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1  Introduction

This application note describes the hardware and software environment necessary to 
provide an interface between the S1D13806 Embedded Memory Display Controller and the 
Toshiba MIPS TX3912 Processor.

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 America website at 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 
documentation@erd.epson.com.
Interfacing to the Toshiba MIPS TX3912 Processor S1D13806
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2  Interfacing to the TX3912

The Toshiba MIPS TX3912 processor supports up to two PC Card (PCMCIA) slots. It is 
through this Host Bus Interface that the S1D13806 connects to the TX3912 processor.

The S1D13806 can be successfully interfaced using one of the following configurations:

• Direct connection to the TX3912 (see Section 4, “Direct Connection to the Toshiba 
TX3912” on page 11).

• System design using the ITE IT8368E PC Card/GPIO buffer chip (see Section 5, 
“System Design Using the IT8368E PC Card Buffer” on page 15).
S1D13806 Interfacing to the Toshiba MIPS TX3912 Processor
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3  S1D13806 Host Bus Interface

The S1D13806 implements a 16-bit Host Bus Interface specifically for interfacing to the 
TX3912 microprocessor.

The TX3912 Host Bus Interface is selected by the S1D13806 on the rising edge of 
RESET#. After releasing reset, the bus interface signals assume their selected configu-
ration. For details on S1D13806 configuration, see Section 4.2, “S1D13806 Configu-
ration” on page 13.

Note
At reset, the Register/Memory Select bit in the Miscellaneous Register (REG[001h] bit 
7) is set to 1. This means that only REG[000h] (read-only) and REG[001h] are
accessible until a write to REG[001h] sets bit 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 is important to remember to clear this bit before
proceeding with debugging.

3.1  TX3912 Host Bus Interface Pin Mapping

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

Table 3-1: TX3912 Host Bus Interface Pin Mapping

S1D13806
Pin Names

Toshiba TX3912

AB20 ALE
AB19 CARDREG*

AB18 CARDIORD*
AB17 CARDIOWR*

AB[16:13] VDD

AB[12:0] A[12:0]
DB[15:8] D[23:16]
DB[7:0] D[31:24]

WE1# CARDxCSH*
M/R# VDD

CS# VDD

BUSCLK DCLKOUT
BS# VDD

RD/WR# CARDxCSL*

RD# RD*
WE0# WE*
WAIT# CARDxWAIT*

RESET# PON*
Interfacing to the Toshiba MIPS TX3912 Processor S1D13806
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3.2  TX3912 Host Bus Interface Signals

When the S1D13806 is configured to operate with the TX3912, the Host Bus Interface 
requires the following signals:

• BUSCLK is a clock input required by the S1D13806 Host Bus Interface. It is separate 
from the input clock (CLKI) and should be driven by the TX3912 bus clock output 
DCLKOUT.

• Address input AB20 corresponds to the TX3912 signal ALE (address latch enable) 
whose falling edge indicates that the most significant bits of the address are present on 
the multiplexed address bus (AB[12:0]).

• Address input AB19 should be connected to the TX3912 signal CARDREG*. This 
signal is active when either IO or configuration space of the TX3912 PC Card slot is 
being accessed.

• Address input AB18 should be connected to the TX3912 signal CARDIORD*. Either 
AB18 or the RD# input must be asserted for a read operation to take place. The presence 
of two pins which provide the same function, maps the S1D13806 to both IO and 
attribute space (see Section 4.3, “Memory Mapping and Aliasing” on page 14).

• Address input AB17 should be connected to the TX3912 signal CARDIOWR*. Either 
AB17 or the WE0# input must be asserted for a write operation to take place. The
presence of two pins which provide the same function, maps the S1D13806 to both IO 
and attribute space (see Section 4.3, “Memory Mapping and Aliasing” on page 14).

• Address inputs AB[16:13] and control inputs M/R#, CS# and BS# must be tied to VDD 
as they are not used in this interface mode.

• Address inputs AB[12:0], and the data bus DB[15:0], connect directly to the TX3912 
address and data bus, respectively. The S1D13806 supports the TX3912 in little endian 
mode only. Because of the TX3912 data bus naming convention and endian mode, 
S1D13806 DB[15:8] must be connected to TX3912 D[23:16], and S1D13806 
DB[7:0] must be connected to TX3912 D[31:24].

• Control inputs WE1# and RD/WR# should be connected to the TX3912 signals 
CARDxCSH* and CARDxCSL* respectively for byte steering.

• Input RD# should be connected to the TX3912 signal RD*. Either RD# or the AB18 
input (CARDIORD*) must be asserted for a read operation to take place.

• Input WE0# should be connected to the TX3912 signal WR*. Either WE0# or the AB17 
input (CARDIOWR*) must be asserted for a write operation to take place.

• WAIT# is a signal output from the S1D13806 that indicates the TX3912 must wait until 
data is ready (read cycle) or accepted (write cycle) on the host bus. Since the TX3912 
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.
S1D13806 Interfacing to the Toshiba MIPS TX3912 Processor
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4  Direct Connection to the Toshiba TX3912

The S1D13806 was specifically designed to support the Toshiba MIPS TX3912 processor. 
When configured, the S1D13806 will utilize one of the PC Card slots supported by the 
processor.

4.1  Hardware Description

In this example implementation, the S1D13806 occupies one PC Card slot and resides in 
the Attribute and IO address range. The processor provides address bits A[12:0], with 
A[23:13] being multiplexed and available on the falling edge of ALE. Peripherals requiring 
more than 8K bytes of address space would require an external latch for these multiplexed 
bits. However, the S1D13806 has an internal latch specifically designed for this processor 
making additional logic unnecessary. To further reduce the need for external components, 
the S1D13806 has an optional BUSCLK divide-by-2 feature, allowing the high speed 
DCLKOUT from the processor to be directly connected to the BUSCLK input of the 
S1D13806. An optional external oscillator may be used for BUSCLK since the S1D13806 
will accept host bus control signals asynchronously with respect to BUSCLK.

The host interface control signals of the S1D13806 are asynchronous with respect to the 
S1D13806 bus clock. This gives the system designer full flexibility to choose the
appropriate source (or sources) for CLKI and BUSCLK. The choice of whether both clocks 
should be the same, whether to use DCLKOUT as clock source, and whether an external or 
internal clock divider is needed, should be based on the following criteria.

• pixel and frame rates.

• power budget.

• part count.

• maximum S1D13806 clock frequencies.

The S1D13806 also has internal CLKI dividers providing additional flexibility.
Interfacing to the Toshiba MIPS TX3912 Processor S1D13806
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The following diagram shows a typical implementation of the interface.

Figure 4-1: Typical Implementation of Direct Connection
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4.2  S1D13806 Configuration

The S1D13806 latches CONF7 through CONF0 to allow selection of the bus mode and 
other configuration data on the rising edge of RESET#. For details on configuration, refer 
to the S1D13806 Hardware Functional Specification , document number X28B-A-001-xx.

The table below shows the configuration settings important to the TX3912 Host Bus 
Interface.

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

S1D13806
Pin Name

state of this pin at rising edge of RESET# is used to configure:(1/0)
1 0

CONF[3:0] 1000 = TX3912 Host Bus Interface; Little Endian; Active Low WAIT# selected
CONF4 Reserved. Must be tied to ground.
CONF5 BUSCLK input divided by 2 (use with DCLKOUT) BUSCLK input not divided (use with external oscillator)

CONF6 WAIT# is always driven
WAIT# is tristated when the chip is not accessed by 
the host

CONF7 Configure GPIO12 as MediaPlug output pin 
VMPEPWR and enables MediaPlug functionality

Configure GPIO12 for normal use and disables 
MediaPlug functionality

= configuration for TX3912 Host Bus Interface
Interfacing to the Toshiba MIPS TX3912 Processor S1D13806
Issue Date: 01/02/26 X28B-G-010-04
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4.3  Memory Mapping and Aliasing

The TX3912 uses a portion of the PC Card Attribute and IO space to access the S1D13806. 
The S1D13806 responds to both PC Card Attribute and IO bus accesses, thus freeing the 
programmer from having to set the TX3912 Memory Configuration Register 3 bit 
CARD1IOEN (or CARD2IOEN if slot 2 is used). As a result, the TX3912 sees the 
S1D13806 on its PC Card slot as described in the table below. 

Table 4-2: TX3912 to PC Card Slots Address Remapping for Direct Connection

S1D13806 Uses PC Card Slot # Toshiba Address Size Function

1

0800 0000h 16M byte Card 1 IO or Attribute

0900 0000h 8M byte
S1D13806 registers,

aliased 4 times at 2M byte intervals

0980 0000h 8M byte
S1D13806 display buffer,

aliased 4 times at 2M byte intervals

0A00 0000h 32M byte Card 1 IO or Attribute

6400 0000h 64M byte Card 1 Memory

2

0C00 0000h 16M byte Card 2 IO or Attribute

0D00 0000h 8M byte
S1D13806 registers,

aliased 4 times at 2M byte intervals

0D80 0000h 8M byte
S1D13806 display buffer,

aliased 4 times at 2M byte intervals

0E00 0000h 32M byte Card 2 IO or Attribute

6800 0000h 64M byte Card 2 Memory
S1D13806 Interfacing to the Toshiba MIPS TX3912 Processor
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5  System Design Using the IT8368E PC Card Buffer

In a system design using one or two ITE IT8368E PC Card and multiple-function IO 
buffers, the S1D13806 can be interfaced so as to share one of the PC Card slots.

5.1  Hardware Description

The IT8368E can be programmed to allocate the same portion of the PC Card Attribute and 
IO space to the S1D13806 as in the direct connection implementation described in Section 
4, “Direct Connection to the Toshiba TX3912” on page 11.

Following is a block diagram showing an implementation using the IT8368E PC Card 
buffer.

Figure 5-1: IT8368E Implementation Block Diagram

TX3912
S1D13806

IT8368E
PC Card
Device

IT8368E PC Card
Device
Interfacing to the Toshiba MIPS TX3912 Processor S1D13806
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5.2  IT8368E Configuration

The ITE IT8368E is specifically designed to support EPSON LCD/CRT controllers. Older 
EPSON Controllers not supporting a direct interface to the Toshiba processor can utilize 
the IT8368E MFIO pins to provide the necessary control signals, however when using the 
S1D13806 this is not necessary as the Direct Connection described in Section 4, “Direct 
Connection to the Toshiba TX3912” on page 11 can be used.

The IT8368E must have both “Fix Attribute/IO” and “VGA” modes enabled. When both 
these modes are enabled a 16M byte portion of the system PC Card attribute and IO space 
is allocated to address the S1D13806.

When the IT8368E senses that the S1D13806 is being accessed, it does not propagate the 
PC Card signals to its PC Card device. This makes S1D13806 accesses transparent to any 
PC Card device connected to the same slot.

For mapping details, refer to Section 4.3, “Memory Mapping and Aliasing” on page 14. For 
further information on configuring the IT8368E, refer to the IT8368E PC Card/GPIO 
Buffer Chip Specification.

5.3  S1D13806 Configuration

For S1D13806 configuration, refer to Section 4.2, “S1D13806 Configuration” on page 13.
S1D13806 Interfacing to the Toshiba MIPS TX3912 Processor
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6  Software

Test utilities and Windows® CE v2.0/2.11 display drivers are available for the S1D13806. 
Full source code is available for both the test utilities and the drivers.

The test utilities are configurable for different panel types using a program called 
13806CFG, or by directly modifying the source. The Windows CE v2.0/2.11 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 v2.0/2.11 display drivers are available from 
your sales support contact or on the internet at www.eea.epson.com.
Interfacing to the Toshiba MIPS TX3912 Processor S1D13806
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