G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/




2 (|t e

MICROCOPY RESOLUTION TEST CHART
NATIONAL FHIRE AL O CTAMDARTY .
STANDARITREFFREMNCE RIATERLGAL 10ty
ANt P TE T CHART Mo




(4423

lag.
A Techno-economic Study on a ‘Silicon Foundry' in
the Western Asia Region

by Stephen L. Gilbert,

UNIDO consultant




TABLE OF CONTENTS

Acknowledgement
Introduction

Assessment of Current Microelectronic
Technology Base in Iragq

a. Masour Facility
b. National Research Council, Electronics
C. National Research Council, Architecture
d. University of Baghdad, Electrical Engineering
e. University of Baghdad, Computer Center
f. National Iraqi Electronics Company
g. Ministry of Industry and Minerals
Technology Strengths
Technology Weaknesses
Regional Needs and Goals
Plan of Action
1. Define Priorities
2. Identify Program Elements
3. Recommendations
Bibliography
Addendum

Appendix

31
32
34




The joint UNIDO/ECVYA mission to Iraq in late November-early
December of 1984 was helped greatly by the excellent planning
performed by ECWA personnel Dr. Hassan Charif and Dr. Ribhi Abu
El-Haj. Visits with the principals in local industry and
government sectors were most informative and the persons
contacted were most eager and willing to discuss in detail the
special problems that this issue addresses . Special mention
must also be accorded the able assistance of the UNDP office in
Baghdad for their assistance in logistical matters.

Two members of a French delegation from DIELI, Dr. Gerard
Matheron of the Ministere du Redeploiement Industriel et du
Commerce Exterieur and Dr. Rene Micolet of the Laboratoire
d'Electronique et de Technologie de 1'Informatique, Grenoble,
joined the mission and contributed both to the discussions and to
an addendum included in this report.




Introduction

The silicon foundry approach to integrated circuit design is
aimed at completely restructuring the semiconductor industry in
such a way that anyone with a design idea can get that idea cast
in silicon at a reasonable cost. To achieve this end, "thought
stages" associated with design are separated from the "mechanical
stages" associated with fabrication. (2)

This inovation requires comprehensive organization to
establish such a new “foundry' approach to semiconductor
manufacturing. Many diverse skills are required in a complex
orchestration extending over many months of constant effort to
realise a finished product. Each and every step must be
performed precisely and in harmony, both with the step preceeding
and the one following, to yield the desired results. The
technology necessary to nroduce microelectronic devices, such as
have been created within the last decade, can, at first contact,
appear awesome.

It is necessary to pursue this technology slowly and
purpocefully with a careful eye to precisely what benefits are
desired. The nature of the technology is such that half-measures
generally produce little or no results; a critial mass of
resources are necessary to initiate the creative process and
produce results, as resources expended at the wrong time or in

the wrong areas could be entirely wasted. The competition in




microelectronics in ‘developed' countries has shown the
technology to be quite a risk; albeit a necessary and profitable
one. The learning experience necessary to create a sucessful
indigenous microelectronics technology requires time to mature.
The establishment of a regional ‘silicon foundry' capability will

accelerate the achievement of that maturity.




A, Assessment of Current Microelectronic Technology Base in Iraq

Throughout the mission to Irag particular attention was paid
to the operations level of semiconductor technology being
performed at the various installations. It is possible to assess
the level of technology in a quantitative manner by dividing
along the skill levels necessary to implement a particular
semiconductor overation. This is not to say that this represents
2 QUALITY distinction, but rather that differing skills are
required to perform at each operational level.

Such a division of operations would resemble the following
functional operations:

A) Assembly of complete electronic products from
vendor supplied electronic subassemblies and

component parts,

B) Design and production of printed circuit boards and
subassemblies

C) Production of simple passive component parts, i.e.
resistors, capacitors, etc,

D) Design and production of Solid State discrete active
conponents

E) Design and production of simple linear IC's & Gate
Array customization

F) Design and production of Semicustom IC's..bipolar/MOS

G) Design and production of Custom IC's,.pipolar/IMOS/CMOS

As one proceeds down the list, the operational level of
technology necessary to successfully perform the next level is
cumulative. That is to say the previous step nust be performed

with precision and efficiency before the next operational level




can be successfully undertaken. Each successive level is

dependent on the completion of the proper prior level for
successful product completion.

It becomes apparent that the highest skill levels are
required for design and production of fully custom IC's while
minimal skill levels are required to successfully perform the
assembly operations that yield a completed product. It is obvious
that the initial operations attempted by developing nations
concentrate on the most productive and easily achieved
operational level: that of assembly operations.,

More ambitious SOLID STATE operation levels require first
developing a mastery of technology levels A through C before
products can be achieved with any degree of success. It was with
some pleasure that an assessment of the !ansour facility in
Baghdad, Irag indicated an operational technology level of E;

quite an advanced level.

a) Mansour Facility, Baghdad

The mission visited the Bipolar production facility and had
discussions concerning the operational capability of the facility
with Dr. Adib Nu'man Abdul Aziz, Assistant Manager, Dr. Munim D.
Salim, Production Engineering Manager, and other staff members.

The Mansour Semiconductor facility has been very
intelligently planned to take advantage of several factors:

: The facility support functions, such as deionized water
purification and air liquification, have been established as

separate economic operations and provide service not only for the




semiconductor facility but also serve as a central source of

supply for all such high quality materials in the country. This
allows the cost of the installation to be shared among other
consumers of these materials such as a battery plant (uses DI
water as electrolyte) and welding suppliers (use hydrogen and
inert gasses from air liguification plant).

. The buildings have been designed to allow additional
expansion within the complex for higher level operations without
having to redesign distribution systems for most facilities. The
HVAC (heating, ventilation, and air conditioning) system is
configured to allow adeguate environmental control for existing
operations and quite possibly could form the basis for a more
sophisticated system in the future. The facility was designed
with the intention of continuing operations at the same site for
the nore difficult technical operational levels. (PMOS ,NMOS ,CMOS)

. The facility is quite remarkable in ovecrcoming the rather
severe environmental constraints; airborn particulate
contamination during summer dust storms, waterborn contamination
of silt from the Tigres River, and the great extremes of
temperature experienced during Baghdad summers. Higher level
operations that produce very small device feratures (high density
devices) require very tight control of environmental conditions.

The Mansour facility functions at the level of discrete
devices and although it produces linear pipolar devices ( Simple
Linear IC's) it has peen hampered by the inability to design IC's
within the facility. The original patterns for mask making are
not only still “laid out' or drafted by hand but are also

transfered to the final optical lithography bench by




painstakingly cutting the pattern by HAND into Rubylith., It is
currently functioning at an operations level of between D & E.
With the addition of a suitable pattern generator to transfer
designs electronically to the mask and by eliminating the hand

operation steps, Mansour could be operational at level F.
b) National Research Council, Electronics Section

The mission had the opportunity to discuss the organization
and direction of researches of the National Research Council with
its Director, Dr. Monther Takriti, who invited the mission to
visit the electronics and architecture sections.

The mission was given a tour of the Electronics Section by
Dr. M.S. Abdulwahab, the head of the section.

The electronics section has been in existance for one and one
half years. It is currently developing applications using
discrete purchased components. These applications are directed
at regional and national problems, such as electric motor power-
factor controllers to conserve electrical power, and robotic
controls for industrial manufacturing.

The electronics section has the potential to evaluate
specific design applications by building feasibility circuits.
Application specific designs are currently being evaluated by
breadboarding the circuits with discrete IC's purchased from
foreign vendors. Availability of the more sophisticated devices
is poor and the small quantities required for feasibility studies
do not provide a sufficient profit incentive to ensure adequate

supply. Delays in procurement also result from restrictions on




importation of electronic materials. This is due in part to

local political and/or military expediencies.

The lack of a local manufacturing capability for
microelectronics custom chips hinders the transfer of technical
applications from the research stage to the manufacturing
evaluation stage. This lack of manufacturing outlets for
production of completed application designs produces a sense of
frustration. This institution would be a major source of
semicustom designs for regional applications should a regional
*silicon foundry' come into existance.

As is common at all electrical technical institutions, in
Iraq efforts are hampered by a lack of trained personnel;
particularly experienced engineers at senior levels. Dr.
Abdulwahab expressed a desire to have increased professional
contact with electronic specialists in other Universities and

institutions.

c) National Research Council, Architectural Section

The mission held discussions with Dr. R.Tabuni, Head of the
Architecture Section and staff nembers.

The architectural section uses two-dimensional computer
aided design tools (CAD) primarily as automated drafting devices.
This department expects delivery of high quality Hewlett Packard
computers specifically configured for drafting work along with
the necessary software programs to efficiently use them. The CAD
programs that perform architectural drafting are quite similar to
+hose used to design masks for IC's and both can conveniently be

run on the same equipment with little or no modifications.




Hewlett Packard also sells specific CAD programs to design masks
for IC customization if it is desired not to adapt the
architectural drafting program for IC design use. The computer
system purchased by the architectural section is quite adequate
to perform design mask customization for use in semicustom GATE

ARRAY TECHNOLOGY.
d) University of Baghdad, Electrical Engineering

This department is currently teaching general engineering
skills necessary to form a background level of expertise. It is
not, however, producing chip level design expertise rather,
teaching applications of existing chip designs, and designs
involving discrete devices. The programs offered should produce
competent junior engineers, talent that could perform more
sophisticated work in microelectronics fabrication (Foundry) if
given proper direction and leadership. It is my understanding
that graduates are being further trained ON-THE-JOB at the
Mansour facility to improve their skills in the fabrication
techniques. This is a very valuable method for increasing the
level of education and extending the technology. It is not
adequate however, to educate design engineers as the Mansour

facility does not currently sugprort a design function,
e) University of Baghdad, Computer Center

A very helpful discussion was held with Dr, Salam N, Salloum,
Direccor, Computer Science Department in regards to the

computational facilities available at the University and the




educational programs offered there. During the discussion it was
revealed that Dr. Salloum had studied aspects of ‘routing' theory
used to shorten lead lengths on a silicon chip to increase the
signal speed.

The Computer Center at the University of Baghdad is typical
of many large university centers in that there are sufficient
users to support efficiently a large mainframe computer system.
This type of system lends itself well to modeling studies and
theoretical analysis of many aspects of microelectronic
processing. However, the state-of-the-art in process simulation
does not yet allow sufficiently accurate modeling of process
variables. In addition to simulation modeling it is still a
necessary requirement to empirically determine the values for
each process step to optimize a process technology.

The most effective computer systems for design are ones that
nave dedicated interactive graphics capability, similar to the
small stand-alone minicomputers used by the architecture section
at the National Research Council. The most powerful of these
mini's, the super-mini's, are generally true 32 bit machines with
dedicated microprocessors for CPU, 1/0, and interactive graphics
display. While the systems purchased by the architecture section
are suitable for design, tne main-frame computer in the
University center is not and I am unaware of any super-mini's in
Irag. (CPU = central processing unit; I/0 = input/ output

functions)

f) National Iraqgi Electronics Co.

A meeting and informative discussion with Dr. Ahmed Rafe'h,
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Director, preceded a visit of the factory. The Company is a mix-
sector effort, 50% public..50% private shareholders.

The company is primarily an assembly operation producing one
quarter million telephones, radios, and fifty thousand televisons
per year. The company employs 15006 people and provides 60 % of
the passive components necessary for assembly. The existing
technology and designs are provided via contract with offshore
vendors. A small capability to modify existing designs and/or
operations to account for local conditions of temperature and
voltage variations has been developed at the facility. The

facility operates at levels A, B, & C

g) Ministry of Industry and Minerals

An overview of the regions data processing capability was
presented to the mission by Dr. Abdulilah Dewachi, Executive
Director, Information Processing Center.

The Information Processing Centre serves as a central
computational facility that connects all sectors of industry and
government. As a central facility it can more easily access the
kinds of support necessary for specific projects. The center
employs twenty programers to provide service in using the
systems. The purchase of all computer systems in Iraq is
coordinated through the government and one vendor's equipment
predominates. This makes for good compatibility between systens
and facilitates the exchange of data throughout the country. A
new Hewlett Packard Model 9000 system has been purchased with

software support capability suitable for two and three
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dimensional design. Such programs could be applied to
customization layouts for mask making ..t the Mansour facility.
The prime users at this time for such software programs are
mechanical engineering designers. The capability at the Center is
similar to that purchased by the Architecture section of the

Mational Research Council.
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B. Technology Strengths

A) Iraq Semiconductor manufacturing facility (Mansour Unit

B)

Operations) is suitable for addition of MOS processing
IF suitable volumes of product dictate the sizable
capital investment required; the facility is
immediately suitable to increase the level of technoloay
and complexity in the fabrication/design of Bipolar
Linear IC's..(Note: See addendum for further details to
achieve this increase)

This improvement would raise the operational level to E
& F, and also allowing semicustom GATE ARRAY TECHNOLOGY

to be processed at the plant.

Due to the selection of one vendor's computer
equipment there is compatability of computer systems
nation-wide which enables educational rescurces in
dcsign methodology to be shared in every area of the
country. All sectors of the industry are connected by
the central computational facility AND can communicate

design informations through this network.

C) Well established University programs exist with

excellent support provided at the national level of
funding to educate and train new junior engineers

locally, ensuring a continuing supply of indigenous

13




engineers.

D) There are technically educated administrators in many
sectors of the industry. It is evident that strong
prioritys are given to technological considerations in
deciding which directions to take in all technology

sectors, education, research, and manufacturing.

E) Programmers are trained locally, and receive on-the-job
training at the Information Processing Center or the
University Computer Center. It is essential that such a
cadre of programmers be developed to assist in

transfering applications into silicon designs.

F) Future missions to other regional semiconductor
installations will identify other strengths which could
be incorporated into a regional semiconductor resource

plan.
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C. Technology Weaknesses

The current state-of-the-art in microelectronic technology in

Iraq shows great promise and considerable expertise, however the

indigenous technology effort suffers from the following problems;

A) The current production mix was not designed within the

B)

region. It was a purchased expertise which did not lead
to the development of design capability locally. Tools
that are supplied are used well, but the process of
creating tools remains with foreign vendors. There is
an attitude, apparent even to a non-native, of a certain
lack of respect for locally developed products; a
concern that offshore vendors products are, and will

remain, superior in quality.

There is no in-place procedure to maintain an up-to-
date technical comnunity by continuous training and
contact with state-of-the-art institutions and industry.
Current process expertise is approximately 10 years out
of date AND rather than catching up, is instead falling
behind more rapidly. Communication with the cutting edge
of the technology is a vital necessity to retain and
keep the technical skills of the individual engineer at

a current level of technology.

‘In this high technology enviornment it is not unusual for

the technical staff to require about 15% to 20% of their work
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time during a year to be devoted to training.'(3)

C) When a contract is let to a foreign vendor to provide the

tools to manufacture a semiconductor product the foreign
vendor provides the design and the organization. The
specifications may be provided by local engineers,

but the bulk of the technical expertise is involved in
the design and organization of the product. It is in
this manner that the technilogical expertise of the
foreign vendor is enhanced. By relegating the major
elements of the process to foreign expertise, no local
indigenous expertise is developed. A simplified
approach to viewing this problem would be to equate the
risk involved to the benefit realised. Thus if a fcreign
company/industry typically supplies design and
guarantees the product feasibility...the local

expertise;

experiences & gains

no risk = no ingenuity necessary to solve problem
no risk = no incentive (professional pride)

no risk = no product advantage in market

no risk = no profitability in world market

This is not

[l

foolproof technology: learning is
accompanied by mistakes and risks must be taken to

develope technical expertise.
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D. Regional Needs and Goals

~

Many enterprises in both the public and private sectors can
be expected to have a good grasp of fundamental knowledge
required to have THOUGHT of the application in the first place,
out not have the technical base to complete the entire

application design.' (3)

It was a common complaint heard throughout the mission that
efforts in several areas progressed to a certain point and then
were forced to stop because the necessary connections to the next
logical step did not exist. There is no continuity between
research and development institutions and a distributors shelves
in the marketplace. Several institutions are actively
investigating state-of-the-art designs for microelectronic
applications and have proceeded successfully to the feasibility
stage. What remains to achieve usefulness is to link the
feasibility stage with a manufacturing and distribution/service
step. The region needs to make use of the potential bottled up
within the research and development function without an outlet to
the public sector. The region does not benefit from applications
that remain only potentials.

It is desireable to create an entrepreneurial atmosphere
within the technical community. This inovative spirit is
directly responsible for the tremendous expansion in developed

countries microelectronics capabilities. Many developing

17




countries loose their most talented engineers to countries that
provide "perks" highly rewarding that talent. Each develoging
country should consider what indigenous "perks" could be used to
retain these talented engineers.

The path to success in applying microelectronics technology
within the region will make demands on the technical commumity as
a whole. The acceptance of ‘traditional' methods of achieving
certain ends must give way and yield to new techniques. The
microelectronics applications are most likely to manifest
themselves in areas where the information processed is not
conveniently verified by any individual, (as in the case of mask
layout designs) producing a doubt in the minds of many as to the
accuracy of the results. This inability to verify, to confirm
the results is a condition that must be accepted to enable the
valuable conclusions to be applied with confidence.

A decentralized design philosophy is approoriate for the
region. The designer needs only the application design criteria
and the design rules for the particular technological process to
perform his task. It is not necessary for the design center to
be located in close proximity to the fabrication area. It is
necessary , however, for the design center to be staffed by a
technical staff of sufficient ‘technical mass' to handle any
applicatons that might be encountered at the particular location.
The nature of the design function is special in that solutions to
individual design applications can be applied in whole or part to
many other applications. This indicates that the maximum
interaction between designers would accelerate their learning and

efficiency. Designers are creative elements within the
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microelectronics field and require a certain level of interaction

among their collegues to maintain a level of "mental health".
Accordingly while it is feasible to locate design installations
remotely from the fabrication facility it is imperative that good
comunications be maintained between design facilities and the
fabrication facility. By dispersing design centers throughout the
region a closer contact can be maintained between the designers

and the users of applications.
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E. Plan of Action:

A successful plan of action in applying microelectronics
technology could be organized along lines consisting of
functional divisions and implemented by programs designed to
achieve specific goals independently o lines consisting of
functional divisions and implemented by programs designed to
achieve specific goals independently of each other. Such
programs can pursue several activities in parallel when organized
and executed with close coordination. To be successful it is
necessary to identify quite precisely the specific goals that are
desired and set priorities to control the timing and use of
generally scarce resources; ooth technical and economic.

Let us assume a list of desireable goals that could be
attained from those proposed in conversations held with industry
principals throughout the mission:

1) technical proficiency of regional applicions

2) economic viability of regional application

3) regional selfsufficiency in microelectronics

4) ecomonic viability on a world scale in microelectonics

In order to achieve these identified goals one must set
priorities, consider which goals have common elements among them,
and then organize a program of action to achieve the common
elements; thereby securing the maximum value froft expended
resources.

One can now consider a three fold approach in developing an

action plan:
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l.veeeeeeeeess Define priorities;

a) To aquire advanced technology in
microelectronics to intelligently direct and
guide the technology applications to extract
the maximum benefit from the technology for
the region.

..+ meets goal 1

b) To develope regional self-sufficency in ALL
aspects of microelectronics technology; i.e.
microprocessor design and manufacturing;
microcomputer design and manufacturing;
assembly of region-specific applications, etc.

....meets goals 1,2,3
c) To compete on an international scale to
preserve foreign capital and reduce balance of
payments due to importation of electronics,
both components and assemblies in the
commercial and consumer sectors

... .meets goals 1,2,3,4

At the present technical level of operation, attempting to
achieve goals 3 and 4 would be very expensive and in my opinion
totally inappropriate for the developing microelectronics
industry of the region., Rather, the strengths identified
previously should be built on and enhanced, while improvements
made in the areas' considered shortcomings. This emphasis applies
to BOTH the "hardware" aspects of the technology and the
"applications/design...or software" aspects.

"In the inexperienced hand any tool reverts to a hammer" (7)
The microprocessor and other microelectronics "hardware” need

appropriate programs and applications to fashion the technology
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into something more than just an expensive hammer. A
demonstration project is necessary to achieve credability and
show a positive benefit from the technology. Even if offshore
hardware capabilities are used to achieve results, it would prove
a valuable example throughout the region and serve as a model to
emulate.

A particularly interesting evaluation can be made utilizing
an "Added Value" concept (3) as applied to growth in engineering
capability, in that if considered the primary yardstick for
evaluating microelectronics progress due to an activity, then the
process becomes straightforward and successfully integrates the
quite diverse factors of economics and regional selfsufficiency.

The main advantage to microelectronic technology for
developing countries is that a single program can sucessfully
handle many simultaneous similar applications even where only
unskilled personnel are available, With the aid of such a
programmed calculating device the expertise of the programmer is
extended and reproduced at every location where the program is
utilized. It is then obvious that the most capable and
appropriate programs need be developed.

‘By putting the computing power of a large main-frame
computer on a chip costing just a few dollars, by making these
chips cheap and easy to use, and with skill requirements
predominantly in software programming capability, microprocessor

utilization comes well within the reach of developing

countries.'(5)
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2eciecsessesessldentify Program Elements

1) MARKET SURVEY to determine what specific
applications need be addressed, and what

quantity of devices are required to satisfy the
need. Reference (3) will provide details and
important insights into required informations
"Product Marketing"

Initial DESIGN SPECIFICATIONS GROUP, reduces
applications to semicustom gate array logical
design functionality

Offshore supplied GATE ARRAY MASTERSLICE
customized locally for the application design
to gain experience in semicustom fabrication

4) SILICON FOUNDRY developes REGIONAL capability
to produce PMOS/NMOS/CMOS masterslices
achieving regional independence in GATE ARRAY
technology.

5) Improve/establish LIJKAGES between the regions
Universities and industry.

6) Consideration must ke made to the DISTRIBUTION,
SERVICE, AND MAINTENANCE networks for products
see (3)

Product !larketing Concepts are at the crux of the current
consideration, where to go after preliminary engineering
feasibility, what scale manufacturing is necessary to meet future
demands for the product? What price should be charged to make
manufacturing feasible? All these questions demand answers
before a silicon foundry can be justified. ‘It is important to
recognize that Product Marketing is responsible of IDENTIFYING
the correct market conditions.'(3)

It is very important to realise that education in this field
is not and cannot be stagnant. In other engineering fields you
would not hesitate to reject outmoded techniques of construction,

architecture, or transportation 30 years out of date. In the
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semiconductor field 5 years is equivalent to 30 in more

traditional engineering fields. Design engineers must constantly
improve their skills by working on successful applications, it 1s

a learning experience necessary to retain competence.

It is essential that appropriate linkages are created between
University workers and the developing industry. OGOne must realise
that the designers trained within the university system are the
CONSUMERS of microelectronic technology. It is these engineers
that will choose the particular microelectronic device used to
accomplish the application. It is unreasonable to expect local
engineers trained to use foreign products exclusively throughout
their education, and taught that these devices are superior, to
adapt locally produced devices into their application designs. If
one were to use the same mindset within another industry, say
chemical refining, and asked engineers to change their choice of
equipment manufacturer to one they had no experience with, you

would have a sizable argument!
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Jeeeseossseesess s Recommendations

Planning for a regional ‘silicon foundry' must provide a
global viewpoint which connects the entire process of utilization
of microelectronic technology; inception/design/inplementation
/manufacturing/distribution/maintenance should all be considered
in both a local and regional perspective. It may be productive
to combine functions in certain geograpbhic areas and separate
them in others. Careful consideration should be paid to the
possiblity of dividing technologies, such as bipolar and NOS
operations between different member states to avoid redundancy of
effort.

I recommend accelerating the development of application
programming ané design cdevelopnent expertise by utilizing
offshore vendor-supplied GATE ARRAY MASTERSLICE TECHNOLOGY,
utilizing a SINGLE LAYER CUSTOMIZ1MNG STEP, IETALIZATION, to
produce semicustom logic schemes dedicated to applications
indigeous to the region.

The fabrication process at a US silicon foundry, MOSTEK, was
simplified to one product, an MOS GATE ARRAY MASTER SLICE,.
MOSTEK had produced a variety of MOS products prior to takeover
of the company by UNITED TECHNOLOGIES. After the takeover a new
philosophy was imposed on the fabrication process to produce a
single product suitable for almost all applications in the
company. MOSTEK choose NMOS technology as its single process

standard and proceeded to adapt its production to that single
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technology.

In order to produce the wide variety of applications
necessary for such a large company, the fabrication processing of
the silicon wafers is halted just before the final
interconnections of transistors is performed by etching the metal
interconnect layer. At this stage a special semicustom mask is
used to apply the custom desién pattern from the design section
computer by means of a photolithography procedure. The final
metal interconnections are then formed by etching metal lines
between each transistor necesssary in the applied pattern,
producing a semicustom device. The GATE ARRAY approach has the
highest flexability in product applications primarily because
changes from application to application are made only in one
process step, the metal level mask, and the rest of the
fabrication process remains unchanged. This approach makes
minimal changes in the more difficult steps of the fabrication
process and results in an optimal yield.

‘The MNETALIZATION step is the process where all the
individual transistor on the chip are interconnected into an
"integrated circuit". A thin metal layer is evaporated onto the
silicon wager under vacuum conditions. A photbresist step
exposes a semicustom mask whose patter1 defines the specific
application the device will serve. The metal is etched away
leaving interconnections to satisfy the logical requirements of
the design engineer. It is this step in the process that
differentiates gate array devices into the different

applications.' (6)



This GATE ARRAY approach is viable for PMOS, NMOS, and CMOS
masterslice technologies as suitable design software is
developed. Logical design software can be written such that the
applications designer is unaware of the particular technology
actually used to construct his device.

The GATE ARRAY approach is also viable from a hardware
perspective., Since the design methodology is independent from
the process technology, a simpler process can initially suffice
to begin indigenous production via a regional foundry such as
Mansour. This would enable a PMOS masterslice process to satisfy
the starting requirments for product, allow changeover to NMOS
masterslice production when it becomes a viable process, and
ultimately permit utilization of a CMOS masterslice process when
it is supportable at a regional facility. It should be pointed
out that this sequence of processes corresponds to the historical
development of the technology AND reasonably expresses the
relative degree of difficulty in implementing the repective
technologies, I do not believe it adviseable to attempt to
circumvent these process learning steps by leaping into a more
advanced technology before perfecting the predecessors.

At the present time a GATE ARRAY approach could be started

with no in-house masterslice processing at the Mansour facility.

Mansour has the capability to utilize vendor-supplied
masterslices and also to manufacture the metal level customizing
mask. What would be required is an optical pattern generator to
transfer applications designs from computer tapes into processing
masks to customize the purchased masterslice into a finished

product.




The etching and mask processes are currently supported in the
bipolar lines and would need minor changes to implement this step
for GATE ARRAY masterslice customizing. An interactive graphics
mini-computer system, possibly a HP 9000, would also be required
to complete the automatic handling of design data and could also
serve to make minor corrections as very few designs are totally
error free.

It is imperative to share the scarce resource of technically
trained personnel within the region. Currently technically
trained persons are lost to the technical community by vertical
mobility. The trained people are successful and rapidly advance
to the administrative levels where there exists a great need for
their talent. This advancement, while necessary, contributes a
significant drain on scarce technical resources. Concurrently,
the administrators find little opportunity within their
administrative functions to retain their technical expertise and
become ‘obsolete' in their fields within a short span of years.

UNIDO/ECWA could serve as a coordinating organization to
initiate regional information exchange via lectures and symposia.
They could also organize a series of short courses presented by
experts from outside the region and attended by WORKING engineers
to accelerate learning in state-of-the-art technologies. It was
suggested at the University of Baghdad that some form of faculty
exchange between Universities both within and from outside the
region would enhance the flow of new technology into the
educational sector. Included in the appendix are brochures

illustratinc the nature of activities currently being pursued in
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developed countries to achieve this technology transfer,

It would be advisable to consider the experience of the
French in creating a design capability. The creation of such an
infrastructure as a result of government policy does not parallel
the path followed by most developed countries, where a strong
profit motive and abundant venture capital provided motivation.
Their experience may provide addition insight into other possible
alternatives.

The capital investment required both in personnel and monies
would be reduced by approximately 15 % over what had previously
proposed, $ 50,000,00 US.(6), if the silicon foundry was
incorporated into the Mansour site. The savings would be due
primarily to the sharing of existing support facilities, namely
the Deionized water supply and the Air liquification plant. The
personnel could also share management structure and administraive
support functions.

It is feasible to share costs of such a facility by the
formation of a syndicate of investors, quite similar to the
approach in developed countries, that would limit the financial
exposure experienced by each individual member, and would
distribute income and products within the syndicated area.
Several regional financial groups have expressed interest in the
microelectronics technologies supported by such a silicon foundry
approach. (1)

‘Developing countries should not set up plantc to manufacture
products that must be manufactured in "high level" technical
operations to meet the cost and quality standards needed for

international competitiveness, where the constant rate of change
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of technology is discouraging to newcommers, and entrenched
competitors enjoy substantial marketing and production

advantages. ' (5)
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3)
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Addendum

Special Addendum in reference to Mansour Unit Production
by Dr. Rene Micolet

Laboratoire d'Electronique dt de Technologie de 1l'Informatique
Centre d'Etude Nucleaires de Grenoble, Grenoble, France.

The Mansour Unit has been implemented for the production of

Silicon Bipolar Transistors (NPN,PNP) and linear int

The Mansour Unit has been implemented for the production of
Silicon Bipolar Transistors (NPN,PNP) and linear integrated
circuits., The IC's produced by this plant are based on SGS-ATES
technologies, and for applications in the field of professional

(operational amplifier) and entertainment equipment (radio, TV).

In fact, the field of applications of such processors is much
larger than those corresponding to the present production, and
there would certainly be good opportunities to satisfy other
needs of the market with the same family of processes.
Potentially, these processes may be used to produce perhaps
nearly all circuits working with a voltage supply 1 to 45 V
(depending on the characteristics of the epitaxial layer) and
operating frequency approximately equal to 50 MHz and a power
dissipation 0.5 to 5 Watts (depending on the pac.age chosen).

Moreover, one process could be adapted to integrate mixed linear
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and logic functions, the latter being based on I"Squared"L

structures with bipolar transistors.

Generally speaking, it is probably not worth to continue in the
area of standard ICs whose market prices are very low due to
strong competition. It seems rather more promising in the future
to develop original ICs for special purposes (the so-called ASIC:
Application Special ICs): CMOS is, of course, the dominant
technology for ASIC, but there is a niche for the bipolar ICs
whose processes have been experimented in Iraq. This niche
exists for example, when there is a need for low noise at the
imput (to amplify small signal delivered by sensors with possibly
added logic) and/or high power at the output (to drive lamp
relay, motor), or relatively high frequencies. These new trends
would certainly imply the implementation of design centers with
trained people, aimed at developing the creativity of engineers

in close contact with the equipment manufacturers.
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Appendix




Electronics

In Minnesota, high tech begets high tech. With homegrown titans such
as Control Data, Honeywell and Minnesota Mining & Manufacturing
(3M) nurturing new enterprises, developing new products, providing
executive talent, venture capital and exchange of ideas.

From the small job center started a generation ago by Engineering
Research Associates in St. Paul came Sperry’s Computer Systems
Division (then called Univac) and Control Data, which in turn, have
launched more than 60 other high tech companies. At this same time
in 1956, IBM chose Rochester as a manufacturing site. Today, the
1BM Rochester facility employs 7,100 people in manufacturing and
development on 593 acres, while Sperry has recently opened a $175
million semiconductor facility and moved six of its ten corporate
technology research centers to Minnesota. Combined, all of these
companies produce a diversity of electronic products including
computers, hardware, software, semiconductors, manufacturing and
testing, measuring and controlling devices, communications
equipment and robotics.

Fast-growing small and medium size high tech firms have enjoyed
explosive growth here. CPT grew 14 times larger in one decade.

Data Card expanded seven times larger during the same period. Cray
Research grew from 21 employees to 1,336. Control Data doubled
its home state work force to nearly 23,000. Honeywell increased

its headquarters employment by 13% and is spending $43 million on
buildings and additions. And on northern Minnesota’s fron Range,
noted for its gigantic taconite processing plants, Hibbing Electronics
has expanded five times in 10 years, from a handful of employees

to more than -100.

Minnesota ranks third in the nation in the dollar volume of electronic
computer equipment sold by United States companies. Minnesota
computer, peripheral equipment and related parts manufacturing
plants total over $3.4 billion annually.

Much of Minnesota’s success in capturing such a large share of high
tech industry is attributed to its founders and leaders who are native
Minnesotans. They know the state, its values, its benefits. And they
are eager to attract new high tech ventures to Minnesota.




Education: high standards,
high goals.

Minnesotans are keenly aware of the relationship between the quality
of the state’s education system and the technological progress vital

to the state’s economy. Governor Rudy Perpich has expressed his
intent to make Minnesota “the brain power state in the nation” recog-
nizing that an mvestment in education is an investment in Minnesota’s
economic stability and quality of life.

In 1983 the Minnesota Legislature passed the Minnesota Education
Technology and School Improvement Act for K-12 public education.
Its total approach to the use of technology in the classroom is
heralded as one of the best in the country. Continuing innovations
include the Talented Youth Math Program (where gifted secondary
students move on to study in collegiate programs) and teacher
upgrading programs with special motivations for further study and
assignments.

Minnesota’s commitment to quality post-secondary education is
broad-based, including the humanities and arts, and extends across
the full spectrum of educational opportunities. The state has 33

Area Vocational-Technological Institutes, 22 public and private com-
munity colleges, 24 private liberal arts colleges, 7 state universities,
and 5 University of Minnesota campuses. Four-year engineering
programs are now offered at Mankato and St. Cloud State Universities
as well as at the Duluth and Twin Cities campuses of the University
of Minnesota.

Minnesota’s public and private colleges and universities offer educa-
tion in computer-related fields, such as aerospace studies, cornputer
science and microcomputer studies, data processing, nuclear medical
technology, pre-engineering and mechanical and electrical engineering
technology as well as in other professions and the liberal arts. In

fact, Minnesota's private colleges and universities account for as much
as 50 percent of the state’s Baccalaureate Degrees in physics,
chemistry and mathematics.

The University of Minnesota offers high tech excellence in many areas.
The Twin Cities campus is the largest urban campus in the country,
and one of the nation’s major research universities located in a metro-
politan area. Within the University’s Institute of Technology, the
Department of Chemical Engineering ranks first and the Department
of Mechanical Engineering ranks fifth nationally.

The University of Minnesota is working hard to put Minnesota among
the top eight graduate schools in the country by 1991, seeking more
research support and academ:< chair endowment from state and
private sector partmerships.

Similarly, the goal of the University’s new Super Computer Institute
is to retain Minnesota’s worldwide super computer leadership, a role
coveted by Japan




R&D funding will rise
to $110 billion in 1985

Our annual forecast finds planned funding
going up by 13.4% overall. Federal funding increase
leads the way, but industry still is
major source of dollars.

C.J. Mosbacher
Executive editor, R&D

O RECESSION FOR R&D. That’s the 1985 sce-

nario based on the studies leading to our fore-

cast of $110 billion total funding for this year.

Compare that to the total United States

economy. The consensus of economic studies in late

November called for real growth in the gross national

product (GNP) of 3 to 5% in 1985. Inflation is expect-

ed to stay low at 4 to 5%. Thus total growth of 7 to
10% is foreseen in the year ahead, barring calamity.

But, again barring calamity and using a revision of
our 1984 forecast as a base, R&D funding should rise
13.4%. The implication is that the proportion of GNP
spent on R&D will continue to increase, as it has each
year since 1978. In 1984, 2.7% of GNP was spent on
R&D in the United States.

That percentage comes from “National patterns of
science and technology resources 1984, NSF 84-311,
the latest overall data on R&D funding from the Na-
tional Science Foundation. While distributed last fall,
its foreword is dated February 1984. According to this
document, total R&D funds for 1984 were estimated at
$96.975 billion, with the Federal government providing
$44.270 billion, industry $49.375 billion, and universi-
ties and nonprofit organizations $3.330 billion.

The performance profile, or who spent these 1984
funds, is given as $10.800 billion in Federal govern-
ment laboratories and R&D centers, $72.000 billion by
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industry in its own facilities, and $11.375 billion by uni-
versities and their associated research centers and
$2.800 billion by other nonprofit institutions, giving a
total of $14.175 billion.

NSF also estimated that 12% would be spent in
1984 on basic research, 22% on applied research, and
66% on development.

In our January 1984 forecast. we projected total
funding for 1984 as $97.8 billion, with $50.5 biilion pro-
vided by industry, $44.5 billion by the Federal govern-
ment, and $2.8 billion by othct sectors including aca-
demic and nonprofit organizations. Our performance
projections were expen-itures in industry of $73.9 bil-
lion, in Federal facilities of $10.5 billion, and in other
sectors of $13.4 billion.

In addition to NSF 84-311, we also considered lat-
er data in revising our 1984 forecast to provide a basis
for this 1985 forecast. We checked changes in Federal
funding as monies appropriated by the Congress were
obligated to specific projects and then were actually
spent. We monitored changes in plans made by indus-
try as revealed in financial reports and other docu-
ments and in conversations with executives in a num-
ber of companies. And we also monitored and checked
leaders in academic and other nonprofit organizations.
These procedures lead not only to the revised 1984
base but also give insights that aid our forecast.
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Our revised base for 1984 gives a total of $97.0 bil-
lion for R&D funding. Industry provided $49.0 billion,
the Federal government $44.7 billion, and other sec-
tors $3.3 billion. Thus industry provided 50.5% of 1984
funds, the Federal government 46.1%, and other sec-
tors 3.4%.

Revised performance data for 1984 are $72.0 bil-
lion for industry, $10.8 billion for Federal facilities,
and $14.2 billion for other sectors. Thus industry spent
74.2% of available funds, Federal facilities 11.1%, and
other sectors 14.6%.

While the revision in total funds is less than 1%,
changes in the categories range from 2.5% to more
than 21% in the smaller funding and performance lev-
els for the academic and nonprofit sectors. What
caused these changes from our earlier view and how we
arrived ar the sector levels of expenditures and perfor-
mance forecast for 1985 that are shown graphically at
the beginning of this article will be discussed sector by
sector in the following paragraphs.

Incidentally, had we not revised our 1984 data, we
would show a 12.47% increase in 1985 funding.

Industry spreads its support

By last June, NSF had received replies from 87
companies representing an estimated 53% of all R&D
industrial funding in the United States. Projections
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based on data received were $49 billion of company
funds to be spent in 1984 and $55 billion in 1985.
(These data are reported in *‘Science resources studies
highlights.”” NSF 84-329.)

Our discussions with executives in a somewhat
smaller group of companies chosen to balance those
that fund R&D cyclically with the economy against the
countercyclical segment provided similar data—so
close, in fact, that our industry figures round to the
same as NSF's. An increase of 12.3% in funding and
12.8% in expenditure levels from 1984 to 1985 is indi-
cated.

However, that does not mean that industry is put-
ting more funds into its own facilities than into other
sectors. The opposite is true. Late in 1983 the law was
changed to remove major restrictions on cooperative
R&D, allowing industry to form such new groups as
the Semiconductor Research Foundation. This change
also allowed nonprofit organizations such as Battelle to
seek wider support for cooperative projects.

Industry also is expanding its funding of R&D in
the academic area, continuing a trend from 1983.

NSF 84-329 also provides breakdowns of company
funds to be spent in 1984 and 1985. For 1985, chemicals
and allied products account for $9 billion, machinery
(including computers) $10 billion, electrical equipment
$11 billion, motor vehicles and their equipment $6 bil-
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lion. aircraft and missiles $5 billion. professional and
scientific instruments $5 billion, and all other segments
$9 billion.

For 1984, the comparable estimates are. in bil-
lions, $8. $9. $10. $5. $4. $4, and $9. The largest in-
crease, 17%., is in the professional and scientific instru-
ments sector.

To summarize, we expect industry funding to nise
from $49 billion in 1984 to $55 billion in 1985. with in-
dustry providing 50% of all R&D funds in 1985. Indus-
try performance will rise from $72.0 billion to $81.2 bil-
lion so that industry will spend 73.8% of all R&D funds
in 1985, down slightly from 74.2% in 1984.

Federal funding up significantly

Our forecast is that actual Federal funding for
1985 will increase 15.2% from 1984 to $51.5 billion.
Performance in Federal facilities will rise 14.8% to
$12.4 billion.

Such a large increase was not evident early last fall
as the Congress and the Administration battled over
acceptable levels for appropriations. NSF was the
beneficiary of an early budget decision and appropri-
ation with a significant increase. The National Insti-
tutes of Health benefitted from an appropriations bill
that significantly increased funding, primarily because
a companion piece of legislation provided for expan-
sion of the number of NIH institutes. While President
Reagan vetoed the expansion, he approved the appro-
priations measure, thus giving NIH more money for
grants and other programs. For example. money for
AIDs research was increased significantly.

But most government funding was provided by an
omnibus appropriations bill at the last minute that gave
the Administration much of what it had asked for in its
original requests for R&D funding, pius addiional
amounts that the Congress tacked on. Thus a more
than 20% increase in Dept. of Defense-sponsored
R&D survived, for example.

Thus. the Federal government will account for
$46.8% of total funding in 1985, somewhat more than
the 46.1% in 1984. In performance. the Federal share
of the total rises from 11.1% to 11.3%.

Universities and nonprofits gain

Funds provided by other sectors rise only 6.1%.
from $3.3 billion in 1984 to $3.5 billion in 1985. How-
ever, perforraance in these sectors really jumps, from
$14.2 billion in 1984 to $16.4 billion in 1985. That is a
15.4% increase, leading to these sectors rising to
14.9% of performance in 1985 from 14.6% in 1984
while their actual contributions fall from 3.4% t0 3.2%
of total funding.

As noted earlier in the industry section, transfers
of funds to cooperative R&D projects are creating
more activity in the academic and nonprofit sectors.
When Federal funding increases are added. the effect
is a significant jump in performance levels.

The overall result? No recession for R&D. It
woul 1 take a significant slowdown in industrial activity
coupled with a virtual elimination of R&D funding by
the Federal government in its fiscal 1986 budget to
make R&D funds decrease in 1985. The probability of
that, in our opinion. is zero. RO




EDITORIAL

U.S., JAPAN, AND THE REST

THE UNITED STATES and Japan are entering 1985 with courage
and optimism. The other countries of the world also are entering
1985. In the U.S. and Japan. strong technology drives strong
economies. In the other countries. weak technology is accompanied
by faltering or even foundering economies. rampant inflation. poor
exchange rates. high unemployment. and or declining productivity.
Says The Economist in reference to the nations of Western Europe.
*[This] problem has outgrown its economic dimensions and now has
political consequences. . . . few doubt that Europe is in real trouble.™

To some it might seem that nations other than the U.S. and Japan
are in a desperate search for a perpetual motion machine. Thev are
trying to find an economic unit that produces more energy than is
putinto it. For example. the U.S. staffs its industrial firms

with some 32 R&D scientists and engineers per 1.000 industrial
workers. slightly above Japan's ratio. And Japan exceeds all other
national ratios by 25% or more. with nearly double that of France.

The same situation applies when it comes to funding research and
development. Europe’s two leaders. West Germany and the UK. together
spend an amount approximately equal to Japan's. With France and [taly
included. the total for Europe’s four big spenders on research and
development is well under half of that for the United States.

R&D funding in the U.S. should increase by 13.4¢7 during 1985 to
hit an annual rate of $110 billion. Such an increase is detailed

in our annual R&D forecast. elsewhere in this issue. This prediction
assumes the operation of a major philosophical difference between
U.S. and Japanese businessmen, on the one hand. and European
planners on the other. Our projection assumes that the proportion
of the gross national product that is spent for research and
development in the United States will continue to increase. as

it has in each of the preceding six vears. In nations where this

is not the case. technology inevitably lags. then the economy lags.

For the U.S.. this is a notable landmark. It is the first vear 1
that R&D funding has topped $100 billion. And it continues the

recent trend with industry controlling more of the funds for

R&D than government does (855 billion vs $51.5 billion). a fact

we applauded when it first occurred several years ago.

It is good to see the strength and economic health of the U.S.

and Japan, but Western Europe and the Third World countries also
occupy portions of Spaceship Earth. There is no room for vast
disparities of employment. of inflation. and of other important
economic factors. We echo the sentiments of The Economist when it
concluded its appraisal by saying, *"The new technologies . . . are
taking the drags off the wheel of human activity and letting it move as
fast as human imagination can spin it. Won't Europe jump on board?"

editor
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Applied
Robotics
for Industry

Fundamentals, Structure,
Applications, Problems,
Planning, Economics, Trends

A Three-Day
Intensive Course

March 25-27, 1988
East Brunswick, New Jersey
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Solid State
Electronics
for
Non-Electrical
Engineers

A Three-Day Intensive
Course for Engineers,
Designers and Scientists

March 4-6, 1985
East Brunswick, New Jersey

April 1-3, 1985
Houston, Texas

CONTINUING EDUCATION
THROUGH TOTAL INVOLVEMENT
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Fidins ancd contings aie cpphiesbinc very broad spectran of
applicanons which can be sabsbvided ilo hive genene areas
« aputically tunctional « chemically functional

« mechanically functional  « decorative

+ electromically functional

Knowlevige of the ondertying scoences developmentsan
tevhnology and appleanons dare growing al an expanential
tate Engineers. scientists and managers working i most
areas of high techinology have o deal with coated malerals
This coutse s addiessed 1o them and may be considered as a
velucle to aequont therm with the wide specium of coaling
tectinologes ared then apphcanons Such knowledge s
assental i artiving ar the corpsct desasions on lechmeal and
ecoenomic qroaids Vhis course will be taught by o caretully
selevted groaps of prachoing experts in theit helds Siee thisas
an overview. the subjescts cannot be examined i grear depth
althongh evety attemmpt will be ma:de 1o present the matenal at
the cuting edge of techinology Thisas also notaconterence
ient materead s
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pavsented exclusively a
schedled each - tay
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This will 2 ther [lth onfonmg of s course. whinch wes offetesd
tor the Lrst e i 1928 ancden the cooehination ot £ Hontan
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Arcgeles Cabibtung Soderkoping Dweden Thayos
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Asthe cover shows the core subjecta 1o be covered are the
baasic bachalogies 1or the deposiion o ftlins and coalings
These ate the Phiysical Vapor bepositon (PVD) Procosses
consising ol Evaportation Sputening and lon Planag

Chenucal Vapor Deposihon (CVD) and Plasima Assisied
Chenenl Vapor Deposinon (FPACVD) Electiodeposiion and
Elewctiotess Platng Thermal Spraymg. Plasma Spraying andd
Detanunon Gun Technologies and Polymenc hlm deposinon
techiologies In each of these. the sciennbe background basie
technology. advantages. inutanons. stiuclaral/propenly
relatouships and appheations are discussed. Supporlive o this
Yursic theme are lectutes on sulnects of connmon interest (o
sevendl echnokgies These are Adhesion ol Coaungs

Suthace Preparabon Role of Plasmasain Depostion

Processes Shucture of PYD Deposits, Mcrostiuctuie of Filins as
Heveahiad by TEM and SEM Tedchnigques . Mechameal aied
Inbokoapeal Propemes of PVD Deposits: Elemental and
structural choactenzanon s honques and Non Elemental

coann g charctenzanon lechinnques  Examples of applhivations
will be covererd by the vorous lecturers thioughont the coarse
Twio onor areas of appheanons Electrome Matenals aned
High Tempentans Coatngs  ore tieates b sepaiate €F)
shant conrties

A Lok Dlepeattont Denbiriobongies fon Fadiis and Coanngs Noyes
Pabhicauons conuthored by the present lecturens witl be
provited to each attendee i additon foosapplinentary notes,

Cowrse Dimctor Rointan F. Bunshah D.Bc.. [otesson

Matenals epeitment School of Fragimeening and Apphied
Seience UCLA s achvities e Lo nitenals synthess
vacuun metailurgy propaetty peelaneashipes
bBromaterials nuvlecn feactorn thateniale sipaacs processing ot
matenals 20 Bunshahos imternationally kroowri as o oxgert in
vacawm mebailnegy and e et syoto-as He bos beonoa
pronesian physical vopor Sepeaabon especntlly g evaporation
techinology for memale Glloys and cetiaceay oo s

He: has carned out and pablished ol ol the teasie

sttacture/ propeerty relatonsbeg work b soch Connags Hee

Biographies

et

developed ard chared the Tnteman nal Conterence on
Mewallurgieal Coatings. whieh hos bescame an annual event bor
the pxast seven years D Bunshab has Leen develgang short
course it metallurgy s e 1957 He was the oo lounsder and
hirst choiman of the Vacuum Metallusgy 1hvision ol the
Amencan Yacoum Sociaty and in 1971 the President of AVS

He 15 the editor of Techniques in Melals Reseaich, a |7 voluiie
teference set He s an the Edional Board of Thin Sohd Films
Senes Coorfinaton for Matenals and Processes Short Course
Senes and member of the Avadanne Advisory Councl for the
Continuing Edacation fnshitule

Ins:tuctors:

Jon-Otto Carlsson. Ph.D. [naent Vppeals tinversity Diepantment of Chienstry
Sohd State Chemstiy Citongs Heeoarmees oot b ondue ts resansech on chietneat
voapion depasnon (VD) o areas cd ennpshoasis e design ot CVD expetanents
e le on kimeties e delhing aeed bactees ainftaenoog the morphology adhesion
ad g erties o VE atenals

John G. Fish. Ph.D.. Menbet of the Techmceal Stoft Central Research Loboratones
anid Corporate Managet of University 0D Reconning Texas Instnaments. Ine

Dallas Texas His tesponsibiities have included consubustuen and taboratory
evaluaton ol all aspects of polymer tlechnology as used an the electiones indusity He
has worked cnnany coatng technologies o mctoslencteomios. ponted cireust boasrds
and adhesives as well as decorative aod protective applications lor equipmen?

Birgit E. Jacobson. Ph.D.. Assistant Prolessor at the Depanment of Physics and
Measurement Technology  Linkoping University Sweaden She has beenanvolved in
tesearch in coaling technology sinca 1926 unhl recently ot Stanlord University and an
prosent at Linkoping University This tesearchas tocused on the relanonship, belween
prcessing patameters and the micrastiuclute ol deposited hims and how these
lexatares can be vaned and optimzed i order o anmprove hiin properss

Donald M. Mattox. M.§.. Supetvisor of Surtace Metallaigy Davision of Sarha
Nationagt Laboratones a Departinent of Energy Laboratory . Albuquengue New
Mexico He has been active i surlace sowence aned than ik technology tor many
years and has pubhished sxiensively in these ansis Al present his octivihes are in the
Grexs b coanngs for erosion and wear resiskance soloe absarbang coanngs and
coatings ot ose in Conttolled Thermonucloar Heactars (TOKVAMAKS) He obtained the
Fasine poatent on the fore Plating Process oy 1966 15 the geast charanim ol the Thi Fam
Divisson of the AVS (Atiencan Vacaom Society) the Vice Clennman ol the Pasion

Tew binelexgy Division and a member of the Eddonal Koot ol the Journal of Vacuum
Science and Technology. H
Apphoatons) ared s o et ob the Executive Counal cOthat grong

i the United Stales teptoseiiative o the Thin

G.E. McGuire. Ph.D.. Manager Analyncal Chenusty Labonatory Tektion hie
Beaverton Oregon De MeGane is carrently tesponsible bor thenteoducton and
appheation of new analytical kchmgues it Tektiong Heseareh Center: Previously
with Texas Insttuments. e dud tesearch on sulace charactenzaton e hoxues
investigating o hims ard metalhzanon systems used i thee mcroslecirones
wdusity He s a wadely pscognized capert sn auger and photoelection speaclioscopy
amed s 0 miember O the editonal board of the Journal of Eleciton Spectroscopy and
Related Phenomena

Morton Schwarts, M.A.. llexctron - heincal/Meta) Fanshing ©onsuitnt Los Angeles
Calibesrna He has been aclively engdaged i electiiodeposdion i prodocon tesaaich
and development for 38 years His tesearches inctude alloy deposiion eleciroless
deposiion precious ietals plating tor edecitones and magnet horgetnisticy of
pated conings o computers



Daily
Schedule

Each day will end with a 1-hour discussion
period to enhance instructor/participant
interaction.

Monday

303
Introduction and
Overview
(Bunshah)
451045
Plasmas in
Deposition
Processes
(Thornton)
L1230
Surface
Preparation
(Mattox)
kTR
Anatytical
T .
(McGuure)

(Mattox)
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I. Overview. Characterization and Cleaning
Technique

At cvetview of the topics o bwe coveted and heir
Hitettelatonshogs camineon concepts and dehnshions
Chassiicanon ot coating tectuagues and econom hactoas

Beveral deposiion plocesses wiclude the use of plasmas This
taik will thitteduce the concega of plasinas and methods o1
guenhetation

Thus hos tare will s us thie tators whl, Juvett dbeson ot
vematizeg Kothe SUESHGRe COLMMGALGI o0 Sal o es cledtoa i
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Fleinentatane s Sactuna Choracte st To R ues
et Satlace Analyncal Techinigues Plinciples ot

Mictopiobe SEM O TEM STEM v

The techtugues ke eleawentai atkalysis ot the sutlace
pruncakatly as i applies 1o Gies Will e bisotssed Dregoth
prohbiog ad thao it characienzation will be teviewes 1 he
pancipabios ot analyteal s roscopy wsitg the Micropirobne

SEM TEM STEM will be  fiscussed
Ten btngues ton the Chonatensanon ol . Oalings suchoas

hatdaess tests athosion tests thickness s ety
phole density menurenents et will be discussed

General Discussion

Tuesday
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Introduction to PVYD
Processss
{Bunshaly
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Depoaition Process
(Bunshah)

Gl o

3. Sputter
Deposition Process
Thuintan

fon Plating Process
M.rox

Film Growth and
Structure ol PVD
Deposila
Thornton.

1. Physical Vapor Deposition (PVD) Process
Evaporation. Sputtering. lon Plating
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Generas Discussion

Wednesday

LI STV })
Microsiructure of
PVD Coatings by
TEM and SEM
Techniques
{lacobson)

G 12 30
Bulk
Microstructures of

PVD Deposita.

Mechanical and

1. PVD Process (Continued)

The: i foshiacture eatures as teve et by the Transonssion
Elevctton Mutoscope and Seanmitag Elecion Mictoseope (5SEM)
lor VD CVEL and electia depositod Gling will be plesonled
Cortalations of shucture and praperies will he explored

The tactostiacture of batk PV depesits ihechamcal
Blupelties stuclurd/propetty teialonstugs will be jHesohled
Wour ol suth es and the 1ole of VRS T Werd! pievelition
lar etigineering suttaces o culling 10ols will be dis ussod

Tribological
Properties
{Bunshah)

HI. Chemical Processes
[ YY) The pinaiples texchitology miatencts depontend advanto jos
Chemical Vapor St E VD techineoes will be preseiited A
Deposition (CVD) BRSNSl e GBS Qe Tt 15 el dend
(Curlsson)

CVD Processes
(Thurnton)

b

The use o plasmas s enhan. g thae e s L CVD roscessos
(g o lewet Substal ethpaet Maie: i fedse Fahes) ang
dpphoanons will be s ussed

General Discussion

Thuisday

80 a0 0
Polymeric Coalting
Techniques

iFish)

LI L
Electrodeposition
and Electroless
Depasition
1Schwanz)

Chemical Processes (continued)
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Plasma Spraying &
Detention Gun
Techniques
{Tucke:e)

i i
Applications ot
Plasma Spray &
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Tuckeri

IV. Plasma Spray and Detonation Gun
Coatings and Apglications
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Daily Schedule

General Information

9:00 12:00 a.m.

1:30 4:30 p.m.

Thursday, Murch 7/March 28

* Forehineatals ob the L giagehy g ess

®har o b g et
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® How b b e L bt wr et edection Yot med oo ry
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® Electron beam and xray Iithography
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