MC68331UM/AD

M68300 Family

MC638531

USER’S
MANUAL

@ MOTOROLA




Device Overview

Signal Descriptions

System Integration Module (SIM)

CPU32 Overview

Queued Serial Module (QSM)

General-Purpose Timer (GPT) Overview

Emulation Overview

Electrical Characteristics

Ordering Information and Mechanical Data

MC68331 Memory Map

Programming Model and Instruction Summary

System Integration Module (SIM) — Memory Map and Registers
Queued Serial Module (QSM) — Memory Map and Registers
General Purpose Timer (GPT) — Memory Map and Registers

Index



Device Overview

Signal Descriptions

System Integration Module (SIM)

CPU32 Overview

Queued Serial Module (QSM)

General-Purpose Timer (GPT) Overview

Emulation Overview

Electrical Characteristics

Ordering Information and Mechanical Data

MC68331 Memory Map

Programming Model and Instruction Summary

System Integration Module (SIM) — Memory Map and Registers
Queued Serial Module (QSM) — Memory Map and Registers
General Purpose Timer (GPT) — Memory Map and Registers

Index



MC68331
USER'S MANUAL

Motorola reserves the right to make changes without further notice to any products herein to improve reliability,
function or design. Motorola does not assume any liability arising out of the application or use of any product or
circuit described herein; neither does it convey any license under its patent rights nor the rights of others. Motorola
products are not designed, intended, or authorized for use as components in systems intended for surgical implant
into the body, or other applications intended to support or sustain life, or for any other application in which the
failure of the Motorola product could create a situation where personal injury or death may occur. Should Buyer
purchase or use Motorola products for any such unintended or unauthorized application, Buyer shall indemnify
and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims,
costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of
personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and (M) are registered
trademarks of Motorola, Inc. Motorola, Inc. is an Equal Employment Opportunity/Affirmative Action Employer.

© MOTOROLA INC., 1991






PREFACE

The MC68331 microcontroller unit (MCU) is an integral module of Motorola's
M68300 Family of 32-bit MCUs. The MC68331 User's Manual describes the
capabilities, operation, and functions of the MC68331 MCU.

This user's manual is organized as follows:

Section 1 Device Overview

Section 2 Signal Descriptions

Section 3 System Integration Module (SIM)
Section 4 CPU32 Overview

Section 5 Queued Serial Module (QSM)

Section 6 General Purpose Timer (GPT) Overview
Section 7 Emulation Overview

Section 8 Electrical Characteristics

Section 9 Ordering Information and Mechanical Data
Appendices

Index

For additional information pertaining to the CPU32 processor used in the
MC68331, refer to the CPU32 Central Processor Unit Reference Manual,
Motorola document number CPU32RM/AD. For information pertaining to the
timer system used in the MC68331, refer to the GPT General Purpose Timer
Reference Manual, Motorola document number GPTRM/AD.
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SECTION 1
DEVICE OVERVIEW

The MC68331 is a 32-bit integrated microcontroller, combining high-performance
data manipulation capabilities with powerful peripheral subsystems. The
MC68331 is a member of the M68300 Family of modular embedded controllers
featuring fully static, high-speed complementary metal-oxide semiconductor
(CMOS) technology. Based on the powerful MC68020, the CPU32 instruction
processing module provides enhanced system performance and utilizes the
extensive software base for the Motorola M68000 Family. Figure 1-1 shows the
major components of the MC68331.

The MC68331 contains four peripheral modules: a central processing unit
(CPU32), a general-purpose timer (GPT), a queued serial module (QSM), and a
system integration module (SIM). These modules are connected on-chip via the
intermodule bus (IMB).

The major features of the MC68331 are as follows:

e Modular Architecture
e 32-Bit MC68000 Family CPU (CPU32):
— Upward Object Code Compatible
— New Instructions for Controller Applications
— Virtual Memory Implementation
— Loop Mode of Instruction Execution
— Improved Exception Handling for Controller Applications
— Trace on Change of Flow
— Table Lookup and Interpolate Instruction
— Hardware Breakpoint Signal, Background Mode
— Fully Static Implementation
e General-Purpose Timer (GPT) Module:
— Two 16-Bit Free-Running Counters with One Nine-Stage Prescaler
— Three Input Capture Channels
— Four Output Compare Channels
— One Input Capture/Output Compare Channel
— One Pulse Accumulator/Event Counter Input
— Two Pulse-Width Modulation Qutputs
— Optional External Clock Input
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e Two Serial Input/Output (1/0) Subsystems (QSM):
— Enhanced Serial Communications Interface (SCI), Universal Asyn-
chronous Receiver Transmitter (UART): Modulus Baud Rate, Parity
— Queued Serial Peripheral Interface (SPI): 80-Byte Ram, Up to 16
Automatic Transfers
— Continuous Cycling, 8—16 Bits per Transfer
— Dual Function I/O Ports
e System Integration Module (SIM)
— External Bus Support
— Twelve Programmable Chip-Select Outputs
— System Protection Logic
— System Clock Based on 32.768-kHz Crystal for Low Power Operation
— Watchdog Timer, Clock Monitor, and Bus Monitor
— Test/Debug Submodule for Factory/User Test and Development

1.1 Central Processor Unit

The CPU32 is upward compatible with the M68000 Family, which excels at pro-
cessing calculation-intensive algorithms and supporting high-level languages. All
of the MC68010 and most of the MC68020 enhancements, such as virtual
memory support, loop mode operation, instruction pipeline, and 32-bit mathe-
matical operations, are supported. Powerful addressing modes provide compat-
ibility with existing software programs and increase the efficiency of high-level
language compilers. New instructions, such as table lookup and interpolate and
low power stop, support the specific requirements of controller applications.

1.2 Peripheral Modules

To improve total system throughput, the MC68331 features stand-alone
subsystems. These subsystems include the GPT, the QSM, and the system
integration module (SIM). These modules work together with the CPU32 to
reduce part count, size, and cost of system implementation.

1.2.1 General-Purpose Timer (GPT)

The GPT is a simple yet flexible 11-channel timer for use in systems where a
moderate degree of external visibility and control is required. The GPT can be
broken into nearly independent submodules: the compare/capture unit, the pulse-
width modulation unit and the pulse accumulator.

The compare/capture unit features three input capture channels, four output
compare channels, and one input capture/output compare channel. These
channels share a 16-bit free-running counter (TCNT) which derives its clock from
a nine-stage prescaler or from the external clock input pin (PCLK).
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Figure 1-1. Block Diagram of MC68331
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The pulse-width modulation submodule is associated with two output pins. The
outputs are periodic waveforms whose duty cycle may be independently selected
and modified by user software. The PWM unit has its own 16-bit free-running
counter which is clocked by an output of the nine-stage prescaler (the same
prescaler used by the compare/capture unit) or by the clock input pin, PCLK.

The pulse accumulator logic includes its own 8-bit counter and can operate in
either event counting mode or gated time accumulation mode.

If not needed for timing functions, any of the pins associated with the GPT may
be used for general-purpose input/output. The input capture and output compare
pins are bidirectional and may be used to form an 8-bit parallel port. The PWM
pins are outputs only. The pulse accumulator input (PAl) and PCLK are inputs
only.

1.2.2 Queued Serial Module (QSM)

The QSM contains two serial ports. The QSPI provides easy peripheral
expansion or inter-processor communications via a full-duplex, synchronous,
three-line bus: data in, data out, and a serial clock. Four programmable
peripheral-select pins provide addressability for up to 16 peripheral devices. The
QSPI is enhanced with the addition of a queue contained in a small RAM. This
allows the QSPI to handle up to 16 serial transfers of 8—16 bits each or to
transmit a stream of data up to 256 bits long without CPU intervention. A special
wraparound mode allows the user to do continuous sampling of a serial
peripheral, automatically updating the QSPI RAM for efficient interfacing to serial
analog-to-digital (A/D) converters.

The SCI provides a standard nonreturn to zero (NRZ) (mark/space) format.
Advanced error detection circuitry catches noise glitches to 1/16 of a bit-time in
duration. Word length is software selectable between 8 or 9 bits, and the
modulus-type baud rate generator provides baud rates from 64 to 524 kbaud
based on a 16.78-MHz system clock. The SCI features full- or half-duplex
operation, with separate transmitter and receiver enable bits and double buffering
of data. Optional parity generation and detection provide either even or odd
parity check capability. Wakeup functions allow the CPU to run uninterrupted
until either a true idle line is detected or a new address byte is received.

1.2.3 System Integration Module (SIM)

The SIM includes an external interface and various functions that reduce the
need for external glue logic. The SIM contains the external bus interface (EBI),
12 chip-selects, system protection, test, and clock submodules.
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1.2.4 External Bus Interface (EBI)

Based on the MC68020 bus, the external bus provides 24 address lines and a
16-bit data bus. The data bus allows dynamic sizing between 8- and 16-bit data
accesses. Read-modify-write cycles are provided for via the RMC signal.
External bus arbitration is accomplished by a three-line handshaking interface.

1.2.4.1 Chip-Selects

Twelve independent programmable chip-selects provide fast, two-cycle external
memory or peripheral access. Block size is programmable from a minimum of 2
Kbytes to 1 Mbyte in length. Accesses can be preselected for either 8- or 16-bit
transfers. Up to 13 wait states can be programmed for insertion during the
access. All bus interface signals are automatically handled by the chip-select
logic.

1.2.4.2 System Protection Submodule

System protection is provided on the MC68331 by various monitors and timers,
including the bus monitor, HALT monitor, spurious interrupt monitor, software
watchdog timer, and the periodic interrupt timer. These system functions are
integrated on the microcontroller to reduce board size and the cost required by
external components.

1.2.4.3 Test Submodule

The test module consolidates the microcontroller test logic into a single block to
facilitate production testing. Scan paths throughout the MC68331 provide
signature analysis checks on internal logic.

1.2.4.4 System Clock

The system clock is generated by an on-chip phase-locked loop circuit to run the
device up to 16.78 MHz from a 32.768-kHz crystal. The system speed can be
changed dynamically, providing either high performance or low power-
consumption under software control. With its fully static CMOS design, it is
possible to completely stop the system clock using a low-power stop instruction,
while still retaining the contents of the registers and on-board RAM.
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1.3 Module Memory Map

Figure 1-2 illustrates the memory map of the MC68331. Unimplemented blocks
are mapped externally.

$YFF000
$YFF900 GPT
$YFF940
$YFFA00
SIM
$YFFA80 — —RESERVED— —
$YFFB0O
$YFFCO00
QsMm
$YFFEOO
$YFFFFF
Module Size Address Bus Decoding Base
(Bytes) A23 - — —_ - A0 Address
GPT 64 M111 1111 1111 1001 00XX XXXX $YFF900
SIM 128 M111 1111 1111 1010 OXXX XXXX $YFFA0O
Qsm 512 M111 1111 1111 110X XXXX XXXX $YFFCO00

Figure 1-2. Module Memory Map
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SECTION 2
SIGNAL DESCRIPTIONS

This section contains brief descriptions of the MC68331 input and output signals
in their functional groups.

2.1 Signal Index

The input and output signals for the MC68331 are listed in Table 2-1. (Refer to
Figure 2-1 for a block diagram of the function signal groups.) Both the names
and mnemonics are shown, along with brief descriptions of the signals. For more
detail on each signal, refer to the paragraph in this section named for the signal,
and the reference in that paragraph to a description of the related operations.
Guaranteed timing specifications for the SIM and EBI signals listed in Table 2-1
can be found in SECTION 8 ELECTRICAL CHARACTERISTICS.

2.2 Address Bus (A23-A0)

These three-state outputs provide the address for the current bus cycle, except in
the CPU32 address space. Refer to 3.7 CPU Space Cycles for more in-
formation on the CPU32 address space. A23 is the most significant address
signal. Refer to 3.4.7.3 Address Bus for information on the address bus and its
relationship to bus operation.

2.3 Data Bus (D15-D0)

These three-state bidirectional signals provide the general-purpose data path
between the MC68331 and all other devices. The data path is a maximum of 16
bits wide, but can be dynamically sized to support 8-bit or 16-bit transfers. D15 is
the most significant bit of the data bus. Refer to 3.4.7.5 Data Bus for information
on the data bus and its relationship to bus operation. The data bus also serves
as the mode-select pins during reset as described in 3.10 Reset Operation.
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Table 2-1. Signal Index (Sheet 1 of 2)

Signal Name Mnemonic Function

Address Bus A23-A0 24-bit address bus

Data Bus D15-DoO 16-bit data bus used to transfer byte or word data per bus cycle

Function Codes FC2-FCo Identify the processor state and the address space of the current
bus cycle

Boot Chip-Select CSBOOT | Chip-select boot startup ROM containing user's reset vector and
initialization program

Chip-Selects CS10-CS0 | Enables peripherals at programmed addresses

Bus Request BR Indicates that an external device requires bus mastership

Bus Grant BG Indicates that the current bus cycle is complete and the
MC68331 has relinquished the bus

Bus Grant Acknowledge BGACK Indicates that an external device has assumed bus mastership

Data and Size DSACK1 | Provides asynchronous data transfers and dynamic bus sizing

Acknowledge DSACKO

Autovector AVEC Reciuests an automatic vector during an interrupt acknowledge
cycle

Read-Modify-Write Cycle RMC Identifies the bus cycle as part of an indivisible read-modify-write
operation

Address Strobe AS Indicates that a valid address is on the address bus

Data Strobe DS During a read cycle, DS indicates that an external device should
place valid data on the data bus. During a write cycle, DS indi-
cates that valid data is on the data bus.

Size Siz1-8S1Z0 Indilcates the number of bytes remaining to be transferred for this
cycle

Read/MWrite RW Indicates the direction of data transfer on the bus

Interrupt Request Level 1RQ7-IRQ1 | Provides an interrupt priority level to the CPU

Reset RESET System reset

Halt HALT Suspends external bus activity

Bus Error BERR Indicates that an erroneous bus operation is being attempted

System Clock Out CLKOUT Internal system clock

Crystal Oscillator EXTAL, XTAL Qonqtections for an external crystal to the internal oscillator
circui

External Filter Capacitor XFC Connection pin for an external capacitor to filter the circuit of the
phase-locked loop

Clock Mode Select MODCK Selects the source of the internal system clock

Instruction Fetch IFETCH Indicates when the CPU is performing an instruction word
prefetch and when the instruction pipeline has been flushed

Instruction Pipe IPIPE Used to track movement of words through the instruction
pipeline

Breakpoint BKPT Signals a hardware breakpoint to the CPU

Freeze FREEZE Indicates that the CPU has acknowledged a breakpoint

Quotient Out QUOT Furnishes the quotient bit of the polynomial divider for test
purposes

Test Mode Enable TSTME Hardware enable for test mode
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Table 2-1. Signal Index (Sheet 2 of 2)

Signal Name Mnemonic Function

Three-State Control TSC Places all output drivers in a high-impedance state

Development Serial In, Out, DSI, DSO, | Serial IO and clock for background debug mode

Clock DSCLK

GPT Input Captures IC1, IC2, IC3 | Input capture channels

GPT Input Capture/Output 1C4/0C5 Input capture 4/Output compare 5

Compare

GPT Output Compares OC1-0C4 | Output compare channels, OC1 alternately outputs timer counter
prescaler

GPT PWM PWMA,PWMB | Pulse width modulation channels, PWMA alternately outputs
PWM prescaler

GPT Pulse Accumulator PAI Pulse accumulator input

GPT Auxiliary Input PCLK External GPT clock input

SCI Receive Data RXD Serial input to the SCI

SCI Transmit Data TXD Serial output from the SCI

Peripheral Chip-Select PCS3-PCS0 | QSPI peripheral chip-selects

Slave Select 3 Places the QSPI in slave mode

QSPI Serial Clock SCK Furnishes the clock from the QSPI in master mode or to the
QSPlin slave mode

Master In Slave Out MISO Furnishes serial input to the QSP! in master mode, and serial
output from the QSPI in slave mode

Master Out Slave In MOSI Furnishes serial output from the QSPI in master mode, and
serial input to the QSPI in slave mode

Synthesizer Power VDDSYN Power supply to VCO

System Power Supply and | VppE, VSSE | Power supply and return to the MCU for pin buffers

Return

System Power Supply and VpDI, Vss| | Power supply and return to the MCU for internal circuits

Return

2.4 Function Codes (FC2-FCO0)

These three-state outputs identify the processor state and the address space of

the current bus cycle. Referto 3.7 CPU Space Cycles for more information.

2.5 Chip-Selects (CS10-CS0, CSBOOT)

These output signals enable peripherals at programmed addresses. CSBOOT is
the dedicated chip-select for a boot ROM containing the user's reset vector and
initialization program. Refer to 3.3 Chip-Select Submodule for more information
on chip-selects.

2.6 Bus Control Signals
These signals control the bus transfer operations of the MC68331.

MOTOROLA
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2.6.1 Data and Size Acknowledge (DSACK1, DSACKO0)

These two active-low input signals allow asynchronous data transfers and dy-
namic data bus sizing between the MC68331 and external devices. Refer to
3.4.7.7 Bus Cycle Termination Signals for more information on these signals
and their relationship to dynamic bus sizing.

2.6.2 Autovector (AVEC)

This active-low input signal requests an automatic vector during an interrupt ac-
knowledge cycle. Refer to 3.7.3.2 Autovector Interrupt Acknowledge Cycle
for additional information on autovector.

2.6.3 Read-Modify-Write Cycle (RMC)

This output signal identifies the bus cycle as part of an indivisible read-modify-
write operation; it remains asserted during all bus cycles of the read-modify-write
operation. Refer to 3.6.3 Read-Modify-Write Cycle for additional information.

2.6.4 Address Strobe (AS)

This output signal is driven by the bus master to indicate that a valid address is
on the address bus. The function code, size, and read/write signals are also
valid when AS is asserted. Refer to 3.4.7.4 Address Strobe for information
about the relationship of AS to bus operation.

2.6.5 Data Strobe (DS)

During a read cycle, this output signal is driven by the bus master to indicate that
an external device should place valid data on the data bus. During a write cycle,
the data strobe indicates that valid data is on the data bus. Refer to 3.4.7.6 Data
Strobe for information about the relationship of DS to bus operation.

2.6.6 Transfer Size (SIZ0, SIZ1)

These active-low output signals are driven by the bus master to indicate the
number of operand bytes remaining to be transferred in the current bus cycle.
Refer to 3.5.1 Dynamic Bus Sizing for more information.

2.6.7 Read/Write (R/W)

This active-high input/output signal is driven by the bus master to indicate the
direction of data transfer on the bus. A logic one indicates a read from a slave
device; a logic zero indicates a write to a slave device. Refer to 3.4.7.1 Bus
Control Signals for more information.
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2.7 Bus Arbitration Signals

The following signals are the three bus arbitration control signals used to de-
termine the bus master.

2.7.1 Bus Request (BR)

This active-low input signal indicates that an external device needs to become
the bus master. Refer to 3.9 Bus Arbitration for more information.

2.7.2 Bus Grant (BG)

Assertion of this active-low output signal indicates that the bus master has relin-
quished the bus. Refer to 3.9.2 Bus Grant for more information.

2.7.3 Bus Grant Acknowledge (BGACK)

Assertion of this active-low input indicates that an external device has become
the bus master. Refer to 3.9.3 Bus Grant Acknowledge for more information.

2.8 Interrupt Request Level (IRQ7-IRQ1)

These active-low input signals are prioritized interrupt request lines. IRQ7 is the
highest priority. IRQ6-IRQ1 are internally maskable interrupts and IRQ7 is
nonmaskable. Refer to interrupts in the CPU32 manual for more information.

2.9 Exception Control Signals

These signals are used by the microcontroller unit (MCU) to recover from an ex-
ception encountered by the system.

2.9.1 Reset (RESET)

This active-low open-drain bidirectional signal is used to initiate a system reset.
An external reset signal (as well as a reset from the SIM) resets the MCU as well
as all external devices. A reset signal from the CPU32 (asserted as part of the
RESET instruction) resets external devices only; the internal state of the CPU32
and other on-chip modules is not altered. When asserted by the MCU, it is
guaranteed to be asserted for a minimum of 512 clock cycles. Refer to 3.10
Reset Operation for a description of reset bus operation and reset in the CPU32
manual for information about the reset exception.

2.9.2 Halt (HALT)

This active-low open-drain bidirectional signal is asserted to suspend external
bus activity, to request a retry when used with BERR, or for single-step operation.
As an output, HALT indicates a double bus fault by the CPU. Refer to 3.8 Bus
Exception Control Cycles for a description of the effects of HALT bus
operation.
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2.9.3 Bus Error (BERR)

This active-low input signal indicates that an invalid bus operation is being at-
tempted or, when used with HALT, that the processor should retry the current
cycle. Refer to 3.8 Bus Exception Control Cycles for a description of the
effects of BERR bus operation.

2.10 Clock Signals

These signals are used by the MCU for controlling or generating the system
clocks. Refer to 3.2 Clock Synthesizer for more information on the various
clock signals.

2.10.1 System Clock (CLKOUT)

This output signal is the internal system clock and is used as the bus timing ref-
erence by external devices. CLKOUT can be turned off or slowed in low-power
stop mode. See 3.1.1 Module Configuration Register for more information.

2.10.2 Crystal Oscillator (EXTAL, XTAL)

These two pins are the connections for an external crystal to the internal oscilla-
tor circuit. An external oscillator should serve as input to the EXTAL pin, when
used. See 3.2 Clock Synthesizer for more information.

2.10.3 External Filter Capacitor (XFC)

This pin is used to add an external capacitor to the filter circuit of the phase-
locked loop. The capacitor should be connected between XFC and VDDSYN.-

2.10.4 Clock Mode Select (MODCK)

The state of this input signal during reset selects the source of the internal sys-
tem clock. If MODCK is high during reset, the internal voltage-controlled oscilla-
tor (VCO) furnishes the system clock. IF MODCK is low during reset, an external
frequency appearing at the EXTAL pin furnishes the system clock.

2.11 Instrumentation and Test Signals
These signals are used for test or software debugging.

2.11.1 Instruction Fetch (IFETCH)

This active-low output signal indicates when the CPU is performing an instruction
word prefetch and when the instruction pipeline has been flushed. Refer to
instruction fetch in the CPU32 manual for information about IFETCH.
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2.11.2 Instruction Pipe (IPIPE)

This active-low output signal is used to track movement of words through the
instruction pipeline. Refer to instruction pipe in the CPU32 manual for infor-
mation about IPIPE.

2.11.3 Breakpoint (BKPT)

This active-low input signal is used to signal a hardware breakpoint to the CPU.
Refer to hardware breakpoints in the CPU32 manual for information about BKPT.

2.11.4 Freeze (FREEZE)

Assertion of this active-high output signal indicates that the CPU has
acknowledged a breakpoint and has initiated background mode operation. Refer
to development support in the CPU32 manual for more information about
FREEZE and background mode.

2.11.5 Quotient Out (QUOT)

This active-high output furnishes the quotient bit of the polynomial divider for test
purposes.

2.11.6 Test Mode Enable (TSTME)

This active-low input signal is a hardware enable required to enter test mode.
Refer to 3.11.1 Entering Test Mode for information about TSTME.

2.11.7 Three-State Control (TSC)

When this input signal is driven to 1.6 times Vpp, the MCU places all of its output
drivers in a high-impedance state.

2.11.8 Development Serial In, Out, Clock (DSI, DSO, DSCLK)

These signals provide serial communications for background debug mode. Refer
to development support in the CPU manual for more information on background
debug mode.

2.12 General-Purpose Timer (GPT) Signals

These signals are used by the general-purpose timer for its eleven timer
functions.

2.12.1 Input Capture 1-3 (IC1-IC3)
These three signals are the inputs for three of the input capture functions.
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2.12.2 Input Capture 4/Output Compare 5 (IC4/0C5)

This signal can be used as an input for the input capture 4 function or as an
output for the output compare 5 function.

2.12.3 Output Compare 1—4 (OC1-0C4)
These signals are the outputs for the associated output compare functions.

2.12.4 Pulse-Width Modulation A-B (PWMA-PWMB)

These two signals are outputs for the pulse-width modulation functions. PWMA
can also be used to output the clock for the PWM function. The pulse-width
modulation submodule has two outputs that are periodic waveforms whose duty
cycles may be independently selected and modified by user software.

2.12.5 Pulse Accumulator Input (PAI)

This input is used for the pulse accumulator function. The pulse accumulator
channel logic includes its own 8-bit counter and can operate in either event
counting mode or gated time accumulation mode.

2.12.6 Auxiliary Input (PCLK)
This input is used to supply an external clock signal to the GPT.

2.13 Queued Serial Module Signals
The following signals are used by the queued serial module (QSM) for data and
clock signals. All of these pins (except RXD) can be used for discrete in-
put/output if they are not being used for serial communications interface (SCI) or
queued serial peripheral interface (QSPI) functions. Refer to 5.3 QSM Pins for a
general discussion on the QSM signals.

2.13.1 SCI Receive Data (RXD)

This input signal furnishes serial data input to the SCI. It may not be used as
discrete input/output. Refer to 5.6.5 Receiver Operation for more information on
the SCl signals.

2.13.2 SCI Transmit Data (TXD)

This signal is the serial data output from the SCI. Refer to 5.6.4 Transmitter
Operation for more information on the SCI signals.
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2.13.3 Peripheral Chip-Selects (PCS3-PCS0)

These bidirectional signals provide four QSPI peripheral chip-selects. Refer to
5.4.3.2 QSM Pin Assignment Register (QPAR) for more information.

2.13.4 Slave Select (SS)

Assertion of this bidirectional signal places the QSPI in slave mode. Refer to
5.5.5.2 Slave Mode for more information.

2.13.5 QSPI Serial Clock (SCK)

This bidirectional signal furnishes the clock from the QSPI in master mode or
furnishes the clock to the QSPI in slave mode. Refer to 5.5.5 Operating Modes
and Flowcharts for more information.

2.13.6 Master In Slave Out (MISO)

This bidirectional signal furnishes serial data input to the QSPI in master mode,
and serial data output from the QSPI in slave mode. Refer to 5.5.5 Operating
Modes and Flowcharts for more information.

2.13.7 Master Out Slave In (MOSI)

This bidirectional signal furnishes serial data output from the QSPI in master
mode, and serial data input to the QSPI in slave mode. Refer to 5.5.5 Operating
Modes and Flowcharts for more information.

2.14 Synthesizer Power (VDDSYN)

This pin supplies a quiet power source to the VCO to provide greater frequency
stability.

2.15 System Power and Ground (VppDE and VSSE)

These pins provide system power and return to the MCU for the pin buffer
circuitry. Multiple pins are provided for adequate current capability. All power
supply pins must be connected and also have adequate bypass capacitance for
high-frequency noise suppression.

2.16 System Power and Ground (Vppl and VSS))

These pins provide system power and return to the MCU for the internal circuitry.
Multiple pins are provided for adequate current capability. All power supply pins
must be connected and also have adequate bypass capacitance for high-
frequency noise suppression.

MOTOROLA SIGNAL DESCRIPTIONS MC68331 USER'S MANUAL
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Table 2-2. Signal Summary

Signal Name Mnemonic Input/Output Active State Three-State
Address Bus A23-A0 Qutput High Yes
Data Bus D15-DO Input/Output High Yes
Function Codes FC2-FCO Output High Yes
Boot Chip-Select CSBOOT Output Low No
Chip-Selects CS10-CS0 Output Low No
Bus Request BR Input Low No
Bus Grant BG Output Low No
Bus Grant Acknowledge BGACK Input Low —
Data and Size Acknowledge DSACK1/DSACKO Input Low —
Autovector AVEC Input Low —
Read-Modify-Write Cycle RMC Output Low Yes
Address Strobe AS Qutput Low Yes
Data Strobe DS Output Low Yes
Size SIZ1/S1Z0 Output High Yes
Read/Write RW Output High/Low Yes
Interrupt Request Level IRQ7-IRQ1 Input Low —
Reset RESET Input/Output Low No
Halt HALT Input/Output Low —
Bus Error BERR Input Low —
System Clock Out CLKOUT Input — —
Crystal Oscillator EXTAL, XTAL Input —_ —
External Filter Capacitor XFC Input — —
Clock Mode Select MODCK Input High —
Instruction Fetch IFETCH Output Low —
Instruction Pipe IPIPE Output Low —
Breakpoint BKPT Input Low —
Freeze FREEZE QOutput High —
Quotient Out QuUOT Qutput High —
Test Mode Enable TSTME Input Low —
Three-State Control TSC Input High —
Development Serial In, Out, Clock | DSI, DSO, DSCLK Input/Output — —
GPT Input Capture I1C1,1C2, IC3 Input/Output High/Low —
Input Capture/Output Compare 1C4/0C5 Input/Output High/Low —
Output Compare 0C1-0C4 Input/Output High/Low —
Pulse Accumulator Input PAI Input High/Low —
Pulse Width Modulation PWMA, PWMB Output — —
Aucxiliary Timer Clock Input PCLK Input — —
SCI Receive Data RXD Input High —
SCI Transmit Data TXD Output High —
Peripheral Chip-Select PCS3-PCS0 Input/Output Low —
Slave Select SS Input/Output Low —
QSPI Serial Clock SCK Input/Output — —
Master In Slave Out MISO Input/Output High —
Master Out Slave In MOSI Input/Output High —
Synthesizer Power VDDSYN Input - -
System Power Supply and Return VDD, VssI Input — —
System Power Supply and Return VDDE, VSSE Input — —
MC68331 USER'S MANUAL SIGNAL DESCRIPTIONS MOTOROLA
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SECTION 3
SYSTEM INTEGRATION MODULE (SIM)

The MC68331 system integration module (SIM) consists of five submodules that
control the microcontroller unit (MCU) system startup, initialization, configuration,

and external bus with a minimum of external devices

make up the SIM, shown in Figure 3-1, are as follows:

e System Configuration and Protection

e Clock Synthesizer

e Chip-Selects

e External Bus Interface

e System Test

SYSTEM CONFIGURATION
AND PROTECTION

CLOCK SYNTHESIZER

—————> CLKOUT
[€—————— EXTAL
| «€—————— MODCK

CHIP-SELECTS

UPPER ADDRESS
CHIP-SELECTS

EXTERNAL BUS INTERFACE

[«€———> RESET

SYSTEM TEST

[ €———— TSTME
j————————> FREEZE/QUOT

Figure 3-1. System Integration Module Block Diagram
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SYSTEM INTEGRATION MODULE

. The five submodules that
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The system configuration and protection submodule, described in 3.1 System
Configuration and Protection Submodule, controls system configuration and
provides bus monitors and a software watchdog monitor for system protection.

The clock synthesizer, described in 3.2 Clock Synthesizer, generates the clock
signals used by the SIM as well as other modules and external devices.

The programmable chip-select submodule, described in 3.3 Chip-Select
Submodule, provides 12 chip-select signals. Each chip-select signal has an
associated base register and option register that contain the programmable
characteristics of that chip-select.

The external bus interface (EBI), described in 3.4 External Bus Interface,
handles the transfer of information between the internal CPU and memory,
peripherals, or other processing elements in the external address space.

The system test submodule, described in 3.11 Test Submodule, incorporates all
the hardware necessary for testing the MCU, using scan-based testing. The
system test submodule is used to perform factory tests, and its use in normal
applications is not supported.

Figure 3-2 is a map of all registers in the SIM, and corresponding function codes
(FC) that select user and supervisor data spaces.

FC ADDRESS 15 8 7 0

101 YFFA0O MODULE CONFIGURATION (MCR)

101 YFFA02 MODULE TEST (SIMTR) TEST

101 YFFA04 CLOCK SYNTHESIZER CONTROL (SYNCR) CLOCK

101 YFFA06 UNUSED | RESET STATUS REGISTER (RSR)

101 YFFA08 MODULE TEST E (SIMTRE) EBI

101 YFFAOA UNUSED UNUSED

101 YFFAOC UNUSED UNUSED

101 YFFACE UNUSED UNUSED

X01  YFFA10 UNUSED PORTE DATA (PORTE) EBI

X01  YFFA12 UNUSED PORTE DATA (PORTE) [

X01  YFFA14 UNUSED PORTE DATA DIRECTION (DDRE) [

101 YFFA16 UNUSED PORTE PIN ASSIGNMENT (PEPAR) [

X01  YFFA18 UNUSED PORTF DATA (PORTF) EBI

X01  YFFA1A UNUSED PORTF DATA (PORTF) EBI

X01  YFFAIC UNUSED PORTF DATA DIRECTION (DDRF) [

101 YFFAIE UNUSED PORTF PIN ASSIGNMENT (PFPAR) EBI

101 YFFA20 UNUSED SYSTEM PROTECTION CONTROL | SYS-PROTECT
(SYPCR)

101 YFFA22 PERIODIC INTERRUPT CONTROL (PICR) MOD CONF

101 YFFA24 PERIODIC INTERRUPT TIMING (PITR) MOD CONF

Figure 3-2. SIM Register Map (Sheet 10f 2)
MOTOROLA SYSTEM INTEGRATION MODULE MC68331 USER’S MANUAL
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FC
101
101
101
101
101

101
101
Xo01

Xo1
Xo01
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101

MC68331 USER'S MANUAL

ADDRESS 15 8 7 0
YFFA26 UNUSED SOFTWARE SERVICE (SWSR)
YFFA28 UNUSED UNUSED
YFFA30 TEST MODULE MASTER SHIFT A (TSTMSRA)
YFFA32 TEST MODULE MASTER SHIFT B (TSTMSRB)
YFFA34 TEST MODULE SHIFT TEST MODULE SHIFT

COUNT.A.(TSTSCA) COUNT.B.(TSTSCB)
YFFA36 TEST MODULE REPETITION COUNTER (TSTRC)
YFFA38 TEST MODULE CONTROL (CREG)
YFFA3A TEST MODULE DISTRIBUTED REGISTER (DREG)
YFFA3C UNUSED UNUSED
YFFASE UNUSED UNUSED
YFFA40 UNUSED PORT C DATA (CSPDR)
YFFA42 UNUSED UNUSED
YFFA44 CHIP-SELECT PIN ASSIGNMENT (CSPARO)
YFFA46 CHIP-SELECT PIN ASSIGNMENT (CSPAR1)
YFFA48 CHIP-SELECT BASE BOOT (CSBARBT)
YFFA4A CHIP-SELECT OPTION BOOT (CSORBT)
YFFA4C CHIP-SELECT BASE 0 (CSBARO)
YFFA4E CHIP-SELECT OPTION 0 (CSORO0)
YFFAS0 CHIP-SELECT BASE 1 (CSBART)
YFFAS2 CHIP-SELECT OPTION 1 (CSOR1)
YFFAS4 CHIP-SELECT BASE 2 (CSBAR2)
YFFAS6 CHIP-SELECT OPTION 2 (CSOR2)
YFFAS8 CHIP-SELECT BASE 3 (CSBAR3)
YFFASA CHIP-SELECT OPTION 3 (CSOR3)
YFFASC CHIP-SELECT BASE 4 (CSBAR4)
YFFASE CHIP-SELECT OPTION 4 (CSOR4)
YFFAG0 CHIP-SELECT BASE 5 (CSBARS)
YFFA62 CHIP-SELECT OPTION 5 (CSORS)
YFFA64 CHIP-SELECT BASE 6 (CSBAR6)
YFFA66 CHIP-SELECT OPTION 6 (CSORS)
YFFA68 CHIP-SELECT BASE 7 (CSBAR7)
YFFAGA CHIP-SELECT OPTION 7 (CSOR?)
YFFA6C CHIP-SELECT BASE 8 (CSBARS)
YFFAGE CHIP-SELECT OPTION 8 (CSOR8)
YFFA70 CHIP-SELECT BASE 9 (CSBAR9)
YFFA72 CHIP-SELECT OPTION 9 (CSOR9)
YFFA74 CHIP-SELECT BASE 10 (CSBAR10)
YFFA76 CHIP-SELECT OPTION 10 (CSOR10)
YFFA78 UNUSED UNUSED
YFFA7A UNUSED UNUSED
YFFA7C UNUSED UNUSED
YFFA7E UNUSED UNUSED

X = Depends on state of SUPV bit in SIM MCR
Y =m111, where m is the modmap bit in the SIM MCR (Y = $7or $F)

Figure 3-2. SIM Register Map (Sheet 2 of 2)
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3.1 System Configuration and Protection Submodule

The SIM module allows the user to control some features of system configuration
by writing bits in the module configuration register, described in 3.1.1 Module
Configuration Register (MCR). This register also contains read-only status bits
that show the state of some of the SIM features.

This MCU is designed with the concept of providing maximum system
safeguards. Many of the functions that normally must be provided in external
circuits are incorporated into this MCU. The features provided in the system
configuration and protection submodule are as follows:

System Configuration
The module configuration register allows the user to conflgure the system ac-
cording to the particular system requirements.

Internal Bus Monitor

The MCU provides an internal bus monitor to monitor the DSACKXx response
time for all internal bus accesses. An option allows the monitoring of internal
to external bus accesses. There are four selectable response times that allow
for the response speed of peripherals used in the system. A bus error
(BERR) signal is asserted internally if the DSACKx response time is
exceeded. When operating as a bus master, the BERR signal is not asserted
externally.

Halt Monitor
A halt monitor causes a reset to occur if the internal halt (HALT) is asserted
by the CPU.

Spurious Interrupt Monitor
If no interrupt arbitration occurs during an interrupt acknowledge (IACK) cycle,
the BERR signal is asserted internally.

Software Watchdog
The watchdog asserts reset if the software fails to service the software watch-
dog for a designated period of time (presumably because it is trapped in a
loop or lost). There are four selectable timeout periods, and a prescaler may
be used for long timeout periods.

Periodic Interrupt Timer
The MCU provides a timer to generate periodic interrupts. The periodic inter-
rupt time period can vary from 122 pus to 15.94 s (with a 32.768-kHz crystal
used to generate the system clock).

Figure 3-3 shows a block diagram of the system configuration and protection
submodule.

MOTOROLA SYSTEM INTEGRATION MODULE MC68331 USER’'S MANUAL
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MODULE CONFIGURATION
AND TEST

RESET STATUS

HALT MONITOR

Y
Et

BUS MONITOR

SPURIOUS INTERRUPT MONITOR

CLOCK———>

29
PRESCALER

SOFTWARE WATCHDOG TIMER

SOFTWARE
—> RESET
REQUEST

PERIODIC INTERRUPT TIMER

—> IRQ1-IRQ7

Figure 3-3. System Configuration and Protection Submodule

NOTE

In the registers discussed in the following paragraphs, the numbers
in the top line of the register description represent the bit number in
the register. The second line contains the mnemonic for the bit.
The values shown under the mnemonic in the register diagram are
the values of those register bits after reset.
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3.1.1 Module Configuration Register (MCR)

The module configuration register controls the SIM configuration. Refer to Figure
3-4. The register can be both read and written at any time, except for module
mapping (MM) (bit 6), which can only be written once.

MCR — Module Configuration Register $YFFAQ0

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o0
|ExOFF|FRZSWFRzBM] o [SLVEN| o [SHEN1|SHENo[sUPV] MM | o o |1ARB3] 1ARB2] IARB1] IARBO)
RESET:

0 1 1 0 DB1T 0 0 0 1 1 0 0 1 1 1 1

Figure 3-4. Module Configuration Register

EXOFF — External Clock Off
1 = The CLKOUT pin is placed in a high-impedance state.
0 = The CLKOUT pin is driven from an internal clock source.

FRZSW — Freeze Software Enable
1 =When FREEZE is asserted, the software watchdog and periodic interrupt
timer counters are disabled, preventing interrupts from occurring during soft-
ware debug.
0 =When FREEZE is asserted, the software watchdog and periodic interrupt
timer counters continue to run. Refer to 3.1.9 Freeze Operation for more
information on freeze operation.

FRZBM — Freeze Bus Monitor Enable
1 = When FREEZE is asserted, the bus monitor is disabled.
0 = When FREEZE is asserted, the bus monitor continues to operate as
programmed.

SLVEN — Slave Mode Enabled
1 = Any external master winning control of the external bus also gains direct
access to the internal peripherals.
0 = The internal peripherals are not available to an external master. This bit is a
read-only status bit that reflects the state of the data bus bit 11 (DB11) during
reset.

SHEN1-0 — Show Cycle Enable
These two control bits determine what the EBI does with the external bus during
internal transfer operations. A show cycle allows internal transfers to be externally
monitored. Table 3-1 shows for all SHEN bit combinations whether show cycle data
is driven externally or not, and also whether external bus arbitration can occur.

External peripherals must not be enabled during show cycles to prevent bus
conflicts.

MOTOROLA SYSTEM INTEGRATION MODULE MC68331 USER’'S MANUAL
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Table 3-1. Show Cycle Control Bits

SHENT1 SHENO Action
0 0 Show cycles disabled, external arbitration enabled.
0 1 Show cycles enabled, external arbitration disabled.
1 0 Show cycles enabled, external arbitration enabled.
1 1 Show cycles enabled, external arbitration enabled;
internal activity is halted by a bus grant.

SUPV — Supervisor/Unrestricted Data Space
The SUPV bit defines the SIM global registers as either supervisor data space or
user (unrestricted) data space.
1 = Registers with access controlled by the SUPV bit are restricted to supervisor
access only (FC2 must be a one).
0 = Registers with access controlled by the SUPV bit are unrestricted (FC2 is a
don't care).

MM — Module Mapping
1 = Internal modules are addressed from $FFFO00-$FFFFFF, which is in the
absolute short addressing range.
0 = Internal modules are addressed from $7FF000-$7FFFFF.

IARB3-1ARBO — Interrupt Arbitration Bits

Each module that generates interrupts, including the SIM, has an IARB field. The
value of the IARB field allows arbitration during an IACK cycle among modules that
simultaneously generate the same interrupt level. No two modules can share the
same |ARB value. The reset value of IARB is $F, allowing the SIM to arbitrate
during an IACK cycle. The system software must initialize the IARB field to a value
from $F (highest priority) to $1 (lowest priority). A zero value prevents the SIM from
arbitrating for the interrupt and causes interrupts generated by the SIM to be treated
as spurious.

3.1.2 System Integration Module Test Registers

The following paragraphs describe registers in the SIM used only for factory test
purposes.

3.1.2.1 System Integration Module Test Register (SIMTR)

The system integration module test register bits are reserved for factory testing.
This register can only be accessed in test mode, and user access is strongly
discouraged. The mask number is accessible at any time. Refer to Figure 3-5.

MC68331 USER'S MANUAL SYSTEM INTEGRATION MODULE MOTOROLA
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SIMTR — System Integration Module Test Register $YFFA02

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o0
i MASK | o | o [sosEL1[sOsELO|sHIRQ1|SHIRQo|FBIT1|FBITo[BWC1][BWCO|
RESET:

*x x x x x x 0 0 0 0 0 0 o o o o

*At Reset this is the Mask number.

Figure 3-5. System Integration Module Test Register

Mask — Revision Number for this Part
Bits 15—-10 indicate a mask number for each specific revision or derivative of this
part. These bits are read-only; a write has no effect.

SOSEL1-SOSELO — Scan-Out Select
These bits define the output scan path or monitor point connected to master shift
register B via the SCANB line, as shown in the following table.

Table 3-2. Scan-Out Select

SOSEL1 | SOSELO Function
0 0 Internal IRQ6 (Scan In)
0 1 External IRQ6 (External Scan In)
1 0 Periodic Interrupt Zero Detect
1 1 Modulo Counter Clock Output

SHIRQ1-SHIRQO — Show Interrupt Request

These bits are used to force internal information to appear externally, as listed in the
following table.

Table 3-3. Show Interrupt Request

SHIRQ1 SHIRQO Function
0 0 Off
0 1 Reserved
1 0 Show Internal IRQ
1 1 ' Show Internal Bus Signals

MOTOROLA SYSTEM INTEGRATION MODULE MC68331 USER'S MANUAL
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FBIT1-FBITO — Force Bits
These bits force selected test conditions, as listed in the following table.

Table 3-4. Force Bits

FBIT1 FBITO Function
0 0 Off
0 1 Software Watchdog Bypass
1 0 Software Watchdog Reset
1 1 Loss of Clock Reset

BWC1-BWCO0 — Bandwidth Control Bits

These bits force selected test conditions for the phase locked loop, as listed in the
following table.

Table 3-5. Bandwidth Control Bits

BWC1 BWCoO Function
0 0 Off
0 1 Narrow Bandwidth
1 0 Wide Bandwidth
1 1 Disable Filter

3.1.2.2 System Integration Module Test Register (E Clock) (SIMTRE)

This write-only register is reserved for factory testing. A write to this register in
test mode forces the E-clock phase to synchronize with the system clock.

3.1.3 Reset Status Register (RSR)

The reset status register contains a bit for each reset source in the MCU. A bit
set to one indicates the last type of reset that occurred, and only one bit can be
set in the register. The reset status register is updated by the reset control logic
when the MCU comes out of reset. This register can be read at any time; a write
has no effect. For more information refer to 3.10 Reset Operation.

RSR — Reset Status Register $YFFAO7
7 6 5 4 3 2 1 0
| ext [ pow [ sw | Wt | o [ oc [ sys | 71sT |

Figure 3-6. Reset Status Register
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EXT — External Reset
1 = The last reset was caused by an external signal.

POW — Power-Up Reset
1 = The last reset was caused by the power-up reset circuit.

SW — Software Watchdog Reset
1 = The last reset was caused by the software watchdog circuit.

HLT — Halt Monitor Reset
1 = The last reset was caused by the system protection submodule halt monitor.

LOC — Loss of Clock Reset
1 = The last reset was caused by a loss of frequency reference to the clock
submodule. This reset can only occur if the reset enable (RSTEN) bit in the
clock submodule is set and the voltage-controlled oscillator (VCO) is
enabled.

SYS — System Reset
1 = The last reset was caused by the CPU executing a reset instruction. The
system reset does not load a reset vector or affect any internal CPU registers
or SIM configuration registers, but does reset external devices and other in-
ternal modules.

TST — Test Submodule Reset
1 = The last reset was caused by the test submodule.

3.1.4 System Protection Control Register (SYPCR)
The system protection control register controls the system monitors, the
prescaler for the software watchdog clock, and the bus monitor timing.

In operating mode, this register may be written only once following a power-on or
external reset, but can be read at any time. In test mode, this register is writable

at any time.
SYPCR — System Protection Control Register $SYFFA21
7 6 5 4 3 2 1 0
| swe | swp | swri | swro | HME | BME | BMT1i | BMTO |
RESET:
1 MODCK 0 0 0 0 0 0

Figure 3-7. System Protection Control Register
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SWE — Software Watchdog Enable
1 = Software watchdog enabled
0 = Software watchdog disabled
Refer to 3.1.6 Software Watchdog for more information on the software watchdog.

SWP — Software Watchdog Prescale
1 = Software watchdog clock prescaled by 512
0 = Software watchdog clock not prescaled
This bit controls the value of the software watchdog prescaler as shown below. The
reset value of this bit is affected by the state of the MODCK pin on the rising edge of
reset, as shown in Table 3-6. System software, when writing to the SYPCR, can
change the value of this bit.

The MODCK pin also controls the clock source for the MCU. If the MODCK pin is
high during reset the internal VCO provides the system clock. When it is low at
reset, an external frequency appearing at the EXTAL pin furnishes the system clock.

Table 3-6. MODCK Pin and
SWP Bit at Reset

MODCK SWP
0 (External Clock) 1(+512)
1 (Internal Clock) 0(+1)

SWT1-SWT0 — Software Watchdog Timing
These bits control the divide ratio used to establish the timeout period for the
software watchdog timer. The software timeout period is given by the following
equation.

Timeout Period = 1/(EXTAL Frequency/Divide Count) (3-1)
or

Timeout Period = Divide Count/EXTAL Frequency (3-2)

The software timeout period shown in Table 3-7 gives the equation to derive the
software watchdog timeout for any clock frequency, and the timeout periods are
listed for a 32.768-kHz crystal used with the VCO and a 16.718-MHz external
oscillator.

MC68331 USER’S MANUAL SYSTEM INTEGRATION MODULE MOTOROLA
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Table 3-7. Software Timeout Periods for Watchdog Timeout

Bits 6—4 Software Timeout Period 32.768-kHz Crystal 16.718-MHz
Period External Clock Period
000 29/EXTAL Input Frequency 15.6 Milliseconds 30.6 Microseconds
001 211/EXTALInput Frequency 62.5 Milliseconds 122.5 Microseconds
010 213/EXTAL Input Frequency 250 Milliseconds 490 Microseconds
o011 215/EXTAL Input Frequency 1 Second 1.96 Microseconds
100 218/EXTAL Input Frequency 8 Seconds 15.6 Milliseconds
101 220/EXTAL Input Frequency 32 Seconds 62.7 Milliseconds
110 222/EXTAL Input Frequency 128 Seconds 250 Milliseconds
111 224/EXTAL Input Frequency 512 Seconds 1 Second
CAUTION

When the SWT1-SWTO bits are modified to select a software
timeout other than the default, the software service sequence ($55
followed by $AA written to the software service register) must be
performed before the new timeout period takes effect.

Refer to 3.1.6 Software Watchdog for more information.

HME — Halt Monitor Enable
1 = Enable halt monitor function
0 = Disable halt monitor function
For more information refer to 3.1.5.2 Halt Monitor.

BME — Bus Monitor External Enable
1 = Enable bus monitor function for an internal to external bus cycle
0 = Disable bus monitor function for an internal to external bus cycle
For more information refer to 3.1.5.1 Internal Bus Monitor.

BMT — Bus Monitor Timing
These bits select the timeout period for the bus monitor according to the following
table.

Table 3-8. Bus Monitor Timing

Bits 1-0 Bus Monitor Timeout Period
00 64 System Clocks (CLK)
01 32 System Clocks (CLK)
10 16 System Clocks (CLK)
1 8 System Clocks (CLK)
MOTOROLA SYSTEM INTEGRATION MODULE MC68331 USER’'S MANUAL
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3.1.5 Bus Monitors

The SIM provides a bus monitor that monitors all internal bus accesses and op-
tionally monitors internal to external bus accesses for excessive response times.

3.1.5.1 Internal Bus Monitor

The internal bus monitor continually checks for the DSACKx response time
during a normal bus cycle or the autovector (AVEC) response time during an
interrupt acknowledge (IACK) bus cycle. The monitor initiates BERR if the
response time is excessive. The internal bus monitor does not check DSACKx
response on the external bus unless it initiates the bus cycle. If the system
contains external bus masters, an external bus monitor must also be
implemented, and the internal to external bus monitor option disabled.

The DSACKx or AVEC response time is measured in clock cycles, and the
maximum allowable response time is programmable. Four selectable response
time periods for the bus monitor are listed in 3.1.4 System Protection Control
Register (SYPCR) under the BMT bit description. These are provided to allow
for the different response times of peripherals that might be used in the system.

The BME bit in the SYPCR enables the internal bus monitor for internal to ex-
ternal bus cycles.

3.1.5.2 Halt Monitor

The halt monitor responds to an assertion of HALT on the internal bus. Refer to
3.8.4 Double Bus Fault for more information. A flag in the reset status register
(RSR) indicates that the last reset was caused by the halt monitor. The halt
monitor reset can be inhibited by the HME bit in the SYPCR.

3.1.5.3 Spurious Interrupt Monitor

The spurious interrupt monitor issues BERR if no interrupt arbitration occurs
during an IACK cycle. This causes the processor to take a spurious interrupt
exception. Normally during an IACK cycle, one or more internal submodules
recognize that the CPU is responding to their own interrupt and arbitrate for the
privilege of returning a vector or asserting AVEC. This feature cannot be
disabled.

3.1.6 Software Watchdog

Once enabled, the software watchdog requires a special service sequence to be
executed on a periodic basis. If this periodic servicing action does not take
place, the software watchdog times out and issues a reset. This protects the
system against the possibility of the software becoming trapped in loops or
running away. There are selectable watchdog timeout periods that are tabulated

MC68331 USER’S MANUAL SYSTEM INTEGRATION MODULE MOTOROLA
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in the SYPCR description. The watchdog clock rate is affected by the SWP and
SWT bits in the SYPCR, described in the SYPCR bit descriptions.

Figure 3-8 shows a block diagram of the watchdog timer and the clock control for
the periodic interrupt timer.

PITR

swp
pTP
FREEZE vy
[ >cLock [ + ¢ [T 81T MoDULUS COUNTERL > RiTeraupr
3 EXTAL—»| CLOCK 3! PRESCALER (29) 5| MUX

DISABLE PRECLK
[ RESET

YY !Vl

SWCLK
LPSTOP
SWT1 1SSTAGE
SWTO DIVIDER CHAIN (215)
" Y VY v v

29 oM 213 215
Figure 3-8. Watchdog Timer

The software watchdog service sequence consists of the following two steps:
1. Write $55 to the software service register (SWSR). (Refer to Figure 3-9.)

2. Write $AA to the SWSR.

Both writes must occur in the order listed prior to the watchdog timeout, but any
number of instructions can be executed between the two writes.

SWSR — Software Service Register $YFFA27
7 6 5 4 3 2 1 0
[ swsR7 | SwsRé | SWSRs | SWSR4 | SWSR3 | SWSR2 | SWSRi | SWsRo |
RESET: \
0 0 0 0 0 0 0 0

Figure 3-9. Software Service Register

The SWSR is the location to which the watchdog timer servicing sequence is
written. This register can be written at any time, but returns all zeros when read.

The software watchdog can be enabled or disabled by the SWE bit in the
SYPCR.
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3.1.7 Periodic Interrupt Timer (PITR)

The periodic interrupt timer consists of an 8-bit modulus counter that is loaded
with the value contained in the PITR, described below.

PITR — Periodic Interrupt Timing Register $YFFA24
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

o] of o] of o] o] o] pp [PrTR7[PITRE|PITRS|PITR4| PITR3|PITR2| PITR1]PITRO|
RESET:

0 0 0 0 0 0 0 MODCK O 0 0 0 0 0 0 0

Figure 3-10. Periodic Interrupt Timing Register

PTP — Periodic Timer Prescaler Control
The periodic timer prescale bit (PTP) contains the prescaler control for the periodic
timer.
1 = Periodic timer clock prescaled by a value of 512
0 = Periodic timer clock not prescaled
The reset value of this bit is affected by the state of the clock mode select (MODCK)
pin on the rising edge of reset, as shown in the following table.

Table 3-9. MODCK Pin and
PTP Bit at Reset

MODCK PTP
0 (External Clock) 1(+512)
1 (Internal Clock) 0(+1)

PITR7-PITRO — PITM Field (Periodic Interrupt Timing Modulus)
The periodic interrupt timing register (PITR) contains the count value for the periodic

timer. A zero value turns off the periodic timer. This register can be read or written
at any time.

Figure 3-8 shows a block diagram of the clock control circuits for the periodic
interrupt timer as well as the watchdog timer. The modulus counter is clocked by
a signal derived from the buffered crystal oscillator (EXTAL) input pin unless an
external frequency source is used. When an external frequency source is used
(MODCK low at the end of reset), the default state of the prescaler control bits
(SWP and PTP) is changed to enable both prescalers.

Either clock source (EXTAL or EXTAL + 512) is divided by four before driving the
modulus counter (PITCLK). When the modulus counter value reaches zero, an
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interrupt is generated. The value in the PITR (the PITM field) is then loaded
again into the modulus counter and the counting process starts over. If a new
value is written to the PITR, this value is loaded into the modulus counter when
the current count is completed.

This register can be read or written at any time. Bits 15-9 are not implemented,
and always return zero when read. A write does not affect these bits.

3.1.7.1 Periodic Interrupt Control Register (PICR)

The periodic interrupt control register sets up the interrupt request level for the
interrupt periodic timer and also contains the interrupt vector generated during an
IACK cycle in response to an interrupt from the periodic timer.

PICR — Periodic Interrupt Control Register $YFFA22
15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
[ o] o] o] o] o [praL2]PiraLi]PiIraLo] PIv7] Pive] Pivs] PIva] PIva] PIv2] PIvi ] PIVo |

RESET:
o 0o o o o o 0 o o o o o 1 1 1 1

Figure 3-11. Periodic Interrupt Control Register

PIRQL2-PIRQLO — Periodic Interrupt Request Level
These bits contain the periodic interrupt request level. Table 3-10 shows what

interrupt request level is asserted. The periodic timer continues to run when the
interrupt is disabled.

Table 3-10. Periodic Interrupt Request

Level
Bits 10-8 Interrupt Request Level

000 Periodic Interrupt Disabled
001 Interrupt Request Level 1

010 Interrupt Request Level 2
o011 Interrupt Request Level 3
100 Interrupt Request Level 4
101 Interrupt Request Level 5
110 Interrupt Request Level 6
i1 Interrupt Request Level 7
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PIV7-PIV0 — Periodic Interrupt Vector
These bits contain the value of the vector generated during an IACK cycle in
response to an interrupt from the periodic timer. When the SIM responds to the
IACK cycle, the periodic interrupt vector from the PICR is placed on the bus. This
vector number is multiplied by four to form the vector offset, which is added to the
vector base register to obtain the address of the vector.

Bits 10-0 can be read or written at any time. Bits 15-11 are unimplemented and
always return zero. A write to these bits has no effect.

3.1.7.2 Periodic Timer Period Calculation
The period of the periodic timer can be calculated using the following equation:

PIT Period = PITM/(EXTAL/Prescaler)/4 (3-3)
where:

PIT Period = Periodic Interrupt Timer Period

PITM = Periodic Interrupt Timer Register Modulus (PITR7-PITRO0)
EXTAL = Crystal Frequency

Prescaler =512 or 1 depending on the state of the PTP bit in the PITR

Solving the equation using a crystal frequency of 32.768 kHz with the prescaler
disabled (PTP = 0) gives:

PIT Period = PITM/(32768/1)/4 (3-4)
= PITM/8192

This gives a range from 122 us with a PITM of $01 (00000001 binary) to 31.128
ms with a PITM of $FF (11111111 binary).

Solving the equation with the prescaler enabled (PTP = 1) gives the following
values:

PIT Period =PITM/(32768/512)/4 (3-5)
=PITM/16

This gives a range from 62.5 ms with a PITM value of $01 (00000001 binary) to
15.94 s with a PITM of $FF (11111111 binary).

Table 3-11 lists some of the periods available using a 32.768-kHz clock:
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Table 3-11. PIT Periods for 32.768-kHz

Clock
PITR PIT Period
$0000 Periodic Interrupt Timer Off
$0001 122 Microseconds
$0002 244 Microseconds
$0004 488 Microseconds
$0008 977 Microseconds
$000F 1.83 Milliseconds
$0020 3.90 Milliseconds
$0040 7.88 Milliseconds
$0080 15.6 Milliseconds
$00A0 19.5 Milliseconds
$00FF 31.1 Milliseconds
$0100 Periodic Interrupt Timer Off
$0101 62.5 Milliseconds
$0102 125 Milliseconds
$0104 250 Milliseconds
$0108 500 Milliseconds
$0110 1 Second
$0120 2 Seconds
$0140 4 Seconds
$0180 8 Seconds
$01A0 10 Seconds
$01FF 15.9 Seconds

For fast calculation of periodic timer period using a 32.768-kHz clock, the fol-

lowing equations can be used:

With prescaler disabled:

PIT Period = PITM (122 ps)

With prescaler enabled:

PIT Period =PITM (62.5 ms)
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3.1.7.3 Using The Periodic Timer as a Real-Time Clock

The periodic interrupt timer can be used as a real-time clock interrupt by setting it
up to generate an interrupt with a 1-s period. Rearranging the periodic timer
period equation to solve for the desired count value,

PITM = (PIT Period)(EXTAL)/(Prescaler)(4) (3-8)
= (1)(32768)/(512)(4)
=1

6 (decimal)

Therefore, the PITR should be loaded with a value of $10, with the prescaler
enabled, to generate interrupts at a 1-s rate.

3.1.8 Low Power STOP Operation (LPSTOP)

Execution of the LPSTOP instruction disables the clock to the software watchdog
timer in the low state. The software watchdog timer remains stopped until the
LPSTOP state is ended and then begins to run again on the next rising clock
edge.

NOTE

When the CPU executes the STOP instruction (as opposed to
LPSTOP), the software watchdog timer continues to run. If the
software watchdog is enabled, it resets the MCU when timeout
occurs.

The periodic interrupt timer does not respond to an LPSTOP instruction so that it
can be used to bring the MCU out of the LPSTOP condition as long as the inter-
rupt request level is higher than the CPU interrupt mask level. The periodic in-
terrupt timer is clocked by the EXTAL clock, and so runs at the same frequency
as the EXTAL pin during LPSTOP.

To stop the periodic interrupt timer while in LPSTOP, the PITR must be loaded
with a zero value before LPSTOP is executed.

The bus monitor, halt monitor, and spurious interrupt monitor are all inactive
during LPSTOP.
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3.1.9 Freeze Operation

FREEZE is asserted by the CPU if a breakpoint is encountered with background
mode enabled. When FREEZE is asserted, only the bus monitor, software
watchdog, and periodic interrupt timer are affected. The halt monitor and spuri-
ous interrupt monitor continue to operate normally. Setting the FRZBM bit dis-
ables the bus monitor when FREEZE is asserted, and setting the FRZSW bit
disables the software watchdog and the periodic interrupt timer when FREEZE is
asserted. The FRZBM and FRZSW bits are located in the MCR.

3.2 Clock Synthesizer

The clock synthesizer can operate from an on-chip phase-locked loop (PLL)
using an external crystal connected between the EXTAL and XTAL pins as a
reference frequency source. A 32.768-kHz crystal provides an inexpensive
reference, but the reference crystal frequency can be any frequency from 25 to
50 kHz. Outside of this range, an external oscillator can be used with the on-chip
frequency synthesizer and VCO, or the system clock frequency can be driven
directly into the EXTAL pin (the XTAL pin should be left floating for this case).

With a 32.768-kHz crystal the system clock frequency is programmable from 131
kHz to the maximum clock frequency, specified in SECTION 8 ELECTRICAL
CHARACTERISTICS, with a resolution of 131 kHz. The minimum VCO
frequency is always four times the crystal frequency. This is also the resolution.

A separate power pin (VppsyN) is used to allow the clock circuits to run with the
rest of the MCU powered down and to provide increased noise immunity for the
clock circuits. The source for Vppsyn should be a quiet power supply with ade-
quate external bypass capacitors placed as close as possible to the Vppsyn pin
to ensure a stable operating frequency. Figure 3-12 shows a block diagram of
the clock submodule and suggested values for the bypass and PLL external
capacitors.

The PLL requires an external low-leakage filter capacitor, typically in the range
from 0.01 to 0.1 uF, connected between the external filter capacitor (XFC) and
VppsyN pins. Smaller values of the external filter capacitor provide a faster re-
sponse time for the PLL, and larger values provide greater frequency stability.
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2. EXTAL can be driven with an external oscillator.

Figure 3-12. Clock Submodule Block Diagram

3.2.1 Clock Synthesizer Control Register (SYNCR)

The clock synthesizer control register can be read or written only in supervisor
mode. The reset state of SYNCR produces an operating frequency of 8.38 MHz
when the PLL is referenced to a 32.768-kHz crystal. The system frequency is
controlled by the frequency control bits in the upper byte of the SYNCR as

follows:

SYNCR — Clock Synthesizer Control Register $YFFAO04

3 12 1 10 9

8 7 6 5 4 3 2 1 0

15 14 1
Lw | x]vys|valva]v2] vi] voJeoiv] o] o |sLmp[sLock|RSTEN| STSIM| STEXT|

RESET:
0 0 1 1 1 1 1

U = Unaffected by reset

1 0 0 0 U U 0 0 0

Figure 3-13. Clock Synthesizer Control Register

W — Frequency Control Bit

This bit controls the prescaler tap in the synthesizer feedback loop. Setting the bit
increases the VCO speed by a factor of four, as specified in equation 3-9, which
requires time for the VCO to relock.
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X — Frequency Control Bit
This bit controls a divide by two prescaler that is not in the synthesizer feedback
loop. Setting the bit bypasses the prescaler and therefore doubles the system clock
speed without changing the VCO speed, as specified in equation 3-9 for determining
system frequency, and so no delay is incurred to relock the VCO.

Y5-Y0 — Frequency Control Bits
The Y bits, with a value from 0 to 63, control the modulus down counter in the
synthesizer feedback loop, causing it to divide by the value of Y+1. (Refer to
equation 3-9 for determining system frequency). Changing these bits requires a time
