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MC68008
Technical Summary

16-Bit Microprocessor With
8-Bit Data Bus

This document contains both a summary of the MC68008 as well as a detailed
set of parametrics. For detailed information on the MC68008 refer to M68000
UM/AD, M68000 8-/16-/132-Bit Microprocessor User’s Manual.

The MC68008 is a member of the M68000 Family of advanced microprocessors.
This device allows the design of cost-effective systems using 8-bit data buses
while providing the benefits of a 32-bit microprocessor architecture. The per-
formance of the MC68008 is greater than any 8-bit microprocessor and superior
to several 16-bit microprocessors.
The following resources are available to the MC68008 user:

e 17 32-Bit Data and Address Registers

® 56 Basic Instruction Types

e Extensive Exception Processing

® Memory-Mapped 1/O
14 Addressing Modes

Complete Code Compatibility with the MC68000

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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INTRODUCTION

A system implementation based on an 8-bit data bus reduces system cost in
comparison to 16-bit systems due to a more effective use of components and
byte-wide memories and peripherals. In addition, the nonmultiplexed address
and data buses eliminate the need for external demultiplexers, further simpli-
fying the system.

The MC68008 has full code compatibility (source and object) with the MC68000,
which allows programs to be run on either MPU, depending on performance

requirements and cost objectives.

The MC68000 is available as a 48-pin dual-in-line package (in plastic or ceramic)
and 52-pin quad plastic package. Among the four additional pins of the 52-pin
package, two additional address lines are included beyond the 20 address lines
of the 48-pin package. The address lines reach of the MC68008 is 1 of 4 Mbytes
with the 48- or 52-pin package, respectively.

The large nonsegmented linear address space of the MC68008 allows large
modular programs to be developed and executed efficiently. A large linear
address space allows program segment sizes to be determined by the appli-
cation rather than forcing the designer to adopt an arbitrary segment size
without regard to the application’s individual requirements.

The programmer’s model is identical to that of the MC68000 (see Figure 1),
with 17 32-bit registers, a 32-bit program counter (PC), and a 16-bit status
register (SR). The first eight registers (D0-D7) are used as data registers for
byte (8-bit), word (16-bit), and long word (32-bit) operations. The second set
of seven registers (AO-A8), the user stack pointer (A7), and the system stack
pointer (A7’) can be used as software stack pointers and base address registers.
In addition, the registers can be used for some simple word and long-word
data operations. All 17 registers can be used as index registers.
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Figure 1. Programming Model

The system stack is used by many instructions. The 14 addressing modes allow
the creation of user stacks and queues. Atthough all address registers can be
used to create stacks and queues, the A7 register, by convention, is used as
the system stack pointer. Supplementing this convention is another address
register, A7, also referred to as the system stack pointer. This powerful concept
allows the supervisor mode and user mode of the MC68008 to have their own
system stack pointer (SP) without needing to move pointers for each context
of use when the mode is switched.

The SP is either the supervisor stack pointer (A7'—SSP) or the user stack pointer
(A7—USP), depending on the state of the S bit in the SR. If the S bit is set,
indicating that the processor is in the supervisor state, then the SSP is the
active system stack pointer and the USP is not used. if the S bit is clear,
indicating that the processor is in the user state, then the USP is the active
system stack pointer and the SSP is protected from user modification.
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The SR (see Figure 2) can be considered as two bytes, the user byte and the
system byte. The user byte contains five bits defining the overflow (V), zero
(Z), negative (N), carry (C), and extended (X) condition codes. The system byte
contains five defined bits. Three bits are used to define the current interrupt
priority; and any interrupt level higher than the current mask level will be
recognized. (Note that level 7 interrupts are nonmaskable — that is, level 7
interrupts are always processed.) Two additional bits indicate whether the pro-
cessor is in the trace (T) mode and/or in the supevisor (S) state.
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Figure 2. Status Register

DATA TYPES AND ADDRESSING MODES

Five basic data types are supported:

1. Bits

2. BCD Digits (4 bits)

3. Bytes (8 bits)

4. Words (16 bits)

5. Long Words (32 bits)
In addition, operations on other data types, such as memory addresses, status
word data, etc., are provided in the instruction set.
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Most instructions can use any of the 14 addressing modes listed in Table 1.
These addressing modes consist of six basic types:

1. Register Direct
Register Indirect
Absolute
Program Counter Relative
immediate
Implied
The register indirect addressing modes also have the capability to perform
postincrementing, predecrementing, offsetting, and indexing. The program
counter relative mode can be used in combination with indexing and offsetting
for writing relocatable programs.

ook WL

Table 1. Addressing Modes

Addressing Modes Syntax

Register Direct Addressing

Data Register Direct Dn

Address Register Direct An
Absolute Data Addressing

Absolute Short xxx.W

Absolute Long xxx.L
Program Counter Relative Addressing

Relative with Offset dqg(PC)

Relative with Index Offset dgl(PC.Xn}
Register Indirect Addressing

Register Indirect {An)

Postincrement Register Indirect {An)+

Predecrement Register Indirect - {An)

Register Indirect with Offset d1glAn)

Indexed Register Indirect with Offset | dg{An,Xn)

Immediate Data Addressing

Immediate F#FXXX

Quick Immediate #1r#8
Implied Addressing

Implied Register SR/USP/SP/PC
NOTES:

Dn = Data Register
An = Address Register
Xn = Address of Data Register Used as Index Register
SR = Status Register
PC = Program Counter
SP = Stack Pointer
USP = User Stack Pointer
() = Contents of
dg = 8-Bit Offset (Displacement)
d1g = 16-Bit Offset (Displacement}
#xxx = Immediate Data
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INSTRUCTION SET OVERVIEW

The MC68008 is completely code compatible with the MC68000. This applies
equally to either source code or object code. For detailed information on the
MC68008 instruction set, refer to M68000 PM/AD, M68000 Programmer’s Ref-
erence Manual.

The instruction set was designed to minimize the number of mnemonics re-
membered by the programmer. To further reduce the programmer’s burden,
the addressing modes are orthogonal.
The instruction set, shown in Table 2, forms a set of programming tools that
include all processor functions to perform data movement, integer arithmetic,
logical operations, shift and rotate operations, bit manipulation, BCD opera-

tions, and both program and system control. Some additional instructions,
which are variations or subsets of these instructions, are listed in Table 3.

Table 2. Instruction Set Summary

Mnemonic Description Mnemonic Description
ABCD Add Decimal with Extend MOVE Move
ADD Add MULS Signed Multiply
AND Logical AND MULU Unsigned Multiply
ASL Arithmetic Shift Left - .
ASR Arithmetic Shift Right EESD m:gzzg Decimal with Extend
Bece Branch Conditionally NOP No Operation
BCHG Bit Test and Change NOT Ones Complement
BCLR Bit Test and Clear .
BRA Branch Always OR Logical OR
BSET Bit Test and Set PEA Push Effective Address
S'?ST gra"Ch to Subroutine RESET Reset External Devices
It Test ROL Rotate Left without Extend
CHK Check Register against Bounds ROR Rotate Right without Extend
CLR Clear Operand ROXL Rotate Left with Extend
CMP Compare ROXR Rotate Right with Extend
DBce Test Condition, Decrement and g¥; SZ:EEE ;r:(;nRi);:s:):on
‘Branch. . RTS Return from Subroutine
DIVS Signed Divide
DIVU Unsigned Divide SBCD Subtract Decimal with Extend
EOR Exclusive OR Scc Set Conditional
. STOP Stop
EXG Exchange Registers SUB Subtract
EXT Sign Extend SWAP Swap Data Register Halves
JMP Jump
. TAS Test and Set Operand
JSR Jump to Subroutine TRAP Trap
LEA Load Effective Address TRAPY Trap on Overflow
LINK Link Stack TST Test
LSL Logical Shift Left .
LSR Logical Shift Right UNLK Unlink
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Table 3. Variations of Instruction Types

Ins;trructlon Variation Description
ype
ADD ADD Add
ADDA Add Address
ADDQ Add Quick
ADDI Add Immediate
ADDX Add with Extend
AND AND* Logical AND
ANDI AND Immediate
ANDI to CCR AND Immediate to Condition Codes
ANDI to SR AND Immediate to Status Register
Cmp CMP Compare
CMPA Compare Address
CMPM Compare Memory
CMPI Compare Immediate
ECR EOR Exclusive OR
EORI Exclusive OR immediate
EORI to CCR Exclusive OR Immediate to Condition Codes
EORI to SR Exclusive OR Immediate to Status Register
MOVE MOVE Move Source to Destination
MOVEA Move Address
MOVEC Move Control Register
MOVEM Move Multiple Registers
MOVEP Move Peripheral Data
MOVEQ Move Quick
MOVES Move Alternate Address Space
MOVE from SR | Move from Status Register
MOVE to SR Move to Status Register
MOVE from CCR [ Move from Condition Codes
MOVE to CCR Move to Condition Codes
MOVE USP Move User Stack Pointer
NEG NEG Negate
NEGX Negate with Extend
OR OR Logical OR
ORI OR Immediate
ORI to CCR OR Immediate to Condition Codes
ORI to SR OR Immediate to Status Register
suB SUB Subtract
SUBA Subtract Address
SuUBl Subtract Immediate
SuBQ Subtract Quick
SUBX Subtract with Extend
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SIGNAL DESCRIPTION

The MC68008 is available in two package sizes (48-pin and 52-pin). The addi-
tional four pins of the 52-pin quad package allow for additional signals: A20,

A21, BGACK, and IPL2.

The input and output signals can be functionally organized into the groups
shown in Figure 3(a) for the 48-pin version and in Figure 3(b) for the 52- -pin
version. The following paragraphs provide a brief description of the signals

and a reference (if applicable) to other paragraphs that contain more infor-

mation about the function being performed.
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Figure 3. Functional Signal Groups

ADDRESS BUS (48-Pin: A0-A19; 52-Pin: A0-A21)

This unidirectional three-state bus provides the address for bus operation dur-
ing all cycles except interrupt acknowledge cycles. During interrupt acknowl-
edge cycles, address lines A1, A2, and A3 provide information about what level
interrupt is being serviced while address lines A0 and A4-A19 (A21) are all
driven high.

DATA BUS {D0-D7)

This 8-bit, bidirectional, three-state bus is the general-purpose data path. During
an interrupt acknowledge cycle, the external device supplies the vector number
on data lines DO-D7.

ASYNCHRONOUS BUS CONTROL

3-108

Asynchronous data transfers are handled using the following control signals:
address strobe, read/write, data strobe, and data transfer acknowledge.
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Address Strobe (AS)

This three-state signal indicates a valid address on the address bus. It is also
used to “lock” the bus during the read-modify-write cycle used by the test and
set (TAS) instruction.

Read/Write (R/W)

This three-state signal defines the data bus transfer as a read or write cycle.
R/W also works in conjunction with the data strobe as explained in the following
paragraph.

Data Strobe (DS)

This three-state signal controls the flow of data on the data bus as listed in
Table 4. When R/W is high, the processor will read from the data bus as in-
dicated. When R/W is low, the processor will write to the data bus as shown.

Table 4. Data Strobe Control of Data Bus

DS | RW D0-D7

1 — | No Valid Data

1 Valid Data Bits 0-7 (Read Cycle)
0 Valid Data Bits 0-7 (Write Cycle)

Data Transfer Acknowledge (DTACK)

This input indicates that the data transfer is complete. When the processor
recognizes DTACK during a read cycle, data is latched and the bus cycle is
terminated. When DTACK is recognized during a write cycle, the bus cycle is
terminated.

BUS ARBITRATION CONTROL

The 48-pin MC68008 contains a simple two-wire arbitration circuit; the 52-pin
MC68008 contains a full three-wire MC68000 bus arbitration control. Both ver-
sions are designed to work with daisy-chained networks, priority encoded net-
works, or a combination of these techniques. This circuit is used in determining
which device will be the bus master.
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Bus Request (BR)

This input is wire-ORed with all other devices that could be bus masters. This
input indicates to the processor that some other device desires to become the
bus master. Bus requests may be issued at any time in the cycle or even if no
cycle is being performed.

Bus Grant (BG)

This output indicates to all other potential bus master devices that the processor
will release bus control at the end of the current bus cycle.

Bus Grant Acknowledge (BGACK)

This input, available on the 52-pin version only, indicates that some other device
has become the bus master. This signal should not be asserted until the fol-
lowing four conditions are met:

1. A bus grant has been received.

2. Address strobe is inactive, which indicates that the microprocessor is not
using the bus.

3. Data transfer acknowledge is inactive, which indicates that neither mem-
ory nor peripherals are using the bus.

4, Bus grant acknowledge is inactive, which indicates that no other device
is claiming bus mastership.

NOTES

1. There is a two-clock interval straddling the transition of AS from

the inactive state to the active state during which BG can not be
issued.

2. If an existing MC68000 system is retrofitted to use the MC68008 48-
pin version (using BR and BG only), the existing BR and BGACK
signals should be ANDed and the resultant signal connected to the
MC68008 BR.

INTERRUPT CONTROL (48-Pin: IPLO/IPL2, IPL1; 52-Pin: IPLO, IPL1, IPL2)

These input pins indicate the encoded priority level of the device requesting
an interrupt. The MC68000 and the 52-pin MC68008 MPUs use three pins to
encode a range of 0-7 but, for the 48-pin MC68008, only two pins are available.
By connecting the IPLO/IPL2 pin to both the IPLO and IPL2 inputs internally, the
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48-pin version encodes values of 0, 2, 5, and 7. Level 0 is used to indicate that
there are no interrupts pending and level 7 is a nonmaskable edge-triggered
interrupt. Except for level 7, the requesting level must be greater than the
interrupt mask level contained in the processor status register before the pro-
cessor will acknowledge the request.

The level presented to these inputs is continually monitored to allow for the
case of a requesting level that is less than or equal to the processor status
register level to be followed by a request that is greater than the processor
status register level. A satisfactory interrupt condition must exist for two suc-
cessive clocks before triggering an internal interrupt request. An interrupt ac-
knowledge sequence is indicated by the function codes.

SYSTEM CONTROL

The three system control inputs are used to either reset or halt the processor
and to indicate to the processor that bus errors have occurred.

Bus Error (BERR)

This input informs the processor that there is a problem with the cycle currently
being executed. Problems may be a result of:

1. Nonresponding devices

2. Interrupt vector number acquisition failure

3. lllegal access request as determined by a memory management unit

4. Various other application-dependent errors

The bus error signal interacts with the halt signal to determine if the current
bus cycles should be re-executed or if exception processing should be per-
formed. A summarization of the interaction is shown in Table 5:

Table 5. Interaction of BERR and HALT

BERR HALT Resuiting Operation
1 1 Normal Operation
1 0 Single Bus Cycle Operation
0 1 Bus Error — Exception Processing
0 0 Bus Error — Rerun Current Cycle
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Reset (RESET)

This bidirectional signal resets (starts a system initialization sequence) the
processor in response to an external RESET signal. An internally generated
reset (result of a RESET instruction) causes all external devices to be reset, but
the internal state of the processor is not affected. A total system reset (processor
and external devices) is the result of external HALT and RESET signals applied
simultaneously.

Halt (HALT)

When this bidirectional signal is driven by an external device, it causes the
processor to stop at the completion of the current bus cycle. When the processor
is halted using this input, all control signals are inactive, and all three-state
lines are put in their high-impedance state.

When the processor stops executing instructions, such as in a double bus fault
condition, the halt line is driven by the processor to indicate to external devices
that the processor has stopped.

M6800 PERIPHERAL CONTROL

These control signals are used to interface synchronous M6800 peripheral de-
vices with the asynchronous MC68008.

The MC68008 does not supply a valid memory address (VMA) signal like that
of the MC68000. VMA indicates to the M8800 peripheral devices that there is
a valid address on the address bus and that the processor is synchronized to
the enable clock. This signal can be produced by a TTL circuit (see a sample
circuit in Figure 4). VMA only responds to a valid peripheral address (VPA)
input, which indicates that the peripheral is an M68000 Family device.

SN74LS73 SN74LS73
A 8
VPA DECODE (ADDRESS
DECODE » STROBE) b 4 Q NC
E—+—opCK ——b CK
I K a K Q F—>» VMA (TO MC6800 DEVICES)
= CLR
S VPA (TO MC68008)

CLK

Figure 4. External VMA Generation
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The VPA decode shown in Figure 4 is an active-high decode, indicating that
AS has been asserted and the address bus is addressing an M6800 peripheral.
The VPA output is used to indicate to the MC68008 that the data transfer should
be synchronized with the enable (E) signal.

Enable (E)

This signal is the standard enable signal common to all M6800-type peripheral
devices. The period for this output is 10 MC68008 clock periods (six clocks low,
four clocks high).

Valid Peripheral Address (VPA)

This input indicates that the device or region addressed is an M6800 Family
device and that data transfer should be synchronized with E. This input also
indicates that the processor should use automatic vectoring for an interrupt.

PROCESSOR STATUS (FC0, FC1, FC2)

These function code outputs indicate the state (user or supervisor) and the
cycle type currently being executed (see Table 6). The information indicated
by the function code output is valid whenever AS is active.

Table 6. Function Code Qutputs

Function Code Qutput Address Space
FC2 FC1 FCoO
0 0 0 (Undefined, Reserved)
0 0 1 User Data
0 1 0 User Program
0 1 1 {Undefined, Reserved)
1 0 0 (Undefined, Reserved)
1 0 1 Supervisor Data
1 1 0 Supervisor Program
1 1 1 Interrupt Acknowledge
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CLOCK (CLK)

The clock input is a TTL-compatible signal that is internally buffered for de-
velopment of the internal clocks needed by the processor. The clock input
should be a constant frequency.

Vce AND GND

Power is supplied to the processor using these two signals.

SIGNAL SUMMARY

Table 7 summarizes the signals discussed in the previous paragraphs.

Table 7. Signal Summary

Signal Name Mnemonic Input/Output | Active State on HALTHl f)n BGACK
Address Bus A0-A19 (A21) Qutput High Yes Yes
Data Bus DO-D7 Input/Output High Yes Yes
Address Strobe AS Output Low No Yes
Read/Write RAW Ouiput Read—High No Yes
Write—Low No Yes
Data Strobe DS Qutput Low No Yes
Data Transfer Acknowledge DTACK Input Low No No
Bus Request BR Input Low No No
Bus Grant BG Output Low No No
Bus Grant Acknowledge** BGACK Input Low No No
Interrupt Priority Level 1PLx Input Low No No
Bus Error BERR Input Low No No
Reset RESET Input/Output Low No* No*
Halt HALT Input’Qutput Low No* No*
Enable E Qutput High No No
Valid Peripheral Address VPA Input Low No No
Function Code Qutput FCoO, FC1, FC2 Output High No Yes
Clock CLK Input High No No
Power Input Vee input — — —
Ground GND Input — — —

¥Qpen Drain
*%52-Pin Version Only
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DATA TRANSFER OPERATIONS

Transfer of data between devices involves the following signals:
1. Address bus A0-A21
2. Data bus D0-D7
3. Control signals
The address and data buses are separated nonmultiplexed parallel buses. Data
transfer is accomplished with an asynchronous bus structure that uses hand-
shakes to ensure the correct movement of data. In all cycles, the bus master
assumes responsibility for deskewing all signals it issues at both the start and
end of a cycle. In addition, the bus master is responsible for deskewing the
acknowledge and data signals from the slave device.

The following paragraphs explain the read, write, and read-modify-write cycles.
The indivisible read-modify-write cycle is the method used by the MC68008 for
interlocked multiprocessor communications.

READ CYCLE

During a read cycle, the processor receives data from the memory or a pe-
ripheral device. The processor reads bytes of data in all cases. If the instruction
specifies a word (or double word) operation, the processor reads both bytes
in a two-cycle read operation. When the instruction specifies byte operation,
the processor uses A0 to determine which byte to read and then issues data
strobe.

WRITE CYCLE

During a write cycle, the processor sends data to either the memory or a
peripheral device. The processor writes bytes of data in all cases. If the instruc-
tion specifies a word operation, the processor writes both bytes in a two- -cycle
write operation. When the instruction specifies a byte operation, the processor
uses AQ to determine which byte to write and then activates DS.

READ-MODIFY-WRITE CYCLE

The read-modify-write cycle performs a byte read, modifies the data in the
arithmetic logic unit, and writes the data back to the same address. In the
MC68008, this cycle is indivisible in that the address strobe is asserted through-
out the entire cycle. The TAS instruction uses the cycle to provide meaningful
communication between processors in a multiple processor environment. TAS
is the only instruction that uses the read-modify-write cycle; since TAS only
operates on bytes, all read-modify-write cycles are byte operations.

MOTOROLA M68000 FAMILY REFERENCE MANUAL 3-115



PROCESSING STATES

The MC68008 is always in one of three processing states: normal, exception,
or halted.

NORMAL PROCESSING

The normal processing state is that assaciated with instruction execution; the
memory references are to fetch instructions and operands and to store results.
A special case of the normal state is the stopped state which the processor
enters when a STOP instruction is executed. In this state, no further memory
references are made.

EXCEPTION PROCESSING

The exception processing state is associated with interrupts, trap instructions,
tracing, and other exceptional conditions. The exception may be internally
generated by an instruction or by an unusual condition arising during the
execution of an instruction. Externally, exception processing can be forced by
an interrupt, a bus error, or a reset. Exception processing is designed to provide
an efficient context switch so that the processor may handle unusual conditions.

HALTED PROCESSING
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The halted processing state is an indication of catastrophic hardware failure.
For example, if, during the exception processing of a bus error, another bus
error occurs, the processor assumes that the system is unusable and halts.
Only an external reset can restart a halted processor. Note that a processor in
the stopped state is not in the halted state, nor vice versa.
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INTERFACE WITH M6800 PERIPHERALS

Motorola’s extensive line of M6800 peripherals are compatible with the MC68008.
Some devices that are particularly useful are as follows:

MC6821
MC6840
MC6845
MC6850
MC6852
MC6854

To interface the synchronous M6800 peripherals with the asynchronous

Peripheral Interface Adapter

Programmable Timer Module

CRT Controller

Asynchronous Communications Interface Adapter
Synchronous Serial Data Adapter

Advanced Data Link Controller

MC68008, the processor modifies its bus cycle to meet the M6800 cycle re-
quirements whenever an M6800 device address is detected. This modification
Is possible since both processors use memory-mapped I/0.
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