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} MICROELECTRONICS TECHNOLOGY : PROBIEMS AND PERSPECTIVES IN COUNTRIES OF
WEST ASIA AND NORTH AFRICA.

The paper is a result of a UNIDO sponsored mission in. Iraq, Saudi Arabia
UAE (Abu Dabi), Tunisia and Morocco. The author wishes to record his
appreciation to the sponsors for making his trip possible, UNECWA
officials for their assistance and encouragement and UNDP officers i-
visited countries for their help in administrative matters and fer
organising certain visits. Finally, the author would like to thank the
members o.f the mission Mr Felix Hinc and Mr Hassan Charif for their
excellent cooperation and many valuable discussions. The contributiocn of
the latter deserves special mention due to his profound knowledge of the
region and extensive contacts with key people in the field which were

invaluable in achieving mission objectives.

The mission was conducted in November-December 1983 and this paper is
based on meetings with over a 100 people in 45 organisations spread

over 25 days. The organiszations covered include goverment ministrieé,
national computers centres, major oil and mineral companies, investuent
and planning institutions, academic, R & D and mznufacturing
orgenisations. Since such an exercise was being attenpted for the first
time coverage has been extensive in order to obtain a persycctive of the
status, problews and potential for micrcelectronics in the region.
However, these notes ropresent imprescions of a 3 week visit only, at a
given period in time, with the primary objective of preparing a
backgrourg paper for the experts meeting in Kuwait in March 1934.
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The countries in the UNECWA region and North Africa recognize both

the need and potential for the application and development of micro-
electronics technology explicity is well ahead of the absorptive
capacity 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
and local manufacture if the present rate of diffusion of the
technology, assuming effective utilisation, is to be maintened.

¥. ile special efforts to develop applications of this technology have
been made ir. the public domain, as is evident from the chain of national
camputers centres that have been established, there is a considerable
spread in the capabilities of individual countries. Thus, CNI in Tunis
and IMEG in Casablanca/Rabat seemed to be considerably nhead of their
counterparts in the other countries both in terms of human resources
and methodology. Greater regional cooperation with the assistance of
UNECWA/UNILO between these institutions could go a long v)ay 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/erploration
and mineral extraction/purification sectors. Thus, while ARAMCO, Saudi
Arabia the largest oil exploration/ proauction canpany was an
impenetrable fortress tied to primarily US vendors for the both
hardware/software support, the situation in ADNOC, Abu Dabi, ami
PETROMIN, Saudi Arabia appeared relatively more flexible with greater
.potential for development of local capabilities to support their future
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requirements for microelectronics hardware and software. Similarly, OCP,
Casablanca, Morocco and probably the Jordanian Phosphate Company are
fare more open and keen to use / develop local .capabilities. Another
application area of considerable potential for the region v=: in the
generation, transmission and distribution of electricity and the example
of STEG, Tunis deserves 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 paper of W.M. Turski provided the problem of standardisation

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

Herein also, lies an opportunity of volume manufacture of low cost
bilingual terminals and microcomputers. The efforts of Saudi Arabia
(A1-Farabi camputers), IMEG (low cost micros for schools) and CNI
(termirals) need to coalesced and catalysed effectively by UNIDO/ECVWA.

The mamufacturing base in both the ECWA and North Africe region is
presently very limited and would have to be considerably angmented to
sustain an autonomous microelectronics industry. Given the gross
naztional product of the region and its contix'.-vmuslj increasing
requii'ements for microelectronics products, thure is a definite need to
evolve a strategy for the development/manufacture of microelectronics
products/camponents for the region. The present efforts at TV assembly
at SADA, Morocco, SONELEC, Algeria or in Tunis and Syria nor the
offshore assembly of camponents at SNRF, Morocco of their mamufacture to
a limited extent at SONELEC, Algeria constitute a viable or effective
strategy for the future development. In the experience of the missio;l,
Tunis was the only country where the potential to set up local
manufacture on an integrated basis wes being sericusly exomined,
primarly, by BDET and API. Thus, J3DET was talking to both Jeumont
Schneider, France to establish manufacture of EPABAS (10,000 lines
per year) and to COMTERM, Carada, to manufacture terminals, while API




@tm to establish of passive components i.e. resistors and capacitors.
Both institutions, however, were clearly aware and ccncerned about

the economic viability of these projects and were looking for a wider
regional market.

In the amthor's view, exclusively national strategies cannot be pursued
by individual countries in the region since the requisite combination of
high per capita income and population does not simultaneanusly co—exist.
On the other hand, the electronics market for the region as a whole is
substantial enough to pursue an economically viable developped and
growing at a significant rate. Two sectors which need to be singled out
are’ consumer electronics and commmications. While it was not possible
to obtain any quantitative data on tke consumer sector, the fact that
production of color TV sets exceeds 100 per day in both Morocco and
Algeria, each with a population cf 30 millions approximately and 50,000
in Tunisia with 2 population of 6-7 millions, the color TV market in
the FCWA + North Africa region as a whole ought to exceed 1,5 millions
sets per annum. If to this is eouplgd the demand for VCRs, combiration
sets, calculators, personnai camputers and electronic watches, this
market is estimated to be in the neighbourhood of § 2 tillions.

An earlier ECWA/UNIDO study shows that the demand for telephone exchange
lines is the ICWA regions is projected at 433,000 per annum during tne
period 1981-85 growing to 796,000 per annum between 1986-1990 with a
matching demand for ICM channels. The corresponding derxend for telephone
sets has been estimated at 563,000'and 1,035,000, respectively.
Further,the average annual investment in the regions networks has been
estimated at f 886 willions (1981-85) and £ 1,622 millions (1986-1990).




The estimate is based on a educated conjoncture given the GNP,
population, present level of assembly and visibility of these products.

e

¥hile no accurate estimates exist for the computer market in the
region, Saudi Arabia alone has been importing equipment at the rate of
$ 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..> Arabian
character set could considerably stimulate the demand for micros and
terminals in schools and the office, respectively.

Given the above demand, production of a range of active and passive
electronic components clearly appears to be a viable proposition. In the
consumer sector for the type of products indicated above, camporents
represent almost 40-50% of the value of these products. Similarly, in
the area of switching, the cost of camponents per line for a system like
the E 10 B of CIT-ALCATEL is § 125/line, namely 50% 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 difficult to extract a profile
of component requirements both in terms of quantity and value. A pricri,
it would appear that adequate demand exists for establishing a viable
component 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, star{dardisation of hardware must
constitute an important element orf such a strategy. Clearly, the
regional issucs invelved in an industrial strategy for microelectronics
need a closer examination, which is not the purpose of this paper.




Several suggestions have been made in Turski's paper for augmenting

the software capabilities in the region. A complementary set of measures
to upgrade the regions "hardware" capabilities is essential if a
compbsite and autonomous microelectronics capability is to be
established. These are discussed below :

There are 2 major microprocessor families with extensive applications
and 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 camputer market, and even more so after IBM's entry.
Motorola's 6800 and 68 000 series on the other hand are more extensively
used for industrial process control applications. The applications
coverage and some of the hardware features of these series is summarized
in Tables 1 and 2. There are several processor, memory, interface and
controller modules together with debugging software packages and
development support tools available. Several major semiconductor/system
companies have thrown their support behind these series, namely,
HITACHI, MOSTEX and THOMSON, thus providing the requisite back up to
ensure its continued use. There is a need to establish a regional
capability 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
experis from the academic sector needs to be formed with necessary
support from ECWA/UNIDO to prepare a feasibility report in temms of the
regions requirements in the major application areas,i.e. on
exploration/production, mineral extraction/purification arnd power
generation/distribution, ete. Based on these findings a regional centre
could be created with appropriate linkages for technology transfer
both with OEM suppliers of such components and system suppliers.
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The key vlement in any future strategy to design and build electronic
systems is the ability to design the silicon "chip". All IC's
technology is built on the foundation of semiconductor device physics
vhich provides the essential knowledge is semiconductor fabrication
technology which allows the designed IC's to be physically constructed
and above this in turn is the body cf circuit and logic design
knowledge.Various areas of knowledge in the mamufacture of IC's have
reached different stages of development, with the higher level design
skills being the least highly developed. In fact, all the evidence
available strongly suggests that theses traditional skills will not
enough for VISI, design methodology is in essence a search for the right
approach to built computer-aided engineering systems that will go on to
design the IC's semi-autcmatically. There is a shift fram hardware
concepts. It appears reasonably certain that the whole area of the
design of highly concurrent systems will become one of the most rapidly
developing technological fields of the coming year. A1l these changes
are likely to affect the future structure of the industry in terms of
being integrated both in terms of design and fabrication 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' change. Further, design '
automation systems in terms of both hardware and software in unbundled
form are becoming increasingly available. The"work station” which is a
low cost design system is becoming increasing viable and seyera.l of
these systems are being marketed. While the concept of decentralised
desgin works quite well in a "foundry" rich environreent as has been
demonstrated by the sucess of the "muiti-project chip”, in a developing




country environment it is important tlit local design capabilities
are supported by at least a pilot level silicon foundry" with the
capability to process wafers using at least one staole technology.
Obviously, local design centres could still need to have linkages
vith other silicon foundriec in both Europe and the USA. Since the
concept of the "silicon foundry" is most prevalent in the USA a list
of such foundries is summarized in Table III.

A ISI design centre necessarily has 2 camponents, naﬁely, hardware

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

by far is the VAX TI/780. The system has the great advantage that most
of the software packages available for ISI design cn be directly
implemented on it without any modifications. While it is not proposed to
go into the details of the hardware configuration, the VAX II/780 uses
graphic terminals which constitute the man machine interface. Depending
on the configuration the hardware costs for establishing a design
centre would be typrzally S 300,000. The design software could Lk ve to
include a package for registrer level entry, a logic simulator (TEGAS,
SPLICE, EPIIOG), a circuit simulator, (SPICE),preferrably a procéssor
similator (SUPREME), an interactive graphics nackage (CALMA,GCI,
etc...)a package for design rule check, a cell or element extractor
from the lay out to verify or resimulate the logic, software for a

PG tape output for mask fabrication and cell library with a data btasis
containing the requisite design rules i.e. layout and electrical. There
are several vendors for such packages besideé some of them are also
available from wiiversities in the USA. However, while integration of
unpundled software froo multiple sources is mere economic it is also

that much more difficult to implement.The output ofF a design centre
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is a FG centre; from which the mask set for processing the "chip"

is fahricated, either using a laser pattern generator or a E-Beam
machine. While several mask fabrication shops are available in the
USA and Europe, if it is decided to set up a pilot "silicon foundry"
for wafer fabrication, then it could also e necessary to set a mask

fabrication facility.

As a first step it would be important to establish a regional design
centre on a imﬂediate basis for which requisite support should be
provided by UNIDO. 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
nétional centres and the regional centre should be networked together
or at least linked by electronic mail. It would then be possible to
rapidly create a corps of designers in the region and thus lead to
rapid diffusion of the technology. An important goal of such a
programme should be software development, to upgrade the design tnols
and build the next generation of design automation systems.

The second level of interconnection in a electronics systems is

- conventionnally provided using printed circuits boards (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
vas only available at SNRF, Morocco a Thamson subsidiary. Similarly,
the mission did not see any evidence of the design and fabrication of
hybrid circuits through here again the assembly of thick film hybrids
was being done at SNRF based on imported screened substrates and other
- active/passive camponents. While the ability to design and fabricate
both the above components is a.vessential prerequisite to built
microelectronics sub-systems/systems, equally important i3 the ability
to populate and test these sub-assemblies. A regional centre needs to be
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established to fill this &ap with additional important function

of training personnel in these techniques fram the countries of the
region. Support for such a concept from existing/potential
manufacturers of sub/systems needs to be sought in order to

promote the above concept . Further, ECWA/UNIDO could provide the
necessary technical inputs needed in planning such a facility.

The region has several excellent schools of which the Technological
University,Baghdad, UPM,Saudi Arabia and ENSET and ENIT, Tunisia
deserve special mention. In terms of computing capabilities UPM is
clearly ahead of all other institutions visited with a VAX 1I/70,
further gives it a head sart +to establlsh a centre for ISI design
However, as been pointed out while considerable emphasis was being
Placed on the applications and software aspects of microelectronics,
there was an « :finite need to augment the hardware aspects of the
technology i.e. materials Science, semiconductor device fabrication
techniques, CAD for chip design ete...In this context the approach

of The Centre for Integrated Systems (CIS), Stanford University is
wort}; emulating. CIS seeks to integrate solid state research and
fabrication on the one side with applications on the other. The
intention is to merge the three discipiines of the electronics age ~
computer science, information ..cience and physical science. In order
to make the system synergistic it is proposed that the scientists
working in so0lid state mhysics will investigate the fundamental
Principles of IC's and pass their results to the IC's engineers. These
engineers wilil use that knowledge to design new devices and fabrication

/
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techniques, and give them to the application engineers, who turn will
define new systems and integrate the chips into complete, functional
systems. Concurrently, the computer and information scientists are
developing the tools to design ant test the IC's and so on. The concept
brings together all the composite skills and tools to solve the

increasingly camplex problems of tomorrow.

The communications infrastructure in the ¥CWA region is being developed
at a rapid rate. There is a general trend to shift to electronic .
switching systems, as witnessed in Morocco and Tunisia. Similarly,
Jordan and Egypt have opted for CIT AICATEL'S E 10 B system which is
digital with Saudi Arabia having gone in for ERICSON. The impression
gained by the mission was that Saudi Arabia, UAE, Tunisia and Morocco
had relatively efficient telephone networks well integrated
internationally. The launching of ARABSAT in october 1984 will further
augment 1‘;he region's capability for intra-regional ccmmmnications.
Consequently, the time is ripe to start planning for .a multi-service
national /regional network which can transmet voice, data and video
signals, with the long term goal of establishing an integrated services
digital network (ISDN). In particular the development of local area
networks, 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 commisioning a feasibility smciy in this area

for the region.

The application of microelectronics in the service sectors like
education health and transportation is likely to produce the greatest
social benefit. The awareness of this po*tential was highest in Morocco
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namely, at the Centre for Arabisation, Rabat and ANIT and ENSET in
Tunis. There is a need to focus these efforts into a widor regional one
and the methodology suggest in Oliphant's puper, "Microprocessor
Applications in Developing Countries" (UNIDO, 1982), to establish a
hierarchy of micioprocessor applications development centres with the
requisite hardware/software tools and suitable institutional support
could form an useful basis for preparing an implementation plan for the
region. .

The problems of equipment maintenance and the lack of availability of
components sparez was pointed out by several organisations. Equipment
maintenance can be segr@gated into two categories, compaters and other
equipment. A specialised corporation to deal with camputer mairtenance
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 includes analytical, measuring and medical instrumentation
and its meintenance in view of the large variety of types and vendors is
more difficult and no simple solution exists. The programme at ENIT,
Tunis to train high level technicians for maintenance needs to be more
.closely analysed to determine the extent of its sucess and the need for
further support and diffusion of the approach. Finally, all development
programmes in the region seemed to suffer due to lack of camponent
availability one possible solution to this problem could be to set up |
& regional component bank which stockpiles a list of priority
crmponentswith support from EDWA/UI"IIDO.
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Intemational Microelectronic J J L4 $50,000"ys. Prod cost Coima e or
Ipm 3pm Oum CMOS) Apploon Lpe
2830 N Fost Sueet Bum), (Bpm), $6500 w 38500 {oreerres;,
San Jose, CA 95134 dpm, dpm, ~ plus mask costs masks
{408) 2629100 Spum Sum
Bob Gerdnor
" Marketang Mansger
Mcrel J / / ; / / E 25 waler . | Datatase tape
1225 Ibducv:ay ::;:m , "ﬂ» dgm 4um dum Tl?L' [ (25 water masks,
Y 9 ] Al snis): $2500
(408) 245-2500 (10um) | (10m) | (10um) | { M) ) PG tape
Stan Ericoson
Dwector, Sakcs. Mg
Micro-Crcuit Engincenng, Inc. J J 7 T Order {consuR factory) Caima tape,
1131 Farfuld Danve Sum Sum OFEY commatment CiF,
W Paim Boach, FL 23407 110um) | (0um) { mno $100.000 masas,
(305) 8452007 SMOS PG lape
Ot Scneane o
Markeoong Manager 40v,
sov
.'mm'onmmm'mmuow Gon the o “gram channet longih” specied by 0Mer vondors

-




Probing. Dstabase tape 1o MP PCM s’ review AR Yos Available Comdial Yes 2-ayer poly
packagng, packegodicsied parts: | (preterred) or plus 0y not spected) {others Tusuaily 816 15V CMOS
packaged- 6 woeks (5m) Customes necessary negotaton) for eng processes dy
gant 7 weeks [Jpm CMOS) | sauppned PCM fohowup prolotype 4083 2-Layer
fcstng, (3 weeks Cycie avad un only) metal by 4082
[T ) 81 8d0ed cost)
Probng. PG tapc 1o walers Mcrel- or sl review, A No (not available) Wil moddy Yos 4" walers by
packagng, 57 woeks (typecal) ousiomer fohow-up {desion nies (Mecrel process 10 be (see tef) 4083 Schoftky
pachagod- AGd 34 wecers tor supphey PCM reviews gs generaly will ggn Mmash compatdie TIL(3-» ep)
pent pockaged, losted ngwed supphod by noN-gracy, wih prme by 408
055ng. dewvices osiomer) for cust source
bumn supphed
nies)

Protang. Caima tpe 0 -ﬁ MCE-supphed | Penode A Yos SPICE. You Yos Jpm oade
pachapng, pachaped tesind rcm Process desgn ISPEC.G2 Lines w0iate s Sr-oate
pachaged- sampius’ 7-11 weeks eviews Technology CMOS5 By 12 83
part Comp. 20V greloctng:
esing oI DeDrvgr

by 1285 OV

Geiocine.

wol brpuler

by 1283
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Survey of Silicon Foundries

Technologes Ava.labie
Mremum £ oature Sue Gate leng™
rrarmen meta’ prch shown o parsriwses) Whrurmmsm
Producton Cost Per
Pud. Requremants Prototyoe Run
Company nOS pMOS (o s 8 Water (S orwolers {wan prod coet. De3gn Formast
Coreact Farson Me-G %G Me-G &G Mo G SG Bpotar Sue por your) ¥ svatabie) rom Customer
Mte! Somiconducior / / L Water run: oo o) Cars lape.
360 Lot Dove Spm, 20 welorn PG tape.
PO box 13320 4pm, Ovder: masks
Kanata, Ortano K2X 1X3 Spm $10.000
Canada
(C13) 532-5630
" Gene Cohen .
Castom Prod. Uine Mgr.

. Mostet-Micro Labs, Inc. 7 7 7 J 7 J ¥ Prod. cost: [ 1 ] PG Wpe.
Porn Contre Plazs Sum 3pum Jpm Jpm pm Sum $2000 {me- masks
Oushkenown, FA 18951 (also . [ oete pMOS,
£215) 536-2104 wng- ang alMOS) %

sten ston $3500 {S-
Robort 0. Campbed ] gete) gete CA0S)
Marketng Manager
National Semiconductos 7 J J Vi J g L 4 Business per Prototype ot Caina tape
2900 Sesconductor Drve Spm Spm, Spm Tpm 3pm "L sv and farniy- charge (not {preterreq):
Santa Clare, CA 95051 4pmiD Single 3 }-3 $159.000 o nd maskAest Apphcon tape.
(AUd) 737-6055 Sam and 5-100V non $200.000/y1. charges): wasks,
ousl d (Not inter- S5 water PG ape
RAchard ¥. Barck poly SV goid-dopdd osedin (me-gate)
Dic. MOSALS: Miag. 3pm prolotype 3350 wafer
[ business (Srgan)
metal only)
NCR Corporation 7 7 L4 S00 walers foonsuR {actory) Caima tage
Mecrociectroncs Drv. E =71 Jpm for non-sid. (prefened).
2001 Dertieis Count Single - T Spm) N processing; PG tape,
Ft Cotns, CO 80525 or single 100 walers masks
(303) 226-9580 el o otherwise
weted dual
Ouve Newman - - metal
Paod. Swategy Mgr
Nwon - J V E $100,000%yr. {consuk tactory) Caima tape,
10420 Bubd Road Spm apm and mcludng PG e,
Cupsrtno, CA 95014 V2pm) | (12pm) < noN-fecur masks,
(408) 255-7550 fing costs) redcles
Robert Maer
VP. Miip. ang Sales \
/ J J L 4 $50.000yr. (consuR tactory) Cama tape.

_ 1641 Kaser Averns Spm 25um 3pamECL, ang . masxs,
bvine, CA 92714 (10pm), Bpum;, 4pmECL & PG tape
(714) 540-9937 um dpm

. {$2am) (9 Sum),

Peter Mnent Sum
Product Mxtg Mor (12pm}
Potycore Elzctronics, Inc. /J J 4 24 water Engrneenng - Worluny) plates
1107 Yousmnahne Drve Tom Linear, engmoenng funs $3000 .
Hewbusy Park, CA 91320 >2v F ot 10 $6000
(805] 496-8822 prooess delecne Proguction
' ovai) solaton ©osts (avg ).
S X Leong combwiaton $100 water
Yice Prosstont CMOS” (CMOS)

[ 4 $130'waler

Gngar)
7 J [ 4 (corsull factory) |  Evaluston- Co'ms tape
Sohd Stuste Dvv. Tom Ipm, - o (RCA ofiens, o1 costs
. 202 Spum for foundry $20.000-330.002
Somorvile, NJ 08875 CMOs/ CMOS/ | sorvices on Fookng costs
£201) 6854000 $0%. $08) selectad $10.000-$20.000
3am, bass ondy)
Argen W Schaver dpm,
Mg wc.nm Producs Sum,
¥ Procossos, inc J 7 4 ot Types! cost Masks

1974 N Cavial Ave. 4Sum | 45um speched) for eveluaton
San kve, CA 95132 am [CMOS me.
{408) p45-1300 polke): $2500
C.0 Detvck
Waler Servce My
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Pos® Wa'er
Pruoeyvg
Sernces Water st
twa'er Acceptable Tothmcs! Avadadsiy of C . wa
prikeng Creera teracton Dvs:gn Rules  Segn Non- Ssmutator Second Foundry Proosises
Ay ng. - (st0 procwss Betwoon Foundy  for Venous S3cosre Parameton Sosce Morly Axwpdadie Witen
ey, et ) TJumaround Teme control mondor)  end Castomer Piovesses Agreemencs  Avadadie Ay Process? Nest 6 Months
Probing Masks b walery: Mot PCM Yochmcal o Yos SPICE GTE Ya3 (not apoctod)
peaegng. € woets (Ty7-02) revew AMcroonsts {negovable)
pachaged- AOG 4 »oohs rom [ ]
pant PG tape. o3l posadie
[ ] 2 weeks © pachaged
parts
(services Masks 10 test (Rexdie) teraction Sefls layout —_ (not lable) 150 $) Yes Hogh-voRage
svadabie orasts J wth MMLS rules for VOS5 a0
tocaly & weoks onpmoes/ $250 worlung wits
elsewhece) Sechnicans, V-groove .08
83 facuared
Proding. Database tape © Standard rwbal and A Yos SNAP Yos Yes 25 Goubie-
PACAFNG. POM-1c5tnd waters: Navor of POM folow-up (NSC internal) (not specilind) {rmnor) metal n-well
packaged- & 10 10 weeks process'design CMOS: me2 84
part {depending on process) nevVitws &S
festng. For pacha)od parts, soqured
sokadity add 4 10 6 weeks
proczung
Probing. Caima wpe © Prefess © tal review Negouable SPICE Not yet Yes Wil be able 10
packagng. tested wa'ers: sieph Folomp {(n negodaton (depends mandacure
pachaged- 6 wecks (Typcal) NCRPCM reviews as with 3 lsrge on devices (wih poly-
pant necesSary COMPanies) wvolume) o-susvrate
O], apacrors)
bum-éy " for analog
Ed . I funcuons
CMOS croucs
by end of 1953
Probing. Masks 10 tested Nitron PCM nival and For older Yas (not avaisdie) Universal Yes 2umS-gate
packaging. walers 410 6 weeks {prefesved) or fohow-up processes Semconductor {amten CMOS ava'zbie
packaged- From PG tape sac ouslomes process/desgn (Se-gate) bnts) Ly 1084
past 2 weohs, supphed PCM reviews
tostng, % pechagediested
burrin parts. 803 4 weeks
Probeng. Masks © waters: Plessey PCM vhial review AR Yes SPICE Yos No 25um CMOS
packayng. 2 wks {not specified) by end of 19€3
packaged- PG tape 10 tested
part dewvices: 6 wis
fesbng
Probing, Fast-tumaround Polycore- nsal review AR No {not svadadie) (no formal . fes {rot drsciosed)
(packaging SNGPNECTIY) NS, supphed PCM SQreements) :
ntar East masks to walers
and testng 2 whs (CMDS)
canbe I wks (hncar)
oTanged) Add 2 10 I ays for
Sampic packagiy
Probmg. {not spoofed) FCAS Waler v formal AN - Yos RCAP {no formal No {none)
pachagng, Acceptance deson reviews, aJeemens)
packagod- Test (WAT) {roquwed;
pant ontenon
osbrg,
tun-n
Basc Macks vy waters 4 Mtuatly Penode AS For S not specied) Ycs 5" water
osing ks (me gate CMOS) | 8grrod-wpon nierervon gate CMOS Protha tion by
6108 whs PCM process ond of 198)
{Srgate CMOS) only

J
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Sechnologres Avaatie
Merwmurn Fastre S2eGa'e tong™ -
(minumun Me’a’ pACH ghown IN parentheses) Mrirmum
Produzzon Cost Per
Prod Rersements Protoryoe Run
Compeny rMOS [+ 2 ¢ 3 Water (3 or walenn twh proe cos®, Design Format
Cortact Person &G Mo G &G MeG &G Bopolar Sae be- year) % avasaie) fom Custoraer
Silcon Systems, Inc. / / / & $20.000/yx {conaunt tactory) Caima ape.
12351 My%ord Roed Tpm Jpm Juncbon- CiF,
Toevn, CA 92050 (2um) | Eum) inotated mashs.
14) 731-71%0 {Y2V Ver o). PG tape
14pm
Bob Schulr
Dvecwr, Customer Serve.

- Sobd State Soentific, Inc. / J / L $250.000 $15.000 10 Appicon tpe
3IVI0 Wetsh Road iam 6pm 3um over frst $30.000 © PG ape
Wiow Grove, PA 19090 your produce
(215) £57-8400 peciaged

prowolypes
Fhnd Wunner fom PG
Dector of Maig ape
£3C Vcmotechnology 7 J J T 500 waters $10.000 for Caims tape
22705 £=h 5L, MO G 3pm 3pm Spm or st 20 waters Apphcon L.,
Urasvide. CO 60027 - - 0 £20 000y, oF,
{303) 6734307 or2- or2- o2 PG tape,
wyer layer layer mesks
Loci Hiatt metal) metal) metal)
Superiex, Inc. J J L Lot 24 Engineenng Masks
1225 Bordeaux Dive Spm Spm walers fots- $4800
Suneryvaic. CA 94086 (10pm) | (10um) o $8400
{408) 7440100
Richard Seegel
Ve Proswdert Sales
Synertek . J J L 4 5 water Producoon Caima GDSH
(= sudsxdary o Honeywell) 2:m 2pm uns par cost 8250 © (orefenes).
3001 Stender Way {6.5um), doubie your $400 per water PG tape,
Santa Cars. CA 95054 Ipm poly (20 wafers Mmasks
(408) 748-7045 (Opm), (6.5um), Ouf par nun)
Sym 3um
Dan Castson (10 and Opm)
COT Marketing 11.5.m) sgie &
sngle & doubie
double poly
poly
United Microelectronics Corp. 7/ 7 7 [y Producton Engpneenng Caima tape,
3HA Scott Boutevard 3um Sum dum on 24 walers G tape,
$ana Clara CA 950%0 pm) (10um) | (Bum) walers $200 gach masks
(208) 727-9239 (engneenng {rrenemum 10)
prototype
Tioy Speers an 10
Marketng Manager walers)
Universal Semiconductor, Inc. / J L d S00 walers Engineenng Calrna Lape.
1925 Zanker Road Sum [ (engneenng run $15.000 Apphcon Lapr.
S>an Jose, CA 95112 {10pm and nn 50 FAUs 1ooinyg PG pe,
(400) 279 2830 double waler starts) ($25.000 pius masks
poly 1oohng wrihout
Barry Bouton Ium product
S-alcs Manager (10pm), commtment)
Sum
{10pm)
VLS! Tezhnoloqy. Inc. / / L4 Producton MPYI run CIF,
1101 McKay Drve 3um Sum fots 10 waters $5000-$ 7500 PG tape,
SanJose. CA 9511 (7.00um) el Prolotype Ty wale: Caima tape.
(400) 942-1810 HOSI, process g S waters Mapges (4 {alsD Mmasrs
Spm w W2 prod &S SuDgh. | S IR
Yory Vaientno Japen wafers (MPW) ;) $400 w afer PrOCOLS Q)
Maskctng Manager, source 20 packages. (Sm AMDG)
unissied 0 $700 walor
devors (4 CMOS)
7yMOS Com / /7 L4 Gwaler - waler proto>- Datadase tape,
FO fos 62379 Sym protype e an 4850 PG tape,
Somvnpvale CA 94088 {10pm}) | (9,,m) o plus S0 [ 3 AN nASKS
(408) 730 8850 Jum walersyr Froaucton
Bum) {eng proty VL (0%
-Cifl Varpn n type run $2.0 W $10 per
COT Mty Manager devel 10wa'e’s) waler
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fost Water
Prooess:n)
Barvies Water Myt
tenter Accestetie Yoctwucat Ave-abiity of  Custoner . Wa
proteng Cirong tesaction Desxn Rules Sayn heon- Surmudator Second- Founory Processes
[P TR Normal {2t prooess Between Foundry  for Vanous G3Toure Paametors Source Moty Avaiatie Wrun
matng o2 ) Twnaround Tme con' ol monvior)  and Customer Processes Agreements  Avpitanie Agreements Process? Neat 6 Mg
Proteng SLashs 0 bested S or reual desgn AR No SPICE {no forma? You Washed e-Tettar
Packagng. waters E L8 WK CROMesr oiew agresments) (cepenas epciar proress
packaged- supoked PCM on aveiadie 4063
past beslng. wvolume)
Pgh-
rohabulty
beck-end
pcreenng
Probng. PG tape 10 tosved Stepped-n Intia! process’ A Yot MSINC NMOS process Yes (rons)
packagg. waters 10 0 st 208 GosGN reviews, {SPICE compatiole {Oepends
packaged- 12 wAs. {sowrce not Axther svaladle with Standard on
pant spocthed) asusiance eoon) Mcrosystems oum-
tosdng. o roquwred stances)
qQualrhcadony
screenng
Probing. Masks o tosted STCPCM Various A Yes SPICE {avaiadie Yos 2um S.gate
parkaging, walers: 2 wks process’ MOSs2 Dut not CMOS ang nuOS
pachegad- From PG tepe: fsyout/desgn model speched) processes 1-or
pant add 1wk mvews parameters 2-ayer mewal
sty From CIf or CAD ovaiable by 4063
charsc- daladbase tape:
tenzaton 80l 2 whs.
To tested phg.
parts: add 2 wks.
Custom Masks 1 Wsted Supenes- Process AR Yes {not svailabie) No forma! Yeos 4pm S-gate
handing waters: 4 10 6 wks. suppied PCM paramoter agrecments CMOS by 4053
{me-gate) ews (claims ¢~ be
5% B wks. mask compar-
(Srpate) Die with
Mtei, GTE,
and AMI)
Probing. Ce'mas tape 1o walers: Synertek PCM Dweperds on AS Required Provide SPICE Some Yes S"water
PACkagy), 10 pks. reared on c tomer for 2um smrLavon {not specsed) (mpcamt processing
packaged- From PG tape: mticastIof S feckarements. and 2um ot ot lovels capadmay by
pent 8 whs. test gnes processes actua! SPICE only) 1084
stng, From masks: model)
tumn-n IS wks.
Proling, Masks fo welers PCM L3 dosigr: A Yes Some SPICE Mask Yes 3um 2-layer
Packagng. 3 wks {source not nse exchange ’ and ASPEC compattie meli and 3,.m
pockagod- From PG tape- speched) revew parameters with AMI 2-Laye’ poly
pant 808 1 5 whs svadadie, Si-gate CMOS CMO5 process
tesong To packaged pans: not complete svaiatie by
8ad 1.5 wks, for 3um process 4083
Proteng. Masks 10 proded Prefers nal review, AN Yeos SPICE2G Seconm No 2um orde-
packayng. walers 5 wAg Unnversal orcunt desen and Rron &olated CV IS
pachaged- From PG tape PCM sicoped n, | and CAD {others n by Dec 1982
pant 8¢ 2 whs | DUt will sccept support negoLanon)
e bng 10 packaged sampiles asstomer PCM
0d 3wk
Protwng, Database merpe © VTl-umpphed Process com- A Yos SPICE, Rucoh Comp. Yo3 2 Sum HMOSH
packagng . packayod pants (MPW), | PCM patority and ASPEC (Japan) V1 orwy svaradie by 3023
packaged- 4ms prototype or low Jumn o wet CMOS
prart Masas & walers (stang- . venicahon wiume) " Ep a8 13.5
rstng slone product) revews 3.m n (D
25 whs. CMOS 40m)
24ayer metal
CHI% 8va Lldr
by end of 11}
Protang Matks 10 walers: 7yMOS sunphed | Invtiel and AN No Yhont SPICE et Shom 3 pHCHDS
pechayng, Jndw, PCW et fow on parameters {3-u HCMOS) acuniments | 8va aven
PACRANG- £ e S0 watnry propewary, reviows a3 ovmable Lalls onser oniy FONVYE LT PUN
peinstng SK6wry svauNg nqured proorsses
MM lemp Avi i or cowr i “ndustry
ond el 81d MLt protnyes maters) stendard”
feshng
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