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The joint UNIDO/ECWA 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 off ice in 
Baghdad for their assistance in logistical matters. 

Two members of a French delegation from DIEL!, 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 l'Informatique, Grenoble, 
joined the mission and contributed both to the discussions and to 
an addendum included in this report. 
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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 conprehensive 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 9roduce 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 

purpo~efully 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 
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------------------- - ------

' 

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. 
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t. 

A. Assessment of Current Microelectronic Technology Base in Iraq 

Throughout the mission to Iraq particular attention was paid 

to the operations level of seraiconductor 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 operation. This is not to say that this represents 

a Q~ALITY distinction, but rather that differing skills are 

required to perform at each O?erational level. 

Such a division of operations would resemble the following 

functional operations: 

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

B) Design and production of printed circuit boards and 
subassemblies 

C} Production of simple passive component parts, i.e. 
rezistors, capacitors, etc. 

D) Design and production of Solid State discrete active 
components 

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 •• bipolar/MOS/CMOS 

As one proceeds down the list, the operational level of 

technology necessary to zuccessfully perform the next level is 

cumulative. That is to say the previous step ~uGt be performed 

with precision and efficiency before the next operational level 
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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 ope:ation 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 Mansour facility in 

Baghdad, Iraq indicated an operational technoiogy 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 

inteliigently planned to take advantage of several factors: 

: The facility support functions, such as deionized water 

purification and air liquif ication, have been established as 

separate economic operations and provide service not only for the 
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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 liquification 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 Cheating, ventilation, and air conditioning) system is 

configured to allow adequate environmental control for existing 

operations and quite possibly could form the basis for a rr.ore 

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. CPMOS,NMOS,CMOS) 

: The facility is quite remarkable in ovQrcoming the rather 

severe environnental constraints; airborn particulate 

contnmination 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 amall device f~atures (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 bipolar devices C Simple 

Linear IC's> it has been 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 
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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 prof it incentive to ensure adequate 

supply. Delays in procure~ent also result from restrictions on 
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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 hlembers. 

The architectural section uses two-dimensional computer 

aided design tools CCAD} 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 

those used to design masks for IC's and both can conveniently be 

run on the same equipment with little or no modifications. 
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Hewlett Packard also sells specific CAD programs to design masks 

for IC customization if it ~s 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-T3E-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 su~~ort a design function. 

e) University of Baghdad, Computer Center 

A very helpful discussion was held with Dr. Salam N. Salloum, 

Director, Computer Science Department in regards to the 

computational facilities avail3ble at the University and the 
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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 

v~riables. 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 

have 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, I/O, 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 

Iraq. (CPU = central processing unit; Ila = input/ output 

functions) 

f) National Iraqi 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 1500 people and provides 60 % of 

the passive components necessary for assembly. The existing 

technology and designs are provided via contract with off shore 

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 Informalion 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 syste1s 

and facilitates the exchange of data throughout the country. A 

new Hewlett Packard Model 9000 system has bee~ 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 

National Research Council. 
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B. Technology Strengths 

A) Iraq Semiconductor manufacturing facility (Mansour Unit 

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 technology 

and complexity in the fabrication/design of Bipolar 

Linear IC's. (Note: See addendum for further details to 

achieve this increase) 

This inprovement would raise the operational level to E 

& F, and also allowing semicustom GATE ARRAY TECHNOLOGY 

to be processed at the plant. 

B) Due to the selection of one vendor's computer 

equipment there is cornpatability of computer systems 

nation-wide which enables educational resources in 

dcoign methodology to be shared in every area of the 

country. All sectors of the industry are connected by 

the central computational facility AND can cor.ununicate 

design informations through this network. 

C) Well established University programs exist with 

excellent support provided at t.he national level of 

funding to educate and train new junior engineers 

locally, ensuring a continuing supply of indigenous 
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engineers. 

0) 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 

installation~ will identify other strengths which could 

be incorporated into a regional seniconductor 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 

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. 

B) 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 manufactJre 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 foreign 

company/industry typically supplies design and 

guarantees the product feasi~ility ••• 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 a 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, 

but 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 su~cessfully 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 atwosphere 

within the technical community. This inovative spirit is 

directly responsible for the tremendous expansion in developed 

countries microelectronics capabilities. Many developing 
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countries loose their most talented engineers to countries that 

provide "perks" highly rewarding that talent. Each developing 

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 li~ely to manifest 

themselves in areas where the infor~ation 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 accep~ed to enable the 

valuable conclusions to be applied with confidence. 

A decentralized design philosophy is appro9riate 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 deaigners 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, considP.r which goals have common elements among them, 

and then organize a program of action to achieve the common 

elements; thereby securing the maximum value fro~ expended 

resources. 

One can now consider a three fold approach in developing an 

action plan: 
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1 ••••••••••••• 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" C7> 

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 nAdded Valuen 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 selfsuff iciency. 

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-f ra~e 

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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2 •••••••••••••• Identlfy 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 Marke~ing" 

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

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

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

5) Improve/establish Lil'lKAGES between the region~ 
Universities and industry. 

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

Product Marketing 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? Wh;.it price should be charged to make 

manufact~ring 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 is 

a learning experience necessary to retain c0mpetence. 

It is essential that appropriate linkages are created between 

University workers and the developing industry. One 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 raicroelectronic 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 ~ithin 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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3 •••••••••••••••• 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 geographic 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 redundJncy of 

effort. 

I recommend accelerating the development of application 

programn1ing and design c1evelopn•ent expertise by utilizing 

offshore vendor-supplied GATE ARRAY rlASTERSLICE TECHNOLOGY, 

utilizing a SINGLE LAYER CUSTOr·n:z1:·IG STEP, i1ETALIZ/\_TIOP, to 

produce sernicustom 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 appli~atio~s in the 

company. MOSTEK choose NMOS technology as its single process 

standard and proceeded to adapt its productioh 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 ;ust 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 design 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 transiator 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 rtETALIZATION 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 photoresist step 

exposes a semicustom mask whose patter.1 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) 
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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 s~quence of processes corres9onds 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 :evel 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. 
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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 lhe 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 opportu~ity 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 

illustrating 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 pr~viously 

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. Cl> 

'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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Addendum 

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

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

The Mansour Unit has been implemented for the production of 

Silicon Bipolar Transistors CNPN,PNP) and linear int 

The Mansour Unit has been implemented for the production of 

Silicon Bipolar Transistors CNPN,PNP) and linear integrated 

circuits. The !C'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 O. 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 r•squared•L 

structures with bipolar transistors. 

Generally speaking, it is probably not worth to continue in the 

area of standard !Cs whose market prices are very low due to 

strong competition. It seems rather more promising in the future 

to develop original !Cs for special purposes (the so-called ASIC: 

Application Special !Cs): CMOS is, of course, the dominant 

technology for ASIC, but there is a niche for the bipolar !Cs 

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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Electronics 

In Minnesota, high tech begets high tech. With homegrown titans such 
as Control Oat~ 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 Speny's Computer Systems 
Division (then c.alled Univac) and Control Data, which in tum, have 
launched more than 60 other high tech companies. At this same time 
in 1956, IBM chose Rochester as a manufacturing site. Today, the 
IBM Rochester facility employs 7, 100 people in manufacturing and 
development on 593 acres, while Speny 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-grooring 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 Iron 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 ·WO. 
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 techno!ogical progress vital 
to the state's economy. Governor Rudy Perpi~h has expressed his 
intent to make Minnesota "the brain power state in the nation" recog­
nizing that an investment 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, 2 4 private liberal arts colleges, 7 state universities, 
and 5 University of Minnesota campuses. Four-year engineering 
programs are now offered at Mankato and St. Goud 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, computer 
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 schooli;; in the country by 1991. seeking more 
research support and acaderr.:c chair endowment from state and 
private sector partnerships. 
Similarly, the goal of the University's new Super Computer Institute 
is to retain Minnesota's worldwide super computer leadership, a role 
ro"·eted 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 

N 0 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 afld 
$2.800 billion by other nonprofit institutions, giving a 
total ofS 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 othC" r :,ectors including aca­
demic and nonprofit orga~~Lations. Our performance 
projections were expen'1itures in industry of $73. 9 bi I­
ii on, in Federal facilities of $10.5 billion, and in other 
sectors of S 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. 



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 at 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 supi>'Jrt 

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 

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 produ<.:ts 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 rise 
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 che 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 appropnat1ons bill at the last minute that gave 
the Administration much of what it had asked for in its 
original requests for R&D funding. plus additional 
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. l % in 1984. In performance. che Federal share 
of the total rises from 11. l % 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. perforr.1ance 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% to 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 j take a significant slowdown in industrial activity 
coupled with a virtuaj 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. 11.'0 



EDITORIAL 
U.S., JAPAN, AND THE REST 
THE UNITED ST A TES 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. 
"[ThisJ problem has outgrown its economic dimensions and now has 
political consequences .... few doubt that Europe is in real trouhle. ·· 

To some it might seem that nations other than the C.S. and Japan 
are in a desperate search for a perpetual motion machine. They are 
trying to find an economic unit that produces more energy than is 
put into 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 25o/c 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 L'K. together 
spend an amount approximately equal to Japan's. With France and Italy 
included. the total for Europe's four big spenders on research and 
development is well under half of that for the lJ nited States. 

R&D funding in the U.S. should increase by 13 . .+cc during 1985 to 
hit an annual rate of $110 billion. Such an increase 1s 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 years. 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 
that R&D funding has topped $ HXJ billion. And it con.tinues the 
recent trend with industry controlling more of the funds for 
R&D than government does ($55 billion rs $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 lJ. 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 i11flation. and of other important 
economic factors. We echo the sentiments of The Economi.H 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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I. Ownlew. Bulk and Epitaxial Cryolal Growth 

''" • >V•·1 '·' "" 1 11,, r ·1 r t.. •.·• t•· J <111• j IL•·11 111h·r r··I il11 •1,• l.11 • 
,.,.1 r1·•1' 

1,., ~Id!< .. l11< 111 •!1 ,, ' I' .1.d II' ""''" h·· ~llll•j•JI''> 1t1 .. rr11• ·• ly1 Hiii•.., )i,.,,, 
111.J rn.1·-, !1.i11·.lt·r Hiii 'llil't Ill ''I"'' 11., ti slio Ill j ··h·t1111•j ·Hid 

i" l1-,l .. r1 1 I J,,. · r ''' 11 1 y-.1 di., 11.i1·h1 111•" t1 1111• 11 ,u, I ,.j,. Ir 1 

1! 11 1·•·1t. ;.;.11 t•· 11 °11.···I 

/f., 1·1 1 Ii• .11 111II111I11111·1,! 11 1· 1••·· !'>·•I' 1.it.u1.1I l/••Wlli ••I· 
1" 111' i • 11·1• , 1" j, 1· ' 1 • \ 1 , I 1· l 11· 1 1 ·t1 1·;1· , I •ii. 1 ~ y .111· I lwrr11 111 v.q ••I 

1. 1 •1 .. , ... 111 r .• 1 1 111· 1·1·1 ... 1111 tt ... '11·., 1<>11 1·. ,H,,.,,., 

·.1• ... I'"! .11 ltl• :11 j. I 111 111d 111·tt.tld:··· !11 .. tffl" 1,111.'Jll•. Iii j 

~. · .• 11 • II• 1· 

11 • 11.1• 1 l •I"'' 1-· ·! 1r1 1,., 11111 ~ .. ·,ur1 "1111 u;· w1il l>t• . 11 , ,1·.·.1·d 

1•1· l<1·h:, 1,,,,.1·n·p,u.1~1 •r• 111 t · 11.u.1• to·11 .. 1'11•r1. ,1 ,,,, .•. ,.t,·.tr.i!1 •trnl 

! II !111q "II iiT1 11' • t th•· •·lt•l'>l"h t"IJ... 

1'111 v1 l\'lt'""' ol MlH • ·'1J•11bdi111''> will h~· q1vPn 111• l,1•l1n·1-,,,1f1• t• 

ro· 1 11• ,, ~u1•·!1,.., 1w•I•·· L1l.11 l>1·0 u11 111h•r,,, 11,111• with '•llr! 1• ,.. 1l1•l !1.111 

l1itr, •jl• 'wtt. •>I 1 »llljh1tl!l• j So rr.i• •Fl' 111. I· ·I~ 

Ta ... •Y· Fellna•ry 5 
JI. Doping Techulqu ... Dlelectrlc1. 

Recry1tal111atlon. Metalllaatlon Sy1tem1 

l h•· I •11:<>1< , '·r11 ''f'I"' •>I' ldhi~w •ll .-u1d 1u11 11nplc'11JlrtlJ• •11 1 •r•" •'!>'·•·'> t• n 
lll!fr.,lti ll•~I ,, dt1j><Ull 1nlo 1h ... 1f<llllC'<H1du1 l111q -.11L-..!Mh· will ..... 
1•·•11·w,.,j 

1111• m1·tJi.,,J ... 1 •i•·dl111q w1tt1 Md1'1!1ur1 ,j<111Mqt· .tn•I rt" 1y-.! 1!l11c\ 

r,. rL 1n I rt, .. .., •. 1 .. , It< ,r, <lfl• I 1 lt-·1~ ···1l11in It"• lin11 j111•o.; 1, '' li•·I•·• II IL 111 ru-. 

.;,11: I·· 11·····1, .. 1 

1 f,,. t .. , ... 1 I•" 1•111•·rw·J1!'- 1! l ll,1111 .111.J ~., h,1!1W.y t..u r 1t•1 llLt-'1<1111.'<1 

t 1• •r1 ~, ~t .. ri L' w 11 I i )t• I , .. .,,,, 1lt« I l'r• ,, t-'><;1 "' / r· •• , 111 •rt•ri,.•11ls 1111 I , J .. q,,1 

l.111<•·1 ou" hc1111~111o.; ,,j t,,,1t. · 111,111· •1l1·l rr,.Jlr1l•·v1•J mt·!.11111.111.,n 

~~-.lt·mo.; will t .. • r>'llll"'W•'Li 

........ ,. r.• ... uy• 
Ill. O..lce Modeling. Integrated Optlcto 

Iii•· 111 .. tlu~t~ 01! dt•\11 "m.,.j,.1111.i .11111 sy!-.Tt·m ("1•r1h.i111.1l1<•r1 will t ...... 
j, • .,, r11 ... ,j H ..... \l.lfil <lt•111, ,. , ... ,, lrlhlflt .. !11<\lt•11,1t r.'llLJ1l't'llll'flh ~, •• 1 

1•11i. ,...,~ I' 11 t11,.-lo·ro.; will l>t• r1•v1•·Wt-•i 

•iet1·r·•~.!1ti< t1ir11l 11i..,lt·r1,1I"' c\11,j rr1<1lt"1111J syslt-ms h1r <iJ•lilt"lt•< lrtinir· 

,t ... v1• t''> will t .... ,tf>s~ rtl-t I Ii~· (l,1t1<·."1I .11id 1•liysw'1! l'nipt•rlws 

•Jt (;,.,J\.., A1,t;,, ,A., t;,1,!111 ,A:i,P,. J11Po111d St•lt>•ll"'\t Wl•lt• 

t,.u1.lq.11· h1·l .. Pll'lll' t "I'. wd! Lt• dis< 11s.-.1•d 

n..,.qy, Fellnauy 7 
IV. Materlal1 Cbaracterlaatlon 
( J,.. It•• hrH•jlll"'S lor ~ li1tft1t l~rt7111lj ltw t•l1•.1ri1 .~I, m- Ii lf'll '11 'ilrit< 

l\ir,11 ,\n•l t•lt·flll"'f\1<11' '''n11t,s1l1•H1 ·•I th111 111111 slr111 lur,..!i .-i11<l lht· "W:>rn1 

'or,d11,·11r1q -.ubs1Mlt" wdt t~ d1-.. 'J'is.t,.J Hotl1 Ira( t'! f'l.,mental n11dl).•1s 

,111,j b dk d1tH<1< ll"'rJ/,1lh>11 Im h111'1•11•s wdl t.ot• dtt11·r1tlf'1.1 
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• hil' t.lf,, 1111 I ... , .. t I· 11• !lw.r rt I 11' · j I,, J I It. ... ,,. r·•i "'11-. f,,1.,r1~ 

'l1·111 .. 11•.l111' 'I I "Ill!/ ~II.•! ~Ill •Viti·· 1, !• !JI• I ··•1 ··11,-..... j tl1•· .,,Ji I"' I 

lfi 0 1ll1•1 •lll•i ·II• .1l.1ilty '•· f•Tl";,.111 !1:1• rJ1<1h•1.,1l 11, ., j,.,,r ""u1111•1 tu 

·1 IH"l•"i".i•·l11l .11,.j,,.,1, •· JL1·l 'c.rd1111i111•j b1w .1!1r.r1lt1'>hll1l••1., h1·lii 

111q f,. ·J1.i1 ... rt,, ...,, ·rid ·! r"r11 •fl•iw L, 1 '' •1111 l111q -./., ., 1' . .i11 "'"• wh1• t, 
, li.dlf·1,-1•· •h•· 11111,, I • , I 11 

h11 11d<Jr111.1l11111 r•··1H1lir1·1 Nt•W lif•Hlf•llt• lif"w'·•luj,rflt>/1! <111!11·1 

(J1 '''"' 11 M.11< ,.. /Jr h11•,1t J,1, ,,t,s,•r1 
f-x1·•1i1111•· ll11,.1 .. 1 Fo.rL•I,..,,,, (J111·•t•1 

llJ~\tl'I W1I· ~•II• !'1. I fj,,...,..,1,,1 ,,)l','11•·11·11 '· 

1,,. Ar1•/"lo fl 'llJ/1,'·I ~. f.J,>(jjJ h11Sf"''''I ·;w1·d1·11 

L'I 0 •L'ol 'l'.·1'. 41, (l!l//1 l/',ltJ 

h •r 11.t. ,, m.1111 °r1 ,.i. •11 · ,,, · 1h· '''' "lfr'lfll'> hyl.11• f 11r<><JfrtUI!> ,11111' 11i. 

fl•n. J1r<"-1f·"''.,' ••r1!'1< ! llt·!1·r1 H~Jll'-•i'11 AsStx 1<1lf· (1Jl't•• l1•r ! J11 '.i!lt• 
1'1•.qr.11ri-. .11 ,/j ii H/4 ·1 1.4'. 

Monterey. CaUforn•a 
Thj· W1•sl ( ,.,1o.;I ,,f11•1111c1, 1llin;c•1.r'>t• will IH• l,t·l•l .1t ltw Uul1d!'ly 
11111 M<ir1h·r") J<H rtll·d ·t• lt11· lli'•.1, 11 111~1 r111rn1h•" lf•Jm < 0.\11111!] ( ·.,n 

111·1 t H•·w it,.. Nrt11'.tl J',,.,lqr.1.hi.t1t· :;, 11,,.,j ,,,1,j tli•· Monlt.-rtry" 1'11r1111 

•ail.1 A11 I'''' I h •1 I.. 11·] r .. .., •. , 11<1!1< ''" 1,lf·'1~·•·' •ti! 141.tk) !lJ4 i !LI !'lrul 
n..-JL1~·;,t lli1· • 1 •ril11111Lriq bl11• <tll' r1 JrJ,t1111to•. JlliljJ' r-111• .,, 11·,,st t/,~ 
Wt"t·h1·r1<·rl lh1·t .. ..-1111r1llo<l•·ltlJt' '"II~•· lh1·L•11i·ld·1drt"lt.51S/.f.l.(J 

.'1.1J1•I [lu11 .. ·. f lr1w• M•JHh·1o•y r 'A 'J1'1'1!J 

I tu· ·"lfV• It·•· 1r1• 11,,j,.,, t111!11ir1 • • J·JI'"' "'"1 .. r1.1b .11ul r .. fn•shn1t-ril1 

~.1, illy "'11·j•·r1t 111 I ,ir••llJ• d1-. • .,1,1,t• ,,.. .. 1\!'.111.d,( •• ! ·h .. r kli ,,rid p11r 

, li.t~•· • ,,, 1 .. 1 · .... t1• ·111· j b•· 11i.1, j,. I "'Y"l ·h· '" r),,.' "11t11p1ir1q Edi11 "''"" 

lr1s!1tqfl"' '111 I .tr1·, Iii•· ,r,,.. w ... ·~ 1•111 ,, '" 1h .. •"'JP>•· H1~lu11d ,,j !Ht" 
(j ... ;-. 111·•,, ,., ,, ··~·:111q. t. It'!•·) I'-, 'jl 1t1!f·,J ii''"" ··11<11h>ll Lli rttCt"lv,..j 

t~·t ., •. tli .. h1·,1 l.1y .,j tlu· • ,,.,. ... 1111· I '•JtJr.,1• IJir ... • lor .snd ('El 
r1·..,, /\'•·Iii•· IJ·jli! lo , .ti •. •·I r"· · tw1h,l1· ·r , t1.-i1u11• 111slni1·h1ri. 

Y· nJ m.-iy n .. 11-·h·r I 1y .-ii lu"' .111y , ,1 tl11· lc1ll' >w11111 Ht•q1~1r,,l11m ( 'ttnlf"rt 

"' l1y 111.1d1r1LI 1111· 11·411-.11.111.,11 11-rrn 1111 l)u· I~· k IHtllt-1 ol lt111 

hr .. , h11r .. IJ, 111•1 m<\d 1 ""l!~lr1tl1"'' l"r/I• 11 yr,,1 '""<jlttlor l1y phollt< 

A. "1d1r111.1l1• 111 l~·lh•r will t .... 1r111d ... J t1 ·,.,,Ii r• .. 11s11,tr1I y,,u mdy sl10 
,,..,,. lh1· r••·11-t11111, 11 t..1111 h,1 rt'<j'H·'flf1•1 .,llwr 111l1irn1,,t1011, 

l•f<<l1<1ff•S ·!1 '11!,.,,,,J('>t'l•f"l""'"'i!• •·I• 

1,,._ Ar1q1·h .. , 

W.-'l<;)1lll<JhHI fH. 
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( Hlj J '1'jf) ( 1J JI 
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ftl tx 
11!4 /HY < 'fl I.A 
"8#1'//ti t 'El tx' 
t.H/I I •t:i f.IJA 



rilms and Coatings 
lor Technology 

-\ ;' - :-1 . :)~ :-

,_ :'\.:·,:t ...... '--~ ,1l~t~~~:1~,: 

"" ;\ 
'. : : '. ~' ~ : ; '-: • : -' ! ·--: • .s : : '~ ~ t ...__ '' 

ca......iTe .. n 

Plasmas m St1udurl" Analyucal Clean mg 
DeFM-->s1t1on and Tedmtques and T__..._ P10t.:esses Properties Adhtta1on 

Physical Yapo1 • • • • Oepos1t1on Evop.. rulJC•U 

1PVDI • • • • Processes Sputlermg 

Jun Pla1ing • • • • Chemtcul Vapm • • • Depos1tl0n CVD 
1CVDl 
Prt.X"esSPs Plasma • • • As.s1stt>d • CVIJ 

t:l~:tr(Kiepos1l1on • • • 
Plasma Spray mg and • • • • Detonahon Gun Coatings 

Polymeru.: Coahn~ PHx-pss.,.s • • • • 
AppltnJl1on.s Optu:al1Mirroele1.:11onac9/Mechorucal. 
Chemtcal Corros1on,.H1gh Tempe1alure Co11os1t)n'Oe<-01a11vt> 

Ro1ntan £' Bun\hah 

Ro&ntan Bun!ithah 
Jan-Otto Carl"on 
John r"h 
B1rg1t Jacob"'on 
Donald W. Mallo• 
Gary McGuire 
Mor'lon Schwartz 
John Tho1·nton 
Rob1.•1-t Tucl"·r 

I:: I 
Continuing Education 
1n,tltute 

,. 

Intent 

Courae 
Content 

• 

New Feature 

Films and Coatings 
lor Technology 
f"dn1s rlH i ,·,~111nqs , .... 'll'J'li" I LIL•] V"t'I)' t,1ond SJ•f-'("ffdlll (JI 
<ll'IJlh .i!t<J!IS wh1< ti ( 1111 t-t• ~11t•l1v1,led uilt• l1Vt! 4pne1w 
• op,ttcolly luncr1ona' e chemically func:l1onal 
• mechanically lunrt1onal e rlec01a11ve 
• t>IPC"fron1rolJy tuncl1011al 

Kr1< •wle<l-Jt! u! lh<P 1H1•lt•rty111q ~.,·11'.""11<·,...~ ,J,.vt•lnp111t•11!s u1 

lt.,·hn·doqy \lt\•l <1J•pl1· •lh<JrlS •Ill' q11•Wll1il ,u dU t'XJ•tlrlPILll•ll 

lollt< f-:n,Jlllt..>t'IS. snurth!-.IS ond 11\0lll<hJHI~ Wl•lk111q lll lllUl'lt 

llH_ ... 1s 11! h1qh lt•1·bnuloqy h•1vt> 10 detll w11h ( tJ11ted 111t1lt-irtt1b 

fh1s (", )111St• is t1dd1t•ssPd lo tlit>1H oind r1111y t>t;t ··u11s1do1ed cas ,1 
11ol11dt-; f(, q,·r~ll•ILILI lht•1n with rtu• wide ~:rieo.:11u111 ol Cll(J\111<..J 

!ii-·•{"~lliUlc l(Jlt!S 011' I lht•ll clppli< "c 111(!115 ~;llt"h k.111 iWii:!'I iqe IS 

t_~S..">Pntuil 111 (lf/IVLIHI oJI !ht:>• 11/ft"- I •h" 1~;1u11s ""If>< hr11cul nn,1 
f'o,"( IHJll\IC •llllll/l•b ·; fi1:; l •HLISI' W1Jl J1t> l[JlHJhl by •I l'lllt'li!lly 
St•Joo lt•d cJflHlJ, .,j l'/00·11,·111<_J t.!XJ1tHls HI !lu•ll ht•!,j~ ~)11Wto thts IS 

•J!I •J\lt•fVlttW !ht~ ~,iih)t>o"f!-.C•ltlrl•>I t .. , AX•lli11n1~·i It• qlt"'l' '~uplh 
<1llh• 111qh t•v..-ry <1lh·rn~1t wdl t,._, 111<1 It• !o pr0St!f1l th~ ll1lllAr1ul qi 

!ht• l lllllny t•11qt> ,, tt ... llfl• ,(, ~o1y rl11~; I~ ·Jlsi:' I\< •1 'I' f 'r1h·IP!l•"t• 

wh1•11• lhe [.Jlt~"">l lt•St~,11d1 <111'1 lt•vt•l· 'l"llfH\l 111,1h•r1111:; 

J•l••-;1•nh·• I t'lC• ·]1b111Ply ' i1•11••r<ll, !is. 1is~;ior1 st•~·Sl• ,n· 111• 

~;. h• ·· I dt~ I t" 1.-t1 I• iv 

n11» Nill 1 ... rht> I 101'1il>'l l!ll~ ',j this ' .. u:; .... wlli··h w 1~; <•!It'll~ I 

It if !ht• !11 sl \lint- 111 tci/li 1111· h·1 1tw t ~ icd1nrJ11, i11 ,j I Jr He ,1111• 111 

l(,rn-;h.Jt1,,~\t1,l.A rt11~···'lll'.·•·f1·1:,lot~<t1 ,lh·1•··l111I·'~' 

A1, j•·I•·~· 1 ··1IJ1 .. 1111.i :: .• 1t•1k· 1>11111 :~w1• lt•r1 /~1;, · 

:iwtl:t•!l 111 I 111 I.' u1 l1,o ~·r! H Jl-1r1 I 

A!; 1t1t• ,., \/Pl :ot1< ·w..., 1t11• core aubjecl• "' 1 ... ··1 :v1•IP<I <!rt• rht• 

h1s1•· 1 .... ·hn >hllJLO~ !(if lh~ rfepos1l1t•IL 1•! hlin~. lltld •·••1h11q~ 

Tt1t"*' •JIP thu rt.y·:w di Vup...i l.Jt-lrt(•Sllt<JIL (PVllJ PH•'t1sses 

,·,,r1~1s1Lnq (II l:v<1p;:;1,1l1n11 Spn1ltt1111,7 •lli'I l<•ll i'ln11·11J 

t 'ht>1111,·t1l V•1pur [Jep(Js1tion ICVI)) c111d i'l<1s111u A~s1slod 
('h .. 1111•··1l Vn5air llrt~p•lSlllt111 (l'A<'.V(J) l:l~'>l·l111olt•~->~11iu11 •111<I 

i:\ • .,_ llc•lt·~~ Pl<1l111y fht•fflllll SpH1y111q Pl<1s11~•l ~;l>lr1y1IHJ 'Ill I 

!>t->1,1rn1t1,,n <;w• Tt--'l·li11ol<>g1es r1wl p,,lymertc ldrn •lt1p(J!>ll1•Jf1 

r.~ hn,,\t'l.JLt''> 111 etll h •ii lheSt• 1htt snt•1111tw )11.KklJtuu11d ~"IMt 
Ip, l1r~<>l•.ol,ly. ,1cl11r111k1qes li1111tnlluns slf1H·1t11•1V5,r•1J1Plly 
ft_•[,1l1•i1td11ps <111.J <1p~·lin11loo::. 111e ,t1:>i:11s~·l ~i11i•1)(1f1111e I<• tin!, 
1~1s1<· 1hE-"111i> <lit' lt_ ... ·1111t>s (>11 ~;qt•101·1s •·I("• •lllllL(>fl 1rile1ost "' 

~.·vt•r( d It'< 111 It .f, ~11e~ ni~st· 'llt' A· H11~Sl• •n I ·I ( .. .o:Jl!fHJS 

~:111!,1d,• heJi•U•lll1111 H<•lf' 11l l'lcrnm11s Ill l>ttJH)~!l1u11 
~'r••<"t: .. ..,••S ;;l!ll' l11ft' •>I PVfl l>t•pos1b M1,·rns11u1·f111e ,,j f"tlfll~ els 

Ht•v,~111 ... l l>y ll:M .in,I ~if"M 1'1'1 hru:p1t!S Mt•1 hrn11,·1Jl tJr1d 
l'nt•< ,J, ot.ll< <II Pr• •PPlllt'S ,j PVI 1 J ·.-1• •Sii!> l.le111t•r1l•1l •lf1•I 

:;111.1 ·ll11<Jl •·h·1111,·lp11z,11J••ll "" hn1 pa·~, •H1<I N••ll l"lt•1111•rd1d 

• 111.11!111 < h<11•1•·1t·11L<1!1,>11 lecli1uquf!S t:x•11111ilos <>I <1JiJ•lLo·ntic111s 

will t, •. , •lV('rtt'I ~·Y tliu V"•llJ<111~ lt"'"h11t•rs 1t111>11q/1t,111 !h•·' •Hirst> 

l w,, 111,i11•t •llt'<l:> ,,j •11•1d1•·1111••l•S i:lf!'l'llliflll M<1lrn1<1ls <lfl•I 

H1ql1 !'t-1111••·1,11,uH l ·, •ll!llc.J~; ,.r ... tH .. 1tt~l 111 st>1><11r11t_• 1 ·r1 
•; t ol 11 ! c ' H I I ~ ot "' 

A 1 .... ,t/1 •. f .. ,·.i11,•11 f,.,-J111•>/,•1h·.-./.,, /dr1.->•J11·/1',.111r1<J' N(Jye~ 
l',d•li,·11l1•!1LS ,·,>on1tli(•tt"l hy th;- prtoSt•fil lt>t·lur~r·, will ht> 
l•l<i~'l·lt"j I•> t'1.l<'l1 •l!h•rtoh!t> 111 <l·i•itli•ir~ f,, ~111111l11t1tHll•1ry r1•1h", 

Biograph!•• 

lns;1urfors 

Coune Vu•-rlor Rolntan f. lun•hah D.Sc., l't•·lt•~;..,.,, 
Mo1t•1111l~ I ••·p·1lr1u•11! ~.ch• ><11 • ,j t r1q1111·••11J1t/ •J11cl Al'l'hud 
!',.·1tt1wt-> IJ( 'l.A llis •I• llv1l1t·~. 111• l11·li> 111•1!1•11111~; ~-y11th•·~.1~ 

V•l•·1111111 rr1t·lr1ll111qy •.tltl( !1111>/j•l•'l•f'!ly 1i•l•1l1• ·l•~.h11·~· 

t•111111ute11<1h riw lt"'ll ft ... l• '"' tr11ll1•r1·1I· ·,pl• 1• J•l•JI .. ~..,llL•J <JI 

111<1h111t1ls fJ1 H1111sh<il11s 1rih·rn·1•1•111,illy kr ..• wr, •l'.•111 oxptHI Ill 

v•wt1L1111 11; .. 1.1ll11rqy q11rl 111·1h·11.il·, :.y1.i1 ... -.1 II•· h,J:, 1-1n er 

Jll<ll\l .... f I/\ J'hy:->lt"Ll\ >."il•'I Ji•,,.1~.dl •II t".~.f" l•lil•t Ill 1•V"•IJ"'fq(111J1 

Jpo·lir1r.J(.C.JY f11/ l!ll'hlb •lll'•Y!>•lli•l l••li'i' l•·I'(•' 11•1" IH•'b 

Hr .. h11s.-01111•d (•11! <U1•l 1111hl1sl1t"l 1r1•J• 1, .,11lw t•l~·t•· 

st111• t111f'ti1111 •11t~r ty r1·I• 111. i11:.t·11. w' •r ~ I·,, ·.11• 11 , • 1•111 1:> tit• 
dt•y't>lupf.•d dll t, liourt•,\ tliP hi11•1n<1l1' r1oJl' ·,.1,lt•rl'ft( t• 1111 

Mt•!nlhllqio 1tl « '..c1!111q:. wh1• 11 hr1~ t,.!'l·,,111tt <JH (111111i•1l 11vttrll ln1 

!hf• pqst Sfo'V"l'll yi>qg; f 1r li1i1t~h•1h li•1s l"'.tt•n ·1Hv1•l•1p1nq ~11111! 

n•Lll!>e 111 111t•t<1ll11rqy s111," 19~'/ Hu W•Vi !lit• •. ,, 1"1111.ftH <111d 

lln;I 1·h,1111111ir1 ul lhu v.,, IJIJ111 MelulltH~JY IJ1VlliJu11 ol lht:1 
A.111ftrwm1 Vnn1111n ~: .. noty 'llld 111 19/1 lhu P1es1ci~nt OJI AVS 
He 1s 1he e• l;ttir 'ii Tech11h1u•• rn Melal• HeMt01ch, <1 I/ voh1111t:t 

ieltHerice ~;,., llu is 1111 tlm Ld1h11111I Bf)cwi HI Tt1111 ~-1hd l'd111s 
~rllt!> { :1J1•l,i11111b1 lt•I M•1ltt11nls 1111,t hol"atiS6~ :;hurt ( '.1>1H5ft 

Soru•~ nt1d r11u111t1t•1 ''I llw A1·udo11111 Ad..,1so1y < '.1,u1wd Im tho 
C'.c11\llllLIHllj t:,lu• 11!tr•11 l0Slihlltf 

Jan.Otto Carl1aon. Ph.D. I 1. ,,_, 111 I J1•I"·' ii, JI lr11v .. 1!;1ty I 11·1•11lm•·nl •ii\ ·1i .. r111~lr y 
;;,,11.1:;1<Jh·("h.-r111~.lry(;,,,,, •• II•· 11r1""'''11 111l·•>ll<lu.1:.r.-~ .. ,.11·h•J1l<l11•1111•·(1! 

V· 1111 ,, '11·1 • ,-;111• Jfl (( ·vt J) • ;. ,1111· 'Ill'• I~' ,j t'lllj •~I' l!".i', llt! 'lt_".i• JI l "' ( "VI) f>XI ... , 1111t•r11:. 

r11p 1 .. 11.ur1 k111 .. t1···, rr1,~l1>llinq •111•1 I Jc I• 1~; 111tl1w11· 1nq lh1• r111i111hult•qy ,1dh··~1011 
111.J 11 1••1111-'; ,,j I ·vr I II• llt•ll<lh 

John G. Fl•h. Ph.D .. M1•rnhtll ul 111+• Tt ... ·tlnwul S1t1tl 1 'tonlr<il Hf·~W<ll• h L•1l,.,r,Jf,,11t-"'i 
11r1,) l \,r111•JoJlt• MtJH<J~tfl rJI Ur11111·1~;11r i'fi IJ Ht~·o11IJf1y ·1 .. xo1!-. ln:-;111J11u•11l:i hw 
I 1o.i11<1~ l"t•xqs !!is rt>sl" ,11s1b1h11 .. s h•1111• 1111 ·lti• j, .. J ' 1 ,11.sult<Jll• r1 <HI• I lut" J1tJl<11y 

t>Vnl11<111, •II <•I nil tJSp•·~·ts ••I 1-)lyrn••f 14,.·h111'11><1y 115 11s.:•d 111 1111· t•ludJ<it11•·s 111•hJSl1y Ha 
hns W<•fkt}<l ''fl Ul<lllY ('{)(llltlY lk"ll/11 .l<1tJIPS "'' 1111• I• *'lo.-t1. •Ill!:; prHLlf'd c'lft'llll t1CJ1Hd!l 

011,I q,H1 ... ·;1v••S <IS wt:11l qs d111c<1fUIJVt• tllld p1,,1 .... ·11vu <llJl•l•,-ol1ur1s l(•I uqu1J1lllHIL: 

Blrglt [. Jacob90n. Ph.D .. Ass1sl•1111 hr1h-~ss••I •JI lh•~ !:.it1f"lflH1tlltl ,)I Phys1•·s r111d 
MtM1s11r1•mL•111 TuchnCJ[oqy L111ku~1111y IJ111111~1s11y ~iwttdm1 ~lhtt hcis bttt!ll 111..,lllYttd HI 

h'St'1'.11d1 1n c.Jl"JlllHJ ltt< hn,,lrl(,Jy s1r1(·ft llJ'/L u1111i f•M t•11tly qt ~:1ord•11d IJ111vms1ly nnd nl 

p1t>Sttrll •ll Lmk•iJilli<:J U111vtHSlly "Ih1s IHSf'<"Jf( h 1s j,.·11~td •di th•· rt•lnl1•111shlJ' t~lwatrn 
Pl• .... _,s111y pflHllllPlt'IS <111d the 11111 f(ISIJUd\lh:' ol dt•p11111tod ld11u; qnd h< >"N th11!Wt 

lt~ll.HttS l"llll t>t-> 1,111111.,t 011d opl11111zttd Hl 111dttr I•• u11p1<1\lf' hl111 p1upt•fll1H; 

Donald M. Motto•. M.S .. :illp01..,1S<•I ol ~l1irlon~ Me1<1llt11qy l/fv1s11111 <JI :;.-11 'i111 

N11l1m1•il lub01oto11a:-1 l1 llttpmlu11•111 (A t:1101qy (,1~·11r11l••IY AU111q1w1q11t1 Nttw 
Mt•xu ,, Htt hlJ~; bt>t:>n Hchvu 111 ~uni< Wt> ·.1·u•r1,·.-. •l11,l lh111 ldr11 IOI t.r1(Jl1•1Y f,,, r11•111y 

yt.,.ll~ ,111.I hu~ 1111l,ltshed t'tJCltt11s111~ly 111 tlLHst• <Jll<lllS A.1 1irt1:-ttt111 h1~• tJ1t1..,d1tt~;111e 10 1he 

<llt"I ,Jf ,., •lllrllJS h•f ttfOSl<ll! <Hid Wfl'CJJ ftH>ISl!Jllt't• ~;,,l•H od•S••fhllltJ C<JCllllHfi •Jfld 
,·, •1h11q~; 101 11se Lil ( ·,,nf1,1llH<t Hu•J rne>fllJt'lfJtJI Ht"-11 t<.i:; ("J"< >r.AMAK!)J Htt r1htu111ftd Lht1 
1~1"1' plltHll .. n tht· J,,,, l'l<1t111q 1'11•"t•s!; 111 l~>t. 1~, tt1i> l"•~t • hu111111111 "I th•• "01111 t dm 
I 'LV"l~·ll•r1 ril thtt AV~) IAllll'IH"!lll Vq,·-111111 :;,11,·11•ty) !lit• Vin• I 'hcllflrl<lfl ••I llit! f"11SHif1 

Ttot hno)l• ... Jy l>1VISl•lfl r111d <I rnmnl>t·I cil lliH i.·ILl•lll!l] l'..•11,1 ··11111> Journal of Yocuum 
Science and Technology. H·· 1s tlit• l l111to.,l ~;1(1IP~. 11•1,1u~1·11•(111v1· I<• lht• "ll1111 

A1i51l1• ,1t11 •llS) rin• I 1s '1 111t>r1il •til 'ii 1l1t> f Xt"- 11\ivt• ( "1111 t1·d · I lh• 11 , 11 •,,•I' 

G.E. McGuire. Ph.D .. M•111<1yt>1 An<Jlyll• iii ( 'tw1111s11y I nlw•1•1t•11y Tt•k11,,r11x 1111 

fit·<1v1•rf,,o t l1to•J1ifl llr M1 (i1111t• 1~ .·1ur••11tly 1t•t>p••l1!>liil1· I• ·I 1111· 111ff•,,J1JC II• r1 <Hid 

•11iJd1<·,J11•10 ,,j 11t'W CJTlOlyll• ,JI lt .. ·h111•11.1i>t> llJI•, Tt•kll••tllX Ht•S<t .. ll• I•< :1•Hh•r ~'1 .. v1011sly 

·N1th Tt••11s lr1slr11111enls tit' dtd 11•St.•(11• II 1'11 s11il1w1• d1<1trl< t.•r1l<1t1011 11 .. h111q11uh 

lllVHSILlJIJILllq 1hu1 hlrus <ll"I llLAtnlhl<tll"ll syslttlllS IJS#><.I lri tho· 1111• l!Jtth" lf,,Jll• s 

111·lt1s11y Ht> 1s rJ w1.lf•ly ,, .. <llJllll'"I PXJlfHI Hi <JlHlt•f .ind pl1· it• ot•I;,._ !1<111 spr1 .. ·lf1i~ "PY 
1111•! 1~ ,1 n1••111t>+•r ,,11t1t· ... 111•111ril t,. ... n,l •,I 1tu•/ouu1al ol l.'/~·11on Spedroscopy and 
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Mo,.on Schwart•. M.A .. 1·Jt.,. Ir<• h"rn1,·c1V~· .. 1t·l•ll I 1111st11r1q '·, ro~1Jlr•111! ( ,,~ All•Jttlt•5 

'··1hl· 1r11c1 Ht~ hos t.11•e11•I•1111..-.Jy t>lllj(JlJH•l 111 t>lt .. ·l1• .. lt•1•··~;~•1••l1 111,,,,,d!1•11,,11 lf~So1"11'·h 
•111•1 ,Jii..,t•l<•l>t11t>11t j,,, JI-! y ..... 11:. His ll"l>of>cJrcht>s 111< !u•I•· <11[,,y ,1t•1><1!'.lll••11 t•l1ir·1r.,liftis 

(lttp11Slll<•ll JllH< l!•llS Jl1t1hd!i ~1l11t11111 l1•I t•l.-.... lr<lllll :i •lfl<l ll\(j(Jl11•11 h11111,·tur1!1t11 5 (ii 
plilh-><1 • <•lllnys f,.r (•t•lllJHllUIS 
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Each day wiU end with a I-how diacuaaion 
period to enhance inatructor/partlclpant 
Interaction. 

I. Overview. Characteriaalioo and Cleaning 
Techniquea 

At. c·llt'IVl~W ._ii lhv "-'Ille~. 1,. I...,. ,'uVttttt..J ~111.J lht:iu 
tl.!t..·111:11'111·•1l!:ili.~,;:,, ,'•Hl111•,,11,·,,,H_.epl.s •JH•i Jel1111t1011!::. 

,·J.1.::..'i1h.._»11Lu11 .,j ,·, ... 11111y lt"'-'li1<Lq...:~.s <.Ind t:111.:011011m.: jq, (,,!:::. 

~a.vei-.11 .Jt:tp,o::.11Lut1 J•i.,.·._.:;.:;.t"!::. 111,·l ... de lhe use ,)1 pkl~u •. i, ! ~11:. 
1ulk wdi tfjfl•-'h1,·t' tl1<L-· ,·,111,t·J·I di 1-ilu.sma::o ~u1ct 111~1h, ... b ,,; 
·~e11e1,1f1,,1, 

!"ht::. h .. 1._,,_,. will .11:.. •l::. ... t~.e I 1, L>t, 11irhvl. ':J"',;.,·11, 1di"•:.1"11 -.t 
', .... 111/:.J ,, !ht• ::il1t 0 SllUl0;..• 'U/dd!Ul/id!l• J/I "il !::.<ol hi\ o..,•:::, < ·j.,.._H "I J ,f 

""":1-t·•·-· 

t h-·ttit.!J.t,u -1r, l ~i11 '"·11,1,11 t ·~··J.J,J• tc11.'•1l1•••• ·1 ••• h1.i l'•c:::. 

\111. h1.lui.J ~;•ll l<l,·t" Ar .. J!y11u1I [t;10._·~1111,~<1t::::. J'1111, ipl~ ,,/ 
M" ,,,,,,,•k· ~tM ·n:M ~·: n·M ._.,._·) 

n,t· l~ht11qu,1t.-•:::. k•i t"(CllLt"llhl\ llL<Jl'j,,I:• 'Ill !)1t~ ::>1i~l<ll"t.• 
1-"'111i._·,1k11ly d::> LI •lJ-•pht>:::. hi !du.::. wdl '"' h:o..·l,..,;:,~J IJ'l.-·1,u, 

j.J•·•hliu':JI -.u1d 1hu1 ldn,, hd1• 1.·1t..•UL<H1"11 will t••· ft'Vlt<Wu'I l t, •. 
~>l11h·1µ.Jlih~:::. ul u1~,1!yf!,·1.1I 1111. 1us,:u1-'Y .. :>uiy !ht• ~11trui•1 •• 1.._. 
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J 11 .• , 11·.. '·r:q ·1·i it,. , •·"·rd ·y ,!•·n1 1r1 l ti.·· , l1·.1·l. '1'111' 1 

l,J11.,I 

• !Jo,.. r11 1!• r' d !!1·i 1·1r• t. 1·, ,rdr,t:.r ,.,,1.,n 111.j J.1/"T" 

-tn·i 11, .!'.1 ii· l•·\">·1 r•·'1 1', 

• r lo·· 11• n t•l'<l!li ,,,.j x '·1)" ro· .;•,t 

l'rlday, Muell 8/Marc• 29 
• ( l1111, .ti n .. i-,l. .~li·1ru·1"' 

•A, ll1• 1r1 1 r ... ~ . .! 1 111• ,r1 <"111 I tiV1·rl n 111 .... t,.i[, . ..,.. ,1,.1 •'lll•''>tlrt-· .y~1+·111" 

'"-i· Ii 1• H.• l'+·rk r, f!rro"' t.1. r.1l1.p1" ..,..110·• 

• r.1 I r-., .111•" r1n l 11 ,,Ji11'1t•T• li•·ld <•I •1•·w .ir1d ""'"rll~ ,,, 1,rrt· y 
111 ,.,. do·' -.r1·1 1 p•·•~ 

• I h+ n·I 111w· .1dv,ud,,,J""!l ••I !lit• dilltort·11t r1PJJfnc'Jt t1t->'> 111· l1idrnq lht-

1 I ·h'Jf .. I" 

• Fi··, rr, 11 b1•,1rr1 !!rd 1 MY hHi•X1Tdfihy 

• l 111.11.' ..,, ...... i , ... .,,,l'lll"11 ."1r1d p,-,11 ... 1111il1 •·m+·r1! I•, 11r.1• ·1 .11 

1111:11,.1 .. 1,., lrt•r1 t-t·11rn lithuqr,11,hy 

• 
1 

'• ·, 111 ·h· •II, ,j 1 •rt•'i1·111 l n ll1nl , w111•1<1h1 •!•I" ,~tt·irh 1~1tl, '' "'''•·rid 

l•"I" 1·1 11< •fl ·,~··II' l:!J I flit· \',1f1."1hJ .. f,,q .. L. ''" ··11t 

•!I· •,:1111. r11L!L- .. 11.11 1 l,111,\1J,i·t111lh1<•11~·.,11'11•11o1!,u1d1·1 1 1l1' 

• ·I y 11. I.I! ·ffl •Ii .,,, r ,,, •• I lrhJ I ~'Ill[• ..... 1]1 lfll 'Wrll -,11.1l•"j1•·~ <Hod 

ll'·l~l 1Ttollf.111q 1 ... , ·hr,• l.1-j1•·<; 

Other Upco•lag lhort Courses 

1 m~·"1H1·I :1••n1h '''"I 1 !··r M<"llt·r1.1ls ·1tlcl f'rn, "~ J .. , 11111.J"•l'i I; M· ( ~ljl/t' 
~:. r1••·rf")o· ( "/\. ff'br•.'11r ·1 / jl~L, 

~'J.1~1111 ~tr tnnq Hr·iy·l,. 
M ·r1lt>rt•y ("A M.ir, h 4 t. l'iH' • t ·r1mbrni.~·· MA M<1ro h )', 21 P~~'. 

ft, 'ni1 \t-> 1r1i:11P. /1.1t•·1r ,,,, .. ,.., ,...;...~ 1 .. dh' 1 •1i,...,.·"~ • ·r \11, ., ,jtff,.-;ru1•hy u1d.., ,}/I tor, If,.,,.,; 
i! th,• fl"f1,i<1; lt~n ;u }.,f.,11/t->f't-'; • A .i11,{ ;! · ,. ·.,·!Jt•\f.1 ,l{uft•I 1r1 1 oJmf1n•i<J•· ~fA 

td111-. .111d f ', ~1111h1" 

(.,,.., Ar.q•·lt·s 1 'A A1,r1I 'f !.' !'IH') 

';t'll\1• "nd1i f,,, ~.du •ll• lt•, hi'< .J"qy 

A,istu1 lX A~·ril L' l'~i', • M .. nt• rt"'y l "A A11rrl .)'l J u-1'> 

r,11:-, ( 't1un h VA M,1y t, l'liH'"i • p.,,!>f•>r1 MA Mw 11, 11*'1'• 

H fh111·.t.,1t1 

W t 1Muc1 

f. 1 •l•f.11ri 11:.j' rr11<1f1••ri •>11 n1y •I :h .... ,Ji..•\if> l1·!•·•J 4 l)H/\tt~ ,,r "" 1·ust11rn i~!>hJned ~in,.,,,.. 
, "JI~•·' p/t«/ •+' ill (.'l 0 Ml4 'l'i4'-r or ."t"/1nn th ... I •rm .,fl tht.~ /r.n1kjJ<Jflf"I11/ this hn>< h•Jl'f' 

General lnlor•atlon 

Continuing 
Education 
lnstltule 

New Course 
Development 

On-Site 
Program• 

Hotel/Setting 

CourH fH 

Regl•lratlon/ 
Information 
RequHta 

11.. I l ,r, r.f,, :, I' I' r j!!,."1IPl1,it·•j1 

ll•·t I j•I 1.,1 l,1/11 j•• fl lo '• .1·1j111•'111 111 

•·11·111 ... , 1111 1 ,1, I 11 .1,1,..,1 ,. 11 1 11 1111 11··1· 1 1. ..,I ni•· 
If• , . I t ... t 11' I 'IY 11 •. it II• J· I l .,, I I 'I . I h·H····· I 11• ~" 

111. 11111 ... j' d1 '•ii 1•r'·•1r.1111 II• !• I" 11 I' l/1• IL,' i·J ·H1·l 

.. ,1·1 H1 l,r,,1 · 'I• rl• 111 rt,. r r•: II• ,1 I• J I I"·" •·>:1' rl· t,,1Vt· 

.j, rr,. 1.· Ir ii•· l 1 ""'"•~Iii i ~ ro "'', I I' 1• 1d • • 1" r I 1 • ! tl,1· ·,,I ·It« I 

11, 1!1+·1 .if,, j 111 1!,1111.,- t 'I r• • r.t 0,. n1 d"r 1 1, ,r. ·I lo·.11 rf,.111fLf'I f., 

•I J·f''I' .i••fJ ti •'I l:o r11' 111• r1rJ/l'J1l1</ bt, d111r, lr1•!1!1i!t· 1 Lo•J11 
1n·' t .. ..,1,.,, ... rt,,. "'"11 I• .11, 111 1 r· ,,., L, I"' 1v.d111· l '>~1 .. 11 .t • • , wl11° t. 
• t,.t1J .. 11qt' n, .. II IJ ,j I j I) 

h·r 11drdlli jf, fl f• '1·11 111111 rJ•·W f'''"Jrllrl /J1.,1t•hip111•·LI . ,,,,,,, 
i ~ I I. I ! I ii t ,1 : rl ' 1 ·I 

F)• •1!1' JJ111 1. I 

H1t~i'1 Wd-_f,,,, /11 .. I 
I A11·1··I•"' A ,, ~I, 1 

!Jr !!11·11! J,lt•,tJ',•I• 
t.Lll,,p•··'ll I )l(f"! 1 ..• 

li••t'f'.lo q,!>.,'<tl .. jt•ft' 

' 1,J/(j(I hr1',jk 0 I• I 

·H• (!IJ.'.' 1/1 /11 

"'''J•·I, 
(.J'.1fl.'·\ 'l'·I 

h.r 1rd,.1r11oif,, r. .it~111! ri 11•· 1·•· "lf•IHI.., /,yt.r.d 1•r<Jqr.11r1•, 111 f, "" 
h•HI 1•r-111r.ir11• .,111.11 I llo·l .. 11 ll1·q1,:,ddJ /\.s!.1>< 1d1t• IJ110·• t .. 1 '111 :;Iii"' 

l'r. "J1<1111· .11 1 .·I 11 t1.'·1 'J' 4'• 

Monterey. CalUornla 
Tho• Wt">I \ "·t•,l •Jll1·r111q (•I tr11s, •·•JI~ . ..- will t ... lwl.I '11 Uw tillhdoy 
!1111 MtJnt ... f'l·'r' (1>( c!!+"'lt <1/1 lh .. t ... ,,, j, JIJ~I fll!IHll .. ., lr<Jlll ( ',1rr11..-I ( ·.,n 
11•·1 i' J1, ,w !lw N.iv,tl l'.,-;l'1t·1'h1,1t1· ·;. ),,,..1.ir,d ltw Mt1111 .. rt•y Pt-111n 

'.L1L1 /\ 11 I",,, h '' t1111t·l ri·.,1·r \/.111• r,· 1·I··1~.1· · .111 ! .\llHJ lY4 1 l) I r1r1d 
rt.,111•"'' tl11 ( .,nf1111iu1q b.l•i- ,,f1,,,.11,.,11t1<h·. jfl.•lp r,tlf'"dl 1, . ..,.,1 lhrt<f• 

wt-.•k<. i r 1• ·r 1 1ht· l··q1ri11111q '•I 1~11·, • "•f'>t I Ii.-. )u,1 .. 1 ttddtt·'>~. 1:-. Lf;il•J 
~ldn•l l1tJ11 ... 'i !1r1v1·. M••lr!t•rt·y. t 'A 'll't41J 

Cambridge. MauochuMtt1 
lh·· r1·.t' ·,,,1~1 ··lli-111 .. 1 wdl 1 ... L··i·J di 11,.. ';t, •• ,..,,, .. n f 

0<Jf/Hll!'lll•h·r 
Jj, .1t·I I• ... 1!··· j 11 .. ii 1·11, 1111••1fl11 ".,11 I' "l 1,1r1· .111d 1r111111lt-~ lnim < '011 

•, nl 111d I •·•1r1<1I n (',.,1t.,,d, M., • 1rn1 tf.H·~·Hd 11111\/l·r~rly Mil 
.111.I H•"·•«tr• I. H<><1•1 h·r /,1 1 .. 1 r•·~1·1•J.i!1••t1s ;,J, . ..,5o1. 1 .i]J lt,j/) 

'•'4.' ·\l-il;rlll<1r1't ''"I''"'! q,,.1 ,.1,l110lJll1'I ~.j1p ·11i<lfl J11~·fd11!t·'. ~llf'f 1rtl 

qr .. 1.1· r 11 ... 1! I• .1· t tli!•·• ....,,.,.,. J'I 1 r r,, !111 l,.·q11ir11fl•I ,,j 1)11• 

rt ... 1 ... 1 •. , ,..j.j,,.. JI,' ;,,,.1.-1, ::iu-... t I ·.ur.l.11d<jt• MA 

ll.t•1•>llf',t•l• .. 'll\•li1 ..... ..,1.11l1•1f1 ,..,,. 111..,1..-ri.1\s <1111i ,,..jredu11..-n11 
~I· idly ~!11•l1·ri! ·111•lqP"li''li'' o,r1I• H1·.:i.1 tdrtt•lt· {_'}if't·lsdt1dpur 

' 1 •. 1~·· ,,, j •• ,.., "'",Id• j 1 ... Ill I• lt· 1 ··I) 1~ ,i,. Ii' ltu· ( '•1\ 1 ltl'1111q ~lu• 1'1L••fl 
lr.-,ld ,1,. .,11,j d(t• •hH· ••fl•• ........ J'. ~/,••I I<• ltu·' '"I/St• fit·l1u1d (JI lt1'.! 
[ft··.~ j(J • j1/• 1•~Slll1j' ti.H<jl'' I', p.111!1•.J 11 <1111 .,jj,1fl.,11 Ii r¥• t<IVH<J 

l•t·l,,11· TL•· !11· r .j,,y "' 11.•· 1, 11 11'+· 1111' < '•Hll'>•' I >11,.., ltir 1'nd CEI 
r .. '>•'f'-'•' tl11• 11,1t1I f,, ',lfJ< ... 1 11•-; /,.,,1,d1· ,,, , l1.,,1qi- 1rn.truo·f1Jrs 

y,,11r11.,y1+ .. 11•r .. 1 l•'r' ··<1li1111 111 1 I th .. l 1 ·ll"wH1•1 fl...-<11slrt1l1t1nC_ ... ntf'n> 

•ll Ii) m.td1r1q U1t· rt-q1~!11!1·,!1 1·•1111 <111 ltw j,,,, It pd11el o! tti11 

bn" t.111•· I 1(, 111 •I rr1.11I ,, 11·•J1~1r 1111 •f1 t. ''"' d y• 1t1 ,,.,/l!>lt•r by phone 
A 1·,111h1 rn,1t I' i11 lt>llt•J will tit· rr1<1rlt-• t hi t-<11 h 1'¥<JL'llr<1nl Yuu ma)' di10 

u!>t• llu· ,,.,,i..,1r,1h(Jf1 I•'' m lo or 1•· 111""sl111q ••lh ... r 111ft,rml'llllH1 1 ~. 

hr•>< h1Jf+", • .r1 ~lit' . 11urs1· f''''I" "<11'>. ••11 

Lus Ariqt- l1•s 

w,1sl1J[l•Jl1J(I 111' 

hrl'il><Jfltj ~;Wt••ll""ll 

r t 1 1 1 , ~. , r a 
(.'I IJ fi/·I '1 114', 

( iill l '>(HJ lJI 11 

lh [\JJ /)1 l / 1,)IJ 

J ti tx 
J1J4/tl'J l ·r1 l.A 
U)l,.//f, l 'f.I fj(. 

"44/I c 'El EllH 
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11.U Form: Enrolllllont -· lnlormlltion 
',f: Ccn1inu1r.q Ed•_;,ccrr:an [nst1!ute 

Application tor Enrollment 
~ PleaH enroll ml!' 1n the iollow1ng courM 

~ l:TCllJJIO 

E:;-;<; -~ =., sasc 
'A'c-r. 'eH'Y -: A 

--:: ~.{]:--::." ~~ ~' 

::cqr ~;a .;,,· 
-:':l:T.Cf.1.:J~ '.!...!.. 

~ ·:".~.ec, enc:c5e'J :J<I'f'.l::.e ·.: Continuing [:focat11n fnsr:rure 
= ?· ... r-:-~.1se )t'1er .,.:":c.JS&J 

!alormatioa Requeet 
Add M• to CD flllatllq: LJ~ 

.... tu.1:.A.qu .. t 

N ... C~ ....... 

la·Plar COWN ~ A.q\lftf 

--------·------------
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r ~.., 

nstructora 

\cademic 
:ourae 
nformation 

Richard H. lruce. Ph.D. '-11!1 I, ... , '.'l ;.I 1 •• I,! .,, 1! x .. 1 '( 

l'.il A11 H·· .. 1· t.' ·• 11r.-· I' t: Alt ·di! 1111 i l'ri- it, 

I· l[l ;1 I x .. r x ~I• ... l ',\-1P I 1·1k.t1 1.1111-'r '-'!H•I" h·· . .,, J', 

1r, • ·!• · ~ j i!I :•· .~· II• Ii · n, 1 j,. J• : I llL• ·1 ti I I I 1·;111• I ,.,. h.i1cJ 

f ! • ··~ .... ,fl·· It• t•1.•· 1 l·t, t 1···JI•'> dl :~ 11 I ~~l lh· f'hy·;11 . IJ 111 

l!,.-lfr,i·.-··~_.11·, !< 11d-rr111-11:~.1n11!i.nl 1J•1111 lq n1-i 

sr•i I··· , c !. 1' f ;. 1 .. ·it11• ,j n1 11•·11.1! 11 rLo· ·_,,. 1 · lli"<l•' '1ty 

l l1t1·,···1· .. •·, ,/ f~t·A' '( I k 

Daniel L. Flamm. Sc.D. M .. 11,t .. ·r. t ff-,,,,_ hr11, ti :~t 1t: 11 A L>I.: l 
fi..,l t ir. '·ll !J•· M 1r1 Ir ll.l! N-·A l··i·;··y H.- JS i .!hi ' r. H 

• ht" 11 '.,IJ ~ II L j • • r, j 1:" 'O!" I I 1 I ·I •·I•~ ti h Ii i: tll 11 • J<' J '1 , ''>'·• • 

t•lt~ J• •/II I!, 1'.·11 1: J I ~ t••' 11 J I' JI •it1• Ill t I Ill• j < ' rl., •11h•J 

:';)'1••111·, fl,. f1· ! I l P :· l+•,1:,.t• 111 t>.1oi1/i .. n1c1h·:, •Hid M :~ 
111 1 : ~ ! I·· 1: ,... , 11 • 't" rr,, .ii I 1i.1111• .. ·• .11 1 tr .. 111 !ht~ 

M 1.· 1· j, .... 't< ii1:111 .. rt· ! J,. t.11· 1 "l'i I. 11ly 111 Iii:-; 01....-t•r L•· 
j,..,, pa·d 1'1 • •' r:l1· ·I "!".'\" !!•· 11tla·1 ·xh.·r.> l.· ,!1:1 ... u1y· 

Hl·i j llt'f 1. dl•·l !i1" Lt•rt11. ll •·!1 Jlllt"'!Hi·l 1·1Cldly <tilt'• l:-. 

.l\ 'l.c~.1 t 1111 .... , 11, fl, f, 1-., t .ii !1 ;t,.. \ n1 .•• I!· 111 <,1) pnr...-·r!, n1 

lit·· I I I I! l -! I lt"I', It, I. 1 ! r ,,J!1q •Ill p. )!1,'l· •It 

Iii f l• 11•< d f d •'[I 1·:,, .. 'ii I 

G. l•nneth H•rb. PhD. I '1 11'.: 1·• •. t M· 1:1t*'' t 1 •• hr•' 
:·1 ttt 1' •\!\.I I" :• I it ... 1! r .. •\ll. · 1 'A: t't•nn:,·, I'.· 1111 1 I 1 

1t.. ~ 1 ·t r. : , , • · 1 • r 1• t 1 •~ t •• ·;, j •• , 1 'f 1r1 l 1•I.1:;111· 1 t•• ti r, t " ,., 
I ! ; . . ' ' ~ ' ' . ' : . . t I ! I : '~' l . ~ l . r i 1 • " I : 11 l ., ! .. ' ' I • I • . f , . • r 
I • ' . ; • ' ! I l T.. ~ t ' " • j 1 ! ' .. . ; : : It · 1. ! I I I ' ·I.. ~'I 't '' . ! " ll I 

li~i l·i~l I•~ t.1, , "~ \,'~.;I r: .. ·1.1'· · 11, r. 1:1 I u•l1.l1°:!11j l<t.i•n•· 

n: .,j,. 01 H·· : .... · .. 1·.t· t ~ !. l' '! ~~. •11 i :·1 1t.• f t:·,;-,1, ,, Ir· .n. 
[.,,t1,1t·ll111;,•1 ·11)·u, Ill!:'' 

Thomaa M. Mayer. Ph.D ·'\ 1" ! , ,. " it 

n., • ! 11 ' tl 'P 1j ~ f !•, I ,,.Tt, 

r f ,, • ~, L - r • • •,".. ~ tl 1 • • : I t ' r 1 
tl.,•1 

~ ' • t 
l11l..• I•. 'I 

;·!, 1 

ll .\ 1:rr.· 

"lid. ' :1. 

""I•' .t,.·I 

I Ill· 

" I 
1.-.1 i 
11Fl..i1l it 

11,11 • 
.1r1 !:···1 

Iii!> I h ~' 

I ' l t" ~ • ",: 

J,.1• l t.' 1' ! 

I. • ' : " l ~ ' . I ' ! • l 

I'" •,. 
,\t .. ·1·· 

,,.,•·111,, 

! , · I ! · I ' I !. I f ~ I I J. l ' I \ ~ • 

\'l: 111: fl ! ' 

I·'"' ·llt,•·r 

t• 1'' 

I t 11! 

·I 1. 1 , 

' '' . ., :; 

Eric R. Sirkin. Ph.D. l'r 1·-· 1 ! •· 1 I· r ], ... li11 I l~ i ····I 1 ri"·r,1 

<JI .: ! 'ltl ' • ~ ... I 11 <; .11 t' '1"\ 11. . A f ! I: I l 1/-!I I tt1 l ~ • 

~.i~ 1 M··!t1t .. ·:. ,1 H: ... ,.. 11 ~ :·1 111 11 X .. 1 ·IC t· 1. Air H .. ;,., 11. 11 

t 
0

t'flltJ! t' II . .\it• • iJd 'I l Wl1>'rt• fl .. WI t'/l<j•l J•"'j Ill 

!t'>St'•lf, ti It 1·1'•· I! l 1 1r1,I 111u•til ii i ·~,..., f~· ! 1 l·1·;n1-1 •·I ~·:r, J 1:1 ! 

1r1 t·l 1s111.1 ~ ,, ~ •• ,.,. i..-,,,.1 1 :1 .. id tj,. 1 ..... t'•·· 1 t11~ ~·f. I' 11. 

·t,~·nns1rytt1 l'IHtll1 :r. 11,· ~"'·11. l•'f'A"li•·f··I,..,,~ d1.'1•I r 

,·h~t1111·11l l.1~ •• ·rs s; .. -..·H -.. 1" 11: 111-1·.·· 1 .. q. 11 1· t·,11 1!'1 

tnl•1slt•!t ... rr1. ii 1-.~1111··'.: fl .. t~Lrr,., y .. 11 11~!11 

H•·t "'"'" l111 .... rs1r·,·, I l•·I · t"· !lt·1t1 ·' '. ··1-· 11• .1., Ii.·, I :1, .:rq ~ 
l :11S• l'1< '[I >t I 1-,0·~ 

Davld N.K. Wang. Ph.D. l .", t r ~.1 n... , i . 1 

.!\ i . ~ l ' l r • r ' I t t f • ! . . t I 1 : ' ., r ' . ' I i I ' I ! I 

[lh·1::;1 ri 1A1111• l M 11• 11 1'·.l1. ;',.u 11 ·, :r 1 · 1·.' r·. 

~ r I• r 1 11.r1 ; A1 I 1, .. I f\1 p,.11 1: ,,, · .•. r 1 ~ 1. · t • ·1 I 

f"r-..-1.n. 1: ;·1 nt n ~·I I d·. r 11. 't•· ~.1, 1 1 !i.1 r~ •.. , i• r ·•·r 

V1r!1•·to' ft,. I 1 l f'· ''~'! ~·I I ·,I H. Ii l r11 I• T t"'1·l ,\ :~ 
H .. 1•~~, .. -_, •• Jir.I, ~-1it.r:i·-~ •·l•. t• .,11 )'>.·~·· 

I;, 1 y , ·' Ir. ! !. ! : ' ~ ·'• !• ' "I• •t I ' j 1 ll t I I . I' 

r .. , !. ~ "•/ I! 1 ~ • • .j, t , ., , ! ,•,' • • I, ' !; l j 1 IT, 

l lt ' . l ~ ! J 

l ,' l" ,I:. 1, s · ir ~" • r '"' ,1 d. J t .. · Lr,~ r, · l 1 •I 1" 

[ 11r ..... ·1 1 01 .;. i:r111~·l Hr " t ·It JM ii 1rl~111 

Daily Schedule 

900J200om 
AnO•e"iew 
1810ydoJ 

JJO 41Dam 
Pla•ma Safety 
Ja1ue1 
tHPrhl 

900 lOJDt1 m 
Surtac• Ch•miatry 
and Phy1ic• 
1Mop•r1 

10 JV 12 lJU ll m 
Pla1mo 
Spectro•copy and 
End Point Detection 
1Sirir111• 

110 600pm 
Plaama Chemiatry 
and Phyaica 
'1 ltJlll/rll 

900 /2(J0lJ m 
Etching in Low 
Prea5ure Plaamaa 
iWOllt.J 1 

/JO 4JOprn 
Etching in High 
Pr•••ure Pla1mae 
18/lJCp) 

Tuesday. October 2/0ctober 23 
lrn1" '''•nil i· 1 •· 1 1 1 I 1:';•11· 1 1 lir:1• ·:, <111· j, htt1111.,11y ,111,., 11n•1 
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