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This article describes the Mdtorola 68040 and 68LC040 m croprocessor.
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As the fourth menber of Mdtorola' s 68000 processor famly, the 68040 can
deliver 35 MPS (mllion instructions per second) when running at 40
nmegahertz. The 68040 is a fast, highly-integrated, 32-bit m croprocessor
that conbines RISC-|ike integer performance with floating-point unit power
beyond that of a standard processor. The 68040 provi des many of the
benefits of the fastest RISC m croprocessors while also providing the
software conpatibility that conplex instruction set computing (Cl SC

nm croprocessors are known for.

Benchnark test results show that the 68040 can neet or exceed the
performance of 486-class m croprocessors running at higher clock speeds.

The 68040 is a snooth continuation of the 68000 family, w th nany new
features that contribute to its increased processing power:

* An integer unit

e A floating-point unit (FPU)

e Built-in instruction and data caches (4KB each)

e Two nenory-managenment units (MVLs)

* A bus interface unit

Each unit is highly intelligent and can function independently of the
others, giving the 68040 an unprecedented degree of parallelism The main
internal units work at twi ce the clock speed of the bus interface unit. For
i nstance, when processing nost instructions internally, a 68040 cl ocked at
33 MHz effectively runs at 66 MHz. A cost-reduced version of the 68040,
call ed the 68LC040, has the power of a regular 68040 but wi thout the

i ntegrated FPU

In summary, the 68040's powerful instruction set allows excellent
conmpatibility with existing applications while providi ng unmat ched



performance in graphics and CPU intensive applications.

Pi pelining for G eater Throughput

One inmportant way to speed up computing is to design processors that use a
common RI SC techni que cal |l ed pipelining, which overlaps the processing of
several instructions in different stages of execution. For exanple, the
486-cl ass processor can work on as nany as four instructions at a tine. The
68040 goes further, handling six instructions sinultaneously because of the
Six-stage pipeline in its integer unit. As confirned in independent
research, this difference translates into superior real-world performance
when conpared with the 486-cl ass chip.

Integrated Caches for Faster Menory Access

Because a processor can nove at top speed only if it has a steady supply of
programinstructions and data from nmenory, nost high-performance systens
feature cache nenories. Caches are internmedi ate nmenories, conposed of fast
static RAM and are situated between the processor and the main nmenory. The
68040 has two separate 4KB caches right on the chip, giving the execution
unit rapid access to the information it needs. Having two caches neans the
68040 can fetch both data and instructions simultaneously. Mre than 90
percent of the time, the processor can find the information it needs in the
caches. The data cache supports both a witethrough nodel and a copyback
nodel . Copyback allows the 68040 to hold nodified data in the cache until
the Iine needs to be replaced, at which tine the data is witten to nenory.
In addition, the 68040 bus interface unit supports a unique "burst node,"
which can refill an entire cache line (128 bits) in just five clock cycles,
significantly faster than the | eading conpetitive technol ogy.

Shadow Branching for Pre-loading New I nstructions

Conputers do not usually step through their instructions consecutively.
About 75 percent of the tine they nust skip or branch to another |ocation
in their program and in such cases the processing pipeline nust be cleared
and | oaded with a new sequence of instructions. The 68040 has specialized
circuitry that begins filling up with new instructions in advance of the
program branch. [|f the branch is taken, the processor has a head start on
the new instruction streamand mninizes the penalty of rel oadi ng.

Graphi cs Support for Faster Screen Re-draw

Parts of the 68040 instruction set are especially valuable for

graphi cs-intensive applications such as nultinedia, and for advanced
graphi cal user interfaces. G aphics processing requires the rapid
mani pul ation of |large arrays of data bits representing the thousands of

pi xel s (picture elenments) on the conmputer screen. The ability to quickly
handl e i ndividual bits, as opposed to bytes and |larger data structures, is

a nust. The 68040, therefore, provides a nunber of special bit-manipulation
instructions. These instructions are |acking on npst other nicroprocessors.
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