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INTRODUCTION
The MC68000 processor is one of the most widely used
processors in minicomputers " peripherals2 and control-
lers. The new processors in this family (MC68010,
MC68020, MC68030 and MC68040) are of course, soft-
ware compatible, but in addition it is not a trivial matter to
integrate them into old hardware environments. After
the 68020 for example, all buses have to be 32 bits wide
and the processors can be expanded by a well thought-
out coprocessor interface.

The new processors offer the following advantages:

• Higher clock frequency (up to 50 MHz for the
MC68030)

• Doubled, external data buswidths (32 bit)

• Doubled, internal buswidths (32 bit)

• Fewer cycles per memory access (4 for the
MC68000, 3 for the MC68020, 2 for the
MC68030)3

• Improved microprogram with far fewer cycles per
command

• Integrated cache
These advantages can be utilized only in part when a
processor of this type is adapted to hardware that was
pesigned only for the MC68000. The higher clock fre-
quency and the doubled data buswidth for example, nor-
mally can not be implemented any more readily than the
reduced number of clock cycles per memory access.
The bus bandwidth of the MC68000 of 8 MHz amounts
to a maximum of 16 bits-8 MHz/4 cycles = 4 Mbytes/s, in
contrast to 32 bit-50 MHz/2 cycles = 100 Mbyte/s of an
MC68030 at 50 MHz clock frequency. It is evident that
the hardware of the computer can not keep pace with a
processor of this type. For these reasons, the first at-
tempts to replace the MC68000 were carried out only
with the boundary conditions of equal clock frequency
and 16-bit data buswidth. The first publications originate
from the year 1985 from Motorola Corp. and fortheir ad-
aptation, they needed the processors (MC68020/881)
and an additional three PAL 16R4A-1S and six resistors.

1 Atari, Commodore, Apple etc.
2 Laser printer
3Minimal values

Other designs required up to 13 logic components. In
spite of the expenses, the solutions could only be imple-
mented at the thus yield enhanced performance of less
than 50% in normal computation mode without FPU; in
programs with FPU support, the performance rises con-
siderably.

With the new, highly integrated logic components, like
the MACH Chips by AMD, the entire circuit can be cre-
ated in one component. With little extra expense, the fol-
lowing expansions can also be implemented:

• Bus interface for local expansions with the entire
bus bandwidth

• Differing clock frequency for computer, micropro-
cessor and coprocessor(s)

• Programmable (reduced) access times to parts of
the computer that allow this

INCOMPATIBILITIES OF THE
PROCESSORS
To replace an MC68000 by an MC68020, the differ-
ences in the buses have to be compensated. These dif-
ferences consist of the following points:

• The MC68020 does not have a synchronous bus
interface for the peripheral components of the
MC68xxx family

• The MC68020 reads the data right in the third clock
cycle of a data transfer

• A different protocol is used for read-modify-write
cycles

• The autovector-interrupt protocol is different

MACH110
The MACH11 0 component by AMD is a programmable
logic component with a typical PAL-structure. The com-
plexity oftwo PAL22V16 is attained with two blocks of 16
macrocells each and three additional inputs. The 44-pin
PLCC-housing takes up very little board space. Like all
newer logic components, the macrocells are variously
programmable (D- or T-f1ip-f1op, inverter, OE ...).

Now the pin-compatible MACH21 0 is twice as complex
and can be used when the logic design will no longer fit
into the MACH11 O-series after a "redesign."
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ABEL
The ABEL development environment by DATA I/O of-
fers the possibility to design, optimize and simulate

• Designs in equation form

• As state diagram or

• As value table
With an auxiliary module, these designs can then be '1it-
ted" into a MACH component; that is, the allocation of
logic to the component resources can be implemented.

The design consists essentially of a series of synchro-
nous and asynchronous state machines. All state transi-

tions are secured against hazards and races. The
function of the single modules has been demonstrated
with test vectors via the simulator. The processors
MC68020 and MC68030 are compatible forthe applica-
tions stated here, so that this design is suitable for both.

The MC68000 internally doubles the clock, so that the
external signals will be activated with both clock flanks.
Forthis reason, not only the normal processor clock, but
also the inverted processor clock has to be fed to the
MACH component. In order that the local bus is expand-
able, several lines have to be equipped with OK-drivers.
Forthe processor and coprocessor, timing sources, per-
haps also differing timing sources, will have to be made
available.
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