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PREFACE

This manual defines the functionality of the system interface unit (SIU) and peripherals
control unit (PCU). The SIU and PCU are modules in the Motorola MPC500 family of
microcontrollers (MCUs). MPC500 family microcontrollers contain an SIU, PCU,
RCPU (a powerPC-based processor), and optional on-chip memory and peripheral
devices.

Audience

This manual is intended for system software and hardware developers and applica-
tions programmers who are developing products that use an MPC500 family micro-
controller. It is assumed that readers understand operating systems, microcontroller
system design, and the basic principles of hardware interfacing.

Additional Reading

This section lists additional reading that provides background to or supplements the
information in this manual.

» John L. Hennessy and David A. Patterson, Computer Architecture: A Quantitative
Approach, Morgan Kaufmann Publishers, Inc., San Mateo, CA

» PowerPC Microprocessor Family: the Programming Environments, MPCFPE/AD
(Motorola order number)

» Motorola technical summaries and device manuals for individual MPC500 family
microcontrollers; and module reference manuals (such as this manual and the
RCPU Reference Manual, order number RCPURM/AD) that describe the opera-
tion of the individual modules in MPC500 family MCUs in detail. Refer to Motorola
publication Advanced Microcontroller Unit (AMCU) Literature (BR1116/D) for a
complete listing of documentation.

Conventions
This document uses the following notational conventions:

ACTIVE_HIGH  Names for signals that are active high are shown in uppercase
text without an overbar. Signals that are active high are referred
to as asserted when they are high and negated when they are
low.

ACTIVE_LOW A bar over a signal name indicates that the signal is active low.
Active-low signals are referred to as asserted (active) when they
are low and negated when they are high.

mnemonics Instruction mnemonics are shown in lowercase bold.
italics Italics indicate variable command parameters, for example,
bcctrx
SIU PREFACE MOTOROLA

REFERENCE MANUAL For More Information On This Product, iii

Go to: www.freescale.com



Freescale Semiconductor, Inc.

OxOF Hexadecimal numbers

0b0011 Binary numbers

rA|O The contents of a specified GPR or the value 0.

REG|FIELD] Abbreviations or acronyms for registers are shown in uppercase

text. Specific bit fields or ranges are shown in brackets.

X In certain contexts, such as a signal encoding, this indicates a
don’t care. For example, if a field is binary encoded 0bx001, the
state of the first bit is a don't care.

Nomenclature

Logic level one is the voltage that corresponds to Boolean true (1) state.
Logic level zero is the voltage that corresponds to Boolean false (0) state.
To set a bit or bits means to establish logic level one on the bit or bits.

To clear a bit or bits means to establish logic level zero on the bit or bits.

A signal that is asserted is in its active logic state. an active low signal changes from
logic level one to logic level zero when asserted, and an active high signal changes
from logic level zero to logic level one.

A signal that is negated is in its inactive logic state. an active low signal changes from
logic level zero to logic level one when negated, and an active high signal changes
from logic level one to logic level zero.

LSB means least significant bit or bits. MSB means most significant bit or bits. Refer-
ences to low and high bytes are spelled out.

MOTOROLA PREFACE SIU
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SECTION 10VERVIEW

The system interface unit (SIU) and the peripheral control unit (PCU) provide system
protection, clocks, interrupt support, reset control, test support, chip-select support,
and interfaces to external and internal buses. The SIU and PCU are implemented as
two separate units that work together to provide system support and interface the pro-
cessor with both external and on-chip memory and peripherals.

Figure 1-1 shows how the SIU and PCU work with other components of an MPC500
Family microcontroller.

This section provides an overview of both the SIU and PCU, as well as a memory map
and block diagram of each module. Later sections of this manual describe the opera-
tion of each SIU and PCU module in detail.

SIU OVERVIEW MOTOROLA
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ON-CHIP ON-CHIP
PERIPHERAL PERIPHERAL
INTERMODULE BUS 2 (IMB2) #
PERIPHERAL
CONTROL UNIT IRQs
(PCU) —
SYSTEM
INTERFACE
UNIT
RISC MCU (SIU) EXTERNAL
PR(%CCE,SUS)OR INTERNAL LOAD/STORE BUS (L-BUS) BUS
<
STATIC RAM (SRAM)
INTERNAL INSTRUCTION BUS (I-BUS)
4-KBYTE
-CACHE
DEgEIE’ggl\FA{ENT 4----------------------------------> DEVEPLgRP_llylENT

MPC500 BLOCK

Figure 1-1 MPC500 Family MCU Block Diagram

1.1 SIU Overview

The SIU consists of modules that control the buses of the chip, provide the clocks, and
provide miscellaneous functions for the system, such as chip selects, test control, re-
set control, and 1/O ports.

SlU-based microcontrollers (MCUSs) have an internal Harvard architecture and a single
external bus. The internal buses are the instruction bus (I-bus) and the load/store bus
(L-bus). The external bus interface (EBI) connects each of these internal buses with
the external bus (E-bus). The chip select block provides user-programmable chip se-
lects to select external memory or peripherals. The clock block controls the generation
of the system clocks and such features as programmability of the clocks and low pow-
er modes. The reset control function interfaces to the reset pins and provides a reset

MOTOROLA
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status register. The 1/0O ports provide untimed I/O functions on pins that are not used
for their primary function.

1.2 SIU Block Diagram
A block diagram of the SIU is shown in Figure 1-2.

CHIP
SELECTS >
LBUS | L-DATA
L-BUS ’ h A
, i BU | L-ADDR B
E-BUS
o E-BUS < —
> ADDRESS _
S| mux > INTERFACE
CROSS-BUS -
ARB & CNTL I
ADDRESS - .
DECODE DATA | | AT
MUX
I-BUS
G——pp| 185 | POOR vy
BIU | SUBBUS —o—>
- |-DATA INTERFACE DEBUG
9
RESET  |e—@ BUS l«<—e—>| clocKs
MONITOR
POWER-PC
TMER& |« PIT l«—&—>|  PORTS
DECREMENTER

MPC500 SIU BLOCK

Figure 1-2 SIU Block Diagram

1.3 SIU Address Map

Table 1-1 is an address map of the SIU registers. An entry of “S” in the Access column
indicates that the register is accessible in supervisor mode only. “S/U” indicates that
the register can be programmed to the desired privilege level. “Test” indicates that the
register is accessible in test mode only.

SIU OVERVIEW MOTOROLA
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Table 1-1 SIU Address Map

Access Address Register
S 0x8007 FCO00 SIU MODULE CONFIGURATION REGISTER (SIUMCR)
Test 0x8007 FC04 SIU TEST REGISTER 1 (SIUTEST1)
— 0x8007 FC08 — RESERVED
0x8007 FC1C
S 0x8007 FC20 MEMORY MAPPING (MEMMAP)
S 0x8007 FC24 SPECULATIVE ADDRESS REGISTER (SPECADDR)
S 0x8007 FC28 SPECULATIVE MASK REGISTER (SPECMASK)
Test 0x8007 FC2C TERMINATION STATUS REGISTER (TERMSTAT)
— 0x8007 FC30 — RESERVED
0x8007 FC3C
S/U 0x8007 FC40 PERIODIC INTERRUPT CONTROL AND STATUS REGISTER (PIC-
SR)
S/U 0x8007 FC44 PERIODIC INTERRUPT TIMER REGISTER (PIT)
S 0x8007 FC48 BUS MONITOR CONTROL REGISTER (BMCR)
S 0x8007 FC4C RESET STATUS REGISTER (RSR)
S 0x8007 FC50 SYSTEM CLOCK CONTROL REGISTER (SCCR)
S 0x8007 FC54 SYSTEM CLOCK LOCK AND STATUS REGISTER (SCLSR)
— 0x8007 FC58 — RESERVED
0x8007 FC5C
S 0x8007FC60 PORT M DATA DIRECTION (DDRM)
S 0x8007FC64 PORT M PIN ASSIGNMENT (PMPAR)
S/U 0x8007FC68 PORT M DATA (PORTM)
0x8007FC6C— RESERVED
0x8007FC80
S 0x8007FC84 PORT A, B PIN ASSIGNMENT (PAPAR, PBPAR)
S/U 0x8007FC88 PORT A, B DATA (PORTA, PORTB)
0x8007FC8C— RESERVED
0x8007FC94
S 0x8007FC98 PORT |, J, K, L DATA DIRECTION (DDRI, DDRJ, DDRK, DDRL)
S 0x8007FC9C PORT I, J, K, L PIN ASSIGNMENT (PIPAR, PJPAR, PKPAR, PLPAR)
S/U 0x8007FCAO PORT |, J, K, L DATA (PORTI, PORTJ, PORTK, PORTL)
— 0x8007 FCA4 — RESERVED
0x8007 FD94
S 0x8007 FD94 CS11 OPTION REGISTER (CSOR11)
S 0x8007 FD98 RESERVED
S 0x8007 FD9C CS10 OPTION REGISTER (CSOR10)
S 0x8007 FDAO RESERVED
S 0x8007 FDA4 CS9 OPTION REGISTER (CSOR9)
S 0x8007 FDA8 RESERVED
S 0x8007 FDAC CS8 OPTION REGISTER (CSORS)
S 0x8007 FDBO RESERVED
S 0x8007 FDB4 CS7 OPTION REGISTER (CSOR7)
S 0x8007 FDB8 RESERVED
S 0x8007 FDBC CS6 OPTION REGISTER (CSORG6)
S 0x8007 FDCO CS5 BASE ADDRESS REGISTER 5 (CSBAR5)
S 0x8007 FDC4 CS5 OPTION REGISTER (CSOR5)
S 0x8007 FDC8 CS4 BASE ADDRESS REGISTER (CSBAR4)
S 0x8007 FDCC CS4 OPTION REGISTER (CSOR4)
S 0x8007 FDDO CS3 BASE ADDRESS REGISTER (CSBAR3)
MOTOROLA OVERVIEW
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Table 1-1 SIU Address Map (Continued)

Access Address Register
S 0x8007 FDD4 CS3 OPTION REGISTER 3 (CSOR3)
S 0x8007 FDD8 CS2 BASE ADDRESS REGISTER 2 (CSBAR2)
S 0x8007 FDDC CS2 OPTION REGISTER 2 (CSOR2)
S 0x8007 FDEO CS1 BASE ADDRESS REGISTER (CSBAR1)
S 0x8007 FDE4 CS1 OPTION REGISTER (CSOR1)
S 0x8007 FDE8 RESERVED
S 0x8007 FDEC CSO0 OPTION REGISTER (CSORO0)
S 0x8007 FDFO CSBOOT SUB-BLOCK BASE ADDRESS REGISTER (CSBTSBBAR)
S 0x8007 FDF4 CSBOOT SUB-BLOCK OPTION REGISTER (CSBTSBOR)
S 0x8007 FDF8 CSBOOT BASE ADDRESS REGISTER (CSBTBAR)
S 0x8007 FDFC CSBOOT OPTION REGISTER (CSBTOR)

1.4 Peripheral Control Unit Overview
The peripheral control unit (PCU) consists of the following submodules:

 Software watchdog — provides system protection.

* Interrupt controller — controls the interrupts that external peripherals and internal
modules send to the CPU.

» Port Q — provides for digital I/O on pins that are not being used as interrupt in-
puts.

 Test submodule — allows factory testing of the MCU.

* L-bus/IMB2 interface (LIMB) — provides an interface between the load/store bus
and the second generation intermodule bus (IMB2). The IMB2, which is compa-
rable to the IMB on modular M68300- and M68HC16-family MCUs, connects on-
chip peripherals to the processor via the LIMB.

1.5 PCU Block Diagram
Figure 1-3 shows a block diagram of the PCU.

SIU OVERVIEW
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L BUS
INTERFACE

IMB2
ADDROST | ADDRESS INTERFACE
DECODE

DATA[0:31]
> ',D\AAJ? ADDRI[0:31]

IMB2

L-BUS
A

SOFTWARE .
WATCHDOG < DATAIOST |

PORTQ

TEST

INTERRUPT IRQ[0:7]
CONTROLLER “ >

MPC500 PCU BLOCK

Figure 1-3 Peripherals Control Unit Block Diagram

1.6 PCU Address Map

Table 1-2 shows the address map for the PCU. An entry of “S” in the Access column
indicates that the register is accessible in supervisor mode only. “S/U” indicates that
the register can be programmed to the desired privilege level. “Test” indicates that the
register is accessible in test mode only.

MOTOROLA OVERVIEW SIU
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Table 1-2 PCU Address Map

Access Address Register
S 0x8007 EF80 PERIPHERAL CONTROL UNIT MODULE CONFIGURATION REGISTER
(PCUMCR)
— 0x8007 EF84 — RESERVED
0x8007 EF8C
Test 0x8007 EF90 TEST CONTROL REGISTER TEST CONTROL REGISTER
(TSTMSRA) (TSTMSRB)
Test 0x8007 EF94 TEST CONTROL REGISTER TEST CONTROL REGISTER
(TSTCNTRAB) (TSTREPS)
Test 0x8007 EF98 TEST CONTROL REGISTER TEST CONTROL REGISTER
(TSTCREG1) (TSTCREG2)
Test 0x8007 EF9C TEST CONTROL REGISTER RESERVED
(TSTDREG)
S 0x8007 EFAO PENDING INTERRUPT REQUEST REGISTER (IRQPEND)
S 0x8007 EFA4 ENABLED ACTIVE INTERRUPT REQUEST REGISTER (IRQAND)
S 0x8007 EFA8 INTERRUPT ENABLE REGISTER (IRQENABLE)
S 0x8007 EFAC PIT/PORT Q INTERRUPT LEVEL REGISTER (PITQIL)
— 0x8007 EFBO — RESERVED
0x8007 EFBC
S 0x8007 EFCO SOFTWARE SERVICE REGISTER RESERVED
(SWSR)
S 0x8007 EFC4 SOFTWARE WATCHDOG CONTROL FIELD/TIMING COUNT (SWCR/SWTC)
S/U 0x8007 EFC8 SOFTWARE WATCHDOG REGISTER
— 0x8007 EFCC RESERVED
S/U 0x8007 EFDO PORT Q EDGE DETECT/DATA RESERVED
(PQEDGDAT)
S 0x8007 EFD4 PORT Q PIN ASSIGNMENT REGISTER (PQPAR)
0x8007 EFD8 — RESERVED
0x8007 EFFC
SIU OVERVIEW MOTOROLA
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SECTION 2 SIGNAL DESCRIPTIONS

The tables in this section summarize functional characteristics of the pins found on
MPC500 family microcontrollers. For a more detailed discussion of a particular signal,
refer to the section of this manual that discusses the function involved.

2.1 Pin Characteristics

Table 2-1 shows the characteristics of each pin on the MCU. Assume the model for
output only and three-state 1/0O buffers shown in Figure 2-1.

Voo
D_IN
D_EN
OUTPUT
D_OuUT
_ PIN I/0
D_OuT PIN
OUTPUT-ONLY BUFFER 3-STATE BUFFER

MPC500 /0 BUFFERS

Figure 2-1 Output-Only and Three-State 1/0 Buffers

Table 2-1 EBI Pin Definitions

Mnemonic Buffer Weak When Bus is Granted When Bus Is Not During Reset
Type Pull-Up?t Granted
Address and Data Bus
CS[0:11]/AD- Output No Driven Float unless configured | Initially high, changes 5
DR[0:11] only as output port clock cycles after reset
source is negated
ADDRJ[12:29] 3-state No Driven unless config- Float unless configured | Float
ured as input port as output port
DATA[0:31] 3-state No Driven if write, float if Float unless configured | Float
read as output port
Transfer Attributes
WR 3-state No Output unless config- | Float unless configured | Float
BURST 3-state No ured as input ports as output port
BE[0:3] 3-state No
AT[0:1] 3-state No
CTJ[0:3] 3-state No
Transfer Handshakes
TS 3-state No Output unless config- | Float unless configured | Input port; output 3-stat-
ured as input port as output port ed
AACK 3-state Yes Input unless configured | Float unless configured | Input port; output 3-stat-
as an output port as output port ed
SIU SIGNAL DESCRIPTIONS MOTOROLA
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Table 2-1 EBI Pin Definitions (Continued)

Mnemonic Buffer Weak When Bus is Granted When Bus Is Not During Reset
Type | Pull-Up?! Granted
BDIP/LAST 3-state No Output unless config- | Float unless configured | Input port. After reset,
ured as input port as output port driven by CPU
BI 3-state Yes Input unless configured as output port Float
TA 3-state Yes Input unless configured | Float (listen only); only | Input port; output 3-stat-
as an output port driven if configured as | ed
output port
TEA 3-state Yes Input unless configured | Float (listen only); only | Input port; output 3-stat-
as an output port driven if configured as | ed
output port
ARETRY 3-state Yes Input unless configured | Input; driven if config- | Input port; output 3-stat-
as output port ured as output port ed
Arbitration
BR 3-state No Output unless configured as input port. Not affect- | Float
ed by BG
BG 3-state | Weak pull- | Input unless configured | Output only if config- Float
down as output port ured as output port
BB 3-state Yes Output unless config- | If relinquishing drive Float
ured as input port high then float unless
configured as output
port
Miscellaneous
CR/DS 3-state Yes Not affected by BG. Input unless configured for | Float
secondary function
RESETOUT Output No Not affected by BG. —
RESET Input No Not affected by BG. —
CLKOUT Output No Not affected by BG. Not affected
NOTES:

1. Weak pull-ups can maintain an internal logic level one but may not maintain a logic level one on external pins.

2.2 Signal Descriptions

This section describes the SIU and PCU signals. Since MCU pins often have more
than one function, more than one description may apply to a pin.

2.2.1 Bus Arbitration and Reservation Support Signals

The bus arbitration signals request the bus, recognize when the request is granted,
and indicate to other devices when mastership is granted. There are no separate ar-
bitration phases for the address and data buses. For a detailed description of how
these signals interact, see 4.5.1 Arbitration Phase.

The cancel reservation (CR) signal is used to indicate that the processor should not
perform any stwcx. cycle to external memory. This signal is sampled at the same time
the MCU samples the arbitration pins for a qualified bus grant.

2.2.1.1 Bus Request (BR)

Output only
Module: EBI

MOTOROLA
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State Meaning

Timing Comments

2.2.1.2 Bus Grant (BG)

Input only
Module: EBI

State Meaning

Timing Comments

SIU
REFERENCE MANUAL

For More Information On This Product,

Asserted—Indicates the potential bus master is requesting
the bus. Each master has its own bus request signal. The
SIU asserts BR to request bus mastership if its bus grant
(BG) pin is not already asserted and the bus busy (BB) has
not been negated by the current bus master.

The SIU assumes mastership of the external bus only after
receiving a qualified bus grant. This occurs when the bus
arbiter asserts BG to the SIU and the BB pin has also been
negated by the previous bus master. The SIU cannot start
a cycle on the external bus if the current master is holding
the BB pin asserted, even if the SIU has received a bus
grant (BG asserted) from the bus arbiter.

Negated—Indicates the MCU is not requesting the address
bus. The MCU may have no bus operation pending, it may
be parked, or the MCU may be in the process of releasing
the bus in response to ARETRY.

Assertion—Occurs when the MCU is not parked and a bus
transaction is needed.

Negation—Occurs as soon as the SIU starts a bus cycle af-
ter receiving a qualified bus grant.

Asserted—(By bus arbiter) indicates the bus is granted to
the requesting device. The signal can be kept asserted to
allow the current master to park the bus. Single-master sys-
tems can tie this signal low permanently.

Negated—Indicates the requesting device is not granted
bus mastership.

Assertion—May occur at any time to indicate the MCU is
free to use the address bus. After the MCU assumes bus
mastership, it does not check for a qualified bus grant again
until the cycle during which the address bus tenure is com-
pleted (assuming it has another transaction to run). The
MCU does not accept a BG in the cycles between the as-
sertion of any TS and AACK.

Negation—May occur at any time to indicate the MCU can-
not use the bus. The MCU may still assume bus mastership
on the clock cycle of the negation of BG because during the
previous cycle BG indicated to the MCU that it was free to
take mastership (if qualified).
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2.2.1.3 Bus Busy (BB)

Input/Output
Module: EBI

State Meaning

Timing Comments

Asserted—The current bus master asserts this signal to in-
dicate the bus is currently in use. The prospective new
master must wait until the current master negates this sig-
nal.

Negated—Indicates that the bus is not owned by another
bus master and that the bus is available to the MCU when
accompanied by a qualified bus grant.

Assertion—BB is asserted during the address phase of
each external bus cycle, if it was previously negated. It re-
mains asserted between internal atomic cycles (any non-
burst word accesses to an external 16-bit port).

Negation—Occurs during the clock cycle following termina-
tion of the data phase of an external bus cycle. The signal
is negated for half a clock cycle and then placed in a high-
impedance state.

2.2.1.4 Cancel Reservation (CR)

Input only
Module: EBI

State Meaning

Timing Comments

Asserted—(By an external bus arbiter or reservation
snooping logic) indicates that there is no outstanding reser-
vation on the external bus. Each RCPU has its own CR sig-
nal. Assertion indicates that the processor should not
perform any stwcx. cycle to external memory.

Negated—Indicates there is an outstanding reservation on
the external bus.

Assertion—Can occur at any rising edge of the bus clock.
This signal is sampled at the same time the MCU samples
the arbitration pins for a qualified bus grant prior to starting
a bus cycle.

2.2.2 Address Phase Signals

The address phase is the period of time from the assertion of transfer start (TS) until
the address phase is terminated by one of the following signals: address acknowledge
(AACK), address retry (ARETRY), or transfer error acknowledge (TEA). TS is valid for
one clock cycle at the start of the address phase. The address bus and the address
attributes described below are valid for the duration of the address phase. Refer to
4.5.2 Address Phase for additional information on address phase signals.

MOTOROLA
2-4

For More Information On This Product,

SIGNAL DESCRIPTIONS SIU
REFERENCE MANUAL
Go to: www.freescale.com



Freescale Semiconductor, Inc.

2.2.2.1 Address Bus (ADDR[0:29])

Output only
Module: EBI

State Meaning

Timing Comments

2.2.2.2 Write/Read (WR)

Output only
Module: EBI

State Meaning

Timing Comments

Asserted/Negated—Represents the physical address of
the data to be transferred. Driven by the bus master to in-
dex the bus slave. Low-order bit (ADDR31) is not pinned
out; byte enable signals (BE[0:3]) are used instead (see Ta-
ble 2-2). During accesses to 16-bit ports, BE2 pin provides
ADDR30 signal.

Assertion/Negation—Occurs one clock cycle after a quali-
fied bus grant. Coincides with assertion of BB and TS.

