













































































interface and a 45-nanosecond access time.
The memory control used the same cards and
ECL logic technology as the processor.

The main memory used the 4K bit storage
device. Eighty-eight chips were mounted on a
10-by 10-inch printed circuit card. The
memory chips had TTL type of signal levels
and did not have to operate as fast as the
cache memory, so a wirewrap backpanel was
still used here. Although the main memory
was slower than the cache, it would read out
eight words at a time, so that the entire block
could be loaded into cache at a faster rate. The
eight words were transmitted to the cache
memory two words at a time.

The 1100/80 System

The processor and cache memory each took
their own cabinet with four backpanels of
circuitry. The processor used 196 cards of 130
unique types with an averaged usage of 52
chips. The I/O section used the same TTL
technology as the 1110, but had a new
connector with more signal pins. The power
system was supplied with 400 cycle power via
a motor alternator, since that was felt to
improve the immunity from any spikes on the
incoming electric power lines. Another first on
the 1100/80 was the use of a system support
processor, the “SSP”, a minicomputer used to
monitor all the registers, or flip flops, in the
system. This eliminated the need for the large
control panels, containing hundreds of
indicator lights, that had become common on
large computers. The 1100/80 was about twice
as fast as the 1110 and was delivered in 1976
as a dual processor system and later was
upgraded to four processor capability. At that
time the memory device was changed to a 16K
chip, and two million words fit into a single
cabinet - 16 times what had fit into one 1110
core memory unit and 500 times as much as
the old 1103A! The space for a 4 X 4 system
was reduced to 512 square feet compared to

24

864 for the earlier 1110 system. The 1180 was
a very successful system. Over 1000
processors were delivered. It also created new
technology techniques that set the foundation
for many future products starting with the
1100/60-70 systems.

THE 1100/60-70

During the 1100/80 development, some
computer engineers at the Sperry Research
Center observed that microprocessor chips
made with MOS technology were becoming
quite capable and wondered what would
happen if many of these were tied together in
a single computer. After they completed a
study project, their results showed then that
the optimum cost-performance occurred with
about four processors, partially because the
memory became a bottleneck at much above
that. It was also noted that it would be nice if
something faster than MOS technology were
used. ECL technology density was improving
then, and a chip handling four bits of 16
primitive instructions had been developed.
Nine of these together with other standard
ECL logic chips would fit onto one 1100/80
type card to form a 36 bit ECL microprocessor.
This formed the basis for a new product. Up
until then the objective for a new processor
design had always been to make a machine
“bigger and better” than the existing ones.
Here was a chance to make a smaller system,
yet with reasonable performance, to broaden
the usage base for the 1100. (At this time code
names began to be used for major design
projects with the final name—or model
number—selected later at the product
announcement date. The code name
“Vanguard” was selected for this project; the
1100/60 nomenclature came later).

Four of the microprocessor cards were used in
one processor together with microprogrammed
instructions—a common practice in
microprocessor chips—but the first time to be



used in an 1100 system. Microprogramming
moves random control from logic circuits to
memory technology, and with the progress in
semiconductor technology a dedicated, small,
fast memory for this was quite practical.
Otherwise the basic technology and design
automation tools already developed for the
1100/80 were a good match for the 1100/60,
and this allowed a short development
schedule.

The processor, with a private cache memory
using a 1K bit chip, a main memory using the
same 16K memory card as the 1100/80, and
the I/0 logic all fit into a single cabinet -
another first for an 1100 machine.
Microprogrammed computers are usually
associated with rather low performance, but
the four microprocessors running at ECL
speeds provided an overall speed close to what
the 1108 had, yet in a much smaller space and
with a reduced price tag. A cost-reduced
version without a cache memory was also
made available.

VANGUARD Central Complex Cabinet
Back View

Storage
Interface
Unit

Central
Processing
Unit

The 1100/60 was the first 1100 central complex to fit into a single cabinet.
The memory module fits on the other side.

The first 1100/60 was installed in 1979. In the
first full year of production, 528 processors

were shipped—100 more than the original
business plan. Later enhancements were
made such as upgrading from a two to a four
multiprocessor system and the addition of a
denser main memory. At this time the system
was renamed the 1100/70. The 1100/60-70
was a very successful family of products and
found broad usage in the industry. Many
1100/60-70 purchases were from first time
1100 users. Nearly 4000 processors were
delivered in all-a new high for an 1100
product.

THE 1100/90

Technology Challenge
The development objective for the 1100/90
system was to improve performance over that
of the 1100/80 by a factor of 3.5. At the time,
this was considered quite a challenge. This
represented the largest improvement ratio
from one model over its predecessor since the
1108. The logic designers had some ideas on
how some significant
benefits could come
from logic
organization—up to
about 40 percent.
This meant that the
Expig gsion technology itself-the
|- delay to do a simple
function—still had to
be reduced by about
2.5 to 1, or 40 percent
Input/Output of what it was in the

Unit 1100/80. An analysis
of key 1100/80 logic
paths showed that
about one half of the
delay was in the logic
circuit itself, inside
the chip, and the other
half in the inter-
connecting wires
between them on the printed circuit boards
and backpanel. Inside the chip, the basic logic




gate delays were in the two to three
nanosecond range. At about this time the
newer improved ECL circuits were getting
down to slightly below one nanosecond. But
even if they could be reduced to near zero, the
total delay could only be cut in half which did
not meet the goal. Something had to be done
to reduce the delay between the chips.

The LSI Question

The year was 1975 when these studies were
going on—shortly before the first 1100/80 was
delivered to customers. Back in the mid
1960s, when integrated circuits started to
make their mark, visionaries quickly foresaw
the future when many circuits could be made
on a single chip. The term LSI, for Large
Scale Integration, was coined. However,
several years went by, and no one could define
any significant LSI functions that could be
made in sufficient volume except for memory
chips, hand held calculators, and a little later
the microprocessor chip. While the 1100/60
already exploited that, there was a lot of logic
that still had to be done elsewhere.
Furthermore, the 1100/60 organization was
not optimized for the highest performance but
rather lower cost.

Earlier the industry had discovered that a
number of smaller functions such as parity
checkers, decoders, and multiplexers could be
universally applied to almost any computer
architecture. Thus the term MSI, for Medium
Scale Integration, was born as a practical back
off from the highly touted—but hard to
use—-LSI. A big market for MSI followed
especially in the slower but popular TTL
circuit family. The original simple gate
functions also needed a name, so SSI for Small
Scale Integration was coined for them. The
conventional agreement in the industry then
was to refer to functions with 1 to 10 logic
gates as SSI, from 11 to 100 as MSI, and from
101 to 1000 as LSI. For functions over 1000
gates, the term VLSI for Very Large Scale
Integration was adopted.
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The question quickly arose: Would the use of
high speed LSI chips—containing more logic
circuit interconnections within themselves and
thus fewer left to be made on the relatively
larger printed circuit boards—allow attainment.
of the 1100/90 performance goal. In order to
address this problem of how various
technology alternatives would measure up to
meeting the performance goal, a mathematical
model was constructed representing the basic
delay elements in a typical logic path. A logic
path performs one sequence of perhaps 10 to
20 logical decision steps that must be done
within a basic computer cycle. The processor
contains thousands of such paths. The inputs
to the model were how much of the machine
logic would be in LSI, the basic speed and
number of gates in the chips, the distance
between chips, the number of chips in a
printed circuit board, etc. The output was a
value representing a typical path delay for
various number of logical steps in the path.
The 1100/80 technology parameters were run
through the model to establish a baseline
reference value to compare with.

By then the performance target of the next
generation internal gates speeds on the chip
was being bracketed: below a nanosecond and
possibly down to 0.5 nanosecond or 500
picoseconds. But there was the question of
how large a chip should be used. All
semiconductor wafers experience some
unavoidable number of defects originating
during the fabrication process. Larger chips
are more likely to experience a defect, so if the
chip is too big, yield is low and the cost of the
good chips becomes excessive. Bipolar ECL
wafers have more defects than those using the
slower MOS technology since their process is
more complicated. A chip 0.2 inch on each side
was selected based on experience of the
semiconductor manufacturer. This allowed
the gate capacity to be established and the
number of signal leads required from the
package. The other part of the problem was



determining the number of unique type of LSI
chips that could be designed during a
reasonable schedule. The decision was made
to have a mixture of LSI chips of about 30
unique types and do the rest of the processor
logic with the general purpose SSI and MSI
types. The model showed that if 70 percent of
the logic could be made to fit into the LSI
parts, the performance goal could be met
based on some assumed printed circuit and
other packaging parameters that had been
established in a separate study. A logic design
study was started. Within a short time the
study group designed a number of new general
purpose LSI logic functions, and it was
estimated the goal could be met. Later some
improved functions were designed, and the
final LSI content in the 1100/90 approached 90
percent.

At this time the semiconductor manufacturers
were not interested in designing custom or
special purpose LSI chips for individual
computer manufacturers. They had a limited
number of chip designers and wanted to sell a
hundred thousand chips or more per year of
every type. The company decided it was time
to develop the knowhow to design LSI chips
for the 1100 architecture. It selected several
circuit design engineers and layout
technicians to learn this technology. At this
time an internal company semiconductor
manufacturing capability did not exist. So an
agreement was reached with a semiconductor
manufacturer—one which had the best ECL
technology at the time—to obtain his mask
design rules. This allowed the 1100 chips to be
designed and then be made with the
manufacturer's standard process.

The 1100 logic designers could define the
functions they desired, circuit designers would
convert these to electrical schematics, and the
layout technicians would design the masks.
The masks, with the aid of a lithographic
process, are used to define the actual
arrangements of all the components on the
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chips as they are being manufactured. At that
time there were many stories in the industry
about the difficulties of designing LSI chips
and getting them to work properly even after
many cycles of testing, redesign, and
refabrication, which could take several months
per cycle. Some designs never did work, and
were abandoned. Others worked under only
limited conditions or were plagued with very
low manufacturing yields. Most of these
circuits were custom designed to do a
particular function. Years earlier computer
people had learned that the best way to build
a computer was to design only a small set of
simple circuit building blocks that did
primitive logic functions, and then use logic
designers to specify how these should be
interconnected so as to perform the functions
of the various sections on the computer. The
logic designer dealt with Boolean logic—a world
of ones and zeros and clock pulses—and didn’t
have to know transistor physics or electrical
circuit operation. Computer simulation and
verification of large sections at the logic design
level is also more practical than at the circuit
design level.

Other computer manufacturers came to the
same conclusion about this time. The answer
was the “gate array” chip—so called because it
was built from a physical array of simple logic
gate circuits. Each unique design would
merely interconnect these gates together much
like the backpanel wiring used to connect the
early printed circuit cards containing their
simple AND and OR circuits. Besides making
the design easier, all the various types were
manufactured identically until the last few
steps where the metal was added. The way it
finally worked out, actual gates were not laid
out. Instead a common arrangement of
transistors and resistors were used which gave
more flexibility. These could then be
interconnected to form a predetermined,
limited set of gate type functions rather than
just one type. So the metal patterns—only two
layers then—would interconnect the transistors



and resistors to form the selected gate
function, and also provide the interconnections
among the gate functions as well as the I/O
leads leaving the chip. Thus a unique chip
design was formed, yet made from a common
base component.

The training of the LSI designers was
completed after they spent some time at the
semiconductor manufacturer's facility
becoming familiar with the design rules—they
already were quite expert in ECL circuitry. It
was mid 1977. The basic chip design was then
completed, masks built, and the first test parts
were received in early 1978. At this time the
parts were made on two-inch diameter wafers
and contained about 100 chips. Each chip had
168 basic circuits; 144 internal and 24 for
outputs. The internal circuits were clustered
in fours to make 36 “cells”. The total of these
circuits could provide the equivalent of up to
about 350 simple gates depending on the
function performed.

The performance target was 500 picoseconds
for a circuit driving three internal loads. The
tests showed that with only one nearby load
the delay was 500 picoseconds, but with three
loads at more remote locations on the chip the
delay would rise to about 900 picoseconds. We
quickly learned that even though the wiring is
very short on a chip compared to printed
circuit boards and that the capacitance of an
internal transistor is very small, on chip
slowdown was real. Quick calculations
verified this. We had been led to believe by
the semiconductor manufacturer to expect 500
picoseconds but had not pinned down the
actual conditions for this. For circuits within
a chip, one cannot use the two nanosecond per
foot delay rule as on a printed circuit card.
This would be only 33 picoseconds to travel a
0.2-inch distance on the chip. This only works
when the driving current is large enough so
that it can charge the characteristic
impedance of the line a full signal swing. This
would require about 20 milliamperes which is
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much higher than practical for logic circuits on
a chip. Even if one tried this, the resistance of
the wiring on the chip—which is much higher
than a printed circuit card because of its very
small cross section—-would prevent a large
current flow. With the lower drive situation
the delay is about equal to the capacitance of
the load times half the voltage swing divided
by the current from the logic circuit output.
Such a calculation agreed with the test
results. This made a person realize how fast a
few hundred picoseconds really are. This
problem was eventually resolved by the help of
some improved processing made by the
semiconductor manufacturer that reduced the
typical delay of an unloaded circuit to about
350 picoseconds, and inclusion in the logic
usage rules delay values for each load and its
associated wiring on the chip.

Packaging

“Packaging” in electronics is concerned with
how components are physically assembled,
mounted, cooled, and interconnected together.
Packaging was becoming a key factor in
computer performance. In attempts to
increase cycle time, the time for signals to
propagate between the components became a
major factor. To meet the 1100/90 performance
goals it was felt important to fit the entire
computer along with its cache memory into a
single backpanel. The 1100/80 had used four
backpanels contained in separate cabinets for
each of these functions. The use of LSI
circuits would reduce the physical size but not
enough. This was because the technology then
did not allow enough logic gates on each chip.
In addition, in order to keep the number of
unique LSI types to a manageable level, there
would still be quite a few SSI/MSI low
complexity parts used. A higher density
packaging approach was needed. The result
was the HPP (High Performance Packaging)
technology. Up until then, connections and the
feed-through holes on printed circuit boards
were usually made with 100 mil (0.10 inch)
spacing. The HPP technology reduced this to



50 mils resulting in a smaller board with chips
closer together. This also required new 50 mil
packages to be designed for the LSI and MSI
parts.

The dense 1100/90 card pair used a 50 mil grid, LSI and MSI parts, and liquid cooling.

The new 54-pin LSI package was the same
size as the older 16-pin DIP, as used in the
1100/80, and the 24-pin MSI package was half
as big. Up to 114 LSI packages or 228 MSI
packages, or any combination of the two, fit
onto a 10-inch square printed circuit board.
Because of the great deal of logic on a single
card, 650 connections were provided from
three sides of the card. The backpanel and
two “sidepanels” remained at the 100 mil grid.
Each LSI chip dissipated about five watts, and
the MSI parts up to one half of a watt. High
speed memory chips for the cache and GRS
were also mounted in the MSI packages, and
they dissipated about one watt. A single
printed circuit board could involve up to about
500 watts. Since close spacing was needed in
order to fit all the cards into one backpanel,
liquid cooling was selected since it requires
much less volume than air cooling. For a
given temperature rise, a cubic foot of water
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can absorb 3500 times more heat than air.
Chip reliability is strongly affected by its
operating temperature; a reduction of 10° C
can reduce failure rates about 30 to 60
percent. The goal
was to maintain
chip temperatures
at an equal or lower
values than in the
past, and this led to
the liquid cooling
decision.

In the final 1100/90
design, about 2000
LSI and 4000
MSI/memory parts
were used. Fifty-
two cards were
needed to perform
all the functions of
the processor and
cache memory. These
were assembled in
card pairs with each
pair sharing a cold
plate cooling frame which contacted the back
of the chip packages.. The LSI chip was
attached directly to a metal heat spreader
inside the package for efficient heat
conduction to the cold plate. The cold plate
was made with a conforming thermally
conductive material and ensured good contact
with all the chip packages. Each card pair
with its cold plate was mounted on one inch
centers and plugged into a backpanel that
measured approximately 12 inches by 27
inches. It was made from three individual
panels pinned together, with one panel being
used only for power and ground. The printed
circuit board used up to 12 layers for
interconnection and a total of 22 layers
including those for power and ground.

I/0 and Memory Technology
The I/0 and memory sections were
implemented in a modified 1100/80 MLP style



technology. The card size was increased to 10
by 10 inches which could then hold up to 100
MSI chips. The logic was done with MSI
chips. The main memory chip provided 64K
bits of storage and 88 of these, together with
associated driver chips, fit on one printed
circuit card yielding 128K words. Due to the
increased performance of the 1100/90,
additional channels and memory modules
were needed in order to keep the processors
busy. One memory cabinet contained four
million words with a maximum of four
cabinets, or 16 million words, per system.

1100/90 System

The first 1100/90s were completed in 1983,
and met the ambitious performance goal of
three to four times the 1100/80. The
1100/90, or the “Cirrus project” as it was
called, was also the first system using the
upgraded “C Series” 1100 architecture
containing increased memory and “new mode”
instructions. Because of this complexity and
the challenging new dense packaging, the
1100/90 development schedule was longer than
planned. However, it was a very successful
program with about 20 percent more
processors being manufactured than the
1100/80 even though the 1100/90 was in
production for a shorter time period.

THE SYSTEM 11

The 1100/60 System was very successful in
expanding the 1100 base of users. Many users
liked the capability of the 1100 system and its
software, but did not need the performance of
the 1100/80. They chose the 1100/60, with its
lower cost. The question arose: What could be
done to further reduce the cost of the entry
level 1100, yet maintain acceptable
performance and capability?

New LSI Chip :

At this time the cost of MSI logic circuits had
pretty much bottomed out and was mostly
dominated by their assembly and package
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costs which weren’t expected to drop much
further. And the cost of a printed circuit board
and its assembly exceeded the costs of the MSI
components. We had seen LSI help the
performance in the case of the 1100/90. LSI
seemed to be the only way to also attack the
cost problem but probably using something
different than ECL which was more expensive
and less dense. It was thought that the use of
LSI would reduce cost because the number of
printed circuits would drop greatly as would
the power consumption and cabinet hardware
required. At the same time a maximum delay
per gate of five nanoseconds was felt needed to
provide adequate performance. The metal
oxide technology (MOS) was considered, but at
the time in 1978 its delay was closer to ten
nanoseconds. Here we are referring to the
delay value the logic designers use, which
must include deviations for manufacturing
tolerances, temperature and power supply
variations as well as additions for driving
other loads and wiring on the chip. Quite
often this value is two to three times larger
than that quoted by technologists (known as
the “advertising” value) which is simply a
measurement of a typical gate driving one load
very close by, under average conditions.

Shortly before this time, company
management authorized the establishment of
a prototype capability in semiconductor
fabrication, and later its expansion, to include
full manufacture of LSI components. Also at
this time there were very few gate arrays
available from outside suppliers or design
automation tools to support chip design.
While in the case of the 1100/90 the types of
LSI chips were limited to about 30, it was felt
that virtually all the logic had to move to LSI
to obtain the full cost-reduction benefits. It
was estimated that this would involve 100-200
different chip designs. Obviously, automated
error-free design would be required to do this.
A simple gate structure arrayed across the
chip seemed to be the best way to
accommodate the automation. Also a low



power circuit was desired which could be air
cooled. A simple four-input NAND circuit was
selected which was made from two transistors
and three resistors and operated on only a
two-volt power supply (compared to the
standard five-volt supply). A NAND circuit
performed the “NOT-AND” function which is
an AND followed by a logical inversion. It
turns out that any logical function including
flip-flop registers can be constructed from a
NAND-or its cousin the NOR circuit. In
theory, this meant that all the chip design
could be quickly automated once the logic
design was completed. At the time there were
no such tools available, so a special project
was started inside the Computer Aided Design
(CAD) department to develop such a
capability.

A major issue in the LSI technology definition
was the selection of the chip size, the number
of gates and I/0 signals that would be
compatible. It was also important to provide
sufficient wiring on each chip to ensure that
the CAD tool could complete all the layouts in
a short time. Furthermore, the length of the
wires on the chips could affect their delay to a
considerable amount, but the logic designers
needed delay values
early in the design,
not after the chips
were laid out by the
CAD system. The
project, code named
“Chaparral”, was on a
short schedule, there
was no time to run a
lot of trial designs
through evaluation,
and the CAD tool
wasn’t ready yet

anyway.

The answer came
from a combination of
data presented in
some research papers
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combined with some mathematical models
developed internally. This allowed a
prediction to be made of the average wire
length which then was used to calculate the
number of wiring tracks on the chip, and also
the “statistical” minimum and maximum wire
lengths that were needed for logic delay
estimations. The final result was a gate array
of about 1000 gates, 120 signals and
measuring 0.25 inch on a side. The package
measured about 1.4-inch square, mounted on
two-inch centers onto a 17 by 19-inch printed
circuit board. Worst case delay was about two
nanoseconds plus one for each load and its
wiring. Typical values were about 70 percent
of this.

System Bus

Another problem that had to be solved on the
System 11 was limiting the number of signal
leads leaving the printed circuit board which
could contain 50,000 to 100,000 gates each.
Normally in a computer system, each major
section must communicate with all other
sections. In high-performance systems this
should take place concurrently so parallel and
separate connections must be made between
all units. These are called “radial” connections
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The System 11 S bus; a dual processor system could fit into one backpanel.



since they appear to radiate out from each
unit. Another method wuses a “bus”
organization wherein all units communicate
via a set of common wires known as a bus.
The bus contains the data to be transmitted
and also additional lines which control the
data flow. A principal advantage of the bus
organization is that it greatly reduces the
number of signal wires leaving each unit
which now only have to connect to the bus, not
all other units. The primary drawback is that
the bus limits communication between units to
only one transmission/reception for each bus
cycle time. This drawback can be minimized
with a higher speed bus.

The System 11 was the first 1100 to use a bus
organization for its main system inter-
connections. It was named the “S” bus.
Another lower speed bus, the “L.” bus, was
used for I/O sections. Cards to provide the
maximum configuration of three processors,
all the associated memory, and I/O circuitry fit
into two backpanels. A section of the bus was
in each backpanel with a special cable
connecting the two for the maximum system.
Most configurations, however, needed only one
backpanel.

The bus was treated electrically as a
transmission line. In order to maintain data
integrity at the 100 nanosecond cycle time of
the system, it was important to terminate the
bus and avoid any reflections. Since a driver
and a receiver can be at any location in the
bus, both ends of the bus have to be
terminated. The extra electrical capacitance
caused by each card plugged into the
backpanel bus has the effect of increasing the
delay of the bus and also of lowering its
characteristic impedance. With all the cards
plugged in, the delay went up to about four
nanoseconds per foot and the characteristic
impedance dropped to about 25 ohms. A
driver looking into the bus sees two sections in
parallel, and thus must drive about 12.5 ohms.
This low effective impedance meant the bus
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driver had to deliver a large current. In order
to minimize this, a special low signal swing
driver was designed and a compatible receiver
circuit. The S bus was bidirectional which
means that any wire in the bus could send
data in either direction. A driver-receiver pair,
or “transceiver” circuit, was located at each
printed circuit connection point. A special LSI
chip was developed to implement these
circuits. This was done by modifying the
System 11 gate array and adding 24
transceiver circuits across one side of the chip
and using the same package.

Memory Technology

The System 11 main memory used the 256K
bit DRAM device. One million words of
storage with all the required control logic fit
onto a single board. There was no cache
memory. The GRS function was done with a
MOS ram chip. MOS technology also provided
the circuits for the microprogram storage.

System 11 Firsts

The System 11 provided many firsts for an
1100 product: 100 percent LSI for logic in the
processor, memory and I/O; system level bus
organization; complete one million word
memory on a single card; 1100 in a low cabinet
capable of operating in an office environment;
and also a complete dual processor system
with memory and I/O in one backpanel. The
System 11 was also marketed as the
“MAPPER 10” product. Shipments began in
1984. While total System 11 sales were less
than planned, the S bus organization and
many of its I/O modules were carried over into
the later 2200/200 and 2200/100 systems and
are still in production today.

THE 2200/200

Background

The 2200/200 product had an unusual start
and method of implementation. For a top
management conference to be held in January



of 1983, several people were assigned a
question which they were asked to study and
report on: “What should the company do
relative to the emerging (and successful)
microprocessor technology”. The answer came
back: Apply the technology and design
techniques to an 1100 machine. A rather
optimistic report presented what could be done
in a short development project. The President
of the division approved the project on the
spot. The effort, which became known
internally as the “Micro 1100, started about
two weeks later with a small dedicated team of
logic and chip circuit designers, who already
had been thinking about how the latest CMOS
technology might be used in an 1100 machine,
together with some CAD people.

CMOS Technology

As mentioned earlier, MOS technology had
been around quite a while and was used for
mostly microprocessor chips and memory
devices. MOS transistors can be of either a
“P” type, made with positively doped
semiconductors, or “N” type, with negatively
doped material. The earliest chips used the P
type material which switched slower, but was
easier to fabricate. However by the late 1970s,
N type yields were good and became used
almost exclusively. Several transistors
connected in parallel could form a NAND
circuit with another transistor serving as a
resistor connecting between the power supply
and the common output of the transistors.
The transistors would discharge the output
wiring capacitance and the resistor would
charge it if all the transistors were turned off
via their inputs. When any transistor was on,
a constant current would flow from the power
supply through the resistor and transistor to
ground. To improve speed, this current would
be increased, but this also increased the circuit
power dissipation. The CMOS technology uses
both P and N type transistors (the “C” stands
for complimentary). One type charges the
output net, and the other discharges it, but
only one or the other is on at any time (except
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for a brief period during which they
interchange states). This means that after a
logic network finishes switching to a new
state, no additional power is dissipated.
CMOS technology is also easier to design with
since one need not keep track of the effect of
these internal currents flowing in the chip.
While CMOS required more transistors than
NMOS and was somewhat slower, it appeared
to be an attractive technology. This was
because rapid progress being made in scaling
down transistor sizes was improving both
density and speed. Some of this could be
sacrificed in order to keep power manageable
and ease design complexity. CMOS was
selected for the Micro 1100 and shortly
thereafter became the preferred technology in
microprocessors and other general
applications in the industry that didn’t require
the highest speed.

The Micro 1100 Chip Set

The basic Micro 1100 consisted of four chips
which could perform all the 1100 functions.
Two optional chips were added a little later:
one for some enhanced instructions and the
other for speeding up multiply and divide
operations. These chips averaged over
100,000 transistors each; in order to pack this
many transistors onto a 0.4-inch chip it was
important to optimize the logic and circuit,
transistor, and interconnection design. A
custom layout for each chip, rather than the
automatic gate array layout method, was
needed. A logic designer—familiar with the
1100 and its internal operation—and a “silicon”
designer—familiar with the CMOS circuitry
needed to make various logic functions—formed
a team for each of the chips. A new design
“language” to describe the design details was
developed as were a number of custom design
automation tools necessary to verify design
correctness and internal timing. Besides the
logic functions, these chips contained a
number of internal memories, as well as a
read-only-memory (ROM) for the control store
which contained the microprogram



instructions. ROM was used here since it
occupies considerably less space than a
read/write type of memory. This put a large
demand on accurate logic simulation, since
changes in the microcode could only be made
by building new chips. The final chips
measured about 0.375 inch on a side and were
mounted in a package with 224 leads,
measuring about two inches square.

1100 CHIP SET

ARITHMETIC LOGIC UNIT

The Arithmetic Logic chip from the Micro 1100 chip set; the first

CPU use of CMOS.

The 1100 Desktop

One of the applications for the Micro 1100 chip
set was in a desktop 1100 workstation. This
design project, known internally as “Orion”,
was completed with an operating prototype,
but was never brought to production.

The 2200/200 System

The other application of the chip set was a
small mainframe. This project, code name
“Swift”, turned into the 2200/200. (At this
time new versions of the 1100 Series were to
be named the 2200 Series. While this was
meant to indicate evolutionary enhancements
over the older systems, the new systems were
fully compatible with the older 1100’s.
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Because of this we tend to think of both series
as a continuum and call them the 1100/2200
series or sometimes “1100” is still used to refer
to both). As implemented the 2200/200
continued use of the System 11 bus and I/0
modules. A cache memory was added, and a
new main memory using CMOS gate arrays,
filled out the central complex. Performance
was over double the System 11, putting it near
the 1100/60 range. The chip set, like most
microprocessor
designs, did not have
the many checking
features of main-
frames. Consequently,
this capability was
obtained by providing
two complete chip sets
and a compare of their
operations was per-
formed. All this, and
supporting cache
memory fit onto a
single printed circuit
board-the first time
for an 1100/2200
machine. It was
“interesting to note
that the GRS function,
which needed a thin
film memory stack
and numerous support drivers and sense
amplifiers in the 1107, or 128 cards in the
1108, now fit neatly onto one part of the
2200/200 Arithmetic/Logic chip! (It also ran a
little faster than the 1108.)

The first 2200/200 was delivered in 1986. It
will be remembered for its pioneering use of
CMOS technology. Details of the chip set were
reported at the 1986 International Solid State
Circuits Conference held at Anaheim,
California. Today, nearly one-thousand
2200/200s are in use, and the Micro 1100
continues to be used in the 2200/100.



advantage of the “standard cell” approach is
that the library design is not limited to fixed
transistor sizes and fixed placement as in a
gate array. The primary drawback is that
each chip design involves a complete new
mask set of over ten layers, not just two new
metal layers.

New 1/0 and System Bus

The 2200/400 also employs a new “M” bus.
Separate, small bipolar bus transceivers are
mounted near the printed circuit card
connector. A new I/O section using CMOS
technology was also developed.

Memory Technology

The 2200/400 memory uses the one megabit
chip. Further density improvement is
obtained with small, dense “daughter” cards
containing 16 small outline memory chips
surface mounted on both sides. A single board
contains four million words of storage and all
the memory control logic.

System Comparisons

The 2200/400 offers striking improvements
over the very successful 1100/60-70. The
1100/60-70 used over 90 cards for the
processor and cache; the 2200/400 has only
one. Similar reductions occurred in the
memory and I/O section. Even with two to
three times the performance of the 1100/60-70
and twice as much memory, the space required
for a typical 2200/400 dual processor central
complex dropped from about 72 to 22 square
feet, and the power consumption fell to only
about ten percent of the 1100/60-70 value. In
addition a single, low cabinet can contain up to
four processors with 16M words of memory.

Delivery of the 2200/400 began in early 1989,
and active production continues at this time.
As of September of 1990, nearly 1000
processors had already been delivered.
Indications are that this system will continue
the success story of the mid-range systems
first started by the 1100/60.
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THE 2200/600

Technology Selection

Planning for the next largest machine, the one
following the 1100/90, commenced before the
first 1100/90 was built. This is normal.
Technology selection and development for a
large scale machine can take about two years
and must be done before detail design can
begin. In the case of the 1100/90 follow-on,
two aggressive technologies were evaluated
and dropped, before a more conventional
evolutionary one was adopted. Both of the
technologies which were shelved involved
attempts to get more from the silicon circuitry
than otherwise could be obtained by packaging
the logic circuits closer together. The
alternative is to wait a little longer for denser
semiconductor circuits which can accomplish a
similar improvement, and let these drive any
packaging design changes needed to
accommodate the semiconductors.

The first approach that was evaluated for use
involved placing a number of uncased chips
close together in “multichip” packages, which
also contained the interconnection wires
between the chips. While versions of this
technology still appear interesting for the
future, it was not used for the 1100/90 follow-
on because the time to get it ready for
production and prove its reliability would have
taken too long.

Another approach that was seriously
evaluated involved a technology being
developed by Trilogy, a new, but well funded
and staffed organization that was located in
Silicon Valley. Their approach used “Wafer
Scale Integration” or WSI. The idea here is
rather than using conventional means of
cutting up a complete wafer into many small
chips which are later tested and
interconnected, leave them on the wafer where
they are already quite close and interconnect
them with the same metal lines that are used
to make the chips. The challenge is to come



up with a means of circumventing the dozens
of flaws and defects normally present on all
wafers and which usually set the maximum
practical chip size. Trilogy had developed a
method to do this using redundant circuits.
Sperry obtained an option to license this
technology for both design and manufacture.
The semiconductor facility at Eagan,
Minnesota had most of the equipment needed
for fabrication. Evaluation of the Trilogy
technology began in June of 1983. This
consisted of the design of a small evaluation
test vehicle that Trilogy was to build, and the
paper evaluation of a complete processor
design. During the next few months, a
considerable amount of detail was learned
about this new technology. However most of
this cannot be disclosed here due to
agreements with Trilogy. Suffice it to say that
within about eight months it became apparent
that the cost/performance goals of the
technology were not going to be obtained, and
the manufacturing risks were fairly high.
During this time period there was
considerable interest in the technical press
regarding this WSI technology and rumors
surrounding progress of its development.
Much of this was erroneous information. For
example, one reporter
wrote, “The tech-
nology is running so
fast, they are having
trouble cooling it”.
Actually, if one were
to stop the clock, the
power dissipation
hardly changes in this
type of technology.
And while the wafers
did dissipate a large
amount of power, the
Trilogy cooling system
was very effective,
and was not one of
the problems.

The original goal for

the 1100/90 follow-on was a performance of
three to four times the 1100/90. It was finally
decided that such was not obtainable in the
desired schedule. In the meantime, ECL LSI
technology had progressed in both density and
speed—as had printed circuit board capability.
According to the performance model used for
1100/90 technology selection, these could now
provide about two times performance
improvement. Since this was still in keeping
with what is common from one generation of
large system to the next, it was decided to use
this for the next high performance system. At
this time two separate and fully staffed design
teams were set up. The first team started the
1100/90 follow-on, named the 2200/600. The
other started the next generation of machine,
with a technology suitable to its timeframe,
and it is now progressing well in its
development. This dual project setup was
possible since the 2200/400 was being done at
the Blue Bell development facility, and other
major projects had been completed at the
Roseville location.

Processor Technology
The 2200/600 system involved a new processor
and memory and continued the 1100/90 I/0

The 2200/600 ECL VLSI processor card.



subsystem. The processor uses an ECL LSI
gate array with 1500 circuits—almost nine
times that in the 1100/90 and equivalent to
about 2500 gates of logic. The delay is about
60 percent of the 1100/90 LSI devices.
Automated layout of the gate arrays was done
allowing all the logic to be in the LSI parts.
Over three hundred unique types were used to
provide a total of approximately 850 LSI chips
mounted on 18 printed circuit cards. These
held the processor and the cache memory
which was expanded by four times to further
help performance by improving cache hits. A
special package containing one gate array and
eight ram chips was used for the memory
functions. The GRS function was imple-
mented with the gate array.

Memory Technology

The 2200/600 memory was completely
redesigned to include 100 percent ECL LSI. A
one-megabit memory chip was used. Sixteen
of these were attached to both sides of a small
daughter board. This dense packaging
provided eight million words of storage, and
related control logic on a single printed circuit
card. The complete memory system of 16
million words—replacing four cabinets on the

The 2200/ 600 eight million word memory card.

1100/90-now easily fit into one cabinet. So an
option with two separate 16 million word
memory subsystems in the same cabinet was
provided.

2200/600 System

The first 2200/600 systems were delivered in
December, 1988, ahead of schedule. Very
extensive computer simulation was performed,
and this significantly reduced design and test
time compared to the 1100/90. Performance
met the two times goal over the 1100/90. Field
reliability of the 2200/600 system has been
impressive and has set new standards for
large mainframes.

THE 2200/600ES

The 2200/600ES was announced in 1990 and is
the current large 2200 system in production.
It consists of evolutionary enhancements over
the successful 2200/600. The CMOS
technology of the 2200/400 was adopted for the
I/0. This resulted in a reduction in the
printed circuit card count per I/O subsystem
from over 200 to 25. New power supplies and
cabinet technology were also used. The
processor and main
memory now fit into a
single cabinet. The
2200/600ES has sub-
stantially reduced
floor space and power
requirements. For
example, compared to
a dual processor
system 1100/90, floor
space is reduced by
nearly two to one and
power consumption
over three to one.




The high performance 2200/600ES system cuts required space and power.

A SUMMARY LOOK AT THE TRENDS

It would be difficult to find in the history of
mankind a technology that has had the rapid
progress and growth as that of computer
hardware. A large part of this has been the
result of improvements of electronics,
especially semiconductors. We have gone from
a vacuum tube chassis on the 1103 containing
about 25 gates to a VLSI chip on the 2200/400
with over 25 thousand gates. Gate delay has
dropped on the 2200/600 by a factor of 1000.
The five-inch square 4096 core array on the
1107 has been replaced by a million bit
memory chip measuring less than an inch.
And memory costs have dropped from a dollar
per bit to millicents per bit. During the last
twenty years memory chip density (measured
in bits per chip) has been changing the most
rapidly, followed by logic density, and then
logic speed. The approximate compounded
annual improvements are:

Memory capacity ................ 60 percent
Logic capacity ......ccccceeeennnn. 40 percent
Logic speed.........ccccveenunenne 20 percent
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At the same time the number of logic gates
used for the various functions has also been
rising. There are a number of reasons for this
including additional features, more checking
hardware, and sections to help performance.

It is interesting to notethat the current 2200
products offer a performance range of three to
nearly 300 times the 1107, the first 1100
architecture machine. These are for tightly
coupled multiprocessors, all running similar
programs. Additional performance can be
obtained with the use of the XTPA
architecture and other software products. The
accompanying bar charts present trends in a
number of metrics for various 1100/2200
systems over the last 25 to 35 years.

The technology and development work in the
laboratories is still progressing at a rapid rate.
And we can certainly expect to see still more
exciting improvements in the 2200 hardware
designs in the future!
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Memory Capacity per Cabinet
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1100/2200 SYSTEM FIRSTS AND NOTABLE FEATURES

1101 (1950)
First "1100", Drum Memory

1103 (1953)
Commercial Sales, 36-Bit Word, Ferrite Core Memory

1107 (1962) ‘
Transistor Logic, 1100 Architecture, Film Memory (GRS)

1108 (1965)
Multiprocessor Organization, Created Large User Base

1110 (1972) )
Integrated Circuits, Separate I/O Processor, Plated Wire Memory

1180 (1976)
ECL Logic, Precision PC Boards, Cache and Semiconductor Main Memory

1100/60-70 (1979)
Single Cabinet System, Microgrammed Logic, Most 1100s Made

1100/90 (1983)
LSI Logic, Dense (50 mil) Packaging, Liquid Cooling

System 11 (1984)
100% LSI, System Bus, Office Environment

2200/200 (1986)
CMOS VLSI Processor, Single Board Processor

2200/600 (1988)
100% VLSI ECL Processor, Very High Availability/Performance

2200/400 (1989)
Six Processors/16 Megawords in One Cabinet, CMOS I/O, Very Low Power

2200/100 (1990)
Upright Cabinet, Very Small Footprint

2200/600ES (1990)
High Performance Combined with Low Power/Space, Evolutionary I/O.

43



ACKNOWLEDGEMENTS

Much of the information in this paper came
from the author's own experience, and from
various internal documents. He also
appreciates the additional information and
help attained from many Unisys employees,
past and present, including the following: Bob
Bergman, Tom Currie, Elwin Crandall, Curt
Christensen, Les Cochran, Ken Englebrecht,
Gerry Faggerness, Bill Heer, Duane
Hjermstad, George Johnson, Gary
Kemmetmueller, Glenn Kregness, Keith
Miller, Walt Quinton, Gene Rodi, Jim Rogneby,
Wes Swanson, Jim Scheuneman, Bill
Swenson, Jorge Slater, Merlyn Schubloom,
Gene Thomas, Ernie Unruh, Bob Wendt,
Wayne Ward, and Dick Zoya.

And thanks to Helen Nelson who typed the
initial draft material and Barb Harvey for the
final composition.

44

BIBLIOGRAPHY

Borgerson, B. R.; Hanson, M. L.; and P. A.
Hartley. "The Evolution of the Sperry Univac
1100 Series: A History, Analysis, and
Projection"; Communications of the ACM, Vol.
21, No. 1, Association for Computing
Machinery, January 1978.

Sperry, Engineering Research Associates. The
Wellspring of Minnesota’s Computer Industry,
Sperry Corporation, 1986.

Tomash, E., and Arnold A. Cohen. "The Birth
of an ERA: Engineering Research Associates,
Inc. 1946-1955"; Annals of the History of
Computing, Vol. 1, No. 2, American Federation
of Information Processing Societies, Inc.,
October 1979.

Gray, George. "ENIAC, UNIVAC and Other
Early ACs", 1990 Fall USE Conference.

Smith, R. Q. "Why It Is The Way It Is", 1990
Fall USE Conference.

Electronic Design, August 30, 1961 (Several
articles on technology status at this time).

Pugh, Emerson. Memories That Shaped An
Industry, The MIT Press.



