


MICRO PROCESSOR EVOLUTION

purpose processor. Such a design.
using software rather than electronics
to do the calculating. would greatly in-
crease the memory requirements of
the calculator—but then, Intel was in
the memory business. Hoff also real-
ized that this processor could be put
to other applications and he sold the
idea to Inte] management.

The Busicom engineers were still
pursuing their original design when
Hoff and his group started work on
their alternative design. And although
the Busicom engineers had simplified
their design, each chip still had over
2000 transistors, and it would take 12
chips to make a working calculator.
Hoff's team figured it would take 1900
transistors to build their processor.

Hoff's general-purpose processor

design was chosen over the Busicom
design, and Intel got a contract from
Busicom to produce the chip that
later became known as the 4004.

Actually making the chip proved to
be difficult until Federico Faggin (who
later founded Zilog) joined Intel in
early 1970. He took the chip from
concept to silicon in just nine months.
At first Intel sold the 4004 exclusive-
ly to Busicom, but in the summer of
1971, it gained the right to sell the
chip set to other manufacturers.

In November 1971 Intel advertised
the 4004 as a four-bit processor that
performed 60.000 operations per sec-
ond. By February 1972 Intel had sold
$85,000 worth of chip sets.

THE BIRTH OF 8-BITS
At the same time the 4004 was be-
ing developed, CTC (Computer Tech-
nology Corporation, now Datapoint)
asked both Intel and Texas Instru-
ments to design LSI chips for a new
intelligent terminal. Both companies
proposed an 8-bit general-purpose
processor. Note the pattern develop-
ing: 4-bits for calculators because they
work in BCD (binary-coded decimal)
and 8-bits for terminals because they
deal with ASCII characters.
Interestingly. CTC chose neither
solution; it built its terminal with stan-
dard logic ICs. But TI and Inte] went
ahead with their projects anyway. Tl
eventually got a patent on its chip
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design and the project at Intel gave
birth to the 8008.

The 8008. introduced in April 1972,
was the first 8-bit microprocessor on
the market. It required at least 20 sup-
port chips, but it had 45 instructions
that it executed at 300,000 instruc-
tions per second, and it adddressed
a whopping 16K bytes of memory.
That was a lot of memory then, and
the 8008 was a considerable upgrade
of the 4004.

The documentation for the 4004
and 8008 was cryptic (at least it
seemed so to me; | didn't have a com-
puter background at the time). The
documentation assumed that you
knew what everything was before you
started reading it (a still-common fail-
ing of technical literature).

Intel's primary goal with the 4004
and 8008 was to replace “random
logic—another way of saying “lots of
SS1 and MSI wired together.” Few peo-
ple thought that these chips were
suitable for general-purpose comput-
ing. But a few visionaries were in-
trigued by the possibility of owning
a computer that could actually do
something. True, computer kits had
been offered previously, but they
were more useful for demonstrating
computer principles than for doing
computing tasks. The availability of
the 8008 changed all that.

In 1973 Scelbi Computer Consulting
Inc. announced the first general-
purpose microcomputer based on the
8008. This was followed by the
RGS-008 from RGS Electronics. Then,
in July 1974, Radio-Electronics magazine
introduced Jonathan Titus's Mark-8 in
a series of construction articles.

Until then, all computer articles and
ads had been confined to amateur-
radio publications. The Mark-8 was
the first computer to hit a general-
interest electronics magazine. These
early microcomputers were still more
demonstration tools than useful, but
the small-computer revolution had
begun.

THE MIGHTY 8080

In April 1974 Intel changed the way
we think about computers forever.
They announced the 8080, a signif-

icant upgrade to the 8008 that re-
quired only six support chips, had 75
instructions and a tenfold increase in
throughput over the 8008, and ad-
dressed 64K bytes of memory. (No
program, most people thought, could
ever be that large!)

The 8080 design was proposed by
Faggin. but the design team was
headed by Masatoshi Shima, a young
engineer Intel had wooed away from
Busicom. Having learned from the
limitations of the 4004 and 8008, the
designers made improvements to
make their new chip a truly useful
computing engine. The 8080, the first
microprocessor not aimed at logic re-
placement, looked much more like a
computer than anything that had
come before it, and it was much easier
to use from a hardware standpoint.

The January 1975 Popular Electronics
magazine featured the first in a series
of construction articles on the Altair
8800, a so-called “minicomputer”
based on the 8080. The Altair was de-
signed by MITS (Micro Instrumen-
tation and Telemetry Systems), which
was founded by Ed Roberts as a vehi-
cle for supporting his experiments in
electronics. The whole Altair kit, in-
cluding the 8080 processor, mother-
board, power supply. front panel with
lots of lights, and 256 bytes (not 2 56K
bytes) of memory sold for $395.

People thought it was a misprint.
The 8080 chip. introduced just nine
months before, had been selling for
$360 all by itself. But MITS had made
a special deal with Intel, and the price
of the Altair was real. MITS sold more
computers in the first day than it had
hoped to sell during the whole life of
the product. :

The Altair played a significant role
in the success of the 8080, largely
because programmers now had a
reason (and a good excuse) to write
software for a microcomputer chip.
Also, the Altair's open bus architec-
ture {an improved version of which
later became the S-100/IEEE 696 bus)
allowed people to begin making pe-
ripherals for the computer.

One such peripheral was a disk con-
troller from Digital Microsystems that
featured the use of a new operating
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-who was happy to talk about his new
processors.

I sat down on the couch and looked
at the two manuals. They were writ-
ten in English and they made sense!

MOS was also showing one more in-
novation in the suite that night—the
first multifunction peripheral chips.
The company had put-RAM, ROM,
timer, and 1/O on one chip. One ver-
sion was called the TIM (terminal-
interface monitor) chip and con-
tained a complete monitor for talking
to a serial terminal. The other was the
KIM (keyboard-input monitor) chip,
and it was designed into a microcom-
puter board that had a keyboard, cen-
tral processor, display. ROM, RAM,
and parallel 1/0, and sold for $245. It
was a complete system. No other
microprocessor vendor had done
anything like this before. It was
impressive.

1 went home that evening clutching
my $25 6502 microprocessor and two
manuals. At the time | didn't realize
1 would spend another $300 to make
a working system, not counting the
ASR-33 Teletype | used as a terminal.

That first day of WESCON, Intel and
Motorola lowered the price on their
chips to $69.95. The revolution was
in full swing. The industry would never
be the same.

The 6501 was short-lived. Motorola
sued MOS Technology charging that
Chuck Peddle had stolen the tech-
nology from Motorola and that the
6501 infringed because it was plug-
compatible. MOS Technology agreed
to drop the 6501.

However, the many computers that
were developed around the 6502 are
now legend: MOS Technology's own
KIM-1, the Apple | and II, the Atari
models, and the Commodore PET
and VIC-20, among others. Actually,
the future of the 6502 was still ques-
tionable when fledgling Apple Com-
puter Inc. produced the Apple 1. Steve
Wozniak put in a jumper connection
that could be changed to allow the
6800 to be used instead of the 6502.

ENTER THE 280
Sometime in late 1975 or early 1976,
Federico Faggin left Intel and formed
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his own company, Zilog Inc. He took
Masatoshi Shima with him. Their goal
was to build a super 8080.

In 1976, Zilog announced the Z80,
a significantly enhanced 8080 that ran
almost all of the programs written for
the 8080. The company claimed it
would have parts that ran at 4 MHz,
twice as fast as the 8080. In addition
it had many more powerful instruc-
tions—a total of 176. It sounded too
good to be true; the Z80 was treated
with the same skepticism as the 6502
had been. o

But the Z80 turned out to be real,
and there actually were some 4-MHz
parts available. The early ones said
“Engineering Sample” on them and
were manufactured in Dallas, not in
Silicon Valley. Mostek. a Z80 second
source, was actually building the chips
for Zilog. Nobody minded because

everybody wanted one for their own

computer.

Several Z80 cards for the S-100 bus
were on the market shortly after the
chip became available, and everybody
had to have one. But even though the
Z80 was a much more powerful chip
than the 8080 in terms of its instruc-
tion set, very few people were writing
software to take advantage of the
Z80's extra instructions. The reason
was simple: The majority of the
machines installed at that time were
8080-based. ‘and if you wrote code
that only ran on a Z80, your market
would be considerably smaller. This
problem plagues the Z80 even today.

However, designers stopped using
the 8080 in new computers. The Z80
was a far easier chip to use, requiring
no support ICs and only a single-
voltage power supply. And it was
much faster, even if you didn't use the
extra instructions.

The Z80 introduced one other new
concept to microcomputer chips:
built-in support for refreshing
dynamic RAMs. Dynamic RAMs have
always cost about four times less per
bit than their static counterparts, and
that made them very attractive to use.
However, because you have to refresh
them (or else they forget their data),
they are extremely difficult to use, and
early system designers viewed them

with some distrust. The Z80 gave the
designer 90 percent of the solution

- and made it possible to build systems

that were significantly cheaper than
before. Computers such as Radio
Shack’s original TRS-80, designed by
Steve Leininger, took advantage of
this fact.

INTEL STRIKES BACK
Meanwhile, Intel had realized that the
8080 needed upgrading. In 1976 Intel
announced the 8085. It had all the
8080 instructions, plus a few more.
But Zilog had taken Intel by surprise.
The enhancements that the 8085 had
over the 8080 were nowhere near as
extensive as those of the Z80. From
a purely hardware standpoint, the
8085 was a much nicer chip than the
Z80. but the Z80 had mass appeal
because it was faster. When intro-
duced, the 8085 ran at 3 MHz, as op-
posed to the 4-MHz chip that Zilog
was already shipping. Intel had to
come up with something else—a
16-bit processor seemed like the
answer. ,
Sixteen-bit processors had been

" tried before. National Semiconductor

had started work on the IMP-16 chip
set as early as 1972. The company
reduced it to one chip called the Pace,
and Bill Godbout Electronics an-
nounced a Pace-based computer, de-
signed by George Morrow, in mid-
1975. The unnamed system, a full-
blown 16-bit computer with RAM and
a built-in cassette interface, was adver-
tised in the first issue of BYTE. They
actually built one, but it never got to
market. Bill Godbout said that the
market wasn't ready for a 16-bit com-
puter, and he was probably right.
After all, the Altair was only a few
months old itself. Neither the Pace
chip nor the computer was ever a hit.

Other 16-bit chips included General
Automation's LSI16, a micropro-
cessor version of its SPC-16 minicom-
puter; DEC's.LSI-11, which was manu-
factured by Western Digital and in-
cluded the .PDP-11 instruction set;
Western Digital's own WD-11, which
was only one instruction different
from the LSI-11; General Instrument’s
CP1600; and Texas Instruments’
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orthogonality because it means they
don't have to memorize a bunch of

exceptions to the instruction set. The -

fruit of Motorola's effort was the 1979
release of the MC68000.

The MC68000 is one of those chips
that some people love and others
hate. There is very little middle
ground. Compared to the 8086/8088,
it required a massive software effort
to get it to do anything. But UNIX was
becoming popular, and the 68000
looked like a good UNIX machine. A
number of 68000-based UNIX ma-
chines were announced, although
hardly any of them were successful.

Motorola also announced the
68008, an 8-bit-bus version of the
68000, similar in concept to the 8088.
However, the 68000 had no real queu-
ing, and that meant that the 68008
ran half as fast as the 68000. Unfor-
tunately, this made the 8088 look
even better.

Internally, the 68000 was a micro-
coded chip, which means that inter-
nal functional elements are general-

purpose. A ROM (which contains the

microcode) controls what the chip
does. The processor's response to
each instruction is controlled by the
ROM. If an instruction doesn't do the
right thing, you can usually fix it in the
ROM and. within limits, you can even
change the instruction 'set of the
microprocessor if you want to. (IBM’s
add-in processor for the XT/370 is
essentially a 68000 with custom
microcode.)

Up until this time, all other pro-
cessors were generally random-logic
designs that had a little bit of circuitry
to perform each specialized function
within the central processor. There
are advantages and disadvantages to
both types of microprocessor
design—microcoding offers flexibility
at the expense of speed, while a
random-logic design offers speed at
the expense of flexibility. It is also dif-
ficult to fix errors in a random-logic
design—especially when the designer
of the chip leaves the company.

At Zilog for example Masatoshi
Shima had begun work on a [6-bit
processor. the Z8000, using random
logic. Random logic worked fine for
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the 8080 and Z80 but, in hindsight,
it is unfortunate that Shima designed
the Z8000 that way. After the first
728000 silicon was produced, but
before his team had had worked all

the bugs out of the chip. Shima left
Zilog to return to Intel. Zilog never did

get all the bugs out of the Z8000. In
addition, Zilog had set a standard by
allowing the Z80 to run all the soft-
ware for the previous-generation
8080. Unfortunately, the company
didn't follow its own standard and
made the Z8000 completely different
from the Z280. Zilog was trying to put
a minicomputer on a chip and, unfor-
tunately, it didn't do a very good job
‘of it. The Z8000's lack of a similar in-
struction set to the Z80, its built-in
bugs. and ‘its sacrifice in instruction
power due to its random-logic nature
all played a great role in keeping the

28000 from becoming successful.

In 1981, National Semiconductor
made a second attempt at the 16-bit
market with the 16032. The 16032
was to be a 32-bit (internal data bus)
microprocessor with a 16-bit external

" bus. Since Motorola had never been

able to produce their promised math

coprocessor, and Intel's 8087 so far’

couldn't break the 5-MHz speed bar-
rier, everyone was impressed when
National announced its math copro-
cessor, which would run at 10 MHz,
giving it twice the performance of
Intel’'s 8087.

Unfortunately, National became the
first microprocessor company to'ship
all its peripheral chips 100 percent
functional before the processor was
available: Today the 16032 still has a
few bugs in it. But programmers like

its instruction set, which reminds.

them of a VAX (a series of high-
performance DEC superminicom-
puters). Because the VAX has been so
successful as an engine for running
UNIX, the 16032 may be a natural
successor as the base for a UNIX
computer. There may be some life left
in it yet.

In 1982, Intel one-upped the semi-
conductor industry again. They an-
nounced the iAPX 286. This new
product was a vastly upgraded 8086
architecture that included built-in vir-

tual memory management and many
other features designed expressly for
supporting a multitasking, multiuser
environment. It has a mode that runs
all 8086 code directly, and Intel has
significantly sped up its throughput.
Also, true built-in memory manage-
ment is- something that no other
microprocessor has to this day. The
main advantage to having memory
management built in is that it can

" work much faster than processors that

require external memory managers.
The IBM PC AT's use of the 80286 has
ensured the success of this processor
for at least the next few years.

32-BIT CHIPS

In spite of problems with the 16032,
National Semiconductor was the first
company to announce and ship a full-
blown 32-bit microprocessor. The
32032, which used to be the 16032,
is code-compatible with the 32016.
It's still early to tell how the 32032 will
fare, but the popularity of UNIX will
probably be a major factor in its suc-
cess, if indeed all the projections of
the 32000 family being the ideal UNIX
engine are true.

Motorola is now sampling its full
32-bit extension to the 68000, the
68020, which looks promising. It has
one new feature that will probably get
it into lots of designs early. Remember
that the 8088 was successful because
it allowed an easy migration path due
to its 8-bit external data bus. The
68020 lets you dynamically choose
the bus size you want—8, 16, or 32
bits. Supposedly, it is able to run all
68000 code, and it's fast. One of the
things that gives it great speed is its
cache—the logical extension of the
queue used in the 8086/8088/80286
processors.

The cache in the 68020 is 256 bytes
deep and works a little differently
from a queue. If a jump occurs to a
point in the queue the queue is
flushed and reloaded. But the cache
looks just like memory, so a jump to
a point in the cache would not cause
the cache to be dumped and re-
loaded. If loops are small enough,
they can execute directly from the
cache. The advantage is that the pro-
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