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1 Introduction

This application note describesthe hardware and software environment required to provide
an interface between the S1D 13806 Embedded Memory Display Controller and the Intel
StrongARM SA-1110.

The designs described in this document are presented only as examples of how such
interfaces might be implemented. This application note is updated as appropriate. Please
check the Epson Electronics Americawebsite at www.eea.epson.com for thelatest revision
of this document before beginning any development.

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

Interfacing to the StrongARM SA-1110 Processor S1D13806
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2 Interfacing to the StrongARM SA-1110 Bus

2.1 The StrongARM SA-1110 System Bus

The StrongARM SA-1110 microprocessor is a highly integrated communications
microcontroller that incorporates a 32-bit StrongARM RISC processor core. The SA-1110
isideally suited to interface to the S1D13806 L CD controller and provides a high
performance, power efficient solution for embedded systems.

2.1.1 StrongARM SA-1110 Overview

The SA-1110 system bus can access both variable-latency |0 and memory devices. The
SA-1110 uses a 26-bit address bus and a 32-bit data bus which can be used to access 16-bit
devices. A chip select module with six chip select signals (each accessing 64M bytes of
memory) allows selection of external devices. Only chip selects 3 through 5 (nCY[5:3])
may be used to select variable-latency deviceswhich use RDY to extend access cycles.
These chip selects are individually programmed in the SA-1110 memory configuration
registers and can be configured for either a 16 or 32-bit data bus.

Byte steering isimplemented using the four signals NCAS[3:0]. Each signal selects a byte
on the 32-bit data bus. For example, NCA SO selects bits D[7:0] and nCAS3 selects bits
D[31:24]. For a 16-bit data bus, only nCAS[1:0] are used with nCA SO selecting the low
byte and nCASL1 selecting the high byte. The SA-1110 can be configured to support little
or big endian mode.

2.1.2 Variable-Latency 10 Access Overview

A datatransfer isinitiated when amemory address is placed on the SA-1110 system bus
and achip select signal (nCS[5:3]) isdriven low. If all byte enable signals (nCAS[3:0]) are
drivenlow, thena32-hit transfer takes place. If only nCAS 1:0] aredriven low, then aword
transfer takes place through a 16-bit businterface. If only one byte enable is driven low,
then a byte transfer takes place on the respective data lines.

During aread cycle, the output enable signal (NOE) isdriven low. A writecycleis specified
by driving nOE high and driving the write enable signal ("\WE) low. The cycle can be
lengthened by driving RDY high for the time needed to complete the cycle.

S1D13806 Interfacing to the StrongARM SA-1110 Processor
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2.1.3 Variable-Latency 10 Access Cycles

Thefirst nOE assertion occurs two memory cycles after the assertion of chip select (nCS3,
nC$4, or nCS5). Two memory cycles prior to the end of minimum nOE or nWE assertion
(RDF+1 memory cycles), the SA-1110 starts sampling the data ready input (RDY)).
Samples are taken every half memory cycle until three consecutive samples (at therising
edge, falling edge, and following rising edge of the memory clock) indicate that the 10
deviceisready for datatransfer. Read dataislatched one-half memory cycle after the third
successful sample (onfalling edge). Then nOE or NWE is deasserted on the next rising edge
and the address may change on the subsequent falling edge. Prior to a subsequent data
cycle, nOE or nWE remains deasserted for RDN+1 memory cycles. The chip select and
byte selects (nCAS/DQM[1:0] for 16-hit data transfers), remain asserted for one memory
cycle after the final NOE or nWE deassertion of the burst.

The SA-1110 is capable of burst cycles during which the chip select remains low while the
read or write command is asserted, precharged and reasserted repeatedly.

Figure 2-1: illustrates atypical variable-latency 10 access read cycle on the SA-1110 bus.

A[25:0]

ADDRESS VALID

nCs4

nOE

nWE

RDY

D[31:0]

NCAS[3:0]

{ > DATA VALID

Figure 2-1. SA-1110 Variable-Latency 1O Read Cycle
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Figure 2-2: illustrates a typical variable-latency 10 access write cycle on the SA-1110 bus.

A[25:0]
ADDRESS VALID

nCS4

nWE

nOE

RDY

D[31:0] DATA VALID )

NCAS[3:0]

Figure 2-2: SA-1110 Variable-Latency |O Write Cycle
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3 S1D13806 Host Bus Interface

3.1 Host Bus Interface Pin Mapping

The S1D13806 directly supports multiple processors. The S1D13806 implements a 16-bit
PC Card (PCMCIA) Host Bus Interface which is most suitable for direct connection to the

SA-1110.

The PC Card Host Bus Interface is selected by the S1D13806 on the rising edge of
RESET#. After releasing reset the businterface signal sassumetheir selected configuration.
For details on S1D13806 configuration, see Section 4.2, “S1D13806 Hardware Configu-
ration” on page 14.

Note

At reset, the Register/Memory Select bit in the Miscellaneous Register (REG[001h] bit
7) isset to 1. This meansthat only REG[000h] (read-only) and REG[001h] are
accessible until awrite to REG[001h] setsbit 7 to 0 making all registers accessible.
When debugging a new hardware design, this can sometimes give the appearance that
the interface is not working, so it isimportant to remember to clear this bit before

proceeding with debugging.

The following table shows the functions of each Host Bus Interface signal.

Table 3-1: Host Bus Interface Pin Mapping

S1D13806 Pin Name SA-1110
AB[20:1]* A[20:1]
DB[15:0] D[15:0]

WE1# nCAS1
M/R# A21
CS# nCS4
BUSCLK SDCLK2
BS# Voo
RD/WR# nCASO
RD# nOE
WEO# nWE
WAIT# RDY
RESET# system RESET

Note

1 The bus signal A0 is not used by the S1D13806 internally.

Interfacing to the StrongARM SA-1110 Processor
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3.2 Host Bus Interface Signal Descriptions

The S1D13806 PC Card Host Bus Interface requires the following signals.

BUSCLK isaclock input which isrequired by the S1D13806 Host Bus Interface. It is
driven by one of the SA-1110 signals SDCLK1 or SDCLK?2 (the example implementa-
tion in this document uses SDCLK 2). For further information, see Section 4.3, “Perfor-
mance’ on page 14.

The address inputs AB[20:1], and the data bus DB[15:0], connect directly to the
SA-1110 address (A[20:1]) and databus (D[15:0]), respectively. CONF[3:0] must be set
to select the PC Card Host Bus Interface with little endian mode.

M/R# (memory/register) selects between memory or register access. It may be
connected to an address line, allowing system address A21 to be connected to the M/R#
line.

Chip Select (CS#) must be driven low by nCSx (where x isthe SA-1110 chip select
used) whenever the S1D13806 is accessed by the SA-1110.

WE1# and RD/WR# connect to nCAS1 and nCASO (the byte enables for the high-order
and low-order bytes). They are driven low when the SA-1110 is accessing the
S1D13806.

RD# connects to nOE (the read enable signal from the SA-1110).
WEO# connects to nWE (the write enable signal from the SA-1110).

WAIT#isasignal output from the S1D13806 that indicates the SA-1110 must wait until
dataisready (read cycle) or accepted (write cycle) on the host bus. Since SA-1110
accesses to the S1D13806 may occur asynchronously to the display update, it is possible
that contention may occur in accessing the S1D13806 internal registers and/or display
buffer. The WAIT# line resolves these contentions by forcing the host to wait until the
resource arbitration is complete.

The Bus Start (BS#) signal is not used for this Host Bus Interface and should be tied
high (connected to Vpp).

The RESET# (active low) input of the S1D13806 may be connected to the system
RESET.

S1D13806
X28B-G-012-05
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4 StrongARM SA-1110 to S1D13806 Interface

4.1 Hardware Description

The S1D13806 is designed to directly support avariety of CPUs, providing an interface to
the unique “local bus’ of each processor. The S1D13806's PC Card Host Bus Interface
provides a“glueless’ interface to the SA-1110.

In this implementation, the address inputs (AB[20:1]) and data bus (DB[15:0]) connect
directly to the CPU address (A[20:1]) and databus (D[15:0]). M/R# istreated as an address
line so that it can be controlled using system address A21.

BS# (Bus Start) is not used and should be tied high (connected to V).

The following diagram shows a typical implementation of the SA-1110 to S1D13806

interface.
SA-1110 S1D13806
+3.3V A
+3.3V
Vv
voox |_T ep
BS#
nOE » RD#
nWE > WEO#
nCASO » RD/WR#
nCAS1 » WEL1#
System RESET » RESET#
nCS4 » CS#
A21 > M/R#
A[20:1] » AB[20:1]
D[15:0] [« » DB[15:0]
Pull-up
RDY « WAIT#
SDCLK2 » BUSCLK
Oscillator » CLKI
Oscillator » CLKI2
Oscillator » CLKI3
Note:
When connecting the S1D13806 RESET# pin, the system designer should be aware of all
conditions that may reset the S1D13806 (e.g. CPU reset can be asserted during wake-up
from power-down modes, or during debug states).

Figure 4-1: Typical Implementation of SA-1110 to S1D13806 Interface

Interfacing to the StrongARM SA-1110 Processor S1D13806
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4.2 S1D13806 Hardware Configuration

The S1D13806 latches CONF7 through CONFO to allow selection of the bus mode and
other configuration data on the rising edge of RESET#. For details on configuration, refer
to the S1LD13806 Hardware Functional Specification, document number X28B-A-001-xx.

The table below shows the configuration settings important to the PC Card Host Bus
Interface used by the StrongARM SA-1110 microprocessor.

Table 4-1: Summary of Power-On/Reset Options

S1D13806 value on this pin at rising edge of RESET# is used to configure:(1/0)
Pin Name 1 0
CONF[3:0] 1001 = PC Card Host Bus Interface; Little Endian; Active Low WAIT# selected
CONF4 Reserved. Must be tied to ground.
CONF5 BUSCLK input divided by 2 BUSCLK input not divided
WAIT# is tristated when the chip is not accessed b
CONF6 WAIT# is always driven P ¥
the host
Configure GPIO12 as MediaPlug output pin Configure GPIO12 for normal use and disables
CONF7 ) 3 ) . . .
VMPEPWR and enables MediaPlug functionality MediaPlug functionality

I:l = configuration for StrongARM SA-1110 microprocessor

4.3 Performance

The S1D13806 PC Card Interface specification supports a BUSCLK up to 50MHz, and
therefore provides a high performance display solution.

The BUSCLK signal input to the S1D13806 (from one of the SDCLK][2:1] pins) isa

derivative of the SA-1110 internal processor speed. Since the PC Card Host Bus Interface
on the S1D13806 hasamaximum BUSCLK of 50MHz, the output clock from the SA-1110
must be a divided down from the processor clock. If the processor clock is higher than
100MHz, either divide the BUSCLK input by two (CONF5 = 1) or set SDCLK1/SDCLK?2
to CPU clock divided by four using the DRAM Refresh Control Register (MDREFR)
which determines the output of thissignal.

» |f SDCLK2 isused, bit 26 should be set to 1 to divide the CPU clock by 4.
e If SDCLK1 isused, bit 22 should be set to 1 to divide the CPU clock by 4.

S1D13806

X28B-G-012-05
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4.4 StrongARM SA-1110 Register Configuration

The SA-1110 requires configuration of several of itsinternal registers to interface to the
S1D13806 PC Card Host Bus Interface.

» The Static Memory Control Registers (MSC[2:0]) are read/write registers containing
control bitsfor configuring static memory or variable-latency 10 devices. These regis-
ters correspond to chip select pairs nCY[5:4], nCY3:2], and nCY 1:0] respectively. Each
of the three registers contains two identical CNFG fields, one for each chip select within
the pair. Since only nCS[5:3] controls variable-latency |O devices, MSC2 and MSC1
should be programmed based on the chip select used.

Parameter RTx<1:0> should be set to 01b (selects variable-latency 1O mode).
Parameter RBWXx should be set to 1 (selects 16-bit bus width).

Parameter RDFx<4:0> should be set according to the maximum desired CPU
frequency as indicated in the table below.

Table 4-2: RDFx Parameter Value versus CPU Maximum Frequency

CPU Frequency (MHz) RDFx
57.3-85.9 1
88.5-143.2 2
147.5 - 200.5 3
206.4 - 221.2 4

Parameter RDNx<4:0> should be set to 0 (minimum command precharge time).
Parameter RRRx<2:0> should be set to 0 (minimum nCSx precharge time).

» The S1D13806 endian mode is set to little endian. To program the SA-1110 for little
endian set bit 7 of the control register (register 1) to 0.

» The BUSCLK signal input to the S1D13806 (from one of the SDCLK][2:1] pins) isa
derivative of the SA-1110 internal processor speed. Since the PC Card Host Bus Inter-
face on the S1D13806 has a maximum BUSCLK of 50MHz, the output clock from the
SA-1110 must be adivided down from the processor clock. If the processor clock is
higher than 100MHz, either divide the BUSCLK input by two (CONF5 = 1) or set
SDCLK1/SDCLK2 to CPU clock divided by four using the DRAM Refresh Control
Register (MDREFR) which determines the output of this signal.

 |f SDCLK2 isused, bit 26 should be set to 1 to divide the CPU clock by 4.
 |f SDCLK1isused, bit 22 should be set to 1 to divide the CPU clock by 4.

Interfacing to the StrongARM SA-1110 Processor S1D13806
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4.5 Register/Memory Mapping

The S1D 13806 is a memory-mapped device. The SA-1110 uses the memory assigned to a
chip select (nCS4 in this example) to map the S1D13806 internal registers and display
buffer. The internal registers are mapped in the lower SA-1110 memory address space
starting at zero. The display buffer requires 1.25M bytes and is mapped in the third and
fourth megabytes of the SA-1110 address space (ranging from 20 0000h to 33 FFFFh).

Thisimplementation decodes as shown in the following table.

Table 4-3: Register/Memory Mapping for Typical |mplementation

A21 (M/R#) A20 Al2 Address Range Function
0 0 0 0 to 1FFh Control Registers Decoded
0 0 1 1000h to 1FFFh MediaPlug Registers Decoded
0 1 X 10 0000h to 1F FFFFh BitBLT Registers Decoded
1 X X 20 0000h to 33 FFFFh Display Buffer Decoded

x = don't care

Each chip select on the SA-1110 provides 64M byte of address space. Since the SA-1110
address bits A[25:22] are ignored, the S1D13806 registers and display buffer are aliased
withintheallocated address space. If aliasing isundesirable, the address space must befully

decoded.

S1D13806
X28B-G-012-05
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5 Software

Test utilities and Windows® CE display drivers are available for the S1D13806. Full
source code is available for both the test utilities and the drivers.

Thetest utilities are configurable for different panel types using a program called
13806CFG, or by directly modifying the source. The Windows CE display drivers can be
customized by the OEM for different panel types, resolutions and color depths only by
modifying the source.

The S1D13806 test utilities and Windows CE display drivers are available from your sales
support contact or on the internet at www.eea.epson.com.

Interfacing to the StrongARM SA-1110 Processor S1D13806
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7 Technical Support

7.1 EPSON LCD/CRT Controllers (S1D13806)

Japan
Seiko Epson Corporation

Electronic Devices Marketing Division

421-8, Hino, Hino-shi
Tokyo 191-8501, Japan
Tel: 042-587-5812

Fax: 042-587-5564
http://lwww.epson.co.jp

Hong Kong

Epson Hong Kong Ltd.
20/F., Harbour Centre
25 Harbour Road
Wanchai, Hong Kong
Tel: 2585-4600

Fax: 2827-4346

North America

Epson Electronics America, Inc.
150 River Oaks Parkway

San Jose, CA 95134, USA

Tel: (408) 922-0200

Fax: (408) 922-0238
http://lwww.eea.epson.com

Europe

Epson Europe Electronics GmbH
Riesstrasse 15

80992 Munich, Germany

Tel: 089-14005-0

Fax: 089-14005-110

7.2 Intel StrongARM SA-1110 Processor

INTEL

Intel Customer Support (ICS) for StrongARM: (800) 628-8686

Website for StrongARM Processor http://developer.intel.com/design/strong/

Taiwan

Epson Taiwan Technology
& Trading Ltd.

10F, No. 287

Nanking East Road

Sec. 3, Taipei, Taiwan

Tel: 02-2717-7360

Fax: 02-2712-9164

Singapore

Epson Singapore Pte., Ltd.
No. 1

Temasek Avenue #36-00
Millenia Tower

Singapore, 039192

Tel: 337-7911

Fax: 334-2716
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