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PREFACE

The complete documentation package for the MC68340 consists of the MC68340UM/AD,
MC68340 Integrated Processor with DMA User’'s Manual, M68000PM/AD, MC68000
Family Programmer’s Reference Manual, and the MC68340P/D, MC68340 Integrated
Processor with DMA Product Brief.

The MC68340 Integrated with DMA Processor User's Manual describes the programming,
capabilities, registers, and operation of the MC68340; the MC68000 Family Programmer’s
Reference Manual provides instruction details for the MC68340; and the MC68340
Integrated Processor with DMA Product Brief provides a brief description of the MC68340
capabilities.

This user's manual is organized as follows:

Section 1 Device Overview Section8  Timer Modules
Section2  Signal Descriptions Section9  IEEE 1149.1 Test Access
Section3  Bus Operation Port '
Section4  System Integration Module Section 10 Applications
Section5 CPU32 Section 11 Electrical Characteristics
Section6  DMA Controller Module Section 12 Ordering Information and
Section7  Serial Module Mechanical Data

68K FAX-IT

FAX 512-891-8593

The Motorola High-End Technical Publication Department provides a FAX number for you
to submit any questions and comments about this document. We welcome your
suggestions for improving our documentation or any questions concerning our products.

Please provide the part number and revision number (located in upper right-hand corner
on the cover), and the title of the document when submitting. When referring to items in
the manual please reference by the page number, paragraph number, figure number,
table number, and line number if needed. Reference the line number from the top of the
page.

When we receive a FAX between the hours of 7:30 AM and 5:00 PM EST, Monday
through Friday, we will respond within two hours. If the FAX is received after 5:00 PM or
on the weekend, we will respond within two hours on the first working day following receipt
of the FAX.

When sending a FAX, please provide your name, company, FAX number, and voice
number including area code (so we can talk to a real person if needed).
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SECIION 1
DEVICE OVERVIEW

The MC68340 is a high-performance 32-bit integrated processor with direct memory
access (DMA), combining an enhanced M68000-compatible processor, 32-bit DMA, and
other peripheral subsystems on a single integrated circuit. The MC68340 CPU32 delivers
32-bit CISC processor performance from a lower cost 16-bit memory system. The
combination of peripherals offered in the MC68340 can be found in a diverse range of
microprocessor-based systems, including embedded control and general computing.
Systems requiring very high-speed block transfers of data can especially benefit from the
MC68340.

The MC68340's high level of functional integration results in significant reductions in
component count, power consumption, board space, and cost while yielding much higher
system reliability and shorter design time. The 3.3-V MC68340V is particularly attractive to
applications requiring a very tight power budget. Complete code compatibility with the
MC68000 and MC68010 affords the designer access to a broad base of established real-
time kernels, operating systems, languages, applications, and development tools—many
oriented towards embedded control.

SYSTEM
INTEGRATION
MODULE

(SIM40) CPU32 TWO-

68020 CHANNEL
SYSTEM v g SERIAL

PROTECTION 1o

CHIP SELECTS
AND
WAIT STATES

CLOCK
SYNTHESIZER INTERMODULE BUS
EXTERNAL
BUS
INTERFACE

BUS
ARBITRATION TWO-CHANNEL DMA
CONTROLLER TIMER TIMER

|EEE TEST

Figure 1-1. Block Diagram

MOTOROLA MC68340 USER’S MANUAL 1-1




The primary features of the MC68340, illustrated in Figure 1-1, are as follows:

CPU32—MC68020-Derived 32-Bit Central Processor Unit

u * High Functional Integration on a Single Piece of Silicon

— Upward Object-Code Compatible with MC68000 and MC68010
— Additional MC68020 Instructions and Addressing Modes

— Unique Embedded Control Instructions

— Fast Two-Clock Register Instructions—10,045 Dhrystones

* Two-Channel Low-Latency DMA Controller for High-Speed Memory Transfers
— Single- or Dual-Address Transfers
— 32-Bit Addresses and Counters
— 8-, 16-, and 32-Bit Data Transfers
— 50 Mbyte/Sec Sustained Transfers (12.5 Mbyte/Sec Memory-to-Memory)

» Two-Channel Universal Synchronous/Asynchronous Receiver/Transmitter (USART)
— Baud Rate Generators
— Modem Control
— MC68681/MC2681 Compatible
— 9.8 Mbits/Sec Maximum Transfer Rate

¢ Two Independent Counter/Timers
— 16-Bit Counter
— Up to 8-Bit Prescaler
— Multimode Operation
— 80-ns Resolution

 System Integration Module Incorporates Many Functions Typically Relegated to
External PALs, TTL, and ASIC, such as:

— System Configuration — External Bus Interface

— System Protection — Periodic Interrupt Timer

— Chip Select and Wait State Generation — Interrupt Response

— Clock Generation — Bus Arbitration

— Dynamic Bus Sizing — IEEE 1149.1 Boundary Scan (JTAG)
— Up to 16 Discrete /O Lines — Power-On Reset

32 Address Lines, 16 Data Lines

» Power Consumption Control
— Static HCMOS Technology Reduces Power in Normal Operation
— Low Voltage Operation at 3.3 V £0.3 V (MC68340V only)
— Programmable Clock Generator Throttles Frequency
— Unused Peripherals Can Be Turned Off
— LPSTOP Provides an Idle State for Lowest Standby Current

* 0-16.78 MHz or 0—25.16 MHz Operation
* 144-Pin Ceramic Quad Flat Pack (CQFP) or 145-Pin Plastic Pin Grid Array (PGA)

As a low voltage part, the MC68340V can operate with a 3.3-V power supply. MC68340 is
used throughout this manual to refer to both the low voltage and standard 5-V parts since
both are functionally equivalent.

1.1 M68300 FAMILY

The MC68340 is one of a series of components in the M68300 family. Other members of
the family include the MC68302, MC68330, MC68331, MC68332, and MC68333.
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1.1.1 Organization

The M68300 family of integrated processors and controllers is built on an M68000 core
processor, an on-chip bus, and a selection of intelligent peripherals appropriate for a set of
applications. The CPU32 is a powerful central processor with nearly the performance of
the MC68020. A svstem intearation module incorporates the external bus interface and
many of the smaller circuits that typically surround a microprocessor for address decoding,
wait-state insertion, interrupt prioritization, clock generation, arbitration, watchdog timing,
and power-on reset timing.

Each member of the M68300 family is distinguished by its selection of peripherals.
Peripherals are chosen to address specific applications but are often useful in a wide
variety of applications. The peripherals may be highly sophisticated timing or protocol
engines that have their own processors, or they may be more traditional peripheral
functions, such as UARTs and timers. Since each major function is designed in a
standalone module, each module might be found in many different M68300 family parts.
Driver software written for a module on one M68300 part can be used to run the same
module that appears on another part.

1.1.2 Advantages

By incorporating so many major features into a single M68300 family chip, a system
designer can realize significant savings in design time, power consumption, cost, board
space, pin count, and programming. The equivalent functionality can easily require 20
separate components. Each component might have 16-64 pins, totaling over 350
connections. Most of these connections require interconnects or are duplications. Each
connection is a candidate for a bad solder joint or misrouted trace. Each component is
another part to qualify, purchase, inventory, and maintain. Each component requires a
share of the printed circuit board. Each component draws power—often to drive large
buffers to get the signal to another chip. The cumulative power consumption of all the
components must be available from the power supply. The signals between the CPU and
a peripheral might not be compatible nor run from the same clock, requiring time delays or
other special design considerations.

In a M68300 family component, the major functions and glue logic are all properly
connected internally, timed with the same clock, fully tested, and uniformly documented.
Power consumption stays well under a watt, and a special standby mode drops current
well under a milliamp during idle periods. Only essential signals are brought out to pins.
The primary package is the surface-mount quad flat pack for the smallest possible
footprint; pin grid arrays are also available.

1.2 CENTRAL PROCESSOR UNIT

The CPU32 is a powerful central processor that supervises system functions, makes
decisions, manipulates data, and directs 1/0. A special debugging mode simplifies
processor emulation during system debug.
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1.2.1 CPU32

The CPU32 is an M68000 family processor specially designed for use as a 32-bit core
processor and for operation over the intermodule bus (IMB). Designers used the
MC68020 as a model and included advances of the later M68000 family processors,
resulting in an instruction execution performance of 4 MIPS (VAX-equivalent) at 25.16
MHz, '

The powerful and flexible M68000 architecture is the basis of the CPU32. MC68000
(including the MC68HC000 and the MC68EC000) and MC68010 user programs will run
unmodified on the CPU32. The programmer can use any of the eight 32-bit data registers
for fast manipulation of data and any of the eight 32-bit address registers for indexing data
in memory. The CPU32 can operate on data types of single bits, binary-coded decimal
(BCD) digits, and 8, 16, and 32 bits. Peripherals and data in memory can reside anywhere
in the 4-Gbyte linear address space. A supervisor operating mode protects system-level
resources from the more restricted user mode, allowing a true virtual environment to be
developed.

Flexible instructions for data movement, arithmetic functions, logical operations, shifts and
rotates, bit set and clear, conditional and unconditional program branches, and overall
system control are supported, including a fast 32 x 32 multiply and 32-bit conditional
branches. New instructions, such as table lookup and interpolate and low power stop,
support the specific requirements of embedded control applications. Many addressing
modes complement these instructions, including predecrement and postincrement, which
allow simple stack and queue maintenance and scaled indexed for efficient table
accesses. Data types and addressing modes are supported orthogonally by all data
operations and with all appropriate addressing modes. Position-independent code is easily
written.

The CPU32 is specially optimized to run with the MC68340's 16-bit data bus. Most
instructions execute in one-half the number of clocks compared to the original MC68000,
yielding an overall 1.6 times the performance of the same-speed MC68000 and measuring
10,045 Dhrystones/sec @ 25.16 MHz (6,742 Dhrystones/sec @ 16.78 MHz).

Like all M68000 family processors, the CPU32 recognizes interrupts of seven different
priority levels and allows the peripheral to vector the processor to the desired service
routine. Internal trap exceptions ensure proper instruction execution with good addresses
and data, allow operating system intervention in special situations, and permit instruction
tracing. Hardware signals can either terminate or rerun bad memory accesses before
instructions process data incorrectly.

The CPU32 offers the programmer full 32-bit data processing performance with complete
M68000 compatibility, yet with more compact code than is available with RISC
processors. The CPU32 is identical in all CPU32-based M68300 family products.

1.2.2 Background Debug Mode

A special operating mode is available in the CPU32 in which normal instruction execution
is suspended while special on-chip microcode performs the functions of a debugger.
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Commands are received over a dedicated, high-speed, full-duplex serial interface.
Commands allow the manual reading or writing of CPU32 registers, reading or writing of

external memory locations, and diversion to user-specified patch code. This background -
debug mode permits a much simpler emulation environment while leaving the processor

chip in the target system, running its own debugging operations.

1.3 ON-CHIP PERIPHERALS

To improve total system throughput and reduce part count, board size, and cost of system
implementation, the M68300 family integrates on-chip, intelligent peripheral modules and
typical glue logic. These functions on the MC68340 include the SIM40, a DMA controller,
a serial module, and two timers.

The processor communicates with these modules over the on-chip intermodule bus (IMB).
This backbone of the chip is similar to traditional external buses with address, data, clock,
interrupt, arbitration, and handshake signals. Because bus masters (like the CPU32 and
DMA), peripherals, and the SIM40 are all on the chip, the IMB ensures that
communication between these modules is fully synchronized and that arbitration and
interrupts can be handled in parallel with data transfers, greatly improving system
performance. Internal accesses across the IMB may be monitored from outside of the
chip, if desired.

Each module operates independently. No direct connections between peripheral modules
are made inside the chip; however, external connections could, for instance, link a serial
output to a DMA control line. Modules and their registers are accessed in the memory
map of the CPU32 (and DMA) for easy access by general M68000 instructions and are
relocatable. Each module may be assigned its own interrupt level, response vector, and
arbitration priority. Since each module is a self-contained design and adheres to the IMB
interface specifications, the modules may appear on other M68300 family products,
retaining the investment in the software drivers for the module.

1.3.1 System Integration Module

The MC68340 SIM40 provides the external bus interface for both the CPU32 and the
DMA. It also eliminates much of the glue logic that typically supports the microprocessor
and its interface with the peripheral and memory system. The SIM40 provides
programmable circuits to perform address decoding and chip selects, wait-state insertion,
interrupt handling, clock generation, bus arbitration, watchdog timing, discrete 1/0, and
power-on reset timing. A boundary scan test capability is also provided.

1.3.1.1 EXTERNAL BUS INTERFACE. The external bus interface (EBI) handles the
transfer of information between the internal CPU32 or DMA controller and memory,
peripherals, or other processing elements in the external address space. Based on the
MC68030 bus, the external bus provides up to 32 address lines and 16 data lines.
Address extensions identify each bus cycle as CPU32 or DMA initiated, supervisor or user
privilege level, and instruction or data access. The data bus allows dynamic sizing for 8- or
16-bit bus accesses (plus 32 bits for DMA). Synchronous transfers from the CPU32 or the
DMA can be made in as little as two clock cycles. Asynchronous transfers allow the
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memory system to signal the CPU32 or DMA when the transfer is complete and to note
the number of bits in the transfer. An external master can arbitrate for the bus using a
three-line handshaking interface.

1.3.1.2 SYSTEM CONFIGURATION AND PROTECTION. The M68000 family of
processors is designed with the concept of providing maximum system safeguards.
System configuration and various monitors and timers are provided in the MC68340.
Power-on reset circuitry is a part of the SIM40. A bus monitor ensures that the system
does not lock up when there is no response to a memory access. The bus fault monitor
can reset the processor when a catastrophic bus failure occurs. Spurious interrupts are
detected and handled appropriately. A software watchdog can pull the processor out of an
infinite loop. An interrupt can be sent to the CPU32 with programmable regularity for
DRAM refresh, time-of-day clock, task switching, etc.

1.3.1.3 CLOCK SYNTHESIZER. The clock synthesizer generates the clock signals used
by all internal operations as well as a clock output used by external devices. The clock
synthesizer can operate with an inexpensive 32768-Hz watch crystal or an external
oscillator for reference, using an internal phase-locked loop and voltage-controlled
oscillator. At any time, software can select clock frequencies from 131 kHz to 16.78 MHz
or 25.16 MHz, favoring either low power consumption or high performance. Alternately, an
external clock can drive the clock signal directly at the operating frequency. With its fully
static HCMOS design, it is possible to completely stop the system clock without losing the
contents of the internal registers.

1.3.1.4 CHIP SELECT AND WAIT STATE GENERATION. Four programmable chip
selects provide signals to enable external memory and peripheral circuits, providing all
handshaking and timing signals with up to- 175-ns access times with a 25-MHz system
clock (265 ns @ 16.78 MHz). Each chip select signal has an associated base address and
an address mask that determine the addressing characteristics of that chip select.
Address space and write protection can be selected for each. The block size can be
selected from 256 bytes up to 4 Gbytes in increments of 2". Accesses can be preselected
for either 8- or 16-bit transfers. Fast synchronous termination or up to three wait states
can be programmed, whether or not the chip select signals are used. External
handshakes can also signal the end of a bus transfer. A system can boot from reset out of
8-bit-wide memory, if desired.

1.3.1.5 INTERRUPT HANDLING. Seven input signals are provided to trigger an external
interrupt, one for each of the seven priority levels supported. Seven separate outputs can
indicate the priority level of the interrupt being serviced. An input can direct the processor
to a default service routine, if desired. Interrupts at each priority level can be
preprogrammed to go to the default service routine. For maximum flexibility, interrupts can
be vectored to the correct service routine by the interrupting device.

1.3.1.6 DISCRETE I/O PINS. When not used for other functions, 16 pins can be
programmed as discrete input or output lines. Additionally, in other peripheral modules,
pins for otherwise unused functions can often be used for general input/output.
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1.3.1.7 IEEE 1149.1 TEST ACCESS PORT. To aid in system diagnostics, the MC68340
includes dedicated user-accessible test logic that is fully compliant with the IEEE 1149.1
standard for boundary scan testability, often referred to as JTAG (Joint Test Action
Group).

1.3.2 Direct Memory Access Module

The most distinguishing MC68340 characteristic is the high-speed 32-bit DMA controller,
used to quickly move large blocks of data between internal peripherals, external
peripherals, or memory without processor intervention. The DMA module consists of two,
independent, programmable channels. Each channel has separate request, acknowledge,
and done signals. Each channel can operate in a single-address or a dual-address (flyby)
mode.

In single-address mode, only one (the source or the destination) address is provided, and
a peripheral device such as a serial communications controller receives or supplies the
data. An external request must start a single-address transfer. In this mode, each channel
supports 32 bits of address and 8, 16, or 32 bits of data.

In dual-address mode, two bus transfers occur, one from a source device and the other to
a destination device. Dual-address transfers can be started by either an internal or
external request. In this mode, each channel supports 32 bits of address and 8 or 16 bits
of data (32 bits require external logic). The source and destination port size can be
selected independently; when they are different, the data will be packed or unpacked. An
8-bit disk interface can be read twice before the concatenated 16-bit result is passed into
memory.

Byte, word, and long-word counts up to 32 bits can be transferred. All addresses and
transfer counters are 32 bits. Addresses increment or remain constant, as programmed.
The DMA channels support two external request modes, burst transfer and cycle steal.
Internal requests can be programmed to occupy 25, 50, 75, or 100 percent of the data bus
bandwidth. Interrupts can be programmed to postpone DMA completion.

The DMA module can sustain a transfer rate of 12.5 Mbytes/sec in dual-address mode
and nearly 50 Mbytes/sec in single-address mode @ 25.16 MHz (8.4 and 33.3 Mbytes/sec
@ 16.78 MHz, respectively). The DMA controller arbitrates with the CPU32 for the bus in
parallel with existing bus cycles and is fully synchronized with the CPU32, eliminating all
delays normally associated with bus arbitration by allowing DMA bus cycles to butt
seamlessly with CPU bus cycles.

1.3.3 Serial Module

Most digital systems use serial /0 to communicate with host computers, operator
terminals, or remote devices. The MC68340 contains a two-channel, full-duplex USART.
An on-chip baud rate generator provides standard baud rates up to 76.8k baud
independently to each channel's receiver and transmitter. The module is functionally
equivalent to the MC68681/MC2681 DUART.
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Each communication channel is completely independent. Data formats can be 5, 6, 7, or 8
bits with even, odd, or no parity and stop bits up to 2 in 1/16 increments. Four-byte receive
buffers and two-byte transmit buffers minimize CPU service calls. A wide variety of error
detection and maskable interrupt capability is provided on each channel. Full-duplex,
autoecho loopback, local loopback, and remote loopback modes can be selected.
Multidrop applications are supported.

A 3.6864-MHz crystal drives the baud rate generators. Each transmit and receive channel
can be programmed for a different baud rate, or an external 1x and 16x clock input can be
selected. Full modem suppurt is provided with separate request-to-send (RTS) and clear-
to-send (CTS) signals for each channel. One channel also provides service request
signals. The two serial ports can sustain rates of 9.8 Mbps with a 25-MHz system clock in
1x mode, 612 kbps in 16x mode (6.5 Mbps and 410 kbps @ 16.78 MHz).

1.3.4 Timer Modules

Timers and counters are used in a system to monitor elapsed time, generate waveforms,
measure signals, keep time-of-day clocks, initiate DRAM refresh cycles, count events, and
provide “time slices” to ensure that no task dominates the activity of the processor. A
counter that counts clock pulses makes a timer, which is most useful when it causes
certain actions to occur in response to reaching desired counts.

The MC68340 has two, identical, versatile, on-chip counter/timers as well as a simple
timer in the SIM40. These general-purpose counter/timers can be used for precisely timed
events without the errors to which software-based counters and timers are susceptible—
e.g., errors caused by dynamic memory refreshing, DMA cycle steals, and interrupt
servicing. The programmable timer operating modes are input capture, output compare,
square-wave generation, variable duty-cycle square-wave generation, variable-width
single-shot pulse generation, event counting, period measurement, and pulse-width
measurement.

Each timer consists of a 16-bit countdown counter with an 8-bit countdown prescaler for a
composite 24-bit resolution. The two timers can be externally cascaded for a maximum
count width of 48 bits. The counter/timer can be clocked by the internal system clock
generated by the SIM40 (+2) or by an external clock input. Either the processor or external
stimuli can trigger the starting and stopping of the counter. When a counter reaches a
predetermined value, either an external output signal can be driven, or an interrupt can be
made to the CPU32. The finest resolution of the timer is 80 ns with a 25-MHz system
clock (125 ns @ 16.78 MHz).

1.4 POWER CONSUMPTION MANAGEMENT

The MC68340 is very power efficient due to its advanced 0.8-u HCMOS process
technology and its static logic design. The resulting power consumption is typically
900 mW in full operation @ 25 MHz (650 mW @ 16.78 MHz)—far less than the
comparable discrete component implementation the MC68340 can replace. For
applications employing reduced voltage operation, selection of the MC68340V, which
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requires only a 3.3-V power supply, reduces current consumption by 40-60% in all modes
of operation (as well as reducing noise emissions).

The MC68340 has many additional methods of dynamically controlling power
consumption during operation. The frequency of operation can be lowered under software
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peripheral modules can be turned off to save power (5-10% each) Running a special low
power stop (LPSTOP) instruction shuts down the active circuits in the CPU and peripheral
modules, halting instruction execution. Power consumption in this standby mode is
reduced to about 350 uW. Processing and power consumption can be resumed by
resetting the part or by generating an interrupt with the SIM40's periodic interrupt timer.

1.5 PHYSICAL

The MC68340 is available as 0-16.78 MHz and 0-25.16 MHz, 0°C to +70°C and -40°C to
+85°C, and 5.0 V 5% and 3.3 V +0.3 supply voltages (reduced frequencies at 3.3 V).
Thirty-two power and ground leads minimize ground bounce and ensure proper isolation
of different sections of the chip, including the clock oscillator. A 144 pins are used for
signals and power. The MC68340 is available in a gull-wing ceramic quad flat pack
(CQFP) with 25.6-mil (0.001-in) lead spacing or a 15 x 15 plastic pin grid array (PPGA)
with 0.1-in pin spacing.

1.6 COMPACT DISC-INTERACTIVE

The MC68340 was designed to meet the needs of many markets, including compact disc-
interactive (CD-l). CD-l is an emerging standard for a publishing medium that will bring
multimedia to a broad general audience—the consumer. CD-| players combine television
and stereo systems as output devices, with interactive control using a TV remote-control-
like device to provide a multimedia experience selected from software “titles” contained in
compressed form on standard compact discs.

The highly integrated MC68340 is ideal as the central processor for CD-I players. It
provides the M68000 microprocessor code compatibility and DMA functions required by
the CD-I Green Book specification as well as many other useful on-chip functions for a
very cost-effective solution. The extra demands of full-motion video CD-I systems make
the best use of the MC68340 high performance. The MC68340 is CD-I compliant and has
been CD-I qualified. With its low voltage operation, the MC68340V is the only practical
choice for portable CD-I.
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1.7 MORE INFORMATION

1 The following table lists available documentation related to the MC68340:
Document Number Document Name
BR1114/D M68300 Integrated Processor Family
MC68340P/D MC68340 Product Brief
MC68340UM/AD MC68340 User's Manual
M68000PM/AD M68000 Family Programmer's Reference Manual
AN1063/D DRAM Controller for the MC68340
AN453 Software Implementation of SPI on the MC68340
BR573/D M68340 Evaluation System Product Brief
BR729/D "The 68K Source
BR1407/D 3.3 Volt Logic and Interface Circuits
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SIGNAL DESCRIPTIONS

This section contains brief descriptions of the MC68340 input and output signals in their
functional groups as shown in Figure 2-1.
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Figure 2-1. Functional Signal Groups
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2.1 SIGNAL INDEX

The input and output signals for the MC68340 are listed in Table 2-1. The name,
mnemonic, and brief functional description are presented. For more detail on each signal,
refer to the signal paragraph. Guaranteed timing specifications for the signals listed in
Table 2-1 can be found in Section 11 Electrical Characteristics.

Table 2-1. Signal Index

Input/
Signal Name Mnemonic Function Output
Address Bus A23-A0 Lower 24 bits of the address bus Out
Address Bus/Port A7-A0/ A31-A24 Upper eight bits of the address bus, parallel /O port, or Out/I/O/Out
Interrupt Acknowledge interrupt acknowledge lines
Data Bus D15-D0O The 16-bit data bus used to transfer byte or word data 110
Function Codes FC3-FCo Identify the processor state and the address space of the Out
current bus cycle
Chip Select 3—-1/ S3-CS1 Enables peripherals at programmed addresses, interrupt Out/In/
Interrupt Request Level/ priority level to the CPU32, or paraliel 1/0O port 110
Port B4, B2, B1
Chip Select 0/Autovector CSO0 Enables peripherals at programmed addresses or Out/In
requests an automatic vector
Bus Request BR Indicates that an external device requires bus mastership In
Bus Grant BG Indicates that current bus cycle is complete and the Out
MC68340 has relinquished the bus
Bus Grant Acknowledge BGACK Indicates that an external device has assumed bus In
mastership
Data and Size DSACKT, Provides asynchronous data transfers and dynamic bus In
Acknowledge SACKO sizing
Read-Modify-Write Cycle RMC Identifies the bus cycle as part of an indivisible read- Out
modify-write operation
Address Strobe AS Indicates that a valid address is on the address bus Out
Data Strobe DS During a read cycle, DS indicates that an external device Out
should place valid data on the data bus. During a write
cycle, DS indicates that valid data is on the data bus.
Size SIZ1, SIZ0 | Indicates the number of bytes remaining to be transferred Out
for this cycle
Read/Write RW Indicates the direction of data transfer on the bus Out
Interrupt Request Level/ IRQ7, IRQ6, | Provides an interrupt priority level to the CPU32 or In/I/O
Port B7, B6, B5, B3 IRQ5, IRQ3 | becomes a parallel /O port
Reset R System reset 110
Halt HALT Suspends external bus activity 110
Bus Error BERR Indicates an invalid bus operation is being attempted In
System Clock CLKOUT System clock out Out
Crystal Oscillator EXTAL, XTAL | Connections for an external crystal or oscillator to the In, Out
) internal oscillator circuit
External Filter Capacitor XFC Connection pin for an external capacitor to filter the circuit In

of the phase-locked loop
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Table 2-1. Signal Index (Continued)

Input/
Signal Name Mnemonic Function Output
Clock Mode Select/ MODCK Selects the source of the internal system clock upon reset In/l/O
Port BO or becomes a parallel I/O port
Instruction Fetch/ TFETCH/DSI | Indicates when the CPU32 is performing an instruction Out/In
Development Serial In word prefetch and when the instruction pipeline has been
flushed or provides background debug mode serial in
Instruction Pipe/ IPIPE/DSO | Used to track movement of words through the instruction Out/Out
Development Serial Out pipeline or provides background debug mode serial out
Breakpoint/Development | BKPT/DSCLK | Signals a hardware breakpoint to the CPU32 or provides In/—
Serial Clock background debug mode serial clock
Freeze FREEZE Indicates that the CPU32 has entered background debug Out
mode
Transmit Data TxDA, TxDB | Transmitter serial data output from the serial module Out
Clear-to-Send CTSA, CTSB | Serial module clear-to-send inputs In
Request-to-Send/ RTSB, RTSA | Channel request-to-send outputs or discrete outputs Out/Out
OP1, OPO
Serial Crystal Oscillator X1, X2 Connections for an external crystal to the serial module
internal oscillator circuit
Serial Clock SCLK External serial module clock input In
Transmitter Ready/OP6 TxRDYA Indicates transmit buffer has a character or becomes a Out/Out
parallel output
Receiver Ready/ RxRDYA Indicates receive buffer has a character, the receiver Out/Out/Out
FIFO Full/lOP4 FIFO buffer is full or becomes a parallel output
DMA Request DREQ2, Input that starts a DMA process In
DREQ1
DMA Acknowledge DACK2, Output that signals an access during DMA Out
DACK1
DMA Done DONE2, Bi-directional signal that indicates the last transfer Vo
DONET
Timer Gate TGATE2, Counter enable input to timer In
TGATET
Timer Input TIN2, TIN1 | Time reference input to timer In
Timer Output TOUT?, Output waveform from timer Out
TOUT1
Test Clock TCK Provides a clock for IEEE 1149.1 test logic In
Test Mode Select T™S Controls test mode operations In
Test Data In TDI Shifts in instructions and test data In
Test Data Out TDO Shifts out instructions and test data Out
Synchronizer Power VCCSYN Quiet power supply to VCO; also used to control _
synthesizer mode after reset.
System Power Supply Vcce, GND | Power supply and ground to the MC68340 —_
and Ground
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NOTE

The terms assert and negate are used throughout this section
to avoid confusion when dealing with a mixture of active-low
and active-high signals. The term assert or assertion indicates
that a signal is active or true, independent of the level
represented by a high or low voltage. The term negate or
negation indicates that a signal is inactive or false.

2.2 ADDRESS BUS

The address bus signals are outputs that define the address of the byte (or the most
significant byte) to be transferred during a bus cycle. The MC68340 places the address on
the bus at the beginning of a bus cycle. The address is valid while AS is asserted.

The address bus consists of the following two groups. Refer to Section 3 Bus Operation
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.

2.2.2 Address Bus (A31-A24)

These pins can be programmed as the most significant eight address bits, port A parallel
1/0, or interrupt acknowledge signals. These pins can be used for more than one of their
multiplexed functions as long as the external demultiplexing circuit properly resolves
interaction between the different functions.

A31-A24
These pins can function as the most significant eight address bits.

Port A7-A0

These eight pins can serve as a dedicated parallel /0O port. See Section 4 System
Integration Module for more information on programming these pins.

TACK7-IACK1

The MC68340 asserts one of these pins to indicate the level of an external interrupt
during an interrupt acknowledge cycle. Peripherals can use the IACKXx signals instead of
monitoring the address bus and function codes to determine that an interrupt
acknowledge cycle is in progress and to obtain the current interrupt level.

2.3 DATA BUS (D15-D0)

This bidirectional, nonmultiplexed, parallel bus contains the data being transferred to or
from the MC68340. A read or write operation may transfer 8 or 16 bits of data (one or two
bytes) in one bus cycle. During a read cycle, the data is latched by the MC68340 on the
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last falling edge of the clock for that bus cycle. For a write cycle, all 16 bits of the data bus
are driven, regardless of the port width or operand size. The MC68340 places the data on
the data bus approximately one-half clock cycle after AS is asserted in a write cycle.

2.4 FUNCTION CODES (FC3-FC0)

These signals are outputs that indicate one of 16 address spaces to which the address
applies. Fifteen of these spaces are designated as either user or supervisor, program or
data, and normal or direct memory access (DMA) spaces. One other address space is
designated as CPU space to allow the CPU32 to acquire specific control information not
normally associated with read or write bus cycles. The function code signals are valid
while AS is asserted. See Table 2-2 for more information.

Table 2-2. Address Space Encoding

Function Code Bits
3 2 1 0 Address Spaces
0 0 0 0 Reserved (Motorola)
0 0 0 1 User Data Space
0 0 1 0 User Program Space
0 0 1 1 Reserved (User)
0 1 0 0 Reserved (Motorola)
0 1 0 1 Supervisor Data Space
0 1 1 0 Supervisor Program Space
0 1 1 1 CPU Space
1 X X X DMA Space

2.5 CHIP SELECTS (C53-CS0)

These pins can be programmed to be chip select output signals, port B parallel I/O and
autovector input, or additional interrupt request lines. Refer to Section 4 System
Integration Module for more information on these signals.

CS3-CS0

The chip select output signals enable peripherals at programmed addresses. These
signals are inactive high (not high impedance) after reset. CS0 is the chip select for a
boot ROM containing the reset vector and initialization program. It functions as the boot
chip select immediately after reset.

IRQ4, TRQ2, IRQ1T

Interrupt request lines are external interrupt lines to the CPU32. These additional
interrupt request lines are selected by the FIRQ bit in the module configuration register.
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Port B4, B2, B1, AVEC

This signal group functions as three bits of parallel I/O and the autovector input. AVEC
requests an automatic vector during an interrupt acknowledge cycle.

2.6 INTERRUPT REQUEST LEVEL (IRQ7, IRQ6, IRQ5, IRQ3)

These pins can be programmed to be either prioritized interrupt request lines or port B
parallel I/O.
IRQ7,1RQ6,1RQ5, IRQ3
IRQ7, the highest priority, is nonmaskable. IRQ6-IRQT are internally maskable
interrupts. Refer to Section 5 CPU32 for more information on interrupt request lines.
Port B7, B6, B5, B3

These pins can be used as port B parallel I/O. Refer to Section 4 System Integration
Module for more information on parallel /O signals.

2.7 BUS CONTROL SIGNALS

These signals control the bus transfer operations of the MC68340. Refer to Section 3
Bus Operation for more information on these signals.

2.7.1 Data and Size Acknowledge (DSACK1, DSACKO)

These two active-low input signals allow asynchronous data transfers and dynamic data
bus sizing between the MC68340 and external devices as listed in Table 2-3. During bus
cycles, external devices assert DSACK1 and/or DSACKO as part of the bus protocol.
During a read cycle, this signals the MC68340 to terminate the bus cycle and to latch the
data. During a write cycle, this indicates that the external device has successfully stored
the data and that the cycle may terminate.

Table 2-3. DSACKx Encoding

DSACKT | DSACKO Result
1 1 Insert Wait States in Current Bus Cycle
1 0 Complete Cycle—Data Bus Port Size Is 8 Bits
0 1 Complete Cycle—Data Bus Port Size Is 16 Bits
0 0 Reserved—Defaults to 16-Bit Port Size Can Be
Used for 32-Bit DMA Cycles

2.7.2 Address Strobe (AS)

AS is an output timing signal that indicates the validity of both an address on the address
bus and many control signals. AS is asserted approximately one-half clock cycle after the
beginning of a bus cycle.
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2.7.3 Data Strobe (DS)

DS is an output timing signal that applies to the data bus. For a read cycle, the MC68340
asserts DS and AS simultaneously to signal the external device to place data on the bus.
For a write cycle, DS signals to the external device that the data to be written is valid. The
MC68340 asserts DS approximately one clock cycle after the assertion of AS during a
write cycle.

2.7.4 Transfer Size (S1Z1, SI1Z0)

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 as noted in Table 2-4.

Table 2-4. SIZx Signal Encoding

Siz1 Sizo Transfer Size
0 1 Byte
1 0 Word
1 ) 1 Three Byte
0 0 Long Word
2.7.5 Read/Write (R/W)

This active-high output signal is driven by the bus master to indicate the direction of a 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.

2.8 BUS ARBITRATION SIGNALS

The following signals are the bus arbitration control signals used to determine the bus
master. Refer to Section 3 Bus Operation for more information on these signals.

2.8.1 Bus Request (BR)

This active-low input signal indicates that an external device needs to become the bus
master.

2.8.2 Bus Grant (BG)

Assertion of this active-low output signal indicates that the MC68340 has relinquished the
bus.

2.8.3 Bus Grant Acknowledge (BGACK)

Assertion of this active-low input indicates that an external device has become the bus
master.
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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.

2.9 EXCEPTION CONTROL SIGNALS
These signals are used by the MC68340 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 SIM40) resets the MC68340 and all
external devices. A reset signal from the CPU32 (asserted as part of the RESET
instruction) resets external devices; the internal state of the CPU32 is not affected. The
on-chip modules are reset, except for the SIM40. However, the module configuration
register for each on-chip module is not altered. When asserted by the MC68340, this
signal is guaranteed to be asserted for a minimum of 512 clock cycles. Refer to Section 3
Bus 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 Section 3 Bus
Operation 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 Section
3 Bus Operation for a description of the effects of BERR on bus operation.

2.10 CLOCK SIGNALS

These signals are used by the MC68340 for controlling or generating the system clocks.
See Section 4 System Integration Module for more information on the various clocking
methods and frequencies.

2.10.1 System Clock (CLKOUT)

This output signal is the system clock output and is used as the bus timing reference by
external devices. CLKOUT can be varied in frequency or slowed in low power stop mode
to conserve power.
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2.10.2 Crystal Oscillator (EXTAL, XTAL)

These two pins are the connections for an external crystal to the internal oscillator circuit.
If an external oscillator is used, it should be connected to EXTAL, with XTAL left open.

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. n
The capacitor should be connected between XFC and VCCSYN.

2.10.4 Clock Mode Select (MODCK)
This pin selects the source of the internal system clock during reset. After reset, it can be
programmed to be port B parallel I/O.

MODCK

The state of this active-high input signal during reset selects the source of the internal
system clock. If MODCK is high during reset, the internal voltage-controlled oscillator
(VCO) furnishes the system clock in crystal mode. If MODCK is low during reset, an
external clock source at the EXTAL pin furnishes the system clock output in external
clock mode.

Port BO
This pin can be used as a port B parallel I/O.

2.11 INSTRUMENTATION AND EMULATION SIGNALS

These signals are used for test or software debugging. See Section 5 CPU32 for more
information on these signals and background debug mode.

2.11.1 Instruction Fetch (IFETCH)
This pin functions as IFETCH in normal operation and as DSI in background debug mode.

IFETCH

This active-low output signal indicates when the CPU32 is performing an instruction
word prefetch and when the instruction pipeline has been flushed.

Dsi

This development serial input signal helps to provide serial communications for
background debug mode.

2.11.2 Instruction Pipe (IPIPE)
This pin functions as IPIPE in normal operation and as DSO in background debug mode.
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TPIPE

This active-low output signal is used to track movement of words through the instruction
pipeline.

DSO

This development serial output signal helps to provide serial communications for
background debug mode.

2.11.3 Breakpoint (BKPT)

This pin functions as BKPT in normal operation and as DSCLK in background debug
mode.

BKPT
This active-low input signal is used to signal a hardware breakpoint to the CPU32.

DSCLK

This development serial clock input helps to provide serial communications for
background debug mode.

2.11.4 Freeze (FREEZE)

Assertion of this active-high output signal indicates that the CPU32 has acknowledged a
breakpoint and has initiated background mode operation.

2.12 DMA MODULE SIGNALS

The following signals are used by the direct memory access (DMA) controller module to
provide external handshake for either a source or destination. See Section 6 DMA
Module for additional information on these signals.

2.12.1 DMA Request (DREQ2, DREQ1)

This active-low input is asserted by a peripheral device to request an operand transfer
between that peripheral and memory. The assertion of DREQx starts the DMA process.
The assertion level in external burst mode is level sensitive; in external cycle steal mode,
it is falling-edge sensitive.

2.12.2 DMA Acknowledge (DACK2, DACK1)

This active-low output is asserted by the DMA to signal to a peripheral that an operand is
being transferred in response to a previous transfer request.

2.12.3 DMA Done (DONEZ, DONET)

This active-low bidirectional signal is asserted by the DMA or a peripheral device during
any DMA bus cycle to indicate that the last data transfer is being performed. DONEXx is an
active input in any mode. As an output, it is only active in external request mode. An
external pullup resistor is required even during operation in the internal request mode.
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2.13 SERIAL MODULE SIGNALS

The following signals are used by the serial module for data and clock signals. See
Section 7 Serial Module for more information on these signals.

2.13.1 Serial Crystal Oscillator (X2, X1)

These pins furnish the connection to a crystal or external clock, which must be supplied
when using the baud rate generator. An external clock is connected to the X1 pin; X2 is
left floating.

2.13.2 Serial External Clock Input (SCLK)

This input can be used as the external clock input for channel A or channel B, bypassing
the baud rate generator.

2.13.3 Receive Data (RxDA, RxDB)

These signals are the receiver serial data input for each channel. Data received on this
signal is sampled on the rising edge of the clock source, with the least significant bit
received first.

2.13.4 Transmit Data (TxDA, TxDB)

These signals are the transmitter serial data output for each channel. The output is held
high ('mark’ condition) when the transmitter is disabled, idle, or operating in the local
loopback mode. Data is shifted out on this signal at the falling edge of the clock source,
with the least significant bit transmitted first.

2.13.5 Clear to Send (CTSA, CTSB)

These active-low signals can be programmed as the clear-to-send inputs for each
channel.

2.13.6 Request to Send (RTSA, RTSB)

These active-low signals can be programmed as request-to-send outputs or used as
discrete outputs.

RTSB, RTSA

When used for this function, these signals function as the request-to-send outputs.

OP1, OPO

When used for this function, these outputs are controlled by the value of bit 1 and bit 0,
respectively, in the output port data registers.

2.13.7 Transmitter Ready (TXxRDYA)

This active-low output can be programmed as the channel A transmitter ready status
indicator or used as a discrete output.

MOTOROLA MC68340 USER’S MANUAL 2-11



TxRDYA

When used for this function, this signal reflects the complement of the status of bit 2 of
the channel A status register. This signal can be used to control paralle! data flow by
acting as an interrupt to indicate when the transmitter contains a character.

OP6
n When used for this function, this output is controlled by bit 6 in the output port data
registers.

2.13.8 Receiver Ready (RxRDYA)

This active-low output signal can be programmed as the channel A receiver ready,
channel A FIFO full indicator, or a dedicated parallel output.

xRDYA

When used for this function, this signal reflects the complement of the status of bit 1 of
the interrupt status register. This signal can be used to control parallel data flow by
acting as an interrupt to indicate when the receiver contains a character.

FFULLA

When used for this function, this signal reflects the complement of the status of bit 1 of
the interrupt status register. This signal can be used to control parallel data flow by
acting as an interrupt to indicate when the receiver FIFO is full.

OP4

When used for this function, this output is controlled by bit 4 in the output port data
registers.

2.14 TIMER SIGNALS

The following external signals are used by the timer modules. See Section 8 Timer
Modules for additional information on these signals.

2.14.1 Timer Gate (TGATE2, TGATET)

These active-low inputs can be programmed to enable and disable the counters and
prescalers. TGATEXx can also be programmed as a simple input.

2.14.2 Timer Input (TIN2, TIN1)

These inputs can be programmed as clocks that cause events to occur in the counters
and prescalers.

2.14.3 Timer Output (TOUT2, TOUT1)
These outputs drive the various output waveforms generated by the timers.

2-12 MC68340 USER’S MANUAL MOTOROLA



2.15 TEST SIGNALS

The following signals are used with the on-board test logic defined by the IEEE 1149.1
standard. See Section 9 IEEE 1149.1 Test Access Port for more information on the use
of these signals.

2.15.1 Test Clock (TCK)
This input provides a clock for on-board test logic defined by the IEEE 1149.1 standard.

2.15.2 Test Mode Select (TMS)

This input controls test mode operations for on-board test logic defined by the IEEE
1149.1 standard.

2.15.3 Test Data In (TDI)

This input is used for serial test instructions and test data for on-board test logic defined
by the IEEE 1149.1 standard.

2.15.4 Test Data Out (TDO)

This output is used for serial test instructions and test data for on-board test logic defined
by the IEEE 1149.1 standard.

2.16 SYNTHESIZER POWER (VCCSYN)

This pin supplies a quiet power source to the VCO to provide greater frequency stability. It
is also used to control the synthesizer mode after reset. See Section 4 System
Integration Module for more information.

2.17 SYSTEM POWER AND GROUND (V¢ AND GND)

These pins provide system power and ground to the MC68340. Multiple pins are provided
for adequate current capability. All power supply pins must have adequate bypass
capacitance for high-frequency noise suppression.

2.18 SIGNAL SUMMARY
Table 2-5 presents a summary of all the signals discussed in the preceding paragraphs.
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Table 2-5. Signal Summary

Signal Name Mnemonic Input/Output | Active State | Three-State
Address Bus A23-A0 Out — Yes
Address Bus Port A7-A0/ A31-A24 Out/I/O/Out —/—/Low Yes
Interrupt Acknowledge
Data Bus D15-D0O /0 — Yes
Function Codes FC3-FCO0 Out — Yes
Chip Select 3/Interrupt Request CS3-Cs1 Out/In/l/O Low/Low/— No
Level/Port B4, B2, B1
Chip Select 0/Autovector CS0 Out/In Low/Low No
Bus Request BR In Low —
Bus Grant BG Out Low No
Bus Grant Acknowledge BGACK In Low —_
Data and Size Acknowledge DSACKT, DSACKO In Low —
Read-Modify-Write Cycle RMC Out Low Yes
Address Strobe AS Out Low Yes
Data Strobe DS Out Low Yes
Size Slz1, S1Z0 Out — Yes
Read/Write RW Out High/Low Yes
Interrupt Request Level/ TRQ7, TRQSG, TRQ5, In/l/O Low/— —
Port B7, B6, B5, B3 TRQ3
Reset RESET 1/0 Low No
Halt HALT 1/0 Low No
Bus Error BERR In Low —
System Clock CLKOUT Out — No
Crystal Oscillator EXTAL, XTAL In, Out — —
External Filter Capacitor XFC In — —
Clock Mode Select/Port BO MODCK In/i/O —/— —
Instruction Fetch/ TFETCH/DSI Out/in Low/— No/—
Development Serial In
Instruction Pipe/ TPIPE/DSO Out/Out Low/— No/—
Development Serial Out
Breakpoint/ BKPT/DSCLK In/ln Low/— —/—
Development Serial Clock
Freeze FREEZE Out High No
Receive Data RxDA, RxDB In — —
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Table 2-5. Signal Summary (Continued)

Signal Name Mnemonic Input/Output | Active State | Three-State

Transmit Data TxDA, TxDB Out — No
Clear-to-Send CTSA,CTSB In Low —
Request-to-Send/ RTSB, RTSA Out/Out Low/— No
OP1, OPO
Serial Clock SCLK In — —
Transmitter Ready/OP6 TxRDYA Out/Out Low/— No
Receiver Ready/ RxRDYA Out/Out/Out Low/Low/— No
FIFO Full/OP4
DMA Request DREQZ, DREQT In Low —
DMA Acknowledge DACK2, DACKT Out Low No
DMA Done DONE2, DONE1 1/0 Low No
Timer Gate TGATEZ, TGATET In Low —
Timer Input TIN2, TIN1 In — —
Timer Output TOUT2, TOUT1 Out — Yes
Test Clock TCK In — —
Test Mode Select TMS In High —
Test Data In TDI In High —
Test Data Out TDO Out High —
Synchronizer Power VCCSYN - — —
System Power Supply and Vce, GND - — —
Return
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SECTION 3
BUS OPERATION

This section provides a functional description of the bus, the signals that control it, and the
bus cycles provided for data transfer operations. It also describes the error and halt
conditions, bus arbitration, and reset operation. Operation of the external bus is the same
whether the MC68340 or an external device is the bus master; the names and
descriptions of bus cycles are from the viewpoint of the bus master. For exact timing
specifications, refer to Section 11 Electrical Characteristics.

The MC68340 architecture supports byte, word, and long-word operands allowing access
to 8- and 16-bit data ports through the use of asynchronous cycles controlled by the
SIZ1/S1Z0 outputs and DSACK1/DSACKO inputs. The MC68340 requires word and long-
word operands to be located in memory on word boundaries. The only type of transfer that
can be performed to an odd address is a single-byte transfer, referred to as an odd-byte
transfer. For an 8-bit port, multiple bus cycles may be required for an operand transfer due
to either misalignment or a word or long-word operand.

3.1 BUS TRANSFER SIGNALS

The bus transfers information between the MC68340 and external memory or a peripheral
device. External devices can accept or provide 8 bits or 16 bits in parallel and must follow
the handshake protocol described in this section. The maximum number of bits accentad
or provided during a bus transfer is defined as the port width. The MC68340 contains an
address bus that specifies the address for the transfer and a data bus that transfers the
data. Control signals indicate the beginning and type of the cycle as well as the address
space and size of the transfer. The selected device then controls the length of the cycle
with the signal(s) used to terminate the cycle. Strobe signals, one for the address bus and
another for the data bus, indicate the validity of the address and provide timing information
for the data. Both asynchronous and synchronous operation is possible for any port width.
In asynchronous operation, the bus and control input signals are internally synchronized to
the MC68340 clock, introducing a delay. This delay is the time required for the MC68340
to sample an input signal, synchronize the input to the internal clocks, and determine
whether it is high or low. In synchronous mode, the bus and control input signals must be
timed to setup and hold times. Since no synchronization is needed, bus cycles can be
completed in three clock cycles in this mode. Additionally, using the fast-termination option
of the chip select sigials, two-clock operation is possible.

Furthermore, for all inputs, the MC68340 latches the level of the input during a sample
window around the falling edge of the clock signal. This window is illustrated in Figure 3-1,
where tgy and th are the input setup and hold times, respectively. To ensure that an input
signal is recognized on a specific falling edge of the clock, that input must be stable during

MOTOROLA MC68340 USER’S MANUAL 3-1



ihe sample window. If an input makes a transition during the window time period, the level
recognized by the MC68340 is not predictable; however, the MC68340 always resolves
the latched level to either a logic high or low before using it. In addition to meeting input
setup and hold times for deterministic operation, all input signals must obey the protocols
described in this section.

toy——m |

— th

CLKoUT

exr_XXXXXXXXXXXXXXXX] [ XXXXXXXXRXAXIXXX

L_l___l
SAMPLE WINDOW

Figure 3-1. Input Sample Window

NOTE

The terms assert and negate are used throughout this section
to avoid confusion when dealing with a mixture of active-low
and active-high signals. The term assert or assertion indicates
that a signal is active or true independent of the level
represented by a high or low voltage. The term negate or
negation indicates that a signal is inactive or false.

3.1.1 Bus Control Signals

The MC68340 initiates a bus cycle by driving the A31-A0, SIZx, FCx, and R/W outputs. At
the beginning of a bus cycle, SIZ1 and SIZ0 are driven with FC3-FCO0. SIZ1 and SI1Z0
indicate the number of bytes remaining to be transferred during an operand cycle
(consisting of one or more bus cycles). Table 3-1 lists the encoding of the SiZx signal.
These signals are valid while AS is asserted. The R/W signal determines the direction of
the transfer during a bus cycle. Driven at the beginning of a bus cycle, R/W is valid while
AS is asserted. R/W only transitions when a write cycle is preceded by a read cycle or vice
versa. The signal may remain low for consecutive write cycles. The RMC signal is
asserted at the beginning of the first bus cycle of a read-modify-write operation and
remains asserted until completion of the final bus cycle of the operation.
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Table 3-1. SIZx Signal Encoding

SIZ1 Slizo Transfer Size
0 1 Byte
1 0 Word
1 1 Three Bytes
0 0 Long Word

3.1.2 Function Code Signals

FC3-FCO are outputs that indicate one of 16 address spaces to which the address
applies. Fifteen of these spaces are designated as either user or supervisor, program or
data, and normal or direct memory access (DMA) spaces. One other address space is
designated as CPU space to allow the CPU32 to acquire specific control information not
normally associated with read or write bus cycles. FC3—-FCO are valid while AS is
asserted.

Function codes (see Table 3-2) can be considered as extensions of the 32-bit address
that can provide up to 16 different 4-Gbyte address spaces. Function codes are
automatically generated by the CPU32 to select address spaces for data and program at
both user and supervisor privilege levels, a CPU address space for processor functions,
and an alternate master address space. User programs access only their own program
and data areas to increase protection of system integrity and can be restricted from
accessing other information. The S-bit in the CPU32 status register is set for supervisor
accesses and cleared for user accesses to provide differentiation. Refer to 3.4 CPU
Space Cycles for more information.

Tahla 2.9 Addrace Qnara Fnrading

Function Code Bits
2 1

Address Spaces
Reserved (Motorola)

User Data Space

User Program Space

Reserved (User )
Reserved (Motorola)

Supervisor Data Space

Supervisor Program Space
CPU Space
DMA Space

0 0
0 0
0 1
0 1
1 0
1 0
1 1
1 1

< joj=joj—=joj|=jojo

- lOjojOojo]Jojo]Jojo |w

X X

>
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3.1.3 Address Bus (A31-A0)

These signals are outputs that define the address of the byte (or the most significant byte)
to be transferred during a bus cycle. The MC68340 places the address on the bus at the
beginning of a bus cycle. The address is valid while AS is asserted.

3.1.4 Address Strobe (AS)

This output timing signal indicates the validity of many control signals and the address on
the address bus. AS is asserted approximately one-half clock cycle after the beginning of
a bus cycle.

3.1.5 Data Bus (D15-D0)

This bidirectional, nonmultiplexed, parallel bus contains the data being transferred to or
from the MC68340. A read or write operation may transfer 8 or 16 bits of data (one or two
bytes) in one bus cycle. During a read cycle, the data is latched by the MC68340 on the
last falling edge of the clock for that bus cycle. For a write cycle, all 16 bits of the data bus
are driven, regardless of the port width or operand size. The MC68340 places the data on
the data bus approximately one-half clock cycle after AS is asserted in a write cycle.

3.1.6 Data Strobe (DS)

DS is an output timing signal that applies to the data bus. For a read cycle, the MC68340
asserts DS and AS simultaneously to signal the external device to place data on the bus.
For a write cycle, DS signals to the external device that the data to be written is valid. The
MC68340 asserts DS approximately one clock cycle after the assertion of AS during a
write cycle.

3.1.7 Bus Cycle Termination Signals
-The following signals can terminate a bus cycle.

3.1.7.1 DATA TRANSFER AND SIZE ACKNOWLEDGE SIGNALS (DSACKi AND
DSACKO). During bus cycles, external devices assert DSACKT and/or DSACKO as part of
the bus protocol. During a read cycle, this signals the MC68340 to terminate the bus cycle
and to latch the data. During a write cycle, this indicates that the external device has
‘successfully stored the data and that the cycle may terminate. These signals also indicate
to the MC68340 the size of the port for the bus cycle just completed (see Table 3-3). Refer
to 3.3.1 Read Cycle for timing relationships of DSACK1 and DSACKO.

Additionally, the system integration module (SIM40) chip select address mask register can
be programmed to internally generate DSACK1 and DSACKO for external accesses,
eliminating logic required to generate these signals. However, if external DSACKXx signals
are returned earlier than indicated by the DD bits in the chip select address mask register,
the cycle will terminate sooner than programmed. Refer to Section 4 System Integration
Module for additional information. The SIM40 can alternatively be programmed to
generate a fast termination cycle, providing a two-cycle external access. Refer to 3.2.6
Fast Termination Cycles for additional information on these cycles.
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3.1.7.2 BUS ERROR (BERR). This signal is also a bus cycle termination indicator and can
be used in the absence of DSACKXx to indicate a bus error condition. BERR can also be
asserted in conjunction with DSACKX to indicate a bus error condition, provided it meets
the appropriate timing described in this section and in Section 11 Electrical
Characteristics. Additionally, BERR and HALT can be asserted together to indicate a
retry termination. Refer to 3.5 Bus Exception Control Cycles for additional information
on the use of these signals.

The internal bus monitor can be used to generate an internal bus error signal for internal
and internal-to-external transfers. If the bus cycles of an external bus master are to be
monitored, external BERR generation must be provided since the internal bus error
monitor has no information about transfers initiated by an external bus master.

3.1.7.3 AUTOVECTOR (AVEC).This signal can be used to terminate interrupt
acknowledge cycles, indicating that the MC68340 should internally generate a vector
(autovector) number to locate an interrupt handler routine. AVEC can be generated either
externally or internally by the SIM40 (see Section 4 System Integration Module for
additional information). AVEC is ignored during all other bus cycles.

3.2 DATA TRANSFER MECHANISM

The MC68340 supports byte, word, and long-word operands, allowing access to 8- and
16-bit data ports through the use of asynchronous cycles controlled by DSACK1 and
DSACKO. The MC68340 also supports byte, word, and long-word operands, allowing
access to 8- and 16-bit data ports through the use of synchronous cycles controlled by the
fast termination capability of the SIM40.

3.2.1 Dynamic Bus Sizing

The MC68340 dynamically interprets the port size of the addressed device during each
bus cycle, allowing operand transfers to or from 8- and 16-bit ports. During an operand
transfer cycle, the slave device signals its port size (byte or word) and indicates
completion of the bus cycle to the MC68340 through the use of the DSACKXx inputs. Refer
to Table 3-3 for DSACKx encoding.

Table 3-3. DSACKx Encoding

DSACKT | DSACKO Result

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

1 0

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

(Asserted) | (Negated) | Complete Cycle—Data Bus Port Size Is 16 Bits
0 0 Reserved—Defaults to 16-Bit Port Size Can Be

(Asserted) | (Asserted) | Used for 32-Bit DMA cycles
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For example, if the MC68340 is executing an instruction that reads a long-word operand
from a 16-bit port, the MC68340 latches the 16 bits of valid data and runs another bus
cycle to obtain the other 16 bits. The operation from an 8-bit port is similar, but requires
four read cycles. The addressed device uses DSACKXx to indicate the port width. For
instance, a 16-bit device always returns DSACKXx for a 16-bit port (regardless of whether
the bus cycle is a byte or word operation).

Dynamic bus sizing requires that the portion of the data bus used for a transfer to or from
a particular port size be fixed. A 16-bit port must reside on data bus bits 15-0, and an 8-bit
port must reside on data bus bits 15-8. This requirement minimizes the number of bus
cycles needed to transfer data to 8- and 16-bit ports and ensures that the MC68340
correctly transfers valid data.

The MC68340 always attempts to transfer the maximum amount of data on all bus cycles;
for a word operation, it always assumes that the port is 16 bits wide when beginning the
bus cycle. The bytes of operands are designated as shown in Figure 3-2. The most
significant byte of a long-word operand is OP0, and OP3 is the least significant byte. The
two bytes of a word-length operand are OPO (most significant) and OP1. The single byte
of a byte-length operand is OP0. These designations are used in the figures and
descriptions that follow.

Figure 3-2 shows the required organization of data ports on the MC68340 bus for both
8- and 16-bit devices. The four bytes shown in Figure 3-2 are connected through the
internal data bus and data multiplexer to the external data bus. The data multiplexer
establishes the necessary connections for different combinations of address and data
sizes. The multiplexer takes the two bytes of the 16-bit bus and routes them to their
required positions. The positioning of bytes is determined by the SIZ1/SIZ0 and AO
outputs. The SIZ1/SIZ0 outputs indicate the number of bytes to be transferred during the
current bus cycle (see Table 3-1). The number of bytes transferred during a read or write
bus cycle is equal to or less than the size indicated by the SI1Z1/SIZ0 outputs, depending
on port width. For example, during the first bus cycle of a long-word transfer to a word
port, the size outputs indicate that four bytes are to be transferred although only two bytes
are moved on that bus cycle.

The address line A0 also affects the operation of the data multiplexer. During an operand
transfer, A31-A1 indicate the word base address of that portion of the operand to be
accessed, and AO indicates the byte offset from the base (i.e., either odd or even byte).
Figure 3-2 lists the bytes required on the data bus for read cycles. The entries shown as
OPn are portions of the requested operand that are read or written during that bus cycle
and are defined by S1Z1/S1Z0 and AO for the bus cycle.
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OPERAND |__OP0 OP1 oP2 oP3
31 OPo OP1 oP2
23 0P0 OP1
15 0Po

E 07 q

] ! 1

] ] )

‘ ' '

Case Transfer Case ! Data Bus !

Sizt  sizo A0 DSACK1 DSACKO DI5 D8 D7

(@ ByletoByte 0 1 X 1 0 0P0 (OP9) |
()  Byteto Word (Even) 0 1 0 0 X 0oPo (OPO)
(c)  BytetoWord (Odd) 0 1 1 0 X (OPO) OPo
(d)  Word to Byte (Aligned) 1 0 0 1 0 OPO (OP1)
(6)  Word to Word (Aligned) 1 0 0 0 X 0OPQ OP1
()  Long Word to Byte (Aligned) 0 0 0 1 0 OPO (OP1)
(9)  Long Word to Word (Aligned) 0 0 0 0 X OPo OP1

NOTES:
1. Operands in parentheses are ignored by the MC68340 during read cycles.
2. A 3-byte to byte transfer does occur as the second byte transfer of a long-word to byte port transfer.

Figure 3-2. MC68340 Interface to Various Port Sizes

3.2.2 Misaligned Operands

In this architecture, the basic operand size is 16 bits. Operand misalignment refers to
whether an operand is aligned on a word boundary or overlaps the word boundary,
determined by address line AO. When AQ is low, the address is even and is a word and
byte boundary. When AOQ is high, the address is odd and is a byte boundary only. A byte
operand is properly aligned at any address; a word or long-word operand is misaligned at
an odd address.

At most, each bus cycle can transfer a word of data aligned on a word boundary. If the
MC68340 transfers a long-word operand over a 16-bit port, the most significant operand
word is transferred on the first bus cycle, and the least significant operand word is
transferred on a following bus cycle.

The CPU32 restricts all operands (both data and instructions) to be aligned. That is, word
and long-word operands must be located on a word or long-word boundary, respectively.
The only type of transfer that can be performed to an odd address is a single-byte
transfer, referred to as an odd-byte transfer. If a misaligned access is attempted, the
CPU32 generates an address error exception, and enters exception processing. Refer to
Section 5 CPU32 for more information on exception processing.

3.2.3 Operand Transfer Cases
The following cases are examples of the allowable alignments of operands to ports.

3.2.3.1 BYTE OPERAND TO 8-BIT PORT, ODD OR EVEN (A0 = X). The MC68340
drives the address bus with the desired address and the SiZx pins to indicate a single-
byte operand.
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BYTEOPERAND [ OPO |

7 0

DATABUS DI5 D8D7 Do siZi  Sizo A0 DSACK1 DSACKO
CYCLE1 | OP0 | (OPo) | 0 1 X 1 0

For a read operation, the slave responds by placing data on bits 15-8 of the data bus,
asserting DSACKO and negating DSACK1 to indicate an 8-bit port. The MC68340 then
reads the operand byte from bits 15-8 and ignores bits 7-0.

For a write operation, the MC68340 drives the single-byte operand on both bytes of the
data bus because it does not know the port size until the DSACKXx signals are read. The
slave device reads the byte operand from bits 15-8 and places the operand in the
specified location. The slave then asserts DSACKO to terminate the bus cycle.

3.2.3.2 BYTE OPERAND TO 16-BIT PORT, EVEN (A0 = 0). The MC68340 drives the
address bus with the desired address and the SIZx pins to indicate a single-byte operand.

BYTEOPERAND [ OPO ]

7 0
DATABUS DI5 D8D7 DO siZ1  sizo0 A0 DSACKi DSACKO
cvctet [ opo T (©ro) ] 0 1 0 0 X

For a read operation, the slave responds by placing data on bits 15-8 of the data bus and
asserting DSACK1 to indicate a 16-bit port. The MC68340 then reads the operand byte
from bits 15-8 and ignores bits 7-0.

For a write operation, the MC68340 drives the single-byte operand on both bytes of the
data bus because it does not know the port size until the DSACKXx signals are read. The
slave device reads the operand from bits 15-8 of the data bus and uses the address to
place the operand in the specified location. The slave then asserts DSACK1 to terminate
the bus cycle.
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3.2.3.3 BYTE OPERAND TO 16-BIT PORT, ODD (A0 = 1). The MC68340 drives the
address bus with the desired address and the SIZx pins to indicate a single-byte operand.

BYTE OPERAND [ oro |
7 0
DATABUS D15 D8 D7 Do SZ1 Sk A0 DSACK1 DSACKO
CYCLE1 | (oPo) | oOPo | 0 1 1 0 X

For a read operation, the slave responds by placing data on bits 7-0 of the data bus and
asserting DSACK1 to indicate a 16-bit port. The MC68340 then reads the operand byte
from bits 7-0 and ignores bits 15-8.

For a write operation, the MC68340 drives the single-byte operand on both bytes of the
data bus because it does not know the port size until the DSACKXx signals are read. The
slave device reads the operand from bits 7-0 of the data bus and uses the address to
place the operand in the specified location. The slave then asserts DSACK1 to terminate
the bus cycle.

3.2.3.4 WORD OPERAND TO 8-BIT PORT, ALIGNED. The MC68340 drives the address
bus with the desired address and the SIZx pins to indicate a word operand.

WORDOPERAND [ "oro | or1 ]

15 + 87 0
DATA BUS Di5 D8 D7 Do Siz1 Sizo A0 DSACK1 DSACKO
CYCLE 1 OPO (OP1) 1 0 0 1 0
CYCLE2 OP1 (OP1) 0 1 1 1 0

For a read operation, the slave responds by placing the most significant byte of the
operand on bits 15-8 of the data bus and asserting DSACKO to indicate an 8-bit port. The
MC68340 reads the most significant byte of the operand from bits 15-8 and ignores bits
7-0. The MC68340 then decrements the transfer size counter, increments the address,
and reads the least significant byte of the operand from bits 158 of the data bus.

For a write operation, the MC68340 drives the word operand on bits 15-0 of the data bus.
The slave device then reads the most significant byte of the operand from bits 158 of the
data bus and asserts DSACKO to indicate that it received the data but is an 8-bit port. The
MC68340 then decrements the transfer size counter, increments the address, and writes
the least significant byte of the operand to bits 158 of the data bus.
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3.2.3.5 WORD OPERAND TO 16-BIT PORT, ALIGNED. The MC68340 drives the
address bus with the desired address and the size pins to indicate a word operand.

WORDOPERAND [ oro | or1 ]

151 * 0

DATABUS DI5 D8D7 DO sZ1  sizo A0 DSACK1 DSACKO
CYCLE1 | opo | oP1 | 1 0 0 0 X

For a read operation, the slave responds by placing the data on bits 150 of the data bus
and asserting DSACK1 to indicate a 16-bit port. When DSACK1 is asserted, the MC68340
reads the data on the data bus and terminates the cycle.

For a write operation, the MC68340 drives the word operand on bits 150 of the data bus.
The slave device then reads the entire operand from bits 15—0 of the data bus and asserts
DSACKT1 to terminate the bus cycle.

3.2.3.6 LONG-WORD OPERAND TO 8-BIT PORT, ALIGNED. The MC68340 drives the
address bus with the desired address and the SIZx pins to indicate a long-word operand.

LONG-WORDOPERAND| ©OP0 | oPt | or2 | or3 |
31 * 23 15 7 0
DATA BUS DI5 D8D7 DO sZ1 SRo A0 DSACK1 DSACKO
CYCLE1 [ OPo (OP1) 0 0 0 1 0
CYCLE2 [ oPi (OP1) 1 1 1 1 0
CYCLE3 [ OP2 (OP3) 1 0 0 1 0
CYCLE4 [ oP3 (OP3) 0 1 1 1 0

For a read operation, shown in Figure 3-3, the slave responds by placing the most
significant byte of the operand on bits 15-8 of the data bus and asserting DSACKO to
indicate an 8-bit port. The MC68340 reads the most significant byte of the operand (byte
0) from bits 15—8 and ignores bits 7-0. The MC68340 then decrements the transfer size
counter, increments the address, initiates a new cycle, and reads byte 1 of the operand
from bits 15-8 of the data bus. The MC68340 repeats the process of decrementing the
transfer size counter, incrementing the address, initiating a new cycle, and reading a byte
to transfer the remaining two bytes.

For a write operation, shown in Figure 3-4, the MC68340 drives the two most significant
bytes of the operand on bits 15-0 of the data bus. The slave device then reads only the
most significant byte of the operand (byte 0) from bits 15-8 of the data bus and asserts
DSACKO to indicate reception and an 8-bit port. The MC68340 then decrements the
transfer size counter, increments the address, and writes byte 1 of the operand to bits
15-8 of the data bus. The MC68340 continues to decrement the transfer size counter,
increment the address, and write a byte to transfer the remaining two bytes to the slave
device.

3-10 MC68340 USER’S MANUAL MOTOROLA



s2 |ss |so sz |s¢ |so sz |s4 |so sz |s4
cmom‘_j

A31-A0

FC3-FCO

2

I

4 BYTES 3BYTES 2BYTES 1 BYTE

LAl

DSACKO

RIS PATIIE:
7
)
)

DSACK1

D15-D8 OPO OP1 OP2 OP3

D7-D0

{«—BYTE——»{€——BYTE——— 1 €———BY[E — >+ €&——BYTE —— 3
READ READ READ READ
LONG-WORD OPERAND READ FROM 8-BIT BUS

Figure 3-3. Long-Word Operand Read Timing from 8-Bit Port
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Figure 3-4. Long-Word Operand Write Timing to 8-Bit Port

3.2.3.7 LONG-WORD OPERAND TO 16-BIT PORT, ALIGNED. Figure 3-5 shows both
long-word and word read and write timing to a 16-bit port.

LONG-WORDOPERAND] ©oPo | opt | op2 | ors |
;3 * 23 ‘ 15 7 0
DATABUS DI5 D8D7 Do S’ $IZo A0 DSACK1 DSACKO
CYCLE 1 OPO OP1 0 0 0 0 X
CYCLE2 0OP2 OP3 1 0 0 0 X
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Figure 3-5. Long-Word and Word Read and Write Timing—16-Bit Port

The MC68340 drives the address bus with the desired address and drives the SIZx pins to
indicate a long-word operand. For a read operation, the slave responds by placing the two
most significant bytes of the operand on bits 15-0 of the data bus and asserting DSACK1
to indicate a 16-bit port. The MC68340 reads the two most significant bytes of the operand
(bytes 0 and 1) from bits 15-0. The MC68340 then decrements the transfer size counter
by 2, increments the address by 2, initiates a new cycle, and reads bytes 2 and 3 of the
operand from bits 15-0 of the data bus.

For a write operation, the MC68340 drives the two most significant bytes of the operand
on bits 15-0 of the data bus. The slave device then reads the two most significant bytes of
the operand (bytes 0 and 1) from bits 15-0 of the data bus and asserts DSACK1 to
indicate reception and a 16-bit port. The MC68340 then decrements the transfer size
counter by 2, increments the address by 2, and writes bytes 2 and 3 of the operand to bits
15-0 of the data bus.
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3.2.4 Bus Operation

The MC68340 bus is asynchronous, allowing external devices connected to the bus to
operate at clock frequencies different from the clock for the MC68340. Bus operation uses
the handshake lines (AS, DS, DSACK1/DSACKO, BERR, and HALT) to control data
transfers. AS signals a valid address on the address bus, and DS is used as a condition
for valid data on a write cycle. Decoding the SIZx outputs and lower address line AQ
provides strobes that select the active portion of the data bus. The slave device (memory
or peripheral) responds by placing the requested data on the correct portion of the data
bus for a read cycle or by latching the data on a write cycle; the slave asserts the
DSACK1/DSACKO combination that corresponds to the port size to terminate the cycle.
Alternatively, the SIM40 can be programmed to assert the DSACK1/DSACKO combination
internally and respond for the slave. If no slave responds or the access is invalid, external
control logic may assert BERR to abort the bus cycle or BERR with HALT to retry the bus

cycle.

DSACKXx can be asserted before the data from a slave device is valid on a read cycle. The
length of time that DSACKx may precede data must not exceed a specified value in any
asynchronous system to ensure that valid data is latched into the MC68340. (See
Section 11 Electrical Characteristics for timing parameters.) Note that no maximum
time is specified from the assertion of AS to the assertion of DSACKx. Although the
MC68340 can transfer data in a minimum of three clock cycles when the cycle is
terminated with DSACKXx, the MC68340 inserts wait cycles in clock-period increments until
DSACKXx is recognized. BERR and/or HALT can be asserted after DSACKX is asserted.
BERR and or HALT must be asserted within the time specified after DSACKx is asserted
in any asynchronous system. If this maximum delay time is violated, the MC68340 may
exhibit erratic behavior.

3.2.5 Synchronous Operation with DSACKXx

Although cycles terminated with DSACKx are classified as asynchronous, cycles
terminated with DSACKXx can also operate synchronously in that signals are interpreted
relative to clock edges. The devices that use these cycles must synchronize the response
to the MC68340 clock (CLKOUT) to be synchronous. Since the devices terminate bus
cycles with DSACKX, the dynamic bus sizing capabilities of the MC68340 are available.
The minimum cycle time for these cycles is also three clocks. To support systems that use
the system clock to generate DSACKx and other asynchronous inputs, the asynchronous
input setup time and the asynchronous input hold time are given. If the setup and hold
times are met for the assertion or negation of a signal such as DSACKXx, the MC68340 is
guaranteed to recognize that signal level on that specific falling edge of the system clock.
If the assertion of DSACKXx is recognized on a particular falling edge of the clock, valid
data is latched into the MC68340 (for a read cycle) on the next falling clock edge if the
data meets the data setup time. In this case, the parameter for asynchronous operation
can be ignored. The timing parameters are described in Section 11 Electrical
Characteristics.
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If a system asserts DSACKXx for the required window around the falling edge of S2 and
obeys the proper bus protocol by maintaining DSACKx (and/or BERR/HALT) until and
throughout the clock edge that negates AS (with the appropriate asynchronous input hold
time), no wait states are inserted. The bus cycle runs at its maximum speed for bus cycles
terminated with DSACKX (three clocks per cycle). When BERR (or BERR and HALT) is
asserted after DSACKx, BERR (and HALT) must meet the appropriate setup time prior to
the falling clock edge one clock cycle after DSACKXx is recognized. This setup time is
critical, and the MC68340 may exhibit erratic behavior if it is violated. When operating
synchronously, the data-in setup and hold times for synchronous cycles may be used
instead of the timing requirements for data relative to DS.

3.2.6 Fast Termination Cycles

With an external device that has a fast access time, the chip select circuit fast termination
enable (FTE) can provide a two-clock external bus transfer. Since the chip select circuits
are driven from the system clock, the bus cycle termination is inherently synchronized with
the system clock. Refer to Section 4 System Integration Module for more information on
chip selects.When fast termination is selected, the DD bits of the corresponding address
mask register are overridden. Fast termination can only be used with zero wait states. To
use the fast termination option, an external device should be fast enough to have data
ready, within the specified setup time, by the falling edge of S4. Figure 3-6 shows the
DSACKX timing for a read with two wait states, followed by a fast termination read and
write. When using the fast termination option, DS is asserted only in a read cycle, not in a
write cycle.

S0 S1 S2 S3 SW SW'SWSW*S4 S5 S0 St S4 S5 SO St S4 S5 S0

i \ / \ / \ /

B | \ /S

(

BSAR /] S

D15-D0 {

<——— TWO WAIT STATES IN READ ———>1€—— FAST —»t¢——FAST —>
TERMINATION *  TERMINATION
READ WRITE

* DSACKXx only internally asserted for fast termination cycles.

Figure 3-6. Fast Termination Timing
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3.3 DATA TRANSFER CYCLES

The transfer of data between the MC68340 and other devices involves the following
signals:

e Address Bus A31-A0
¢ Data Bus D15-D0
« Control Signals

The address bus and data bus are parallel, nonmultiplexed buses. The bus master moves
data on the bus by issuing control signals, and the bus uses a handshake protocol to
ensure correct movement of the data. In all bus cycles, the bus master is responsible for
de-skewing all signals it issues at both the start and end of the cycle. In addition, the bus
master is responsible for de-skewing the acknowledge and data signals from the slave
devices. The following paragraphs define read, write, and read-modify-write cycle
operations. Each bus cycle is defined as a succession of states that apply to the bus
operation. These states are different from the MC68340 states described for the CPU32.
The clock cycles used in the descriptions and timing diagrams of data transfer cycles are
independent of the clock frequency. Bus operations are described in terms of external bus
states.

3.3.1 Read Cycle

During a read cycle, the MC68340 receives data from a memory or peripheral device. If
the instruction specifies a long-word or word operation, the MC68340 attempts to read two
bytes at once. For a byte operation, the MC68340 reads one byte. The section of the data
bus from which each byte is read depends on the operand size, address signal A0, and
the port size. Refer to 3.2.1 Dynamic Bus Sizing and 3.2.2 Misaligned Operands for
more information. Figure 3-7 is a flowchart of a word read cycle.

BUS MASTER SLAVE
ADDRESS DEVICE
1. SETRWTO READ
2. DRIVE ADDRESS ON A31-A0
3, DRIVE FUNCTION CODE ON FC3-FCO
4. DRIVE SIZE PINS FOR OPERAND SIZE
5. ASSERT AS AND DS PRESENT DATA
1. DECODE ADDRESS
2. PLACE DATA ON D15-D0
ACQUIRE DATA 3. DRIVE DSACKx SIGNALS
1. LATCHDATA
2. NEGATE AS AND DS TERMINATE CYCLE
‘|, 1. REMOVE DATA FROM D15-D0
2. NEGATE DSACKx
START NEXT CYCLE

Figure 3-7. Word Read Cycle Flowchart
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State 0—The read cycle starts in state 0 (S0). During SO, the MC68340 places a valid
address on A31-AQ and valid function codes on FC3—-FCO. The function codes select the
address space for the cycle. The MC68340 drives R/W high for a read cycle. SI1Z1/S1Z0
become valid, indicating the number of bytes requested for transfer.

State 1—One-half clock later, in state 1 (S1), the MC68340 asserts AS indicating a valid
address on the address bus. The MC68340 also asserts DS during S1. The selected
device uses R/W, SIZ1 or SIZ0, A0, and DS to place its information on the data bus. One
or both of the bytes (D15~-D8 and D7-D0) are selected by S1Z1/SI1Z0 and AO.

State 2—As long as at least one of the DSACKXx signals is recognized on the falling edge
of S2 (meeting the asynchronous input setup time requirement), data is latched on the
falling edge of S4, and the cycle terminates.

State 3—If DSACKX is not recognized by the start of state 3 (S3), the MC68340 inserts
wait states instead of proceeding to states 4 and 5. To ensure that wait states are
inserted, both DSACK1 and DSACKO must remain negated throughout the asynchronous
input setup and hold times around the end of S2. If wait states are added, the MC68340
continues to sample DSACKXx on the falling edges of the clock until one is recognized.

State 4—At the falling edge of state 4 (S4), the MC68340 latches the incoming data and
samples DSACKXx to get the port size.

State 5—The MC68340 negates AS and DS during state 5 (S5). It holds the address valid
during S5 to provide address hold time for memory systems. R/W, SiZ1 and SIZ0, and
FC3-FCO0 also remain valid throughout S5. The external device keeps its data and
DSACKXx signals asserted until it detects the negation of AS or DS (whichever it detects
first). The device must remove its data and negate DSACKx within approximately one
clock period after sensing the negation of AS or DS. DSACKX signals that remain asserted

[ AR O Y IS PN | lenit mamis ba mrammAbiirAl AAtAAAA ‘nr‘kr\ nnv& e Avnla
AU M SN T Tty e e et o) e s e - M i
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3.3.2 Write Cycle

During a write cycle, the MC68340 transfers data to memory or a peripheral device. Figure
3-8 is a flowchart of a word write cycle.

BUS MASTER SLAVE
ADDRESS DEVICE

1. SET RW TO WRITE

2. DRIVE ADDRESS ON A31-A0

3. DRIVE FUNCTION CODE ON FC3-FCO
4 EQSIVEEH?Z_E_ PINS FOR OPERAND SIZE
5. AS > ACCE

6. PLACE DATA ON D15-D0 PTDATA
7. ASSERT DS

1. DECODE ADDRESS
2. LATCH DATA FROM D15-D0
3. ASSERT DSACKx SIGNALS

TERMINATE OUTPUT TRANSFER
1. NEGATE DS AND AS
2. REMOVE DATA FROM D15-D0 > TERMINATE CYCLE
\ 1. NEGATE DSACKx
START NEXT CYCLE ]

Figure 3-8. Word Write Cycle Flowchart

State 0—The write cycle starts in SO. During SO, the MC68340 places a valid address on
A31-A0 and valid function codes on FC3—-FCO. The function codes select the address
space for the cycle. The MC68340 drives R/W low for a write cycle. SI1Z1/SIZ0 become
valid, indicating the number of bytes to be transferred. J ‘

State 1—One-half clock later during S1, the MC68340 asserts AS, indicating a valid
address on the address bus.

State 2—During S2, the MC68340 places the data to be written onto D15-D0, and
samples DSACKx at the end of S2.

State 3—The MC68340 asserts DS during S3, indicating that data is stable on the data
bus. As long as at least one of the DSACKX signals is recognized by the end of S2
(meeting the asynchronous input setup time requirement), the cycle terminates one clock
later. If DSACKX is not recognized by the start of S3, the MC68340 inserts wait states
instead of proceeding to S4 and S5. To ensure that wait states are inserted, both DSACK1
and DSACKO must remain negated throughout the asynchronous input setup and hold
times around the end of S2. If wait states are added, the MC68340 continues to sample
DSACKX on the falling edges of the clock until one is recognized. The selected device
uses RW, SIZ1/S1Z0, and A0 to latch data from the appropriate byte(s) of D15-D8 and
D7-D0. SIZ1/SI1Z0 and A0 select the bytes of the data bus. If it has not already done so,
the device asserts DSACKX to signal that it has successfully stored the data.
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State 4—The MC68340 issues no new control signals during S4.

State 5—The MC68340 negates AS and DS during S5. It holds the address and data valid
during S5 to provide address hold time for memory systems. R/W, SIZ1/SIZ0, and FC3—
FCO also remain valid throughout S5. The external device must keep DSACKx asserted
until it detects the negation of AS or DS (whichever it detects first). The device must
negate DSACKXx within approximately one clock period after sensing the negation of AS or
DS. DSACKXx signals that remain asserted beyond this limit may be prematurely detected
for the next bus cycle.

3.3.3 Read-Modify-Write Cycle n

The read-modify-write cycle performs a read, conditionally modifies the data in the
arithmetic logic unit, and may write the data out to memory. In the MC68340, this
operation is indivisible, providing semaphore capabilities for multiprocessor systems.
During the entire read-modify-write sequence, the MC68340 asserts RMC to indicate that
an indivisible operation is occurring. The MC68340 does not issue a BG signal in
response to a BR signal during this operation. Figure 3-9 is an example of a functional
timing diagram of a read-modify-write instruction specified in terms of clock periods.
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wo |/ \

g
e

5l
N
o
N
J

5 T\ / L/ \
VAR AN \ /
D15-D0 ( >___

READ > WRITE
INDIVISIBLE
CYCLE

Figure 3-9. Read-Modify-Write Cycle Timing
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State 0—The MC68340 asserts RMC in SO to identify a read-modify-write cycle. The
MC68340 places a valid address on A31-A0 and valid function codes on FC3-FCO0. The
function codes select the address space for the operation. SIZ1/SIZ0 become valid in SO
to indicate the operand size. The MC68340 drives R/W high for the read cycle.

State 1—One-half clock later during S1, the MC68340 asserts AS indicating a valid
address on the address bus. The MC68340 also asserts DS during S1.

State 2—The selected device uses RW, SIZ1/SIZ0, A0, and DS to place information on
the data bus. Either or both of the bytes (D15-D8 and D7-DO0) are selected by S1Z1/SIZ0
and AO. Concurrently, the selected device may assert DSACKXx.

State 3—As long as at least one of the DSACKX signals is recognized by the end of S2
(meeting the asynchronous input setup time requirement), data is latched on the next
falling edge of the clock, and the cycle terminates. If DSACKXx is not recognized by the
start of S3, the MC68340 inserts wait states instead of proceeding to S4 and S5. To
ensure that wait states are inserted, both DSACK1 and DSACKO must remain negated
throughout the asynchronous input setup and hold times around the end of S2. If wait
states are added, the MC68340 continues to sample the DSACKXx signals on the falling

edges of the clock until one is recognized.

State 4—At the end of S4, the MC68340 latches the incoming data.

State 5—The MC68340 negates AS and DS during S5. If more than one read cycle is
required to read in the operand(s), S0-S5 are repeated for each read cycle. When
finished reading, the MC68340 holds the address, R/W, and FC3—-FCO valid in preparation
for the write portion of the cycle. The external device keeps its data and DSACKXx signals
asserted until it detects the negation of AS or DS (whichever it detects first). The device
must remove the data and negate DSACKx within approximately-one clock period after
sensing the negation of AS or DS. DSACKXx signals that remain asserted beyond this limit
may be prematurely detected for the next portion of the operation.

Idle States—The MC68340 does not assert any new control signals during the idle states,
but it may internally begin the modify portion of the cycle at this time. S0—S5 are omitted if
no write cycle is required. If a write cycle is required, R/W remains in the read mode until
SO0 to prevent bus conflicts with the preceding read portion of the cycle; the data bus is not
driven until S2.

State 0—The MC68340 drives R/W low for a write cycle. Depending on the write operation
to be performed, the address lines may change during SO.

State 1—In S1, the MC68340 asserts AS, indicating a valid address on the address bus.
State 2—During S2, the MC68340 places the data to be written onto D15-D0.

State 3—The MC68340 asserts DS during S3, indicating stable data on the data bus. As
long as at least one of the DSACKXx signals is recognized by the end of S2 (meeting the
asynchronous input setup time requirement), the cycle terminates one clock later. If
DSACKX is not recognized by the start of S3, the MC68340 inserts wait states instead of

3-20 MC68340 USER’S MANUAL MOTOROLA



proceeding to S4 and S5. To ensure that wait states are inserted, both DSACK1 and
DSACKO must remain negated throughout the asynchronous input setup and hold times
around the end of S2. If wait states are added, the MC68340 continues to sample
DSACKXx on the falling edges of the clock until one is recognized. The selected device
uses RW, DS, SIZ1/S1Z0, and A0 to latch data from the appropriate section(s) of D15-D8
and D7-DO0. SIZ1/SIZ0 and A0 select the data bus sections. If it has not already done so,
the device asserts DSACKx when it has successfully stored the data.

State 4—The MC68340 issues no new control signals during S4.

State 5—The MC68340 negates AS and DS during S5. It holds the address and data valid
during S5 to provide address hold time for memory systems. RW and FC3-FCO0 also
remain valid throughout S5. If more than one write cycle is required, states S0-S5 are
repeated for each write cycle. The external device keeps DSACKx asserted until it detects
the negation of AS or DS (whichever it detects first). The device must remove its data and
negate DSACKXx within approximately one clock period after sensing the negation of AS or
DS.

3.4 CPU SPACE CYCLES

FC3-FCO select user and supervisor program and data areas. The area selected by FC3—
FCO = $7 is classified as the CPU space. The breakpoint acknowledge, LPSTOP
broadcast, module base address register access, and interrupt acknowledge cycles
described in the following paragraphs use CPU space. The CPU space type, which is
encoded on A19-A16 during a CPU space operation, indicates the function that the

MC68340 is performing. On the MC68340, four of the encodings are implemented as |

shown in Figure 3-10. All unused values are reserved by Motorola for additional CPU
space types.

CPU SPACE CYCLES
FUNCTION ADDRESS BUS
CODE
srEAPONT O & 19 16 0
acknowtenge L0t 1 1] [00o0000000000foooofoooo000000 ofeke¥T 0]
3 o0 3 |19 1s| 0
STOPLB%V(;% fo111] [ooooooo0o0o0000fo011ft1111111111111160]
MODULEBASE 30 31 19 16! 0
ADDRESS [011 1] [0ooo0o0o0o0o00000fo0o11ft111111100000000]
REGISTER ACCESS
NTERRUPT [0 L 5 3
acknowtepee Lo11t] [ttt et ittt a1 99911 1{LEvEL]1]
I_ﬁ__l
CPUSPACE
TYPE FIELD

Figure 3-10. CPU Space Address Encoding
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3.4.1 Breakpoint Acknowledge Cycle

The breakpoint acknowledge cycle allows external hardware to insert an instruction
directly into the instruction pipeline as the program executes. The breakpoint acknowledge
cycle is generated by the execution of a breakpoint instruction (BKPT) or the assertion of
the BKPT pin. The T-bit state (shown in Figure 3-10) differentiates a software breakpoint
cycle (T = 0) from a hardware breakpoint cycle (T = 1).

When a BKPT instruction is executed (software breakpoint), the MC68340 performs a
word read from CPU space, type 0, at an address corresponding to the breakpoint number
(bits [2-0] of the BKPT opcode) on A4~A2, and the T-bit (A1) is cleared. If this bus cycle is
terminated with BERR (i.e., no instruction word is available), the MC68340 then performs
illegal instruction exception processing. If the bus cycle is terminated by DSACKX, the
MC68340 uses the data on D15-D0 (for 16-bit ports) or two reads from D15-D8 (for 8-bit
ports) to replace the BKPT instruction in the internal instruction pipeline and then begins
execution of that instruction.

When the CPU32 acknowledges a BKPT pin assertion (hardware breakpoint) with
background mode disabled, the CPU32 performs a word read from CPU space, type 0, at
an address corresponding to all ones on A4-A2 (BKPT#7), and the T-bit (A1) is set. If this
bus cycle is terminated by BERR, the MC68340 performs hardware breakpoint exception
processing. If this bus cycle is terminated by DSACKX, the MC68340 ignores data on the
data bus and continues execution of the next instruction.

NOTE

The BKPT pin is sampled on the same clock phase as data
and is latched with data as it enters the CPU32 pipeline. If
BKPT is asserted for only one bus cycle and a pipeline flush
occurs before BKPT is detected by the CPU32, BKPT is
ignored. To ensure detection of BKPT by the CPU32, BKPT
can be asserted until a breakpoint acknowledge cycle is
recognized.

The breakpoint operation flowchart is shown in Figure 3-11. Figures 3-12 and 3-13 show
the timing diagrams for the breakpoint acknowledge cycle with instruction opcodes
supplied on the cycle and with an exception signaled, respectively.
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3.4.2 LPSTOP Broadcast Cycle

The low power stop (LPSTOP) broadcast cycle is generated by the CPU32 executing the

LPSTOP instruction. Since the external bus interface must get a copy of the interrupt

mask level from the CPU32, the CPU32 performs a CPU space type 3 write with the mask

levei encoded on the data bus, as shown in the following figure. The CPU space type 3

cycle waits for the bus to be available, and is shown externally to indicate to external

devices that the MC68340 is going into LPSTOP mode. If an external device requires
additional time to prepare for entry into LPSTOP mode, entry can be delayed by asserting

HALT. The SIM40 provides internal DSACKXx response to this cycle. For more information

on how the SIM40 responds to LPSTOP mode, see Section 4 System Integration n
Module.

15 14 13 12 111 9 8 7 6 5 4 3 2 1 0
(-t-1-1-f{-J-]-J-JT-fT-]-]-]-JelJule]

12-10—Interrupt Mask Level
The interrupt mask level is encoded on bits 2-0 of the data bus during an LPSTOP
broadcast.
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BREAKPOINT OPERATION FLOW

PROCESSOR

ACKNOWLEDGE BREAKPOINT

IF BREAKPOINT INSTRUCTION EXECUTED:
1. SETRW TO READ
2. SETFUNCTION CODE TO CPU SPACE
3. PLACE CPU SPACE TYPE 0 ON A19-A16
4. PLACE BREAKPOINT NUMBER ON A2-A4
5. CLEAR T-BIT (A1)
6. SET SIZE TO WORD
7. ASSERTAS AND DS

IF BKPT PIN ASSERTED:
1. SETRW TO READ
2. SET FUNCTION CODE TO CPU SPACE
3. PLACE CPU SPACE TYPE 0 ON A18-A16
4. PLACE ALL ONE'S ON A4-A2
5. SET T-BIT (A-1) TOONE
6. SET SIZE TO WORD
7. ASSERT AS AND DS

EXTERNAL DEVICE

IF BREAKPOINT INSTRUCTION EXECUTED AND
DSACKx IS ASSERTED:
1. LATCHDATA
2. NEGATE AS AND DS
3.GOTO(A)
IF BKPT PIN ASSERTED AND DSACKx IS ASSERTED:
1. NEGATE AS AND DS
2 GOTO()
IFBERR ASSERTED: _
1. NEGATE AS AND DS
2. GOTO(B)

(A) (B)

IF BREAKPOINT INSTRUCTION EXECUTED:
1. PLACE REPLACEMENT OPCODE ON DATA BUS
2. ASSERT DSACKx
__OR
1. ASSERT BERR TO INITIATE EXCEPTION PROCESSING
IF BKPT PIN ASSERTED:
1. ASSERT DSACKx
___OR
1. ASSERT BERR TO INITIATE EXCEPTION PROCESSING

/

IF BREAKPOINT INSTRUCTION EXECUTED:
1. PLACE LATCHED DATA IN INSTRUCTION PIPELINE
2. CONTINUE PROCESSING

IF BKPT PIN ASSERTED:
1. CONTINUE PROCESSING

1. NEGATE DSACKx or BERR

IF BREAKPOINT INSTRUCTION EXECUTED:
1. INITIATE ILLEGAL INSTRUCTION PROCESSING
IF BKPT PIN ASSERTED:
1. INITIATE HARDWARE BREAKPOINT PROCESSING
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Figure 3-11. Breakpoint Operation Flowchart
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Figure 3-12. Breakpoint Acknowledge Cycle Timing (Opcode Returned)
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Figure 3-13. Breakpoint Acknowledge Cycle Timing (Exception Signaled)

3-26 MC68340 USER’S MANUAL MOTOROLA



3.4.3 Module Base Address Register Access

All internal module registers, including the SIM40, occupy a single 4-Kbyte block that is
relocatable along 4-Kbyte boundaries. The location is fixed by writing the desired base
address of the SIM40 block to the module base address register using the MOVES
instruction. The module base address register is only accessible in CPU space at address
$0003FF00. The SFC or DFC register must indicate CPU space (FC3-FCO = $7), using
the MOVEC instruction, before accessing the module base address register. Refer to
Section 4 System Integration Module for additional information on the module base
. address register.

3.4.4 Interrupt Acknowledge Bus Cycles

The CPU32 makes an interrupt pending in three cases. The first case occurs when a
peripheral device signals the CPU32 (with IRQ7-IRQ1) that the device requires service
and the internally synchronized value on these signals indicates a higher priority than the
interrupt mask in the status register. The second case occurs when a transition has
occurred in the case of a level 7 interrupt. A recognized level 7 interrupt must be removed
for one clock cycle before a second level 7 can be recognized. The third case occurs if,
upon returning from servicing a level 7 interrupt, the request level stays at 7 and the
processor mask level changes from 7 to a lower level, a second level 7 is recognized. The
CPU32 takes an interrupt exception for a pending interrupt within one instruction boundary
(after processing any other pending exception with a higher priority). The following
paragraphs describe the types of interrupt acknowledge bus cycles that can be executed
as part of interrupt exception processing.

3.4.4.1 INTERRUPT ACKNOWLEDGE CYCLE—TERMINATED NORMALLY. When the
CPU32 processes an interrupt exception, it performs an interrupt acknowledge cycle to
obtain the number of the vector that contains the starting location of the interrupt service
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interrupt vectors for the routmes they use. The following paragraphs describe the mterrupt
acknowledge cycle for these devices. Other interrupting conditions or devices that cannot
supply a vector number will use the autovector cycle described in 3.4.4.2 Autovector
Interrupt Acknowledge Cycle.
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The interrupt acknowledge cycle is a read cycle. It differs from the read cycle described in
3.3.1 Read Cycle in that it accesses the CPU address space. Specifically, the differences
are as follows:

1.
2.

3.
EX -

FC3-FCO0 are set to $7 (FC3/FC2/FC1/FCO = 0111) for CPU address space.

A3, A2, and A1 are set to the interrupt request level, and the IACKx strobe
corresponding to the current interrupt level is asserted. (Either the function codes
and address signals or the TACKx strobes can be monitored to determine that an
interrupt acknowledge cycle is in progress and the current interrupt level.)

The CPU32 space type field (A19-A16) is set to $F (interrupt acknowledge).
Other address signals (A31—-A20, A15—-A4, and AQO) are set to one.

The SIZ0/SI1Z1 and R/W signals are driven to indicate a single-byte read cycle.
The responding device places the vector number on the least significant byte

of its data port (for an 8-bit port, the vector number must be on D15-D8; for a
16-bit port, the vector must be on D7-D0) during the interrupt acknowledge cycle.
The cycle is then terminated normally with DSACKx.

Figure 3-14 is a flowchart of the interrupt acknowledge cycle; Figure 3-15 shows the
timing for an interrupt acknowledge cycle terminated with DSACKX.
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INTERRUPTING DEVICE MC68340

REQUEST INTERRUPT GRANT INTERRUPT

1. SYNCHRONIZE RQ7-RQT

2. COMPARE IRQ1-IRQ7 TO MASK LEVEL AND
WAIT FOR INSTRUCTION TO COMPLETE

3. PLACE INTERRUPT LEVEL ON A3-Af;
TYPE FIELD (A19-A16) = §F

4. SETRW TO READ

5. SETFC3-FCO TO 0111

6. DRIVE SIZE PINS TO INDICATE A ONE-BYTE
TRANSFER

7. ASSERT AS AND DS

FROVIDE VEGTOR seen 8. ASSERT THE CORRESPONDING IACKx STROBE.
1. PLACE VECTOR NUMBER ON LEAST
SIGNIFICANT BYTE OF DATA BUS
2. ASSERT DSACKx (OR AVEC IF NO VECTOR
NUMBER)
o ACQUIRE VECTOR NUMBER
1. LATCH VECTOR NEJBER
RELEASE < 2. NEGATE DS AND AS
1. NEGATE DSACKx
> START NEXT CYCLE

Figure 3-14. Interrupt Acknowledge Cycle Flowchart
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Figure 3-15. Interrupt Acknowledge Cycle Timing

3.4.4.2 AUTOVECTOR INTERRUPT ACKNOWLEDGE CYCLE. When the interrupting
device cannot supply a vector number, it requests an automatically generated vector
(autovector). Instead of placing a vector number on the data bus and asserting DSACKX,
the device asserts AVEC to terminate the cycle. If the DSACKXx signals are asserted
during an interrupt acknowledge cycle terminated by AVEC, the DSACKXx signals and data
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will be ignored if AVEC is asserted before or at the same time as the DSACKXx signals.
The vector number supplied in an autovector operation is derived from the interrupt level
of the current interrupt. When AVEC is asserted instead of DSACKx during an interrupt
acknowledge cycle, the MC68340 ignores the state of the data bus and internally
generates the vector number (the sum of the interrupt level plus 24 ($18)).

AVEC is multiplexed with CS0. The FIRQ bit in the SIM40 module configuration register
controls whether the AVEC/CSO pin is used as an autovector input or as CSO0 (refer to
Section 4 System Integration Module for additional information). AVEC is only sampled
during an interrupt acknowledge cycle. During all other cycles, AVEC is ignored.
Additionally, AVEC can be internally generated for external devices by programming the
autovector register. Seven distinct autovectors can be used, corresponding to the seven
levels of interrupt available with signals TRQ7-IRQ1. Figure 3-16 shows the timing for an
autovector operation.

3.4.4.3 SPURIOUS INTERRUPT CYCLE. Requested interrupts, whether internal or
external, are arbitrated internally. When no internal module (including the SIM40, which
responds for external requests) responds during an interrupt acknowledge cycle by
arbitrating for the interrupt acknowledge cycle internally, the spurious interrupt monitor
generates an internal bus error signal to terminate the vector acquisition. The MC68340
automatically generates the spurious interrupt vector number (24) instead of the interrupt
vector number in this case. When an external device does not respond to an interrupt
acknowledge cycle with AVEC or DSACKX, a bus monitor must assert BERR, which
results in the CPU32 taking the spurious interrupt vector. If HALT is also asserted, the
MC68340 retries the interrupt acknowledge cycle instead of using the spurious interrupt
vector.
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Figure 3-16. Autovector Operation Timing
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3.5 BUS EXCEPTION CONTROL CYCLES

The bus architecture requires assertion of DSACKx from an external device to signal that
a bus cycle is complete. Neither DSACKx nor AVEC is asserted in the following cases:

+ DSACKXx/AVEC is programmed to respond internally.
» The external device does not respond.
+ Various other application-dependent errors occur.

The MC68340 provides BERR when no device responds by asserting DSACKx/AVEC
within an appropriate period of time after the MC68340 asserts AS. This mechanism
allows the cycle to terminate and the MC68340 to enter exception processing for the error
condition. HALT is also used for bus exception control. This signal can be asserted by an
external device for debugging purposes to cause single bus cycle operation, or, in
combination with BERR, a retry of a bus cycle in error. To properly control termination of a
bus cycle for a retry or a bus error condition, DSACKx, BERR, and HALT can be asserted
and negated with the rising edge of the MC68340 clock. This assures that when two
signals are asserted simultaneously, the required setup and hoid time for both is met for
the same falling edge of the MC68340 clock. This or an equivalent precaution should be
designed into the external circuitry to provide these signals. Alternatively, the internal bus
monitor could be used. The acceptable bus cycle terminations for asynchronous cycles
are summarized in relation to DSACKx assertion as follows (case numbers refer to Table
3-4):

» Normal Termination: DSACKXx is asserted; BERR and HALT remain negated (case 1).

« Halt Termination: HALT is asserted at the same time as or before DSACKx, and
BERR remains negated (case 2).

* Bus Error Termination: BERR is asserted in lieu of, at the same time as, or before
DSACKXx (case 3) or after DSACKXx (case 4), and HALT remains negated; BERR is
negated at the same time as or after DSACKXx.

* Retry Termination: HALT and BERR are asserted in lieu of, at the same time as, or
before DSACKXx (case 5) or after DSACKXx (case 6); BERR is negated at the same
time as or after DSACKx, and HALT may be negated at the same time as or after
BERR.

Table 3-4 lists various combinations of control signal sequences and the resulting bus
cycle terminations. To ensure predictable operation,-BERR and HALT should be negated
according to the specifications given in Section 11 Electrical Characteristics. DSACKx
BERR, and HALT may be negated after AS. If DSACKx or BERR remain asserted into S2
of the next bus cycle, that cycle may be terminated prematurely.

EXAMPLE A: A system uses a bus monitor timer to terminate accesses to an unpopulated
address space. The timer asserts BERR after timeout (case 3).
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EXAMPLE B: A system uses error detection and correction on RAM contents. The
designer may:
1. Delay DSACKXx until data is verified and assert BERR and HALT simultaneously to
indicate to the MC68340 to automatically retry the error cycle (case 5), or if data is
valid, assert DSACKXx (case 1).

2. Delay DSACKXx until data is verified and assert BERR with or without DSACKXx if data
is in error (case 3). This initiates exception processing for software handling of the
condition.

3. Return DSACKX prior to data verification; if data is invalid, BERR is asserted on the
next clock cycle (case 4). This initiates exception processing for software handling of n
the condition.

4. Return DSACKXx prior to data verification; if data is invalid, assert BERR and HALT
on the next clock cycle (case 6). The memory controller can then correct the RAM
prior to or during the automatic retry.

Table 3-4. DSACKx, BERR, and HALT Assertion Results

Asserted on Rising
Edge of State
Case Control
Num Signal N N+2 Result

1 DSACKx A S Normal cycle terminate and continue.
BERR NA NA
HALT NA X

2 DSACKx A S Normal cycle terminate and halt; continue
BERR NA NA when HALT negated.
HALT A/S S

3 DSACKx NA/A X Terminate and take bus error exception,
BERR A S possibly deferred.
HALT NA X

4 DSACKx A X Terminate and take bus error exception,
BERR NA A possibly deferred.
HALT NA NA

5 DSACKx NA/A X Terminate and retry when HALT negated.
BERR A S
HALT A/S S

6 DSACKx A X Terminate and retry when HALT negated.
BERR NA A
HALT NA A

NOTES:

N — Number of the current even bus state (e.g., S2, S4, etc.)
A — Signal is asserted in this bus state
NA — Signal is not asserted in this state
X — Dont care
S — Signal was asserted in previous state and remains asserted in this state
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3.5.1 Bus Errors

BERR can be used to abort the bus cycle and the instruction being executed. BERR takes
precedence over DSACKXx provided it meets the timing constraints described in Section
11 Electrical Characteristics. If BERR does not meet these constraints, it may cause
unpredictable operation of the MC68340. If BERR remains asserted into the next bus
cycle, it may cause incorrect operation of that cycle. When BERR is issued to terminate a
bus cycle, the MC68340 can enter exception processing immediately following the bus
cycle, or it can defer processing the exception.

The instruction prefetch mechanism requests instruction words from the bus controller
before it is ready to execute them. If a bus error occurs on an instruction fetch, the
MC68340 does not take the exception until it attempts to use that instruction word. Should
an intervening instruction cause a branch or should a task switch occur, the bus error
exception does not occur. The bus error condition is recognized during a bus cycle in any
of the following cases:

» DSACKx and HALT are negated, and BERR is asserted.

» HALT and BERR are negated, and DSACKXx is asserted. BERR is then asserted
within one clock cycle (HALT remains negated).

» BERR and HALT are asserted simultaneously, indicating a retry.

When the MC68340 recognizes a bus error condition, it terminates the current bus cycle in
the normal way. Figure 3-17 shows the timing of a bus error for the case in which DSACKx
is not asserted. Figure 3-18 shows the timing for a bus error that is asserted after
DSACKx. Exceptions are taken in both cases. Refer to Section 5 CPU32 for details of bus
error exception processing.

In the second case, in which BERR is asserted after DSACKXx is asserted, BERR must be
asserted within the time specified for purely asynchronous operation, or it must be
asserted and remain stable during the sample window around the next falling edge of the
clock after DSACKXx is recognized. If BERR is not stable at this time, the MC68340 may
exhibit erratic behavior. BERR has priority over DSACKXx. In this case, data may be
present on the bus, but it may not be valid. This sequence can be used by systems that

have memory error detection and correction logic and by external cache memories.
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Figure 3-18. Late Bus Error with DSACKx

3.5.2 Retry Operation

When both BERR and HALT are asserted by an external device during a bus cycle, the
MC68340 enters the retry sequence shown in Figure 3-19. A delayed retry, which is
similar to the delayed BERR signal described previously, can also occur (see Figure 3-20).
The MC68340 terminates the bus cycle, places the control signals in their inactive state,
and does not begin another bus cycle until the BERR and HALT signals are negated by
external logic. After a synchronization delay, the MC68340 retries the previous cycle using
the same access information (address, function code, size, etc.). BERR should be
negated before S2 of the retried cycle to ensure correct operation of the retried cycle.
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The MC68340 retries any read or write cycle of a read-modify-write operation separately;
RMC remains asserted during the entire retry sequence. Asserting BR along with BERR
and HALT provides a relinquish and retry operation. The MC68340 does not relinquish the
bus during a read-modify-write operation. Any device that requires the MC68340 to give
up the bus and retry a bus cycle during a read-modify-write cycle must assert only BERR
and BR (HALT must not be included). The bus error handler software should examine the
read-modify-write bit in the special status word (see Section 5 CPU32) and take the
appropriate action to resolve this type of fault when it occurs.
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Figure 3-20. Late Retry Sequence

3.5.3 Halt Operation

When HALT is asserted and BERR is not asserted, the MC68340 halts external bus
activity at the next bus cycle boundary (see Figure 3-21). HALT by itself does not
terminate a bus cycle. Negating and reasserting HALT in accordance with the correct
timing requirements provides a single-step (bus cycle to bus cycle) operation. Since HALT
affects external bus cycles only, a program that does not require use of the external bus
may continue executing. The single-cycle mode allows the user to proceed through (and
debug) external MC68340 operations, one bus cycle at a time. Since the occurrence of a
bus error while HALT is asserted causes a retry operation, the user must anticipate retry
cycles while debugging in the single-cycle mode. The single-step operation and the
software trace capability allow the system debugger to trace single bus cycles, single
instructions, or changes in program flow.

When the MC68340 completes a bus cycle with HALT asserted, D15-D0 is placed in the
high-impedance state, and bus control signals are negated (not high-impedance state);
the A31-A0, FCx, SIZx, and R/W signals remain in the same state. The halt operation has
no effect on bus arbitration (see 3.6 Bus Arbitration). When bus arbitration occurs while
the MC68340 is halted, the address and control signals are also placed in the high-
impedance state. Once bus mastership is returned to the MC68340, if HALT is still
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asserted, the A31-A0, FCx, SIZx, and R/W signals are again driven to their previous
states. The MC68340 does not service interrupt requests while it is halted.
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Figure 3-21. HALT Timing

3.5.4 Double Bus Fault

A double bus fault results when a bus error or an address error occurs during the
exception processing sequence for any of the following:

* A previous bus error
* A previous address error
* Areset

For example, the MC68340 attempts to stack several words containing information about
the state of the machine while processing a bus error exception. If a bus error exception
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occurs during the stacking operation, the second error is considered a double bus fault.
When a double bus fault occurs, the MC68340 halts and asserts HALT. Only a reset
operation can restart a halted MC68340. However, bus arbitration can still occur (see 3.6
Bus Arbitration). A second bus error or address error that occurs after exception
processing has completed (during the execution of the exception handler routine or later)
does not cause a double bus fault. A bus cycle that is retried does not constitute a bus
error or contribute to a double bus fault. The MC68340 continues to retry the same bus
cycle as long as the external hardware requests it.

Reset can also be generated internally by the halt monitor (see Section 5 CPU32).

3.6 BUS ARBITRATION

The bus design of the MC68340 provides for a single bus master at any one time, either
the MC68340 or an external device. One or more of the external devices on the bus can
have the capability of becoming bus master for the external bus, but not the MC68340
internal bus. Bus arbitration is the protocol by which an external device becomes bus
master; the bus controller in the MC68340 manages the bus arbitration signals so that the
MC68340 has the lowest priority. External devices that need to obtain the bus must assert
the bus arbitration signals in the sequences described in the following paragraphs.
Systems having several devices that can become bus master require external circuitry to
assign priorities to the devices so that, when two or more external devices attempt to
become bus master at the same time, the one having the highest priority becomes bus
master first. The sequence of the protocol is as follows:

1. An external device asserts BR.
2. The MC68340 asserts BG to indicate that the bus is available.
3. The external device asserts BGACK to indicate that it has assumed bus mastership.

NOTE

The MC68340 does not place CS3-CS0 in a high-impedance
state after reset or when the bus is granted to an external
master.

BR may be issued any time during a bus cycle or between cycles. BG is asserted in
response to BR. To guarantee operand coherency, BG is only asserted at the end of an
operand transfer. Additionally, BG is not asserted until the end of a read-modify-write
operation (when RMC is negated) in response to a BR signal. When the requesting device
receives BG and more than one external device can be bus master, the requesting device
should begin whatever arbitration is required. When the external device assumes bus
mastership, it asserts BGACK and maintains BGACK during the entire bus cycle (or
cycles) for which it is bus master. The following conditions must be met for an external
device to assume mastership of the bus through the normal bus arbitration procedure: 1) it
must have received BG through the arbitration process, and 2) BGACK must be inactive,
indicating that no other bus master has claimed ownership of the bus.
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Figure 3-22 is a flowchart showing bus arbitration for a single device. This technique
allows processing of bus requests during data transfer cycles. Refer to Figures 3-23 and
3-24 for bus arbitration timing diagrams.

BR is negated at the time that BGACK is asserted. This type of operation applies to a
system consisting of the MC68340 and one device capable of bus mastership. In a system
having a number of devices capable of bus mastership, BR from each device can be wire-
ORed to the MC68340. In such a system, more than one bus request could be asserted
simultaneously. BG is negated a few clock cycles after the transition of BGACK. However,
if bus requests are still pending after the negation of BG, the MC68340 asserts another
BG within a few clock cycles after it was negated. This additional assertion of BG allows
external arbitration circuitry to select the next bus master before the current bus master
has finished using the bus. The following paragraphs provide additional information about
the three steps in the arbitration process. Bus arbitration requests are recognized during
normal processing, HALT assertion, and a CPU32 halt caused by a double bus fault.
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Figure 3-22. Bus Arbitration Flowchart for Single Request
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3.6.1 Bus Request

External devices capable of becoming bus masters request the bus by asserting BR. This
signal can be wire-ORed to indicate to the MC68340 that some external device requires
control of the bus. The MC68340 is effectively at a lower bus priority level than the
external device and relinquishes the bus after it has completed the current bus cycle (if
one has started). If no BGACK is received while the BR is active, the MC68340 remains
bus master once BR is negated. This prevents unnecessary interference with ordinary
processing if the arbitration circuitry inadvertently responds to noise or if an external
device determines that it no longer requires use of the bus before it has been granted
mastership.

3.6.2 Bus Grant

The MC68340 supports operand coherency; thus, if an operand transfer requires multiple
bus cycles, the MC68340 does not release the bus until the entire transfer is complete.
Therefore, assertion of BG is subject to the following constraints:

» The minimum time for BG assertion after BR is asserted depends on internal
synchronization (see Section 11 Electrical Characteristics).

+ During an external operand transfer, the MC68340 does not assert BG until after
the last cycle of the transfer (determined by SIZx and DSACKX).

+ During an external operand transfer, the MC68340 does not assert BG as long as
RMC is asserted.

+ If the show cycle bits SHEN1-SHENO = 01, the MC68340 does not assert BG to
an external master.

Externally, the BG signal can be routed through a daisy-chained network or a priority-
encoded network. The MC68340 is not affected by the method of arbitration as long as the
protocol is obeyed.

3.6.3 Bus Grant Acknowledge

An external device cannot request and be granted the external bus while another device is
the active bus master. A device that asserts BGACK remains the bus master until it
negates BGACK. BGACK should not be negated until all required bus cycles are
completed. Bus mastership is terminated at the negation of BGACK.

Once an external device receives the bus and asserts BGACK, it should negate BR. If BR
remains asserted after BGACK is asserted, the MC68340 assumes that another device is
requesting the bus and prepares to issue another BG.
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3.6.4 Bus Arbitration Control

The bus arbitration control unit in the MC68340 is implemented with a finite state machine.
As discussed previously, all asynchronous inputs to the MC68340 are internally
synchronized in a maximum of two cycles of the clock. As shown in Figure 3-25 input
signals labeled R and A are internally synchronized versions of BR and BGACK
respectively. The BG output is labeled G, and the internal high-impedance control signal is
labeled T. If T is true, the address, data, and control buses are placed in the high-
impedance state after the next rising edge following the negation of AS and RMC. All
signals are shown in positive logic (active high) regardless of their true active voltage
level. The state machine shown in Figure 3-25 does not have a state 1 or state 4.

State changes occur on the next rising edge of the clock after the internal signal is valid.
The BG signal transitions on the falling edge of the clock after a state is reached during
which G changes. The bus control signals (controlled by T) are driven by the MC68340
immediately following a state change, when bus mastership is returned to the MC68340.
State 0, in which G and T are both negated, is the state of the bus arbiter while the
MC68340 is bus master. R and A keep the arbiter in state 0 as long as they are both
negated.

The MC68340 does not allow arbitration of the external bus during the RMC sequence.
For the duration of this sequence, the MC68340 ignores the BR input. If mastership of the

bus is required during an RMC operation, BERR must be used to abort the RMC
sequence.

3.6.5 Show Cycles

The MC68340 can perform data transfers with its internal modules without using the
external bus, but, when debugging, it is desirable to have address and data information
appear on the external bus. These external bus cycles, called show cycles, are
distinguished by the fact that AS is not asserted externally. DS is used to signal address
strobe timing in show cycles.

Atfter reset, show cycles are disabled and must be enabled by writing to the SHEN bits in
the module configuration register (see 4.3.2.1 Module Configuration Register (MCR)).
When show cycles are disabled, the A31-A0, FCx, SIZx, and R/W signals continue to
reflect internal bus activity. However, AS and DS are not asserted externally, and the
external data bus remains in a high-impedance state. When show cycles are enabled, DS
indicates address strobe timing and the external data bus contains data. The following
paragraphs are a state-by-state description of show cycles, and Figure 3-26 illustrates a
show cycle timing diagram. Refer to Section 11 Electrical Characteristics for specific
timing information.
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Figure 3-25. Bus Arbitration State Diagram
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State 0—During state 0, the A31—A0 and FCx become valid, R/W is driven to indicate a
show read or write cycle, and the SIZx pins indicate the number of bytes to transfer.
During a read, the addressed peripheral is driving the data bus, and the user must take
care to avoid bus conflicts.

State 41—One-half clock cycle later, DS (rather than AS) is asserted to indicate that
address information is valid.

State 42—No action occurs in state 42. The bus controller remains in state 42 (wait states
will be inserted) until the internal read cycle is complete.

State 43—When DS is negated, show data is valid on the next falling edge of the system
clock. The external data bus drivers are enabled so that data becomes valid on the
external bus as soon as it is available on the internal bus.

State 0—The A31-A0, FCx, R/W, and SiZx pins change to begin the next cycle. Data
from the preceding cycle is valid through state 0.

S0 S41 $42 43 S0 ] 82
cLkour _/—\___/—\_/—\__/—\_
A31-A0,

FC2-FCO, X
SIZ1-S120
AW X X

o n__/
le—————— SHOW CYOLE ———>~|<— START OF EXTERNAL CYCLE—>]

Figure 3-26. Show Cycle Timing Diagram

3.7 RESET OPERATION

The MC68340 has reset control logic to determine the cause of reset, synchronize it if
necessary, and assert the appropriate reset lines. The reset control logic can
independently drive three different lines:

1. EXTRST (external reset) drives the external RESET pin.
2. CLKRST (clock reset) resets the clock module.
3. INTRST (internal reset) goes to all other internal circuits.
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Synchronous reset sources are not asserted until the end of the current bus cycle,
whether or not RMC is asserted. The internal bus monitor is automatically enabled for
synchronous resets; therefore, if the current bus cycle does not terminate normally, the
bus monitor terminates it. Only single-byte or word transfers are guaranteed valid for
synchronous resets. An external or clock reset is a synchronous reset source.

Asynchronous reset sources indicate a catastrophic failure, and the reset controlier logic
immediately resets the system. Resetting the MC68340 causes any bus cycle in progress
to terminate as if DSACKx or BERR had been asserted. In addition, the MC68340
appropriately initializes registers for a reset exception. Asynchronous reset sources
include power-up, software watchdog, double bus fault resets, and execution of the
RESET instruction.

If an external device drives RESET low, RESET should be asserted for at least 590 clock
periods to ensure that the MC68340 resets. The reset control logic holds reset asserted
internally until the external RESET is released. When the reset control logic detects that
external RESET is no longer being driven, it drives both internal and external reset low for
an additional 512 cycles to guarantee this length of reset to the entire system. Figure 3-27
shows the RESET timing.

171 CLOCK

RESET == —
f&———— 590 CLOCK-——-——-)‘H<————51ZCLOOK———>‘

[€&———— PULLED EXTERNAL ———>{ ««——DRIVEN BY MCSBGAO—-—J

rigure 3-27. Timing for External Devices Driving RESET

If reset is asserted from any other source, the reset control logic asserts RESET for 328
input clock periods plus 512 output clock periods, and until the source of reset is negated.

After any internal reset occurs, a 14-cycle rise time is allowed before testing for the
presence of an external reset. If no external reset is detected, the CPU32 begins its vector
fetch.

Figure 3-28 is a timing diagram of the power-up reset operation, showing the relationships
between RESET, VcC, and bus signals. During the reset period, the entire bus three-
states except for non-three-statable signals, which are driven to their inactive state. Once
RESET negates, all control signals are driven to their inactive state, the data bus is in read
mode, and the address bus is driven. After this, the first bus cycle for RESET exception
processing begins.
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Figure 3-28. Power-Up Reset Timing Diagram

When a RESET instruction is executed, the MC68340 drives the RESET signal for 512
clock cycles. The SIM40 registers and the module control registers in each internal
peripheral module (DMA, timers, and serial modules) are not affected. All other peripheral
module registers are reset the same as for a hardware reset. The external devices
connected to the RESET signal are reset at the completion of the RESET instruction.
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SECTION 4
SYSTEM INTEGRATION MODULE

The MC68340 system integration module (SIM40) consists of several functions that
control the system start-up, initialization, configuration, and the external bus with a
minimum of external devices. It also provides the IEEE 1149.1 boundary scan capabilities.
The SIM40 includes the following functions:

+ System Configuration and Protection
Clock Synthesizer

Chip Selects and Wait States
External Bus Interface

Bus Arbitration

+ Dynamic Bus Sizing

IEEE 1149.1 Test Access Port

4.1 MODULE OVERVIEW

The SIM40 is essentially identical to the SIM implemented in the MC68330. The SIM40
has similar features to the SIM in the MC68331, MC68332, and MC68333. The periodic
interrupt timer, double bus fault monitor, software watchdog, internal bus monitor, and

SPunGus MeTupt VU Qe IueriuGal. Fuwever, Hiany of re otner reawures In tne SIM's
differ in their use and details.

The system configuration and protection function controls system configuration and
provides various monitors and timers, including the internal bus monitor, double bus fault
monitor, spurious interrupt monitor, software watchdog timer, and the periodic interrupt
timer.

The clock synthesizer generates the clock signals used by the SIM40 and the other on-
chip modules, as well as CLKOUT used by external devices.

The programmable chip select function provides four chip select signals that can enable
external memory and peripheral circuits, providing all handshaking and timing signals.
Each chip select signal has an associated base address register and an address mask
register that contain the programmable characteristics of that chip select. Up to three wait
states can be programmed by setting bits in the address mask register.
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The external bus interface (EBI) handles the transfer of information between the internal
CPU32 and memory, peripherals, or other processing elements in the external address
space. See Section 3 Bus Operation for further information.

The MC68340 dynamically interprets the port size of an addressed device during each
bus cycle, allowing operand transfers to or from 8-, 16-, and 32-bit ports. The device
signals its port size and indicates completion of the bus cycle through the use of the
DSACKXx inputs. Dynamic bus sizing allows a programmer to write code that is not bus-
width specific. For a discussion on dynamic bus sizing, see Section 3 Bus Operation.

The MC68340 includes dedicated user-accessible test logic that is fully compliant with the
IEEE 1149.1 Standard Test Access Port and Boundary Scan Architecture. Problems
associated with testing high-density circuit boards have led to the development of this
standard under the sponsorship of the IEEE Test Technology Committee and Joint Test
Action Group (JTAG). The MC68340 implementation supports circuit-board test strategies
based on this standard. Refer to Section 9 IEEE 1149.1 Test Access Port for additional
information.

4.2 MODULE OPERATION

The following paragraphs describe the operation of the module base address register,
system configuration and protection, clock synthesizer, chip select functions, and the
external bus interface.

NOTE

The terms assert and negate are used throughout this section
to avoid confusion when dealing with a mixture of active-low
and active-high signals. The term assert or assertion indicates
that a signal is active or true independent of the level
represented by a high or low voltage. The term negate or
negation indicates that a signal is inactive or false.

4.2.1 Module Base Address Register Operation

The module base address register (MBAR) controls the location of all internal module
registers (see 4.3.1 Module Base Address Register (MBAR)). The address stored in this
register is the base address (starting location) for all internal registers. All internal module
registers are contained in a single 4-Kbyte block (see Figure 4-1) that is relocatable along
4-Kbyte boundaries.

The location of the internal registers is fixed by writing the desired base address of the
4-Kbyte block to the MBAR using the MOVES instruction to address $0003FF00 in CPU
space. The source function code (SFC) and destination function code (DFC) registers
contain the address space values (FC3-FCO) for the read or write operand of the MOVES
instruction (see Section 5 CPU32 or M68000PM/AD, Programmer’s Reference Manual).
Therefore, the SFC or DFC register must indicate CPU space (FC3—-FCO = $7), using the
MOVEC instruction, before accessing MBAR. The offset from the base address is shown
above each register diagram.
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Figure 4-1. SIM40 Module Register Block

4.2.2 System Configuration and Protection Operation

The SIM40 allows the user to control certain features of system configuration by writing
bits in the module configuration register (MCR). This register also contains read-only
status bits that show the state of the SIM40.

All M68000 family members are designed to provide maximum system safeguards. As an
extension of the family, the MC68340 promotes the same basic concepts of safeguarded
design present in all M68000 members. In addition, many functions that normally must be
provided by external circuits are incorporated in this device. The following features are
provided in the system configuration and protection function:

SIM40 Module Configuration

The SIM40 allows the user to configure the system to the particular requirements. The
functions include control of FREEZE and show cycle operation, the function of the CSx
signals, the access privilege of the supervisor/user registers, the level of interrupt
arbitration, and automatic vectoring for external interrupts.

Reset Status

The reset status register provides the user with information on the cause of the most
recent reset. The possible causes of reset include: external, power-up, software
watchdog, double bus fault, loss of clock, and RESET instruction.
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Internal Bus Monitor
The SIM40 provides an internal bus monitor to monitor the DSACKx response time for
all internal bus accesses. An option allows the monitoring of external bus accesses. For
external bus accesses, four selectable response times are provided to allow for
variations in response speed of memory and peripherals used in the system. A bus
error signal is asserted internally if the DSACKXx response limit is exceeded. BERR is
not asserted externally. This monitor can be disabled for external bus cycles only.

Double Bus Fault Monitor
The double bus fault monitor causes a reset to occur if the internal HALT is asserted by
the CPU32, indicating a double bus fault. A double bus fault results when a bus or
address error occurs during the exception processing sequence for a previous bus or
address error, a reset, or while the CPU32 is loading information from a bus error stack
m frame during an RTE instruction. This function can be disabled. See Section 3 Bus

Operation for more information.

Spurious Interrupt Monitor
If no interrupt arbitration occurs during an interrupt acknowledge (IACK) cycle, the bus
error signal is asserted internally. This function cannot be disabled.

Software Watchdog

The software watchdog asserts reset or a level 7 interrupt (as selected by the system
protection and control register) if the software fails to service the software watchdog for
a designated period of time (i.e., because it is trapped in a loop or lost). There are eight
selectable timeout periods. This function can be disabled.

Periodic Interrupt Timer

The SIM40 provides a timer to generate periodic interrupts. The periodic interrupt time
period can vary from 122 us to 15.94 s (with a 32.768-kHz crystal used to generate the
system clock). This function can be disabled.

Figure 4-2 shows a block diagram of the system configuration and protection function.
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Figure 4-2. System Configuration and Protection Function
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by the MCR and the autovector register (AVR)

The configuration of port B is controlled by the combination of the FIRQ bit in the MCR
and the port B pin assignment register (PPARB). Port B pins can function as dedicated /O
lines, chip selects, interrupts, or autovector input.

For debug purposes, internal bus accesses can be shown on the external bus. This
function is called show cycles. The SHEN1, SHENO bits in the MCR control show cycles.
Bus arbitration can be either enabled or disabled during show cycles.

Arbitration for servicing interrupts is controlled by the value programmed into the interrupt
arbitration (IARB) field of the MCR. Each module that generates interrupts, including the
SIM40, 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 should share the same IARB value. The IARB must contain a value other than $0
for all modules that can generate interrupts; interrupts with IARB = 0 are discarded as
extraneous. The SIM40 arbitrates for both its own interrupts and externally generated
interrupts.
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There are eight arbitration levels for access to the intermodule bus (IMB). The SIM40 is
fixed at the highest level (above the programmable level 7), and the CPU32 is fixed at the
lowest level (below level 0). The direct memory access (DMA) module is the only other
module that can become bus master and arbitrate for the bus. It must be initialized with a
level other than 0 or 7.

The AVR contains bits that correspond to external interrupt levels that require an
autovector response. The SIM40 supports up to seven discrete external interrupt
requests. If the bit corresponding to an interrupt level is set in the AVR, the SIM40 returns
an autovector in response to the IACK cycle servicing that external interrupt request.
Otherwise, external circuitry must either return an interrupt vector or assert the external
AVEC signal.

4.2.2.2 INTERNAL BUS MONITOR. The internal bus monitor continually checks for the
bus cycle termination response time by checking the DSACKx, BERR, and HALT status or
the AVEC status during an IACK cycle. The monitor initiates a bus error if the response
time is excessive. The bus monitor feature cannot be disabled for internal accesses to an
internal module. The internal bus monitor cannot check the DSACKx response on the
external bus unless the MC68340 is the bus master. The BME bit in the system protection
control register (SYPCR) enables the internal bus monitor for internal-to-external bus
cycles. If the system contains external bus masters whose bus cycles must be monitored,
an external bus monitor must be implemented. In this case, the internal-to-external bus
monitor option must be disabled.

The bus cycle termination response time is measured in clock cycles, and the maximum-
allowable response time is programmable. The bus monitor response time period ranges
from 8 to 64 system clocks (see Table 4-8). These options are provided to allow for
different response times of peripherals that might be used in the system.

4.2.2.3 DOUBLE BUS FAULT MONITOR. A double bus fault is caused by a bus error or
address error during the exception processing sequence. The double bus fault monitor
responds to an assertion of HALT on the internal bus. Refer to Section 3 Bus Operation
for more information. The DBF bit in the reset status register (RSR) indicates that the last
reset was caused by the double bus fault monitor. The double bus fault monitor reset can
be enabled by the DBFE bit in the SYPCR.

4.2.2.4 SPURIOUS INTERRUPT MONITOR. The spurious interrupt monitor issues BERR
if no interrupt arbitration occurs during an IACK cycle. Normally, during an IACK cycle,
one or more internal modules recognize that the CPU32 is responding to interrupt
request(s) and arbitrate for the privilege of returning a vector or asserting AVEC. (The
SIM40 reports and arbitrates for externally generated interrupts.) This feature cannot be
disabled.

4.2.2.5 SOFTWARE WATCHDOG. The SIM40 provides a software watchdog option to
prevent system lock-up in case the software becomes trapped in loops with no controlled
exit. Once enabled by the SWE bit in the SYPCR, the software watchdog requires a
special service sequence to be executed on a periodic basis. If this periodic servicing
action does not occur, the software watchdog times out and issues a reset or a level 7
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interrupt (as programmed by the SWRI bit in the SYPCR). The address of the interrupt
service routine for the software watchdog interrupt is stored in the software interrupt vector
register (SWIV). Figure 4-3 shows a block diagram of the software watchdog as well as
the clock control circuits for the periodic interrupt timer.

The watchdog clock rate is determined by the SWP bit in the periodic interrupt timer
register (PITR) and the SWT bits in the SYPCR. See Table 4-7 for a list of watchdog
timeout periods.

The software watchdog service sequence consists of the following steps: 1) write $55 to
the software service register (SWSR) and 2) write $AA to the SWSR. Both writes must
occur in the order listed prior to the watchdog timeout, but any number of instructions or
accesses to the SWSR can be executed between the two writes.

PITR
SWP
PTP

FREEZE Y ) U
PITCLK PIT
[ | CLOCK MODULUS COUNTER INTERRUPT

MUX

CLOCK 9
— o
EXTAL DISABLE PRESCALER (2°) PRECLK
r——-) RESET
SWCLK

15
LPSTOP 15 STAGE DIVIDER CHAIN (2'°)

YooY oY oy

29 M M 215

Figure 4-3. Software Watchdog Block Diagram

4.2.2.6 PERIODIC INTERRUPT TIMER. The periodic interrupt timer consists of an 8-bit
modulus counter that is loaded with the value contained in the PITR (see Figure
4-3). The modulus counter is clocked by a signal derived from the EXTAL input pin unless
an external frequency source is used. When an external frequency source is used
(MODCK low during reset), the default state of the prescaler control bits (SWP and PTP)
in the PITR is changed to enable both prescalers.

Either clock source (EXTAL or EXTAL + 512) is divided by 4 before driving the modulus
counter (PITCLK). When the modulus counter value reaches zero, an interrupt is
generated. The level of the generated interrupt is programmed into the PIRQL bits in the
periodic interrupt control register (PICR). During the IACK cycle, the SIM40 places the
periodic interrupt vector, programmed into the PIV bits in the PICR, onto the internal bus.
The value of bits 7-0 in the PITR 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.
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4.2.2.6.1 Periodic Timer Period Calculation. The period of the periodic timer can be
calculated using the following equation:

PITR count value
periodic interrupt timer period = _ EXTAL frequency/prescaler value
22

Solving the equation using a crystal frequency of 32.768-kHz with the prescaler disabled
gives:

PITR count value

32768/1
22

periodic interrupt timer period

PITR count value
8192

periodic interrupt timer period

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

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

PITR count value

32768/512
22

periodic interrupt timer period

PITR count value
16

periodic interrupt timer period

This gives a range from 62.5 ms, with a PITR value of $01, to 15.94 s, with a PITR value
of $FF.

For fast calculation of periodic timer period using a 32.768-kHz crystal, the following
equations can be used:

With prescaler disabled:

programmable interrupt timer period = PITR (122 ps)
With prescaler enabled:
programmable interrupt timer period = PITR (62.5 ms)
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4.2.2.6.2 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
one-second period. Rearranging the periodic timer period equation to solve for the desired
count value:

(PIT period) (EXTAL frequency)
(Prescaler value) (22)

PITR count value

(1) (32768)
(512) (22)

PITR count value

]

PITR count value

16 (decimal)

Therefore, when using a 32.768-kHz crystal, the PITR should be loaded with a value of
$10 with the prescaler enabled to generate interrupts at a one-second rate.

4.2.2.7 SIMULTANEOUS INTERRUPTS BY SOURCES IN THE SIMA40. If multiple
interrupt sources at the same interrupt level are simultaneously asserted in the SIM40, it
will prioritize and service the interrupts in the following order: 1) software watchdog, 2)
periodic interrupt timer, and 3) external interrupts.

4.2.3 Clock Synthesizer Operation

The clock synthesizer can operate with either an external crystal or an external oscillator
for reference, using the internal phase-locked loop (PLL) and voltage-controlled oscillator
(VCO), or an external clock can directly drive the clock signal at the operating frequency.
The four modes of clock operation are listed in Table 4-1.

Table 4-1. Clock Operating Modes

MODCK | Vccsyn
Mode Description Reset Operating

Value Value
External crystal or oscillator used with the on-chip PLL and VCO to
Crystal Mode generate a system clock and CLKOUT of programmable rates. 5V 5V
External Clock The desired operating frequency is driven into EXTAL resulting in a
Mode without PLL | system clock and CLKOUT of the same frequency, not tightly coupled. oV ov

The desired operating frequency is driven into EXTAL, resulting in a
External Clock system clock and CLKOUT of the same frequency, with a tight skew
Mode with PLL between input and output signals. oV 5V

Upon input signal loss for either clock mode using the PLL, operation
continues at approximately one-half operating speed (affected by the
Limp Mode value of the X-bit in the SYNCR). X 5V

In crystal mode (see Figure 4-4), the clock synthesizer can operate from the on-chip PLL
and VCO, using a parallel resonant crystal connected between the EXTAL and XTAL pins,
or an external oscillator connected to EXTAL as a reference frequency source. The
oscillator circuit is shown in Figure 4-5. A 32.768-kHz watch crystal provides an
inexpensive reference, but the reference crystal or external oscillator frequency can be
any frequency in the range specified in Section 11 Electrical Characteristics. When
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using crystal mode, the system clock frequency is programmable (using the W, X, and Y
bits in the SYNCR) over the range specified in Section 11 Electrical Characteristics
(see Table 4-2.).

Vbpsyn
xrcl T 0.1pF
20pF 200pF a1 11
R R
0.1 uF
E XTAL XFCPIN Voosyn 0.01 uF 3
r——-4-r-gr/——-— - "1 L] A
| |
MUX
| osonikron > pmse |1 oweass || o 1 I
: | comparaTon FILTER L’J; CLKOUT
.............................. 2 o
I . : > SEL |
I X MUX ! I
' 1je— +4 , I
' ] Vo | x|
' 1
: X s’ g : |
| ‘ s - |
| : ; |
| v w FEEDBACK DIVIDER |
B e s cmmn — — — — — o— — — C— — — —— — — — — — — — — — — —— —— S— — — — —

NOTE: Must be low-leakage capacitor.

Figure 4-4. Clock Block Diagram for Crystal Operation

60 kQ

EXTAL XTAL

60kQ

Figure 4-5. MC68340 Crystal Oscillator

A separate power pin (Vccsyn) is used to allow the clock circuits to run with the rest of
the device powered down and to provide increased noise immunity for the clock circuits.
The source for Vcosyn should be a quiet power supply with adequate external bypass
capacitors placed as close as possible to the Vgcsyn pin to ensure a stable operating
frequency. Figure 4-4 shows typical values for the bypass and PLL external capacitors.
The crystal manufacturer's documentation should be consulted for specific
recommendations for external components.
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To use an external clock source (see Figure 4-6), the operating clock frequency can be
driven directly into the EXTAL pin (the XTAL pin must be left floating for this case). This
approach results in a system clock and CLKOUT that are the same as the input signal
frequency, but not tightly coupled to it. To enable this mode, MODCK must be held low
during reset, and Vccsyn held at 0 V while the chip is in operation.

VeesyN
xrc! 0.1 yF
EXTERNAL
CLOCK
EXTAL XTAL XFC PIN VeCsYN 01 JF -
r——= FL I8 L I -
o .
] |
| CRYSTAL || 1
PHASE - Lowpass | |
: OSCILLATOR COMPARATOR FILTER vco :
1 |
1 ]
] I
o, FEEDBACK < :
1 DIVIDER
] ]
| |
] ]
1 1
I - CLOCK CONTROL ————— F>axaur
| > 3 SYSTEM
I CLOCK J
L oo o o o e o e e o o e o e e G e e e G S Swe G e G e D G D G G G B G R G Em e -
NOTES:

1. Must be low-leakage capacitor.
2. External mode uses this path only.

Figure 4-6. Clock Block Diagram for External Oscillator Operation

Alternatively, an external clock signal can be directly driven into EXTAL (with XTAL left
floating) using the on-chip PLL. This configuration results in an internal clock and
CLKOUT signal of the same frequency as the input signal, with a tight skew between the
external clock and the internal clock and CLKOUT signals. To enable this mode, MODCK
must be held low during reset, and Vccsyn should be connected to a quiet 5-V source.

If an input signal loss for either of the clock modes utilizing the PLL occurs, chip operation
can continue in limp mode with the VCO running at approximately one-half the operating
speed (affected by the value of the X-bit in the SYNCR), using an internal voltage
reference. The SLIMP bit in the SYNCR indicates that a loss of input signal reference has
been detected. The RSTEN bit in the SYNCR controls whether an input signal loss causes
a system reset or causes the device to operate in limp mode. The SLOCK bit in the
SYNCR indicates when the VCO has locked onto the desired frequency or if an external
clock is being used.

4.2.3.1 PHASE COMPARATOR AND FILTER. The phase comparator takes the output of
the frequency divider and compares it to an external input signal reference. The result of
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this compare is low-pass filtered and used to control the VCO. The comparator also
detects when the external crystal or oscillator stops running to initiate the limp mode for
the system clock.

The PLL requires an external low-leakage filter capacitor, typically in the range from 0.01
to 0.1 uF, connected between the XFC and Vgcsyn pins. The XFC capacitor should
provide 50-MQ insulation but should not be electrolytic. Smaller values of the external filter
capacitor provide a faster response time for the PLL, and larger values provide greater
frequency stability. For external clock mode without PLL, the XFC pin can be left open.

4.2.3.2 FREQUENCY DIVIDER. The frequency divider circuits divide the VCO frequency
down to the reference frequency for the phase comparator. The frequency divider consists
of 1) a 2-bit prescaler controlled by the W-bit in the SYNCR and 2) a 6-bit modulo
downcounter controlled by the Y-bits in the SYNCR.

Several factors are important to the design of the system clock. The resulting system clock
frequency must be within the limits specified for the device. The frequency of the system
clock is given by the following equation:

FsvsTem = FcrysTaL [2+2W+X)] x (Y+1)

The maximum VCO frequency limit must also be observed. The VCO frequency is given
by the following equation:

Fvco = Fsystem [23)]

Since clearing the X-bit causes the VCO to run at twice the system frequency, the VCO
upper frequency limit must be considered when programming the SYNCR. Both the
system clock and VCO frequency limits are given in Section 11 Electrical
Characteristics. Table 4-2 lists some frequencies available from various combinations of
SYNCR bits with a reference frequency of 32.768-KHz.
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Table 4-2. System Frequencies from 32.768-kHz Reference

Y W=0;X=0 W=0;X=1 W=1;X=0 W=1;X=1
000000 131 262 524 1049
000101 786 1573 3146 6291
001010 1442 2884 5767 11534
001111 2097 4194 8389 16777
010100 2753 5505 11010 22020
011001 3408 6816 13631 -
011111 4194 8389 16777 -
100011 4719 9437 18874 -
101000 5374 10748 21496 -
101101 6029 12059 24117 -
110010 6685 13369 - -
110111 7340 14680 - -
111100 7995 15991 - -
111111 8389 16777 - -

NOTE: System frequencies are in kHz.

4.2.3.3 CLOCK CONTROL. The clock control circuits determine the source used for both
internal and external clocks during special circumstances, such as low-power stop
(LPSTOP) execution.

Table 4-3 summarizes the clock activity during LPSTOP in crystal mode operation. Any

clock in the off state is held low. The STEXT and STSIM bits in the SYNCR control clock
activity during LPSTOP. Refer to 4.2.6 Low-Power Stop for additional information.

Table 4-3. Clock Control Signals

Control Bits Clock Outputs
STSIM STEXT SIMCLK CLKOUT
0 0 EXTAL Off
0 1 EXTAL EXTAL

1 0 vCO Off
1 1 \'[ole} VCO

NOTE: SIMCLK runs the periodic interrupt RESET and
IRQx pin synchronizers in LPSTOP mode.

4.2.4 Chip Select Operation

Typical microprocessor systems require external hardware to provide select signals to
external memory and peripherals. The MC68340 integrates these functions on chip to
provide the cost, speed, and reliability benefits of a higher level of integration. The chip
select function contains register pairs for each external chip select signal. The pair
consists of a base address register and an address mask register that define the
characteristics of a single chip select. The register pair provides flexibility for a wide
variety of chip select functions.
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4.2.4.1 PROGRAMMABLE FEATURES. The chip select function supports the following
programmable features:

Four Programmable Chip Select Circuits

All four chip select circuits are independently programmable from the same list of
selectable features. Each chip select circuit has an individual base address register and
address mask register that contain the programmed characteristics of that chip select.
The base address register selects the starting address for the address block in 256-byte
increments. The address mask register specifies the size of the address block range.
The base address register V-bit indicates that the register information for that chip
select is valid. A global chip select (CS0) allows address decode for a boot ROM before
system initialization occurs.

Variable Block Sizes

The block size, starting from the specified base address, can vary in size from 256
bytes up to 4 Gbytes in 2N increments. The specified base address must be on a
multiple of the the block size. The block size is specified in the address mask register.

Both 8- and 16-Bit Ports Supported

The 8-bit ports are accessible on both odd and even addresses when connected to data
bus bits 15-8; the 16-bit ports can be accessed as odd bytes, even bytes, or even
words. The port size is specified by the PS bits in the address mask register.

Write Protect Capability

The WP bit in each base address register can restrict write access to its range of
addresses.

Fast Termination Option

Programming the FTE bit in the base address register for the fast termination option
causes the chip select to terminate the cycle by asserting the internal DSACKx early,
providing a two-cycle external access.

Internal DSACKx Generation for External Accesses with Programmable Wait States

DSACKXx can be generated internally with up to three wait states for a particular device
using the DD bits in the address mask register.

Full 32-Bit Address Decode with Address Space Checking

The FC bits in the base address register and FCM bits in the address mask register are
used to select address spaces for which the chip selects will be asserted.

4.2.4.2 GLOBAL CHIP SELECT OPERATION. Gilobal chip select operation allows
address decode for a boot ROM before system initialization occurs. CS0 is the global chip
select output, and its operation differs from the other external chip select outputs following
reset. When the CPU32 begins fetching after reset, CSO0 is asserted for every address
until the V-bit is set in the CS0 base address register.
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NOTE

If an access matches multiple chip selects, the lowest
numbered chip select will have priority. For example, if CS0
and CS2 "overlap" for a certain range, CSO will assert when
accessing the "overlapped" address range, and CS2 will not.

Global chip select provides a 16-bit port with three wait states, which allows a boot ROM
to be located in any address space and still provide the stack pointer and program counter
values at $00000000 and $00000004, respectively. Global chip select does not provide
write protection and responds to all function codes. While CSO is a global chip select, no
other chip select (CS1, CS2, CS3) can be used. CSO0 operates in this manner until the
V-bit is set in the CSO base address register, which will then allow the use of CS3-CS1.
Provided the desired address range is first loaded into the CS0 base address register,
CSO0 can be programmed to continue decode for a range of addresses after the V-bit is
set, After the V-bit is set for CSO0, global chip select can only be restarted with a system
reset.

A system can use an 8-bit boot ROM if an external 8-bit DSACKx that responds in two or
less wait states is generated. The 8-bit DSACKx must respond in two or less wait states
so that the global chip select, which responds with three wait states, will not be used. See
Section 10 Applications for a detailed discussion.

4.2.5 External Bus Interface Operation

This section describes port A and port B functions. Refer to Section 3 Bus Operation for
more information about the EBI.

4.2.5.1 PORT A. Port A pins can be independently programmed to function as either
addresses A31-A24. discrete /O pins. or IACKx pins. The nort A pin assianment reaisters
(PPARA1 and PPARA2) control the function of the port A pins as listed in Table 4-4. Upon
reset, port A is configured as input pins. If the system uses these signals as addresses,
pulldowns should be put on these signals to avoid indeterminate values until the port A
registers can be programmed.

Table 4-4. Port A Pin Assignment Register

Pin Function
Signal PPARA1=0 | PPARA1=1 PPARA1 =0
PPARA2=0 | PPARA2=X | PPARA2:=1
A31 A31 PORT A7 TACK7
A30 A30 PORT A6 TACK6
A29 A29 PORT A5 TACKS
A28 A28 PORT A4 TACK4
A27 A27 PORT A3 TACK3
A26 A26 PORT A2 JACK2
A25 A25 PORT A1 TACKT
A24 A24 PORT A0 —_
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4.2.5.2 PORT B. Port B pins can be independently programmed to function as chip
selects, IRQx and MODCK pins, or discrete I/O pins. These pins are multiplexed as shown
in Figure 4-7. Selection of a pin function is accomplished by a combination of the port B
pin assignment register (PPARB) and the FIRQ bit of the MCR. See Table 4-5 for port B
combinations. By changing the value of the FIRQ bit and the corresponding bits in the
PPARB for a particular signal, the port B pins can be configured for different pin functions.
Upon reset, port B is configured as MODCK, IRQ7, IRQ6, IRQ5, IRQ3, and CS3-CS0.

4-16

MODCK/PORT BO
IRQ7/PORT B7
IRO6IPORTBS
INTERRUPT FOS/PORT 65
PORT IRQ3/PORT B3
Loaic IRQ4/PORT B4
IRQZ/PORT B2
1RQ1/PORT B1
e CS3/RO4/PORT B4
FULL IRQ C52/RQ2PORT B2
MUX CS1/iRQ1/PORT B
s3 CSO/AVEC
CHIP- sz
SELECT CSi
MODULE [
FIRQ f

Figure 4-7. Full Interrupt Request Multiplexer

Table 4-5. Port B Pin Assignment Register

Pin Function
Signal FIRQ=0 FIRQ=0 FIRQ=1 FIRQ=1
PPARB =0 PPARB =1 PPARB =0 PPARB =1
RG7 PORTB7 RQ7 PORTB7 RQ7
TRQ6 PORTB6 TRQ6 PORTB6 RQ6
RGOS PORTBS TRQ5 PORTBS TRQ5
TRQ3 PORTB3 TRQ3 . PORTB3 RQ3
Cs3 Cs3 Cs3 PORTB4 RQ4
cs2 CSs2 Ccs2 PORTB2 RQ2
(3] CSs1 Cs1 PORTB1 RaT
C3s0 CS0 CSO AVEC AVEC
MODCK PORTBO MODCK PORTBO MODCK
NOTE: MODCK has no function after reset.
MC68340 USER’'S MANUAL
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The number of wait states programmed into the internal wait state generation logic by a
chip select can be used even though the pin is not used as a CSx signal. The
programmed number of wait states in the CSx signal applies to the port B pins configured
as IRQx or 1/O pins. This is done by programming the chip select with the number of wait
states to be added, as though it were to be used. The DD1/DDO0 and PS1/PS0 bits in the
chip select address mask register must be set to add the desired number of wait states
(the V-bit in the module base address register should be set).

4.2.6 Low-Power Stop

Executing the LPSTOP instruction provides reduced power consumption when the
MC68340 is idle; only the SIM40 remains active. Operation of the SIM40 clock and
CLKOUT during LPSTOP is controlled by the STSIM and STEXT bits in the SYNCR (see
Table 4-3). LPSTOP disables the clock to the software watchdog in the low state. The
software watchdog remains stopped until the LPSTOP mode ends; it begins to run again
on the next rising clock edge.

NOTE

When the CPU32 executes the STOP instruction (as opposed
to LPSTOP), the software watchdog continues to run. If the
software watchdog is enabled, it issues a reset or interrupt
when timeout occurs.

The periodic interrupt timer does not respond to an LPSTOP instruction; thus, it can be
used to exit LPSTOP as long as the interrupt request level is higher than the CPU32
interrupt mask level. 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, double bus
fault monitor, and spurious interrupt monitor are all inactive during LPSTOP,

The STP bit in the MCR of each on-chip module (DMA, timers, and serial modules) should
be set prior to executing the LPSTOP instruction. Setting the STP bit stops all clocks
within each of the modules, except for the clock from the IMB. The clock from the IMB
remains active to allow the CPU32 access to the MCR of each module. The system clock
stops on the low phase of the clock and remains stopped until the STP bit is cleared by
the CPU32 or until reset. For more information, see the description of the MCR STP bit for
each module.

If an external device requires additional time to prepare for entry into LPSTOP mode,
entry can be delayed by asserting HALT (see 3.4.2 LPSTOP Broadcast Cycle).

4.2.7 Freeze

FREEZE is asserted by the CPU32 if a breakpoint is encountered with background mode
enabled. Refer to Section 5 CPU32 for more information on the background mode. When
FREEZE is asserted, the double bus fault monitor and spurious interrupt monitor continue
to operate normally. However, the software watchdog, the periodic interrupt timer and the
internal bus monitor will be affected. When FREEZE is asserted, setting the FRZ1 bit in
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the MCR disables the software watchdog and periodic interrupt timer, and setting the
FRZO0 bit in the MCR disables the bus monitor.

4.3 PROGRAMMING MODEL

Figure 4-8 is a programming model (register map) of all registers in the SIM40. For more
information about a particular register, refer to the description of the module or function
indicated in the right column. The ADDR (address) column indicates the offset of the
register from the address stored in the module base address register. The FC (function
code) column indicates whether a register is restricted to supervisor access (S) or
programmable to exist in either supervisor or user space (S/U).

For the registers discussed in the following pages, the number in the upper right-hand
corner indicates the offset of the register from the address stored in the module base
address register. The numbers on the top line of the register represent the bit position in
the register. The second line contains the mnemonic for the bit. The numbers below the
register represent the bit values after a hardware reset. The access privilege is indicated
in the lower right-hand corner.

NOTE:

A CPU32 RESET instruction will not affect any of the SIM40
registers. '
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ADDR FC
000 S
004 S
006 S
010 SMU
012 SMuU
014 S
016 S
018 SMU
01A SMu
01C  su
01E S
020 S
022 S
024 S
026 S
040 S
042 S
044 S
046 S
048 S
04A S
04C S
04E S
050 S
052 S
054 S
056 S
058 S
05A S
05C S
O5E S

MOTOROLA
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MODULE CONFIGURATION REGISTER (MCR)

CLOCK SYNTHESIZER CONTROL REGISTER (SYNCR)

AUTOVECTOR REGISTER (AVR)

RESET STATUS REGISTER (RSR)

RESERVED PORT A DATA (PORTA)
RESERVED PORT A DATA DIRECTION (DDRA)
RESERVED PORT A PIN ASSIGNMENT 1 (PPRA1)
RESERVED PORT A PIN ASSIGNMENT 2 (PPRA2)
RESERVED PORT B DATA (PORTB)
RESERVED PORT B DATA (PORTB1)
RESERVED PORT B DATA DIRECTION (DDRB)
RESERVED PORT B PIN ASSIGNMENT (PPARB)

SW INTERRUPT VECTOR (SWIV)

SYSTEM PROTECTION CONTROL

(SYPCR)

PERIODIC INTERRUPT CONTROL REGISTER (PICR)

PERIODIC INTERRUPT TIMING REGISTER (PITR)

RESERVED

SOFTWARE SERVICE (SWSR)

ADDRESS MASK 1 CS0

ADDRESS MASK 2 CS0

BASE ADDRESS 1 CS0

BASE ADDRESS 2 CS0

ADDRESS MASK 1 CS1

ADDRESS MASK 2 CS1

BASE ADDRESS 1 CS1

BASE ADDRESS 2 CS1

ADDRESS MASK 1 CS2

ADDRESS MASK 2 CS2

BASE ADDRESS 1 CS2

BASE ADDRESS 2 CS2

ADDRESS MASK 1 CS3

ADDRESS MASK 2 CS3

BASE ADDRESS 1 CS3

BASE ADDRESS 2 CS3

Figure 4-8. SIM40 Programming Model
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4.3.1 Module Base Address Register (MBAR)
MBAR 1 $00