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UN!DO CONSULTAN~ 

r MICROEIETRONIC~ 'ID:HllOUJGY : moor.ms AND mlSPl:I:TIYm IN COU!lm!ES OF 

Wim' ASIA Ai~ NCRTH AFRICA. 

The piper is a result of a muoo sponsored mission in Iraq, Saudi Arabia 

UAE (Abu Dabi) , Tunisia anl f·torocco. ':!'he author wishes to record his 

appreciaUon to the sponsors for makir.g his trip possible, UNEX:WA 

officials for their assistance anl encouragement and UNDP officers i ·· 

visited countries for their help in administrative matters and fer 

org:mising certain visits. Finally, the author would like to thank the 

members of the mission Mr Felix Hine and :rir Hassan Charif fer their 

/ excellent cooperation a."ld ma.iv valuable discussions. The contribution of 

the latter deserves special mention due to his profound knowledge of tha 

region and extensive contacts with key people in the field wich wer-e 

invaluable in achieving mission objectives. 

The mission was conducted in Nove:nber-December 1983 and this i;nper is 

·based on mee~ings with over a 100 people in 45 organisat~ons spread 

over 25 days. The organisations covered include government ministries, 

national comp.Aters centres, major oil a...,0. mineral companies, investu;cnt 

am planning institutions, ac2.danic, R & D and manufacturing 

organisations. Since such an a"Cercise WclS being attempted for the first 

time coverage ha~ been extensive iu orcer to obtain a r.ersp:ctiv~ of t~.e 

stat~, prob le.ms &nd 170tcr, tial for micrcclcct:-onics in the r1::g.il)f:. 

However, f~hese notes ropren.:mt icprcscions of a 3 week visit only, at a 

given p?riod in time, with th~ primary objective o! preparing a 

backgrour,.a, pa.(Y.?r for the exp:?rts mectine, i.n Kuwait in March 1934. 
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The countries in the ~{A region and NQrt~ Africa recognize both 

the need and potential for the application and develop.~ent of micro

electronics technology explicity is well ahead of the absorptive 

cap!City of the region both in terms of infrastructure and human 

resources. Finance clearly is not a constraint, especially, in the oil 

exporting countries of the region. Consequently, the present situation 

does not tend toward a stable technological equilibrium and special 

efforts will be necessary both in terms of infrastructure developement 

am local manufacture if the present rate of diffusion of the 

teclmology, assuming effective utilisation, is to be maintened. 

lt ile special efforts to develop applications of this technology have 

been made ir. the piblic domain, as is evident from the chain of national 

canputers centres that have been established, there is a considerable 

spread in the capiliilities of individual countries. Thus, CNI in Tunis 

am !MID in Casablanca/Rabat seemed to be considerably nhead of their 

counterparts in the other countries.both in terms of humn resources 

am methodology. Greater regional cooperation with the assistance of 

~A/UNIJ;O between these institutions could go a long way in not only 

rectifying the imbalance but further upgrading capabilities. 

In terms of industrial applications, the largest market for 

microprocessors based control systems was the oil prcduction/e>-:ploration 

and mineral extraction/pirification ~ctors. Thus, while ARAMCO, Saudi 

Arabia the largest oil e.<ploration/ prod14ction canpa.ey was an 

impenetrable fortress tied to primarily US vendors for the both 

hardware/software support, the situation in ADNOC, Abu Dabi, anrl 

PETRCJ.1IN, Saudi Arabia appeared relatively more flexible with greater 

.potential f~r development of local cap:.Lbilities to support their future 
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requirements for microelectronics hardware and software. Similarly, OCP, 

Casablanca, Morocco and probably the Jordanian Phosphate Compmy are 

fare more open and keen to use/ develop local.capabilities. Another 

application area of considerable potential for the region \~a:a in the 

generation, transmission and distribution of electricity an:! the example 

of S'l'ID, Tl.mis deservPS to be supported and emulated. Finally, the 

largest potential for the application of microelectronics technology is 

in the education and office automation sectors as brought out succinctly 

in the piper of W.M. ~ki provided the problem of standardisation 

of the Arabian character set can be swiftly and unambigously resolved. 

Herein alm, lies an opp::>rtunity of volume manufacture of low cost 

bilingual terminals and microcomp.rters. The efforts of Saudi Arabia 

(Al-Fara.bi canpiters), IMfil (low cost micros for schools) and CNI 

(terminals) need to coalesced ai,d catalysed effectively by UNIOO/~A. 

The manufacturing base in both the FCtlA and North Africa region is 

presently very limited and wwld have to be considerably ~ented to 

sustain an autonanous microelectronics industry. Given the gross 

national product of the region and its conth!110usly increasing 

requirements for microelectronics products, th•:re is a definite need to 

wolve a strategy for the developnent/manuf acture of microelectronics 

products/ccmponents for the region. The present efforts at TV assembly 

at SADA, :-torocco, SO~, Algeria or in Tunis and Syria nor the 

offshore assembly of canponents at SNRF, Moroc.co of their manufacture to 

a limited extent at OONELrn, Algeria constitute a viable or effective . 
strategy for the future development. In the experience of the mission, 

Tunis ws the only country where the potential to set up local 

manufacture on an integrated basis was beirlB seriouoly cxan:ined, 

primarly, by DDEr and API. Thus, 1DET was talking to both Jeumont 

Schneider, France to establish manufacture of EPABXS (10,0CO lines 

per year) and to COMTmM, Car.ada, to mnu:t'acture terminals, while API 



wanted to establish of passive canponents i.e. resistor::> ard capacitors. 

Both institutions, however, were clearly awa!"e and concerned about 

the econanic viability of these projects am were looking for a wider 

regional market. 

In the author's view, exclusively national strategies cannot be pirsued 

by individual countries in the regioo since the requisite canbination of 

high per capita income and poptla.tion does not simultaneatJusly co-exist. 

On the other ham, the electronics market for the region as a whole is 

substantial enough to p.irsue an economically viable develop~ and 

growing at a significant rate. Two sectors which need to be singled out 

are· consumer electronics and camrtUnications. While it was not possi.ble 

to obtain any quantitative data on tte collSU!D.er sector, the fact that 

:p-oduction of color TV sets exceeds 100 per day in both Morocco and 

Algeria, each with a population cf 30 millions ~pproximately and 50,000 

./ in Tunisia with a population of 6-7 millions, the color TV market in 

the :FL"WA +North Africa region as a whole ought to exceed 1,5 millions 

sets per annum. If to this is coupled the demand for VCRs, combination 

sets, calculators, personnal can_pliters and electronic watches, this 

market is estimated to be in the neighbourhood of f, 2 billions. 

An earlier EVNA/UNIOO study st1ow that the demand for telephone eXchange 

lines is the EWA regions is projected at 433,000 ·per armurn during the 

period 1981-85 growing to 796,000 per arinum between 1986-199:> with a 

matching demand for PCr·l channels. ~ corresponding demand for telephone 

sets has been estimated at 563,000 and t,035,000, resr.ectively. 

J\J.rther,the average annual investment in the regions networks has been 

estimated at I ae6 millions ( 1981-85) wd t 1 , 622 millions ( 1985-19~). 
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The estimate is based on a educated conjoncture given the GNP, 

population, present level of assembly and visibility of these products. 

While no accurate estimates exist for- the canpu.ter market in the 

region, Saudi Arabia alone has been importing equipnent at the rate of 

f 100 million/year during 1981 and 1982. Similarly, the requirements for 

microelectronics, especially, microprocessor based process controls for 

the oil exploration/production is significant as discussed in the 

report of the mission. Further, standardisation of t:.1 Arabian 

character set could considerably stimulate the demand for micros a.rd 

terminals in schools and the office, respectively. 

Given the above deman:l, production of a range of active a.rd passive 

electronic components clearly appears to be a viable proposition. In the 

consumer sector for the type of products indicated above, ccmpcments 

represent almost 4~ of the value of these products. Similarly, in 

the area of switching, the cost of <?anponents per line for a system like 

the E 10 B of CIT-AI.CATEL is # 125/line, namely ~ of the cost per 

line •. While clearly a more detailed study is required to accurately 

assess present requirements and future demand in these sectors, once 

this has been done, it would not be too diffici.ilt to extract a profile 

of component requirements both in terms of quantity and value. A·pricri, 

it would appear that adequate demam exists for establishing a viable 

canponent industry. However, it must be recognized from the outset that 

such an industry would only be viable if it was established on a . 
regional basis. Consequently, standardisation of hardware must 

constitute an important element (Sf such a strA.tegy. Clearly, the 

regional issu~s involved in an indu.qtrial strategy for microelectronics 

need a clost?r examination, which is not the purpose of this paper. 

• 
f 

i· , 

t 
•· 



Several ~stions have been made in Turski.'s :inper for 81J€11lenting 

the software capabilities in the region. A complementary set of measures 

to upgrade the regions "hardware" capabilities is essential if a 

canposite and autonomous microelectronics capibility is to be 

established. These are discussed below : 

There are 2 major microprocessor families with extensive applications 

am software currently in vogue, namely, the 8 and 16 bit families of 

Intel and Motorola. The orientation of the former is primarily towards 

the personal. canputer market, and even more so after IB-t's entry. 

Motorola's 68'.X> and 68 CXX> series on the other hand are IDC're extensively 

used for industrial process control applications. The applications 

coverage and sane of the hardware features of these series is s;mnarized 

in Tables 1 and 2. There are several processor, memory, interface and 

controller modules together with debl@i.ng software packages and 

/ developnent support tools available. Several major se1I1iconductor/system 

canpmies have thro•'ll their support behind these ~ries, namely, 

HITACIII, MOSTE{ am THOMSON, thus providing the requisite back up to 

ensure its continued use. T'nere is a need to establish a regional 

ca~ility in systems integration around such a concept. In order to 

ensure effective implementation of such a concept a core group of the 

more willing users,partly identified above, together with a group of 

experts fran t.he academic sector needs to be formed with necessary 

support fran lVllA/UNIOO to prepare a feasibility report in terms of the 

regions requirements in the major application areas,i.1?. on 

exploration/production, mineral extraction/purification ar.d power 

generation/diatribution, etc. Based on these findings a regional centre 

could be created with appropriate linkages for technology transfer 

both with OE~ ~ppliers of such colilpO~nts anJ system suppliers. 

r 
I 
I 
I 



The key \.lement in any future strategy to desigi and build electronic 

systems is the ability to design the silicon "chip". All !C's 

technology is built on t'1c foundation of semiconductor device physics 

llhich provides the essential knowledge is semiconductor fabrication 

technology which allows the desigied !C's to be physically constructed 

and above this in turn is the body cf circuit and logic desi@'l 

koowledge.Various areas of knowled~ in the manufacture of IC's have 

reached different stages of development, with the higher level design 

skills being the least highly developed. In fact, all thP, evidence 

9.Vailable strongly sumests that the:ie traditional skills will not 

enough for VIBI, desigi methodology is in essence a search for the right 

approach to built compiter-ai.ded engineering systems that will go on to 

desi€11 the !C's semi-autanatically. There is a shift frO!l hard.ware 

roncepts. It appears reasonably certain that the whole area of the 

desi€11 of highly concurrent systems will becaoo one of .the most rapidly 

./ developing technological fields of the coming year. All these changes 

are likely to affect the future structure of the industry in tenns of 

being integrated both in terms of desi@'l and fabricati.on as at 

present. 

It is likely that design will become increasingly decentralised and 

the concept of the "silicon foundry" which does primarily fabrication 

develop. The emergency of the large custom and semi-custom markets in 

the eighties is a consequence of this'~· Further, desi€1l 

automation systems in terms of both hardware and software in unbundled 

form are becO'Jling increasingly available. The"work station" which is a 

low cost design system is becoming increasing viable a.'ld several of 

these systems are being marketed. While the concept of decentralisel 

desgin works quite well in a "foundry" rich envircmrcent &S ha.a been 

demonstrated by the sucess of the "multi-projP,ct chip", in a developirJB 



country environment it is imp>rtant ti ~t local design capabilities 

are supportcl by at least a pilot level "silicon foun1ry" with the 

capibili ty to process wafers using at least one staole technology. 

Obviously, local desieJt centres cwld still need to have linkages 

with other silicon foundrie~ in both Fm-ope and the USA. Since the 

concept of the ·"silicm foundry" is most prevalent in the USA a list 

of such foundries is_ sumnarized in Table III. 

A 181 design centre necessarily has 2 ccmponents, namely, hardware 

end software. In terms of hardware the most extensively used system 

by. far is the VAX II/700. The system has the great advant~ that most 

of the software JBC'kages available for ISI design c·m be directly 

implemented on it without any modifications. 't.'hile it is not proposed to 

l!P into the details of the hardware configurat.ion, the VAX II/700 uc;es 

/ graJbic termi!'.:ils which constitute the man machine ~nterface. Depending 

m the configuration the hardware costs for establishing a design 

centre wruld be typi~y S 300,CXX>. The design software could t • ."le to 

include a pickage for registrer l~el entry, a logic simulator (TEGAS, 

SPLICE, EPIIOO), a circuit simulator, (SPICE) , preferrably a processor 

simulator (SUPfilME), an interactive graphics ~kage ( CAil'.A, GCI, 

e~ ••.. )a pac~ for design rule check, a cell or element eA-tractor 

from the lay out to verify or resimulate the logic, software for a 

PG taie output for mask fabrication am cell library ~1.th a data basis 

containing the requisite design rules i.e. layout and electrical. There 

are several vendors for such packages besides sane of than are also 

available from universities in the USA. Howver, 'While integration of 

unour1dled software fra: multiple sources is llJ(.'re econa:iic 1 t is also 

tlat much more difficult to implement.The 01Jtp.it of a design ce:'ltre 
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is 0. ro centre from. which the mask set for processing the "chip" 

is fal>ricated, either using a laser pattern generator or a E-Beam 

machine. While several ma.<ik fabrication shops are available in the 

WA and Europe, if it is decided to set up a pilot "silicon foundry" 

for wafer fabrication, then it could also be necessary to set a mask 

fabrication facility. 

As a first ~P it would be important to establish a regional design 

centre on a imnediate basis for which requisite support should be 

provided by UNIOO. Such a centre should play a modal role in creating 

a chain of national design centres in a optimally cost-effective manner 

i.e. by shar_ the software resources. In order to ensure synergy all 

national centres an:l the regional centre should be networked together 

or at least linked by electronic mail. It would then be p:>ssible to 

rapidly create a corps of designers in the rP.gion and thus lead to 

rapid diffusion of the technology. An impJrtant goal of such a 

programme should be software development, to upgrade the desi@'l tools 

and build the next generation of design automatior1 systems. 

The second level of interconnection in a electronics systems is 

conventiormally provided using printed circ\:its boardE? (PCB),and they 

tend to have 2 or more levels for professional systems. The capability 

to design and fabricate double sided PCBs with through hole plating 

was only available at SNRF, Morocco a Thanson subsidiary. Similarly, 

the mission did not see any evidence of the design and fabrication of 

}\ybrid circuits throue)1 here again the assembly of thick film hybrids 

was being done at SlRF based on ~ported screened substrates and other 

active/i:assive can1xments. While tt,e ability to desi~ and fabricate 

both the above components is a essential prerequisite to built 

microelectronics ~b-systcms/aystems, c1ua1.ly important is the ability 

to populate and test these sub-assemblies. A regional centre needs to be 
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established to fill this gap with additional. imp:>rtant function 

of training personnel in these techniques fran the countries of the 

region. Support for such a concept from existing/p:>tential 

manufacturers of sub/systans needs to be sought in order to 

pranote the above concept • :further, DA/UNIDO could provide the 

necessary technie:al inputs needed in planning such e. facility. 

The region has several excellent schools of which the Technological 

University,Baghdad, UPM,Saudi Arabia and OOEr and ENIT, Ttmisia 

deserve special mention. In terms of compiting capabilities UPM is 

clearly ahead of all other institutions visited with a VAX II/7tJJ, 

further gives it a head sart to establish a centre for IBI design. 

However, as been pointed out while considerable emphasis was being 

./ placed on the applications and software aspects of microelectronics, 

there was an c.i.:finite need to au&1ent the hardware aspects of the 

technology i.e. mate:rials science, semiconductor device fabrication 

techniques, CAD for chip design etc ••• In this context the approach 

of The Centre for Integrated Systems ( CIS), Stanford University is 

worth emulating. CIS seeks to integrate solid state research and 

fabrication on the one side with applications on the other. The 
.. 

intention is to merEJ? the three disciplines of the electronics age -

canputer science, information _ :cience and P°.i.fSical science. In orde1· 

to make the system synergistic it is proposed that the scientists 

working in solid state Jiiysics will investigate the fundamental 

pr•nciples of IC's and pass their.results to the !C's engineers. These 

engineers wi.ll use that knowledge to design new devices and fabrication 
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techniqu'?s, and give them to the application e"Bineers, who turn will 

define new systems and integrate the chiJ.G into canple~,fUnctional 

systems. Concurrently, the canplter and information scientists are 

developing the tools to desifll ant test the !C's and so on. The concept 

bring.'3 together all the composite skills and tools to sol¥e the 

increasingly ccmplex problems of tomorrow. 

The communications infrastructure in the ~A region is being developed 

at a rapid rate. There is a general tren:l to shift to electronic 

switching systems, as witnessed in Morocco and Tunisia. Similarly, 

Jordan and F.gypt have opted for CIT AICATEL'S E 10 B system which is 

digital with Saudi Arabia having gone in for HUCSON. The iopression 

ffrlned by the mission was that Saudi Arabia, UAE, Tunisia and Morocco 

had relatively efficient telepione networks well integrated 

internationally. The launching of ARAffiAT in october 198(. will further 

8U€J11ent the region's capll>ility for intra-regional ccmmunications. 

/ Consequently, the time is ripe to start planning for .a multi-ser.rice 

national/regional. network ·which can transmet voice, data and video 

sitpa.ls, with the long term goal of establishing an integrated services 

digital network (ISDN). In particular t.lte development of local area 

netw~rks, packet switching, electronic mail and teletext/viewdata is 

of special significance. The need to establish common standards for the 

systems hardware/software is of crucial importance for the future 

development of microelectronics in the region and UNIDO with assistance 

fran ITU could assist in canmisioning a feasibi1.i ty s :aidy in this area 

for the region. 

The application of microelectronics in th~ service sectors like 

education health am transportation is likely to produce the greatest 

social benefit. The aw:iren~ss of this potential was hig.'1ast in Morocco 
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nemely, at the Centre for Arabisation, Rabat and ANIT and EllSEr in 

Tunis. There is a need to focus these efforts ·into a wid,1r regional one 

and the methodology ~uggest in OliphBnt's Jltper, "Microprocessor 

Applications in Developing Countries" (UNIIX>,1~), to establish a 

hierarchy of mic&-oprocessor applications development centres with the 

reg_uisi te hardware/ software tools and suitable institutional support 

could form an useful basis for preparirag an implementation plan for the 

region. 

The problems of equipient maintenance and the lack of availability of 

canponents spare.:; was pointed out by several organisations. :t!quipment 

maintenance can !>e segrlga.ted into two categories, COOplte!"s and other 

equipnent. A specialised corporation to deal with canputer ma:ktenance 

has been quite successful in the indian context and a modified version 

of such a concept to meet regional requirements merits a cluser 

~ examination. Other electronic equipment covers a wide range and 

spectrum and include<.3 analytical, measuring and m€dical instrumentat:ion 

and its maintenance in view of the large variety of types and vendors is 

more difficult and no simple soluti0n exists. The programne at ENIT. 

Tunis.to train high level technicians for maintenance needs to be more 

closely analyst:.d to determine the extent of its sucess and the need for 

further suppvrt and diffusion of the approd.Ch. Finally, ~l development 

programmes in the region seemed to suffer due to lack of.canponent 

availability one possible solution to this problem could be to set up 

a regional canponent bank which stockpiles a list of pr:~rit-y 

cr..mponentswith support from ECWA/UNIDO • . 
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APPLJCATICN 
COMPLEXITY 

-- NUMBER OF CIRCUITS 

WORD LENGTH 

TABLE 1, .. 

(MICRO APPLICATION COVERAGE I 
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..... 6804 ... 
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TABLE 2 

I MC u . D E s c R I p T I 0 N I 
MC U • 

' 

H A R D W A R E SOFTWARE 

FEATURES LOW COST 

CPU 6804 

TYP. RO~ (Bytes) lK 

TYP. RAl.1 (Bytes) 32 

TYP. TJHER(s) lx8 

TYP. J/0 NUMBER 20 

SPEC. PERIPH. 

NUMBER Of PINS 28 

MID RAHGE 

6805 

2K 

64 

lx8 

HIGH PERF. 

6801 

4K 

128 

1x16 

20 - 30 30 

• A/D CONV. • SCI 

SPECIFIC 

/ 
(CUSTOMER SELF-DEVELOPMENT I 

- DEVELOPMENT/EMULATION TOOL 
• ROM CODE TRANSMISSION (FSE) 
- ROM CODE APPROVAL (CUSTOMER) 

• Pll •. MULTI PLIER 8 x 8 
• UART 

28- 40 40 

' 

! 
APPLICATION 

~ 
(CUSTOMER ASSISTANc.£) 

• CUSTO,.ER NEEOS (r~E) 
• CUSTO,.EA SPEC. ANAL YSrs (FAE) 
• PROOUC: T CHO r CE (FAE /LAB) 
• APPLICATJOlr DEUOPllElrT (LAS) 

• SOFTWARE APPROVAi. (cusro11u; 

• ROM CODE TRN'lSMISSION Cuc· 

. • ROM CODE APPROVAL (CUSTOttU 



TABLE 3 

lKhtta;rft,..... 
......... Fn-Sft'Gefe ........ ....-..... ~.,_ ....... _, 

ean...., llllOS ,.uos CMOS 
Co<lleel...._ llle-G s.G llR-G s.G. Ue-G s;.G 

Acrian. Inc. I. I 
100Ci0 ~ IAD9d """ ..... 
Oupecwlo. CA 85014 (1 ...... "°""" fCOllJ 119WS22 

.... lbs"-
VPDIMlg. 

American Microststems. Inc. I I . I I 
3llOO ftDme$fUd Rim """' 1.5,IM 1.5,IM 5pm 
Swea Clara. CA !l!ml trlMOSIJ P«JSQ. 
(408J 2'6«DO """ 3pftl 

t!MOSSJ P«JSIJ 
,.,,, Oostir 5,int. lillgl9 
Ploclld Manager. ..... - • COT PludoJCIS ., ..... . _., 

. 
ASEAHAFO - I I 
66 ec-1 Ra.ad . ,.... 2 .... 
San Mateo.. CA !M4Cl2 ....... (1°""'9 
ccn1574-5400 CMOS' 

sos 
Mdln 09jenrel . 
U-MMager. 

Cherry Semic:oncb:lor Qirp. 
2000 s. Counly Tr..i 
[. ~.AIC12111 
(401)~3600 

o.vidf'ryge 
Mallieting ..... 

Olel I I I I I I 
3000~Slrwel 5pm """' 5,.111 5pm 5,.111 3pm 
S..U Clara. CA 950eiO (IC>pm) (l,.m) 110,.m) (IG,.m) (IG,.m) 19,.m) 
(408)127~ 4,.m 4""' 

"""" lliam) 
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Mai1letong p,,.- (lo,.m) (lo,.m) 

5pm 2.-,., 
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Comdial SelTliconcllclo Sent I I 
IT.JO Borde- llnve Jpm 4,.m 
~.CA94086 ......,. ....,,.,. 
(408) 74-MIOO 4plll 4 ..... 

ca..mt ca.....;. 
C'...y~ 2...,., 
VP and Cienefal Mlnlg9r ~ . ...... 

lliolfol 

E•ar lnlograled Sys1em1, Inc. I I I 7!'.0Palon..,.....,_ .... l,iin c...m 
t:cntyv:llc. CA MIU 

'""·~·7970 , 

""""°" --· -

56 VLSI DESIGN J11l.~lAug111t J98J 

....... 
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