EPSON
S1D13505F00A

Embedded RAMDAC LCD/CRT Controller

m DESCRIPTION

The S1D13505 is a color/monochrome LCD/CRT graphics controller interfacing to a wide range of CPUs and
display devices. The S1D13505 architecture is designed to meet the low cost, low power requirements of the
embedded markets, such as Mobile Communications, Hand-Held PCs, and Office Automation.

The S1D13505 supports multiple CPUs, all LCD panel types, CRT, and additionally provides a number of
differentiating features. Products requiring a “Portrait” mode display can take advantage of the SwivelView™
feature. Simultaneous, Virtual and Split Screen Display are just some of the display modes supported, while
the Hardware Cursor, Ink Layer, and the Memory Enhancement Registers offer substantial performance
benefits. These features, combined with the S1D13505's Operating System independence, make it an ideal
display solution for a wide variety of applications.

m FEATURES
0 Memory Interface * Registers are memory-mapped - the M/R# pin
« 16-bit DRAM interface: selects between the display buffer and register
- EDO-DRAM up to 40MHz data rate (80M bytes address space. _
per second). * The complete 2M byte display buffer address
- FPM-DRAM up to 25MHz data rate (50M bytes space is addressable as a single linear address
per second). space through the 21-bit address bus.
* Memory size options: 0 Display Support

- 512K bytes using one 256K x 16 device.
- 2M bytes using one 1M x 16 device.

» Performance Enhancement Register to tailor the
memory control output timing for the DRAM

* 4/8-bit monochrome passive LCD interface.
* 4/8/16-bit color passive LCD interface.

* Single-panel, single-drive displays.
 Dual-panel, dual-drive displays.

device. « Direct support for 9/12-bit TFT/D-TFD; 18-bit TFT/
0 CPU Interface D-TFD is supported up to 64K color depth (16-bit
« Supports the following interfaces: data).
- 8/16-bit SH-4 bus interface. * Embedded RAMDAC (DAC)with direct analog
- 8/16-bit SH-3 bus interface. CRT drive. _ _
- 8/16-bit interface to 8/16/32-bit MC68000 » Simultaneous display of CRT and passive or TFT/
microprocessors/microcontrollers. D-TFD panels.

- 8/16-bit interface to 8/16/32-bit MC68030
microprocessors/microcontrollers. . .
- Philips PR31500/PR31700 (MIPS).  1/2/4/8/15/16 bit-per-pixel (bpp) support on LCD/

. CRT.
- Toshiba TX3912 (MIPS). .
- Philips PR31500/PR31700. » Up to 16 shades of gray using FRM on

T : monochrome passive LCD panels.
) 123: Eg\;voer: Egég/l;ﬁiﬁ%rrgg;)sorgcessor. * Up to 4096 colors on passive LCD panels; three
- PC Card (PCMCIA). 256x4 Look-Up Tgbles (LUT) are used to map 1/
- StrongARM (PC Card). 2/4/8 bpp modes into _these co!ors, 15/16 bpp
- NEC VRA41xx (MIPS) modes are mapped directly using the 4 most

' significant bits of the red, green and blue colors.

O Display Modes

. S-UISAo?thjsthe following interface with external * Up to 64K colors on TFT/D-TFD LCD panels and
logf’CP 9 CRT,; three 256x4 Look-Up Tables are used to

map 1/2/4/8 bpp modes into 4096 colors, 15/16

- GX486 microprocessor. bpp modes are mapped directly.

» One-stage write buffer for minimum wait-state
CPU writes.
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0 Display Features 0 Clock Source

« SwivelView™: direct hardware 90° rotation of « Single clock input for both the pixel and memory
display image for “portrait” mode display. clocks.

* Split Screen Display: allows two different images * Memory clock can be input clock or (input clock/2),
to be simultaneously viewed on the same display. providing flexibility to use CPU bus clock as input.

« Virtual Display Support: displays images larger * Pixel clock can be the memory clock, (memory
than the display size through the use of panning. clock/2), (memory clock/3) or (memory clock/4).

» Double Buffering/multi-pages: provides smooth .
animation and instantaneous screen update. O Miscellaneous o

« Acceleration of screen updates by allocating full * The memory data bus, MD[15:0], is used to
display memory bandwidth to CPU (see REG[23h] configure the chip at power-on. .
bit 7). « Three General Purpose Input/Output pins,

« Hardware 64x64 pixel 2-bit cursor or full screen 2- GPIO[3:1], are available if the upper Memory
bit ink layer. Address pins are not required for asymmetric

« Simultaneous display of CRT and passive panel or DRAM support. L
TET/D-TFD panel. » Suspend power save mode can be initiated by

« Normal mode for cases where LCD and CRT either hardware or software.

screen sizes are identical. » The SUSPEND# pin is used either as an input to
« Line-doubling for simultaneous display of 240-line initiate Suspend mode, or as a General Purpose
images on 240-line LCD and 480-line CRT. Output that can be used to control the LCD

« Even-scan or interlace modes for simultaneous backlight. Power-on polarity is selected by an MD

display of 480-line images on 240-line LCD and configu_ration pin.
48(5)—Iir)1/e CRT. g * Operating voltages from 2.7 volts to 5.5 volts are

supported
» 128-pin QFP15 surface mount package
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m TYPICAL SYSTEM IMPLEMENTATION DIAGRAMS
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Typical System Diagram (SH-4 Bus, 256Kx16 FPM/EDO-DRAM)
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Typical System Diagram (SH-3 Bus, 256Kx16 FPM/EDO-DRAM)
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Power Oscillator
Management
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Typical System Diagram (MC68K Bus 1, 16-Bit 68000, 256Kx16 FPM/EDO-DRAM)
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Typical System Diagram (MC68K Bus 2, 32-Bit 68030, 256Kx16 FPM/EDO-DRAM)
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Power Oscillator
Management
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Typical System Diagram (Generic Bus, 1Mx16 FPM/EDO-DRAM)
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Typical System Diagram (NEC VR41xx (MIPS) Bus, 1Mx16 FPM/EDO-DRAM)
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Power Oscillator
Management
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Typical System Diagram (Philips PR31500/PR31700 Bus, 1Mx16 FPM/EDO-DRAM)
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Typical System Diagram (Toshiba TX3912 Bus, 1Mx16 FPM/EDO-DRAM)
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Power Oscillator

Management
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Typical System Diagram (PC Card (PCMCIA) Bus, 1Mx16 FPM/EDO-DRAM)
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m INTERNAL DESCRIPTION
(0 Block Diagram Showing Datapaths

16-bit FPM/EDO-DRAM
A

h 4

Memory
Register| Controller
A A
v v
CPU > LcD
< RIW » LCD
Host — Display A IUE
CPU/MPU < FIFO [ >
I/F Look-
< » Up
Cursor Tables » DAC p» CRT
—» FFO [

Power Save CRTC

Clocks

System Block Diagram Showing Datapaths
[0 Block Descriptions

Register
The Register block contains all the register latches.

Host Interface

The Host Interface (I/F) block provides the means for the CPU/MPU to communicate with the display buffer
and internal registers via one of the supported bus interfaces.

CPU R/W

The CPU R/W block synchronizes the CPU requests for display buffer access. If SwivelView™ is enabled, the
data is rotated in this block.

Memory Controller

The Memory Controller block arbitrates between CPU accesses and display refresh accesses as well as
generates the necessary signals to interface to one of the supported 16-bit memory devices (FPM-DRAM or
EDO-DRAM).

Display FIFO
The Display FIFO block fetches display data from the Memory Controller for display refresh.

Cursor FIFO
The Cursor FIFO block fetches Cursor/ink data from the Memory Controller for display refresh.
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Look-Up Tables

The Look-Up Tables block contains three 256x4 Look-Up Tables (LUT), one for each primary color. In
monochrome mode, only the green LUT is selected and used. This block contains anti-sparkle circuitry. The
cursor/ink and display data are merged in this block.

CRTC

The CRTC generates the sync timing for the LCD and CRT, defining the vertical and horizontal display
periods.

LCD Interface

The LCD Interface block performs Frame Rate Modulation (FRM) for passive LCD panels and generates the
correct data format and timing control signals for various LCD and TFT/D-TFD panels.

DAC
The DAC is the Digital to Analog converter for analog CRT support.

Power Save
The Power Save block contains the power save mode circuitry.

Clocks
The Clocks module is the source of all clocks in the chip.

EPSON 9
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m PIN OUT

00 Pinout Diagram

Vbp
DACVss
DACVbbp

RED
IREF
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AB20
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AB10
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AB4
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—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]
—]

95— FPDAT15
94— FPDAT14
93— FPDATI13
92— FPDATI12
91— FPDATI11
90— FPDAT10
89— FPDAT9
88— FPDAT8
87— Vss
86— FPDATY
85— FPDAT6
84— FPDATS
83— FPDAT4
82— FPDAT3
81— FPDAT2
80— FPDAT1
79— FPDATO
71 ——— SUSPEND#
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69— CLKI

78— Vss
77— FPSHIFT

76— DRDY
75— LCDPWR

96— Vss
74— FPLINE
73— FPFRAME
72— Vop
68— Vss
67— MA3
66— MA4
65— MA2

S1D13505F00A

AB2 —1
ABl1 ——— 2
ABO —3
CS#t—4
M/R# ——— 5
BS# —— 6
RD# —— 7
WEQ# ——8

WE1# C——9
RD/WR# C—— 10
Vop 112
BUSCLK —— 13
Vss C—114
WAIT# — 15
DB15 — 16
DB14 ——— 17
DB13 ——118
DB12 — 19
DB11 —— 20
DB10 —— 21
DB9 22
DB8 —— 23
DB7 —— 24
DB6 —— 25
DB5 —— 26
DB4 —— 27
DB3 ——] 28
DB2 —— 29
DB1 —— 30
DBO 31
Vss 32

RESET# 11

MAS5
MA1
MAG6
MAO
MA7
MA10
MAS8
MA11
MA9
Vbbp
RAS#
1 WE#
UCAS#
LCAS#
1 Vss
MD7
MD8
MD6
MD9
MD5
MD10
MD4
MD11
MD3
MD12
MD2
MD13
MD1
MD14
MDO
MD15
VoD

Pinout Diagram

128-pin QFP15 surface mount package

10
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(0 Pin Description

Key:

CSs
COx

TSx

TSxD

CNXx

Input

Output

Bi-Directional (Input/Output)

Analog

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 (see tables “Electrical Characteristics for Vop =
5.0V Typical,” “Electrical Characteristics for Voo = 3.3V Typical,” “Electrical Characteristics

for Vop = 3.0V Typical” for details)

Tri-state CMOS output driver, x denotes driver type (see tables “Electrical Characteristics for
Vob = 5.0V Typical,” “Electrical Characteristics for Vop = 3.3V Typical,” “Electrical
Characteristics for Vop = 3.0V Typical” for details)

Tri-state CMOS output driver with pull down resistor (typical values of 100KW/180KW at 5V/
3.3V respectively), x denotes driver type (see tables “Electrical Characteristics for Vop =
5.0V Typical,” “Electrical Characteristics for Vop = 3.3V Typical,” “Electrical Characteristics
for Vop = 3.0V Typical” for details)

CMOS low-noise output driver, x denotes driver type (see tables “Electrical Characteristics
for Vop = 5.0V Typical,” “Electrical Characteristics for Voo = 3.3V Typical,” “Electrical
Characteristics for Vop = 3.0V Typical” for details)
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e Host Interface
Host Interface Pin Descriptions
Reset#

Pin N T Pin # Dri D ipti
in Name | Type in river State escription

e For SH-3/SH-4 Bus, this pin inputs system address bit 0 (A0).

« For MC68K Bus 1, this pin inputs the lower data strobe (LDS#).

* For MC68K Bus 2, this pin inputs system address bit 0 (A0).

 For Generic Bus, this pin inputs system address bit 0 (A0).

* For MIPS/ISA Bus, this pin inputs system address bit 0 (SA0).

* For Philips PR31500/31700 Bus, this pin inputs system address
bit 0 (A0).

« For Toshiba TX3912 Bus, this pin inputs system address bit 0 (A0).

» For PowerPC Bus, this pin inputs system address bit 31 (A31).

e For PC Card (PCMCIA) Bus, this pin inputs system address bit 0 (A0).

See Table “CPU Interface Pin Mapping” for summary. See the

respective AC Timing diagram for detailed functionality.

« For PowerPC Bus, these pins input the system address bits 19
through 30 (A[19:30]).

119-128, « For all other busses, these pins input the system address bits 12

1,2 through 1 (A[12:1]).

See Table “CPU Interface Pin Mapping” for summary. See the

respective AC Timing diagram for detailed functionality.

« For Philips PR31500/31700 Bus, these pins are connected to Vob.

« For Toshiba TX3912 Bus, these pins are connected to Vop.

« For PowerPC Bus, these pins input the system address bits 15
through 18 (A[15:18]).

« For all other busses, these pins input the system address bits 16
through 13 (A[16:13]).

See Table “CPU Interface Pin Mapping” for summary. See the

respective AC Timing diagram for detailed functionality.

« For Philips PR31500/31700 Bus, this pin inputs the I/O write
command (/CARDIOWR).

* For Toshiba TX3912 Bus, this pin inputs the I/O write command
(CAR-DIOWR?).

« For PowerPC Bus, this pin inputs the system address bit 14 (A14).

« For all other busses, this pin inputs the system address bit 17 (A17).

See Table “CPU Interface Pin Mapping” for summary. See the

respective AC Timing diagram for detailed functionality.

« For Philips PR31500/31700 Bus, this pin inputs the 1/O read
command (/CARDIORD).

« For Toshiba TX3912 Bus, this pin inputs the I/O read command
(CAR-DIORD®).

« For PowerPC Bus, this pin inputs the system address bit 13 (A13).

« For all other busses, this pin inputs the system address bit 18 (A18).

See Table “CPU Interface Pin Mapping” for summary. See the

respective AC Timing diagram for detailed functionality.

« For Philips PR31500/31700 Bus, this pin inputs the card control
register access (/CARDREG).

 For Toshiba TX3912 Bus, this pin inputs the card control register
(CAR-DREG¥).

» For PowerPC Bus, this pin inputs the system address bit 12 (A12).

« For all other busses, this pin inputs the system address bit 19 (A19).

See Table “CPU Interface Pin Mapping” for summary. See the

respective AC Timing diagram for detailed functionality.

ABO 3 CS Hi-Z

AB[12:1] [

AB[16:13] | 115-118 C Hi-Z

AB17# | 114 C Hi-Z

AB18 | 113 C Hi-z

AB19 | 112 C Hi-Z
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Host Interface Pin Descriptions (Continue)
Reset#

Pin Name | Type Pin # Driver State Description
« For the MIPS/ISA Bus, this pin inputs system address bit 20.
Note that for the ISA Bus, the unlatched LA20 must first be latched
before input to AB20.
« For Philips PR31500/31700 Bus, this pin inputs the address latch
AB20 | 111 c Hiz | enable (ALE).

 For Toshiba TX3912 Bus, this pin inputs the address latch enable
(ALE).

 For PowerPC Bus, this pin inputs the system address bit 11 (A11).

« For all other busses, this pin inputs the system address bit 20 (A20).

See Table “CPU Interface Pin Mapping” for summary. See the

respective AC Timing diagram for detailed functionality.

These pins are the system data bus. For 8-bit bus modes, unused

data pins should be tied to Vob.

 For SH-3/SH-4 Bus, these pins are connected to D[15:0].

* For MC68K Bus 1, these pins are connected to D[15:0].

* For MC68K Bus 2, these pins are connected to D[31:16] for 32-bit

devices (e.g. MC68030) or D[15:0] for 16-bit devices (e.g. MC68340).

* For Generic Bus, these pins are connected to D[15:0].

DBJ[15:0] 10 16-31 CITS2 Hi-Z |+ For MIPS/ISA Bus, these pins are connected to SD[15:0].

« For Philips PR31500/31700 Bus, these pins are connected to
D[31:16].

 For Toshiba TX3912 Bus, pins [15:8] are connected to D[23:16]
and pins [7:0] are connected to D[31:24].

* For PowerPC Bus, these pins are connected to D[0:15].

« For PC Card (PCMCIA) Bus, these pins are connected to D[15:0].

See Table “CPU Interface Pin Mapping” for summary. See the

respective AC Timing diagram for detailed functionality.

This is a multi-purpose pin:

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

* For MC68K Bus 1, this pin inputs the upper data strobe (UDS#).

« For MC68K Bus 2, this pin inputs the data strobe (DS#).

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

» For MIPS/ISA Bus, this pin inputs the system byte high enable
signal (SBHE#).

« For Philips PR31500/31700 Bus, this pin inputs the odd byte access

enable signal (/CARDxCSH).

« For Toshiba TX3912 Bus, this pin inputs the odd byte access
enable signal (CARDXCSH?).

» For PowerPC Bus, this pin outputs the burst inhibit signal (BI#).

* For PC Card (PCMCIA) Bus, this pin inputs the card enable 2
signal (-CE2).

See Table “CPU Interface Pin Mapping” for summary. See the

respective AC Timing diagram for detailed functionality.

« For Philips PR31500/31700 Bus, this pin is connected to Vob.

 For Toshiba TX3912 Bus, this pin is connected to Vop.

* For all busses, this input pin is used to select between the display
buffer and register address spaces of the S1D13505. M/R# is set
high to access the display buffer and low to access the registers.
See Register Mapping.

See Table “CPU Interface Pin Mapping” on page 18.

* For Philips PR31500/31700 Bus, this pin is connected to Vop.

* For Toshiba TX3912 Bus, this pin is connected to Vop.

CS# | 4 C Hi-Z |« For all busses, this is the Chip Select input.

See Table “CPU Interface Pin Mapping” on page 18. See the

respective AC Timing diagram for detailed functionality

WE1# 10 9 CS/TS2 Hi-Z

M/R# | 5 C Hi-Z
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Host Interface Pin Descriptions (Continue)

. . . Reset# -
Pin Name | Type Pin # Driver State Description

This pin inputs the system bus clock. It is possible to apply a 2x clock

and divide it by 2 internally - see MD12 in Summary of Configuration

Options.

* For SH-3/SH-4 Bus, this pin is connected to CKIO.

» For MC68K Bus 1, this pin is connected to CLK.

» For MC68K Bus 2, this pin is connected to CLK.

* For Generic Bus, this pin is connected to BCLK.

BUSCLK 13 C Hi-Z |« For MIPS/ISA Bus, this pin is connected to CLK.

* For Philips PR31500/31700 Bus, this pin is connected to DCLKOUT.

* For Toshiba TX3912 Bus, this pin is connected to DCLKOUT.

* For PowerPC Bus, this pin is connected to CLKOUT.

* For PC Card (PCMCIA) Bus, this pin is connected to the input clock
(CLKI, pin 69).

See Table “CPU Interface Pin Mapping” for summary. See the

respective AC Timing diagram for detailed functionality.

This is a multi-purpose pin:

* For SH-3/SH-4 Bus, this pin inputs the bus start signal (BS#).

» For MC68K Bus 1, this pin inputs the address strobe (AS#).

» For MC68K Bus 2, this pin inputs the address strobe (AS#).

* For Generic Bus, this pin is connected to Vop.

 For MIPS/ISA Bus, this pin is connected to Vop.

* For Philips PR31500/31700 Bus, this pin is connected to Vob.

* For Toshiba TX3912 Bus, this pin is connected to Vop.

* For PowerPC Bus, this pin inputs the Transfer Start signal (TS#).

* For PC Card (PCMCIA) Bus, this pin is connected to Vob.

See Table “CPU Interface Pin Mapping” for summary. See the

respective AC Timing diagram for detailed functionality.

This is a multi-purpose pin:

* For SH-3/SH-4 Bus, this pin inputs the read write signal (RD/WR#).
The S1D13505 needs this signal for early decode of the bus cycle.

» For MC68K Bus 1, this pin inputs the read write signal (R/W#).

» For MC68K Bus 2, this pin inputs the read write signal (R/W#).

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

 For MIPS/ISA Bus, this pin is connected to Vop.

RD/WR# 10 CS Hi-Z | For Philips PR31500/31700 Bus, this pin inputs the even byte
access enable signal (/CARDXCSL).

* For Toshiba TX3912 Bus, this pin inputs the even byte access
enable signal (CARDXCSL?).

* For PowerPC Bus, this pin inputs the read write signal (RD/WR#).

* For PC Card (PCMCIA) Bus, this pin inputs the card enable 1 signal
(-CE1).

See Table “CPU Interface Pin Mapping” for summary. See the

respective AC Timing diagram for detailed functionality.

This is a multi-purpose pin:

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

» For MC68K Bus 1, this pin is connected to Vpp.

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

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

» For MIPS/ISA Bus, this pin inputs the memory read signal (MEMR#).

RD# | 7 CS Hi-Z | For Philips PR31500/31700 Bus, this pin inputs the memory read
command (/RD).

* For Toshiba TX3912 Bus, this pin inputs the memory read command
(RD*).

* For PowerPC Bus, this pin inputs the transfer size 0 signal (TSIZ0).

* For PC Card (PCMCIA) Bus, this pin inputs the output enable signal
(-OE).

See Table “CPU Interface Pin Mapping” for summary. See the

respective AC Timing diagram for detailed functionality.
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Host Interface Pin Descriptions (Continue)

. . . Reset# -
Pin Name | Type Pin # Driver State Description

This is a multi-purpose pin:

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

* For MC68K Bus 1, this pin must be connected to Vbp

* For MC68K Bus 2, this pin inputs the bus size bit 0 (SIZ0).

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

« For MIPS/ISA Bus, this pin inputs the memory write signal (MEMWH#).

« For Philips PR31500/31700 Bus, this pin inputs the memory write
command (/WE).

 For Toshiba TX3912 Bus, this pin inputs the memory write
command (WE?*).

« For PowerPC Bus, this pin inputs the Transfer Size 1 signal (TSIZ1).

« For PC Card (PCMCIA) Bus, this pin inputs the write enable signal
(-WE).

See Table “CPU Interface Pin Mapping” for summary. See the

respective AC Timing diagram for detailed functionality.

The active polarity of the WAIT# output is configurable; the state of

MD?5 on the rising edge of RESET# defines the active polarity of

WAIT# - see “Summary of Configuration Options.”

« For SH-3 Bus, this pin outputs the wait request signal (WAIT#); MD5
must be pulled low during reset by the internal pull-down resistor.

* For SH-4 Bus, this pin outputs the ready signal (RDY#); MD5 must
be pulled high during reset by an external pull-up resistor.

« For MC68K Bus 1, this pin outputs the data transfer acknowledge
signal (DTACK#); MD5 must be pulled high during reset by an
external pull-up resistor.

* For MC68K Bus 2, this pin outputs the data transfer and size
acknowledge bit 1 (DSACK1#); MD5 must be pulled high during
reset by an external pull-up resistor.

« For Generic Bus, this pin outputs the wait signal (WAIT#); MD5
must be pulled high during reset by an external pull-up resistor.

WAIT# (0] 15 TS2 Hi-Z | For MIPS/ISA Bus, this pin outputs the 10 channel ready signal
(IOCHRDY); MD5 must be pulled low during reset by the internal
pull-down resistor.

« For Philips PR31500/31700 Bus, this pin outputs the wait state
signal (/CARDXWAIT); MD5 must be pulled low during reset by the
internal pull-down resistor.

« For Toshiba TX3912 Bus, this pin outputs the wait state signal
(CARDx-WAIT*); MD5 must be pulled low during reset by the
internal pull-down resistor.

« For PowerPC Bus, this pin outputs the transfer acknowledge signal
(TA#); MD5 must be pulled high during reset by an external pull-up
resistor.

« For PC Card (PCMCIA) Bus, this pin outputs the wait signal (-WAIT);
MD5 must be pulled low during reset by the internal pull-down
resistor.

See Table “CPU Interface Pin Mapping” for summary. See the

respective AC Timing diagram for detailed functionality.

Active low input that clears all internal registers and forces all outputs

RESET# | 11 Cs - to their inactive states. Note that active high RESET signals must be

inverted before input to this pin.

WEO# | 8 CSs Hi-Z
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e Memory Interface

Memory Interface Pin Descriptions

. . . Reset# .
Pin Name | Type Pin # Driver State Description

* For dual-CAS# DRAM, this is the column address strobe for the
lower byte (LCAS#).

LCAS# O 51 co1 1 « For single-CAS# DRAM, this is the column address strobe (CAS#).

See Table “Memory Interface Pin Mapping” for summary.

See Memory Interface Timing for detailed functionality.

This is a multi-purpose pin:

* For dual-CAS# DRAM, this is the column address strobe for the
upper byte (UCAS#).

UCAS# O 52 Cco1 1 « For single-CAS# DRAM, this is the write enable signal for the upper
byte (UWE#).

See Table “Memory Interface Pin Mapping” for summary.

See Memory Interface Timing for detailed functionality.

* For dual-CAS# DRAM, this is the write enable signal (WE#).

« For single-CAS# DRAM, this is the write enable signal for the lower

WE# o 53 Cco1 1 byte (LWE#).

See Table “Memory Interface Pin Mapping” for summary.

See Memory Interface Timing for detailed functionality

Row address strobe - see Memory Interface Timing for detailed

functionality.

« Bi-Directional memory data bus.

« During reset, these pins are inputs and their states at the rising edge
of RESET# are used to configure the chip - see “Summary of

C/TS1D Hi-z Configuration Options.” Internal pull-down resistors (typical values
of 100KQ/180KQ at 5V/3.3V respectively) pull the reset states to 0.
External pull-up resistors can be used to pull the reset states to 1.

See Memory Interface Timing for detailed functionality.

58, 60, 62, Multiplexed memory address - see Memory Interface Timing for

MA[8:0] O | 64,66,67,] CO1 Output |functionality.

65, 63, 61

RAS# O 54 Cco1 1

34, 36, 38,

40, 42, 44,

46, 48, 49,

47, 45, 43,

41, 39, 37,
35

MD[15:0] | IO

This is a multi-purpose pin:

* For 2M byte DRAM, this is memory address bit 9 (MA9).

« For asymmetrical 512K byte DRAM, this is memory address bit 9
(MA9).

» For symmetrical 512K byte DRAM, this pin can be used as general
purpose 10 pin 3 (GPIO3).

Note that unless configured otherwise, this pin defaults to an input

and must be driven to a valid logic level.

See Table “Memory Interface Pin Mapping” for summary.

See Memory Interface Timing for detailed functionality.

This is a multi-purpose pin:

« For asymmetrical 2M byte DRAM this is memory address bit 10
(MA10).

* For symmetrical 2M byte DRAM and all 512K byte DRAM this pin

MA10 10 59 C/TS1 | Output | can be used as general purpose 10 pin 1 (GPIO1).

Note that unless configured otherwise, this pin defaults to an input

and must be driven to a valid logic level.

See Table “Memory Interface Pin Mapping” for summary.

See Memory Interface Timing for detailed functionality.

This is a multi-purpose pin:

« For asymmetrical 2M byte DRAM this is memory address bit 11
(MA11).

* For symmetrical 2M byte DRAM and all 512K byte DRAM this pin

MA11 10 57 C/TS1 | Output | can be used as general purpose 10 pin 2 (GPIO2).

Note that unless configured otherwise, this pin defaults to an input

and must be driven to a valid logic level.

See Table “Memory Interface Pin Mapping” for summary.

See Memory Interface Timing for detailed functionality.

MA9 10 56 C/TS1 | Output
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e LCD Interface
LCD Interface Pin Descriptions

Pin Name |Type Pin # Cell RI;tSaIi;I'# Description
05-88 Panel data bus. Not all pins are used for some panels - see Table
FPDAT[15:0]| O 86—79’ CN3 Output ‘I‘LCD Interface Pin Mapping” for details. Unused pins are driven
ow.
FPFRAME | O 73 CN3 Output Frame pulse
FPLINE O 74 CN3 Output Line pulse
FPSHIFT (0] 77 CN3 Output Shift clock
Output LCD power control output. The active polarity of this output is
LCDPWR o 75 col if MD[10]=0 [selected by the state of I_\/ID10_ at the _rising edge of RESET#
1 - see “Summary of Configuration Options.” This output is
if MD[10]=1 |controlled by the power save mode circuitry.
This is a multi-purpose pin:
« For TFT/D-TFD panels this is the display enable output (DRDY).
« For passive LCD with Format 1 interface this is the 2nd Shift
DRDY (0] 76 CN3 Output Clock (FPSHIFT2).
« For all other LCD panels this is the LCD backplane bias signal
(MOD).
See Table “LCD Interface Pin Mapping” and REG[02h] for details.
e CRT Interface
Clock Input Pin Description
Pin Name |Type Pin # Cell Rlétsai;l'# Description
HRTC 10 107 CN3 Output Horizontal retrace signal for CRT
VRTC 10 108 CN3 Output Vertical retrace signal for CRT
RED o 100 A Analog output for CRT color Red
GREEN (0] 103 A Analog output for CRT color Green
BLUE (6] 105 A Analog output for CRT color Blue
IREF | 101 A Current reference for DAC - see Analog Pins. This pin must be left
unconnected if the DAC is not needed.

e Miscellaneous

Miscellaneous Pin Descriptions
Pin Name |Type| Pin# Cell RESET# State Description
This pin can be used as a power-down input (SUSPEND#) or as
an output possibly used for controlling the LCD backlight power:
* When MD9 = 0 at rising edge of RESET#, this pin is an
Hi-Z if MD[9]=0 activelow Schmitt input used to put the S1D13505 into

High Hardware suspend mode.
SUSPEND#| 10 71 CS/TS1| if MD[10:9]=01 |+ When MD[10:9] = 01 at rising edge of RESET#, this pin is an
Low output (GPO) with a reset state of 1. Its state is controlled by

if MD[10:9]=11 REG[21h] bit 7.

* When MD[10:9] = 11 at rising edge of RESET#, this pin is an
output (GPO) with a reset state of 0. Its state is controlled by
REG[21h] bit 7.

Input clock for the internal pixel clock (PCLK) and memory clock
CLKI 69 C (MCLK). PCLK and MCLK are derived from CLKI - see
REG[19h] for details.

Test Enable. This pin should be connected to Vss for normal

TESTEN | | 70 cD Hi-Z :
operatlon.

12,33, 55, VoD
Voo P 172,97, 100 P

99, 102, DAC VbD
DACVop | P 1ot P

14,32,50, Vss
Vss P |68,78,87, P

96, 110
DACVss | P | 98, 106 P DAC Vss
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0 Summary of Configuration Options
Summary of Power On / Reset Options

Pin Name Value onlthls pin at rising edge of RESET# is used to confl%ure. (2/0)
MDO 8-bit host bus interface 16-bit host bus interface
MDJ[3:1] Select host bus interface:MD[11] = O:
000 = SH-3/SH-4 bus interface
001 = MC68K Bus1
010 = MC68K Bus2
011 = Generic
100 = Reserved
101 = MIPS/ISA
110 = PowerPC
111 = PC Card (when MD11 = 1Philips PR31500/PR31700 or ToshibaTX3912 Bus)
MD4 Little Endian Big Endian
MD5 WAIT# is active high (1 = insert wait state) WAIT# is active low (0 = insert wait state)
MDI[7:6] Memory Address/GPIO configuration:
00 = symmetrical 256K x16 DRAM. MA[8:0] = DRAM address. MA[11:9] = GPI102,1,3 pins.
01 = symmetrical 1M x16 DRAM. MA[9:0] = DRAM address. MA[10:11] = GPIO2,1 pins.
10 = asymmetrical 256Kx16 DRAM. MA[9:0] = DRAM address. MA[10:11] = GPI0O2,1 pins.
11 = asymmetrical 1M x16 DRAM. MA[11:0] = DRAM address.
MD8 Not used
MD9 SUSPEND# pin configured as GPO output SUSPEND# pin configured as SUSPEND# input
MD10 Active low LCDPWR and GPO polarities Active high LCDPWR and GPO polarities
MD11 Alternate Host Bus Interface Selected Primary Host Bus Interface Selected
MD12 BUSCLK input divided by 2 BUSCLK input not divided
MD[15:13] Not used

(0 Multiple Function Pin Mapping
CPU Interface Pin Mapping

Philips Toshiba
PN spg | shg | MOOBK | MCEBK ) Generic [miPS/isA | PR31500 Txab1a | POWerPC (Egmcé‘{f\)
/PR31700

AB20 A20 A20 A20 A20 A20 LatchA20 ALE ALE All A20

AB19 Al9 Al19 Al9 Al19 Al19 SA19 /ICAR- CAR- Al2 A19
DREG DREG*

AB18 A18 A18 A18 A18 A18 SA18 /ICAR- CAR- Al13 A18
DIORD | DIORD*

AB17 Al7 Al7 Al7 Al7 Al7 SAl17 ICAR- CAR- Al4d Al7
DIOWR | DIOWR*

AB[16:13] | A[16:13] | A[16:13] | A[16:13] | A[16:13] | A[16:13] | SA[16:13]| VDD VDD A[15:18] | A[16:13]
AB[12:1] | A[12:1] | A[12:1] | A[12:1] | Al2:1] | A[L2:1] | SA[12:1] | A[12:1] | A[12:1] | A[19:30] | A[12:1]
ABO AO A0 LDS# A0 A0 SAO0 AO A0 A31 A0
DB[15:8] | D[15:8] | D[15:8] D[15:8] | D[31:24] | D[15:8] | SD[15:8] | D[31:24] | D[31:24] D[0:7] D[15:8]
DB[7:0] | D[7:0] D[7:0] D[7:0] | D[23:16] | D[7:0] | SD[7:0] | D[23:16] | D[23:16] | D[8:15] | D[7:0]
WE1# WE1# WE1# UDS# DS# WE1# SBHE# ICARD CARD Bl# -CE2

XCSH XCSH*
M/R# External Decode VbD External Decode
CS# External Decode VDD External Decode
BUSCLK CKIO CKIO CLK CLK BCLK CLK DCLK- DCLK- | CLKOUT | CLKI
ouT ouT
BS# BS# BS# AS#H AS# VDD VDD VDD VDD TS# VDD

RD/WR# | RD/WR# | RD/WR# R/W# R/W# RD1# VbD /CARD CARD RD/WR# -CE1
XCSL XCSL*

RD# RD# RD# VDD SIz1 RDO# | MEMR# /RD RD* TSIZO -OE

WEO# WEO# | WEO# VDD SIZ0 WEO# | MEMW# IWE WE* TSIZ1 -WE

WAIT# | WAIT# RDY | DTACK# |DSACK1#| WAIT# | IOCHRD | /CARD x | CARD x TA# -WAIT
Y WAIT WAIT*

RESET# | RESET# | RESET#| RESET# | RESET# | RESET# | inverted | RESET#| PON* | RESET# | inverted

RESET RESET
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Memory Interface Pin Mapping

S1D13505F00A

S1D13505 FPM/EDO-DRA M
Pin Sym 256Kx16 Asym 256Kx16 Sym 1Mx16 Asym 1Mx16
Name 2-CAS# | 2-WE# 2-CAS# | 2-WE# 2-CAS# | 2-WE# 2-CAS# | 2-WE#
MD[15:0] D[15:0]
MA[8:0] A[8:0]
MA9 GPI03 | A9 A9
MA10 GPIO1 A10
MA11 GPIO2 All
UCAS# UCAS# UWE# UCAS# UWE# UCAS# UWE# UCASH# UWE#
LCAS# LCAS# CAS# LCAS# CAS# LCAS# CAS# LCASH# CAS#
WE# WE# LWE# WE# LWE# WE# LWE# WE# LWE#
RAS# RAS#

Notes: « All GPIO pins default to input on reset and unless programmed otherwise, should be connected to
either Vss or 10 VDD if not used.

* The bus signal AO is not used by the S1D13505 internally.

LCD Interface Pin Mapping

MonOChgg;]ilpass've Color Passive Panel
S;Dl3505 . . Single Single : Color TFT/D-TFD Panel
Pin Name Single Dual | Single Format1 | Format 2 Single Dual
4-bit | 8-bit | 8-bit | 4-bit 8-bit 8-bit | 16-bit | 8-bit | 16-bit | 9-bit | 12-bit | 18-bit

FPFRAME FPFRAME

FPLINE FPLINE

FPSHIFT FPSHIFT

DRDY MOD FPSHIFT MOD DRDY

2
FPDATO |(driven0| DO LDO |driven0 DO DO DO LDO LDO R2 R3 R5
FPDAT1 |(driven0| D1 LD1 |drivenO D1 D1 D1 LD1 LD1 R1 R2 R4
FPDAT2 |driven0| D2 LD2 |driven0 D2 D2 D2 LD2 LD2 RO R1 R3
FPDAT3 |[driven0| D3 LD3 |driven0 D3 D3 D3 LD3 LD3 G2 G3 G5
FPDAT4 DO D4 uDO DO D4 D4 D4 uDO uDO G1 G2 G4
FPDAT5 D1 D5 uD1 D1 D5 D5 D5 uD1 uD1 GO Gl G3
FPDAT6 D2 D6 ubD2 D2 D6 D6 D6 ubD2 ubD2 B2 B3 B5
FPDAT7 D3 D7 uD3 D3 D7 D7 D7 uD3 ubD3 B1 B2 B4
FPDAT8 |drivenQ|drivenO|drivenQ|driven0| driven0 | drivenO D8 |driven0| LD4 BO Bl B3
FPDAT9 |drivenO|driven0|driven0|driven0| driven0 | drivenO D9 driven0| LD5 |[drivenO RO R2
FPDAT10 |drivenO|driven0|drivenOQ |driven0| driven0 | driven0 D10 |driven0O| LD6 |drivenO|driven0 R1
FPDAT11 |drivenO|driven0|driven0|drivenQ| driven0 | drivenO | D11 |drivenO| LD7 |driven0O| GO G2
FPDAT12 |drivenO|drivenQ|driven0|drivenQ| driven0 | driven0 | D12 |driven0| UD4 |drivenO |driven0 G1
FPDAT13 |driven0|driven0|driven0|driven0| driven0 | driven0 | D13 |driven0| UD5 |drivenO |driven0 GO
FPDAT14 |driven0|drivenQ|driven0Q|driven0Q| driven0 | driven0 | D14 |driven0| UD6 |driven0O BO B2
FPDAT15 |drivenO|driven0|drivenO |driven0| driven0 | driven0 D15 |driven0| UD7 |drivenO|driven0 B1
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O CRT Interface

The following figure shows the external circuitry for the CRT interface.

DAC Vop = 3.3V
OR DAC Vbp = 2.7V to 5.5V
1.5kQ
1%
1uF
4.6mA 4.6mA
IREF | -4:6mA LA o
2N2222 V+
R LM334
1400 1kQ v.
1% 1%
DACVss DAC Vss 29Q
2000 > 1% 1N457
1%
R DACVss DAC Vss
G } To CRT
B °
150Q 150Q 150Q
1% 1% 1%
DAC Vss DAC Vss DAC Vss

20

External Circuitry for CRT Interface
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m D.C. CHARACTERISTICS

Absolute Maximum Ratings

Symbol Parameter Rating Units
VDD Supply Voltage Vss-0.3106.0 \'
DAC Vpp |Supply Voltage Vss-0.3t06.0 \%
VIN Input Voltage Vss-0.3to Vop + 0.5 \%
Vout Output Voltage Vss-0.3to Vop + 0.5 Vv
TsTtG Storage Temperature -65 to 150 °’C
TsoL Solder Temperature/Time 260 for 10 sec. max at lead °’C

Recommended Operating Conditions

Symbol Parameter Condition Min. Typ. Max. Units
VDD Supply Voltage Vss=0V 2.7 3.0/3.3/5.0 5.5 \'
VIN Input Voltage Vss VDD \%
ToPr Operating Temperature -40 25 85 °C

Electrical Characteristics for VDD = 5.0V Typical

Symbol Parameter Condition Min. Typ. Max. Units
IbDS Quiescent Current Quiescent Conditions 400 LA
liz Input Leakage Current -1 1 HA
loz Output Leakage Current -1 1 HA
VoH High Level Output Voltage VbD = min Vop - 0.4 \%

loL = -4mA (Typel),
-8mA (Type2),
-12mA (Type3)
VoL Low Level Output Voltage Vbbb = min 0.4 \%
loL = 4mA (Typel),
8mA (Type2),
12mA (Type3)
ViH High Level Input Voltage CMOS level, Vbb = max 3.5 Vv
ViL Low Level Input Voltage CMOS level, Vbb = min 1.0 \%
VT+ High Level Input Voltage CMOS Schmitt, Vop = 5.0V 4.0 Vv
VT- Low Level Input Voltage CMOQOS Schmitt, Vop = 5.0V 0.8 Vv
VH1 Hysteresis Voltage CMOS Schmitt, Vob = 5.0V 0.3 Vv
RrD Pull Down Resistance Vi1=VbD 50 100 200 kQ
Ci Input Pin Capacitance 12 pF
Co Output Pin Capacitance 12 pF
Cio Bi-Directional Pin Capacitance 12 pF
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Electrical Characteristics for Vbb = 3.3V Typical

Symbol Parameter Condition Min. Typ. Max. Units
Ipbs Quiescent Current Quiescent Conditions 290 HA
liz Input Leakage Current -1 1 A
loz Output Leakage Current -1 1 HA
VoH High Level Output Voltage VbD = min VoD - 0.3 \%

loL = -2mA (Typel),
-4mA (Type2),
-6mA (Type3)
VoL Low Level Output Voltage VDD = min 0.3 Y

loL = 2mA (Typel),
4mA (Type2),

6mA (Type3)
ViH High Level Input Voltage CMOS level, Vbbb = max 2.2 \%
ViL Low Level Input Voltage CMOS level, Vpbp = min 0.8 Y
VT+ High Level Input Voltage CMOS Schmitt, Vop = 3.3V 2.4 V
VT Low Level Input Voltage CMOS Schmitt, Vop = 3.3V 0.6 \%
VH1 Hysteresis Voltage CMOS Schmitt, Vop = 3.3V 0.1 \%
RpD Pull Down Resistance Vi=VbD 90 180 360 kQ
Ci Input Pin Capacitance 12 pF
Co Output Pin Capacitance 12 pF
Cio Bi-Directional Pin Capacitance 12 pF
Electrical Characteristics for Vbb = 3.0V Typical
Symbol Parameter Condition Min. Typ. Max. Units
Ipbs Quiescent Current Quiescent Conditions 260 HA
liz Input Leakage Current -1 1 HA
loz Output Leakage Current -1 1 MA
VoH High Level Output Voltage VDD = min Vop - 0.3 \%
loL = -1.8mA (Typel),
-3.5mA (Type2),
-5mA (Type3)
VoL Low Level Output Voltage VDD = min 0.3 \%
loL = 1.8mA (Typel),
3.5mA (Type2),
5mA (Type3)
ViH High Level Input Voltage CMOS level, Vbbb = max 2.0 \Y
ViL Low Level Input Voltage CMOS level, Vpbp = min 0.8 \%
VT+ High Level Input Voltage CMOS Schmitt, Vpp = 3.0V 2.3 \%
VT- Low Level Input Voltage CMOS Schmitt, Vpp = 3.0V 0.5 \%
VH1 Hysteresis Voltage CMOS Schmitt, Vop = 3.0V 0.1 \%
RprD Pull Down Resistance Vi=VDD 100 200 400 kQ
Ci Input Pin Capacitance 12 pF
Co Output Pin Capacitance 12 pF
Cio Bi-Directional Pin Capacitance 12 pF
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m MECHANICAL DATA

128-pin QFP15 surface mount package

97 64

14.0 + 0.1
16.0+ 0.4

OO ooooooooooounuunmoe

128 33

.

0.125 £ 0.1
1.4+0.1

Mechanical Drawing QFP15
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NOTICE:

No part of this material may be reproduced or duplicated in any form or by any means without the written permission of Seiko Epson. Seiko
Epson reserves the right to make changes to this material without notice. Seiko Epson does not assume any liability of any kind arising out
of any inaccuracies contained in this material or due to its application or use in any product or circuit and, further, there is no representation
that this material is applicable to products requiring high level reliability, such as, medical products. Moreover, no license to any intellectual
property rights is granted by implication or otherwise, and there is no representation or warranty that anything made in accordance with this
material will be free from any patent or copyright infringement of a third party. This material or portions thereof may contain technology or the
subject relating to strategic products under the control of the Foreign Exchange and Foreign Trade Law of Japan and may require an export
license from the Ministry of International Trade and Industry or other approval from another government agency.
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