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A COMPARISON
OF MC63000 FAMILY
PROCESSORS

BY THOMAS L. JOHNSON

A look at the architecture
and hardware and software compatibility

SINCE ITS 1979 introduction, the
Motorola MC68000 microprocessor
family has grown to five members: the
original 16-bit MC68000; the
MC68008, an 8-bit data bus version
of the MC68000; the MC68010, a vir-
tual memory/virtual machine version;
the MC68012, an extended address
version of the MC68010; and the
MC68020, a full 32-bit virtual mem-
ory/virtual machine microprocessor
(see figure 1).

Each family member includes archi-
tectural enhancements that offer cer-
tain advantages, in terms of software,
hardware, and system design. How-
ever, the extent of software and hard-
ware compatibility between the family
members varies.

FAMILY OVERVIEW
The major external differences are in
the number of address, data, and
various control lines (see table 1).
The MC68000 family uses a three-
wire function code that transmits to
the system the processing state of the
processor on a bus-cycle-by-bus-cycle
basis. This allows the designer to
maintain in the system hardware the

memory privilege distinctions main-
tained within the processor. For the
MC68000 and MC68008 these func-
tion codes can indicate either super-
visor mode or user mode, program
accesses or data accesses, and inter-
rupt acknowledge bus cycles. The
MC68010 and MC68012 use the same
encodings on the function code pins
but change the name of the interrupt
acknowledge space to "CPU space.”
A CPU space access indicates either
interrupt acknowledge or breakpoint
acknowledge. The MC68020 expands
CPU space accesses to include copro-
cessor communications and access-
permission-level checking, which can
be used in sophisticated memory
management schemes to implement
ring protection architectures. All en-
codings are done in an upwardly com-
patible manner, such that systems that
recognize an interrupt acknowledge
on an MC68000 will work properly
even when an MC68020 is inserted in
the system. (See figure 2.)

USER PROGRAMMING MODEL
To the user programmer, there is ab-
solutely no difference in the on-chip

resources available for any of the pro-
cessors in the family. Thus, once a
model has been assimilated, no re-
training is needed when changing
from one family member to any other.
The base architecture for the user in-
corporates eight totally undedicated
32-bit data registers, which can be ac-
cessed as bytes, words, or long words
(32-bit values) and used for either the
source or destination of any opera-
tion that will allow the use of a data
register (i.e., all arithmetic, logical, and
data movement operations). Users
also have at their command eight
32-bit address registers that can be
accessed as either 16-bit or 32-bit en-
tities. Only one of these registers may
be considered dedicated—A?7 is the
implicit user stack pointer for subrou-
tine calls and so forth.

Rounding out the user model is an
8-bit condition code register and a full
32-bit program counter. The condition
code register contains not only the
“normal” condition bits for arithmetic
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and logical operations (zero, carry,
overflow, negative), but also a bit for
extended-precision operations (ex-
tended).

The inclusion of 32-bit structures
foreshadowed the design of the full
32-bit MC68020—setting the stage for
upward compatibility of user-level
code in the future processors.

SUPERVISORY PROGRAMMING
MODEL

A look at the supervisory-level pro-
gramming model (figure 3) finally
reveals the differences in functional-
ity of the family members. Whereas
the user-level program has access
only to userlevel resources, the
supervisory-level program has access
not only to the complete user-level
model, but also to the full super-
visory-level programming model for
that processor. Note that the super-
visor stack pointers are also referred
to as A7. An automatic context switch
concerning these stack pointers oc-
curs as flow changes from supervisory
to user level and back again without

the necessity of loading and reloading
stack pointer registers. Table 2 encap-
sulates all of the resources available
to the supervisory-level program on
the various processors.

Progressing from the MC68000 to
the MC68020, more instructions are
available to manipulate the additional
supervisory resources, and each
model is a proper subset of the next
higher processor. Thus, code that ma-
nipulates the condition code register
on the MC68008 (the 8-bit version of
the MC68000) will execute intact on
any other of the processors.

This form of “supersetting” the re-
sources on newer family members en-
sures upward compatibility and is
maintained within the family for the
supervisor and user programming
models, the instructions (to the bit
level), the address modes, and all data

types.

ADDITIONAL SUPERVISORY~
LEVEL RESOURCES

The vector base register (VBR), intro-
duced on the MC68010, allows a

supervisory-level program to relocate
the 1K-byte exception vector table to
anywhere in the physical address map
of the processor. This exception vec-
tor table is used in the MC68000
family to route specific exceptions to
the appropriate handler within the
supervisory code space. The vector
table consists of 256 four-byte entries,
each of which may be used to point
to the entry address of its specific
handler. Of these 256 vector entries,
37 to 39 vectors (depending on the
processor) are dedicated to handling
predefined exceptions such as bus er-
rors, TRAP instructions, and so forth.
An additional 26 vectors have been
reserved for future expansion of func-
tionality, and 192 vector entries can
be defined by the user.

The alternate function code regis-
ters (SFC and DFC) allow the super-
visor to retrieve and modify data in
any address map (user or supervisor,
program or data). On all family mem-
bers, the function code outputs are

driven automatically based on the
(continued)
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Figure 1. The MC68000 family genealogy.
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type and location of the memory bus
cycle, and these outputs may be used
to enforce hardware protection in the
memory subsystem. Because the
MC68000 and MC68008 are not vir-
tual machine processors, they have no
need to override this hardware-en-
forced protection, but the MC68010,
MC68012, and MC68020 processors
require this ability. The alternate func-
tion code registers allow these newer
processors to perform that function
to control the virtual environment.
The two cache control registers in-
troduced in the MC68020 (the cache
control register—CACR, and the cache

address register—CAAR) allow the
supervisor to control the on-chip in-
struction cache memory (64 four-byte
entries) for that device. The cache
powers up as disabled, and the super-
visor, at its discretion, may choose to
enable it at some later time. Addi-
tionally, the supervisor can selective-
ly invalidate cache entries.

The MC68020 status register con-
tains an additional bit for control of
the hardware tracing mechanism built
into all the family members. The
MC68000, MC68008, MC68010, and
MC68012 can trace any given instruc-
tion or sequence of instructions when

Table 1: A pin-out comparison.

MC68000 MC68008 MC68010 MC68012 MC68020

Address lines 24 20/22 24 31 32
Virtual address range 16Mb 1Mb/4Mb 16Mb 2Gb 4Gb
Data lines 16 16 16 32
Bus protocol async async async async async
Clock cycles/bus cycle 4 4 4 3
Number of data strobes 2 2 2 1
Number of transfer

acknowledges 1 (DTACK) 1 (DTACK) 1 (DTACK) 1 (DTACK) 2 (DTACK)
Function code lines 3 3 3 3
Bus arbitration lines 3 3 3 3
Interrupt acknowledge: MC68000/008
31 20 19 16 15 Ab 180

'(————1 ——q 11

fe——1—>] Lewal [0]

31 20 19

Breakpoint acknowledge: MC68010/012

16 15

5 4 210

[«———o0——>] 0000 [«——0—>»] bkpt [ 00|

Access control: MC68020
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Coprocessor communications: MC68020
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fe———o——>| 0010 |CPID|®«—0 —> CPIFReg |

Figure 2: CPU space address bus encodings (FCO-2 =

111).
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the supervisor enables the tracing
mechanism. The MC68020 can also
trace only on a program change of
flow instruction, such as branch or
jump.

The only other added supervisory
resource is the master stack pointer
(MSP), also new on the MC68020,
which allows the separation of task-
related and non-task-related excep-
tion stacking. In use, the MC68020
powers up and loads the interrupt
stack pointer as the active supervisory
stack pointer. This is the equivalent to
the power-up sequence of any other
family member in which the single
supervisory stack pointer is loaded.
At some later time, the operating sys-
tem may choose to enable the master
stack pointer by enabling the MSP bit
in the status register (the stack pointer
select bit). From that point on (until
disabled), all common program ex-
ceptions, including TRAPs and divide-
by-zero, that occur will cause state in-
formation to be saved on the master
stack until an interrupt occurs.

Since interrupts are asynchronous
events that will normally have no
bearing on the task currently execut-
ing in a multitasking environment, it
is desirable to separate the inter-
rupt-related information from the task-
related information. This is accom-
plished by first stacking the task-
related information from the current
task on the master stack and then per-
forming an automatic switch to the in-
terrupt stack pointer for use during in-
terrupt handling away from the inter-
rupted task. Here, a "dummy’ stack
frame is stored on the interrupt stack
so that at the completion of interrupt
processing, a single RTE (return from
exception) instruction will automati-
cally cause a switch back to the
master stack pointer, for reloading the
previously saved task state and re-
sumption of that task. The benefit is
that the supervisor need not provide
stack space for interrupts that may oc-
cur during normal task execution and
may be unrelated to the currently ex-
ecuting task.

INSTRUCTION SETS

On the MC68020, the RTE instruction

can perform a large number of dis-
(continued)
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crete functions (check for dummy
frame, change stack pointers, reload
state); however, this is the same in-
struction used on the MC68000,
MC68008, MC68010, and MC68012.
The function performed by the RTE
will relate to the resources and func-
tionality available on the respective
processors. Thus, for the MC68000
and MC68008 to return from interrupt
processing or normal exception han-

dling, this instruction simply restores
the status register and program
counter of the suspended task from
the supervisory stack pointer, where-
as on the MC68010 and MC68012 it
also checks the stack format and can
reload the more substantial amount
of information for the saved internal
state. On all processors, the RTE in-
struction performs whatever is neces-
sary to return from an exception.

MC68000/008
31 : 16 15 0
l Interrupt stéck pointer ] A7’
L Status register —I SR
MC68010/012
I Vector base register —I VBR
2
E Source function code D SFC
el e e o e s el e
E Destination function code ]:l DFC
MC68020
| Master stack pointer I A"
[ Cache address register l CAAR
I Cache control register 1 CACR.

Figure 3: The supervisory programming model.

Table 2: A comparison of supervisory resources.

MC68000/008 MC68010/012 MC68020

Status register
Hardware trace bits
Supervisor state bit
Interrupt mask bits
Stack pointer select

Stack pointers
Interrupt stack
Master stack

Vector base register

Cache control registers

Alternate function codes

yes yes yes
3 3 3
no no yes
yes yes yes
no no yes
no yes yes
no no yes
no yes yes
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The instruction set of the base archi-
tecture, that of the MC68000, consists
of a set of user-available instructions
and a set of privileged instructions for
control of sensitive system resources.
The later family MPUs enhanced this
instruction set (see table 3).

ADDRESS MODES

As with the instruction sets, the ad-
dress modes are also upwardly com-
patible from one family member to
another. All address modes on
MC68000 family processors can be
generally divided into four main cate-
gories: data, if an address mode may
refer to data operands; memory, if the
address mode may be used to refer
to operands in memory; control, if the
processor needs absolutely no knowl-
edge of the size of the operand prior
to calculation of the effective address;
and alterable, if the mode may refer to
writable operands (see table 4). Since
it is possible to refer to an alterable
data operand in memory, it follows
that any given mode may be classified
in more than one category.

The address modes in table 4 are
exactly the same for the MC68000,
MC68008, MC68010, MC68012, and
MC68020 microprocessors. These
modes provide a substantial amount
of flexibility and power. For instance,
the (An)+ and —(An) modes allow
for the maintenance of up to eight
stacks per task, a particularly attrac-
tive capability in the artificial in-
telligence arena. To these modes, the
MC68020 adds one more mode:
memory indirect. The memory in-
direct mode has a large number of
variations and can best be illustrated
by the syntactical expressions

([bd,An],Xn.size*scale,od) and
([bd,An,Xn.size *scale],od)

In these new modes, bd and od refer
to optional sign-extended 8-, 16-, or
32-bit base and outer displacements;
An, to an optional base address
register (AO-A7); Xn, to an optional
index register (D0-D7 or AO-A7); size,
how much of the index register is to
be used (16 or 32 bits); and scale, to
a scaling factor for the index register
(1, 2, 4, or 8).

(continued)
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Because the memory indirect mode
allows any of the base displacement,
base address register, index register,
and outer displacement to be op-
tional, and allows the index register
to be added to the address calcula-
tion either before or after the first ad-
dress access (pre- and post-indexing),
any conceivable combination of these
modes is allowed. This includes dis-
placed memory indirect ([bd],0d),
data register indirect (Dn); and reg-

ister doubly indirect ([Rn]).

The addition of these new modes,
however, in no way impacts the com-
patibility of the earlier modes. Any
address mode legal for the MC68000,
MC68008, MC68010, and MC68012
operates exactly the same on the
MC68020.

VIRTUAL OPERATION
Due to the internal architecture of the
processors, there are three basic ma-

Table 3: A comparison of instruction sets.

MC68000/008 MC68010/012 MC68020

Data movement 7 9 9
Arithmetic/logical 17 17 18
Binary-coded decimal 5 5 7
Single operand 9 9 9
Shift and rotate 8 8 8
Bit manipulations 4 4 4
Bit-field manipulations 0 (0] 8
Branches (16 conditions) 3 3 3
Exception-related 5 s 8
Control 12 13 20
Coprocessor generic instructions 0 0 7
Total 70 75 101
mble 4: The base architecture address modes.
Mode Syntax Data Memory Control Alterable
Data register direct Dn o °
Address register direct An o
Address register indirect (An) o o o o
Address register indirect with (An) + o o °
post-increment
Address register indirect with —(An) e o °
pre-decrement
Address register indirect with d(An) ° ° ° °
displacement
Address register indirect with d(An,Rx) e . ° °
index
Absolute short xxxX.W ° . . o
Absolute long xxx. L o . o °
PC relative with displacement d(PC) . . °
PC relative with index d(PCRx) e . o
Immediate #XXX o o

Dn refers to any of the eight 32-bit data registers, DO-D7.

An refers to any of the eight 32-bit address registers, AO-A7.

Rx refers to any 32-bit register, DO-D7 or A0-A7.

d refers to an 8- or 16-bit sign-extended displacement.

+, — refer to the automatic post-incrementing/pre-decrementing of the specified ad-
dress register by 1, 2, or 4 depending on the size of the target operand (1, 2,

or 4 bytes).
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chines: the MC68000/008 architec-
ture, the MC68010/012 architecture,
and the MC68020 architecture. In a
nutshell, any user-level code written

to execute on the MC68000/008 will

execute unchanged on any of the
other processors, and any user-evel
code written to execute on the
MC68010/012 will execute unchanged
on the MC68020. This upward com-
patibility applies even to the binary
level. The major difference between
the processors insofar as exception
processing is concerned is in the state
frame information that is stored as a
result of an exception in support of
virtual memory and virtual machine
operation.

Virtual memory is a technique that
allows all tasks executing on a pro-
cessor to behave as if each had at its
disposal the entire addressing range
of the processor, regardless of the
amount of physical memory present
in the system. Virtual machine is a
technique in which all processor and
system resources required by a task
appear to be present, even if not im-
plemented. To support the virtual
memory capability, any given instruc-
tion must be “abortable” and in some
manner ‘restartable.”

For example, suppose that task A is
executing a 32-bit memory-to-mem-
ory MOVE instruction and the physi-
cal piece of memory required for the
destination operand is not currently
available. The fetch of both the in-
struction and the source operand are
successfully accomplished, but when
the write to the destination is at-
tempted, the memory manager in-
dicates a “not-resident” fault by
means of a bus error or fault line to
the processor. The processor must
then save the state of task A, find an
empty piece of memory (possibly by
swapping a currently resident piece to
a disk), load the target piece of mem-
ory from the disk, restore task A, and
allow the MOVE instruction either to
restart or complete. So, from the time
of the fault until the completion of the
MOVE instruction, task A was not ex-
ecuting but has no indication of this
fact.

Although all MC68000 family pro-
cessors have the “abort” capability

(continued)
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via the bus error (BERR) input of the
processors, the MC68000 and
MC68008 are not virtual memory pro-
cessors and therefore do not have all
the features necessary to support vir-
tual memory. Specifically, insufficient
internal processor state information is
available on receipt of a bus fault to
allow recovery of the faulted instruc-
tion. The other family members
(MC68010, MC68012, and MC68020),

however, save sufficient state informa-
tion to allow complete restoration of
the faulted instruction. The faulted in-
struction should be recovered by one
of two methods: instruction restart, in
which the processor is “"backed up”
to the start of the instruction that
caused the fault, or instruction continua-
tion, in which the faulted instruction is
allowed to complete execution from
the point of the fault. The choice of
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method may seem to be a matter of
computer science dogma, but actually
it is of practical importance. The
advanced address modes on the
MC68000 family and the desire to
protect the user from “processor
thrashing” caused the designers of
the MC68000 family to choose the in-
struction continuation method.

INSTRUCTION CONTINUATION
Processor thrashing can be a very de-
bilitating problem for virtual memory
systems. The example used above can
also be used to illustrate this problem.
In the example, it was assumed that
the op code and source operand
fetches occurred without incident, but
a fault was taken on the operand
write. Since most memory replace-
ment algorithms look for unmodified
segments to be swapped out (be-
cause these segments don't need to
be written to a disk prior to releasing
the memory space), a good candidate
can be the page containing the source
operand. If this segment is chosen to
be swapped with the destination
page, then when the instruction is
restarted (rather than continued), the
instruction will once again fault—this
time for the fetch of the source
operand. Thrashing has now begun,
with the source and destination areas
continually being swapped with one
another (since no writes to memory
will ever occur), and the instruction
will never complete. Some replace-
ment algorithms also factor the “age”
of an area into the selection process,
so the thrashing will normally be
limited to two restarts. However, most
operating systems will dispatch a new
task while waiting for the disk sub-
system to fill the requested area, and
therefore the newly filled area will be
“aged” somewhat by the time it finally
gets used. Instruction continuation,
utilized by the MC68010, MC68012,
and MC68020, completely alleviates
this problem because once an area
has been successfully accessed, it is
never needed again by that instruc-
tion.

Due to the virtual requirements and
the need to accomplish this virtuality
without massive operating system
code, the MC68010, MC68012, and
MC68020 have larger stack frames
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associated with the bus error excep-
tions (see figure 4). On the MC68000/
008 processors, very little information
must be saved for bus errors because
the MPUs accommodate system faults
rather than virtual faults. The
MC68010/012/020 processors, on the
other hand, save more internal infor-
mation in support of instruction con-
tinuation. These variances in stack
frames are buried in the exception
handlers operating in the supervisory
mode of an operating system. Only
those exception handlers that deal
with the maintenance of the super-
visory stack or expect values at
specific offsets on the supervisory

stack are affected by the stack dif-
ferences.

Thus, any exception handler code
that is written to execute on one pro-
cessor will require only minor or no
changes to execute on another family
member processor. These software
changes are a normal part of up-
grading a system, since memory man-
agement systems are typically up-
graded from one system to the next—
particularly when going from a non-
virtual memory environment to a vir-
tual memory environment. However,
the specific type of memory manage-

ment implemented has no bearing on

the compatibility, since the processor

The instruction
continuation method
protects the user from
processor thrashing.

itself is not affected by the memory
management scheme chosen.

PHYSICAL BUS INTERFACE

All members of the MC68000 family

use the same simple asynchronous
(continued)
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Figure 4: Bus error stack frames.
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The MC68010/012
implemented the loop

mode and support for
program breakpoints.

bus interface to the outside world. On
an asynchronous bus, the processor
starts the bus cycle, and the external
world controls the length of this cy-
cle. Because of this, each portion of
the memory subsystem (including
memory-mapped peripherals) can re-
spond to the bus cycle in its own op-
timum amount of time. The basic sig-
nals for the MC68000 data transfer
bus are address strobe (AS), which in-
dicates valid addresses; data strobe
(DS), which indicates valid data dur-
ing a write cycle; and data transfer
acknowledge (DTACK), which is the
external handshake signal used to
cause the termination of a bus cycle.
These signals are present in one form
or another on all of the processors
(see table 5).

The MC68000/010/012 processors
use two data strobes (upper and lower
data strobes, UDS/LDS), which act as
byte selects to the memory subsys-
tem, whereas the MC68008/020 pro-
cessors use only a single data strobe.
The MC68008, with its 8-bit data bus,
doesn't need byte selects and re-
quires only a single data strobe. The
MC68020, due to the presence of the
encoded operand size pins (SIZ0/1)
also requires only a single pin. The
operand size pins communicate to
the external world the size of the
operand remaining to be transferred
by the MC68020's internal bus con-
troller. Because of the hardware con-
vention employed, these operand size

pins may be combined with the low-
order two address bits to generate the
needed byte selects. The MC68020
dynamic bus sizing feature, which is
enabled by encoding the data trans-
fer acknowledge signals (DSACKO/1),
allows the memory port size to
change from 8 to 16 to 32 bits on a
bus-cycle-by-bus-cycle basis (with one
undefined-reserved encoding). Also,
the MC68020 supports operand mis-
alignment to the byte level.

The major difference in the external
bus cycles is that the MC68000/008/
010/012 execute a minimum bus cy-
cle in four clock cycles, while the
MC68020 executes its minimum cycle
in only three clock cycles (see figures
5 and 6). Because of the asyn-
chronous nature of the bus, it is a sim-
ple matter to mount an MC68020 on
an adapter board that is plug-com-
patible with any other of the MPUs,
and the MC68020 can be plugged
into an MC68000, MC68008,
MC68010, or MC68012 socket and
can operate the bus of an existing sys-
tem. Thus, hardware compatibility is
maintained within the family, and any
peripheral device that works with an
MC68000 also works with any of the
other family members.

SPECIFIC FAMILY

ENHANCEMENTS

Aside from the MC68010 architec-
ture's support of virtual memory and
virtual machines, the MC68010/012
also implemented a form of caching
called “loop mode” to assist in the ex-
ecution of repetitive functions such as
block moves and string operations.
This loop mode allows certain code
sequences to be latched in the pro-
cessor's internal pipeline, thus allow-
ing two-clock-cycle accesses of the
instructions—a 50 percent savings—
while at the same time freeing band-

Table 5: Transfer bus signals.

Signal Name

Function MC68000 MC68008 MC68010/012 MC68020
Address strobe AS AS AS AS

Data strobe UDS/LDS DS UDS/LDS DS

Data transfer acknowledge DTACK DTACK DTACK DSACKO/
Operand size n/a n/a n/a SIZoN
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width on the external data transfer
bus. The sequences are composed of
a 2-byte instruction, such as MOVE or
ADD, which is followed immediately
by a decrement and branch on con-
dition (DBcc) instruction back to the
2-byte instruction. When the pro-
cessor recognizes this sequence, it
simply recycles the instructions and
performs only data accesses to the
outside world until the loop is
terminated.

In addition to the loop mode, the
MC68010/012 implemented special
support for program breakpoints.
Here, the recognition of a breakpoint
bit pattern (one of eight specific illegal
instruction encodings) causes the pro-
cessor to execute a specific CPU
space bus cycle during the exception
processing for the illegal bit pattern
to indicate that a breakpoint has been
reached.

The MC68020 takes both of these
features (loop mode and breakpoints)
one step farther. The MC68020 has an
on-chip 256-byte instruction cache,
which increases overall processor per-
formance from 40 percent to 80 per-
cent, depending on the locality of
reference exhibited by the code be-
ing executed. Code showing the great-
est locality of reference (e.g., short
loops) will show the greatest perfor-
mance improvement by turning on
the cache, while code that exhibits
less (or no) locality of reference (long
loops or in-line code) will show less
(or no) performance increase. The
cache is implemented on the
MC68020 as a direct-mapped 64-en-
try by 32-bit cache. The supervisory
programmer has control over this new
resource by means of the cache con-
trol register.

The MC68020 enhancements to the
MC68010 breakpoint function not
only cause the processor to run the
breakpoint acknowledge bus cycle
just as before but also allow external
hardware to supply a 16-bit instruc-
tion op code to be executed in place
of taking the illegal instruction trap.
This means that the MPU can execute
the breakpoint a fixed number of
times, substituting the replacement
op code each time through the loop
until the count expires and the break-
point halts the loop.
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Figure 5: The READ bus cycle for the MC68000, MC68008, MC68010,

and MC68012.
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Figure 6: The READ bus cycle for the MC68020.

The MC68020 is the first processor
in the family to offer inherent support
for coprocessors. This coprocessor in-
terface allows any coprocessor devel-
oped for the MC68020 also to be
used on any other of the family mem-
bers. This is accomplished by making
the maintenance of the coprocessor
interface reliant on standard read/
write bus cycles. Because the interface
is generic in nature, new processor
designs will not require reworking

existing coprocessors, and new co-
processor designs will not require
reworking existing processors. In fact,
the coprocessor interface gives users
of the microprocessor an opportunity
to develop their own custom copro-
CESSOrs.

The extensibility offered by the co-
processor interface is one of the most
powerful features of the MC68000
family architecture. Both the pro-

(continued)

SEPTEMBER 1986 = BYTE 217




MC68000 FAMILY

The MC68020
includes microcode

support for access

permission levels.

cessor and coprocessor share in the
maintenance of the interface, with
each performing those chores for
which it is best suited: The processor
feeds commands to the coprocessor,
transfers data, and calculates effective
addresses, and the coprocessor per-
forms its own specialized functions,
be that floating-point mathematics,
robotics control, Fourier transforms,
graphics functions, or anything else.
While the MC68020 offers implicit
microcode support for the copro-
cessor interface, emulation of the in-
terface protocol allows coprocessors
developed specifically for the

MC68020 to be used as memory-
mapped coprocessors (as opposed to
CPU-mapped) on the MC68000 and
MC68008 or as either memory-

" mapped or CPU-mapped coproces-

sors on the MC68010 and MC68012.

The MC68020 also includes micro-
code support for access permission
levels, allowing an operating system
(in conjunction with external hard-
ware) to support much finer granulari-
ty of permission levels than just user
versus supervisory. This feature can
support up to 256 levels of permis-
sion. A new memory management
device, the MC68851, provides the
hardware to support eight simulta-
neous breakpoints (with loop counts
up to 256) and up to eight levels of
access permission.

In addition, the MC68020 has full
32-bit ALUs and a 32-bit barrel shifter
for improved performance on arith-
metic, logical, and bit-field instruc-
tions. A restructured instruction pipe-
line with an intelligent, decoupled bus

controller allows a high degree of con-
currency in instruction execution with
external bus activity.

CONCLUSIONS

In the final analysis, the name of the
game is compatibility. And the bot-
tom line of compatibility between
members of the MC68000 family
shows that, for user code, all family
members are 100 percent upwardly
compatible for object code, while
supervisory-level code only requires
changes in supervisory-level excep-
tion handlers that use specific infor-
mation on the supervisory stacks.
Hardware compatibility is also good.
In fact, an MC68010 can be directly
inserted into an MC68000 socket, and
an MC68020 could also be used with
the appropriate adapter board.

The MC68000 family provides not
only high performance in a commer-
cial microprocessor, but also com-
patibility, protecting the user's soft-
ware investment. B
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