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1  Introduction

This application note describes the hardware and software environment required to provide 
an interface between the S1D13806 Embedded Memory Display Controller and the 
Motorola MPC821 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 Motorola MPC821 Microprocessor S1D13806
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2  Interfacing to the MPC821

2.1  The MPC8xx System Bus

The MPC8xx family of processors feature a high-speed synchronous system bus typical of 
RISC microprocessors. This section provides an overview of the operation of the CPU bus 
in order to establish interface requirements.

2.2  MPC821 Bus Overview

The MPC8xx microprocessor family uses a synchronous address and data bus. All IO is 
synchronous to a square-wave reference clock called CLKOUT. This clock runs at the 
machine cycle speed of the CPU core (typically 25 to 50 MHz). Most outputs from the 
processor change state on the rising edge of this clock. Similarly, most inputs to the 
processor are sampled on the rising edge.

Note
The external bus can be run at one-half the CPU core speed using the clock control reg-
ister. This is typically done when the CPU core is operated above 50 MHz.

The MPC821 can generate up to eight independent chip select outputs, each of which may 
be controlled by one of two types of timing generators: the General Purpose Chip Select 
Module (GPCM) or the User-Programmable Machine (UPM). Examples are given using 
the GPCM.

All Power PC microprocessors, including the MPC8xx family, use bit notation which is 
opposite from the convention used by most other microprocessor systems. Bit numbering 
for the MPC8xx always starts with zero as the most significant bit, and increments in value 
to the least-significant bit. For example, the most significant bits of the address bus and data 
bus are A0 and D0, while the least significant bits are A31 and D31.

The MPC8xx uses both a 32-bit address and data bus. A parity bit is supported for each of 
the four byte lanes on the data bus. Parity checking is done when data is read from external 
memory or peripherals, and generated by the MPC8xx bus controller on write cycles. There 
is no separate IO space in the Power PC architecture because all IO accesses are memory-
mapped.

Support is provided for on-chip (DMA controllers) and off-chip (other processors and 
peripheral controllers) bus masters. For further information, refer to Section 6, “Refer-
ences” on page 22.

The bus can support both normal and burst cycles. Burst memory cycles are used to fill
on-chip cache memory and for certain on-chip DMA operations. Normal cycles are used 
for all other data transfers.
S1D13806 Interfacing to the Motorola MPC821 Microprocessor
X28B-G-008-04 Issue Date: 01/02/26
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2.2.1  Normal (Non-Burst) Bus Transactions

The bus master initiates a data transfer by placing the memory address on address lines A0 
through A31 and driving TS (Transfer Start) low for one clock cycle. Several control 
signals are provided with the memory address:

• TSIZ[0:1] (Transfer Size) – indicates bus cycle size (8, 16, or 32-bit).

• RD/WR – set high for read cycles and low for write cycles.

• AT[0:3] (Address Type Signals) – provides detail on the type of transfer being 
attempted.

When the peripheral device being accessed completes its bus transfer, it asserts TA 
(Transfer Acknowledge) for one clock cycle to complete the bus transaction. Once TA has 
been asserted, the MPC821 doesn’t start another bus cycle until TA is de-asserted. The 
minimum length of a bus transaction is two bus clocks.

Figure 2-1: “Power PC Memory Read Cycle”  on page 9 illustrates a typical memory read 
cycle on the Power PC system bus.

Figure 2-1: Power PC Memory Read Cycle
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Figure 2-2: “Power PC Memory Write Cycle”  on page 10 illustrates a typical memory 
write cycle on the Power PC system bus.

Figure 2-2: Power PC Memory Write Cycle

If an error occurs, TEA (Transfer Error Acknowledge) is asserted and the bus cycle is 
aborted. For example, a peripheral device may assert TEA if a parity error is detected, or 
the MPC821 bus controller may assert TEA if no peripheral device responds at the 
addressed memory location within a bus time-out period.

For 32-bit transfers, all data lines (D[0:31]) are used and the two low-order address lines 
A30 and A31 are ignored. For 16-bit transfers, data lines D[0:15] are used and address line 
A30 is ignored. For 8-bit transfers, data lines D[0:7] are used and all address lines (A[0:31]) 
are used.

Note
This assumes that the Power PC core is operating in big endian mode (typically the case 
for embedded systems).

2.1.3 Burst Cycles

Burst memory cycles are used to fill on-chip cache memory and to carry out certain on-chip 
DMA operations. They are very similar to normal bus cycles with the following exceptions:

• Always 32-bit.

• Always attempt to transfer four 32-bit words sequentially.

• Always address longword-aligned memory (i.e. A30 and A31 are always 0:0).

• Do not increment address bits A28 and A29 between successive transfers; the addressed 
device must increment these address bits internally.
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If a peripheral is not capable of supporting burst cycles, it can assert Burst Inhibit (BI) 
simultaneously with TA and the processor reverts to normal bus cycles for the remaining 
data transfers.

Burst cycles are mainly intended to facilitate cache line fills from program or data memory. 
They are normally not used for transfers to/from IO peripheral devices such as the 
S1D13806, therefore the interfaces described in this document do not attempt to support 
burst cycles. However, the example interfaces include circuitry to detect the assertion of 
BDIP and respond with BI if caching is accidently enabled for the S1D13806 address space.

2.3  Memory Controller Module

2.3.1  General-Purpose Chip Select Module (GPCM)

The General-Purpose Chip Select Module (GPCM) is used to control memory and 
peripheral devices which do not require special timing or address multiplexing. In addition 
to the chip select output, it can generate active-low Output Enable (OE) and Write Enable 
(WE) signals compatible with most memory and x86-style peripherals. The MPC821 bus 
controller also provides a Read/Write (RD/WR) signal which is compatible with most 68K 
peripherals.

The GPCM is controlled by the values programmed into the Base Register (BR) and Option 
Register (OR) of the respective chip select. The Option Register sets the base address, the 
block size of the chip select, and controls the following timing parameters:

• The ACS bit field allows the chip select assertion to be delayed by 0, ¼, or ½ clock 
cycle with respect to the address bus valid.

• The CSNT bit causes chip select and WE to be negated ½ clock cycle earlier than 
normal.

• The TRLX (relaxed timing) bit will insert an additional one clock delay between
assertion of the address bus and chip select. This accommodates memory and
peripherals with long setup times.

• The EHTR (Extended hold time) bit will insert an additional 1 clock delay on the first 
access to a chip select.

• Up to 15 wait states may be inserted, or the peripheral can terminate the bus cycle itself 
by asserting TA (Transfer Acknowledge).

• Any chip select may be programmed to assert BI (Burst Inhibit) automatically when its 
memory space is addressed by the processor core.
Interfacing to the Motorola MPC821 Microprocessor S1D13806
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2.3.2  User-Programmable Machine (UPM)

The UPM is typically used to control memory types, such as Dynamic RAMs, which have 
complex control or address multiplexing requirements. The UPM is a general purpose 
RAM-based pattern generator which can control address multiplexing, wait state gener-
ation, and five general-purpose output lines on the MPC821. Up to 64 pattern locations are 
available, each 32 bits wide. Separate patterns may be programmed for normal accesses, 
burst accesses, refresh (timer) events, and exception conditions. This flexibility allows 
almost any type of memory or peripheral device to be accommodated by the MPC821.

In this application note, the GPCM is used instead of the UPM, since the GPCM has enough 
flexibility to accommodate the S1D13806 and it is desirable to leave the UPM free to 
handle other interfacing duties, such as EDO DRAM.
S1D13806 Interfacing to the Motorola MPC821 Microprocessor
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3  S1D13806 Host Bus Interface

The S1D13806 implements a 16-bit native PowerPC host bus interface which is used to 
interface to the MPC821 microprocessor.

The PowerPC host bus interface is selected by the S1D13806 on the rising edge of 
RESET#. After releasing reset the bus interface signals assume their selected configuration. 
For details on S1D13806 configuration, see Section 4.3, “S1D13806 Hardware Configu-
ration” on page 18.

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  PowerPC Host Bus Interface Pin Mapping

The following table shows the functions of each host bus interface signal.

Table 3-1: PowerPC Host Bus Interface Pin Mapping

S1D13806 Pin Names PowerPC

AB[20:0] A[11:31]

DB[15:0] D[0:15]

WE1# BI

M/R# A10

CS# PowerPC Internal Chip Select

BUSCLK CLKOUT

BS# TS

RD/WR# RD/WR

RD# TSIZ0

WE0# TSIZ1

WAIT# TA

RESET# RESET#
Interfacing to the Motorola MPC821 Microprocessor S1D13806
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3.2  PowerPC Host Bus Interface Signals

The S1D13806 PowerPC host bus interface is designed to support processors which 
interface the S1D13806 through the PowerPC bus.

The S1D13806 PowerPC host bus interface requires the following signals:

• BUSCLK is a clock input which is required by the S1D13806 host bus interface. It is 
separate from the input clock (CLKI) and is typically driven by the host CPU system 
clock.

• The address inputs AB[20:0], and the data bus DB[15:0], connect directly to the 
PowerPC bus address (A[11:31]) and data bus (D[0:15]), respectively. CONF[3:0] must 
be set to select the PowerPC Host Bus Interface with big endian mode.

• M/R# (memory/register) selects between memory or register access. It may be 
connected to an address line, allowing the PowerPC bus address A10 to be connected to 
the M/R# line.

• Chip Select (CS#) must be driven low whenever the S1D13806 is accessed by the 
PowerPC bus.

• RD/WR# connects to RD/WR which indicates whether a read or a write access is being 
performed on the S1D13806.

• WE1# connects to BI (burst inhibit signal). WE# is output by the S1D13806 to indicate 
whether the S1D13806 is able to perform burst accesses.

• WE0# and RD# connect to TSIZ1 and TSIZ0 (high and low byte enable signals). These 
signals must be driven by the PowerPC bus to indicate the size of the transfer taking 
place on the bus.

• WAIT# connects to TA and is output from the S1D13806 to indicate the PowerPC bus 
must wait until data is ready (read cycle) or accepted (write cycle) on the host bus. Since 
PowerPC bus accesses to the S1D13806 may occur asynchronously to the display 
update, it is possible that contention may occur while accessing the S1D13806 internal 
registers and/or display buffer. The WAIT# line resolves these contentions by forcing 
the host to wait until resource arbitration is complete.

• The Bus Start (BS#) signal connects to TS (the transfer start signal).
S1D13806 Interfacing to the Motorola MPC821 Microprocessor
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4  MPC821 to S1D13806 Interface

4.1  Hardware Description

The S1D13806 provides native PowerPC bus support, making it very simple to interface 
the two devices. This application note describes the environment necessary to connect the 
S1D13806 to the MPC821 native system bus and the connections between the 
S5U13806B00B Evaluation Board and the Motorola MPC821 Application Development 
System (ADS).

The S1D13806, by implementing a dedicated display buffer, reduces system power 
consumption, improves image quality, and increases system performance as compared to 
the on-chip LCD controller of the MPC821.

The S1D13806, through the use of the MPC821 chip selects, shares the system bus with all 
other MPC821 peripherals. The following figure demonstrates a typical implementation of 
the S1D13806 to MPC821 interface.

Figure 4-1: Typical Implementation of MPC821 to S1D13806 Interface

MPC821 S1D13806

A[11:31]

D[0:15]

CS4

TA

RD/WR

TSIZ0

TSIZ1

CLKOUT

RESET

AB[20:0]

DB[15:0]

CS#

WAIT#

RD/WR#

RD#

WE0#

BUSCLK

RESET#

A10 M/R#

TS BS#

WE1#BI

System

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).

Note:
Interfacing to the Motorola MPC821 Microprocessor S1D13806
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Table 4-1:,“List of Connections from MPC821ADS to S1D13806” on page 16 shows the 
connections between the pins and signals of the MPC821 and the S1D13806.

Note
The interface was designed using a Motorola MPC821 Application Development
System (ADS). The ADS board has 5 volt logic connected to the data bus, so the
interface included two 74F245 octal buffers on D[0:15] between the ADS and the 
S1D13806. In a true 3 volt system, no buffering is necessary.

4.2  Hardware Connections

The following table details the connections between the pins and signals of the MPC821 
and the S1D13806.

Table 4-1: List of Connections from MPC821ADS to S1D13806 

MPC821 Signal Name MPC821ADS Connector and Pin Name S1D13806 Signal Name
Vcc P6-A1, P6-B1 Vcc
A10 P6-C23 M/R#

A11 P6-A22 AB20
A12 P6-B22 AB19
A13 P6-C21 AB18

A14 P6-C20 AB17
A15 P6-D20 AB16
A16 P6-B24 AB15

A17 P6-C24 AB14
A18 P6-D23 AB13

A19 P6-D22 AB12
A20 P6-D19 AB11
A21 P6-A19 AB10

A22 P6-D28 AB9
A23 P6-A28 AB8
A24 P6-C27 AB7

A25 P6-A26 AB6
A26 P6-C26 AB5
A27 P6-A25 AB4

A28 P6-D26 AB3
A29 P6-B25 AB2
A30 P6-B19 AB1

A31 P6-D17 AB0
D0 P12-A9 DB15
D1 P12-C9 DB14

D2 P12-D9 DB13
D3 P12-A8 DB12
D4 P12-B8 DB11

D5 P12-D8 DB10
D6 P12-B7 DB9
D7 P12-C7 DB8
S1D13806 Interfacing to the Motorola MPC821 Microprocessor
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Note
Note that the bit numbering of the Power PC bus signals is reversed. e.g. the most
significant address bit is A0, the next is A1, A2, etc.

D8 P12-A15 DB7
D9 P12-C15 DB6

D10 P12-D15 DB5
D11 P12-A14 DB4
D12 P12-B14 DB3

D13 P12-D14 DB2
D14 P12-B13 DB1
D15 P12-C13 DB0

SRESET P9-D15 RESET#
SYSCLK P9-C2 BUSCLK

CS4 P6-D13 CS#

TS P6-B7 BS#
TA P6-B6 WAIT#

R/W P6-D8 RD/WR#

TSIZ0 P6-B18 RD#
TSIZ1 P6-C18 WE0#

BI P6-B9 WE1#

Gnd

P12-A1, P12-B1, P12-A2, P12-B2, 
P12-A3, P12-B3, P12-A4, P12-B4, 
P12-A5, P12-B5, P12-A6, P12-B6, 

P12-A7

Vss

Table 4-1: List of Connections from MPC821ADS to S1D13806  (Continued)

MPC821 Signal Name MPC821ADS Connector and Pin Name S1D13806 Signal Name
Interfacing to the Motorola MPC821 Microprocessor S1D13806
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4.3  S1D13806 Hardware 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 PowerPC Host Bus 
Interface used by the MPC821 microprocessor.

4.4  Register/Memory Mapping

The DRAM on the MPC821 ADS board extends from address 0 through 3F FFFFh, so the 
S1D13806 is addressed starting at 40 0000h. A total of 4M bytes of address space is used, 
The S1D13806 is a memory-mapped device. The internal registers are mapped in the lower 
address space starting at zero. The display buffer requires 1.25M bytes and is mapped in 
the third and fourth megabytes of allocated memory (60 0000h to 73 FFFFh).

A typical implementation as shown in Figure 4-1: “Typical Implementation of MPC821 to 
S1D13806 Interface,” on page 15 has the Memory/Register select pin (M/R#) connected to 
MPC821 address line A10. A10 selects between the S1D13806 display buffer (A10 = 1) 
and internal registers (A10 = 0). This implementation decodes as shown in the following 
table. 

Table 4-2: 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] 1011 = MPC821 Host Bus Interface; Big Endian; Active High WAIT# selected
CONF4 Reserved. Must be tied to ground.
CONF5 BUSCLK input divided by 2 BUSCLK input not divided

CONF6 WAIT# is always driven
WAIT# is tristated when the chip is no 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 MPC821 microprocessor

Table 4-3: Register/Memory Mapping for Typical Implementation

A10 (M/R#) A11 A19 Physical Address Range Function

0 0 0 40 0000h to 40 01FFh Control Registers Decoded

0 0 1 40 1000h to 40 1FFFh MediaPlug Registers Decoded

0 1 x 50 0000h to 5F FFFFh BitBLT Registers Decoded

1 x x 60 0000h to 73 FFFFh Display Buffer Decoded

x = don’t care
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4.5  MPC821 Chip Select Configuration

Chip select 4 is used to control the S1D13806. The following options are selected in the 
base address register (BR4):

• BA[0:16] = 0000 0000 0100 0000 0 – set starting address of S1D13806 to 40 0000h.

• AT[0:2] = 0 – ignore address type bits.

• PS[0:1] = 1:0 – memory port size is 16-bit.

• PARE = 0 – disable parity checking.

• WP = 0 – disable write protect.

• MS[0:1] = 0:0 – select General Purpose Chip Select module to control this chip select.

• V = 1 – set valid bit to enable chip select.

The following options were selected in the option register (OR4):

• AM[0:16] = 1111 1111 1100 0000 0 – mask all but upper 10 address bits; S1D13806 
consumes 4M byte of address space.

• ATM[0:2] = 0 – ignore address type bits.

• CSNT = 0 – normal CS/WE negation.

• ACS[0:1] = 1:1 – delay CS assertion by ½ clock cycle from address lines.

• BI = 0 – do not assert Burst Inhibit.

• SCY[0:3] = 0 – wait state selection; this field is ignored since external transfer acknowl-
edge is used; see SETA below.

• SETA = 1 – the S1D13806 generates an external transfer acknowledge using the 
WAIT# line.

• TRLX = 0 – normal timing.

• EHTR = 0 – normal timing.
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4.6  Test Software

The test software is very simple. It configures chip select 4 (CS4) on the MPC821 to map 
the S1D13806 to an unused 4M byte block of address space. Next, it loads the appropriate 
values into the option register for CS4 and writes the value 0 to the S1D13806 register 
REG[001h] to enable full S1D13806 memory/register decoding. Lastly, the software runs 
a tight loop that reads the S1D13806 Revision Code Register REG[000h]. This allows 
monitoring of the bus timing on a logic analyzer.

The following source code was entered into the memory of the MPC821ADS using the 
line-by-line assembler in MPC8BUG (the debugger provided with the ADS board). Once 
the program was executed on the ADS, a logic analyzer was used to verify operation of the 
interface hardware.

It is important to note that when the MPC821 comes out of reset, the on-chip caches and 
MMU are disabled. If the data cache is enabled, then the MMU must be set so that the 
S1D13806 memory block is tagged as non-cacheable. This ensures the MPC821 does not 
attempt to cache any data read from, or written to, the S1D13806 or its display buffer.

BR4 equ $120 ; CS4 base register
OR4 equ $124 ; CS4 option register
MemStart equ $40 ; upper word of S1D13806 start address
DisableReg equ $1 ; address of S1D13806 Disable Register
RevCodeReg equ $0 ; address of Revision Code Register

Start mfspr r1,IMMR ; get base address of internal registers
andis. r1,r1,$ffff ; clear lower 16 bits to 0
andis. r2,r0,0 ; clear r2
oris r2,r2,MemStart ; write base address
ori r2,r2,$0801 ; port size 16 bits; select GPCM; enable
stw r2,BR4(r1) ; write value to base register
andis. r2,r0,0 ; clear r2
oris r2,r2,$ffc0 ; address mask – use upper 10 bits
ori r2,r2,$0608 ; normal CS negation; delay CS ½ clock;

; no burst inhibit (1386 does this)
stw r2,OR4(r1) ; write to option register
andis. r1,r0,0 ; clear r1
oris r1,r1,MemStart ; point r1 to start of S1D13806 mem space
stb r1,DisableReg(r1) ; write 0 to disable register

Loop lbz r0,RevCodeReg(r1) ; read revision code into r1
b Loop ; branch forever

end

Note
MPC8BUG does not support comments or symbolic equates; these have been added for 
clarity.
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5  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 
1386CFG, 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.
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7  Technical Support

7.1  EPSON LCD/CRT Controllers (S1D13806)

7.2  Motorola MPC821 Processor

• Motorola Design Line, (800) 521-6274.

• Local Motorola sales office or authorized distributor.
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