PREFACE

The complete documentation package for the MC68330 consists of the MC68330
Integrated CPU32 Processor User’s Manual (MC68330UM/AD) and the MC68330
Integrated CPU32 Processor Technical Summary (MC68330UM/D).

The MC68330 Integrated CPU32 Processor User’s Manual describes the programming,
capabilities, registers, and operation of the MC68330. The MC68330 Integrated CPU32
Processor Technical Summary provides a description of the MC68330 capabilities and

detailed electrical specifications.

This user’'s manual is organized as follows:
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SECTION 1
DEVICE OVERVIEW

The MC68330 is a 32-bit integrated processor unit, combining high-performance data
manipulation capabilities with a variety of circuits typically used to integrate a processor
into the overall computer system. The MC68330 is a member of the M68300 Family of
modular devices featuring fully static, high-speed complementary metal-oxide
semiconductor (HCMOS) technology. Based on the powerful MC68020, the CPU32
central processing module of the MC68330 provides enhanced system performance and
uses the extensive software base of the M68000 Family. Figure 1-1 shows the major

components of the MC68330.

| INTERMODULE BU!

>

o

CPU32
CORE PROCESSOR

SIM40

SYSTEM CONFIGURATI
AND PROTECTION

CHIP SELECTS
AND WAIT STAT
EXTERNAL BU

INTERFACE

IEEE TEST

Figure 1-1. Block Diagram

The MC68330 system integration module (SIM40) provides four chip selects that
enhance system integration for easy external memory or peripheral access. The CPU32
and SIM40 modules are connected on-chip via an intermodule bus (IMB).

The major features of the MC68330 are as follows:

* Integrated System Functions in a Single Chip
» 32-Bit M68000 Family Central Processor

— Upward User-Object-Code Compatible with the MC68000 and MC68010

— New Instructions for Embedded Control Applications

— Higher Performance Execution
* Four Programmable Chip-Select Signals
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System Failure Protection:

— Software Watchdog Timer

— Periodic Interrupt Timer

— Spurious Interrupt, Double Bus Fault, and Bus Timeout Monitors
— Automatic Programmable Bus Termination

Up to 16 Discrete 1/0O Pins

Low-Power Operation:

— HCMOS Technology Reduces Power in Normal Operation

— LPSTOP Mode Provides Static State for Lower Standby Drain
Frequency: 0—25 MHz at 5-V Supply, Software Programmable
Package: 132-Pin Plastic Quad Flat Pack (PQFP)

1.1 CENTRAL PROCESSOR UNIT

The central processing unit of the MC68330 is the CPU32, an upward-compatible
M68000 Family member that excels in processing calculation-intensive algorithms and
supporting high-level languages. All MC68010 and most MC68020 enhancements, such
as virtual memory support, loop mode operation, instruction pipeline, and 32-bit
mathematical operations, are supported. Powerful addressing modes provide
compatibility 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 for embedded control applications. Most
instructions can execute in half the number of clocks required by an MC68000, yielding
an overall 1.6 times performance of the same-speed MC68000.

1.2 SYSTEM INTEGRATION MODULE

The SIM40 includes an external interface and various functions that reduce the need for
external glue logic. The SIM40 contains system configuration and protection, the clock
synthesizer, four chip selects, and the external bus interface (EBI).

1.2.1 System Configuration and Protection

The system configuration and protection function controls system configuration and
provides maximum system safeguards. System protection is provided on the MC68330
by various monitors and timers, including the bus monitor, double bus fault monitor,
spurious interrupt monitor, software watchdog timer, and the periodic interrupt timer.
These system functions are integrated on the MC68330 to reduce board size and the
cost incurred with external components.

1.2.2 Clock Synthesizer

The system clock can be generated by an on-chip phase-locked loop (PLL) circuit to run
the device from a 32.768-kHz watch crystal. An external clock can also be used. The
system speed can be changed dynamically with the PLL, providing either high
performance or low power consumption under software control. With its fully static
HCMOS design, it is possible to completely stop the system clock in software while still
preserving the contents of the registers.
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1.2.3 Chip Selects

Four independent chip selects can enable external memory and peripheral circuits,
providing all handshaking and timing signals with up to 265-ns access times. Block size
is programmable in 256-byte increments up to the 4-Gbyte address capability. Accesses
can be preselected for either 8- or 16-bit transfers and up to three wait states.

1.2.4 External Bus Interface

Based on the MC68020 bus, the external bus provides 32 address lines and a 16-bit
data bus. The data bus allows dynamic sizing between 8- and 16-bit data accesses.
External bus arbitration is accomplished by a four-line handshaking interface. Strobe
signals provide easy byte-write capability. Transfers can be made in as little as two clock
cycles.
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SECTION 2
SIGNAL DESCRIPTIONS

This section contains brief descriptions of the MC68330 input and output signals in their
functional groups as shown in Figure 2-1.

2.1 SIGNAL INDEX

The input and output signals for the MC68330 are listed in Table 2-1. The name,
mnemonic, and brief functional description are presented. For more detail on each signal,
refer to the paragraph named for the signal. Guaranteed timing specifications for the
signals listed in Table 2-1 can be found in MC68330/D, MC68330 Technical Summary.

2.2 ADDRESS BUS

The address bus consists of the following two groups. Refer to 3.1.3 Address Bus for
information on the address bus and its relationship to bus operation.

2.2.1 Address Bus (A23-A0)

These three-state outputs (along with A31-A24) provide the address for the current bus
cycle, except in the CPU address space. Refer to 3.4 CPU Space Cycles for more
information on the CPU address space. A23 is the most significant address signal in this

group.

2.2.2 Address Bus (A31-A24)

These pins can be programmed as the most significant eight address bits, port A parallel
I/O, or interrupt acknowledge strobes. These pins can be used for more than one of their
multiplexed functions as long as the external demultiplexing circuit properly resolves
collisions between the different functions.

A31-A24. These pins can function as the most significant eight address bits. A31 is the
most significant address signal in this group.

Port A7—Port AO. These eight pins can serve as a dedicated parallel I/O port. See 4.2.5.1
Port A for more information on programming these pins.

IACK7-IACK1. The MC68330 asserts one of these pins to indicate the level of an
external interrupt during an interrupt acknowledge (IACK) cycle. Peripherals can use the
IACK strobes instead of monitoring the address bus and function codes to determine that
an IACK cycle is in progress and to obtain the current interrupt level. See 3.4.4 Interrupt
Acknowledge Bus Cycles for more information. Only seven of these eight pins are used

as IACK strobe outputs since there is no IACKO strobe.
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Figure 2-1. Functional Signal Groups
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Table 2-1. Signal Index

Signal Name Mnemonic Function

Address Bus A23-A0 Lower 24 bits of address bus

Address Bus/ Port A7-A0/ IACK7- A31-A24 Upper eight bits of address bus, parallel I/O port, or interrupt

IACK1 acknowledge lines

Data Bus D15-D0 16-hit data bus used to transfer byte or word data

Function Codes FC2-FCO Identifies the processor state and the address space of the
current bus cycle

Chip Select /AVEC CS3-CS0 Enables peripherals at programmed addresses or provides
automatic vector request (CSO0) during an interrupt
acknowledge cycle

Bus Request BR Indicates that an external device requires bus mastership

Bus Grant BG Indicates that current bus cycle is complete and the
MC68330 has relinquished the bus

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

Data and Size Acknowledge DSACK1, Provides asynchronous data transfers and dynamic bus

DSACKO sizing

Byte Write Enable UWE, LWE Provides an enable signal for byte writes to external devices,
when using a 16-bit port

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 indicates that valid data is on the data bus.

Size SlZ1, S1z0 Indicates the number of bytes remaining to be transferred for
this cycle

Read/Write R'W Indicates the direction of data transfer on the bus

Interrupt Request Level/ IRQ7 — IRQ1 | Provides an interrupt priority level to the CPU32 or provides

Port B7 — B1 parallel I/O

Reset RESET System reset

Halt HALT Suspend external bus activity

Bus Error BERR Indicates an erroneous bus operation is being attempted

System Clock Out CLKOUT Internal system clock output

Crystal Oscillator EXTAL, XTAL | Connections for an external crystal to the internal oscillator
circuit

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

Clock Mode Select/Port BO MODCK Selects the source of the internal system clock or furnishes a
parallel I/O bit

Instruction Fetch IFETCH Indicates when the CPU32 is performing an instruction word
prefetch and when the instruction pipeline has been flushed

Instruction Pipe IPIPE Tracks movement of words through the instruction pipeline

Breakpoint BKPT Signals a hardware breakpoint to the CPU32

Freeze FREEZE Indicates that the CPU32 has entered background debug
mode

Test Clock TCK Provides a clock for IEEE 1149.1 test logic

Test Mode Select TMS Controls test mode operations

Test Data In TDI Shifts in test instructions and test data

Test Data Out TDO Shifts out test instructions and test data

Synchronizer Power VCCSYN Quiet power supply to VCO; also used to control synthesizer
mode after reset.

System Power Supply and Return Vce, GND Power supply and return to the MC68330
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2.3 DATA BUS (D15-D0)

These three-state bidirectional signals provide the general-purpose data path between the
MC68330 and all other devices. Although the data path is a maximum of 16 bits wide, it
can be dynamically sized to support 8- or 16-bit transfers. D15 is the most significant bit of
the data bus. Refer to 3.1.5 Data Bus for information on the data bus and its relationship
to bus operation.

2.4 FUNCTION CODES (FC2-FCO0)

These three-state outputs identify the processor state and the address space of the
current bus cycle, as listed in Table 2-2. Refer to 3.1.2 Function Codes and 3.4 CPU
Space Cycles for more information.

NOTE

Since FC3 is not implemented, the programmer must set
FC3 and FCMS3 to zero in the chip-select base address
and address mask registers.

Table 2-2. Function Codes

Function Code Bits Address Spaces
2

[EnY

Reserved (Motorola)
User Data Space
User Program Space
Reserved (User)
Reserved (Motorola)
Supervisor Data Space
Supervisor Program Space
Supervisor CPU Space

olo|o|o|o|o|o|o|w
N IR ===]
N R ==
Rlo|rlolr|olr]|o]o

2.5 CHIP SELECTS (CS3-CS0)

These pins are chip-select output signals. The CSO pin can also be programmed as an
autovector input.

CS3-CSO0. The chip-select output signals enable peripherals at programmed addresses.
CSO0 is the chip select for a ROM containing the user's reset vector and initialization
program; therefore, it functions as the boot chip select immediately after reset. Refer to
4.2.4 Chip-Select Submodule for more information on chip selects.

AVEC. This signal requests an automatic vector during an interrupt acknowledge cycle.
Refer to 3.4.4.2 Autovector Interrupt Acknowledge Cycle and 4.3.2.2 Autovector
Register for more information on the autovector function.
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2.6 INTERRUPT REQUEST LEVEL (IRQ7 — IRQ1)
These pins can be programmed to be either prioritized interrupt request lines or port B
parallel 1/0.

IRQ7 — IRQ1. IRQ7, the highest priority, is nonmaskable. IRQ6—-IRQ1 are internally
maskable interrupts. Refer to Section 5 CPU32 for more information on interrupt request
lines.

Port B7 — BO. These pins can be used as port B parallel I/0. Refer to 4.2.5.2 Port B
registers for more information on parallel I/O signals.

2.7 BUS CONTROL SIGNALS
These signals control the bus transfer operations of the MC68330.

2.7.1 Data and Size Acknowledge (DSACK1, DSACKQO)

These two active-low input signals allow asynchronous data transfers and dynamic data
bus sizing between the MC68330 and external devices as listed in Table 2-3. Refer to
3.1.7 Bus Cycle Termination Signals for more information on these signals and their
relationship to dynamic bus sizing.

Table 2-3. DSACKXx Codes and Results

DSACK1| DSACKO Result

1 1 Insert Wait States in Current Bus Cycle
(Negated) | (Negated)

1 0 Complete Cycle — Data Bus Port Size Is 8 Bits
(Negated) | (Asserted)

0 1 Complete Cycle —Data Bus Port Size Is 16 Bits
(Asserted) | (Negated)

0 0 Reserved —Defaults to 16 Bit Port Size
(Asserted) | (Asserted)

2.7.2 Autovector (AVEC)
See 2.5 Chip Selects (CS3-CSO0) .

2.7.3 Address Strobe (AS)

This output signal is driven by the bus master to indicate a valid address on the address
bus. The function code, size, and read/write signals are also valid when AS is asserted.

Refer to 3.1.4 Address Strobe for information about the relationship of AS to bus
operation.

2.7.4 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 3.1.6 Data Strobe for

information about the relationship of DS to bus operation.
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2.7.5 Transfer Size (SlIZ1, SIZ0)

These output signals are driven by the bus master to indicate the number of operand
bytes remaining to be transferred in the current bus cycle (see Table 2-4). Refer to 3.2.1
Dynamic Bus Sizing for more information.

Table 2-4. Size Signal

Encoding
Siz1 SIZ0 | Transfer Size
0 1 Byte
1 0 Word
1 1 3 Byte
0 0 Long Word

2.7.6 Read/Write (R/W)

This active-high 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 3.1.1 Bus Control Signals for more information.

2.8 BUS ARBITRATION SIGNALS

The following signals are the four bus arbitration control signals used to determine the bus
master.

2.8.1 Bus Request (BR)

This active-low input signal indicates that an external device needs to become the bus
master. This input is typically wire-ORed. Refer to 3.6 Bus Arbitration for more
information.

2.8.2 Bus Grant (BG)

Assertion of this active-low output signal indicates that the bus master has relinquished
the bus. Refer to 3.6.2 Bus Grant for more information.

2.8.3 Bus Grant Acknowledge (BGACK)

Assertion of this active-low input indicates that an external device has become the bus
master. Refer to 3.6.3 Bus Grant Acknowledge for more information.

2.8.4 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 to
indicate that bus ownership cannot be transferred. Refer to 3.3.3 Read-Modify-Write
Cycle for additional information.
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2.8.5 Byte Write Enable (UWE, LWE)

On a write cycle to a 16-bit port, these active-low output signals indicate when the upper
or lower eight bits of the data bus contain valid data. See 3.1.7 Byte Write Enable for a
description of byte write enable operation.

2.9 EXCEPTION CONTROL SIGNALS
These signals are used by the integrated processor unit to recover from an exception.

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 MC68330 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 is not affected,;
other on-chip modules are reset, but the configuration is not altered. When asserted by the
MC68330, this signal is guaranteed to be asserted for a minimum of 512 clock cycles.
Refer to 3.7 Reset Operation for a description of bus reset operation and Section 5
CPU32 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 to perform a single-step operation. As
an output, HALT indicates a double bus fault by the CPU32. Refer to 3.5 Bus Exception
Control Cycles for a description of the effects of HALT on bus operation.

2.9.3 Bus Error (BERR)

This active-low input signal indicates that an invalid bus operation is being attempted or,
when used with HALT, that the processor should retry the current cycle. Refer to 3.5 Bus
