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Engineering ' mos

The transputer is designed to simplify engineering and to ensure physical
compatibility between all transputer products, current and future.

A low frequency clock is used in order to simplify distribution of the clock;
for compatibility, all transputers use the standard clock frequency of 5 MHz,
irespective of their internal performance.

Communication between transputers is independent of phase, so that
there is no need to deskew the clock. Also, communication is not critically
dependent on frequency, so that transputers with independent clocks can
intercommunicate reliably.

The IMS T424 timer is a 32 bit integer. It is incremented every fifth cycle of
the clock input, providing a time resolution of one microsecond.

Each transputer is given a unique signature during manufacture. The
signature, which includes the transputer device type, can be accessed by
program through a standard channel.

After reset, and depending on the state of the Boot input, the transputer
may either execute program from external ROM, or may bootstrap load
itself down any of its links.

The IMS T424 is packaged in an 84 contact ceramic chip carrier.
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IMS T424 transputer HMos
Advance information

DC characteristics Parameter Conditions Min Max  Unit
ViH  High level input
voltage 2.0 Voe+0.5 \%
Vit Low level input
voltage —0.5 08 \
I Inputcurrent  0<=Vin<=Vec +10 HA
Von Data outputs lon=—4mA ~ Vcc—1 Vv
Control outputs lon=—6mA  Vcc—1 B V
Vor Data ouputs loL=4 mA 04 V
Control outputs loL=6 mA 04 V
loz  Output current
in tri-state 0<=Vour<=Vee +10 UA
Po  Powerdissipation fcik=5MHz 900 mwW
CiN - Input capacitance f=1MHz 10 pkF
Coz Output capacitance
in tri-state f=1MHz 12 pF
Test waveforms and timing Inputs Outputs
reference points

\Vee/2 Nec/?
) 50 20
0.8 0.8

08 0.8
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System development nmos

The transputer has been designed to simplify the task of programming
and developing applications.

The transputer can be programmed in most high level languages, and its
instruction set has been optimised to ensure that compiled programs will
be efficient. Where it is required to exploit concurrency, but still to use
standard languages, occam can be used as a harness to link modules
written in the selected language.

To gain the most benefit from the transputer architecture, the system can
be programmed in occam. This provides all the advantages of the best
high level languages, the maximum program efficiency and the ability to
use the special features of the transputer.

Program development can slart now, using the occam programming
system. As well as compiling programs for the transputer, this system is
available with compilers for the VAX, the iAPX 86 family and the 68000
family. The system enables users to develop programs and to run them on
existing microprocessor systems, prior to the availability of the transpulter.

The occam programming system provides an ergonomic interactive
environment for program development, with the ability to monitor the
detailed behaviour of programs. The messages passing along any occam
channel can be monitored in the same way as an engineer would monitor
the signals passing between circuit devices, giving a new and powerful
way of developing real time applications.

The facilities available include:

Interactive editing of programs.

Structured program display.

Integrated editing and compiling.

Monitoring and debugging at the occam level.
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Typical configuration inmos

The transputer is a high performance component when used in single
transputer configurations.

The separation of the peripheral interface from the memory interface
enables both interfaces to be optimised for their function. The. peripheral
interface can support DMA from peripheral controllers, while the memory
interface can support both EEPROM and dynamic RAMs with high
performance and minimal glue.

This typical configuration can be the basis of a high performance personal
computer or process control computer. The system software is held in

32 Kbytes of EEPROM, while the dynamic RAMs provide 64 Kbytes of user
memory. The industry standard graphics display controller and Winchester
disk controller connect to the peripheral interface with just two PALs —
which act as decoders, address latches and tri-state buffers. The data rate
of 4 Mbytes/s available from the peripheral interface means that no FIFOs
are required to handle the 0.6 Mbytes/s data rate from the disk controller.

The system shown represents exceptional performance with low cost
resulting from the small number of chips used in the system. Functionality
can be increased by putting a local area network controller on the
peripheral interface. The memory can easily be increased, either by using
256K RAMSs or by using more 64K RAMSs.
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The transputer concept

In the past, system performance has increased regularly by a factor of ten
each decade. This improvement has been achieved by advances in circuit
technology and by increasingly complex systems. For the future, VLSI
offers the potential of much greater circuit complexity but only modest
increases in circuit performance.

The economics of current systems are based on the historical perspective
that processing is expensive in comparison with memory. This has led to
the von Neumann bottleneck where a single processor is connected to
vast amounts of memory. The economics of VLS| are different. Today, a
single wafer of silicon can contain 2 Mbytes of memory or 256
conventional microprocessors.

To exploit this potential it will be necessary to build systems with a much
higher degree of concurrency than is currently'possible. The transputer is
designed as a programmable component to implement such systems.
The term ‘transputer’ reflects this new device’s ability to be used as a
system building block. The word is derived from ‘transistor’ and ‘computer’,
since the transputer is both a computer on a chip and a silicon compenent
like a transistor.

The power of the transputer is that it creates a new level of abstraction.
Just as the use of logic gates and Boolean algebra provides the design
methodology for present electronic systems, so the transputer, together
with the formal rules of occam, provides the design methodology for future
concurrent systems.

In their proposals to achieve intelligent interaction between people and
computers, the Japanese have projected the need for computers with one
thousand times the performance of present day systems. These will only
be possible using concurrency, and the transputer has been designed to
make such fifth generation systems a reality.
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Advanced configuration ~ [nmos

Pipelines and arrays of transputers can be used to provide greatly
increased performance by exploiting the concurrency inherent in many
applications. Two examples which require high performance are signal
processing and database searching. Networks of transputers can provide
the performance needed for both applications.

Signal processing, such as the fast fourier transform (FFT) algorithm, maps
easily onto a pipeline. The pipeline can accept input samples at up to

100 kHz, which more than covers the full audio spectrum. A 64 point FFT
requires six transputers in the pipeline, a 256 point FFT requires eight and
a1024 point FFT requires ten transputers. A pair of pipelines, interlinked at
each stage, is able to accept input samples at up to 200 kHz. Higher
frequencies can be handled by using more transputers in parallel.

A pipeline or an array can also be used for searching. Provided that the
search requests can diffuse through the network, and the answers
converge, the shape of the network does not matter — it can even contain
faulty devices. The full internal memory of each transputer can be
searched 1000 times per second. With external memory attached to each
transputer the search rate is slower, but 64 Kbytes per transputer can be
searched at least 30 times per second.

Other applications, such as image processing, finite element analysis (as
used in weather forecasting), matrix manipulation, telephone switching
systems, fault tolerant systems and artificial intelligence naturally lend
themselves to arrays or networks of transputers.

Applications apparently less directly suitable have also been found to
benefit from multi transputer systems. As an example of a compiler, an
occam compiler, written in occam, can use a pipeline of processes. As
an example of a large scientific program, the INMOS logic simulator can
achieve performance proportional to the number of transputers used.



~ Transputer range NMos

IMS T222 transputer The IMS T222 is a 16 bit transputer. It has an identical instruction set to
the IMS T424 and programs will behave identically on both the T222 and
T424, providing the 16 bit range of the T222 is not exceeded.

The IMS T222 processor runs at 10 MIPS (millions of instructions per
second), with 50 ns basic instructions, 600 ns process switch, and 950 ns
multiplication.

The memory is 4 Kbytes of static RAM, giving a maximum data rate of
40 Mbytes/s, with multiport access for the processor, peripheral interface
and each INMOS link. The memory interface is a 16 bit multiplexed
interface with programmable timing, an address space of 64 Kbytes and
maximum data rate of 13 Mbytes/s. The peripheral interface and the four
INMOS links are identical to those on the IMS T424.

The IMS T222 is packaged in a 68 contact ceramic chip carrier.

IMS T424 transputer The IMS T424 is a 32 bit transputer providing 10 MIPS, with 4 Kbytes of
static RAM, a 32 bit multiplexed memory interface, an 8 bit peripheral
interface and four standard INMOS links.

IMS G213 graphics processor The IMS G213 is a high performance programmable graphics controller,
suitable for high quality colour graphics. It includes a 16 bit processor,
2 Kbytes of static RAM and two INMOS links for connecting to transputer
systems.

IMS M212 disk processor The IMS M212 is an integrated programmable disk controller for floppy
disks and Winchesters. It includes software configurable crc/ecc, as well
as a 16 bit processor, 2 Kbytes of static RAM and two INMOS links for
connecting to transputer systems.

Occam programming system A personal workstation with 256 Kbytes of memory, twin floppy disks and
a bit mapped screen, providing an initial programming tool for developing
occam programs. Also available is the occam evaluation kit, an electronic
tutorial system to demonstrate the basic principles of occam.

Future products The IMS T424 is the first of a range of transputer products which will span
the entire spectrum of microprocessor applications, from low cost
microcontrollers up to supercomputers and fifth generation systems. All
transputers will be totally compatible, whatever their word length,
instruction set, processor speed, or interfaces.
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Memory range nmMos

INMOS has a dominant position in the high performance 16K static RAM
market and provides a complete range of products. These are used in mini
and mainframe computers for cache, microcode store, memory
management and fast buffers. Other applications include video and radar
systems, instrumentation and telecommunications. Versions with access
times down to 35 ns are readily available in plastic DIPs, ceramic DIPs and
ceramic chip carriers. These products feature an advanced 2.5 micron
single polysilicon nMOS process and use redundancy to give improved
economics and availability.

IMS 1400 16Kx1 35/45/55/70/100 ns
IMS 1420 4Kx4 45/55/70/100 ns
IMS 1421 4Kx4 45/55/70/100 ns

INMOS introduced the world’s first 100 ns 64K dynamic RAM in 1982. Since
then, INMOS has introduced two further products, a 16Kx4 and an 8Kx8
configuration, making the widest rage of dynamic RAMs on the market.
These are used in a variety of high performance applications from
mainframe computer memory to video displays and peripheral buffers.
These products feature an advanced 2.5 micron double polysilicon
process and also use redundancy.

IMS 2600 64Kx1 100/120/150 ns
IMS 2620 16Kx4 100/120/150 ns
IMS 2630 8Kx8 120/150/200 ns

INMOS released details of its IMS 3630 at ISSCC in February 1983. This

is an 8Kx8 electrically erasable and programmable ROM with a single 5V
supply. It is particularly easy to program —the complete memory can be
programmed in 1.3 seconds — and during this time, the programming
device can perform other operations concurrently. The IMS 3630 is
available in ceramic DIPs; it is fabricated using a novel 3 micron Nitrox
process.

IMS 3630 8Kx8 200 ns

INMOS memory products are manufactured to the highest possible
standards and are available to military specification in a variety of
packages.

INMOS has under development a range of new memory products, .
providing improvements in performance and capacity. These products will
use cMOS processes compatible with the transputer process.



INMOS -the VLS| company - imos

INMOS was started in 1978 with the aim of becoming a world leader in
VLSI. The strategy has been to use innovative design and advanced
processing techniques to create products offering significant advantages
to the user.

From the beginning, INMOS has operated internationally, benefiting from
the strengths of both the UK and the US. The UK design centre in Bristol
develops VLSI design techniques and microprocessor products. The US
design center in Colorado Springs develops process technology and
memory products.

INMOS operates advanced manufacturing facilities in both the UK and US,
using direct step on wafer lithography, ion implantation and plasma etch
for all stages of manufacture.

The first stage of the INMOS strategy was to enter the memory market.
This has been successfully achieved and INMOS has gained an
outstanding reputation for the technical excellence of its static and
dynamic RAM products.

The introduction of the transputer signals the start of the second stage of
the INMOS strategy, which is to establish the company as a force in the
microprocessor market.

Both memory and microprocessor capabilities are seen as precursors to
the ultimate goal of INMOS to become a world leader in VLSI capable of
delivering complete silicon systems.
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Please add my name to your mailing
list for:

Further information

D occam D transputer D memories

Name B Title
Company I o
Address

Country Zip/Post code
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Your interest

Establishment size




Please mail to one of the
following addresses for
immediate attention

INMOS Corporation
PO Box 16000
Colorado Springs
CO 80935

USA

INMOS GmbH

Untere Haupstrasse 7
8057 Eching

West Germany

INMOS Limited
Whitefriars
Lewins Mead
Bristol BS1 2NP
UK

Matsushita Electric Trading Co Ltd
Component Section

Import Division

26th Floor

World Trade Centre

441, 2-Chome Hanamatsu-cho
Minato-KU

Tokyo 105

Japan



INMOS addresses

INMOS Corporation

PO BOX 16000

Colorado Springs

CO 80935

USA

Telephone (303) 630 4000

INMOS Corporation
23505 So. Crenshaw Blvd
Suite 201

Torrance

CA 90505

USA

Telephone (213) 530 7764

INMOS Corporation

1735 North 1st Street
Suite 303

SanJose

CA 95112

USA

Telephone (408) 298 1786

INMOS Corporation

60 Mall Road

Executive Place V

Suite 207

Burlington

MA 01803

USA

Telephone (617) 273 5150

INMOS Corporation

5457 Twin Knolls Road
Suite 201

Columbia

MD 21045

USA

Telephone (301) 997 2947

inmos

INMOS Corporation

5200 West 73rd Street
Minneapolis

MN 55435

USA

Telephone (612) 831 5626

INMOS Limited
Whitefriars

Lewins Mead

Bristol BS1 2NP

UK

Telephone (0272) 290861

INMOS SARL
Immeuble Monaco
7 rue le Corbusier
SILIC 219

94518 Rungis Cedex
France

INMOS GmbH

Untere Hauptstrasse 7
8057 Eching

West Germany
Telephone (089) 31910 28

inmos '@“’ and occam are lrademarks of the INMOS
Group of Companies

INMOS reserves the right to make changes in
specifications at any time and without notice. The
information furnished by INMOS in this publication is
believed lo be accurate; however, no responsibility is
assumed for its use, nor for any infringements of patents
or other rights of third parties resulting from its use. No
license is granted under any patents, trademarks or other
rights of the INMOS Group of Companies.
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INMOS Limited
Whitefriars

Lewins Mead

Bristol BS1 2NP

UK

Telephone (0272) 290861
Telex 444723

INMOS Corporation

PO Box 16000

Colorado Springs

CO 80935

USA

Telephone (303) 630 4000
Telex 910 920 4904
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