettes, one for each primary
color. In monochrome mode only one of these Look-Up Tables is used.

4.1.5 LCD Interface
The LCD Interface performs frame rate modulation for passive LCD panels. It also

generates the correct data format and timing control signals for various LCD and
TFT/MD-TFD panels.

4.1.6 Power Save

Power Save contains the power save mode circuitry.

SED1374 Hardware Functional Specification
X26A-A-001-02 Issue Date: 99/04/29



Epson Research and Development
Vancouver Design Center

Page 17

5 Pins

5.1 Pinout Diagram

60‘ 59’ 58‘ 57’ 56‘ 55’ 54‘ 53‘ 52‘ 51‘ 50’ 49‘ 48’ 47’ 46’ 45’ 44‘ 43’ 42’ 41’
<>>>>>2>50<0000024C-0Q
PBRRREIERODZZ2Z2Z2Z003O
n or NMw»MOO= BEEBE—HJE%

© ms "<
zZ
py) O
61 @) 40
—~ | COREVDD vss -
62| g8 FPFRAME —>—
63| \g7 FPLINE %
641 g6 FPDATO —>—
651 aBs5 FPDAT1 22—
66 35
2 | AB4 FPDAT2 [
% AB3 FPDAT3 [~ -~
—oo ] AB2 FPDAT4 [
20 | 2Bt FPDATS [ —
—~ 1 ABO FPDAT6 [
71 30
—, BOLK SED1374 FPDAT7 [— =
—51]Vss IOVDD g~
— 4| RESET# FPSHIFT [———
—cs# VSS [~
5 1 s# FPDAT8 |-——
5 ro# FPDATY |22
171 \weos FPDAT10 %
8 \Wes FPDAT11 =2
79 | Ro/wWR# GPIOO %
80 1yss o COREVDD F—
O ¢
MEovooooo_ 9
S P <
SRR RIS SIS
O#H O wNPoOOWUO o~ A WNPF OO
‘1 ‘2 ‘3 ‘4 ‘5 ‘6 ‘7 ‘8 ‘9 ‘10‘11‘12‘13‘14‘15‘16‘17‘18‘19‘20

Figure 5-1: Pinout Diagram

Note
Package type: 80 pin surface mount QFP14
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5.2 Pin Description

Key:

CS
COx
TSx
TSxD

CNx

Input

Output

Bi-Directional (Input/Output)

Power pin

CMOS level input

CMOS level input with pull down resistor (typical values of 100KQ/180KQ at 5V/3.3V respectively)
CMOS level Schmitt input

CMOS output driver, x denotes driver type (1=3/-1.5mA, 2=6/-3mA, 3=12/-6mA)

Tri-state CMOS output driver, x denotes driver type (1=3/-1.5mA, 2=6/-3mA, 3=12/-6mA)

Tri-state CMOS output driver with pull down resistor (typical values of 100KQ/180KQ at 5V/3.3V
respectively), X denotes driver type (1=3/-1.5mA, 2=6/-3mA, 3=12/-6mA)

CMOS low-noise output driver, X denotes driver type (1=3/-1.5mA, 2=6/-3mA, 3=12/-6mA)

5.2.1 Host Interface

. . RESET# -
Pin Names Type Pin # Cell State Description
This pin has multiple functions.
» For SH-3/SH-4 mode, this pin inputs system address bit
0 (A0).
» For MC68K #1, this pin inputs the lower data strobe
(LDS#).
ABO | 70 CS Input * For MC68K #2, this pin inputs system address bit 0 (A0).
» For Generic #1, this pin inputs system address bit 0
(A0).
» For Generic #2, this pin inputs system address hit 0
(A0).
See “Host Bus Interface Pin Mapping” for summary.
53, 54, 55,
56, 57, 58, L .
AB[15:1] | 59. 62, 63, c Input '(I':[els;l?)ms input the system address bits 15 through 1
64, 65, 66, e
67, 68, 69
These pins have multiple functions.
» For SH-3/SH-4 mode, these pins are connected to
[D15:0].
g’ g ?161; » For MC68K #1, these pins are connected to D[15:0].
. o High » For MC68K #2, these pins are connected to D[31:16] for
DB[15:0] VO 118,14,15, | CITS2 | | b edance a 32-bit device (e.g. MC68030) or D[15:0] for a 16-bit
16, 1179 18, device (e.g. MC68340).
» For Generic #1, these pins are connected to D[15:0].
» For Generic #2, these pins are connected to D[15:0].
See “Host Bus Interface Pin Mapping” for summary.
SED1374 Hardware Functional Specification
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. . RESET# .
Pin Nam T Pin # Il Description
ames ype Ce State escriptio

This pin has multiple functions.

» For SH-3/SH-4 mode, this pin inputs the write enable
signal for the lower data byte (WEO#).

» For MC68K #1, this pin must be tied to 10 Vpp
» For MC68K #2, this pin inputs the bus size bit 0 (S120).

» For Generic #1, this pin inputs the write enable signal for
the lower data byte (WEO#).

» For Generic #2, this pin inputs the write enable signal
(WE#)

See “Host Bus Interface Pin Mapping” for summary.

WEO# | 77 CSs Input

This pin has multiple functions.

» For SH-3/SH-4 mode, this pin inputs the write enable
signal for the upper data byte (WE1#).

» For MC68K #1, this pin inputs the upper data strobe
(UDSH#).

WE1# | 78 Cs Input » For MC68K #2, this pin inputs the data strobe (DS#).

» For Generic #1, this pin inputs the write enable signal for
the upper data byte (WE1#).

» For Generic #2, this pin inputs the byte enable signal for
the high data byte (BHE#).

See “Host Bus Interface Pin Mapping” for summary.

CS# | 74 C Input This pin inputs the chip select signal.

BCLK | 71 C Input This pin inputs the system bus clock.

This pin has multiple functions.

» For SH-3/SH-4 mode, this pin inputs the bus start signal
(BSH).

» For MC68K #1, this pin inputs the address strobe (AS#).
» For MC68K #2, this pin inputs the address strobe (AS#).
+ For Generic #1, this pin must be tied to Vgs.

+ For Generic #2, this pin must be tied to 10 Vpp.

BS# | 75 CS Input

See “Host Bus Interface Pin Mapping” for summary.

This pin has multiple functions.

» For SH-3/SH-4 mode, this pin inputs the RD/WR# signal.
The SED1374 needs this signal for early decode of the
bus cycle.

» For MC68K #1, this pin inputs the R/W# signal.
» For MC68K #2, this pin inputs the R/W# signal.

» For Generic #1, this pin inputs the read command for the
upper data byte (RD1#).

+ For Generic #2, this pin must be tied to |10 Vpp.

RD/WR# | 79 CS Input

See “Host Bus Interface Pin Mapping” for summary.

Hardware Functional Specification SED1374
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Pin Names

Type

Pin #

Cell

RESET#
State

Description

RD#

76

Cs

Input

This pin has multiple functions.

¢ For SH-3/SH-4 mode, this pin inputs the read signal
(RD#).

» For MC68K #1, this pin must be tied to 10 Vpp.

* For MC68K #2, this pin inputs the bus size bit 1 (SIZ1).

» For Generic #1, this pin inputs the read command for the
lower data byte (RDO#).

» For Generic #2, this pin inputs the read command (RD#).
See “Host Bus Interface Pin Mapping” for summary.

WAIT#

TS2

High
Impedance

This pin has multiple functions.

» For SH-3 mode, this pin outputs the wait request signal
(WAIT#).

* For SH-4 mode, this pin outputs the device ready signal
(RDY#).

« For MC68K #1, this pin outputs the data transfer
acknowledge signal (DTACK#).

* For MC68K #2, this pin outputs the data transfer and
size acknowledge bit 1 (DSACK1#).

» For Generic #1, this pin outputs the wait signal (WAIT#).
» For Generic #2, this pin outputs the wait signal (WAIT#).

See “Host Bus Interface Pin Mapping” for summary.

RESET#

73

Cs

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

5.2.2 LCD Interface

Pin Name

Type

Pin #

Cell

RESET#
State

Description

FPDAT[7:0]

o

30, 31, 32,
33, 34, 35,
36, 37

CN3

Panel Data

FPDAT[10:8]

O,
I/0

24,25, 26

CN3

Input

These pins have multiple functions.
» Panel Data bits [10:8] for TFT/MD-TFD panels.
» General Purpose Input/Output pins GPIO[3:1].

These pins should be connected to 10 Vpp when unused.
See “LCD Interface Pin Mapping” for summary.

FPDAT11

1’0

23

CN3

Input

This pin has multiple functions.
¢ Panel Data bit 11 for TFT/MD-TFD panels.
« General Purpose Input/Output pin GP104.
* Inverse Video select pin.

This pin should be connected to 10 Vpp when unused. See
“LCD Interface Pin Mapping” for summary.

FPFRAME

39

CN3

Frame Pulse

SED1374
X26A-A-001-02
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. . RESET# _
Pin Name Type Pin # Cell State Description
FPLINE O 38 CN3 0 Line Pulse
FPSHIFT O 28 CN3 0 Shift Clock
OifCNF4=1
LCDPWR o 43 Co1 1if CNF4 = 0 LCD Power Control
This pin has multiple functions.
e TFT/MD-TFD Display Enable (DRDY).
DRDY (0] 42 CN3 0 » LCD Backplane Bias (MOD).
» Second Shift Clock (FPSHIFT2).
See “LCD Interface Pin Mapping” for summary.
5.2.3 Clock Input
Pin Name Type Pin # Driver Description
CLKI I 51 C Input Clock
5.2.4 Miscellaneous
. . RESET# -
Pin Name Type Pin # Cell State Description
These inputs are used to configure the SED1374 - see
CNF[4:0] | 45,46, 47, | As setby | “symmary of Configuration Options”.
’ 48, 49 hardware )
Must be connected directly to IO Vpp or Vggs.
/o cs/ This pin has multiple functions - see REG[03h] bit 2.
GPIOO | ' 22 Ts1 Input » General Purpose Input/Output pin.
» Hardware Power Save.
TESTEN I 44 CD High Test Enable input. This input must be connected to Vgs.
Impedance
5.2.5 Power Supply
Pin Name Type Pin # Driver Description
COREVDD P L 2611 41, P Core Vpp
IOVDD P 10, 29, 52 P 10 Vpp
20, 27, 40,
VSS P 50, 60, 72, P Common Vgg
80

Hardware Functional Specification
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5.3 Summary of Configuration Options

Table 5-1: Summary of Power On/Reset Options

Configuration
Pin

1

Power On/Reset State

0

CNF4

Active high (On) LCDPWR polarity

Active low (On) LCDPWR polarity

CNF3

Big Endian

Little Endian

CNF[2:0]

Select host bus interface as follows:

CNF2

PRPRRPRRPRRRPLROOOO

PFRPRPRPOORROO

CNF1 CNFO B

#
0

PRPOOROROR
P OPRPOXXXXXXW

Host Bus

SH-4 interface
SH-3 interface
reserved

MC68K #1, 16-bit
reserved

MC68K #2, 16-bit
reserved
reserved

Generic #1, 16-bit
Generic #2, 16-bit

5.4 Host Bus Interface Pin Mapping

Table 5-2: Host Bus Interface Pin Mapping

P?:Ei:::s SH-3 SH-4 MC68K #1 MC68K #2 Generic #1 Generic #2
AB[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1] A[15:1]
ABO AO AO LDS# AO AO AO
DB[15:0] D[15:0] D[15:0] D[15:0] D[31:16] D[15:0] D[15:0]
WE1# WE1# WE1# UDS# DS# WE1# BHE#
Cs# Csn# csn# External Decode | External Decode | External Decode | External Decode
BCLK CKIO CKIO CLK CLK BCLK BCLK
BS# BS# BS# AS# AS# connectto Vgg | connect to 10 Vpp
RD/WR# RD/WR# RD/WR# R/W# R/W# RD1# connectto 10 Vpp
RD# RD# RD# connectto 10 Vpp SIz1 RDO# RD#
WEO# WEO# WEO# connectto 10 Vpp SI1Z0 WEO# WE#
WAIT# WAIT# RDY# DTACK# DSACK1# WAIT# WAIT#
RESET# RESET# RESET# RESET# RESET# RESET# RESET#
SED1374 Hardware Functional Specification
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5.5 LCD Interface Pin Mapping

Table 5-3: LCD Interface Pin Mapping

Monochrome Passive Panel

Color Passive Panel

Color TFT/MD-TFD

SED1374 . . . 8-bit 8-bit
Pin Name SAifr;t;IIte S?;lete 8-bit Dual Sé;rr}zllte Single Single 8-bit Dual 9-bit 12-bit
Format1l | Format 2

FPFRAME FPFRAME
FPLINE FPLINE

FPSHIFT FPSHIFT

DRDY MOD MOD MOD MOD FPSHIFT2 MOD MOD DRDY
FPDATO driven 0 DO LDO driven O DO DO LDO R2 R3
FPDAT1 driven 0 D1 LD1 driven 0 D1 D1 LD1 R1 R2
FPDAT2 driven 0 D2 LD2 driven 0 D2 D2 LD2 RO R1
FPDAT3 driven 0 D3 LD3 driven 0 D3 D3 LD3 G2 G3
FPDAT4 DO D4 ubDo DO D4 D4 uDO Gl G2
FPDATS5 D1 D5 ubD1 D1 D5 D5 uD1 GO Gl
FPDAT6 D2 D6 ubD2 D2 D6 D6 ubD2 B2 B3
FPDAT7 D3 D7 ubD3 D3 D7 D7 ubD3 Bl B2
FPDAT8 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 BO Bl
FPDAT9 GPIO2 GPIO2 GPIO2 GPIO2 GPIO2 GPIO2 GPIO2 GPIO2 RO
FPDAT10 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GPIO3 GO
GPI0O4/ GPIO4/ GPIO4/ GPIO4/ GPIO4/ GPIO4/ GPIO4/
FPDAT11 | HW Video | HW Video | HW Video | HW Video | HW Video | HW Video | HW Video GPIO4 BO
Invert Invert Invert Invert Invert Invert Invert
Note
1. Unused GPIO pins must be connected to [,V
2. Hardware Video Invert is enabled on FPDAT11 by REG[02h] bit 1.
Hardware Functional Specification SED1374
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6 D.C

. Characteristics

Table 6-1: Absolute Maximum Ratings

Symbol Parameter Rating Units
Core Vpp Supply Voltage Vgg-0.3104.6 \%
10 Vpp Supply Voltage Vgg-0.3106.0 \
VN Input Voltage Vgg-0.31010 Vpp +0.5 \Y,
Vout Output Voltage Vgg-0.31010 Vpp +0.5 \
Tste Storage Temperature -65 to 150 °C
TsoL Solder Temperature/Time 260 for 10 sec. max at lead °C
Table 6-2: Recommended Operating Conditions
Symbol Parameter Condition Min Typ Max Units
Core Vpp Supply Voltage Vgg=0V 3.0 3.3 3.6 \%
10 Vpp Supply Voltage Vgg =0V 3.0 3.3/5.0 55 \
VN Input Voltage Vgs 10 Vpp \Y
Topr Operating Temperature -40 25 85 °C
Table 6-3: Input Specifications
Symbol Parameter Condition Min Typ Max Units
Vi Low Level Input _Voltage IOVpp= 3.3 0.8 \Y,
CMOS inputs 5.0 1.0 \%
Vi High Level Input.VoItage IOVpp= 3.3 2.0 \%
CMOS inputs 5.0 3.5 \%
Vr. Positive-going Threshc_)ld_ IOVpp= 3.3 11 2.4 \Y
CMOS Schmitt inputs 5.0 2.0 4.0 \%
Vr. Negative-going Thresh_ol_d IOVpp= 3.3 0.6 1.8 \%
CMOS Schmitt inputs 5.0 0.8 31 \%
Vpp = Max
liz Input Leakage Current Vi4=Vpp -1 1 HA
ViL=Vss
Cin Input Pin Capacitance 10 pF
HRpp Pull Down Resistance V,=Vpp 50 100 300 kQ
SED1374 Hardware Functional Specification
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Table 6-4: Output Specifications

Symbol Parameter Condition Min Typ Max Units
Low Level Output Voltage
Type 1-TS1, CO1 loL = 3mA
VoL Type 2- TS2, CO2 loL = 6MA 0.4 v
Type 3-TS3, CO3 loL = 12mA
High Level Output Voltage
Type 1-TS1, CO1 loL =-1.5mA )
Vo Type 2- TS2, CO2 loL =-3 MA 10 Vpp - 0.4 v
Type 3-TS3, CO3 loL =-6 MA
VDD = MAX
loz Output Leakage Current Vou = Vpp -1 1 HA
VoL = Vss
Cout Output Pin Capacitance 10 pF
CeiD Bidirectional Pin Capacitance 10 pF
Hardware Functional Specification SED1374
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7 A.C. Characteristics

Conditions: 10 \bp = 3.3V £ 10% or 10 p = 5V + 10%
Tpo=-40Cto85C

T\ ise@ndTyy for all inputs must be § nsec (10% ~ 90%)
C_ = 60pF (Bus/MPU Interface)

C_ = 60pF (LCD Panel Interface)

7.1 Bus Interface Timing

7.1.1 SH-4 Interface Timing

Tekio 2 13
CKIO :L;/ A %/_\_ N N A
t4 t5
A[16:0]
RD/WR# :
16 | 17,
BS# J
| 18
CSn#
t9 110
WENn#
RD#
t12
et Py t13
RDY# | i —
5 t14 t15 R
D[15:0]
(write)
t16 t17
D[15:0] | VALID
(read)

Figure 7-1: SH-4 Timing

Note
The SH-4 Wait State Control Register for the area in which the SED1374 resides must be setto a
non-zero value. The SH-4 read-to-write cycle transition must be set to a non-zero value (with ref-
erence to BUSCLK).

SED1374 Hardware Functional Specification
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Table 7-1: SH-4 Timing

Symbol Parameter Min Max Units
fckio Bus Clock frequency 0 50 MHz
Tekio Bus Clock period Ufckio

t2 Clock pulse width high 17 ns
t3 Clock pulse width low 16 ns
t4 A[15:0], RD/WR# setup to CKIO 0 ns
tS A[15:0], RD/WR# hold from CS# 0 ns
t6 BS# setup 5 ns
t7 BS# hold 5 ns
t8 CSn# setup 0 ns
9 Falling edge RD# to DB[15:0] driven 25 ns
t10 Rising edge CSn# to RDY# high impedance t1 ns
t11 Falling edge CSn# to RDY# driven 20 ns
t12 CKIO to RDY# low 20 ns
t13 Rising edge CSn# to RDY# high 20 ns
t14 DB[15:0] setup to 2" CKIO after BS# (write cycle) 0 ns
t15 DB[15:0] hold (write cycle) 0 ns
t16 DBJ[15:0] valid to RDY# falling edge setup time (read cycle) 0 ns
t17 Rising edge RD# to DB[15:0] high impedance (read cycle) 10 ns
Note

CKIO may be turned off (held low) between accesses - see Section 13.5, “Turning Off
BCLK Between Accesses” on page 86

Hardware Functional Specification SED1374
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7.1.2 SH-3 Interface Timing

Tekio  t2 . t3
CKIO :L/ A y//—L (N S
t4 t5
A[16:0], M/R#
RD/WR# X
6 | t7,
BS#
8
CSn#
t9 10
WEn# |
RD#
t11 t12
N ‘4_ N
WAIT# Hi-Z Hi-Z
5 t13 . 114
D[15:0] Hi-Z Hi-Z
(write)
115 t16
D[15:0 i i
([read§ HE2 X VALID Hi-Z

Figure 7-2: SH-3 Bus Timing

Note
The SH-3 Wait State Control Register for the area in which the SED1374 resides must

be set to a non-zero value.

SED1374 Hardware Functional Specification
X26A-A-001-02 Issue Date: 99/04/29



Epson Research and Development Page 29
Vancouver Design Center

Table 7-2: SH-3 Bus Timing

Symbol Parameter Min Max 2 | Units
fekio Bus Clock frequency 0 50 MHz
Tekio Bus Clock period 1ffekio

t2 Clock pulse width high 17 ns
t3 Clock pulse width low 16 ns
t4 A[15:0], RD/WR# setup to CKIO 0 ns
t5 A[15:0], RD/WR# hold from CS# 0 ns
t6 BS# setup 5 ns
t7 BS# hold 5 ns
18 CSn# setup 0 ns
t9 Falling edge RD# to DB[15:0] driven 25 ns
t10 Rising edge CSn# to WAIT# high impedance 10 ns
t11 Falling edge CSn# to WAIT# driven 15 ns
t12 CKIO to WAIT# delay 20 ns
t13 DB[15:0] setup to 2"4 CKIO after BS# (write cycle) 0 ns
t14 DBJ[15:0] hold from rising edge of WEn# (write cycle) 0 ns
t15 DB[15:0] valid to RDY# falling edge setup time (read cycle) 0 ns
t16 Rising edge RD# to DB[15:0] high impedance (read cycle) 10 ns

2 One Software WAIT State Required

Note
CKIO may be turned off (held low) between accesses - see Section 13.5, “Turning Off
BCLK Between Accesses” on page 86

Hardware Functional Specification SED1374
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7.1.3 Motorola M68K #1 Interface Timing

Teik
A[15:1]
Cs# VALID
RIW#
L, 2
ASH#
UDS#, LDS# INVALID ﬁ
_ 3 ta < t6 R
X | 5 )
DTACK# Hi-Z f Hi-2
t7 ‘ &V
D[15:0] Hi-Z N ” Hi-Z
(write ‘ VALID
t9 t10 « 1
e g
D[15:0] . i
(read) Hi-2 ‘_T‘ k VALID H-Z
Figure 7-3: M68K #1 Bus Timing (MC68000)
Table 7-3: M68K #1 Bus Timing (MC68000)

Symbol Parameter Min Max Units
folk Bus Clock Frequency 0 33 MHz
Telk Bus Clock period oLk

t1 A[15:1], CS# valid before AS# falling edge 0 ns
t2 A[15:1], CS# hold from AS# rising edge 0 ns
t3 AS# low to DTACK# driven high 16 ns
t4 CLK to DTACK# low 15 ns
t5 AS# high to DTACK# high 20 ns
t6 AS# high to DTACK# high impedance Tek
t7 UDS#, LDS# falling edge to D[15:0] valid (write cycle) Tok
t8 D[15:0] hold from AS# rising edge (write cycle) 0 ns
t9 UDS#, LDS# falling edge to D[15:0] driven (read cycle) 15 ns
t10 D[15:0] valid to DTACK# falling edge (read cycle) 0 ns
t11 UDS#, LDS# rising edge to D[15:0] high impedance 10 ns
Note
CLK may be turned off (held low) between accesses - see Section 13.5, “Turning Off
BCLK Between Accesses” on page 86
SED1374 Hardware Functional Specification
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7.1.4 Motorola M68K #2 Interface Timing

Tek
A[L5:0]
cs# VALID
SIZ0, S1Z1
R/W# 1 t2
ASH
DS#
t3 ‘0 t4 < 5 t6 >
t
i <4+—> i-
DSACK1# Hi-Z /) % \ Hi-Z
7 t8
D[31:16] Hi-Z ‘ Hi-z
(write) | VALID
t9 L t10
D[31:16] Hi-Z Hiz
(read) VALID

Figure 7-4: M68K #2 Timing (MC68030)

Table 7-4: M68K #2 Timing (MC68030)

Symbol Parameter Min Max Units
feLk Bus Clock frequency 0 33 MHz
Tek Bus Clock period 1ffoLk

t1 A[15:0], CS#, SIZ0, SIZ1 valid before AS# falling edge 0 ns
t2 A[15:0], CS#, SIZ0, SIZ1 hold from AS#, DS# rising edge 0 ns
t3 AS# low to DSACK1# driven high 22 ns
t4 CLK to DSACKZ1# low 18 ns
t5 AS# high to DSACK1# high 26 ns
t6 AS# high to DSACK1# high impedance Tck

t7 DS# falling edge to D[31:16] valid (write cycle) Towk! 2

t8 AS#, DS# rising edge to D[31:16] invalid (write cycle) 0 ns
t9 D[31:16] valid to DSACK1# low (read cycle) 0 ns
t10 AS#, DS# rising edge to D[31:16] high impedance 20 ns

Note

CLK may be turned off (held low) between accesses - see Section 13.5, “Turning Off
BCLK Between Accesses” on page 86
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7.1.5 Generic #1 Interface Timing

TecLk
A[15:0]
VALID
Cs#
Lot 2
WEO# WE1#
RDO#, RD1#
« B t5
D[15:0] Hi-Z
(write) VALID
t4 sl 6 « 1
D[15:0] Hi-Z Hi-z
(read) VALID =
18 R |<i> t10
WAIT# Hi-Z \|_ Hi-z
Figure 7-5: Generic #1 Timing
Table 7-5: Generic #1 Timing
Symbol Parameter Min Max Units
facLk Bus Clock frequency 0 50 MHz
TeeLk Bus Clock period UfgcLk MHz
1 A[15:0], CS# valid to WEO#, WE1# low (write cycle) or RDO#, RD1# low (read 0 ns
cycle)
WEO#, WE1# high (write cycle) or RD0#, RD1# high (read cycle) to A[15:0],
t2 . - 0 ns
CS# invalid
t3 WEO#, WE1# low to D[15:0] valid (write cycle) TecLK
t4 RDO#, RD1# low to D[15:0] driven (read cycle) 17 ns
t5 WEO#, WE1# high to D[15:0] invalid (write cycle) 0 ns
t6 D[15:0] valid to WAIT# high (read cycle) 0 ns
t7 RDO#, RD1# high to D[15:0] high impedance (read cycle) 10 ns
8 WEO#, WE1# low (write cycle) or RDO#, RD1# low (read cycle) to WAIT# 16 ns
driven low
9 BCLK to WAIT# high 16 ns
WEO#, WE1# high (write cycle) or RDO#, RD1# high (read cycle) to WAIT#
t10 L 11 ns
high impedance
Note
BCLK may be turned off (held low) between accesses - see Section 13.5, “Turning Off
BCLK Between Accesses” on page 86
SED1374 Hardware Functional Specification
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7.1.6 Generic #2 Interface Timing

TecLk
A[15:0]
BHE# VALID
CS#
a 2,
WE#,RD#
« B t4
Hi-z VALID
D[15:0]
(write)
« B «» 6 . U
Hi-Z VALID Hi-Z
D[15:0]
(read)
8 | t9 t10
WAIT# Hi-z \| HiZ
Figure 7-6: Generic #2 Timing
Table 7-6: Generic #2 Timing
Symbol Parameter Min Max Units
fecLk Bus Clock frequency 0 50 MHz
TeeLk Bus Clock period UfgcLk
1 A[15:0], BHE#, CS# valid to WE#, RD# low 0 ns
t2 WE#, RD# high to A[15:0], BHE#, CS# invalid 0 ns
t3 WE# low to D[15:0] valid (write cycle) TeeLk
t4 WE# high to D[15:0] invalid (write cycle) 0 ns
t5 RD# low to D[15:0] driven (read cycle) 16 ns
t6 D[15:0] valid to WAIT# high (read cycle) 0 ns
t7 RD# high to D[15:0] high impedance (read cycle) 10 ns
t8 WE#, RD# low to WAIT# driven low 14 ns
t9 BCLK to WAIT# high 16 ns
t10 WE#, RD# high to WAIT# high impedance 11 ns
Note
BCLK may be turned off (held low) between accesses - see Section 13.5, “Turning Off
BCLK Between Accesses” on page 86
Hardware Functional Specification SED1374
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7.2 Clock Input Requirements

Clock Input Waveform

90%

PWH

v

H
Vi

A
—

PWL

10%

.

Tew

v

Figure 7-7: Clock Input Requirements

Table 7-7: Clock Input Requirements

Symbol Parameter Min Max Units
fCLKI Input Clock Frequency (CLKI) 0 50 MHz
TCLKI Input Clock period (CLKI) 1/1‘CLKI
Towh Input Clock Pulse Width High (CLKI) 8 ns
towl Input Clock Pulse Width Low (CLKI) 8 ns
t Input Clock Fall Time (10% - 90%) ns
t Input Clock Rise Time (10% - 90%) ns
Note
When CLKI is > 25MHz it must be divided by 2 (REG[02h] bit 4 = 1).
SED1374 Hardware Functional Specification
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7.3 Display Interface

7.3.1 Power On/Reset Timing

RESET#

REG[03h] bits [1:0] / 00 11

LCDPWR
(CNF4 = 1)

LCDPWR
(CNF4 = 0)

FPLINE
FPSHIFT ACTIVE
FPDAT
FPFRAME t 2
DRDY

A
v

Figure 7-8: LCD Panel Power On/Reset Timing

Symbol Parameter Min Typ Max Units

REG[03h] to FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY
tl active TEPFRAME ns
FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY active to 0 Frames
LCDPWR

t2

Note
Where Tperameis the period of FPFRAME and>g| g is the period of the pixel clock.

Hardware Functional Specification SED1374
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7.3.2 Power Down/Up Timing

LCDPWR Override
(REGJ[03h] bit 3)

HW Power Save
or
Software Power Save
REG[03h] bits [1:0] _ 11 00 11 00 11
t1 t2
FP Signals Active Inactive Active Inactive Active
t3 —» 4 e 15 —» 16 — t7
~ LCDPWR Active Inactive Active Inactive Active
(polarity set by CNF4)
Figure 7-9: Power Down/Up Timing
Table 7-8: Power Down/Up Timing
Symbol Parameter Min Typ Max Units
i HW Power Save active to FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY 1 Frame
inactive - LCDPWR Override = 1
2 HW Power Save inactive to FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY 1 Frame
active - LCDPWR Override = 1
3 HW Power Save active to FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY 1 Frame
inactive - LCDPWR Override =0
a LCDPWR low to FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY inactive 127 Frame
- LCDPWR Override =0
5 HW Power Save inactive to FPLINE, FPFRAME, FPSHIFT, FPDAT, DRDY, 0 Frame
LCDPWR active - LCDPWR Override =0
t6 LCDPWR Override active (1) to LCDPWR inactive 1 Frame
t7 LCDPWR Override inactive (1) to LCDPWR active 1 Frame
SED1374 Hardware Functional Specification
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7.3.3 Single Monochrome 4-Bit Panel Timing

L VDP U VNDP N
[« e g
FPFRAME [ - [ —
FPLINE ]| I | | I Ml | | Ml I Ml I L
DRDY (MOD) o
FPDAT[7:4] AuNEl X LINE2 X LINE3 X LINE4 ¥ — -XLINE239XLINE240 LINEL X LINE2 X
FPLINE [ _ [
DRDY (MOD) X - o
| HDP | HNDP
[« > >
FPSHIFT
SN [ O N (B
FPDAT7 . 11 15 X X e — — X X X X X 1317) { X
FPDAT6 - 12 (16 X% — — KX ey L X
FPDAT5 . 13 X 17 X - — — X X X X189y, L X
FPDAT4 o (14 Y 18 X - — — X X X130y L X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 320x240 panel
For this timing diagram Mask FPSHIFT, REG[01h] bit 3, is setto 1

Figure 7-10: Single Monochrome 4-Bit Panel Timing

VDP = Vertical Display Period = (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines

VNDP = Vertical Non-Display Period = REGJ[0Ah] bits 5-0 Lines

HDP = Horizontal Display Period = ((REG[04h] bits 6-0) + 1) x 8Ts

HNDP =  Horizontal Non-Display Period = (REG[08h] + 4) x 8Ts

Hardware Functional Specification SED1374
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. DR « S t2
Sync Timing —
Frame Pulse
> 14 | ¢ t3 >
Line Pulse P—\
t5
DRDY (MOD) L
Data Timing
Line Pulse
t6
t8 t9
t7 t14 | t11 | t10
] > > >
Shift Pulse / F
t12 113
FPDAT[7:4] . J 2 ><
Note: For this timing diagram Mask FPSHIFT, REG[01h] bit 3, is set to 1

Figure 7-11: Single Monochrome 4-Bit Panel A.C. Timing

Symbol Parameter Min Typ Max Units

1 Frame Pulse setup to Line Pulse falling edge note 2 (note 1)
2 Frame Pulse hold from Line Pulse falling edge 9 Ts
t3 Line Pulse period note 3
t4 Line Pulse pulse width 9 Ts
t5 MOD delay from Line Pulse rising edge 1 Ts
t6 Shift Pulse falling edge to Line Pulse rising edge note 4
t7 Shift Pulse falling edge to Line Pulse falling edge note 5
8 Line Pulse falling edge to Shift Pulse falling edge t14+ 2 Ts
t9 Shift Pulse period 4 Ts
t10 Shift Pulse pulse width low 2 Ts
t11 Shift Pulse pulse width high 2 Ts
t12 FPDATI[7:4] setup to Shift Pulse falling edge 2 Ts
t13 FPDATI[7:4] hold to Shift Pulse falling edge 2 Ts
t14 Line Pulse falling edge to Shift Pulse rising edge 23 Ts

1. Ts = pixel clock period

2. tlmin = t3min -9Ts

3. t3yin = [((REG[04h] bits 6-0)+1) x 8 + ((REG[08h] bits 4-0) + 4) x 8]Ts

4. t6,in, = [(REG[O8h] bits 4-0) x 8 + 2]Ts

5. t7hin = [(REG[08h] bits 4-0) x 8 + 11]Ts

SED1374 Hardware Functional Specification
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7.3.4 Single Monochrome 8-Bit Panel Timing

L VDP U VNDP R
r T ]
FPFRAME [ - [
FPLINE | 1 ] I I I I I I I 1 I L
DRDY (MOD) X . X
FPDAT[7:0] LINEL XLINE2 X LINE3 X LINE4 ¥ — —XLINE479XLINE480 LINEL X LINE2
P
FPLINE [ ] — — ]
DRDY (MOD) X _ -
’ HDP . HNDP |
FPSHIFT Tl r L7l L L S
FPDAT7 o 11 ¥ 19 X X — — X X X X 1-633 e ¢
FPDAT6 N 12 (110 ¢ — — O X ey L X
FPDATS B D ST G G S G G G G €5 N G
FPDAT4 o 14 1-12 - —XW o _/<:><
FPDAT3 o 15 Y 113 ) X — — X M X Xesry, L X
FPDAT2 o 16 X 114 — — XX XY Y ress L X
FPDAT1 B sy X — — A X X ey L X
FPDATO o 18 X 116 C— — XX XX Yaeon L X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel
For this timing diagram Mask FPSHIFT, REG[01h] bit 3, is set to 1

Figure 7-12: Single Monochrome 8-Bit Panel Timing

VDP = Vertical Display Period = (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines

VNDP = Vertical Non-Display Period = REGJ[0Ah] bits 5-0 Lines

HDP = Horizontal Display Period = ((REG[04h] bits 6-0) + 1) x 8Ts

HNDP = Horizontal Non-Display Period = (REG[08h] + 4) x 8Ts

Hardware Functional Specification SED1374
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Sync Timing

Frame Pulse

Line Pulse

t5

MOD

Data Timing

Line Pulse

t14

A

o

Shift Pulse

A A

v

t11

t9
t10

FPDAT[7:0]

t12

t13

= X

Note: For this timing diagram Mask FPSHIFT, REG[01h] bit 3, is set to 1

Figure 7-13: Single Monochrome 8-Bit Panel A.C. Timing

Symbol Parameter Min Typ Max Units
tl Frame Pulse setup to Line Pulse falling edge note 2 (note 1)
t2 Frame Pulse hold from Line Pulse falling edge 9 Ts
t3 Line Pulse period note 3
t4 Line Pulse pulse width 9 Ts
t5 MOD delay from Line Pulse rising edge 1 Ts
t6 Shift Pulse falling edge to Line Pulse rising edge note 4
t7 Shift Pulse falling edge to Line Pulse falling edge note 5
t8 Line Pulse falling edge to Shift Pulse falling edge t14 + 4 Ts
t9 Shift Pulse period 8 Ts
t10 Shift Pulse pulse width low 4 Ts
t11 Shift Pulse pulse width high 4 Ts
t12 FPDAT]7:0] setup to Shift Pulse falling edge 4 Ts
t13 FPDAT]7:0] hold to Shift Pulse falling edge 4 Ts
t14 Line Pulse falling edge to Shift Pulse rising edge 23 Ts

1. Ts = pixel clock period

2. tlmin = t3min -9Ts

3. tBnin = [((REG[04h] bits 6-0)+1) x 8 + ((REG[08h] bits 4-0) + 4) x 8]Ts

4. t64in = [(REG[O8h] bits 4-0) x 8 + 4]Ts

5. t7qmin  =[(REG[08h] bits 4-0) x 8 + 13]Ts
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7.3.5 Single Color 4-Bit Panel Timing

i< VDP ﬁ< VNDP ﬁ
FPFRAME [ -- ]
FPLINE | I 1 1 1 I 1 I 1 1 1 I I
DRDY (MOD) X - X
FPDAT[7:4] LINEL ) LINE2 X LINE3 X LINE4 - — -XLINE479XLINE48Q A LINEL X LINE2
FPLINE [ — - [
DRDY (MOD) o
” HDP X HNDP
FPSHIFT 1 (1L e I
FPOAT7 _ frRi(reay(eesi( (X % — — 0 esas L X
FPDAT6 [ 1G1)Y(1B2) 1R4 XX — — X wReRg L X
FPDATS  fuei(are)(aea( )0 X % — — (O e L X
FPDAT4 [ 1R2¥ 1.G3) 1-B4 X — X 1-8320\ A X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-14: Single Color 4-Bit Panel Timing

VDP = Vertical Display Period = (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines

VNDP = Vertical Non-Display Period = REGJ[0Ah] bits 5-0 Lines

HDP = Horizontal Display Period = ((REG[04h] bits 6-0) + 1) x 8Ts

HNDP = Horizontal Non-Display Period = (REG[08h] + 4) x 8Ts
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Sync Timing

Frame Pulse

Line Pulse \

DRDY (MOD)

Data Timing

Line Pulse

t7

t8

A A

t14

A

Shift Pulse

FPDAT[7:4]

t

-

12 t13

-

Figure 7-15: Single Color 4-Bit Panel A.C. Timing

Symbol Parameter Min Typ Max Units
t1 Frame Pulse setup to Line Pulse falling edge note 2 (note 1)
t2 Frame Pulse hold from Line Pulse falling edge 9 Ts
t3 Line Pulse period note 3
t4 Line Pulse pulse width 9 Ts
t5 MOD delay from Line Pulse rising edge 1 Ts
t6 Shift Pulse falling edge to Line Pulse rising edge note 4
t7 Shift Pulse falling edge to Line Pulse falling edge note 5
t8 Line Pulse falling edge to Shift Pulse falling edge t14 + 0.5 Ts
t9 Shift Pulse period 1 Ts
t10 Shift Pulse pulse width low 0.5 Ts
t11 Shift Pulse pulse width high 0.5 Ts
t12 FPDAT[7:4] setup to Shift Pulse falling edge 0.5 Ts
113 FPDAT[7:4] hold to Shift Pulse falling edge 0.5 Ts
t14 Line Pulse falling edge to Shift Pulse rising edge 23 Ts

1. Ts = pixel clock period

2. tlmin = t3min -9Ts

3. t3yin = [((REG[04h] bits 6-0)+1) x 8 + ((REG[08h] bits 4-0) + 4) x 8]Ts

4. t6,n, =[(REG[08h] bits 4-0) x 8 + 0.5]Ts

5. t7hnin = [(REG[08h] bits 4-0) x 8 + 9.5]Ts
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7.3.6 Single Color 8-Bit Panel Timing (Format 1)

vDbP e VNDP

FPFRAME .
FPLINE _]] I I I | I Ml I I | I I 1N

FPDAT[7:0] LINEL X LINE2 X LINE3 X LINE4 X~ — -XLINE479)LINE480) LINEL X LINE2 X

FPLINE [ S [
FPSHIFT ] \ \ \ \ \ S N R
5 HDP L HNDP
FPSHIFT2 T L
FPDAT7 o IR 1:GL ) 1G6 X 186 Y1BILY 1R2Y- — — X X Ywmezey L X
FPDAT6 o 181 Y 1R2 Y 1R7 Y 1-G7 Y1G12) 1B — — Bes)y L X
FPDATS 162 X 1-B2 X 1-B7 ¥ 1R8 Y1R13 X 1-G13Y- — — ( xzeesn X
FPDAT4 o 1R X 1G3)Y 1Gex 188X 1BBY 1R — — ¥ Yres® LY
FPDAT3 o 183 Y 1R4 Y 1RO X 169 X1Guay 1B — — ¥ X iees, (¥
FPDAT2 B 1G4 Y 1B4 ) 1B9 Y 1RI0Y1RI5Y 1GI5Y- — — ( Yaees) L X
FPDAT1 B 1R5 X 1G5 ) 1G10X 1-B10)(1B15 Y LRi6- — — ¥ Y Yirea\ L ¥
FPDATO B 185 }(1Re X LRI 1GILY1Gl6 )Y 1BI6Y- — — X X Y1Bodo e ¢

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

Figure 7-16: Single Color 8-Bit Panel Timing (Format 1)

VDP = Vertical Display Period = (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines

VNDP =  Vertical Non-Display Period = REG[OAh] bits 5-0 Lines

HDP = Horizontal Display Period = ((REG[04h] bits 6-0) + 1) x 8Ts

HNDP =  Horizontal Non-Display Period = (REG[08h] + 4) x 8Ts
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Sync Timing PR < S NP
Frame Pulse J
“, t3
Line Pulse J/_\
Data Timing )
Line Pulse
t6a
« t6b .
\ 18 19
t7a t14 t11  t10
> < » >
Shift Pulse 2 /
N J t7b R
Shift Pulse
R U o O o U A U
2]us u2 u3
Figure 7-17: Single Color 8-Bit Panel A.C. Timing (Format 1)

Symbol Parameter Min Typ Max Units
t1 Frame Pulse setup to Line Pulse falling edge note 2 (note 1)
t2 Frame Pulse hold from Line Pulse falling edge 9 Ts
t3 Line Pulse period note 3
t4 Line Pulse pulse width 9 Ts
t6a Shift Pulse falling edge to Line Pulse rising edge note 4
téb Shift Pulse 2 falling edge to Line Pulse rising edge note 5
t7a Shift Pulse 2 falling edge to Line Pulse falling edge note 6
t7b Shift Pulse falling edge to Line Pulse falling edge note 7
t8 Line Pulse falling edge to Shift Pulse rising, Shift Pulse 2 falling edge | t14 + 2 Ts
t9 Shift Pulse 2, Shift Pulse period 4 Ts
t10 Shift Pulse 2, Shift Pulse pulse width low 2 Ts
t11 Shift Pulse 2, Shift Pulse pulse width high 2 Ts
t12 FPDATI[7:0] setup to Shift Pulse 2, Shift Pulse falling edge 1 Ts
113 FPDATI[7:0] hold to Shift Pulse 2, Shift Pulse falling edge 1 Ts
t14 Line Pulse falling edge to Shift Pulse rising edge 23 Ts

1. Ts = pixel clock period

2. tlmin = t3min -9Ts

3. t3yin = [((REG[04h] bits 6-0)+1) x 8 + ((REG[08h] bits 4-0) + 4) x 8]Ts

4. tban, =[(REG[08h] bits 4-0)x 8 + t13 - t10]Ts

5. t6bni, =I[(REG[08h] bits 4-0) x 8 + t13]Ts

6. t7an, =[(REG[08h] bits 4-0) x 8 + 11]Ts

7. t7bnin = [(REG[08h] bits 4-0) x 8 + 11] - t10]Ts
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7.3.7 Single Color 8-Bit Panel Timing (Format 2)

L VDP U VNDP
< bt dl
FPFRAME --
| N N | Y O N | O S | N (| N (| B
DRDY (MOD) X - X
FPDAT[7:0] LINEL X LINE2 X LINE3 X LINE4 Y- — -XLINE479XLINE48Q LINE1 X LINE2
/ \
FPLINE [ 1 B [
DRDY (MOD) _ N
I HDP __ HNDP N
I »< »

G Y Yy e s ) o Y o o B _ I
FPDAT7 [ 1R Y 1B3 X 1:G6 X X X  — — X X Xi1cs38 Y X
FPDAT6 A 1:GL X 1-R4 X 186 X X X X — — X X X1-Be38 7K:><
FPDATS faBiX e }(1R X X X — — X wes. L X
FPDAT4  (am(mean(ien( X (% — — 3 O oEes [ X
FPDAT3_  [r@yirs)(1B7X (X — — X e L X
FPOAT2 (i) (am) () O — — ) amed L X
FPDATL  (1Rs)(1B5)(1G8 XX — — O e L X
FPDATO (1) 1Re Y 1B8 ) X X Yo — — X X Yaeedo A

* Diagram drawn with 2 FPLINE vertical blank period

Example timing for a 640x480 panel

Figure 7-18: Single Color 8-Bit Panel Timing (Format 2)

VDP = Vertical Display Period = (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines
VNDP =  Vertical Non-Display Period = REG[OAh] bits 5-0 Lines
HDP = Horizontal Display Period = ((REG[04h] bits 6-0) + 1) x 8Ts
HNDP = Horizontal Non-Display Period = (REG[08h] + 4) x 8Ts
Hardware Functional Specification SED1374
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Sync Timing P—'ﬂ 21—
Frame Pulse 4
[t | 3 >
Line Pulse F_\ L
5
DRDY (MOD)
Data Timing
Line Pulse
6
8 o
t7 114 t11 | t10
D EE— ) R > <
Shift Pulse ]/ ‘L
t12 | 13
D E—
FPDAT[7:0] ! > 2
Figure 7-19: Single Color 8-Bit Panel A.C. Timing (Format 2)

Symbol Parameter Min Typ Max Units
1 Frame Pulse setup to Line Pulse falling edge note 2 (note 1)
t2 Frame Pulse hold from Line Pulse falling edge 9 Ts
t3 Line Pulse period note 3
t4 Line Pulse pulse width 9 Ts
t5 MOD delay from Line Pulse rising edge 1 Ts
t6 Shift Pulse falling edge to Line Pulse rising edge note 4
t7 Shift Pulse falling edge to Line Pulse falling edge note 5
t8 Line Pulse falling edge to Shift Pulse falling edge t14 + 2 Ts
t9 Shift Pulse period 2 Ts
t10 Shift Pulse pulse width low 1 Ts
t11 Shift Pulse pulse width high 1 Ts
t12 FPDATI[7:0] setup to Shift Pulse falling edge 1 Ts
t13 FPDATI[7:0] hold to Shift Pulse falling edge 1 Ts
t14 Line Pulse falling edge to Shift Pulse rising edge 23 Ts

1. Ts = pixel clock period

2. tlmin = t3min -9Ts

3. tBmin = [((REG[04h] bits 6-0)+1) x 8 + ((REG[08h] bits 4-0) + 4) x 8]Ts

4. t6,in = [(REG[O8h] bits 4-0) x 8 + 1]Ts

5. t7min = [(REG[08h] bits 4-0) x 8 + 10]Ts
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7.3.8 Dual Monochrome 8-Bit Panel Timing

VDP VNDP

l€ le »
X T ]
FPFRAME ] - o
FPLINE | I | Ml I I Ml I I I Ml | 1N
DRDY (MOD) X - X
FPDAT[7:0] e zen X e 2 X e 5 X N s Yo — ez zaas (e e v e

FPLINE [ ] S [
DRDY (MOD) X - .
e HDP LN

oL s e I e I s e e s e S o I
FPDAT7 A 11 X s ¥ — — XX XX Yaesr L X
FPDAT6 12 X 16 X — — XX 1-638 A X
FPDATS 13 17 — — X XXX w3 L X
FPDAT4 14 X 18 — — XXX Yaeao L X
FPDAT3  feameas)’ X 6 — — K X X X Demsssh L X
FPDAT2 {2412 2416 ) X — — X X X X 241-638) o _/<:><
FPDATL [ 2ara) 2417 X — — XX s L X
FPDATO fravaeas ) X 6 — — X} X X emea L X

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

Figure 7-20: Dual Monochrome 8-Bit Panel Timing

VDP = Vertical Display Period = (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines

VNDP =  Vertical Non-Display Period = REG[OAh] bits 5-0 Lines

HDP = Horizontal Display Period = ((REG[04h] bits 6-0) + 1) x 8Ts

HNDP =  Horizontal Non-Display Period = (REG[08h] + 4) x 8Ts
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Sync Timing ’<—>
Frame Pulse
it t3
Line Pulse 4 P—\ W

t5
DRDY (MOD)
Data Timing
Line Pulse
t6

t12 t13
<+—r|¢—>

“«—» «©®
t7 t14 t11 t10
D 1 Et «——>—>
Shift Pulse / ‘\L_J/i
2

1
FPDAT[7:0] k

Figure 7-21: Dual Monochrome 8-Bit Panel A.C. Timing

Symbol Parameter Min Typ Max Units
t1 Frame Pulse setup to Line Pulse falling edge note 2 (note 1)
t2 Frame Pulse hold from Line Pulse falling edge 9 Ts
t3 Line Pulse period note 3
t4 Line Pulse pulse width 9 Ts
t5 MOD delay from Line Pulse falling edge 1 Ts
t6 Shift Pulse falling edge to Line Pulse rising edge note 5
t7 Shift Pulse falling edge to Line Pulse falling edge note 6
t8 Line Pulse falling edge to Shift Pulse falling edge t14 + 4 Ts
t9 Shift Pulse period 8 Ts
t10 Shift Pulse pulse width low 4 Ts
t11 Shift Pulse pulse width high 4 Ts
t12 FPDAT]7:0] setup to Shift Pulse falling edge 4 Ts
t13 FPDATI7:0] hold to Shift Pulse falling edge 4 Ts
t14 Line Pulse falling edge to Shift Pulse rising edge 39 Ts

1. Ts = pixel clock period

2. tlmin = t3min -9Ts

3. Bmin = [(((REG[04h] bits 6-0)+1) x 8 + ((REG[08h] bits 4-0) + 4) x 8) x 2]Ts

5. t6pin = [((REG[08h] bits 4-0) x 2)x 8 + 20]Ts

6. t7min = [((REG[0O8N] bits 4-0) x 2)x 8 + 29]Ts
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7.3.9 Dual Color 8-Bit Panel Timing

L VDP L VNDP R
le »< >
FPFRAME -- I S
FPLINE  __]] | | I I I | I I I I | 1N
DRDY (MOD) X o X
FPDAT[7.0] LINE 1/241 ><UNE 21242 >< — XLINE 239/479XL|NE 240/480, LINE 1/241 _
\ \
FPLINE [ - [
DRDY (MOD) X -
e HDP P HNDP
I« L ”l
FPSHIFT S B I _ I
FPDAT7 o fam(vez)(ues Naws Yree X e ) — — K X Jeesh L X
FPDAT6 o 161 ) 182 X 1-R4 X 165 X 1-B6 X 1-R8 - — — X X Yireasoh L X
EPDATS o 1-81 X 1-R3 X 1-G4 X 1-B5 X 1-R7 ¥ 1-G8 — — ) o B
FPDAT4 . 1-R2 | 1-G3 } 1-B4 X 1-R6 X 1-G7 X 1-B8 — — A L _ A X
EPDAT3 . 241-R1 241—(32)(241—B3X241—R5X241—GGX241-B7)§ R — —_ o { X
EPDAT2 o 241-G1)(241-B2)(241-R4)241-G5)241-B6 \241 R8N — — K ) o {
FPDAT1 o 241-81)(241-R3)(241-G4)(241-B5Y(241-R7)241-G8Y- — — o { W
FPDATO o 241-R2)(241-G3)(241-B4 (241-R6)241-G7 241-Bs>§ — — 241 o { X
* Diagram drawn with 2 FPLINE vertical blank period
Example timing for a 640x480 panel

Figure 7-22: Dual Color 8-Bit Panel Timing

VDP = Vertical Display Period = (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines

VNDP = Vertical Non-Display Period = REGJ[0Ah] bits 5-0 Lines

HDP = Horizontal Display Period = ((REG[04h] bits 6-0) + 1) x 8Ts

HNDP = Horizontal Non-Display Period = (REG[08h] + 4) x 8Ts
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t

Sync Timing ‘ ’ ‘ ‘
Frame Pulse
H‘ t4 t3
Line Pulse
t5 ‘
DRDY (MOD)
Data Timing
Line Pulse
t6
t8 > t9
t7 | t14 t11 | t10
Shift Pulse / [
t12 t13
FPDATI[7:0] 1 2 X

Figure 7-23: Dual Color 8-Bit Panel A.C. Timing

Symbol Parameter Min Typ Max Units
tl Frame Pulse setup to Line Pulse falling edge note 2 (note 1)
t2 Frame Pulse hold from Line Pulse falling edge 9 Ts
t3 Line Pulse period note 3
t4 Line Pulse pulse width 9 Ts
t5 MOD delay from Line Pulse falling edge 1 Ts
t6 Shift Pulse falling edge to Line Pulse rising edge note 5
t7 Shift Pulse falling edge to Line Pulse falling edge note 6
t8 Line Pulse falling edge to Shift Pulse falling edge t14 +1 Ts
t9 Shift Pulse period 2 Ts
t10 Shift Pulse pulse width low 1 Ts
t11 Shift Pulse pulse width high 1 Ts
t12 FPDATI7:0] setup to Shift Pulse falling edge 1 Ts
t13 FPDATI[7:0] hold to Shift Pulse falling edge 1 Ts
t14 Line Pulse falling edge to Shift Pulse rising edge 39 Ts

1. Ts = pixel clock period

2. tlmin = t3min -9Ts

3. t3nin = [(((REG[04N] bits 6-0)+1) x 8 + (REG[08h] bits 4-0) + 4) x 8) x 2]Ts

5. t6min = [((REG[08N] bits 4-0) x 2)x 8 + 17]Ts

6. t7min = [((REG[08N] bits 4-0) x 2)x 8 + 26]Ts
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7.3.10 9/12-Bit TFT/MD-TFD Panel Timing

o VNDP, L VDP L VNDP, g
€ »< >« >
FPFRAME \—,7—1
FPUNE ][] I I I I I
FPDAT[11:0] LINE480 ) LINEL [X\— — —X LINE480

DRDY

FPLINE —\—,_ 77777

HNDP, HDP HNDP,

FPSHIFT [ [ [ [ ] | 1 e I e I o N e imlmE

DRODY J I R .
FPDAT[9]
FPDAT[20] _ 12 ) — — — faew) o
FPDAT[10] 11 12 o m_
FPDAT[4:3) —— "~ - - """ -
FPDAT[ll] ,,,,, @i T T AT, L -
FPDATI[8:6]

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

Figure 7-24: 12-Bit TFT/MD-TFD Panel Timing

VDP = Vertical Display Period = (REG[06h] bits 1-0, REG[05h] bits 7-0) + 1 Lines

VNDP = Vertical Non-Display Period = VNDP1 + VNDP2 = (REG[0Ah] bits 5-0) Lines

VNDP1 = Vertical Non-Display Period 1 = REG[09h] bits 5-0 Lines

VNDP2 = Vertical Non-Display Period 2 = (REG[0Ah] bits 5-0) - (REG[09Ah] bits 5-0) Lines

HDP = Horizontal Display Period = ((REG[04h] bits 6-0) + 1) x 8Ts

HNDP =  Horizontal Non-Display Period = HNDP1 + HNDP2 = (REG[08h] + 4) x 8Ts

HNDP1=  Horizontal Non-Display Period 1 = ((REG[07h] bits4-0) x 8) +16Ts

HNDP2=  Horizontal Non-Display Period 2 = (((REGJ[08h] bits4-0) - (REG[07h] bits 4-0)) x 8) +16Ts
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Note: DRDY is used to indicate the first pixel
Figure 7-25: TFT/MD-TFD A.C. Timing
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Symbol Parameter Min Typ Max Units
t1 Shift Pulse period 1 (note 1)
2 Shift Pulse pulse width high 0.5 Ts
t3 Shift Pulse pulse width low 0.5 Ts
t4 Data setup to Shift Pulse falling edge 0.5 Ts
5 Data hold from Shift Pulse falling edge 0.5 Ts
t6 Line Pulse cycle time note 2
t7 Line Pulse pulse width low 9 Ts
t8 Frame Pulse cycle time note 3
t9 Frame Pulse pulse width low 2t6
t10 Horizontal display period note 4
t11 Line Pulse setup to Shift Pulse falling edge 0.5 Ts
12 E&Z@Z:;slzedfi?f!rngnigge to Line Pulse falling 6 - 18Ts
t13 DRDY to Shift Pulse falling edge setup time 0.5 Ts
t14 DRDY pulse width note 5
t15 DRDY falling edge to Line Pulse falling edge note 6
t16 DRDY hold from Shift Pulse falling edge 0.5 Ts
t17 Line Pulse Falling edge to DRDY active note 7 250
1. Ts = pixel clock period
2. témin = [((REG[04h] bits 6-0)+1) x 8 + (REG[08h] bits 4-0)+4) x 8] Ts
3. t8 min =[((REG[06h] bits 1-0, REG[05h] bits 7-0)+1) + (REG[0Ah] bits 6-0)] Lines
4. t10min =[((REG[04h] bits 6-0)+1) x 8] Ts
5. t14min =[((REG[04h] bits 6-0)+1) x 8] Ts
6. t15min =[(REG[07h] bits 4-0) x 8 + 16] Ts
7. t17min =[(REG[08h] bits 4-0) - (REG[07]) x 8 + 16] Ts
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8 Registers

8.1 Register Mapping

The SED1374 registers are located in the upper 32 bytes of the 64K byte SED1374 address
range. The registers are accessible when CS# = 0 and AB[15:0] are in the range FFEOh
through FFFFh.

8.2 Register Descriptions

Unless specified otherwise, all register bits are reset to O during power up.

REG[00h] Revision Code Register

Address = FFEOh Read Only

Product Code | Product Code | Product Code | Product Code | Product Code | Product Code Revision Revision
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Code Bit 1 Code Bit 0

bits 7-2 Product Code

bits 1-0

This is a read-only register that indicates the product code of the chip. The product code is
000110.

Revision Code
This is a read-only register that indicates the revision code of the chip. The revision code is
00.

REG[01h] Mode Register O

Address = FFE1h Read/Write.
. FPLine FPFrame Mask Data Width Data Width
TFT/STN | DualiSingle | Color/Mono Polarity Polarity FPSHIFT Bit 1 Bit 0

bit 7 TFT/STN
When this bit = 0, STN (passive) panel mode is selected. When this bit = 1, TFT/MD-TFD
panel mode is selected. If TFT/MD-TFD panel mode is selected, Dual/Single (REG[01h]
bit 6) and Color/Mono (REG[01h] bit5) are ignored. See Table 8-1: “Panel Data Format”
below.

bit 6 Dual/Single
When this bit = 0, Single LCD panel drive is selected. When this bit = 1, Dual LCD panel
drive is selected. See Table 8-1: “Panel Data Format” below.

bit 5 Color/Mono
When this bit = 0, Monochrome LCD panel drive is selected. When this bit = 1, Color
LCD panel drive is selected. See Table 8-1: “Panel Data Format” below.
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bit 4 FPLINE Polarity
This bit controls the polarity of FPLINE in TFT/MD-TFD mode (no effect in passive
panel mode). When this bit = 0, FPLINE is active low. When this bit = 1, FPLINE is active
high.
bit 3 FPFRAME Polarity
This bit controls the polarity of FPFRAME in TFT/MD-TFD mode (no effect in passive
panel mode). When this bit = 0, FPFRAME is active low. When this bit = 1, FPFRAME is
active high.
bit 2 Mask FPSHIFT
FPSHIFT is masked during non-display periods if either of the following two criteria is
met:
1. Color passive panel is selected (REG[01h] bit 5 = 1)
2. This bit (REG[01h] bit2) =1
bits 1-0 Data Width Bits [1:0]
These bits select the display data format. See Table 8-1: “Panel Data Format” below.
Table 8-1: Panel Data Format
. Data Width | Data Width
ecoiin7 | seeoinote |aomas | B%E | B0
REG[01h] bit1 | REG[01h] bit 0
0 0 Mono Single 4-bit passive LCD
1 Mono Single 8-bit passive LCD
0 0 reserved
! 1 reserved
0 0 reserved
1 0 1 Mono Dual 8-bit passive LCD
0 reserved
! 1 reserved
0 0 0 Color Single 4-bit passive LCD
0 1 Color Single 8-bit passive LCD format 1
0 reserved
1 ! 1 Color Single 8-bit passive LCD format 2
0 reserved
1 0 1 Color Dual 8-bit passive LCD
0 reserved
! 1 reserved
0 9-bit TFT/MD-TFD panel
1 X (don’t care) -
1 12-bit TFT/MD-TFD panel
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REG[02h] Mode Register 1
Address = FFE2h

Read/Write.

Hardware
Video Invert
Enable

Input Clock
divide
(CLKI1/2)

Bit-Per-Pixel
Bit 0

Bit-Per-Pixel
Bit 1

High
Performance

Frame

Display Blank Repeat

Software
Video Invert

bits 7-6 Bit-Per-Pixel Bits [1:0]

These bits select the color or gray-shade depth (Display Mode).
Table 8-2: Gray Shade/Color Mode Selection

Bit-Per-Pixel Bit 1
REG[02h] bit 7

Bit-Per-Pixel Bit 0
REG[02h] bit 6

Color/Mono
REG[01h] bit 6

Display Mode

0 0 2 Gray shade

1 bit-per-pixel

4 Gray shade

2 bit-per-pixel

16 Gray shade

4 bit-per-pixel

reserved

2 Colors

1 bit-per-pixel

4 Colors

2 bit-per-pixel

16 Colors

4 bit-per-pixel

Rrlo|lr|o|lr|o]|r

256 Colors

8 bit-per-pixel

bit 5 High Performance (Landscape Modes Only)
When this bit = 0, the internal Memory clock (MCLK) is a divided-down version of the
Pixel clock (PCLK). The denominator is dependent on the bit-per-pixel mode - see the

table below.

Table 8-3: High Performance Selection

High Performance BPP Bit 1 BPP Bit0 Display Modes
0 MClk = PClk/8

1 MCIk = PClk/4

0 MClk = PClk/2

1 MCIk = PCIk 8 bit-per-pixel

X

MCIk = PCIk

1 bit-per-pixel
0 per-p

2 bit-per-pixel

1 4 bit-per-pixel

1 X

When this bit = 1, MCLK is fixed to the same frequency as PCLK for all bit-per-pixel
modes. This provides a faster screen update performance in 1, 2, 4 bit-per-pixel modes, but
also increases power consumption. This bit can be set to 1 just before a major screen
update, then set back to 0 to save power after the update. This bit has no effect in Swivel-
View mode. Refer to REG[1Bh] SwivelView Mode Register on page 68 for SwivelView
mode clock selection.

SED1374
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bit 4 Input Clock Divide
When this bit = 0, the operating clock(CLK) is same as the input clock (CLKI). When this
bit = 1, CLK = CLKI/2.
In landscape mode PCLK=CLK and MCLK is selected as per Table 8-3: “High Perfor-
mance Selection”.
In SwivelView mode MCLK and PCLK are derived from CLK as shown in Table 8-9:
“Selection of PCLK and MCLK in SwivelView Mode,” on page 69.
bit 3 Display Blank
This bit blanks the display image. When this bit = 1, the display is blanked (FPDAT lines
to the panel are driven low). When this bit = 0, the display is enabled.
bit 2 Frame Repeat (EL support)
This feature is used to improve Frame Rate Modulation of EL panels. When this bit = 1,
an internal frame counter runs from 0 to 3FFFFh. When the frame counter rolls over, the
modulated image pattern is repeated (every 1 hour when the frame rate is 72Hz). When
this bit = 0, the modulated image pattern is never repeated.
bit 1 Hardware Video Invert Enable
In passive panel modes (REG[01h] bit 7 = 0) FPDAT11 is available as either GP104 or
hardware video invert. When this bit = 1, Hardware Video Invert is enabled via the
FPDAT11 pin. When this bit = 0, FPDAT11 operates as GP10O4. See Table 8-4: “Inverse
Video Mode Select Options” below.
Note
Video data is inverted after the Look-Up Table.
bit O Software Video Invert
When this bit = 1, Inverse video mode is selected. When this bit = 0, standard video mode
is selected. See Table 8-4: “Inverse Video Mode Select Options” below.
Note
Video data is inverted after the Look-Up Table.
Table 8-4: Inverse Video Mode Select Options
Software Video
Hardware Video Invert FF.)DATll .
) (Passive Panels Video Data
Invert Enable (Passive and only)
Active Panels) y
0 0 X Normal
0 1 X Inverse
1 X 0 Normal
1 X 1 Inverse
Hardware Functional Specification SED1374
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REG[03h] Mode Register 2
Address = FFE3h Read/Write
Hardware Software Software
Tall:_)(lieoé-ugss n/a n/a n/a LOCvDefr\i/(\jls Power Save | Power Save | Power Save
yp Enable Bit 1 Bit O

bit 7

bit 3

bit 2

bits 1-0

Look-Up Table Bypass

When the Look-Up Table Bypass bit = 0, the Green Look-Up Table is used for display
data output in gray shade modes. When this bit = 1, the Look-Up Table is bypassed for dis-
play data output in gray shade modes (for power save purposes). See “Look-Up Table
Architecture” on page 72.

There is no effect on changing this bit in color modes. In color display mode the Look-Up
Table cannot be bypassed.

LCDPWR Override

This bit is used to override the panel on/off sequencing logic. When this bit =0, LCDPWR
and the panel interface signals are controlled by the sequencing logic. When this bit 1,
LCDPWR is forced to off and the panel interface signals are forced low immediately upon
entering power save mode. See Section 7.3.2, “Power Down/Up Timing” on page 36 for
further information.

Hardware Power Save Enable
When this bit = 1 GPIOO is used as the Hardware Power Save input pin. When this bit =0
GPIOO0 operates normally.

Table 8-5: Hardware Power Save/GPIO0 Operation

Hardware Power
Save Enable
REG[03h] bit 2

GPIOO0
Status/Control
REG[19h] bit O

0 X X X

RESET#
State

GPIOO0 Config

) GPIOO0 Operation
REG[18h] bit 0

GPIOO Input
(high impedance)

GPIOO Output =0
GPIOO0 Output =1

Hardware Power Save
Input (active high)

1 0 0 reads pin status

Software Power Save Bits [1: 0]
These bits select the Power Save Mode as shown in the following table.

Table 8-6: Software Power Save Mode Selection

Bit 1 Bit O
0 0

Mode
Software Power Save

reserved

0 1
1 0 reserved
1 1

Normal Operation
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X26A-A-001-02

Hardware Functional Specification
Issue Date: 99/04/29



Page 59

Epson Research and Development
Vancouver Design Center

Refer to Power Save Modes on page 84 for a complete description.

REG[04h] Horizontal Panel Size Register
Address = FFE4h Read/Write
Horizontal Horizontal Horizontal Horizontal Horizontal Horizontal Horizontal
n/a Panel Size Panel Size Panel Size Panel Size Panel Size Panel Size Panel Size
Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 6-0 Horizontal Panel Size Bits [6:0]

This register determines the horizontal resolution of the panel. This register must be pro-
grammed with a value calculated as follows:

HorizontalPanelSizeRegister

This register must not be set to a value less than 03h.

HorizontalPanelResolutign pixelg 1
U o

REGJ[05h] Vertical Panel Size Register (LSB)

Address = FFE5h Read/Write
Vertical Vertical Vertical Vertical Vertical Vertical Vertical Vertical
Panel Size Panel Size Panel Size Panel Size Panel Size Panel Size Panel Size Panel Size
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

REG[06h] Vertical Panel Size Register (MSB)
Address = FFE6h Read/Write
Vertical Vertical
n/a n/a n/a n/a n/a n/a Panel Size Panel Size
Bit 9 Bit 8

Vertical Panel Size Bits [9:0]
This 10-bit register determines the vertical resolution of the panel. This register must be
programmed with a value calculated as follows:

REG[05h] bits 7-0
REG[06h] bits 1-0

VerticalPanelSizeRegister  VerticalPanelResolufion lirek

3FFh is the maximum value of this register for a vertical resolution of 1024 lines.

SED1374
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REG[07h] FPLINE Start Position
Address = FFE7h Read/Write
n/a n/a n/a FPLINE Start | FPLINE Start | FPLINE Start | FPLINE Start | FPLINE Start
Position Bit 4 | Position Bit 3 | Position Bit 2 | Position Bit 1 | Position Bit 0
bits 4-0 FPLINE Start Position

These bits are used in TFT/MD-TFD mode to specify the position of the FPLINE pulse.
These bits specify the delay, in 8-pixel resolution, from the end of a line of display data
(FPDAT) to the leading edge of FPLINE. This register is effective in TFT/MD-TFD mode
only (REG[01h] bit 7 = 1). This register is programmed as follows:

FPLINEposition( pixel3 = (REG[ 07H +2) x8

The following constraint must be satisfied:
REG[ 07H < REG] 08H

REG[08h] Horizontal Non-Display Period
Address = FFE8h Read/Write
Horizontal Horizontal Horizontal Horizontal Horizontal
n/a n/a n/a Non-Display | Non-Display | Non-Display | Non-Display | Non-Display
Period Bit 4 Period Bit 3 Period Bit 2 Period Bit 1 Period Bit 0
bits 4-0 Horizontal Non-Display Period

HorizontalNonDisplayPeriod pixe)s= (REG[ 081 +4) x 8

These bits specify the horizontal non-display period in 8-pixel resolution.

REG[09h] FPFRAME Start Position
Address = FFE9h Read/Write
FPFRAME FPFRAME FPFRAME FPFRAME FPFRAME FPFRAME
n/a n/a Start Position | Start Position | Start Position | Start Position | Start Position | Start Position
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

bits 5-0 FPFRAME Start Position
These bits are used in TFT/MD-TFD mode to specify the position of the FPFRAME pulse.
These bits specify the number of lines between the last line of display data (FPDAT) and
the leading edge of FPFRAME. This register is effective in TFT/MD-TFD mode only
(REG[01h] bit 7 = 1).

FPFRAMEDpositiorf liney= REG[ 094
The contents of this register must be greater than zero and less than or equal to the Vertical
Non-Display Period Register, i.e.
1< REQ 09 < REG] 0AH
SED1374
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REGJ[0Ah] Vertical Non-Display Period
Address = FFEAh Read/Write
Vertical Non- Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non- | Vertical Non-
Display n/a Display Display Display Display Display Display
Status Period Bit 5 Period Bit 4 Period Bit 3 Period Bit 2 Period Bit 1 Period Bit 0
bit 7 Vertical Non-Display Status
This bit =1 during the Vertical Non-Display period.
bits 5-0 Vertical Non-Display Period

These bits specify the vertical non-display period.
VerticalNonDisplayPeriofl lings= REG[ 0AH

Note

This register should be set only once, on power-up during initialization.

REG[0Bh] MOD Rate Register

Address = FFEBh Read/Write
n/a n/a MOD Rate MOD Rate MOD Rate MOD Rate MOD Rate MOD Rate
Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
bits 5-0 MOD Rate Bits [5:0]

When the value of this register is 0, the MOD output signal toggles every FPFRAME. For
a non-zero value, the value in this register + 1 specifies the number of FPLINEs between

toggles of the MOD output signal. These bits are for passive LCD panels only.

REG[0Ch] Screen 1 Start Address Register (LSB)

Address = FFECh Read/Write
Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start
Address Address Address Address Address Address Address Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

REG[0Dh] Screen 1 Start Address Register (MSB)

Address = FFEDh Read/Write
Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start | Screen 1 Start
Address Address Address Address Address Address Address Address
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

REG[ODh] bit 6-0
REG[0CHh] bit 7-0

REG[ODh] bi

Screen 1 Start Address Bits [14:0]
These bits determine therd addressof the start of Screen 1 in landscape modes or the

byte addressof the start of Screen 1 in SwivelView modes.

t7

Screen 1 Start Address Bit 15

This bit is for SwivelView mode only and has no effect in Landscape mode.
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REGI[OFh] Screen 2 Start Address Register (LSB)

Address = FFEFh Read/Write
Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start
Address Address Address Address Address Address Address Address
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

REG[10h] Screen 2 Start Address Register (MSB)

Address = FFFOh Read/Write
Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start | Screen 2 Start
Address Address Address Address Address Address Address Address
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

Screen 2 Start Address Bits [14:0]
These bits determine therd addressof the start of Screen 2 in landscape modes or the

byte addressof the start of Screen 2 in SwivelView modes.

REG[10h] bit 6-0
REG[OFh] bit 7-0

Screen 2 Start Address Bit 15

REG[10h] bit 7
This bit is for SwivelView mode only and has no effect in Landscape mode.

REG[12h] Memory Address Offset Register
Address = FFF2h Read/Write
Memory Memory Memory Memory Memory Memory Memory Memory
Address Address Address Address Address Address Address Address
Offset Bit 7 Offset Bit 6 Offset Bit 5 Offset Bit 4 Offset Bit 3 Offset Bit 2 Offset Bit 1 Offset Bit 0
bits 7-0 Memory Address Offset Bits [7:0] (Landscape Modes Only)
This register is used to create a virtual image by setting a word offset between the last
address of one line and the first address of the following line. If this register is not equal to
zero, then a virtual image is formed. The displayed image is a window into the larger vir-
tual image. See Figure 8-1: “Screen-Register Relationship, Split Screen,” on page 64.
This register has no effect in SwivelView modes. See “REG[1Ch] Line Byte Count Regis-
ter for SwivelView Mode” on page 69.
SED1374 Hardware Functional Specification
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REG[13h] Screen 1 Vertical Size Register (LSB)

Address = FFF3h Read/Write
Screen 1 Screen 1 Screen 1 Screen 1 Screen 1 Screen 1 Screen 1 Screen 1
Vertical Size | Vertical Size | Vertical Size | Vertical Size | Vertical Size | Vertical Size | Vertical Size | Vertical Size
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

REG[14h] Screen 1 Vertical Size Register (MSB)
Address = FFF4h Read/Write
Screen 1 Screen 1
n/a n/a n/a n/a n/a n/a Vertical Size | Vertical Size
Bit 9 Bit 8

REG[14h] bits 1-0
REG[13h] bits 7-0

Screen 1 Vertical Size Bits [9:0]
This register is used to implement the Split Screen feature of the SED1374. These bits

determine the height (in lines) of Screen 1. On reset this register is set to Oh.

In landscape modes, if this register is programmed with a value, n, where n is less than the
Vertical Panel Size (REG[06h], REG[05h]), then lines O to n of the panel contain Screen 1
and lines n+1 to REG[06h], REG[05h] of the panel contain Screen 2. See Figure 8-1.:
“Screen-Register Relationship, Split Screen,” on page 64. If Split Screen is not desired,

this register must be programmed greater than, or equal to the Vertical Panel Size,
REG[06h] and REG[05h].

In SwivelView modes this register must be programmed greater than, or equal to the Verti-

cal Panel Size, REG[06h] and REG[05h]. See “SwivelView™” on page 79.
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(REG[ODh], REG[0Ch]) Words Line O Last Pixel Address=((REG[0Dh], REG[OCh]) +
Line O Last Pixel Address + REG[12h] Words (8(REG[04h]+1) X BPP/16))

Words
MES Line 0 [
M Line 1

Image 1
((REG[06h], REG[05])+1) Lines

Line=(REG[14h], REG[13h])

x|

Image 2

(REG[10h], REG[OFh]) Words

8(REG[04h]+1) Pixels REG[12h] Words

Where: Virtual Image
(REG[0Dh], REG[OCh]) is the Screen 1 Start Word Address

BPP is Bits-per-Pixel as set by REG[02h] bits 7:6
REGJ[12h] is the Address Pitch Adjustment in Words
(REGJ[10h], REG[OFh]) is the Screen 2 Start Word Address
(REGJ[14h], REG[13h]) is the Screen 1 Vertical Size
(REG[06h], REG[05h]) is the Vertical Panel Size

Figure 8-1: Screen-Register Relationship, Split Screen

Consider an example where REG[14h], REG[13h]= 0CEh for a 320x240 display system.
The upper 207 lines (CEh + 1) of the panel show an image from the Screen 1 Start Word
Address. The remaining 33 lines show an image from the Screen 2 Start Word Address.
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REGJ[15h] Look-Up Table Address Register
Address = FFF5h Read/Write
Look-Up Look-Up Look-Up Look-Up
n/a n/a RGB Index RGB Index Table Table Table Table
Bit 1 Bit O Address Address Address Address
Bit 3 Bit 2 Bit 1 Bit 0
The SED1374 has three 16-position, 4-bit wide Look-Up Tables, one each for red, green,
and blue. Refer ttlL.ook-Up Table Architecture'for details. This register selects which
Look-Up Table position is read/write accessible through the Look-Up Table Data Register
(REG[17h])).
bits 5-4 RGB Index Bits [1:0]
These bits select between the Red, Green, and Blue Look-Up Tables, and Auto-Increment
mode. The Green Look-Up Table is used in monochrome mode with these bits set to 10b.
See Note below.
bits 3-0 Look-Up Table Address Bits [3:0]

These 4 bits select one of the 16 positions in the selected Look-Up Table. These bits are
automatically changed as the Look-Up Table Data Register is accessed. See Note below.

Note
Accesses to the Look-Up Table Data Register automatically increment a pointer into the
RGB Look-Up Tables. The pointer sequence varies as shown in the table below.

Table 8-7: Look-Up Table Access

REG[01h] REG[15h] Look-Up Table _
- - - Pointer Sequence
bit 5 bit 5 bit 4 Selected

Green/Gray Look-

0 1 0 Up Table G[n], G[n+1], G[n+2],...

Auto-Increment R[n], G[n], B[n], R[n+1], G[n+1]....

Red Look-Up Table R[n], R[n+1], R[n+2],...
Green/Gray Look-

1 1 0 Up Table G[n], G[n+1], G[n+2)],...

1 1 1 Blue Look-Up Table B[n], B[n+1], B[n+2],...

In Auto-Increment mode, writing the Look-Up Table Address Register automatically
sets the pointer to the Red Look-Up Table. For example, writing a value 03 into the
Look-Up Table Address Register selects Auto-Increment mode and sets the pointer to
R[3]. Subsequent accesses to the Look-Up Table Data Register move the pointer onto
GJ[3], B[3], R[4], etc.
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REG[16h] Look-Up Table Bank Select Register
Address = FFF6h

Read/Write

n/a

n/a

Red Bank
Select
Bit 1

Red Bank
Select
Bit 0

Green Bank
Select
Bit 1

Green Bank
Select
Bit 0

Blue Bank
Select
Bit 1

Blue Bank
Select
Bit 0

bits 7-6
bits 5-4

bits 3-2

bit 1-0

n/a

Red Bank Select Bits [1:0]

In 1 bit-per-pixel (bpp) color mode the lower 8 positions of the Red Look-Up Table is
arranged into four banks, each with two positions. These two bits select which bank is
used for display data.

In 2 bpp color mode the 16 position Red Look-Up Table is arranged into four banks, each
with four positions. These two bits select which bank is used for display data.

These bits have no effect in 4 bpp color/gray modes.

In 8 bpp color mode the 16 position, Red Look-Up Table is arranged into two banks, each
with eight positions. Red Bank Select bit 0 selects which bank is used for display data.

Green Bank Select Bits [1:0]

In 1 bit-per-pixel (bpp) color/gray mode the lower 8 positions of the Green Look-Up Table
is arranged into four banks, each with two positions. These two bits select which bank is
used for display data.

In 2 bpp color/gray mode, the 16 position Green Look-Up Table is arranged into four
banks, each with four positions. These two bits select which bank is used for display data.

These bits have no effect in 4 bpp color/gray modes.

In 8 bpp color mode, the 16 position Green Look-Up Table is arranged into two banks,
each with eight positions. Green Bank Select bit O selects which bank is used for display
data.

Blue Bank Select Bits [1:0]

In 1 bit-per-pixel (bpp) color mode the lower 8 positions of the Blue Look-Up Table is
arranged into four banks, each with two positions. These two bits select which bank is
used for display data.

In 2 bpp color mode, the 16 position Blue Look-Up Table is arranged into four banks, each
with four positions. These two bits select which bank is used for display data.

These bits have no effect in 4 bpp color/gray modes.

In 8 bpp color mode, the 16 position Blue Look-Up Table is arranged into four banks, each
with four positions. These two bits select which bank is used for display data.

SED1374
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REG[17h] Look-Up Table Data Register
Address = FFF7h Read/Write
Look-Up Look-Up Look-Up Look-Up
n/a n/a n/a n/a Table Data Table Data Table Data Table Data
Bit 3 Bit 2 Bit 1 Bit 0
bits 3-0 Look-Up Table Data Bits [3:0]

This register is used to read/write the RGB Look-Up Tables. This register is an aperture
into the three 16-position Look-Up Tables. The Look-Up Table Address Register
(REG[16h]) selects which Look-Up Table position is accessible. See REG[16h] Look-Up
Table Bank Select Register on page 66.

REG[18h] GPIO Configuration Control Register
Address = FFF8h Read/Write
n/a n/a n/a GPIO4 Pin 1O | GPIO3 PinlO | GPIO2 Pin 1O | GPIO1 Pin IO | GPIOO Pin 10
Configuration | Configuration | Configuration | Configuration | Configuration
bits 4-0 GPIO[4:0] Pin 10 Configuration

These bits determine the direction of the GPI1O[4:0] pins.

When GPIOn Pin IO Configuration bit = 0, the corresponding GPIOn pin is configured as
an input. The input can be read at the GPIOn Status/Control Register bit. See REG[19h]
below.

When GPIOn Pin IO Configuration bit = 1, the corresponding GPIOn pin is configured as
an output. The output can be controlled by writing the GPIOn Status/Control Register bit.

Note
These bits have no effect when the GPIOnN pin is configured for a specific function (i.e.
as FPDAT[11:8] for TFT/MD-TFD operation). All unused GPIO pins must be tied to
10 Vpp.

REG[19h] GPIO Status/Control Register
Address = FFF9h Read/Write
n/a n/a n/a GPIO4 Pin IO | GPIO3PIinlO | GPIO2Pin 1O | GPIO1PinlO | GPIOO Pin 1O
Status Status Status Status Status
bits 4-0 GPIO[4:0] Status

When the GPIOnN pin is configured as an input, the corresponding GPIO Status bit is used
to read the pin input. See REG[18h] above.

When the GPIOn pin is configured as an output, the corresponding GPIO Status bit is used
to control the pin output.
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REG[1Ah] Scratch Pad Register

Read/Write

Address = FFFAh

Scratch bit 7

Scratch bit 6

Scratch bit 5

Scratch bit 4

Scratch bit 3

Scratch bit 2

Scratch bit 1

Scratch bit 0

bits 7-0

Scratch Pad Register

This register contains general use read/write bits. These bits have no effect on hardware.

REG[1Bh] SwivelView Mode Register
Address = FFFBh Read/Write
SwivelView SwivelView
SwivelView SwivelView n/a n/a n/a reserved Mode Pixel Mode Pixel
Mode Enable | Mode Select Clock Select | Clock Select
Bit 1 Bit 0
bit 7 SwivelView Mode Enable
When this bit = 1, SwivelView Mode is enabled. When this bit = 0, Landscape Mode is
enabled.
bit 6 SwivelView Mode Select
When this bit = 0, Default SwivelView Mode is selected. When this bit = 1, Alternate
SwivelView Mode is selected. See Section 12, “SwivelView™” on page 79 for further
information on SwivelView Mode.
The following table shows the selection of SwivelView Mode.
Table 8-8: Selection of SwivelView Mode
SwivelView SwivelView
Mode Enable | Mode Select Mode
(REG[1Bh] bit 7) | (REG[1Bh] bit 6)
0 X Landscape
1 0 Default SwivelView
1 1 Alternate SwivelView
bit 2 reserved
reserved bits must be set to 0.
bits 1-0 SwivelView Mode Pixel Clock Select Bits [1:0]
These two bits select the Pixel Clock (PCLK) source in SwivelView Mode - these bits
have no effect in Landscape Mode. The following table shows the selection of PCLK and
MCLK in SwivelView Mode - see Section 12, “SwivelView™” on page 79 for details.
SED1374 Hardware Functional Specification
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Table 8-9: Selection of PCLK and MCLK in SwivelView Mode

SwivelView SwivelView | Pixel Clock (PCLK) Select

Mode Enable Mode Select (REG[1Bh] bits [1:0] PCLK = MCLK =

(REG[1Bh] bit 7) (REG[1Bh] bit 6) Bit 1 Bit O
0 X X X CLK See Reg[02h] bit 5
1 0 0 0 CLK CLK
1 0 0 1 CLK/2 CLK/2
1 0 1 0 CLK/4 CLK/4
1 0 1 1 CLK/8 CLK/8
1 1 0 0 CLK/2 CLK
1 1 0 1 CLK/2 CLK
1 1 1 0 CLK/4 CLK/2
1 1 1 1 CLK/8 CLK/4

Where CLK is CLKI (REG[02h] bit 4 = 0) or CLKI/2 (REG[02h] bit 4 = 1)

REG[1Ch] Line Byte Count Register for SwivelView Mode

Address = FFFCh Read/Write
Line Byte Line Byte Line Byte Line Byte Line Byte Line Byte Line Byte Line Byte
Count bit 7 Count bit 6 Count bit 5 Count bit 4 Count bit 3 Count bit 2 Count bit 1 Count bit 0

bits 7-0 Line Byte Count Bits [7:0]

This register is the byte count from the beginning of one line to the beginning of the next
consecutive line (commonly called “stride” by programmers). This register may be used to
create a virtual image in SwivelView mode.

REG[1Eh] and REG[1Fh]

REG[1Eh] and REG[1Fh] are reserved for factory SED1374 testing and should not be
written. Any value written to these registers may result in damage to the SED1374 and/or
any panel connected to the SED1374.

Hardware Functional Specification
Issue Date: 99/04/29

SED1374
X26A-A-001-02



Page 70

Epson Research and Development
Vancouver Design Center

9 Frame Rate Calculation

The following formulae are used to calculate the display frame rate.

TFT/MD-TFD and Passive Single-Panel modes

fPCLK
(HDP+ HNDP) x (VDP + VNDP)

FrameRate=

Where: ok = PCIk frequency (Hz)
HDP = Horizontal Display Period = ((REG[04h] bits 6-0) + 1) x 8 Pixels
HNDP = Horizontal Non-Display Period = ((REG[08h] bits 4-0) + 4) x 8 Pixels
VDP = Vertical Display Period = ((REG[06h] bits 1-0, REG[05h] bits 7-0) + 1) Lines
VNDP = Vertical Non-Display Period = (REG[0AR] bits 5-0) Lines

Passive Dual-Panel mode

f
FrameRate= PCLK

2x (HDP+ HNDP x Evgp+VNDPE

Where:  fc k= PCIk frequency (Hz)
HDP = Horizontal Display Period = ((REG[04h] bits 6-0) + 1) x 8 Pixels
HNDP = Horizontal Non-Display Period = ((REG[08h] bits 4-0) + 4) x 8 Pixels
VDP = Vertical Display Period = ((REG[06h] bits 1-0, REG[05h] bits 7-0) + 1) Lines
VNDP = Vertical Non-Display Period = (REG[0Ah] bits 5-0) Lines
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1-bpp: . .
bit 7 bit 0 P0P1P2P3P4P5P6P7
Byte O M Ay [ AL | A | Az | A | As | Ag | A7 [IIITTT]
Pn=(An)
Panel Display
Host Address Display Memory
2-bpp: bit 7 bit 0 PoP1P2P3P4PPsPs
[T
Byte 0 » Ao | Bo [ A1 | B1 | A2 | B2 | As | Bg
Byte 1 » Ay | Bs | As | Bs | Ag | Bg | A7 | By
Pn=(An, Bp)
Panel Display
Host Address Display Memory
4-bpp:
bit 7 bit 0 PoP1P2P3P4PsPgP7
Byte 0 » Ao | Bo | Co Do |Ar | By |Cy| Dy LT LT
Byte 1 » Ay | B | C2 | Dz | A3 | B3 | C3 | D3
P, = (A, B, Cn, D
Byte 2 » A4 | Bs | C4 | Dy | As |Bs | Cs | Ds ™ (o B Cn B
Panel Display
Host Address Display Memory
8-bpp: 3-3-2 RGB
bit 7 bit 0 PoP1P,P3P4P5PgP7
Byte 0 »Ro? [Rol Ro? |Gg? Gyl Go° Bot Bo? [T
Byte 1 »R,2 |RyL R0 (G2 |6G,1|G1° By B,
P. = (R,20, G, 20 B 1-0)
Byte 2 MR,2 Ry [RC [Gy2 |G,t |G, (B2 [BY? e o
Panel Display
Host Address Display Memory
Figure 10-1: 1/2/4/8 Bit-Per-Pixel Display Data Memory Organization
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11 Look-Up Table Architecture

Table 11-1: Look-Up Table Configurations

Display Mode 4-bit wide Look-Up Table
RED GREEN BLUE
2-level gray 4 banks of 2
4-level gray 4 banks of 4
16-level gray 1 bank of 16
2 color 4 bank of 2 4 bank of 2 4 bank of 2
4 color 4 banks of 4 4 banks of 4 4 banks of 4
16 color 1 bank of 16 1 bank of 16 1 bank of 16
256 color 2 banks of 8 2 banks of 8 4 banks of 4

Indicates the Look-Up Table is not used for that display mode

The following figures are intended to show the display data output path only. The CPU
R/W access to the individual Look-Up Tables is not affected by the various ‘banking’
configurations.

11.1 Gray Shade Display Modes

2-Level Gray Shade Mode

2 Gray Data Format:

Green Look-Up Table 716]5]4 ‘ 3 ‘ 21 ‘ 0 ‘
o A0 |Al | A2 A3‘A4‘A5 A6‘A7’
1-bit pixel data , 2 C T T 1T 1 . See Section 10
N O I
o /2 >
3 Bank
Select 4-bit display data output
Logic

v
~No
v

Green Bank Select
REGJ[16h] bits [3:2]

Figure 11-1: 2-Level Gray-Shade Mode Look-Up Table Architecture
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4-Level Gray Shade Mode
4 Gray Data Format:
‘ 7 ‘ 6 |5 ‘ 413/2|1|0
‘AO‘BO Al‘Bl A2|B2|A3|B3 Green Look-Up Table
See Section 10
Bank 0
2-bit pixel data (1)
> 2
3
Bank 1
0
"ﬁ;’ % Bank
3 Select 4-bit display data output R
Bank 2 Logic "
0
o/ »1
2
3
Bank 3
0
, 1
T2
3
A
Green Bank Select e
REGJ16h] bits [3:2]
Figure 11-2: 4-Level Gray-Shade Mode Look-Up Table Architecture
16-Level Gray Shade Mode
16 Gray Data Format:
‘7 6 5‘4 3‘2 1‘0
‘AO BO CO‘DO Al‘Bl Cl‘ D1 Green Look-Up Table 16x4
See Section 10 0
1
2
4-bit pixel data R 3 . 4-bit display data output R
C
D
E
F
Figure 11-3: 16-Level Gray-Shade Mode Look-Up Table Architecture
Hardware Functional Specification SED1374
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Look-Up Table Bypass Mode

Look-Up Tables

1 bit pixel data (Ap) 1 bit display data output (A;)
2 bit pixel data (A, By) 4 bit display data output (A, B, Ap, Bp)
4 bit pixel data (A, By, C,, Dp) 4 bit display data output (A,, By, Cp, D) =

Figure 11-4: Look-Up Table Bypass Mode Architecture

Note
In 1 bit-per-pixel display mode, Look-Up Table Bypass mode will turn off the FRM
circuitry and place the SED1374 in Black-and-White mode.

In 2 bit-per-pixel mode the Display Data Output values are 0, 5, A, and F (in hex).
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11.2 Color Display Modes

2-Level Color Mode

Red Look-Up Table
1-bit pixel data ol [ T T 1
il betioe MY /

A4

1
N
G ’% > Bank
Select
.| Logic
ID+> ‘51 > g
N
1’+’ ? >
Red Bank Select
REG[16h] bits [5:4] T

Green Look-Up Table

Co—

Select
4 .| Logic
c»ﬁ;» 5 >
R e
Green Bank Select 7%
REG[16h] bits [3:2]
Blue Look-Up Table
>
o~/ —» 2 >
AN e s s e e LS
Select
.| Logic
o~/ ‘51 » 09
»6 —
7 ]
Blue Bank Select 7Y

REG[16h] bits [1:0]

2 Color Data Format:

‘7 6 5|43 ‘ 2|1 ‘ 0
‘AO Al|A2|A3 A4‘A5 A6‘A7
See Section 10

4-bit ‘Red’ display data output

4-bit ‘Green’ display data output

4-bit ‘Blue’ display data output

Figure 11-5: 2-Level Color Look-Up Table Architecture
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4-Level Color Mode

4 Color Data Format:

Red Bank Select
REG]J16h] bits [5:4]

P

Green Look-Up Table

Bank 0
0
» 1
T2
3
Bank 1
1
> 5 Bank 4-bit ‘Green’ display data output
3 Select >
Bank 2 Logic
0
/1
2
3
Bank 3
0
, 1
T2
Green Bank Select 3

REG[16h] bits [3:2]

i

Blue Look-Up Table

Bank 0
0
, 1
T2
3
Bank 1
0
¢ 7 > % Bank 4-bit ‘Blue’ display data output
3 Select >
Bank 2 Logic
0
nﬁgb 1
2
3
Bank 3
0
,» 1
T2
3

Blue Bank Select
REG]J16h] bits [1:0]

P

Red Look-Up Table ‘7 ‘6 5 ‘4 31210
. Bank 0 A0 |BO AL |B1|A2 B2 | A3 B3
2-bit pixel data g
>5 See Section 10
3
Bank 1
0
> 1
2 Bank 4-bit ‘Red’ display data output
3 Select >
Bank 2 Logic
0
2
3
Bank 3
0
, 1
T2
3

Figure 11-6: 4-Level Color Mode Look-Up Table Architecture
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16-Level Color Mode
16 Color Data Format:
‘ 7 ‘ 6|5 ‘ 413/2]1]0 Red Look-Up Table 16x4
‘AO‘BO CO‘DO Al1|B1|C1|D1 0
See Section 10 %
4-bit pixel data 3 . 4-bit ‘Red’ display data output
C
D
E
F
Green Look-Up Table 16x4
0
1
2
. / 3 . 4-bit ‘Green’ display data output
C
D
E
F
Blue Look-Up Table 16x4
0
1
2
/ 3 . 4-bit ‘Blue’ display data output
C
D
E
F
Figure 11-7: 16-Level Color Mode Look-Up Table Architecture
Hardware Functional Specification SED1374
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256-Level Color Mode

256 Color Data Format:

‘7‘6 5‘4

3

2

o]

‘RZ‘RI RO‘GZ

Gl

GO

Bl

BO‘

See Section 10

Red Look-Up Table

Bank 0
0
1
I 2
3-bit pixel data .3
T4
5
? Bank
Select >
Bank 1 Logic
0
1
2
e
40 1 [ [ ]
5
6
7

Red Bank Select
REGI[16h] bit 4

Ps

Green Look-Up Table

Bank 0

0
1
3-bit pixel data %
> 2
5

? Bank

Select >

Bank 1 Logic
0
1
2
ﬁ;’ 3
4
5
6
7

Green Bank Select
REG[16h] bit 2

P

Blue Look-Up Table

Bank O
2-bit pixel data 9
v 2
3
Bank 1
VA
¢ 2 Bank
3 Select >
Bank 2 Logic
0
4%» 1
2
3
Bank 3
0
y 1
T2
3
4

Blue Bank Select
REG[16h] bits [1:0]

Figure 11-8: 256-Level Color Mode Look-Up Table Architecture
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12 SwivelView™

Many of todays applications use the LCD panel in a portrait orientation. In this case it
becomes necessary to “rotate” the displayed image. This rotation can be done by software
at the expense of performance or, as with the SED1374, it can be done by hardware with
no CPU penalty.

There are two SwivelView modes: Default SwivelView and Alternate SwivelView.

12.1 Default SwivelView Mode

Default SwivelView Mode requires the portrait image width be a power of two, e.g. a 240-
line panel requires a minimum virtual image width of 256. This mode should be used
whenever the required virtual image can be contained within the integrated display buffer
(i.e. virtual image siz& 40k bytes), as it consumes less power than the Alternate
SwivelView mode.

For example, the panel size is 320x240 and the display mode is 4 bit-per-pixel. The virtual
image size is 320x256 which can be contained within the 40k Byte display buffer.

Default SwivelView Mode also requires memory clock (MCIpixel clock (PCLK).
The following figure shows how the programmer sees a 240x320 image and how the image

is displayed. The application image is written to the SED1374 in the following sense:
A-B-C-D. The display is refreshed by the SED1374 in the following sense: B-D-A-C.

physical
memory
start \4 256 >
address  , A 51 —E-; |r"“ ———————— ql A
| | |
|
o SwivelView | @ > Q ©
¥ window @ = Q
| display S B o
| start c 2 N
| address u§) s
@)
| < 4
C D
v - = . 320 .
240 - g
image seen by programmer image refreshed by SED1374
= image in display buffer

Figure 12-1: Relationship Between The Screen Image and the Image Refreshed by SED1374
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12.1.1 How to Set Up Default SwivelView Mode

The following describes the register settings needed to set up Default SwivelView Mode
for a 240x320x4 bpp image:

» Select Default SwivelView Mode: REG[1Bh] bit7=1and bit6 =0

» The display refresh circuitry starts at pixel “B”, therefore the Screen 1 Start Address
register must be programmed with the address of pixel “B”, i.e.

REG 0DH, REG[ 0CH= AddressOfPixelB
(AddressOfPixelA+ ByteOffsgt

. (240pixelsx 4bpp;
AddressOfPixel A+ D—8bpb 0 1

AddressOfPixelA+ 77h

Where bpp is bits-per-pixel and bpb is bits-per-byte.

e The Line Byte Count Register for SwivelView Mode must be set to the virtual-image
width in bytes, i.e.

REG 1CH = 256 _ 256

(@bph = (4bpp _ 2 _ 128 = 80h

Where bpb is bits-per-byte and bpp is bits-per-pixel.

e Panning is achieved by changing the Screen 1 Start Address register:

 Increment the register by 1 to pan horizontally by one byte, e.g. two pixels in 4 bpp
mode

 Increment the register by twice the value in the Line Byte Count register to pan verti-
cally by two lines, e.g. add 100h to pan by two lines in the example above.

Note
Vertical panning by a single line is not supported in Default SwivelView Mode.

SED1374 Hardware Functional Specification
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12.2 Alternate SwivelView Mode

Alternate SwivelView Mode may be used when the virtual image size of Default
SwivelView Mode cannot be contained in the 40kByte integrated frame buffer. For
example, the panel size is 240x160 and the display mode is 8 bit-per-pixel. The minimum
virtual image size for Default SwivelView Mode would be 240x256 which requires 60K
bytes. Alternate SwivelView Mode requires a panel size of only 240x160 which needs only
38,400 bytes.

Alternate SwivelView Mode requires the memory clock (MCLK) to be at least twice the
frequency of the pixel clock (PCLK), i.e. MCLK2 x PCLK. Because of this, the power
consumption in Alternate SwivelView Mode is higher than in Default SwivelView Mode.

The following figure shows how the programmer sees a 240x160 image and how the image
is being displayed. The application image is written to the SED1374 in the following sense:
A—-B—C-D. The display is refreshed by the SED1374 in the following sense: B-D-A-C.

physical
memory
start \
address
A A B
% SwiyeIView @ % Q
window display S 3 o
start [ ©
address S s
< @ O
C D
v P 240 R
160 N g
image seen by programmer image refreshed by SED1374
= image in display buffer

Figure 12-2: Relationship Between The Screen Image and the Image Refreshed by SED1374
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12.2.1 How to Set Up Alternate SwivelView Mode

The following describes the register settings needed to set up Alternate SwivelView Mode
for a 160x240x8 bpp image.

* Select Alternate SwivelView Mode:
REG[1Bh] bit7=1and bit6 =1

* The display refresh circuitry starts at pixel “B”, therefore the Screen 1 Start Address
register must be programmed with the address of pixel “B”, or

REG[ 0DH, REG 0CH= AddressOfPixelB
(AddressOfPixelA+ ByteOffsgt

. 160pixelsx 8bpp;
AddressOfPixelA+ 0 8bpb U 1

AddressOfPixelA+ 9Fh

Where bpp is bits-per-pixel and bpb is bits-per-byte.

e The Line Byte Count Register for SwivelView Mode must be set to the image width in
bytes, i.e.
160 160

REG[1CH = e =

(@bph = (8bpp _ 1 _ 100 = AOh

Where bpb is bits-per-byte and bpp is bits-per-pixel.

» Panning is achieved by changing the Screen 1 Start Address register:

* Increment the register by 1 to pan horizontally by one byte, e.g. one pixel in 8 bpp
mode

 Increment the register by the value in the Line Byte Count register to pan vertically by
one line, e.g. add AOh to pan by one line in the example above

SED1374 Hardware Functional Specification
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12.3 Comparison Between Default and Alternate SwivelView Modes

Table 12-1: Default and Alternate SwivelView Mode Comparison

Item

Default SwivelView Mode

Alternate SwivelView Mode

Memory Requirements

The width of the rotated image must be
a power of 2. In most cases, a virtual
image is required where the right-hand
side of the virtual image is unused and
memory is wasted. For example, a
160x240x8bpp image would normally
require only 38,400 bytes - possible
within the 40K byte address space, but
the virtual image is 256x240x8bpp
which needs 61,440 bytes - not
possible.

Does not require a virtual image.

Clock Requirements

CLK need only be as fast as the
required PCLK.

MCLK, and hence CLK, need to be 2x
PCLK. For example, if the panel requires a
3MHz PCLK, then CLK must be 6MHz.
Note that 25MHz is the maximum CLK, so
PCLK cannot be higher than 12.5MHz in
this mode.

Power Consumption

Lowest power consumption.

Higher than Default Mode.

Panning

Vertical panning in 2 line increments.

Vertical panning in 1 line increments.

Performance

Nominal performance.

Higher performance than Default Mode.

12.4 SwivelView Mode Limitations

The only limitation to using SwivelView mode on the SED1375 is that split screen
operation is not supported.
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13 Power Save Modes

Two Power Save Modes have been incorporated into the SED1374 to accommodate the
need for power reduction in the hand-held devices market. These modes are enabled as

follows:
Table 13-1: Power Save Mode Selection
Hardware Power Software Power Software Power Mode
Save Save Bit 1 Save Bit 0

Not Configured or O Software Power Save Mode

Not Configured or O reserved

Not Configured or O reserved

Not Configured or 0 Normal Operation

X|kR|lFP,|O| O
X|r,|lO|lF»r|O

Configured and 1 Hardware Power Save Mode

13.1 Software Power Save Mode

Software Power Save Mode saves power by powering down the panel and stopping display
refresh accesses to the display buffer.

Table 13-2: Software Power Save Mode Summary

» Registers read/write accessible

» Memory read/write accessible

» LCD outputs are forced low

13.2 Hardware Power Save Mode

Hardware Power Save Mode saves power by powering down the panel, stopping accesses
to the display buffer and registers, and disabling the Host Bus Interface.

Table 13-3: Hardware Power Save Mode Summary

» Host Interface not accessible

« Memory read/write not accessible

» LCD outputs are forced low

SED1374 Hardware Functional Specification
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13.3 Power Save Mode Function Summary
Table 13-4: Power Save Mode Function Summary

Hardware Software Normal
Power Save | Power Save
10 Access Possible? No Yes Yes
Memory Access Possible? No Yes Yes
Sequence Controller Running? No No Yes
Display Active? No No Yes
LCDPWR Inactive Inactive Active
FPDAT[11:0], FPSHIFT (see note) | Forced Low | Forced Low Active
FPLINE, FPFRAME, DRDY Forced Low | Forced Low Active

Note
When FPDAT[11:8] are designated as GPIO outputs, the output state prior to enabling

the Power Save Mode is maintained. When FPDAT[11:8] are designated as GPIO in-
puts, unused inputs must be tied to either ,\ér GND - see Table 5-3: “LCD Inter-

face Pin Mapping,” on page 23.
13.4 Panel Power Up/Down Sequence
After chip reset or when entering/exiting a power save mode, the Panel Interface signals

follow a power on/off sequence shown below. This sequence is essential to prevent damage
to the LCD panel.
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RESET#

Software Power Save
REG[03h] bits [1:0]

or
Hardware Power Save

LCDPWR
(CNF4 = Low)

LCDPWR
(CNF4 = Hi)

Panel Interface
Output Signals

(except LCDPWR)

>< 00

11

Power Save Mode

<«

0 frame
power-up

& >
< P

127 frames
power-down

<

0 frame
power-up

13.5 Turning Off BCLK Between Accesses

Figure 13-1: Panel On/Off Sequence

BCLK must be turned off/on in a glitch free manner

After chip reset, LCDPWR is inactive and the rest of the panel interface output signals are
held ‘low’. Software initializes the chip (i.e. programs the registers) and then - as a last step
set - programs REG[03h] bits [1:0] to 11. This starts the power-up sequence as shown. The
power-up/power-down sequence delay is 127 frames.

The power-up/power-down sequence also occurs when exiting/entering Software Power
Save Mode.

BCLK may be turned off (held low) between accesses if the following rules are observed:

BCLK must continue for a period equal to [k + 12Ty cLk] after the end of the
access (RDY# asserted or WAIT# deasserted).

BCLK must be present for at least ong-x before the start of an access.

SED1374
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13.6 Clock Requirements

The following table shows what clock is required for which function in the SED1374.
Table 13-5: SED1374 Internal Clock Requirements

Function BCLK CLKI

Is required during register accesses. BCLK
can be shut down between accesses: allow
eight BCLK pulses plus 12 MCLK pulses
Register Read/Write (8TgcLk + 12Ty cLk) after the last access Not Required
before shutting BCLK off. Allow one BCLK
pulse after starting up BCLK before the next
access

Is required during memory accesses. BCLK
can be shut down between accesses: allow
eight BCLK pulses plus 12 MCLK pulses
Memory Read/Write (8TgcLk + 12Ty k) after the last access Required
before shutting BCLK off. Allow one BCLK
pulse after starting up BCLK before the next
access

Can be stopped after 128 frames from
Software Power Save Required entering Software Power Save, i.e. after
REG[03h] bits 1-0 = 11

Can be stopped after 128 frames from
entering Hardware Power Save

Hardware Power Save Not Required

Hardware Functional Specification SED1374
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14 Mechanical Data

QFP14 - 80 pin Unit: mm
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Figure 14-1: Mechanical Drawing QFP14
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