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Swry 

The paper is divided into three chapters, eact. of them presenting a 

separate issue. The first chapter is an inventory of microelectronics 

facilities and capabilities in the ESCWA region, also including an assessment 

of design capabilities and manufacturing facilities available. The second is 

a methodological outline presenting critical aspects of customized integrated 

circuits (ICs) design and production. The third chapter presents an approach 

to strengthening technological capabilities for design and manufacture of 

se.wiconductors in the countries of the region. It includes recommendations 

which can be useful for building up in the region indigenous capabilities in 

this technological field. 



IN'l'R.ODUC'l'ION 

1. The desire on the part of the Arab countries to strengthen their 

capabilities in microelectronics technoloqy and applications and to engage in 

rP.CJional co-operative activities in this respect has been growing steadily in 

th~ past few years. An ECWA/UNIDO expert group meeting on •The Development of 

Microelectronics and Informatics in the Arab States•, held at Kuwait in March 

1984, recoqnized the need to enhance the diffusion of the technology and 

applications in the region and pa~sed several recolllJllendations for the 

development of local capabilities in this regard. In particular the meeting 

recommended to •study the feasibility of a regional silicon foundry and design 

centres• for the manufacture of integrated circuits (ICs). As a response to 

this reco11:111endation and in preparation of the requested feasibility study, an 

assessment of available microelectronics capabilities and facilities in the 

region was undertaken, based on direct visit to most of the known facilities 

and institutions in the region concerned with microelectronics. Special joint 

ECWA/UNIDO/DIELI missions were carried out for this purpose in late 1984 and 

1 985 i i i 1 i d . *I ear y 1 cover ng Iraq, Eqypt, Tun s a, A ger a an Syria.- Earlier 

missions investigating the status of microelectronics and informat.:.cs 

technoloqies and applications undertaken in late 1983 covered Egypt, Iraq, 

Jordan, Kuwait, Morocco, Saudi Arabia, Syria, Tunisia and the United Arab 

Emirates.~ The institutions visited included government ministries. national 

computer centres, development institutions, universities, R'D centres and 

various i~dustrial ventures. The coverage was extensive, but it could not be 

considered ~ complete eurvey of the situationJ it can be considered only as an 

expert impre1sion. 

~ Hembers of above-mentioned missions were as follows: 
(a) UNIDO consultantss 

Mr. Turski visited Baghdad, Kuwait, Amman, Damascus and CairuJ 
Mr. Soni visited Baghdad, Riyadh, Dhahran, Abu Dhabi, Tunis, 
Casablanca and RabbatJ 
Mr. Gilbert visited Baghdad, Cairo, Tunis, Algeria and Damascus. 

(b) Consultants of the •oirection des Industries Electroniques et de 
l'Infor11W1tique•, DIELI, of Prances 
Mr. Hine visitedr Baghdad, Kuwait, Amman, Damascus, Cairo, Riyadh, 
Dhahran, Abu Dhabi, Tunis, Ca•ablanca and RabbatJ 
Mr. Micolet visitedr Baghdad, Cairo, Tunis, Alg1~rs and Damascus. 

(c) Mr. Sharif of ESCWA participated in all missions. 
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CHAPTER I. 

STATUS OF MICROELECTRONICS FACILITIES AND CAPABILITIES IN THE REGION 

I. A summary of facilities and capabilities in the region 

2. It can be stated that the 11a.nufacturing base in the Arab states is 

presently very limited and would have to be considerably auqaented to sustain 

self-reliance in microelectronics. 

3. The market in the region as a whole for electronic products is 

viable electronic industry, to be 

The sectors that can be singled 

substantial enough for an economically 

developed and growing at a significant rate. 

out as potentially large market are: consumer electronics, including personal 

computers, collllllunications and microprocessor-based controls, particularly for 

the oil industry. The combined market of electronic products in the region is 

estimated at about USI 2 billion per yea~. 

4. However, this large and fastly growing market can hardly sustain a 

viable integrated circuit manufacturing industry without substantial efforts 

in standardization, co-ordination and real enhancement of design 

capabilities. The design effort is minimal, concentrated in universities and 

R'D centres, JnOstly for educational purposes. Design or research efforts 

related to integrated circuits do not appear to exist on any significant scale 

in the region. A few specific applications were developed locally, some 

reaching the stage of ope~ational proto~ype but none was industrialized. It 

is to be noted, however, that the design capability in tne region is 

potentially large but dispersed in vario~s universities and R'D centres where 

some research projects are undertaken for educational purposes with no links 

tc industry or production. 

5. There are limited facilities for manufacturing integrated circuits based 

on turn-key projects imported from abroad, already obsolete in technology and 

operating under 25 per cent of their capacity. '1he design of their products 

was imported with the equiP1119nt with no serious effort into the design of new 

products or the research of new techniques. These facilities have developed 

some capabilitieo in operating 1.C manufacturing technology but very little in 

mastering the technology or the design. Thus they were unable to produce 

components requested by systems industries in the region. 

• 
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6. Given the gross national product of the region and its continuously 

increasing requirements for microelectronic products. there is a definite need 

to evolve national and regional strategies for the development and manufacture 

of electronic products ar.d coaponents, that ca.a be translated into tangible 

action within the foreseeable future. 

1. Design Capabilities 

7. The present design capability is practically nil in the region. The 

curreut production mix was not designed locally but was purchased under 

license from foreign vendors, a tradition that still prevails and which did 

not and can not lead to the development of design capability. No known 

industrial facility has established a serious research or design section. 

8. On the other hand, design and R•D efforts are being undertaken in 

various form in R•D centres and universities, mostly for educational purposes, 

with very weak links with local industry. Several specific applications were 

developed at the laboratory scale with a few reaching the stage of an 

operational model. None, ~owever, is known to have reached the 

industrialization stage. 

9. The case of the Arabic telex developed in the late seventies at KISR in 

Kuwait is to be pointed out, as well as se,·eral models developed by CERS in 

Syria that are still waiting to be industrialized. 

iO. Design capability is widely aispersed in the region, many potentially 

suc;essful designers were misplaced or were •promoted• up the administrative 

ladder where they have lost their ability as designers. 

11. In terms of hardware and equipment, many R•D centres and universities 

are rat~er well equipped with computers and i~strumentation. However, a few 

have acquired needed software packages for I.C. designs or have developed 

their own software for design of specific applications. Most designs are 

still done manually, e~r.ept maybe for lengthy math•matical calculations. One 

has to note t;1e exception of few, rather •i~ple, printed circuit boards 

designed and implemented in some R•D centres in countries such as Iraq, Egypt 

and Algeria. 
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2. Microelectronic manufacturing facilities 

12. Two countries in the region (Iraq and Algeria) have ventured to 

establish semi-conductor manufacturing facilities for ICs and discrete 

components, that became operational in the early seventies. A private 

•packaging• facility is operating in Morocco as a subsidiary of Thomson of 

France. 

13. These facilities are limited in their product mix and in no way respond 

to regional needs for microelectronic components. They are suffering from the 

limited market open to them due to their limited product mix and technology. 

high cost of production, obsolete techniques, weak linkage with systems 

industries etc. It is to be noted, on the other hand, that the Moroccan 

venture is totally dependent on the mother company, Thomson of France, 

importing from it unfinished integrated circuits and exporting to it the 

finished product, benefiting from the cheap labour advantage that Morocco 

offers compared to Europe. 

3. Electronic systems industries 

14. Most countries of the region have assembly lines for consumer 

electronics and limited professional electronic products. All of these 

ventures operate under one form or another of foreign partnership and/or 

assistance. Design is usually imported along with essential ~ctive 

components1 in some cases all components and subsystems are imported while in 

a few countries, such as Iraq, Syria and Algeria, there is an effort to 

increase steadily the local input in the form of passive components, 

me~nanical and pl3stic parts, relays, power supplies etc. 

15. The consumer electronics market in the region is huge, e.g. two million 

TV nets per year are as&embled in the region, but that does not necessarily 

form a tang1ble market for integrat~d circuit and component industries, since 

many of these assembly lines are tied to imported componen~s from foreign 

partn~rs, and there is a big diversity of designs, modea and needed 

co~ponents. A minimum of co-ordinfttion and standardization, and a decision to 

increase locally manufactured inputs are needed bef.ore a ~olid components 

market is established. Moreover, a ~erious regional policy and co-·ordination 

efforts are needed to develop a self-sustained components industry in the 

re?ion. 

• 
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4. National policy, develooment and investment instituticns 

16. No country in the region has adopted as yet a clear strategy related to 

microelectronic technoloqy and applications, and obvicusly no regional policy 

is available. A few countries in the region, however, have started the 

process of formulating a national strateqy. A •National Committee on 

Electronics through the Year 2000• end a •National Electronic CoDllllission• were 

established in Egypt and Tunisia respectively, while co-ordinati~g bodies were 

set up in Algeria and Iraq for the development of microelectronics 

technoloqy. Most countri~s of the region have established national electronic 

R•D centres that became operational in the late seventies and early eig~ties 

and are being enhanced steadily ever since. 

17. On the other hand many regional development and investment agencies have 

become interested in microelectronics technoloqy a~ad applications. These 

agencies can play the role of catalysts and regional co-ordinators in 

promoting a sound microelectronics industry in the region. Here it should be 

mentioned that the Arab Fund for Economic and Social Development financed a 

study related to electronic equipment in education and is looking into the 

possibility of a feasibility study on a regional silicon foundry. The case of 

BTEI (Banque Tunisio-Emirate pour l'Investissement) is also to be noted, for 

the Bank is considering several investment projects in the field of 

microelectronics in co-ordination with the Tunisian Government, including the 

possibility of buying a •w1ndow• in the Californian •silicon Valley• in order 

tG gain expP.rience and insight into the fast-moving technology. 

5. Universities and educational systems 

18. The Arab region is a reaion of youth where the number of university 

students is doubling almost every two years. Governments in the region are 

spending genP-rously on the educational systems, and dozens of universities 

have been initiated in the past decade or so. It can be st3ted that many of 

tnese universities have been fol!owing rather closely the advances made in the 

field of electronics in industrialized countries, in courses and curriculae. 

Many of them have direct links with western universitiea and many are still 

relying on lecturers recruited from industrialized countries. Moreover, many 

of these universities are well-equipped with laboratories, computer facilities 

and the like and some have lavish financing for their research projects as in 

Saudi Arabia. 
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19. Several of these universities have 

sub-specialization in microelectronics 

them have introduced computer scie:ace as 

specialization in electronics with 

at the graduate level, while most of 

a specialization at the graduate 

level 

ENIT 

and some even at the undergraduate level. There is at least one case, 

in Tunisia, offerin~ a technical course for maintenance of 

microprocessors and microcomputers. 

20. Courses arP. being updated regularly according to various standards in 

advanced countries. Various research projects are undertaken in aspects 

related to microelectronics and compute~ science, including the design and 

development of specific applications, mostly for educational purposes. 

21. The university system and, to a lesser extent, the technical education 

system, provide a strong base to develop needed expertise and design 

capabilities. However, the educational system should be linked more closely 

to local industrial problems and to local social needs. Graduates should be 

trained to cope with the problems of local industries. They should have an 

open mind to recognize local social needs and should have the initiative to 

identify solutions t~ such needs and to develop application~ that can respond 

to some of the problems faced. 

22. The educational system ~ust be the pool from which good designers can 

come up. A good designer ia a rare commodity that has to come from a pool of 

a large engineering community, and a successful application has to come by 

trial and error over many failing develor;>111ent efforts. 



- 7 -

II. A survey of national institutions visited~ 

Algeria 

23. The assessment of the Alqerian sltuation can~ot be complete because the 

mission could visit only two local institutionst the Ertreprise Nationale des 

Systems Informatiques (ENSI) and the Commissariat aux Energies Nouvelles 

(CEN). It can be stated that Algeria is amonq the more developed countries in 

the reqion. It has well established assembly lines for various electronic 

products such as TV sets, radios, communication equipment etc., it has an IC 

manufacturing faci ,_ity at Sidi Bel Abbas and it has various research 

institutions. In terms of design capability, the situation is not much 

diff!rent from "'.:her ~:.untries. No serious product desiqn is undertaken 

anywhere, while potential design capability is latent in well developed 

universities and R•D laboratories. 

1) Entreprise Nationale des Syste~es lnformatigue~ (ENSI) 

24. ENSI has several units, including one for informatics services and one 

for industrial development. The industrial development section was working on 

the •production• of certain computer peripherals: terminals, screens (with 

bilingual display), modems, multiplexers, bilingual printers etc. (mostly 

under license from foreign vendors). 

25. ENSI was also carrying out several hardware and software R•D efforts, 

such as the production of a bilingual microcomputer, with technical support 

from foreign institutions or as a joint venture with a foreign partner. 

~ UNIDO consultant w. Turaki participated in the 1983 mission to Iraq, 
Jordan, Kuwait, Syria and Egypt. UNIDO consultant G. Soni participated in the 
1983 mission to Iraq, Saudi Arabia, Abu Dhabi, Tunisia and Morocco, UNIDO 
consultants o. Manck and s. Gilbert participated in the 1984 and 1985 missions 
to Iraq, Egypt, Tunisia, Algeria and Syria. DIELI consultant P. Hine 
participated in the 1983 mission and DIELI consultant R. Micolet in the 1984 
and 1985 missions. H. Sharif of ECWA part!cipated in all missions. 
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2) Collllllissariat aux Energies Houvelles (CEH) 

26. The Commissariat was entrusted, among other tasks, to supervise R'D 

activities related to advanced technologies, including microelectronics. and 

acts as an advisory body to the Government on issues related to these 

technologies. CEB was also supervisin9 an R'D unit at the microelectronic 

manufacturing facilities at Sidi Bel Abbas, some 400 km from Algiers. 

27. The Sidi Bel Abbas facility was set up in 1973. It produces some 

analogue bipolar !Cs with masks designed and manufactured abroad. It was also 

producing discrete transistors at the rate of half a million per year. The 

facility was described as a strategic option that has not reached the economic 

stage. 

28. In co-operation with CEN, a few innovation projects were being 

considered for Sidi Bel Abbas, including the production of photo-volldic 

cells, silicon crystals, design and implementation of specific applications 

etc. In this respect CEB was considering the possibility of developing the 

facilities into a silicon foundry or at least into a •gate array• facility 

catering to various countries in the region. 

29. CEH 

in various 

with the 

has educational tasks as well. It administers graduate programme~ 

physical sciences, including microelectronics, in co-ordin3tion 

National Electronic Institute, which is an academic and technic;·l 

education school, and with the un~versities. 

3) Centre de Recherche Electronigue (CEH) 

30. The latter is part of the CEN structure conce~ned with electronics. The 

research undertaken there includes very sophisticated IC design techniques 

using gate a.'rays. The main problem pointed out was the i~entif ication of 

useful applications, a task that the researchers at the centre had not 

addressed, due to very weak links with industry and production. Other 

problems facing the centre were the chronic ones facing similar institutions 

in the region: 

Need for up-to-date informationf 

Weak access to sources of technologyr 

Difficulties in procurement of componP.nts. 
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31. Egypt is potentially rich in its human resources but the industrial 

infrastructure needs much more efforts and development. The universities 

graduate every year hundred3 of software and electronic engineers, well 

prepared in theoretical courses up-dated to standards in advanced countries, 

but inadequately prepared to face problems of local industries and with little 

or no experience in design. Varicus research projects undertaken at 

universities and R and D centres are ~ostly for educational purposes with no 

links to industry or to socio-economic realities of the country. The 

electronic industry in Egypt consis~s mainly of assembly lines importing 

design, parts and components from fore!gn venaors with no serious effort to 

inLrense local inputs. Two industrial research centres are to be pointed 

out: EIRDC trying to gain the confidence of the electronic industry and to 

build capability in microeleLcronic technology, and IEDDC trying to build 

Egyptian capabilities in various aspects of industrial and engineering design. 

32. The Gov~rnment of Egypt started giving more attention to the development 

of micro~lectronics c~pabilities in the country. A National Committee to 

prepare for •Electronics and informatics in Egypt through the year 2000• was 

established within the •National Academy for Scientific Research and 

Technology•. The report of the committee should be ready by the end of 1985. 

i) Electronics Industries Research and Development Centre (EIRDC) 

33. The organization trains about 250 people in several technical areas in 

electronics, the most sophisticated of which is hybrid assembly. In addition 

to teaching circuit design and evaluation techniques, EIRDC has a full hybrid 

assembly capability. At present, an indig~nous design is the major product, a 

universal power-factor controller specifical:y designed for regional uses. 

34. EIRDC has experiencP.d similar problems, as in other countries, in 

converting original designs into su~cessfully manufactured products. The 

transfer of the technology from the feasibility stage to mdnufacturing scale 

is the weak link in introducing new designs into the marketplace. 



- 10 -

35. The laboratory has identified several possible demonstration projects 

designed for within Eqypt, such as power control for ele~trical distribution 

network, control of navigation in the Suez Canal etc. 

36. Egypt requires 10 per cent of all contracts be supplied via an Egyptian 

company. This state policy, while iPplemented with the intent to foster a 

growing and expanding electronics sector, has not in fact accomplished that 

end. The contracting company typically provides 'pre-designed' components 

with the engineering solutions already completed, allowing for only assembly 

le••~' technoloqy development at the local level. 

2) Benha Company for Electronic Industries 

37. The Benha Company is a major manufacturer of electronic assemblies 

within Eqypt. The facility is very extensive and employs 300 engineers, 200 

technicians, and other specialists withir. an overall manpower of 3,000. It 

wa& interesting to note that although component manufactu1e in Eqypt 

essentially ended in th9 1960s, for reasons of economy and innovations in 

technology, the Benha facility continues to manufacture other elements 

required in assemblys cases, connectors, and other mechanical parts are 

locally produced while electrical components are imported. 

38. 

with 

The company showed 

foreign companies 

technology support. 

interest in performing joint-venture type activities 

providing established research anJ ~.anuf&cturing 

3) National Research Council - Electronic Research Centre 

39. The Electronics Research Centre is engaged in design and limited 

prototype manufacture of microstrip components used in communications 

systems. While the staff has considerable expertise in design of linear 

Bipolar and CMOS circuits, the manufacturing capability is not sufficiently 

developed to assimilate such products. Strong efforts are being put into 

programming microprocessors (8080 and 8085 family in particular) and in 

assisting asse~bly operations of application-specific devices such a~ 

inv .. rters and industrial controllers. In this respect the Research Centre 

works in parallel with >~n Shams Unfver~ity. Additionally, the Research 
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Centre holds seminars to develop capabilities in identifying applications for 

differing tech~ologiesr thexe exists a great need for education in the newer 

technologies among the general engineering prof~ssion. 

4) Engineering and Industrial Design Development Centre (EIDDC) 

40. EIDDC is geared to provide consultation service and support including 

limited computer-aided design assistance. The facility contains sophisticated 

computer systems and capabilities such as a Hewlett Packard 9845 CAD/CAM 

system, with software compatible with similar systems in Iraq. Additionally, 

a new UNIX based AT"r system will be on-line, co~figu~ed for mechanical 

analysis via programmes such as STRUDLE (structural analysis) and finite 

element analysis routines. The Centre employs 65 engineers supported by 40 

draftsmen, mostly engaged in manual mechanical design development. The Centre 

h&s very little capability in electronic design and rArely is called upon for 

such services. 

,i. In February 1985 the Centre hosted • seminar on CAD/CAM for mechanical 

and engineering industries which drew an audience of 100 persons from local 

industry. 

42. Regional co-operation on me~hanical design had been attempted, for 

example in conjunction with Iraq, but the effort had been hampered by poor 

cc .. 11munications due to the distance and U'lreliable circuits. Currently tt.ere 

seems to be no driving force for cross-country co-operation at the design 

level. 

5) Ain Shams University 

43. The University has approximately 40,000 students enrolled as 

undergraduates. The programme in electrical engineering graduates 400 

students per year with emphasis on power and communications technologies. The 

current direction is to reduce the number of s.s. ~andidates in favour of an 

increase in the number of trained techni~ians. This shift in emphasis is 

intended to create a more favourable infrastructure within the industry for 

the future. Advanced research projects, while continuing in graduate 
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education, are not directly supported by funds from government sources. One 

such graduate effort was the laboratory where KOS and PMOS devices were being 

developed for education in processing techniques. 

6) Cairo University Faculty of EngineeEing 

44. The faculty curriculae were highly up-to-date according to western 

standards for the B.Sc. proqra111JDes and the M.Sc. programmes that include 

specialization in electronics and coaputer science. The faculty has good 

relations with Western universities but poor contact with local industries. 

Research projects undertaken and various applications developed were purely 

for educational purposes, and not to reach the industrialization stage. 
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45. Iraq is among the aore developed countries in the region in the ~ield of 

electronics, in terms of facilities and capabilities. It has a state-owned IC 

production facility which has been operational since 1983 and a ~ystems 

industry producing TV sets, radio cassettes, telephone sets, PABX, pe~~onal 

computers etc. It has an electronic and computer research centr~ established 

in 1982, and well equiped universities. Iraq has set up in 1984 a special 

committee to consider plans of action relating to the development of 

microelectr~uics technoloqy in the country, particularly upgrading the IC 

manufacturing facility, Al-Mansour. 

1) Al-Mansour Facility, Baghdad 

46. It is a semiconductor manufacturing facility for bipolar production 

technology that has been planned to take advantage of several factors• 

The facility 

purification and 

support functions, 

air liquification, 

such 

have 

as 

been 

deionized water 

established as 

separate economic operations and provide services not only for the 

semiconductor prodc~tion but also serve as a source of supply for 

such hi~h quality materials in the country, to share the cost of 

the installation with other consumers of these materials. 

allow The buildings have been designed to 

within the complex for higher 

operational levels (PMOS, NMOS, CMOS) 

and more 

without 

distribution systems for most facilities. 

additional 

difficult 

having to 

expansion 

technical 

redesign 

The facility is quite resaarkable in overcoming the rat~er severe 

environmental constraintss airborne particulate contamination 

during sua1111er dust storms, waterborne contamination of silt from 

the Tigres River, great extremes of temperature experienced during 

Baghdad su111J11ers etc. 
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47. The Al-Mansour facility functions at the level of discrete devices and 

linear bipolar devices, it has been hampered by the inability to desiqn ICs 

within the facility. The oriqi~al patterns for mask makinq are not only still 

•1aid out• or drafted oy hand but are also transferred to the final optical 

lithoqraphy bench by painstakinqly cuttinq the pattern by hand into Rubylith. 

With the addition of a suitable pattern qenerator to transfer desiqns 

electronically to the a~sk and by eliainating the hand operations steps, 

Al-Mar.sour could be upqra~ed considerably. Nev products can then be designed 

and produced to better accoamodate the systems industry now usinq only the 

discrete components produced by the unit. 

2) The Rational Research Council, Electronirs and Computer Research Centre 

(ECRC) 

48. ECRC was established in 1982 and is currently developinq region-specific 

applications using discrete purchased components - such as electric aotor 

power-factor controllers, robotic controls for industrial 1111anufarture etc. It 

has the potential to evaluate specific desiqn applications by buildinq 

feasibility circuits. Application-specific desiqns are currently being 

evaluated by breadboardinq the circuits with discrete ICs purchased from 

foreign vendors. Availability of the more sophisticated components and 

devices is poor, the small quantities required for feasibility studies do not 

provide a sufficient profit incentive to ensure adequate s~pply. This 

institution would be a major source of semicustom desiqns for reqional 

applications should a regional •silicon foundry• come into existance. 

49. As is common at other electrical technical institutions, efforts are 

hampered by a lack of trained pe~sonnel, particularly experienced engineers at 

senior levels. The desire was expressed to have increased profeaaional 

contact with electronic specialiats in other univeraitiea and inatitutiona. 

3) University of Baghdad, Electrical Engineering Department 

50. This department i• well equipped, currently teaching general engineering 

akills which are necessary to form 6 background level of expertise. It is 

not, however, producing chip-level design expertise, rather teachinq 

applications of existinq chip designs and designs involving discrete devices. 
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A four-year undergraduate progruae is off cred in electrical 

engineering. with electronics subspecialization for the last two years. as 

well as a two-year M.Sc. progrmime in electronics and control. Curriculae and 

courses in electronics and controls are advanced. being u~ated regularly as 

recomaended by IEEE. 

52. Many research projects were undertaken in aicroelectronics applications 

and related topics, staff produced an abundance of pub~ications and papers for 

international and professional journals and aeetings. but no industrialization 

effort was undertaken. Good working relations were kept with the National 

Council for the Scientific Research •wcsR•, whose staff supervised graduate 

students' research. 

4) Universi't'' of Baghdad, Coaputer Center 

53. In the Computer Science Department aspects of the 

studied which are applied to shorten lead lengths 

•routing• theory were 

on a silicon chip to 

increase the siqnal speed. an important aspect of IC design. 

5) Baghdad Technology University 

54. The university has four departments concerned with microelectronics and 

informatics: electrical enqineerinq, systems and controls, a newly 

established Computer &cience as well as an Electrical Engineering Department 

at the school of Technical Education. All these departments offer four years 

B.Sc. progra1111Dea and two years M.Sc. programmes. Each of these departments 

has well established laboratories in different aspects of electronics, 

laboratory for 

relations with 

microelectronics, controls and coaputer. A new •microcomputer• 

teaching purposes was being established. The university's 

induLtries were described as good, for example an M.Sc. thesis was on ~he 

design of a aicroprocessor- based control for the electronics company. 

55. The Electronics and Electrical Engineering Depart111ent has 1,600 

students, among them 50 graduates, h•lf of which are in electronics-related 

specialization or subspecialization. The Department is well equipped in 

laboratories, but short in qualified personnel. It faced difficulty in 

procuring needed components for the research projects. A special research 
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l~boratory is devoted to develop micro-prc.>cessor-based applications, usually 

selected among targets related to •national development planning•, optimizing 

solar energy collection, data collection controllers etc. Some applications 

were developed into laboratory operational prototypes. 

SS. The Systems and Controls Department offers esc and MSc programmes in: 

(1.) control and instrumentations, and (2) computer hardware an~ related 

fields. Curriculae were up-dated to IEEE reco1111Dendations. Gooo working 

relations were developed with •NcsR• whose staff supervised MSc research. 

Several micro-processor-based applica~ions were developed, e.g. traffir. light 

controller, solar rays tracking collectors etc. 

beyond laboratory models, and no effort was 

manufacture sensors or transducers. 

No proto-types were developed 

undertaken to design or 

6) National Company for Zlectronic Industries - Baghdad (IEI) 

57. IEI was established in 1.973 and belongs to the •mixed sector•, where 

private shares amount to up to 49 per cent and public share£ to Si per cent, 

based on profit making and realizing the highest rate of growth in production 

and in investment (J.5 to 1.8 per cent per year). In 1.983 TV sets production 

amounted to 50,000 units. The production of black and white TV sets was 

slowly being terminated, converted to black and white video monitors and 

computer screens. Other products at the fac~ory were1 radios, 

radio-cassettes, calculators, telephone sets and cassette tapes. Many parts 

and sub-systems of these assemblies were produced by the company, such as 

mechanical and plastic parts, coils, transf~rmers, loud speakers, printed 

boards etc. 

58. The strategic decision in the company was to manufacture locally larger 

portion of parts and sub-systems and to acquire freedom in mcAifying and 

improving designs assembled under licence from foreign companies, in 

particular many modifications were being introduced to fit better local 

conditions, such as extreme temperature, very dry dusty and windy atmosphere 

etc. 

59. Basic designs of products were usually bought under different types of 

foreign contracts, for example technical co-operation, patent licence etc., 

usually more than one foreign company was contracted to the same product to 

keep a degree of freedomr usu~lly t·hea~ contracts r3n tee fivP years. 
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60. In these c~ntracts IEI reserved the riqht to desiqn the outside 

appearance of the product and to integrate parts manufactured locally, even if 

they were oriqinating from other designs. 

61. An outstanding product of IEI was the cassette-tape •Al-Kythara•, of 

which the production in 1983 amounted to 5 million unitsr it was planned to 

increase production to 15 million units by the end of 1985, by introducing 

higher automation and robotics. 

62. A.1 important line in the factory is the production of printed boards, 

including the preparation of the photographic film, double sided boards with 

metallized contact holes etc. 

63. In 1985 the company otarted two new lines for asFembly of personal 

computers, namely home computers in co-operation with Olivetti and bu~iness 

computers in co-operation with NEC. The software is being developed in 

co-operation with NCC and with Iraqi universities. 

64. IP.I is also considering assembly of private PABX telephone exchanges and 

of process-controllers for different industries. 

65. IEI has undertaken very little desiqn workr thus with a 1,600 strong 

labour force only 25 were engineers and yet it had difficulties recruiting 

•suitable• new ·graduates with proper profile, who like their work, enjoy it 

and are ready to take it as a career. It was felt that university education 

was preparing students for higher education, rather than to respond to the 

needs of local industryr the relation between the two sides was not as 

intimate as it ought to be. 

7) Ministry of Industry and Minerals - Data Processing Centre 

66. The Data Processing Centre serve• •• a central computational facility 

that connects all public sector industries. As a central facility it can more 

easily access the kinda of suppor~ necessary for specific projects. The 

centre employs twenty programmers to provide services in using the various 

systems. The purchase of all computer systems in Iraq is co-ordinated through 

the government and equipment of a few vendors predominates. This makes for 
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good compatability between systeas and facilitates for the exchange of data 

throughout the country. A new Hewlett Packard Model 9000 cyatea ha& been 

purchased with software support capability suitab·.e for two and three 

diaensional design. Such programmes could be applied to customization layouts 

for mask ~king at the Al-Mansour facility. The prime users at this time for 

such software progr.._.s are mechanical engineering designers. 
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Jordan 

67. In Jordan no electronic industry exists in any fora. However, hu111an 

capabilities in electronics can be found at the research institute, •The Royal 

Scientific Society• (RSS), and at the universities. 

1) The Electronic Service and Training Centre (RSS) 

68. The Centre \taa developed into a separate entity within RSS 

eighties, when the importance of electronics was realized. 

multiple tasks, as explained below, and acts as an advisory 

Government on issues related to microelectronics. 

in the early 

The Centre has 

body to the 

The Centre is well-equipped and well-staffed, offering technical 

assistance, maintenance services and training to other RSS sections 

and to institutions outside RSS, including indu~triest 

It is a certified centre f~r quality testing of marketed materials 

and consumer goodsr it also provides calibration and 

standardization facilitiesr 

It provides consultancy, 

services for industry, 

applicotionsr 

research and 

including 

dovelopment 

development 

and 

of 

training 

specific 

It offers customer-tailored training courses for operation and 

maintenance of electronic equipmentt 

The Centre has undertaken serious efforts in design 

of microprocessor··based applications, 

microprocessor-controller for traffic signal light 

and 

such 

to be 

development 

a8 a 

developed 

into a universal micro-processor-controller, progra111111able in EPROM, 

to optimize the operation of a traffic light using data fed 

automatically by remote sensor•• 
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~he ~entre has developed and manufactured a variety of electronic 

equipaent, such as a maintenance-free controller for windmill 

generators supplyir.g power to electric pumps in remote areas, 

amplifiers, laboratory testers etc.1 

The Centre has the facility to manufacture, on a limited scale, 

printed circuits using automatic solderlng. 

69. It was difficult for the Centre to gain the confidence of industries 

with which it still has weak links. Efforts are exerted to enhance these 

links by offering fruitful services such as the ones described above. 

2) The University of Jordan 

70. The Faculty of Engineering at tte University has a Depart•ent of 

Electrical and Electronic Engineering, but not a Computer Science Department. 

Advanced courses in electronics are offered, covering various aspects of 

electronics, microelectronics, cOllllllunication and computer sciences. However, 

no •electronic• specialization is offered at the undergradua~e level, though 

such a specialization was considered for the near future. Fellowships were 

offered to staff for specialization in VLSI techniques. The staff was also 

interested in residence fellows~ips at advanced universities and research 

centres to update their knowledge and enhance their experience in various 

aspects of this fast-moving technology. 

Courses offered at the school of engineeri~. are versatile, with 

emphasis on laboratory courses and workshop training, as a minimal substitute 

for the lack of industrial tradition in Jordan. It was stated that the 

conditions in Jordan, as in many developing countries, require engineer• to 

play the role of designers, technicians, operators, trouble shoot£r• 3tc. and 

thus the universities must prepare their graduates to all these tasks. 

72. The university suffered from very weak linkage with industry. The only 

experience they have in this respect was a limited consultancy with the 

~~lephone authorities. The university, like RRS, was also suffering from low 

salary which encouraged •brain drain• towards the Gulf states, depriving 

Jordan of well-qualified personnel. 

' 

• 
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Kuwa.!.t 

73. Like Jordan, Kuwait has no eiectronic industry. Technical capabilities 

can be found at the r.~vait Institut~ for Scientific Research (KISR) and, to a 

lesser extent, at the University. 

i.) Uni.ersity of Kuw&it, Faculty of Engineering 

74. The Faculty has an electronics department but not a computer science 

department. The courses in electronics and computer science are advanced and 

based on IEEE and ACM recommendation. The Faculty does not offer a 

specialization in electronics or computer science and has no graduate 

pr09ramme and no resea:ch activities. ~he Computer Centre at the Faculty has 

acquired respectable software development capabilities, though a large 

percentage of the personnel are expatriate. Computing capability is very 

large, doubling almost every three years, though it was usually underused at 

about 35 per cent capacity only. The Faculty has little contact with industry 

and production. 

2) ~he Electronics Department, Kuwait Institute for Scientific Research 

(KISR) 

75. KISR has good laboratory facilities in electronics but is unable, as 

yet, t~ develop its qualified personnel into a •self-sustained critical 

mass•. Due to competition with the private sector very few Kuwaiti experts 

can be recruited, and there are difficulties recruiting expatriates. 

KI~R has adequate COJftputing facilities the maintenance of which is 

contracted to the vendor company. There is a serious effort to 

acquire 1110re capability to develop original softwar~ for specific 

applications. 

KISR has acquired important capability in 

microprocessor•based applications in the past 

succeeded in producing several prototypes, 

outside technical assistance and smne developecl 

alone. 

the development of 

iew years. it has 

some with the help of 

by KISR personnel 
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(b) 

First attempts 
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were made in co-operation Tecbnoloqy 

As a result operational prototypes for an 

Arabic telex and derivatives such as a smart Arabic typewriter 

etc. were developed. The designs were iaplemented into 

successfully tested prototypes, but efforts in 

industrialization failed due to the lack of operational 

transfer mechanisms. 

The experience gained 

important and tested 

successful prototypes 

in design and impleaertation was very 

again in the development of new 

such as a controller for multiple data 

acquisition systems used in scientific and engineering 

experiments, micro-processor-controlled display of flight 

info:rJDation in Arabic and Engliah at Kuwait airport an0 there. 

KISR was instrumental in d~veloping qualified human capabilities in 

design of specific applications. The important strategy here was 

to gain qualified expertise by assigning KISR personnel for several 

mon:·.hs t-:> work in more advanced countries in actually designing and 

implementing specific applications. An accelerated know-how 

acquisition was obtained in this way. 

KISR is offering consultancy, testing, calibration and maint£nance 

services to different industries and ministries in Kuwait. it acts 

as a consultative body to the Government of Kuwait on issues 

related to science and technology including microelectronics. 
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Morocco 

76. In Morocco there exist several small asseably plants for consuaer 

electronics, ~ few workshops producing passive components and a modern factory 

for printed circuit boards. Next to that there is a plan for an assembly line 

of microcomputers for schools and another one for a bilingual terminal. But 

the most important electronic industry in Morocco is Thrason-CSP with its 

Moroccan subsidiary SPRM. 

''· In terms of research and design capability the university hosts several 

successful design projects of aicroprocessor-based application•, including one 

for Arabic speech processing. The Scientific Resear'h Centre has already 

started its aicroelectronic laboratory with several ongoing research 

projects. The Moroccan Government baa expressed its interest in proaoting 

microelectronics in the country through ita support to various institutions 

mentioned above and through the development agency •organisation du 

Development .ndustriel• (ODI) which waa considering a few industrial projects 

related to aicroelectronica. 

1) IMEG 

78. I'4EG is a private aoftware fina. Supported by the Moroccan Government, 

it is undertaking a project on assembling aicrocoaputers for schools in 

co-operation with a European partner. 'l'Wo lines of microcoaputers were 

planneds 

(a) for schools with 82 kilobytes RAM, and floppy disk drive, costing 

around MD 2,000J and 

(b) for business with 512 kilobytes RAM, and bard disk drive, costing 

about MD 40,000. 

7?. The production per year was expected to be 100 micros for the high level 

and 300 for education. The project would be procuring all components from 

abroad with possible manufacturing of certain components later. 
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2) Companie Generale de Construction de Telephone (CGCT) 

80. The Company is a joint venture, with 50 per cent state owned assets and 

50 per cent partnership with CGCT of France. It has two functions at the 

service of PTT Moro~co: 

Installation of telephone network (i.e. exchanges and lines)J 

Assembly of electro-mechanical telephone exchanges. 

81. In 1982 the company started installin9 electronic exchanges purchased at 

Meta Conta of France. Then the Moroccan PTT switched to Ericson and 

CIT-Alcatel electronic systems. The Company faces the possibility of stopping 

all assembly operations and releasing an already well-trained workforce of 

more than 150 people including 10 engineers. 

82. In 1982 CGCT 

PICART-LEBAS of 

for PTT customers. 

started 

France and 

assembling private intercom under license from 

is negotiating assembly of private ~elephone sets 

3) Societe de Fabrication Radioelectrique Morocaine (SFRM) 

83. SFRM is a joint venture, 49 per cent of the shares held by Thomson CSF 

of France and 51 per cent owned by Moroccan public and private shareholders. 

SFRM has two factories. The Bouskoura factory, with a workforce of 500 

persons, is limited to assem~ly of systems and subsystems. The Ein Sba'a 

factory is specialized in packaging of semiconductor components and has a work 

force of 1,000 persons. 

84. Thomson has another affiliate in Morocco, SADA, spe ~ed in assembly 

of colour and black and white TV sets for the local market, w ~ capacity of 

100 sets per day. Philips has an affiliate in Morocco assembling 30 TV sets 

per day. 

85. SFRM represents a special type of •joint venture• where all technical 

know-how is supplied by Thomson Prance. No design, engineering or 

modification of any kind is undertaken in Morocco, the justification being the 
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•prohibitive design cost•. Morocco is supplying the premises and the cheap 

labour force. Nowhere the name SFRM appears on the product, whether it is a 

system, a sub-system or a component, except for ~roducts sold on the local 

market. 

86. There are many European companies, such as IBM of France, contracting 

the assembly of their subsystems to SFRM, the European company supplying all 

design, components, parts and even machines, SFRM supplying only the labour 

force. 

(i) The Bouskoura factory 

87. The Bouskoura factory has several sections• 

(a) Assembly of electromagnetic telephone exchanges for PTT Morocco. 

The section was closed (150 employees) because the client switched 

to electronic exchanges. 

(b) Subcontracting assembly to European companies, including electronic 

subsystems, wiring, cabling etc. 

(c) Assembly of systems fo~ Thomson-France includinq Transceivers, 

professional communication electronics, navigation aids etc. 

(d) Assembly of subsystems for Thomson-France including ferromagnetic 

core memories, hybrid circuits, active filters, miniroping wiring 

for computers, demagnetizing nodes for colour TV etc. 

(ii) The Ein Sba'a factory 

88. The Ein Sha'a factory is specialized in packaging semiconductor 

components including analogue JCs, transistors, diodes, rectifiers, thyristors 

('tC. 

The production caparity of th~ factory in x9R2 was: 

77. ()()(), ()()() f.l"rn i - r-nnrhwt or f. 

I I. ()()(1, (llJ() f ('I ;1·y"· 

(,(;(I. (l(J(I' (•()() ti ylir i r! ,. i r ('II it f; 

,111.r1or.,r1•1ri ,.,il·lr·~. for r·r,rnr.11tt·r~; 

/ 1ll f1t<,·!·:r·t; ·,,,.rt· "1·:•111rt1,f t;1r1 ~'' ''> ·rt1r1n·~;f,f: f··r.1r11 1 .. 
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89. The main coaparative advantages of the Ein Sba'a factory can be 

summarized as follow•• 

(1) final coat in Morocco is auch leas than can be achieved in Europe 

and only slightly higher than in the Far East, 

(2) proxiaity to Europe: direct and always available and 

communication links with designer and cuatoaer in Europe, 

•coamon• language, since French is commonly spoken in Morocco, 

access by air or sea etc.f 

cheap 

the 

easy 

(3) cheap, direct and always available transportation of products, even 

by land via Gibraltar, to Europe, 

(4) the manpower is capable of acquiring important quallficationss 

trained in short time, disciplined and docile, capable of 

sustaining European demand in endurance and productivity, though 

not as much as in the Far East where traditional obedience is 

overwhelming. 

90. The assessment of the management is that the factory is keeping high 

standards, even when c01Dpared to European factories, in cleanliness, order, 

organization, efficiency etc. 

91. As for the ase81lbly of electronic systeas, the asseaa .. nt is against it 

when contrasted with the Par East. 

92. In systems asse.bly, the quantity is the single major factor in cost, 

and the Par East has the lead in the aarket worldwide. On the other hand the 

Par East has established a tradition of expertise in all levels and types 

needed for different electronic systems, including the presence of design 

facilities and components manufacturing within the proxiaity, which is lacking 

in Morocco. While in the Par East there is a real electronic industrial base, 

in Morocco almost everything is to be imported. 
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4) Printed circuit boards 

93. An advanced laboratory for manufacturing at industrial scale. high 

quality double faced printed circuits, using thick fila technology and 

metallized holes contacts ~a• aentioned. The laboratory was well equipped up 

to European st~ndards aanufacturing high-quality product. 'l'"ne laboratory was 

operating under license froa a French company that vent bankrupt, leaving the 

Moroccan venture on its own. 
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Saudi Arabia 

94. There exists no serious electronic industry in Saudi Arabia, except 

maybe a few assembly plants for consumer electronic items, subsidiary to 

internationally known brands, and except for two embryonic coaputer projects, 

Al-Farabi and Al-Raed. However, Saudi Arabia is in the process of acquiring 

respectable potential in design capability, through the development of 

electronics and computer sciences faculties and departments in various 

universities and research centres, well equipped with computing powers and 

laboratories. 

Mineral, UPM, 

University in 

It 

in 

is worth pointinq out here the University of Petroleua and 

Dhahran and its research centre, UPMRI, and Kinq Saud 

Riyadh with its faculties of electrical and electronics 

engineerinq and computer science. ARABSAT, a regional communication 

organization, is also based in Riyadh, Saudi Arabia. It has supervised the 

design and launchinq of two communication satellites and is now supervising 

their operation, thus gaining serious capability in this field. 

1) The University of Petroleum and Minerals (UPM) 

95. UPM is one of the oldest technical universities in Saudi Arabia. It has 

three departments related to microelectronic technolOCJY• computer science, 

systems engineering and electrical enqineering, with a total student 

population of about 500, including some 80 graduate students. The university 

has facilities for computer aided instruction, and a well furnished laboratory 

of computer graphics, based on a VAX 11/780. The laboratory could be 

developed into a desiqn unit for ICs, by superimposing on it suitable software 

of design that c.1n be purchased from various vendors in Source Code. Based on 

it, it would be relatively simple to implement the concept of silicon foundry 

using design rules of the manufacturing facilities. 

2) The King Saud University 

96. The Faculty of Engineering at the univeraity has two colleges related to 

•icroelectronics. The College of Electrical and Electronics Engineering and 

the Computer Science and Engineering College. These colleqes had in 1984-85 a 

total of about 800 students and had newly established graduate proqra11111es 

leading to MSc degree. 

laboratories. 

They are well equipped with computing power and 
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97. Several research projects were undertaken at the university, including 

the de~ign of an Arabic terainal with graphic capability, the design of a 

aicroc'A!lputer with special features for the efficient treataent of the Arabic 

language and various designs of specific applications. 

3) Saudi computer industries 

98. Two computer industry projects exist in Saudi Arabia: Al-Farabi and 

Al-Raed. 

99. Al-Farabi would apparently be the first purely •Arabi' 

from the early design staqe to delivery, including the 

•original• Arabic proqrmaaing language, operating system and 

machine was expected in the market in late 1984 or early 1985. 

aicrocoaputer 

development of 

compiler. The 

100. Al-Raed is a bilingual business ~icrocoaputer developed and produced in 

California, USA, by a Saudi-owned company. An assembly line was expected to 

begin production in late 1985 or early 1986 in Saudi Arabia itself. 



- 30-

101. In Syria the electronic industry is still at th~ early 

develo~nt, while the technoloqical capabilities were more at 

scientific research centre with successfully developed prototype aodels 

Ulbitious plan to establish a pilot plant for IC aanufacturing. 

1) General Organization of Engineering Industries 

stage of 

CERS, the 

and an 

102. The organization supervises all engineering industries including an 

electronic one, •syronics•. In 1968-1970 an atteapt was aade at local 

aanufacturing of electronic coaponents and later to aanufacture hybrid 

circuits. The result was unecon<>11ical and the business failed. Since then 

there has been no real effort to establish a c<>11ponents industry at the 

manufacturing level. The feeling was that the required design infrastructure 

is not strong enough to create a local coaponents industry at this time. Bev 

efforts at industrialization have taken the direction of asseably, typically 

PB4 public telec011mtunications exchanges with a French joint-venture partner 

providing the design. 

2) Syronicss Syrian Electronics Industry 

103. Syronics is mainly an assembly operation of TVJ black and white and 

coloured of all sizes up to 26 inches. It assembles also telephone aeta and 

small private tel&phone exchanges of up to 120 linea, mostly for the local 

market. It manufactures BOlle parta for ita aaseably lines, for exaaple black 

and white television screens, power suppliea, plastic TV boxes, aome printed 

circuit• etc. The percentage of aanufactured part• ia increasing ~teadily. 

It was about 10 per cent in 1979, achieving 35 per cent in 1983. 

104. Syronics adopted •pecial •technology acquisition contracts•, the main 

features of which can be sW111arized as follow•• 

Supplier is to provide components for an agreed nUllber of products 

to be asseabled over a period of two years, after which Syronics 

has the option to produce the sa.. product for another period of 

ten years with the supplier providing C091ponents, at request, at 

the prevailing aarket prices. 
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Syronica is to .. nufacture part3 for the asse.bly line. The 

percentaqe 

explained 

of 

above. 

brouqht about 

.. nufactured parts 

It is entitled 

by supplier ca.pany 

contract. 

increased over the years as 

to introduce all innovations 

durinq the validity of the 

3) University of D ... scua - School of Mechanical and Electrical Engineering 

105. The school offers a five year B.Sc. proqr...e in electrical enqineerinq, 

that includes three years of specialised studiea, with electronics as one of 

available option&. Curriculae were allbitioua and reqularly modernized, baaed 

on IEEE recm111ended text books, includinq aany advanced courses on 

aicroelectronica and coapoter technology. It la well equipped, well staffed 

and enjoys stronq qovern11ent support. 

106. 75 electronic• engineers graduate per year providing a reasonable pool 

of •qualified personnel• in anticipation of changes expected to be brouqht to 

Syria by aicroelectronics and co.puter technoloqiea and applications. 

107. The achool eatabliahed good contact with the •scientific Research 

Centre• (CERS) but very little contact with industry. 

108. There were aany theoretical reaearch proqr...ea for development of 

aicroelectronics applications, aoatly for educational purposes, with little 

efforts at developing workable prototypes. 

4) The •centre d'Etudea et de Recherchea Scientifiquea• (CERS) 

109. CERS ia a well developed R and D centre that has activities in various 

scientific fields, including SOiie activities in •Arabic Speech Recognition• 

using comiputera and sOlle I.e. deaiczns related to the speech recoqnition 

research. There Is other electronic research related to the allltary. 

110. The Centre has acquired a relatively high capability in design, actually 

lapl ... ntlng several laboratory aodela, for some of the apeclf lc applications 

developed. CBRS la conteaplating to set up a laboratory-scale pilot plant 

•silicon foundry• to lapl ... nt developed designs. 
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Tunisia 

111. Tunisia seess, among the countries of the region, JllOSt interested in 

promoting aicroelectronic technology and industry. The Tunisian Government 

has established in 1984 a National Electronic Commission consisting of 

representatives of various public and private institutions concerned with 

microelectronics in the country, to assess the potentialities and propose a 

course of action, based on the assessment that Tunisia has a well-developed 

educational system that can sustain a good technical capability in design and 

aanufacture. The Commission proposed the establishment of two microelectronic 

facilities: 

(1) A design unit for the development of specific applications to the 

operational prototype stage1 

(2) A microelectronic unit for design and manufacture of components, 

including ICs. 

112. A project proposal was oubmitteu to UNIDO in early 1985 to assist 

technically and financially in tte establishment of these two units, with the 

understanding that the Tunisian Government is willing to share substantially 

in requested resources. 

1) Ecole Nationa·.e Superieure de l'Enseignement Technique (ENSET) 

113. The school is a national education centre graduating engineers and 

technical instructors. It has a 4 years BSc programme in Engineering and a 

six-years (third cycle and DEA) programme for technical instructors. The 

specialization in Electronics is available in the six-years progra111111e only. 

114. ENSET offers advanced courses in controls, sequential COJIU'l\and situations 

etc., with special courses on microprocessors and microinformatics in the DEA 

progra111111e. Many microprocessor-based applications were developed at the 

laboratory scale, such as process controllers, multiple data acquisition 

systems etc. In these applications the researcher developed the algorithm& 

and designed the interface modules, including all needed software and 

hardware. No industrialization was attempted. In most of these applications, 
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the ~icroprocessor used was the Intel 8085, although there were difficulties 

procuring it in needed quantities and procuring other needed parts of ongoing 

research projects. 

11~. The school has moderately equipped control laboratories, including one 

microprocessor and one microcomputer laboratories where a design of a 

microcomputer model wRs developed and implemented for educational purposes. 

It has some computer-aided instruction, CAI, c~uipment and limited CAD 

equipment is used in Engineering design even by offices outside the school. 

116. ENSET has very limited contact with industry because •industrialists 

were not of the daring type and preferred proven technologies bought 

outside•. A few industries were starting to call on the school for technical 

assistance, e.g. Airport flight control authorities were asking for the 

d~velopment and implementation of a software application •to optimize the use 

of available runways and avoid plane collisions, using data of incoming 

flights processed on available microcomputer• etc. 

2) Ecole Nationale d'Ingenieur de Tunis (ENIT) 

117. The •Tunis School of Engineering• is 15 years old, with a students body 

of more than 1,500. It has three programmes after secondary educations 

(1) High techniciar. (TS) education, a two-years programme or first 

cyclei 

(2) A BSc engineering, a four-years progrAll\Jlle or second cycleJ 

(3) An MSc equivalent programme (six years or third cycle). 

118. ENIT offers an electrical option at the BSc level with electronic 

subspecialization• it offers electronics and control specialization at the 

third cycle and a biomedical electronic technology at the first cycle level. 

A three-years programme on computer technology for operation and maintenance 

of computer hardware and software was introduced lately vith the assistance 

from IBI to enhance the national computerization programme. Hardware and 

software aspects were taught to all engineering students to acquaint them with 

capabilities and limitations of the computer. 
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119. A wide research proqr ... e in inforaatics and microelectronics is carried 

In informatics, research covered artificial intelligence, 

processing of sound and visual a!qnals, pattern recoqnition 

out at ENIT. 

recoqnition and 

etc. 

120. In aicroelectronica, the research covered computer-aided deaiqn of chips 

and systeas, development of bilingual terainals and wordprocessors that 

included Arabization within the hardware itself etc. 

121. The aicroprocessor Intel 8085 waa used to develop soae 

controls, e.g. management of electric dispatching network, processors 

phosphate industry etc. 

industrial 

for the 

122. Du~ to limitation in available human capability, moat applications were 

developed to the laboratory scale only with no production of operational 

prototypes. 

3) Banque Tunisio-Elllirate pour l'Investisaement (BTEI) 

123. The Bank has elaborated, with the Tunisian Government, the idea of 

establiahinq an •electronic infrastructure zone• for electronic industries, 

systems and coaponents, for export to benefit frODI the well-established 

educational system and R•D centres in Tunisia. 

The Bank ras conaiderinq several project• includinq production ofs 

(a) Passive ~omponentss 

basically windinqar 

transformers, relays, 

(b) Transmission equipaent for PTT Tunis and 

Countries, baaed on the newly established 

modulation (110at probably with CIT-AL CATEL)r 

motors etc., i.e. 

other Horth Af~ican 

digital time sharing 

(c) IC components as a joint venture lookinq for a partner to supply 

the high technology and part of the market. 
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124. The IC project consideration was · :.ed on three factors: availability of 

qualified aanpower in Tunis, a hiqh-tech partner and a thorouqh study of the 

potential market. 

125. The bank waa investigating mostly the market for power transistors, MOS 

techniques, and other linear ICs. OSI 50 aillion were provided for the 

venture expected to start with the packaqinq staqe. The bank was also 

considerinq to buy a •window• in the Californian •silicon Valley•, i.e. to buy 

a s111all cmapany in the field of microelectronics to qain experience, access to 

technoloqy and insiqht into the hiqh-tech market. 

4) El-Athir Electronic Company 

126. The company is basically an assembly complex, set up about 20 years aqo 

as a joint venture with Thomson-CSP of Prance. It caters to the Tunisian 

111arket and tskes assembly subcontractinq for export as well. 

127. The company production is usually based on desiqns imported from 

anywhere in the world accordinq to profit-makinq criteria, with most 

components imported as well. The company has no strateqy to increase local 

inputs, due to cost/benefit considerations, but is willinq to buy local 

components or •reqiona1• components, when available at competitive cost and 

quality. They were manufacturing simple passive, non-mechanical components, 

such as relays, plastic covers etc. 

Productions 90,000 

100,000 

10,000 

70,000 

TV sets/year (30,000 colour) of various sizes 

portable radios 

Radio-casaette recorders and cassette recorders 

for cars 

TV antennas 

5) Centre National de l'Informatique (CNI) 

128. The pri111e purpose of the Centre National de l'Inforaatique is to provide 

a central computational facility for 9overn .. nt function&. The facility is 

well equipped with the most llOdern Honeywell Bull ayat.. (1 MIPS) and 

comaunicates over a 50 Kilobaud data co.aunications network with re1110te 
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terminals. A working example is the 120 termi customs network linked to 

the central computer data bases which provide ~ustantaneous information to the 

remote customs inspectnrs. Software applications currently operational were 

developed within Tunisia by Tunisian personnel. Each year the Centre trains 

20 to 30 students to the MSc level in programming. The future direction of 

the Centre's activities will focus on soft•are engineering with emphasis on 

developing workstation cor.cept all with little or no reliance on foreign 

programming assistance. 

129. There is 

computational 

interest 

skills as 

in supporting private efforts (for 

well as with programming capability. 

being performed on the mainframe system, strong 

profit) with 

While no CAD is 

interest in 

estab~ishing a design/computational 

closely with manufacturing. 

centre 

there is 

to link university workers more 

III. Assessment of design capabilities in the region 

130. Based on the above brief review of institutions visited the following 

assessment of microelectronic ~Esign capabilities available in the region 

could be made. 

1) In most countries of the region high priorities are given to the 

development of microelectronic capabilitiess educa~ion, research and the 

like. The region as a whole has begun to realize the impact 

microelectronics will have on all respects of economy and life and there 

are serious efforts to enhance the participation of the region in the 

developme~t. of this tP.chnology. 

2) Regionally, there exists a cadre of foreign educated and trained 

indige~ous engineers, researchers and managers capable of and dedicated 

to advancing the technology. Well established university programmes 

exist in most countries ensuring a continuing supply of engineers, 

proqrammers and technician•. However, this pool of human resources must 

be trained to the necessity of thd new fast moving technology, and must 

be continuously exposed to innovations brought about in advanced 

countries. 
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3. The current products mix was not designed within the reqion. It was 

purchased expertise which did not lead to the development of design 

capability locally. Tools supplied may be used well, but the process of 

creating tools remains with foreign vendors. There is an attitude of a 

certain lack of respect for locally developed products. More effort 

should be put by prrsent facilities to improve quality control and 

reliability of products to gain some confidence of the loczl market. 

4. 

5. 

There is 

COJlllDUnity 

no in-place procedure to maintain an up-to-date tec~1nical 

by continuous training and contact with state-of-the-art 

institutions and industry. Current process expertise is approximately 

10 years out of date and is falling behind rapidly. In this high 

technology environment it is not unusual for the technical staff to 

require ~bout 15 to 20 per cent of their time to be devoted to up-date 

their know-how and talent. 

The most striking weakness 

between universities and 

and socio-economic needs 

is 

R 

on 

the 

and 

the 

almost total absence of linkages 

D centres on the one hand and industry 

other. Industries l ly totally on 

imported •well-established technologies and design•, while academics, by 

and large, live rn a theoretical isolated environment. Moreover, the 

lack of industrial traditions and of a wide industrial infrast~ucture 

deprive new university graduates from badly needed practical 

experience. While most universities prepare their students for further 

education and teaching courses are up-dated :o meet standar!s of 

advanced countries, no serious pr~2aration is provided to face problems 

of lo~al industries and societies. 

6. It is essential that appropriate linkages are created between university 

workers and the d~veloping industries. One must realize that th~ 

designers trained within the university system are the consumers of 

microelectronic technoloqy. It is these engineers that will choose the 

particular microelectronic device used to accomplish an application. It 

is unreasonable to expect local engineers trained to use foreign 

products exclusively throughout their education, and taugnt that these 

devices are superior, to adapt locally produced wvices into their 

application designs. 
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R and D and university designers 

industry and help shape the 

should contribute their knowledge to 

capability of the industrially designed 

devices. This co-operation is symbiotic in that the designers benefit 

in receiving hardware knowledge and the hardware personnel benefit in 

appreciating the needs of the designers. 

It is very important to realize that education in this field is noL and 

cannot be stagnant. In other engineering fields one would not hesitate 

to reject techniques of construction, architecture, or transportation 30 

years out of date. In the semiconductor field five years is equivalent 

to 30 years in more traditional e~gineering fields. Design engineers 

must constantly improve their skills by working on successful 

applications, as completion of successful projects is a learning 

experience necessary to gain and retain COlllpetence. 

7. 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. It was a common complaint 

that efforts progressed to a certain point and then were forced to stop 

because the necessary conn~ctions to the next logical step did not 

exist. It is desirable to create an entrepreneurial atmosphere within 

the technical community, a spirit directly responsible for the 

tremendous expansion in microelectronics capabilities in developed 

countries. The physical requirements for a successful design group are 

present at several facilitie& in the regions computer systems, educated 

professionals, buildings and the like but they do not have the 

entrepreneurial atmosphere to creatively define and manufacture new 

microelectronic p~oducts. 

IV. Assessment of available manufacturing facilities 

131. In developing 

objective is to set up 

develop a degree 

countries, such as in the Arab States, a legitimate 

111icroelectronics manufacturing 

of regional self-euf f iciency 

facilities, so as to 

in the technology and 

applications, even though such a venture may not be economically viable at the 

regional level or comp~titive at the international level. It is apparent that 
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such an objective was behind setting up the facilities at Al-Mansour in 

Baghdad and at Sidi Bel-Abbas in Algeria. Assessing these facilities in the 

light of such an objective the following could be stated: 

1. The facilities visited represent a tangible step in the effort to gain a 

degree of ~elf-sufficiency in microelectronic manufacturing. The 

operational experience attained was comparable to similar facilities 

elsewhere. It was stated, for instance, that the Al-Mansour unit was 

attaining 92 per cent of product yield. 

2. Technical capability gained in human expertise was noticeable. The 

trained personnel 

any sophisticated 

working at the facilities were qualified to operate in 

microelectronic production facility with on-the-job 

training for new technologies or innovations. It can be stated that the 

experience gained in these facilities represents a net gain in terms of 

•technology transfer•. 

3. The experience gained was restricted, not only within the same country 

(Iraq and Algeria), but even within the country to a very limited group 

of people, i.e. those directly involved in the production. Such 

facilities may represent a much bigger asset and a higher degree of gain 

in self-sufficiency if they are open to a wider group of people. 

4. These manufacturing facilities are suitable for addition of MOS 

process~ng IP suitable volullles of product, or other strategic 

considerations, warrant the sizable capital investment required1 the 

facilities are iJmaedi~tely suitable for an increase in the level of 

technology in the fabrication/design of Bipolar Linear ICa, •• stated 

below. This improvement would raise the operational level allowing 

aemicust(IJll gate array technolOCJY to be processed at the plants. 

5. No design capability was developed. The facilities were manufacturing 

designs imported from vendor•' companies, with minor adjustment, if 

any. The real gain in technology transfer is obtained only when local 

personnel become capable of successful designs and of imple111enting new 

products. Design capability in microelectronic technology is very 

important to develop bee•~•• of the fast changing nature of the 

technology and products. 
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6. There were no serious efforts at modifying and/or updating the imported 

technoloqy, whether it be in equipment or processes. A much higher 

degree in self-sufficiency can be gained if local personnel can, by 

trial and error, succeed in modifying imported technoloqy to improve 

efficiency, reduce production cost, adopt modifications that suit better 

local conditions or adapt innovations appearing elsewhere in the world. 

Such effort can be exerted only if a separate department for industrial 

research is set up within the establishment facilities. 

1. In considering the establishment of any microelectronic production 

facility in a developing country, and hence in the Arab States, the 

economic viability of the project and the international competitiveness 

of the product may not be of paramount interest, except in special 

circumstances, such as in the Republic of Korea. More stress is usually 

given to the objective of attaining a degree of self-sufficency in the 

technology. But then such an objective should be taken seriously in the 

establishment of the facility as well as in its operation. It is 

expected that national personnel will be given the opportunity to 

participate in the design and installation of the facilityr that the 

product mix be selected and/or modified to better respond to local 

needs. Moreover, it is expected to encourage national experts to exert 

serious efforts, after the establishment of the facility, to design new 

products and to upgrade the facility to cope with local conditions and 

as much as possible, with innovations in the technology world-wide. 

CHAPTER II. 

DESIGN AND FABRICATION OF CUSTOMIZED INTEGRATED CIRCUITS 

132. One of the most characteristic trends in microelectronics is the rapidly 

increasing complexity of integrated circuits (ICs). While by 1970 the n~mber 

of components on a single chip was close to 1,000, it is nowadays in an order 

of one million. With the rising complexity, chips become more and more 

specialized and fewer of each kind are required. Thus, with increasing 

complexity, the use of a particular type of IC is more and more limited. 



133. Design time has increased with complexity as has the cost of 

documentation of the design. Therefore, the price paid for developin9 and 

producing a complex, specialized chip tends to be increasing. 

134. There have, however, been several technological innovations which have 

allowed the industry, and thus the user of integrated circuits, to break out 

of the cycle of greater complexity - smaller range of applications - higher 

costs. 

135. One tre~d which has become very apparent and is growing in importance is 

the ~emand for customized chips. The market for uncommitted loqic arrays, 

gate arrays, standard cell and full customized chips is continually 

expandinq. The European market for these ~evices is estimated to be growing 

at around 50 per cent a year which is about twice the rate for res total. 

However, the market is still small and these chips only account for 

approximately 5 per cent of all !Cs sold. As designers of electronic 

equipment become more knowledgeable the benefits offered by customized chips 

are more apparent. Also the advances which have been made in CAD and 

automated layout have made the task of the designer much easier when 

~pecifying customized chips. 

Steps in customized IC production 

136. To produce an integrated circuit many steps must be performed, going 

from an idea to the implementation of the integrated circuit. The three 

initial steps, i.e. system definition, logical design as well as circuit and 

mask design, are skilled manpower intensive and depend mostly on the 

availability of highly qualified designers equipped with appropriate design 

tools. Those three steps may be visualized as transformation of a design idea 

into formal description following a certain set of rules. The formal 

description (after verification) contains enough detailed information, 

sufficient to produce ~he chips automatically. The following steps, mask 

fabrication, chip fabrication ~s well as bonding and packaging, require 

specific technological skills with sophisticated equipment and facilities. 

However, these steps are in some sense mechanical and once the fabrication 

proces• has been properly established, no changes are required in order to 
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produce a completely different integrated circuit. It should be stressed that 

the production facilities involved in the last three steps are extreaely 

capital intensive, while the three initial steps are rather skilled manpower 

intensive. 

137. The idea of separation of the desiqn process (the three initial steps) 

from the production process (the three last steps) is a loqical conclusion 

from the above. Moreover, it is possible to create several geographically 

distributed design groups or centres working for one production facility. 

This is the rationale of the silicon foundry approach. 

Silicon foundry approach 

138. According to figures put out by the Integrated Circuit Engineering 

~~~poration the total worldwide .. rket for non-standard Integrated Circuits in 

1984 was worth approxi•ately USS 1.6 billion. It is anticipated that by 1990 

this figure will have increased to OSI 7.7 billion giving an annual compound 

growth rate of 31 per cent. One of the more spectacular growth areas is 

likely to be MOS gate arrays which will increase from US 153 million in 1983 

to just over USS 1 billion in 1989 which represents 38 per cent annual 

cOlllpound growth rate. Standard cell desiqns which in 1983 only represented 

USI 43 million in revenue are likely to cliab to USI 1,2 billion by 1989 which 

represents an annual compound growth rate of 72 per cent. 

139. New reports estimate that by 1988 more than 50 per cent of all 

will consist of some form of full custom and semicustom ICs. 

IC usage 

It is also 

esti ... ted that 86 per cent of full custom and semicustom circuits designed by 

1988 will use gate arrays and standard cells. 

140. It is well 

potentialities for 

accepted now that micro-processor technology has i111P1ense 

development-catalysing applications for developing 

countries in areas such as agriculture, healthcare, education, rural 

industriali%ation etc. The best possibilities for exploiting this technology 

lie in designing and fabricating processor chips for well-defined applications 

in these areas, 

pathology tests, 

Similarly, there 

e.g. soil-test~ng, blood-sugar analysis, other suitable 

analysis of fat content of milk in dairy industry and so on. 

would &eel\ to be a considerable scope for applying 
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aicroelectronics to the advanceaent 

publication - especially in areas where 

widely different froa the Latin alphabet. 

of 

the 

literacy and 

written mediua 

community-level 

employs scripts 

141. The silicon foundry approach, i.e. to distinguish a design stage and a 

fabrication stage, could be extreaely useful froa the developing countries' 

point of view, if they decide to put together their financial resources aiaed 

at chip production. As it was said, aicroelectronic chip fabrication is a 

very capital-intensive operation. Very few developing countries would be in a 

position to establish and Qperate a chip fabrication facility to aake VLISI or 

even LSI chips. However, several devrloping countries, for exa.ple Argentina. 

Brasil, India and Mexico, currently have the know-how to undertake the design 

of chips, one part of the silicon foundry activity. 

142. As was said earlier, the basic advantage of the silicon foundry is the 

separation of the design process from the production process. The problem was 

discussed in detail in study OHIDO/IS.444, A Silicon Foundry to Service 

Developing Countries' Needs: A Prelialnary approach. An additional advantage 

in the silicon foundry appproach, especially in the case of developing 

countries, is the possibility to establish one IC production unit where 

designs from many desiqn centres, which are geographically spread in the 

country or in the region, may be performed. 

Process of customized IC production 

143. The development of seiniconductor technology as well as the increasing 

complexity of integrated circuits have ~r<>11pted several approaches to the 

design problem. The object of a design process, a semiconductor chip is 

fabricated through a photolithographic process. A substance which hardens 

when exposed to ultra-violet light is spread on the silicon surface. Light 

frOll an ultra-violet source is directed on the surface through a mask 

containing shapes of circuit elements. The sp.cing between shapes is one of 

the main featur4s of IC integration. Currently the tvo-aicron size is 

acceptable as a modern standard. It should be added that in research projects 

of the most advanced producers sub-micron technology is being tested. 
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144. The tendency to decrease ainiaua feature size results froa the fact that 

a two-fold reduction of the feature increases (theoretically) four-fold the 

density of the eleaents. Another factor influencinq the nuaber of functions 

(and the coaplexity) of the sinqle chip is its size. However, the increase of 

the sinqle IC's size is limited by the probability of defects resulting froa 

the technological process of chip fabrication. If the iaproveaent of the 

production technoloqy will continue, the size of chips will grow. 

size and the density another factor aay increase the 145. Beyond the 

complexity of the produced chip - the nuaber of mask levels utilized in the 

manufactu~inq process. Previously, to produce one chip, the photolithographic 

process was repeated four tiaes with different masks. In the modern 

technology in many cases the nuaber of masks exceeds ten and, as a result, the 

structures of the chip are three-diaensional rather than two-dimensional as 

those in former processes. 

increasing complexity and 

further. 

The number of masks opens another possibility for 

it is expected that in future it will be increasing 

146. From the c0111plexity of the chip outlined above, it follows that a 

computer-assisted design process for the chips is the only effective way to 

overcome the extreme design COlllplexity of the problem. 

147. The design methodology which evolved could be roughly divided into two 

approaches: 

(a) Totally customized design approach being unconstrained by any 

built-in limitations, 

(b) Gate array approach in which the designer 3Cts on predefined 

pattern of transistors. 

148. In the fully customized approach the designer has unrestricted 

possibilities to optimize the design to match as close as possible the 

application requirements. In this case the design process usually includes 

the preparation of each individual shape on a CRT terminal with a light pen. 

Design software makes it possible to group the design circle elements in order 

to perform the required logical function. The software also makes it possible 
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to replicate and rotate shapes. The desiqn software includes also a checking 

and analysing mechanism to increase the efficiency of the design process. As 

a result of this approach chips of high performance and high density are 

obtainable. However, the process is time consuming and involves high design 

costs. 

149. The second approach - gate array - is utilized in aost existing desiqn 

systeas. For this approach an identical predifined pattern of transistors 

grouped in the cells covers the whole chip. All circuit designs in which 

prefabricated transistors may be arranged into are stored in the file of the 

design system. Technologically, the creation of these circuits is reduced to 

metallization patterns which interconnect the prefabricated transistors in 

each cell. It should be added that in this case the customization process is 

reduced to creation of final interconnections, whereas all masks to create 

transistors are identical for all chips and utilized in the prefabrication 

process. 

150. Functionally, the design process in the gate array approach consists of 

selection of the right patterns froa the file, specific to obtain the needed 

loqic function. Design circuits are usually placed in the cells, normally in 

a way which allows several circuits implementing one higher-level function to 

be placed in the neighbouring cells. Then the cells are properly 

interconnected. Applying gate array methodology, the designer restricts his 

activity to predefined distribution of cells containing scandard transistors 

and to predesigned variation of circuits in the file. Therefore the circuits 

designed according to the approach have relatively lower density and lower 

performance. Not necessarily all transistors in cells must be included into 

circuits and some of them remain useless. For most complicated designs all 

cells contained in one chip may not be sufficient to perform the needed 

function whereas the function can be easily implemented on the same size of 

the chip using the custom approach. On the other hand, the d~sign process, in 

comparison with the custom process, is relatively 3imple and not so much time 

and cost consuming. Also, as the designer deals with ~refabricated 

transistors, he does not design any shapes himself. 
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Design of ICs 

151. The design process of an inteqrated circuit requires a significant 

aaount of expert knowledge with a variety of forms which are also technoloqy 

specific or even circuit-type specific. A desiqner must have access to and 

understanding of the expert knowledge contained in a design environaent 

usually in the fora of software. The fcra of expert knowledge is usually a 

well integrated collection of desiqn aids. Those aids enable to investigate 

the element of circuit desiqn and include specification, siaulation, expert 

system design aids and also a stored pattern of successful previous desiqne. 

All those aids enable to define models of circuits and predict their behaviour. 

152. Design environments provide usually menu-driven graphic interfaces for 

editing and disi: .ting structures of circuits as well as a languaqe for 

specifyinq a desiqn in functional aspects. Besides that, it contains a 

simulator which could simulate specific circuits and their hierarchical 

structures. Using colour graphic displays desiqn refinements could be 

introduced. The desiqn can be also supported by an expert system data base 

containing a library of prototype cOlllponents. 

153. The design process can be viewed as the transformation of an initial 

specification into a final one which represents in details the structure of 

the circuit to be produced. The initial specification, usually not fully 

precise and in many instances incomplete, reflects mainly the functionality. 

The final specification is rather structure-oriented and may represent the 

geometry of the fabrication mask. It could also include specifications of the 

circuit perfo:naance. In the case of a more cOll'plicated circuit all their 

details could not be grasped at once. Then the transf onnation of an initial 

specification into a final one is a many step process in which gradual 

refinement is performed. Thia specification mu at be tested and evaluated 

against the assumed functionality and constraints. 

154. The circuit desi9n systeJns should provide the designer with tools to 

assist him through the process of design specification and verification. 

155. Those systems usually utilize the specific complex software as well as 

hardware parts, e.g. specif~c graphic displays. 
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156. The nature of the desiqn function is special in a solution and matches 

an individual desiqn application. However, it can be applied in whole or part 

to many other applications. 

157. It is apparent then that sharing successful desiqns aaong several 

designers and .. xiaizing their interaction would accelerate their learning and 

efficiency. Desiqners are the major •creative• eleaents within the 

microelectronics field and require a certain level of interaction among their 

colleaques to create a •critical mass•. 

158. Accordingly, by dispersing desiqn centres throughout the region a closer 

conta~t can be anaintained between the designers and the users of applications. 

159. However, while it is feasible to locate 

from the fabrication facility it is also 

conmunications be maintained between desiqn 

design installations remotely 

iaperative that good regional 

facilities and the fabrication 

facilities and among designers in various relations. 

Reasons for customized ICs production in developing countries 

160. There are many reasons for nurturing and promoting the design activity 

~n the developing countries. 

161. 

arise 

Firstly, 

only in 

developing 

the motivation for producing specific designs could naturally 

the developing countries, since the chip• apecif ic for 

countries' applications, e.g. for arabization, are primarily needed 

only in these countries, and not in developed countries. 

162. Secondly, the possibility of designing customized chips for such 

applications as these would itself act as an incentive to the rapid absorption 

and deployment of the microelectronics technology for development-catalysing 

applications. Such a design base, if grown and nurtured, could act as a focus 

for creative acti~~ty in hi9h-quali~y science and technology. Thia design 

activity could generate interest and activity in related fields, e.g. 

graphics, CAD, software engineering and so on. In special circumstances, this 

could even trigger off interest and activity in hardware design and 

construction to assist the design activity of aicroelectronic• chips. 
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163. Thirdly, the enonnous impetus all these activities would provide to 

minimize the movement of highly qualified science and technology professionals 

from developing countries to the developed countries (i.e. reversing the 

brain-drain) is yet another benefit that should be highlighted. 

164. Given that the design of LSI/VLSI chips could be undertaken by the 

developing countries to meet special 6pplications demands, the next stage, 

converting these designs into actual hardware, i.e. fabrication, may be beyond 

the means of most developing countries. But if they pool their resources 

together, then the fabrication facility could h~ established as a joint 

enterprise. 

165. There exists a good case for establishing a silicon foundry to meet the 

customized needs of developing countries. Commercial foundries in the western 

countries would not be able to serve this need for a variety of reasons: 

166. Firstly, at least at the initial stages, the foundry would also have to 

serve as a base for providing know-how. The design teams currently operating 

in developing countries are likely to be at varying levels of expertise. Also 

new design teams would have to be grown to meet the emerging needs of 

developing cou~tries. Existing commercial foundries obviously would not be in 

a position to meet these training demands. Even if they are willing to, the 

costs are likely to be prohibitively high. 

167. Secondly, existing commercial foundries are unlikely to be able to 

devote the capacity needed for meeting the developing countries' needs. 

168. Thirdly, restrictions imposed by countries on access to high technology 

resources from time to time make existing foundries in these countries not of 

long-term value to developing countries to meet their needs. 

169. Therefore there is a clear case for the adoption of the silicon foundr/ 

approach in developing countries, especially on a regional level. In this 

case the design of integrated circuits (the three initial steps indicated 
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earlier) could be established independently on a national level in national 

design focal points of many different countries, whereas fabrication (the 

three last steps indicated earlier) should preferably have only rne location 

inside (or intially even outside) the region. 

170. The idea of separation of production facilities located in one selected 

place from the design, which could be distributed and performed in many 

different countries, 

national focal point 

specifically needed 

decreases the entry cost for each country. Besides that, 

design groups could prepare the designs of chips 

in their countries. The skills acquired by members of 

these groups could influence the countries' technological development. 

Step-by-step approach 

171. There is no need to create a silicon foundry in a one-step effort. It 

is possible to assess the level of technology in a quantitative manner by 

dividing along the skill levels necessary to implement a p~rticular 

semiconductor operation. This is not to say that this represents a quality 

distinction, but rather that differing skills are required to ~erform at each 

~perational level. 

172. Such a division of operations would resemble the following functional 

operations1 

(a) Assembly of complete electronic products 

electronic subassemblies and component parts1 

from vendor-supplied 

(b) Design an~ production of printed circuit boards and subassemblies1 

(c) Production of simple passive component parts, i.e. resistors, 

cspacitors etc., 

(d) Design and production ~f solid state discrete active components1 

(e) Design and production of simple linea~ ICs 

customization, 

and gate array 
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(f) Design and production of semicustom !Cs' 

(g) Design and production of custom ICs. 

173. As one proceeds down the list, the operational level of technoloqy 

necessary to successfully perform the next level is cumulative. 

174. The cost of production facilities could vary over a vast range and 

depends on several factors, e.g. the technology selected, the amount of 

production, the existing infrastructure etc. It could be estimated that for 

small laboratory/pilot production facilicies the cost will be of an order of 

10 to 20 million dollars. In addition, the operational cost of Reveral 

millions a year should be taken into consideration. 

175. The adoption of the multichip approach, i.e. fabrication of several 

different circuit designs in one production cycle which are being produced on 

the single chip and separated later, after the production process is 

completed, could help to optimize the operational cost of the foundry. 

176. It. should be added that several technological approaches may be adopted 

to achieve the goal and they could vary from one to the other foundry. In 

this context u~"'C)rading existing facilities would be an important option. 

CHAPTEP II I • 

APPROACH TO STRENGTHENING TECHNOLOGICAL CAPABILITIES 

IN DESIGN AND PABRICATION OP SEMICONDUCTORS 

177. A review of the current 5ituation in the Arab region, in particular 

through the expert missions carried ou"; in the past three years reveab 

certain strengths as well as weaknesses. The strengths are essentially 

derived from the following facts. There is a high degree of awareness of the 

importance of microelectronic technology and its potential and impact on 

industrial and economic development as well as on the educational and cultural 

fields. There are no reservations on using the technology but on the other 

ha.id there is the desire to participate f • • ., in technical progress in 

micro~lectronics. A considerable amo~ • ~t computer and other 
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aicroelectronics equipment exists within the reqion as also well-established 

university proqrammes in some countries. In the region as a whole there is 

available a cadre of foreign educated and trained engineers and managers 

capable of and dedicated to advancing the technoloqy. Microelectronics 

applications in the region are already on the increase but the potential 

market is even qreater. 

178. At the same time certain weaknesses exist. The equipment and services 

purchased were not design2d for the reqion nor have they led to the 

d~velopment of local design capability. There is no means or mechanism for 

maintaininq the technical community up-to-date by continuous training and 

through contact with the state-of-the-art institutions and industry. 

Communication with the cutting edge of the technology is a vital necessity to 

retain and keep the technical skills of the individual engineer at the current 

level of technology. As a result, the design activity in the region is 

marginal. There is a lack of interaction of engineers and R and D personnel 

with industry and users both within and between countries in the region. The 

potential demand for microelectronics products is also yet to be articulated 

into effective demand. The manufacturing facilities, apart from a few notable 

exceptions, are essentially assemhly operations of complete electronic 

products from imported sub-assemblies and component parts. 

179. Irrespective of current weaknesses, the long-term goals should be 

clear. There is a need for every country and the region as a whole, to master 

the basJc technology of microelectronics over a period of time so that the 

technology can be put to the best advantage of the region and the widening 

technology gap is at least contained. The market for applications for the 

Western Asian region is increasing and could be expected to increase even more 

in the future. Hence it is but reasonable that the countries of the region 

should have adequate technological capability to satisfy the needs of the 

market. Moreover, special applications, particularly suited to developing 

countries, could be developed if a basic technological capability exists. 

Such applications are unlikely to be developed by firms in the developed 

countries and it is for regional institutions and firms to develop such 

applications, for example those related to arablzation. It should not also be 

f~rgotten that the internationa~. market for custom and semicustom chips is 
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increasinq rapidly and hence this is an activity in which the reqion can h~pe 

to have a market share. Microelectronics should be considered as a strategic 

option in the reqion's quest for self-reliance. 

180. There is therefore a clear and urqent need for establishing within the 

Arab region, throuqh reqional co-operation, a sound desiqn and fabrication 

capability, which will enable the region to realize the potential of 

microelectronics technology. The establishment of a regional design and 

fabrication centre together with a network of national centres will provide a 

concrete expression, and a critical mass, of the concerted effort th~t is 

necessary to meet the aforesaid need. Such a mechanism could be a •centre of 

excellence• or a network of such centres and be a major stimulant for the 

qrowth of microelectronics activity in the region. A centre of this type 

could even function as an international design and fabrication centre. 

181. It may be arqued that the technology is too sophisticated and beyond the 

reach of the reqion. The reply to such an argument is that a step-by-step 

approach could be adopted with the institutional facilities that exist already 

in some countries in the reqion together with trained manpower, so as to 

enabl~ the mastery of technoloqy over a period of time. It may also be arqued 

that heavy investment will be needed for a silicon foundry. For example a 

pilot plant may cost some USI 20 million and a full-scale manufacturing 

facility some USS 80 million. But the Arab countries do make large 

investments in various industrial sectors. Such an investment should be 

regarded as a developmental investment with lonq-term socio-economic benefits 

which will have a major impact on the technological capability in the region 

and also stimulate local applications. Moreover, different alternatives could 

be employed before a fully dedicated silicon foundry is established. For 

example, initially the institutions in the reqion could link themselves to a 

silicon foundry outside the region. Pilot plant facilities could be created 

in the region. One or more existinq semi-conductor fabrication facilities in 

~he region could be equipped to function as silicon foundries in their 

respe~tive technical range. Thus, the establishment of a separate silicon 

foundry could be envisaged as a medium-term operation. 

182. The silicon foundry has to be seen not so much as a stand-alone hardware 

institution but linked integrally with several design centres. It will thus 

be at the heart of capability building in microelectronics in th~ region. 
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183. A long-term approach to developing technological capabilities in the 

region should theref~re be adopted with distinct but interrelated phases and 

involving strengthening national institutions and promoting regional 

co-operation among them at each step. The long-term approach must adopt a 

global viewpoint which connects the entire process of industrialization of 

microelectronics industry. Identification of applications, design, 

manufacturing, distribution and maintenance should all be considered in both 

national and regional perspectives. 

184. The first phase could include the following steps, several of which 

should be taken concurrently• 

1) Establishment of design groups in national institutions 

Suitable national institutions should be identified for starting of 

design groups. Such an activity will be the responsibility of the 

respective countries. It vill involve the training of personnel in 

design methodologies, identification of a~plication areas, interaction 

with users and the equipment needed f~r design. The level and degree of 

sophistication of the design activtity will have to be deci1ed in each 

case according to the requirements of the country. Assistance in the 

establishment of design groups could be provided externally, fo~ example 

by UNIDO/ECWA or through regional co-operation. 

2) Strengthening of national institut!cns 

Together with the promotion of the design activity the general 

infrastructure needed for the design activities to bear fruit would also 

require to be promoted. This may involve activities, such as the 

promotion of establishment of new industries at the national level or as 

joint ventures between countries, surveys of markets on mutually agreed 

application areas, promotion of standardization etc. Here again, the 

primary responsibility is that of the national institutions while 

external assistance, for example from UNIOO/ECWA or through regional 

co-oper.ation may be requested. 

3) Networking of national institutions 

A regional network of interested national institutions may be 

established. It could start with networking of the design groups, since 

deal is seen as a fundamental activity, and could be extended to other 
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activities and institutions according to needs 

expressed. It may be mentioned that UNIDO has 

network (REMLAC) in Latin America and the Caribbean 

been able to draw up a programme of joint activities. 

4) Training programme for upgrading design capabilities 

and the 

promoted 

region 

interest 

a similar 

which has 

Such training programmes will have to be tailored to dif!erent levels of 

design sophistication. In the first phase the approach may be to have 

training programnes up to the level of sophistication of semi-custom 

design based on the gate array approach, a& explained in the previous 

chapter. A separate note on possible training prograJ111Des and tha rough 

costs thereof is under preparation. 

5) Market surveys for regional applications 

The potential demand for applicetions has to be articulated. This 

should be a major activity in the first phase so as to provide a 

meaningful basis for design activity and fabrication facilities. 

Potential applications will nave to be identified in selected areas on 

the basis of which the design groups could start their activity. 

Initially, some of the areas of regional interest may be consumer 

electronics, telecommunications and petroleum refining and 

petrochemicals industry. The surveys will have to adopt a combination 

of me;hods including visits to firms and institutions, interviews etc. 

Such surveys will determine in a large measure the nature of act1vities 

undertaken in the second phase. In addition to such selected sector•, 

the design groups should also seek to identify and develop applications 

specific to the development needs of the region and its requirements, 

such as Arabisation. 

6) Access to fabrication facilities 

Pending the establishment of a separate silicon foundry alternative 

modes of access could be attempted concurrently. As a firat atep links 

could be established with a ailicon foundry outaide the region. 

Secondly, the existing fabrication facilities in the region could be 

upgraded and access could be provided to them. Thirdly, the 

establishment of a pilot plant for semi-conductor could be promoted -

which could also serv~ as training functiuns. These three steps need 

not be mutually exclusive, since each of the fabrication facilities 

could cater to a specific type of semi-conductor technology and a 

specific level of sophistication. 
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185. The second phase would be the establiahaent of a separate reqional 

silicon foundry cum design centre. Thia will result in a regional coabination 

of a dedicated silicon foundry, a regional design centre together with 

satellite national design centres. 

186. Projects could be formulated for one or more activities in the two 

phases mentioned above and submitted for fundinq to regional fundinq 

orqanizations. However, such projects should be framed within an agreed 

overall perspective and conceptually as well as practically interrelated so as 

to provide synergy to the regional effort. 

CONCLUDING REMARKS 

187. The meeting may wish to adopt an agreed overall approach to develop 

capabilities in the region in the field of semi-conductor design and 

fabrication. A time-bound proqramme may be worked out involvinq national and 

reqional institutions and apellinq out the actions required. To start with at 

least the following actions seem to be essential: 

1) the adoption of a time-bound long-term approachJ 

2) thP. initiation of a regional networkJ 

3) a regional proqraame of action to upgrade capabilities in design and to 

strengthen national institutions' and 

4} a detailed regional survey cum feasibility study for a regional foundry 

cum deeign centre including the various intermediate steps that may be 

necessary. Such an ac~ivity should incorporate as ftn essential element 

the survey of application areas which may be undertaken as one of the 

first activities. 

188. UNJDO and ECWA will continue to help the national and regional efforts 

in this respect. 

I 

~ 
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Annex 

Designing and Manufacturing Microelectronics Circuits - Major Stages 

I. DESIGN 

1) Conception of a new circuit 

Specifying the functional characteristics of the devicer 

Selecting the processing steps required to manufacture it. 

2) Preliminary design 

Estimating the size and approximate location of every circuit 

elementr 

Computer simulation of operational characteristics. 

3) Pinal layout 

1) 

Determining the precise positions of the various circuit elements, 

by means of CAD. 

Generation of optical 
reticle 
(= generating from the 

II. MASK 

/ 
computer memory a complete 
pattern for each layer of the 
circuit by scanning a computer
controlled light spot across 
a photographic plate in the 
appropriate pattern) 

MAKING 

~ 
1) Pattern generation by 

electron-beam lithography 
(• allows to write the 
pattern directly on the mask 
from the information stored 
on the computer memoryJ 
eliminates 2 photographic 
reduction steps) 

2) Master masks made by step-and-repeat method 

3) Working-copy masks made for photolith09raphY 

• 
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III. WAFER FABRICATION 

Inputsi Photomasks, process chemicals and prepared silicon wafers (can be 

produced in-house or bought from sub-contractors, see stage 111.i). 

(1) Producing the prepared silicon wafers) 

Reduction of raw silicon from its oxide, the main constituent of 

common sandJ 

Purification of raw silicon up to a purity level of 

99.999 999 per centJ 

Melting (1420° C) and adding desired impurities, known as dopants, 

to produce a specific type of conductivity, characterized by either 

positive lp type) charge carriers or negative (n type) onesi 

Growing of a large single crystals 

Cutting into wafers with a thin high-speed diamond sawr 

Smoothing the wafers by grinding and polishing 

absolutely clean environment. 

2) Fabrication of the integrated circuits 

(i) Etching a pattern into an oxide 

/ ----Chemical etching techniques Plasma etching 
c•wet etching•) c•ory etching) 

them in 

(= films of aluminium or (= the use of hot gas to lay down 
polycristalline silicon are 
selectively removed by chemical 
treatment1 yields large quantities 
of corrosive acids) 

(ii) Lithography 

or remove materi~l from the wafer) 

an 

(• the key to microelectronic production technol09y, repeatedly 

required for the processing of any device, at least once for each 

layer in the finished structure) 

visual alignment 
techniques 

Electron-Beam and X-ray Lithography 
(• allows to write the image of 
the mask directly on the wafer) 

projection alignment 
techniques (the 
image of the mask is 
projected onto the 
wafer through an 
Opt ica 1 system) 
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(iii) Selective introduction of dopant& --- .....___ 
------- ----------Di ff u&ion Ion implantation 

(Silicon is heated to a (Dopant atoms are ionized, i.e. 
temperature of ca. 1000° C, stripped of one or more of their 
so that impurity atom.s begin electrons, and are accelerated 
to move slowly through the to a high energy by passing them 
crystal) through a potential difference of 

tens of thousands of volts. 
Advantages: can be done at rooa 
temperatureJ doping level can be 
very accurately controlled) 

(iv) Depositing and patterning thin films 

(forming the uppermost layers of integrated circuits' is of 

critical importance for the overall yield and performance of the 

circuits) //""' 

// 
Chemical-vapour deposition 
(wafers are heated at around 
1200° C in a dilute atmosphere 
of silane, and a uniform film 
of polycrystalline silicon slowly 
forms on the surface) 

(v) Electrical test 

Low-temperature deposition 
(advantage: high temperatures can 
cause warping and damage to the 
fine features that have already 
been inscribed upon the wafer) 

(each die on the wafer is probed to determine whether it functions 

correctlyJ usually computer-aided) 

IV. ASSEMBLY 

1. Sectioning of the wafers into individual chipsJ 

2. Bonding the good circuits into pt:ckage•• 

3. Connecting them to the electrodes leading out of the package by 

extremely fine wires, the so-called wiringJ 

4. ~ealing of the packages• 

5. Pinal Testing (the packaged circuit goes through an exhau•tive series of 

electrical test•• except for simple devices, final testing today is in 

most cases automated). 

• 

f 




