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PRBPACB 

Thi s  study i s  the result of a g rowing concern with a relatively new 
phenomenon that would af fect the ability of the u.s. Army to produce 
and maintain weapons systems and with the increasing importance of 
product ion of electronic components by fore ign companies or by u. s. 

f i rms ope rati ng ove rseas . 
Recognizing the vast number of d if ferent scenar ios and emergenc ies 

that might threaten its mil itary systems , the Army as ked the Board on 
Army Sc ience and Technology to undertake a study on which spec i f ic 
component types were vulne rable and on the degree of their  vulne r
ability ( see App. A for the Statement of Task) . In response, the board 
formed a planni ng  panel cha i red by Stuart Card� members included Gordon 
Millar and Arden Bement who d rafted a statement of wor k .  On the 
basis of these tasks , the study plan was developed for approval by the 
Nat ional Research Counc il (NRC) . Once approved , a Committee on 
Electronic Components was c reated by the NRC under the Board on Army 
Sc ience and Technology .  

Spec if ically , the Army asked the committee to accompl ish the 
following : 

• Document the maj or trends concerning the production of 
electronic components for military systems and the health of the 
u. s. electronics indust ry 

• Ident i fy scenarios of events that could d i srupt the supply of 
electronic components f rom ove rseas sources 

• Describe the electronic components and the i r  uses that the Army 
needs for its weapons systems 

• Determine the sources of electronic components for weapons 
systems and the extent to which those components are vulne rable 
to a supply d isruption 

• Recommend pol icy actions, such as stockpil ing, by which the Army 
can prevent or mitigate the effects of a supply disruption 

The committee members included expe rts on the electronics industry 
and on Army requirements and procurement practices . Members we re 
corporate executives  and d i rectors of research laborator ies in the 
electronics i ndustry , academic researche r s  in the f ield, and executives 
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in  consult ing f i rma associated with the electronics indust ry . A number 
of the committee membe rs had also held gove rnment pos itions that 
brought them into the planning and procurement of military systems 
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brief i ng s  included i nformation on the latest developments in weapons 
systems R&D that might be related to the supply of electronic com
ponents . Committee membe rs also benef ited f rom a numbe r of previously 
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BXBCOTIVB SUMMARY 

Mi l i tary weapons and the systems that support them have g rown in 
sophist icat ion i n  recent decades . So,  too , have the elec t ronic 
components used in those systems . Electronic components have also 
assumed an eve r-g rowing impor tance as the u . s .  Army seeks to use 
technology to counter the numbe rs advantage a l i ke ly m i l i tary opponent 
might have on a battlef ield of the future . 

Today , howeve r ,  a small but increasing numbe r of those electronic 
components are manufactured ove r seas . The u . s .  components i ndust ry is 
losi ng ma r ket sha re to foreign,  par t icular ly Japanese , companies that 
can of fer lower pr ices and invest more money in research.  In  add ition ,  
signif icant u . s .  manufactu r ing capac ity has been trans fer red to 
overseas sites to compete with foreign companies . 

As a resu l t ,  the Army has come to depend on ove rseas sources whethe r  
foreignor u . s . -owned , for many of its elec t ronic components . Thi s  
makes the Army vulnerable t o  a cutof f in supplies in case o f  war o r  
other poli t ical o r  economic act ion .  The extent of the vu lnerabi l i ty 
var ies wide ly among d i ffe rent component g roups . 

• Certain components are suppl ied exclusive ly by foreign sources .  
These i nclude electronic countermeasure tubes , certain video 
d i splays (espec ially l iquid c rystal and electroluminescent 
types ) , magnet ic bubble memor ies , and many raw mate r ials . 

• The g reater vulnerabi lity ex ists for i nteg rated c i rcu i ts , most of 
which a re assembled and tested overseas . 

• Also vulne rable are many sem1conductor s ,  includ ing ceramic pack
ages for large-scale and ve ry-large-scale integ rated c i rcu i ts . 

• Less vu lnerable are certain mag net ic mater ials and components , 
such as permanent mag nets , record ing heads , mag netic tape and 
d i sc memor ies , and mic rowave and mi l l imeter wave component s .  

• O f  low vulne rabil i ty ,  since domest ic sources are adequate for 
mi li tary needs , are capac itor s ,  resi stors and resistor networ k s ,  
relays , contactors , solenoids , c i rcuit breakers , and vacuum 
tube s ,  among othe r components .  Trans istors ,  d iodes , and 
thy r i stor s  a re l i kewi se made in adequate numbers in the United 
States , although some types are bu ilt abroad . 

x i  
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Of pa rt icular concern are compound semiconductors , especially 
gallium ar senide (GaAs) devices . These will a ssume g rowing importance 
as electronic components in mil i tary systems now under development . 
Weapon systems used to detect targets and gu ide miss i le s ,  for example , 
will i nc reasi ng ly rely on GaAs mic rowave devices as well as log ic and 
memory chips . GaAs f ie ld ef fect trans i stor s are already widely used in 
radar ,  communicat ions , and electronic countermeasure equ ipment . 

• The u. s. Department of Defense (DOD) sponsors some research and 
development (R&D) on GaAs and othe r compound semiconductors , but 
l i ttle manufactur ing capac ity ex i sts to make them in the United 
States . 

• The u.s. R&D lead i s  slim and rap idly vanishing because the 
Japanese have made extensive long-te rm commitments to deve lop 
such technology . 

• Japanese compound semiconductors have already achieved advanced 
pe rformance capabi l i t ies . 

• Unless cur rent trends are reve r sed , Japan will become the 
dominant source for high-pe r formance , compound semiconductors . 

DOD now has some polic ies and prog rams in  place to manage what is a 
l imited but g rowi ng problem . Title I I I  of the Defense Production Act 
of 1957 , for example , provides long-term, cost-ef fect ive economic 
incent ives  to encourage domestic manufacturers of military equ ipment to 
expand the i r  product ion capabi lit ies . 

A second DOD effort involve s the manufactur ing technology prog ram ,  
begun i n  1 9 8 5 .  Thi s  prog ram provides DOD fund s  to qualif ied companies 
to improve the i r  manufactu r i ng processes and equ ipment to meet the 
nat ion ' s defense need s .  In par t icular , it of fers  money in support of 
i ndustr ial innovat ion a imed at improving manufactur ing technology . 

S im i lar  but more spec i f ic prog rams , as far as elec t ronic components 
a re conce rned , a re those designed to deve lop very h igh speed integrated 
c i rcuits (VHSIC) and the GaAs technology (mic rowave/millimeter-wave 
monol ithic i nteg rated c i rcuits [MIMIC]) . Anothe r i s  the industr ial 
moderni zat ion prog ram .  

Whi le good and  t o be commended , these prog rams by themselves are  not 
complete answe r s  to the Army ' s dependence on fore ign sources for cer
ta in e lectronic component s .  For one thing , except for the VHS IC and 
MIMIC prog rams , no prog ram addresses elect ronic components spec ifi
cally .  For another , DOD ' s  natural des i re ,  espec ially in an era of 
concern for budget def ic i ts ,  to get the lowest possible pr ice often 
encourages it to seek foreign suppl iers and discourages u.s. 

manufacturer s  f rom r i sk i ng  inve stment capi tal . 
Another problem is that DOD procurement polic ies pull against one 

another .  Some , such as the "Buy Amer ican• Act and seve ral inte rnal 
regulat ions ,  requ i re planner s  and procurement of f icers to deve lop u.s. 

sources for weapon systems . Othe r s ,  howeve r ,  seek to encourage our 
European allies to support a mutual defense effort by promot ing j oint 
development of weapon systems . This  usually means u.s. pr ime 
cont ractor s have to buy components f rom European supplier s .  The 

x i i  
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benef its of these pol ic ies in terms of g reater economy and 
streng thening the western alliance must be balanced aga inst the 
concerns assoc iated with g reater off shore production .  

A more ser ious problem i s  the lac k of data within DOD i n  gene ral  and 
the Army in par t icula r on how many electronic components are purchased 
abroad . 

• An adequate data base does not ex ist for determining the type s ,  
quanitities , and or ig ina l  sources o f  electronic components used 
in weapons and other  military systems . 

• Nor is the re any DOD pol icy or Army of f ice respons ible for 
moni tor ing the uses or sources of elec tronic components .  

This lack of a data base and off ice on electron ic components leads 
to a "vis ibility •  problem in which the issue of fore ign dependency is 
rarely conside red when planning and procu r i ng weapons . 

The scope of the fore ign dependency problem is  cur rently l imited 
and , hence , amenable to cor rective act ions if they are taken soon . As 
a f i rst step ,  DOD should c reate a data base for e lectronic components . 
Thi s should inc lude : 

• A prog ram-by-prog ram ident if icat ion of elect ronic components used 
in  Army systems and of the i r  sources . 

• Ident i f icat ion , i n  pa r t icular , of electronic components used for 
advanced systems . 

• Select ive hor i zontal agg regat ion of data on electronic components . 
• Assignment of organi zational responsi bi l ity to an exi st i ng of f ice 

to c reate and maintain the data base . 

Next , DOD shou ld establish c r ite r i a  to gu ide planne rs and procure
ment of f icers i n  selecting between u.s. and overseas or foreign 
supplier s  of electronic equipment and components . Prog ram manage rs 
should be made respons i ble for evaluat ing tradeof fs between domest ic 
and foreign sources .  For part icular elect ronic components , the Army 
could : 

• Beg in a stockpi le for certain key components that are 
par t icula r ly vulne rable to a supply disrupt ion 

• Redes ign  some weapons systems to g ive u.s. component manu
facturers  mo re of a compet itive edge 

• Target R&D funds and prog rams to he lp create a g reater domest ic 
capabi lity for produc ing electronic components . 

Cor rect ive actions shou ld also be taken now to develop domest ic 
sources for advanced electronic components of the future . The Army 
should ident i fy trends in R&D and fore ign dependency , and gene rate 
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INTRODUCTION 

As military weapons and the systems that suppor t them become ever more 
sophisticated , so too does the impor tance of electronic components for 
those sy�tems . Even now , electronic components represent an estimated 
one-th ird of the total cost of new u. s. Army weapons systems . By the 
year 2000  this f igure will  r i se to one-half . I ndeed , although the 
est imates vary widely, such numbers cou ld be low . 

The problem is that the Army and its suppliers depend on foreign 
sources for many of these elect ronic components . Th is supply cou ld be 
cut off dur i ng time of nat ional emergency . Mi litary action ,  trade 
war s ,  blockades , ter ror ist act ions , or other events cou ld disrupt the 
supply of electronic components . Such a d i sruption , in turn , could 
make it diff icult to use or ma inta in key weapons systems in  a pro
tracted mi litary action . 

THE ELECTRONIC BATTLEFIELD 

The dr iving force behi nd the proliferation of elec tronic components i s  
the necess i ty to successfully engage l i kely adversar ies who have 
g reater quant i t ies of both men and convent iona l weapons . A technical 
edge in  weapons i s  the refore essential . Thu s ,  Army planners must rely 
on electron ics to secure nat ional interests on any battlef ield .  New 
weapons or support ing systems relying on e lect ron ic components range 
from reconna i ssance satellites and remotely pi loted veh icles to 
receivers for battlef ield vehicles , squads , ind ividua l sold iers , and 
such new items as night vis ion goggles and therma l weapons s ights , 
pilotless reconna i ssance vehicles , and • f i re and forget• miss i les . 

Sue� weapons have already severely stra ined traditional approaches 
to command and control . New communicat ions equ ipment is needed to 
allow commanders to determine what is happening on a battlef ield and to 
send order s immediately to combat forces . Further , a s ign if icant 
element of new weapons systems is the collection , collation , and 
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d istr i bution of i ntelligence data , which is largely electronic in  
nature . The l i st of  functions will  cont inue to expand as systems 
become more and more sohisticated . 

Electronic systems must be operated and ma inta ined by avai lable 
a rmed forces personnel .  Self-diagnostic systems are therefore , 
becoming extremely important . A system must be able to inform an 
operator if that system is not funct ional and to ass i st in service . 
Thi s  requ i rement obviously adds s igni f icantly to the magni tude and 
complexi ty of the electronics package . 

The u.s. Elect ronics I ndust ry 

From 1945 to about 197 0 ,  the u.s. elec tronics industry was the source 
of essent ially al l  electron ic components used in m i l i tary hardware . 
Dur i ng this era , the Un ited States led the world in component research 
and development and in electronic manufactur ing .  The major sources and 
users of electronic components were all located in this country . 

Mi l i tary spec i f icat ions dur ing these years called for components 
per forming at levels generally higher than similar consumer products .  
Mil itary components were e i ther built  i n  fac i l i t ies also produc ing 
large quant i t ies of commerc ial parts or were selected f rom commerc ial 
l ines . The mil itary requi rements for h igh per formance led to some 
government-funded R&D ,  which in turn led to improved commercial 
products . The premium pr ices commanded by the wide temperature r ange ,  
high per formance , and high rel iabi l ity requ ired for mili tary components 
encouraged manufacturers to invest the i r  own resources in deve lopment . 

Further , "Buy Amer ican• clauses were added to contrac ts .  These 
c lauses , and requ irements for inspect ion and qua l i ty control , ef
fectively prevented the procurement of foreign-manufactured par ts and 
assemblies . Finally , reliabi lity and performance were generally the 
over r iding factors in selec t ion of componentsJ a premium pr ice was not 
a major cons ider at ion , even i f  a fore ign source d id ex i st . 

Starting in the 1960s and escalat ing s ignif icantly dur ing the 1970s , 
many u.s. elect ronics f i rms moved port ions of the i r  manufactur ing 
operations abroad , especial ly in the areas of consumer elec tron ics and 
semiconductor s .  Thi s  was done to lower labor costs and , in  the case of 
Europe , to hurdle extens ive tar i f f  and other bar r iers . This  strategy 
has been a defens ive one , des igned to retain competit iveness with 
foreign manufacturers , who were inc reasing ly penet rat ing u.s. consumer 
mar kets . As equ ipment assembly operat ions moved to overseas locat ions , 
the supply of components naturally tended to follow su i t ,  thus st i
mulating the product ion of components by local sources .  

Th is trend resulted i n  a g reatly reduced mar ket share for manu
facturers electing to keep the i r  assembly plants in the Uni ted States , 
par t icularly those who made components for larger items . Therefore , in 
order to remain i n  bus iness , they also have been forced to move manu
factur i ng operat ions to overseas s i tes , both to reduce labor costs and 
to be located with end-item product ion fac i l i t ies . 

Copyright © National Academy of Sciences. All rights reserved.

Foreign Production of Electronic Components and Army Systems Vulnerabilities
http://www.nap.edu/catalog.php?record_id=19263

http://www.nap.edu/catalog.php?record_id=19263


3 

The Foreign Elect ronics Industry 

At the same time u.s. manufacturers have been mov ing the i r  product ion 
capac ity to othe r countr ies , they are be ing challenged in both the u.s. 

and foreign mar kets by foreign-owned and -located companies . Fore ign 
electronic manufacturers , espec ially in Japan , can des ign and manu
fac ture components whose per formance and reliabi lity equals and in some 
cases surpasses the best u.s. manufacturers can of fer . Semiconductors 
are probably the most obvious example . Fore ign producers now supply 
numerous manufactur ing fac i l it ies in othe r count r ies , reduc ing the 
mar ket for u . s . -made parts and for par ts produced overseas by u. s. 

companies . 
In  add i t ion , hav ing established a reputat ion for qual i ty and low 

pr ices , foreign producers can then challenge u.s. domest ic produce rs . 
Thi s  leads to a destruct ive spi ral, in which a fore ign produce r's base 
g rows laL�er , abi l i ty to reduce pr ice increases , and domestic produce r s  
become stead i ly less competit ive . Since the Uni ted States has not 
erected trade bar r iers  to th i s  component flow , the ava ilabi lity of 
either equal or super ior produc ts at lower pr ices has , in many 
i nstances , el iminated or g reatly reduced the domest ic produc t base . 

Spec if ic examples abound . In the per sonal computer business , for 
example , Japanese competition has all but eliminated domestic produce r s  
in  the areas o f  d isk d r ives , pr inter s ,  and some types of semiconductor 
memor ies . The magnitude of the problem is indicated by the nation ' s  
electronics industry , long a pos it ive cont r ibutor to the u. s. trade 
balance , suffe r i ng a $ 6 . 8  billion trade def ic it in 1984 . Th is mass ive 
imbalance is the f i rst negat ive trade balance in the hi story of the 
u.s. electron ics industry . 

Although these developments occur red at f i r st for consumer products , 
they had an immed iate impact on the military . The explos ive g rowth of 
the commerc ial elect ron ics f ield ,  coupled with prog ress ively lower 
quantities of individual types of military electron ics , has g reatly 
reduced the s ignif icance of the military mar ket to major component 
manufac turers . Even though the amount of electron ics in a g iven 
weapons system is becoming greater , a few hund red end items for a 
weapons systems i s  not signi f icant by commerc ial standards . 

Even spec if ic integ rated c i rcuits are of l ittle interest to a 
semiconductor manufacturer who is  turning out millions of par ts for 
consumer products if the manufacturer can inspect and package the 
military par ts apart f rom the regu lar produc tion of ch ips . Th is is  
allowed for the "MIL-883  Class B" dev ices . When semiconductor manu
fac turers move product l ines overseas for competit ive reasons , the 
products are excluded f rom certain aerospace and fuse appl icat ions 
( "MIL-M-38510 " ) . The f inal u. s. inspection ,  test , and prestress ing of 

devices requ ired for some appl icat ions ( "MIL-883") s ignif icantly 
inc reases the product cost with li ttle incent ive to a large-volume 
commerc ial manufacturer . 
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One of the nat ion ' s  major semiconductor manufacturer s , for example , 
was quer ied about designing a microprocessor to meet a spec i f ic 
archi tecture ( "MIL-STD-17 5 0 " ) requ i red by the u.s. A i r  Force . The 
company replied that i t  had no intention of developing such  a chip 
because i t  would not be wor thwhile to t ie up design eng ineer ing staff 
on the job ,  even i f  i t  resulted in acqu i r ing 100 percent of the 
mil itary mar ke t .  Thus , some military mar kets a r e  viable t o  u.s. 

manufacture r s  only i f  fi nancial incentives are g reatly inc reased . The 
outlook for such  changes is problemat ic . 

The re are , howeve r ,  a numbe r of manufac turers who spec ial i ze in 
meeting mi l i tary requi rements .  Yet ,  because of capi tal , cost , or 
i nadequacy of i ndustr ial base , it  is unli kely they would be capable of 
expand i ng rapidly to meet the need for surge produc tion in an emergency . 

u.s. Industry I s  Facing D i f f icult Investment Dec i sions 

The u.s. components i ndustry , fac ing erosion of mar ket share in many of 
its product areas , must now make d i f f icult decisions about investing 
capital and technical resources to support domest ically produced end 
items . Some companies a re making major outlays to inc rease the i r  
levels of automat ion g reatly , in the hope of countering highe r  domest ic 
labor costs . 

Thi s  may be an inef fect ive strategy . Foreign component produce rs 
a re unlikely to abandon the market share they have acqu ired .  Fore ign 
count r ie s , espec ially Japan , are gene rally at least as capable as the 
Uni ted States in applying factory automation .  I n  add ition ,  they have 
the dec ided advantage of much lower capi tal costs and , in many in
stances , of subsid ization in one form or anothe r by the i r  governments . 
So , it  appear s l ikely that attempts in th i s  country to become more 
competitive are l i kely to result in only a transient advantage , 
dest ined to be countered by fore ign competitor s at a lower cost , 
leaving them once again in a super ior pos i tion . 

Under these c i rcumstances ,  there is  a strong incent ive for domest ic 
manufac turers to invest in production facili t ies that stand a reason
able chance of competing on a cost bas i s .  Thi s  means invest ing in 
fac ilities located abroad . Because of the j obs to be c reated , the 
manufacturer might also obtain fore ign capital , favorable tax treat
ment , and other advantages they would not obtain if they invested 
domestically . 

It  is l ikely that R&D activi t ies w ill rema in centered in this 
country , but those in other countr ies will become increasing ly 
impor tant . u.s. research efforts general ly are at least competitive 
with those of foreign high-technology companies . However , they are not 
necessar ily super ior . I n  recent year s the agg ressive competition 
init iated by foreign companies has enabled them to acqui re extremely 
competent sc ienti f ic and technical staf fs , many of them trained at u.s. 

colleges and universities . 
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In  add i t ion , a number of foreign count r ies appear to be plac ing more 
emphas is than the Un i ted States on g raduating students in sc ience and 
eng ineer ing . These countr ies may be produc ing a generat ion with a 
larger propor tion of the popu lation tra ined in innovative and advanced 
technical d i sc iplines . Under these c i rcumstances ,  with our histor ical 
technolog ical lead apparently diminishing, and even d isappear ing in 
many areas , u. s. companies will  tend to invest resources in  the 
high-volume mar ket that contr ibutes the most to the ir  prof i ts .  

I n  thi s ,  of cour se ,  they are no d if ferent f rom manufacturers i n  any 
f ree mar ket country . Military components are produced at low volume 
and low prof it , despi te h igh uni t  cost , and involve a manuf actur ing 
cycle that cont inues long after the R&D investment is  made . In 
add i t ion , they car ry a s ignif icant r isk in  terms of both cost and bad 
public ity i f  anything goes wrong . 

As a result , most domest ic component manufacture r s  tend to focus 
the i r  R&� activities on consumer produc ts . Fur ther , since comme rcial 
technolog ies have advanced so far--largely because of compe t i t ion--there 
i s l ittle technology advantage to be ga ined in the form of R&D sp inoffs 
f rom mil i tary products .  

S imila r ly , i t  i s  d i f f icult for component manufacturers to j ust ify 
the continued production of older design parts that the m i l i tary needs 
to support systems in its inventory .  In many cases , the par ts cannot 
be used in consumer products . Or , if the par ts have both mi l i tary and 
c iv ilian purposes , they have of ten been superseded in consumer mar kets 
by newer technolog ies , since consumer products tend to become obsolete 
much faster , than mil itary ones , often in hal f the t ime or less . 

Thus , manufacturers somet imes must suppor t for the mili tary an 
obsolete product far removed f rom the ma in business , one wh ich likely 
has unique production and test requ irements and which l i kely w ill be 
ordered only in small and er ratic quant i t ies for ma intenance purposes . 
Under these c i rcumstances , there is  l i ttle incentive for manufac turers 
to make any capital investment to upg rade or moder nize production 
fac i l i ties or equ ipment for such components . So, any capital re
quirement to replace depreciable par ts for product ion is ve ry l ikely to 
provoke a dec i sion to terminate the produc t . This obviously leaves the 
mil itary with the problem of e i ther locat ing a subst itute pa rt  or fund
ing a redesign of a weapon system to use cur rently ava ilable components . 

Incent ives for Fore ign Procurement 

National polic ies a imed at reduc ing the federal budget def ic i t  have put 
spec ial pressure on the Depar tment of Defense to inc rease compe t i t ion 
and reduce costs . Pr ime contrac tors are respond ing in a number of 
ways , restr icted only by the need for j ust i f icat ion under the federal 
acqui s i t ion regu lations , procurement spec if ications , and statements of 
wor k .  

One of the major e f forts i n  th i s  area, w idespread throughout the 
industry , is to i ncrease g reatly the deg ree of automation in the 
manufacture and test of elect ron ic hardware . Thi s  prog ress ively 
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reduces the propor t ion of • touch labor " content of the end- i tem, which 
is c lea r ly desi rable in d r iving down costs . However ,  it also inc reases 
the percentage of end-i tem cost that is controlled by the cost of the 
components used . In a situat ion of mandated competition ,  the abi lity 
to procure the components used at a pr ice lower by a few percent may 
mean the di fference between winning and losing a major procurement . 

Under pressure of compet ition ,  company procurement staffs become 
steadi ly more i nnovat ive in locat ing lower pr iced sources , which in
c reasi ngly tend to be foreign suppl ie rs , and des ign personnel attempt 
to accommodate unique character istics of less expens ive components . 
Another avenue for the i ntroduction of fore ign components is  the 
contract modif ication mechanism value eng ineer ing change proposal , 
after a prog ram i s  on contr act . 

Since cost has become a more impor tant concern in military procure
ment , the i ncentives in the system all favor us ing as many lowerpr iced 
components as allowed by procurement regulat ions and spec i f ications . 
Since the quali ty of components produced overseas is  often higher at 
the same or lower costs , most are actually produced abroad , while 
commonly being treated as an issue of l i ttle concern . 

To minimi ze development costs and to help alleviate the imbalance 
between u.s. systems sold to ou r all ies and wha t we purchase f rom them, 
there i s  strong impetus cur rently to procure fore ign-des igned equ ipment 
and systems for i ntroduct ion into the u. s. m i l i tary inventory . Ant i
armor weapons ,  reconnai ssance vehicles , and battlef ield communicat ions 
are j ust a few of the areas which are under for cur rent or planned 
procurements of thi s  type . 

In  some cases, contracts requ i re that u.s. capabi lity be establ ished 
to produce and repa i r  the equ ipment involved . While attempts are made 
in such cases to subst itute domest ically ava ilable components ,  which 
may still  in fact be manufac tured overseas , there are l i kely to be 
cer ta in proprietary items in the designs that must be procured f rom the 
orig inal vendor . Th i s  i s  espec ially true s ince fore ign countr ies have 
much less r ig id requ i rements for the release of design deta ils and 
manufactur i ng r ights than the United States . Th is results in  the 
introduct ion of add it ional foreign-des igned and -manufactured com
ponents i nto the operat ional inventory ,  the most c r it ical of which may 
have no domest ic counterparts and no provis ion for domest ic manufacture . 

In  case host i lities disrupt the supply of repa ir  par ts from such a 
source , it  would l ikely be d i f f icult to subst itute e i the r domest ic 
par ts or assemblies without a major redesign of at least par t of the 
system , which takes t ime . Even g iven a major redesign , it  may be that 
this  country wou ld not have access to the c r i t ical per formance para
meter s and inter face requ i rements of the unava i lable functional ele
ment . Thi s  l imitation has probably been one of the major reasons the 
u.s. m i l i tary has resisted introduct ion of foreign-des igned weapons 
systems i nto i ts operational inventory . In today's environment , how
ever , f i nanc ial and pol i t ical pressures are pushi ng st rongly toward 
introduction of more foreign components . 
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CURRBHT POSITION 01' TBB U.S. COMPORBRTS INDUSTRY 

BACKGROUND 

The u . s .  e lectronic components industry faces an unprecedented 
challeng e ,  wi th regard to its technolog ical leade rship as demonstrated 
in the past and also to i ts abi lity both to nur ture i ts produc t ive base 
and to invest in R&D competitively .  Dur ing the past decade , Japan has 
dwar fed its non-u . s .  i nternat ional compet itors in consumer elec tronics 
and thereby has come to dominate the mar ket for electronic components . 
It  has also aimed at strateg ically important mar kets through nat ional 
policy on semiconductors , computers , computer-related equ ipment , and 
communicat ions equipment , par t icularly those using f iber opt ics . Othe r  
East As ian and Western European countr ies a r e  also inc reas ing ly 
compet it ive with the u . s .  components industry . 

These competitive trends w i l l  i ntens ify as othe r nations se i ze the 
opportunity to c reate jobs , favorable trade balances , and be tter 
standards of l iving .  Taking advantage of relat ively low labor rate s 
and othe r favorable economic factor s ,  other nat ions are inc reasingly 
making commitments to play impor tant roles in the cont inuing g rowth of  
electronics in the f ree wor ld .  

u . s .  companies , operat ing i n  the wor ld ' s largest and most open 
mar ketplace , cont inue to face bas ic economic problems that threaten the 
vital ity of the industry .  The components indust ry is paced by rapidly 
chang i ng technology and requi res a cont inuous high rate of capital 
format ion , as i llust rated i n  Table 2-1. The investment requ i rements in 
the semiconductor industry are par t icular ly demanding and are increas
ing as integ rated c i rcu it technology expand s .  In the 1960s, $1  of 
capital equipment generated approx imately $10 of annual sales . Today, 
the ratio of capi tal to new sales i s  approximately 1 : 1 . By 1990, $ 1  of 
new capital investment is expected to generate only $0 . 50  of new sales . 

At the same time , the r i sk associated with these volume-sens i t ive 
investments i s  i nc reasing ,  because of g rowing mar ket cyclicality, rapid 
technolog ical advance , and uncertainty about mar ket shares and prof i t  
marg i ns .  The i ssue is  further aggravated o n  a n  inte rnational scale by 
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TABLE 2-1 Electronics Manufactures: Shipments and Capital Requirements, 1977, 1980, and 1981 

Industry New Capital New Capital as 
Shipments Expenditures a Percentage of 

Industry (IDillions of dollars} (millions of dollars) Shi(!!!!ents 
1977 1980 1981 1977 1980 1981 1977 1980 1981 

Electronic Components 27,647 30,421 2,616 2,459 9.5 8.1 
(SIC 367) 

Electron Tubes 2,185 2,160 61 80 2.8 3.7 
(SIC 3671) 

Semiconductors 5,327 10,50 1  11,702 409 1, 596 1,493 7.7 15.2 12.8 
(SIC 3674) (X) 

Electronic Capacitors 1,180 1,152 69 77 5.9 6.7 
(SIC 3675) 

Electronic Resistors 794 785 so 36 6.3 4.6 
(SIC 3676) 

Electronic Coils 700 794 21 25 3.0 3.2 
(SIC 3377) 

Electronic Connectors 2,269 2,311 141 118 6.2 5.1 
(SIC 3678) 

Electronic Components 10 ,018 11,519 678 630 6.8 5.5 
(SIC 3679) 

SOURCE: u.s. Department of Commerce, Annual Survey of Manufactures, 1977, 1980, 1981. 
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the relatively high cost of capital i n  the United States compared , in  
par t icular , to  that in Japan . 

Other factor s ,  in add it ion to capital format ion , ser iously hand icap 
the u . s .  components industry relative to many fore ign competitor s . 
Lack of government suppor t for R&D , and piecemeal allocat ion of what 
fund i ng  there i s ,  a hands-of f i nternational trade pol icy , inhibitory 
ant itrust laws , and def ic ienc ies in our educat ion system all con
tr i bute . A thorough di scussion of these complex , inte r re lated matte rs 
of indust r i al vi tal ity is beyond the scope of this  study , but many 
reports a re ava i lable to the i nterested reader (see the bibliog raphy ) . 

Despite recent d i f f icult ies , the u . s .  components industry is st i l l  
large and g rowi ng . u . s .  factory sales totaled $41  billion dur ing 1984 
(Table 2-2 ) . As d i scussed in the sect ions that follow , much of the 

manufactur ing value of these sales i s  contr ibuted by ove r seas assembly 
per formed e i the r i n  u . s . -owned or subcontractor fac i l i ties .  

SILICON-BASED SOLID STATE PRODUCTS 

u . s .  factory sales of solid state products , which are essent ially all  
silicon based ,  totaled $16  bi llion in 1984 , an increase of  3 8  percent 
over 1983  sales . Integ rated c i rcuits represented more than 70 pe rcent 
of such sh ipments . Exports totaled $ 5.3 billion ,  22 percent over 1983 
whi le imports i ncreased 54  percent , f rom $5 bill ion in 1983  to $7 . 7  
bi ll ion in 1984 . 

These g ross expor t and impor t totals do not convey the fact that a 
large portion of u . s .  expor ts is  composed of wafers and chips eithe r 
sent to u . s . -owned factor ies in other count r ies or to fore ign con
tractor s for test and assembly i nto f inished products .  More than $ 5  
bill ion wor th of U . S . -owned dev ices passed th rough such fac i l i ties i n  
1984 , either to return to the Uni ted States or to move on for sale i n  
thi rd count r ies . Similarly , a large port ion of u . s .  impor ts cons ists 
of finished products completed in these overseas fac i l ities and re
turned to thi s  country for sale . 

Table 2-3 shows 1984 expor ts and imports for the top 10 u . s .  trade 
par tner s .  Japan ' s  share of world semiconductor shipments has g rown 
strongly in recent year s .  Expor ts of solid state components to the 
United States of $ 2  bi ll ion (up 115 percent f rom 1983) --probably all 
f i nished products--exceeded u . s .  exports to Japan by $1 . 6  bi llion . 
u . s .  trade wi th most of the other l i sted countr ies is  mostly the export 
of wafers and chips and the import of fini shed products returned from 
over seas assembly s i tes . 

There i s  a lack of spec i f ic data relat ing to the end use of semi
conductor devices in u . s .  Army or Department of Defense (DOD) equip
ment . Thus , it is hard to know how many of these propor t ion dev ice s 
are made either part ly or wholly in foreign fac i l i t ies . Table 2-4 
shows an est imate of the cur rent s ize of the m i litary semiconductor 
mar ket and Table 2-5 estimates the military mar ket as a fraction of the 
wor ldwide mar ket and the percent that comes f rom foreign sources .  
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TABLE 2-2 Factory Sales of Electronic Components in the united States, 1975 to 1984 f•illions of dollars) 

Description 1975 1976 1977 

Electron tubes 
Receiving tubes 152 140 144 
Power and special purpose tubes 420 456 519 
'f'V Tubes 499 637 633 
Total 1,071 1,233 1, 296 

Solid state products 
Transistors 405! 421! 456! 
Diodes and rectifiers 431! 469! 485! 
Integrated circuits 1, 712! 2,644! 2,677! 
Other •e•iconductora 454! 777! 745! 
Total 3,002! 4,311! 4,363! 

Parts 
Capacitors 470 608 744 
Resistors .!:. 447 449 477 
Passive networks 32 47 61 
Coils and tranafor�r• 489 485 560 
Connectors 734 828 986 
Switches 141 118 182 
F ilters 71 64 81 
Quartz devices 209 266 197 
Nire and cable • • • 

Relays 73 82 174 
'f'V and PM antennas and parts • • 72 
Total 2,666! 2,947! 3,534! 

Other co�nents ! 2,969! 3,271! 4,345! 

Grand total 9,708! 11,762! 13,538! 

! Revised 
!! Eati•ated 
.!:_ U.S. COnBUIIption 
� Included under other Caaponents 

1978 

. 

134 
585 
732 

1,451 

508! 
548! 

3,538! 
917! 

5,511! 

897 
504 

82 
654 

1,286 
303 

99 
227 

• 

177 
84 

4,313! 

5,826! 

17 ,101! 

1979 

105 
682 
799 

1,586 

571! 
644! 

4,717! 
1,269! 
7,201! 

1,050 
647 
111 
776 

1,674 
366 
126 
201 
789 
199 

91 
6,030! 

6,549! 

21,366! 

1980 1981 1982 

91 100 176 
728 845 911!. 
959 1,069 936 

1,778 2,014 1,923!. 

600! 638 597 
665! 782 655 

6,606! 6,976 7,322 
1,218! 1,913 2,155 
9,089! 10,309! 10,309! 

1,299 1,297 1,135 
653 636 583 
118 139 138 
852 952 842! 

2,018 2,203 2,148! 
349 377 446! 
121 124 142! 
277 413 266! 

1,066 1,176 1,304! 
243 245 282 

84 85 83 
7,080! 7,647! 7,369! 

7,658! 8,869! 9,544! 

25,605!. 28,839! 29,565! 

1983 1984 

62 36 
990!. 1,028 

1,024 1,092 
2,076!. 2,156 

593 705!! 
566 635!! 

7,945 11,275!! 
2,536 3,385!! 

11,640! 16,000!! 

1,247 1,595 
638 698 
153 226 
92G! 98oe 

2,517'! 2,895e 
5.3v.:: 635e 
174.! 19oe 

265! 290e 
1,331! l,490e 

341 375e 

80 72 
8,202! 9,446e 

10,846! 13,440e 

32,864! 41,oue 

! Includes sockets, delay lines, loudspeakers, .agnetic components, transducers, printed circuit boards, Microwave components, other 
components, aase�lies and parts. 

80URCZS: ZIA Marketing Services nepart.entr U.S. nepart.ent of eo..erce 

"""' 
0 
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TABLE 2-3 Tbp 10 u . s .  Trade Par tners by Industry , 1984 

Trade 
Thousands Percentage 

CoDmunicat ions of Dollars of Total 

Total u . s . Imports 3 , 6 96 , 8 21 100 . 0  
Japan 1 , 7 3 0 , 820  4 6 . 8  
Canada 472 , 98 3  12 . 8  
Taiwan 3 6 0 , 9 11 9 . 8  
Hong Kong 278 , 526 7 . 5 
Korea 1 8 5 , 078  5 . 0  
Singapore 143 , 69 3  3 . 9 
Mex ico 9 6 , 0 6 7  2 . 6 
Sweden 94 , 410 2 . 5 
Malaysia 6 3 , 6 2 7  1 . 7 
France 50 , 220 1 . 4  
Subtotal .! 3 , 47 6 , 3 3 5  94 . 0  

Total u . s .  Exports 2 , 8 6 7 , 217 100 . 0  
canada 26 2 , 3 4 5  9 . 1 
Mex ico 261 , 07 8  9 . 1  
Un ited Kingdom 2 09 , 5 3 0  7 . 3 
saudi  Arabia 20 4 , 6 3 7  7 . 1 
West Germany 171 , 400  6 . 0 
Korea 1 6 1 , 879  5 . 6  
Japan 150 , 648 5 . 3 
Egypt 1 3 0 , 466  4 . 6 
Israel 129 , 310  4 . 5 
Brazil 9 7 , 3 0 9  3 . 4  
Subtotal .! 1 , 778 , 6 0 2  6 2 . 0  
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TABLE 2-3 Top 10 u. s. Trade Par tne rs by Industry , 
1984 (cont inued ) 

Trade 
Thousand s Percentage 

Consumer Elect ronics of Dolla rs of Total 

Total u. s. Imports 11, 7 6 5 , 834  100 . 0  
Japan 7 , 1 3 7 , 7 2 6  6 0 . 7  
Korea 1 , 060 , 2 39 9 . 0 
Taiwan 1 , 0 30 , 708  8 . 8 
Mex ico 7 0 3 , 993  6 . 0  
Hong Kong 6 29 , 347  5 . 3  
Singapore 4 5 2 , 905  3 . 8 
Canada 250 , 0 2 9  2 . 1  
Braz il  111 , 275  1 . 0  
West Germany 8 9 , 9 0 3  . 8  
Malaysia 8 3 , 963  . 7  
Subtotal .! 11 , 550 , 088  98 . 2  

Total u. s. Exports 1 , 04 2 , 525  100 . 0  
Canada 28 5 , 216 27.4 
Mex ico 134 , 077  1 2 . 9  
United Kingdom 113 , 88 3  10.9 
Japan 58 , 205  5 . 6 
West Germany 5 3 , 8 3 7  5 . 2 
Nether lands 50 , 400 4 . 8 
Australia 32 , 257  3 . 1 
France 2 8 , 3 0 7  2 . 7 
Taiwan 2 6 , 4 2 3  2 . 5 
Hong Kong 2 6 , 060  2.5 
Subtotal .! 808 , 6 6 5  7 7 . 6 
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TABLE 2-3 Top 10 u. s. Trade Partne rs by Industry , 
1984 (cont inued ) 

Trade 
Thousands of Percentage 

Electron Tubes Dollars of Total 

Total u.s. Imports 34 2 , 112 100 . 0  
Japan 1 53 , 888  4 5 . 0  
West Germany 4 6 , 249  13 . 5  
United Kingdom 2 1 , 534  6 . 3 
Canada 1 9 , 5 3 3  5 . 7 
Taiwan 1 6 , 944  5 . 0  
Mex ico 14 , 556 4 . 3  
I reland 10 , 981  3 . 2  
France 10 , 6 4 5  3 . 1  
Singapore 9 , 7 30 2 . 8  
Korea 9 , 6 3 4  2 . 8  
Subtotal .! 313 , 694  91 . 7  

Total u. s. Exports 3 4 5 , 781 100 . 0  
Canada 6 4 , 786  1 8 . 7 
United Ki ngdom 40 , 682  1 1 . 8 
Japan 3 8 , 315  11 . 1  
Mex ico 22 , 271 6 . 4  
Brazi l  21 , 377  6 . 2 
France 2 1 , 07 5 6 . 1 
West Germany 17 , 070 4 . 9  
Taiwan 1 2 , 497 3 . 6  
Netherlands 11, 3 4 5  3 . 3 
Switze r land 1 0 , 9 7 0  3 . 2  
Subtotal .! 260 , 338  7 5 . 3 
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TABLE 2 - 3  Top 10  u. s. Trade Partne rs by Industry , 
1984 (cont inued ) 

Trade 
Thousands of Percentage 

Elect ron Parts Dollars  of  Total 

Total u. s. Imports 5 , 339 , 9 59 10 0 . 0  
Japan 1 , 8 7 9 , 506  3 5 . 2  
Mex ico 927 , 620  17 . 4  
Taiwan 67 5 , 4 28 1 2 . 7 
Canada 3 6 2 , 56 5  6 . 8 
Hong Kong 2 3 5 , 7 3 0  4 . 4  
Singapore 229 , 544 4 . 3 
West Germany 178 , 161  3 . 3 
Korea 134 , 059  2 . 5  
United Kingdom 113 , 54 3  2 . 1 
Malaysia 66 , 779  1 . 3 
Subtotal .! 4 , 80 2 , 9 3 5  90 . 0  

Total u. s. Exports 2 , 614 , 316  100 . 0 
Mex ico 4 28 , 550 16 . 4  
canada 414 , 694  1 5 . 9  
United Kingdom 264 , 6 4 2  10 . 1  
Japan 170 , 452  6 . 5 
West Germany 164 , 902  6 . 3 
S ingapore 10 3 , 661  4 . 0  
France 102 , 00 3  3 . 9  
Taiwan 9 7 , 612  3 . 7  
Netherland s 6 5 , 502  2 . 5  
Hong Kong 64 , 7 0 3  2 . 5 
Subtotal .! 1 , 876 , 7 21 71 . 8  
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TABLE 2 - 3  TOp 10 u. s. Trade Partne rs by Industry , 
1984 (cont inued ) 

Trade 
Thousands Percentage 

Industr ial Electronics of Dollars of Total 

Total u. s. Imports 11 , 512 , 7 54 10 0.0 
Japan 4 , 8 4 9 , 99 5  4 2 . 1 
Canada 1 , 031 , 618  9 . 0  
S i ngapore 9 6 9 , 700  8 . 4  
Hong Kong 7 1 5 , 892 6 . 2 
Tai wan 6 9 3 , 6 3 2  6 . 0  
West Germany 649 , 294 4 . 8  
United Kingdom 5 4 9 , 294 5 . 6 
Mex ico 3 4 5 , 067  3 . 1  
Nethe r lands 26 3 , 384  2 . 3 
Korea 220 , 0 9 3  1 . 9  
Subtotal .! 10 , 287 , 969 89 . 4  

Total u. s. Exports 1 9 , 58 3 , 904 100 . 0  
Canada 2 , 9 20 , 623  14 . 9  
United Kingdom 2 , 568 , 24 8  13 . 1  
West Germany 1 , 7 5 2 , 413  9 . 0  
Japan 1 , 7 3 0 , 909  8 . 8  
France 1 , 123 , 581 5 . 7 
Nether lands 1 , 0 4 2 , 857  5 . 3 
Australia 771 , 2 27 3 . 9  
I reland 6 0 1 , 896 3 . 1  
Italy 576 , 968  3 . 0  
Mex ico 560 , 577 2 . 9  
Subtotal .! 13 , 649 , 299 6 9 . 7 
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TABLE 2-3  Top 10 u. s. Trade Partne rs by Industry , 
1984 (cont inued ) 

Trade 
Thousands Percentage 

Sol id State Electronics of Dollars of Total 

Total u. s. Imports 7 , 6 57 , 498 100 . 0  
Japan 1 , 9 8 9 , 920  26 . 0  
Malaysia 1 , 4 21 , 47 2  18.6 
Phi l ippines 8 3 8 , 64 3  10 . 9  
Korea 827 , 0 0 2  10.8 
S i ngapore 604 , 587 7 . 9 
Canada 34 3 , 40 2  4 . 5  
Taiwan 308 , 229 4 . 0  
Thailand 225 , 601 2 . 9  
Mex ico 1 9 9 , 180 2 . 6 
Barbados 149 , 854 2 . 0  
Subtotal .! 6 , 907 , 890 90 . 2  

Total u.s. Exports 5 , 3 3 3 , 082 100 . 0  
Malaysia 1 , 069 , 7 74 20 . 1  
Phi l ippines 614 , 315  11 . 5  
Korea 4 7 5 , 652  8 . 9 
Singapore 4 1 8 , 960 7 . 9 
Mexico 3 6 5 , 207 6.8 
Japan 36 3 , 698 6 . 8  
Canada 311 , 4 3 9  5 . 8 
United Kingdom 2 6 9 , 7 6 5  5.1 
Hong Kong 253 , 315  4 . 7  
West Germany 217 , 2 58 4 . 1  
Subtotal .! 4 , 3 5 9 , 3 8 3  81 . 7  

.! li sted nat ions 

SOURCE : u.s. Department of Commerce . 
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TABLE 2-4 u . s .  M i l i ta ry Semi condu ctor Ma r ke t , 1984 a nd 1985  
( b i l l i on s  o f  do l la r s ) 

Semi conductor De v i ces 1 984 1 985 

I nteg ra t ed C i rcu i t s  

Meta l Ox i de sem icondu cto r s  0 . 2 0 . 3  
B ipola r 0 . 9  1 . 0 
Tota l 1 . 1  1 . 3  
D i sc r etes 0 . 3  0 . 3  

Tota l 1 . 4  1 . 6  

SOURC E : E s t i ma t es by W i l l i s  Adcock , Texa s I ns t rument s ,  I nc .  

TABLE 2-5 F ea tu r es of the u . s .  M i l i ta ry semicondu c t o r  Ma r k e t  

Semi condu c t o r  Dev i ce s  

I nt eg ra ted C i rcu i t s  

Meta l ox i d e  

s emi condu c t o r s  

B i po la r  

Tota l 

D i s c r etes 

Tota l 

1 98 4  1985 1 985 
M i l i ta ry Ma r k e t  Percent of M i l i t a r y  

a s  Pe r cent o f  Ma r k e t  Fore i g n  owned 

wor ldwide Ma r k e t  

2 2 18 

10 13 40 
5 7 35  
5 5 80 
5 7 4 4  

SOURCE : E s t ima tes by W i l l i s  Adcoc k , Texa s I n s t r umen t s ,  I nc .  
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Many semiconductors  are produced in  u. s. fac i l i t ies , espec ially those 
made to meet spec i f ications on certain aerospace and fuse par ts 
( "MIL-M-38 510 " ) , whi le many others , are made abroad , at lea st in par t .  
For example , a cer ta in category of dev ices ( "MIL-883  Class B" ) ne�d not 
be made in the United States , but instead can be atta ind with 
commerc ial par ts with spec ial sc reening . Unfor tunately , the Army lacks 
data on the numbe rs  and types of semiconduc tor components used in 
mi l i tary equipment that are made in fore ign countr ies . Wi thout such 
data , it i s  imposs ible to determine , quanti tat ively , e ither the deg ree 
of exposure or r i sk to a set of threat scenar ios . Thi s  same problem 
ex ists , to some deg ree , with other electronic components used in 
military systems . 

The use of fore ign-produced semiconductors  i s  an economic real i ty of 
major propor tion . It is also a reality that imports from Japan are 
g rowing rapidly . Potent ial of fsett ing oppor tunities , such as a move to 
factory automation in  the United States , joint R&D consor tia , and the 
Very H igh Speed Integrated Circuit (VHS IC) prog ram,  are d i scussed in 
thi s  repor t .  Howeve r ,  the general trend for the u. s. s i l icon-based 
sol id state industry , and hence DOD , i s  to cont inue depend ing on 
components made over seas . 

GALLIUM ARSENIDE-BASED PRODUCTS 

Whi le gallium ar senide (GaAs) i s  a d istant second to s i l icon ( S i )  i n  
overall use as a semiconductor , i t s  areas o f  appl icat ion lie i n  
high-performance systems that a r e  c r i t ical to many mili tary missions . 
In  fact , the relat ionship of gall ium ar senide to s i l icon i n  the in
formation age has been compared to that of spec ialty mater ials , such as 
aluminum and t itanium,  to steel in the indust r ial era . Because of the 
sma ll number of GaAs devices used in commercial produc ts ,  seve ral u.s. 

companies have dec ided not to invest in product ion fac i l i t ies for 
GaAs . On the other hand , there has been no reluctance on the par t of 
industry to absorb s ignif icant R&D funds from DOD , the Nat ional 
Aeronaut ics and Space Administration , and other government agenc ies .  

The consequence has been a g rowing reliance by systems manufacture rs 
on overseas suppliers for c r i t ical components in eng ineer ing develop
ment and produc t ion of mic rowave elect ronics systems . The deg ree of 
this rel iance is i nd icated in a recent repor t of an Advisory Group on 
Electron Devices , which i s  included here as Append ix E .  Thi s  g roup 
concluded that at least 80 percent of GaAs substrates and devices used 
in u.s. systems come f rom foreign sources ,  pr imar i ly Japanese . 

ELECTRON TUBES 

Electron broad tubes are a category of components of varying impor tance 
to military equipment . The u.s. i ndustry has evolved over the years  to 
a general pos it ion of relat ive stabi lity and with far less dependence 
on foreign sources than the sol id state i ndust ry . 
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Receiving tubes , the most mature segment of the industry,  i s  pr i
ma r i ly a replacement bus iness served large ly f rom foreign sources . 
Di rect government sales were 900 , 0 00  units in 198 4 , decl ining stead ily 
each year f rom a level of 6 . 8  million in 197 5 .  

Cer tain power and spec ial purpose tubes have impor tant mi litary 
appl ications . Of the total u . s .  factory sales in 1984 of $1  billion , 
$660  mill ion were for government defense appl icat ions . Included were 
high vacuum, gas , and vapor tubes ($97 million) ; electroopt ic tubes , 
such as cameras , image intens i f ier s , l ight emitter s ,  and displays ($167  
million) ; and microwave tubes , such as klystrons , magnetrons , and 
traveling wave tubes ( $ 3 9 6  million) . 

To ma intain a stable manufactur ing base for these tubes in the 
Un i ted States requ i res that DOD buy f rom u . s .  companies in pred ictable 
patterns . There i s  a g rowing threat to this base by foreign manu
facture r s  who are catching up in technology and are subsid ized by the i r  
governmencs . The use o f  offsets i n  the Nor th Atlant ic Treaty Organi
zation , as pract iced in component procurements ,  i s  also a factor in  
potentially reducing the already nar row u . s .  production base for thi s  
mi l i tar i ly impor tant category . 

CAPACITORS 

Capacitors for mil itary appl ications account for 3 percent of total 
u . s .  factory uni t  sales and 8 percent of dollar sales ($500  mill ion in 
1984 ) . The g reat bulk of mi l itary g rade capac itors is manufactured 
domest ically . In contrast , about one-thi rd of nonmil itary types are 
produced i n  u . s . -owned fac i l i t ies located abroad . Fore ign brand 
imports , predominantly used in consumer and industr ial appl icat ions , 
make up about 25 percent of u . s .  consumption . Some unused u . s . 
capaci ty still exists for mil i tary types . More could be diver ted f rom 
i ndustr ial g rade capac i ty in case of emergency s i nce many par ts are the 
same except for test ing and documentat ion . 

There i s  a move toward surface-mounted and multilayer designs for 
commerc ial applications that are likely to f ind military use in the 
future . 

Raw mater ial shortages i n  a threat s ituat ion cou ld qu ic kly become a 
major limitation for u . s .  capac itor production ,  s ince most of the 
tantalum and palladium used in capac itor s i s  impor ted . Stockpi ling is  
an obvious means to protect aga inst a threat , assuming the ava i labi lity 
of mil i tary use i nformat ion . 

Heavy capital demands will ar i se for domest ic capac i tor manu
facturer s  to meet chang ing technology and mar kets . At the same t ime , 
there i s  the l ikel ihood of st i f f  fore ign competit ion spur red by use in 
consumer produc ts .  The matte r of u . s .  capital formation to meet these 
developing needs will become an important compet it ive i ssue .  
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RESISTORS 

In 1984 resistors  for mili tary uses represented less than 10 percent of 
the total u . s .  mar ket of $925 mill ion . For the res istor mar ket in 
general , most of the high-reliability types , includ ing carbon film and 
carbon composi t ion , are manufactured domest ically .  The larger volume 
commerc ial equivalents are manufactured mostly in Mexico ,  Taiwan , and 
I srael . 

Very large quant it ies are manufactured abroad by fore ign or 
u . s . -owned f i rms , par t icularly in Japan , and are put i nto consume r 
products imported into the United States and in boards assembled 
over seas in the u . s . -owned feeder fac i l i ties . Metal f i lm and wi re 
wound plants are located at home and abroad , with precis ion types for 
mi li tary appl ications produced mostly in the United States . There is a 
g rowing trend toward the use of th in and thick f i lm resistor networks 
i n  newer equipment , includ ing mi l itary , most of  wh ich are manufac tu red 
in the United States , although Japanese producer s  are very active and 
are becoming a factor in world mar kets . 

Surface-mounted chip technology , requ i r ing resistor as well as 
capac itor and semiconductor ch ips , is becoming impor tant , espec ially in 
new computer and automot ive uses . Manufacture r s  in  Japan and the 
Uni ted States are engaged in research and development . It is not yet 
clear how extens ively the technology will be used in m i l i tary systems , 
since comprehensive reli abi lity data have not been developed . Further
more ,  it  i s  not clear whethe r u . s .  companies will invest in domest ic 
volume manufacture or will manufacture ove r seas . 

Most res i stor s used in military equipment are made in the Un i ted 
States . The industry i s  fac ing intens ive fore ign compet ition at the 
same t ime it has to make extens ive capital investments to improve 
quality and cost-effectiveness and to take advantage of technolog ical 
advances par t icular ly in networks and sur face mount ing . The u . s .  
res istor i ndustry thus faces many of the same competitive pressures as 
the sol id state and capac itor i ndustr ies . 

SWITCHES AND RELAYS 

Thi s  mar ket , tradit ionally composed of elect romechanical dev ices , i s  
now movi ng toward solid state devices , par t icu la r ly for newer appl i
cat ions . The u . s .  mar ket for total switches and relays in 1984 was 
$870  million .  Military consumption is impor tant , although the market 
is dominated by pu rchases for of f ice automat ion , computer , industr ial 
automation controls , and communications . 

The industry is  highly d isper sed , reflect ing the many types of 
products used for swi tching . Mi l i tary products are produced almost 
totally in the United States . However , Japanese producer s  are 
agg ressively penetrati ng the u . s .  commerc ial mar ket,  part icular ly with 
subminiature types which can be mounted d i rectly on pr i nted c i rcu it 
boards . As newer electronic systems move toward sur face mount ing and 
highly miniatur i zed des igns , Japan i s  l ikely to become a ser ious 
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competitive threat because of its large consumer electron ics base . The 
f i r st large-scale appl icat ion of surface mounted devices , includ ing 
miniatur i zed electromechanical and sol id state relays and switches , 
will be in consumer products , so Japan will be able to use its 
exper ience to bui ld a capabi lity quickly .  

CONNECTORS 

The large u . s .  connector industry (hav ing factory shipments of $ 2 . 9  
bill ion in 1984 ) provides a g reat var iety of produc ts used in 
essent ially all electr ical and electronics equ ipment . More than 80 
percent of the mar ket i s  controlled by u . s . -based companies . The top 
20 u . s .  connector manufacturers  account for 7 0  pe rcent of the mar ket , 
and the largest u . s .  company controls 2 5  percent of the mar ket . 

Although most U . S . -based connector companies have between 2 5  and 50 
percent of the i r  sales in i nternat ional mar kets , most make products in 
the United States for domest ic mar kets and in  local mar kets for inter
nat ional sales . 

The mar ket for connector products is  relat ively large , but is 
extremely fragmented . There are very few product fami l ies with sales 
in excess of $50 mill ion ; the med ian is  around $10 million .  Thi s  makes 
connectors a very d i ff icult mar ket for foreign companies to targe t .  

At the present time ,  the re is  suf f ic ient domest ic manufactur ing 
capac ity and technology to meet the needs of virtually all commercial 
and mil i tary requi rements for the next 3 to 5 year s .  

Recent trends , however ,  suggest that the future may be d i f ferent . 
As the t ransfer of electronics equ ipment manufactur ing to overseas 
s i tes accelerates , the tradi tional custome rs of connector companies 
will probably star t buy ing some of the i r  components from plants located 
in foreign countr ies . Th is will alter but not drast ically change the 
avai labi l i ty of connector s made in the United States . 

Reviewing the present patterns and the outlook over the next 5 to 10  
yea r s ,  i t  is  hard to imag ine a supply problem for ex ist ing connector s 
made in the Un ited States . The r isk i s  therefore sl ight . Fur ther , the 
problems of thousands of par t  number s ,  rapid technology changes , and ,  
hence , high rates of product obsolescence make stockpi l ing components 
or mothball i ng fac i l ities impractical , costly alternat ives . However ,  
future products for electronic appl ications requ ire s ign i f icant R&D and 
manufactur ing investment for the foreseeable move to mini atur i zed 
c i rcuit boards of smaller d imens ions , higher packing dens it ies with 
VLS I and f iber opt ic-based systems . Although there is  now no threat 
from over seas produce rs , it  seems log ical to assume that the Japanese 
w i ll become a factor as they capital i ze on the i r  successes in 
sol id-state s i l icon and fiber  opt ic mar kets . 

FILTERS AND QUARTZ DEVICES 

The f i lter s  and quartz devices industr ies produced in 1984 about $480  
mill ion in factory equipment . Mi litary appl icat ions are  small in terms 
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of uni ts and decl ining , but impor tant in appl ication . u. s. 

manufacturers  supply these needs f rom domest ic sources and should be 

capable of meeting any li kely threat scenar ios . 

TRANSFORMERS AND COILS 

The broadly dive r s i fied g roup of transformers and coils produc ts is 
provided by many manufacturer s ,  including companies  produc ing for 
internal consumption ( roughly 30 percent of domest ic output ) .  The 
industry has been stag nant in recent year s as product ion fac i l i t ies 
have rapidly shifted to the Far East for consumer electronics and as 
there have been minimal changes in mil itary demand . The re appear s to 
be no current threat to mil itary suppl iers , because most such produc ts-
with the poss ible except ion of high per formance fe r r i tes--are manu
factured domes.tically . 
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VULRBRABILI'l'Y OP MILITARY <XliiPOIIID1TS 

THREATENED AND NOHTBREATBNBD KEY CQUIONENTS 

S i l icon Integrated Circuits 

Current �rends toward g lobal interdependence in the area of s i l icon 
integ rated c ircui ts will continue , with the u . s .  i ndustry highly l ikely 
to coae under increasing co.pet i tive pressure . 

The Japanese have taken a dominant posit ion in dynaaic rand011 access 
aeJDOr ies (DRAMs ) , a lead ing edge product of g reat iapor tance to newer 
electronic products . These devices are now the proving g round for 
technology advances aiaed at increasing chip densi ty and decreas ing 
cycle t� ( inc reasing coaput ing speed) . 

The short produc t l i fe of DRAMs , the rapid dec l ine i n  pr ices , and 
high i nvestment costs have reduced the share of u . s .  producer s  in this 
marketplace . Only a few major u . s .  companies have announced the newest 
product , the one-megabit ( 1�) DRAM , whi le .ast of the Japanese aanu
facturers are at least as advanced and are already beg inning at a 
modest level dur ing automated manufac tur ing . These Japanese �nies 
are also working intently on br ing ing the next generation ,  a 4� bit 
randoa access ..-cry (RAM) , to commercial status , whi le effor ts in the 
Uni ted Sta tes appear to be focused at tbe IU.D level . Tbe Japanese will 
probably soon aake a major effor t  to extend their DRAM lead to high 
perforaance ,  static random access aemor ies (SRAMs) --a product of g reat 
t.portance to advanced ail itary systeas . 

The doaestic i ntegrated c i rcu its ( IC)  industry has so far reta ined , 
and probably will reta in in tbe future , wor ldwide doainance in products 
other than RAMs , as well as a lead in processor archi tec ture . The 
g rowing dominance of the RAMs , however , i s  capable of providing a very 
large voluae base to suppor t the investaent in wafer fabr ication equ ip
aent required for partic ipat ion in advanced integrated c ircu i t  produc ts .  

One challenge to u . s .  producer s  will therefore be to develop voluae 
aar kets for products other than RAMs to maintain sound investments in 
the business for the long tera. Another 110re difficult problell will be 
to face new compet ition i n  mar kets in which fore ign produce r s  have not 
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yet mani fested themselves . The latter problem conta ins many 
uncer taint ies , but the expe r ience of the recent past is not reassur ing 
for the future . 

The Role of Submic ron Fabr icat ion of Integ rated Circuits 

The fabr ication of moder n  semiconductor produc ts requ ires sophist icated 
techniques and large , g rowing capital investments .  Thi s  trend makes it 
d i f f icult for small companies to par tic ipate as a complete produc tion 
ent ity . The i ndustry , as i t  matures ,  i s  therefore becoming inc reas
ing ly concentrated and focused . The small f i rm st i l l  has an impor tant 
role , but the mar ket shares of • stand alone • f i rms have g rown signif i
cantly smaller over t ime .  

Achieving actual submic ron process capabi l i ty ,  which i s  within reach 
dur i ng th is decade and will be impor tant in achiev ing the advanced 
per formance of mil itary systems , will  requ ire enormous R&D and factory 
fac ilitation . The Japanese are d r iving toward this objective ,  as  are 
major u. s. producer s ,  pa r t icula r ly those involved in the Very High 
Speed Integrated Ci rcuit  (VHSIC) prog ram .  Acqu i r ing streng th in  th i s  
new technology w i l l  become increas ingly vital to long -term success a s  a 
manufacturer of i nteg rated c i rcuits . The Department of Defense (DOD) 
has an interest in cont inuing i ts strong suppor t of thi s  effor t ,  since 
the i ndustry may be hard pressed to susta in such a fast-paced 
effor t--particularly dur i ng the cur rent protracted industry recession . 

Robotics and Other Support I ndustr ies 

Support indust r ies  of var ious kinds are also acqu i r i ng a more foreign 
flavor . Overseas production of test sets for integ rated c i rcuits ,  for 
example , is inc reas ing ly important . Robot ics , espec ially , may const i
tute a necessary support system for rapid prog ress at the techno
log ical edge . 

u. s. industry is j ust now beg inning to face the investment problems 
of keeping pace with the Japanese . At issue is the abil ity of u. s. 

compan ies to j ust i fy cont inuing investment at prof itable returns 
compa red with foreign competi tors who do not have to meet equivalent 
pe rformance standards . 

Integ rated Circuit Ce ramic Packages 

Japanese ceramic manufacturers have the major share , more than 7 5  
percent , o f  the ceramic packag ing mar ket.  This  i s  because o f  several 
factor s ,  the most important of which are quality and cost . The maj or 
Japanese suppl ier has established a U . S . -based manufac tur ing 
capabi l i ty , which should he lp in the event that impor ts are curtailed . 
However ,  no appropriate u. s .  capabil i ty exists for the complex units 
i nvolved in  the latest very large scale integ rat ion (VLS I )  device 
support . 
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Gallium Arsenide Technology 

The potential advantages of gallium arsenide (GaAs) and related 
compounds and alloys in electronic appl ications have been explored in 
the United States and many other countr ies for the past 30 years . GaAs 
i s  of importance because i t  has a large , d i rect energy gap, high 
electron mobi l i ty ,  heterostructure capabil ity with related mater ials , 
hig h  temperature capabi lity ,  and a high deg ree of rad iat ion res istance . 

These prope r t ies make poss ible the extens ion of electronics into 
optoelectronics and to operating speeds well beyond those of s i licon 
devices . The mater ial technology , however ,  is far less developed and 
the devices are mor e  expens ive than s i l icon . Therefore , it  is eco
nomically des irable to use s i l icon components in as many electronics 
systems as possible . For thi s  reason , most commerc ial uses to date for 
GaAs in the United States are in optoelectronic areas . 

In contrast , cur rent mil itary appl ications for th i s  technology 
requi re the optoelectronic and microwave capabilities as well as the 
radiat ion resistance of GaAs . Thus , supply problems ex ist for a number 
of cr i t ical mi litary components . 

Substrate Mater ial 

Almost all GaAs-related components are fabr icated by ep itax ial layer 
g rowth onto , or ion implantation i nto ,  single-c rystal GaAs substrates . 
For this reason , substrate quality is of c r i t ical impor tance to the 
ent i re technology . The pr imary commercial methods for g rowing GaAs 
substrate mater ial are the hor i zontal Br idgman (or grad ient f reeze ) and 
the l iquid-encapsulated Czochralski  ( LEC) techn iques . 

Dur ing the 1960s and 1970s , the u.s. effort was concentrated on the 
hor i zontal Br idgman technique wi th small-area , low-di slocation-dens ity 
( 10 2 to 10 3 cm-2 )  mater ial ava i lable from several companies , 
mainly Monsanto . Now, however ,  for commercial reasons the u.s. effort 
is  dominated by three-inch d iameter LEC technology ( IEEE , 198 5) . The 
resulting mater ial has been of relat ively poor qual ity with high d is
location dens it ies ( 10 4 to 10 5 cm-2) (Rode and Rope r , 1985) ; 
Japanese sources are wor king on fou r - inch and larger wafer s  of 
excellent qual ity .  

Although the ind ium-doped LEC was pioneered by the Royal S ignal and 
Radar Establ i shment in the United K ingdom and developed commercially by 
Cambr idge Instruments , it has been pe r fected by companies in Japan . 
Sumitomo Electr ic ,  Nippon Elec t r ic (NEC) , and several other Japanese 
companies have been able to obta in essent ial ly d islocat ion-free ( 10 to 
20 cm-2 ) ,  ind ium-doped GaAs LEC ( IEEE , 1985 ; Solid State Technology , 
198 5b) . 

The quality of the Sumi tomo hor i zontal Br idgman mater ial is also 
very impressive .  For example , last year more than 7 5  percent of the 
free wor ld ' s  supply of GaAs substrates was sold by Sumitomo . In 
add i t ion ,  it is  clear that Sumi tomo intends to e i ther ma inta in or 
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The company has recently completed 
of mak i ng 10 tons of GaAs c rystals a 
50 tons per year (Solid State Tech-

There has recently been some improvement in the qua lity of u . s . -made 
LEC GaAs substrate mater ial . There have also been effor ts to encourage 
more u . s .  wor k on the hor i zontal Br idgman technique for g rowing GaAs 
substrate mater ial ( IEEE , 198 5 J  Marsh , 198 5) . Although the R&D effort 
in the United States i s  s ignif icant , the Japanese effort in the GaAs 
substrate technology area is already super ior to that of the United 
States . 

Low-Noi se and Power Field Ef fect Trans istor s 

The market for f ield effect trans i stor s ( FETs) that use GaAs i s  
dominated by mi l i tary appl ications in the microwave and mill imeter wave 
reg ions , whe re the high speed and rad iation res i stance of GaAs are 
requ i red . 

A study on the foreign dependency problems in this area has recently 
been completed ( Analytic Sc iences Corporation , 198 5 ) . Data on current 
usage were obtained f rom 10 companies that manufactured and seven 
companies that built systems using FETs made from GaAs . The study 
showed that about 7 5  percent of the mater ial and more than 50 percent 
of the low-noi se devices were obta ined from fore ign sources , ma inly 
Japanese companies .  For power trans istor s ,  more than 50 percent of 
both the mater ial and the devices or ig inate from fore ign suppliers . 

Thus , in  add i t ion to dominat ing the substrate mater ial mar ket , 
Japanese companies such as NEC and Mi tsubishi dominate the mar ket for 
both low-noi se and power FETs . Although these devices are cur rently 
being sold in moderate volume at moderate pr ices , a lower ing of com
ponent quality may occur when production volume inc reases and costs 
decrease . In addition ,  Japanese companies may decide to ver tically 
integ rate these components into the i r  own systems rather than sell them 
individually . 

Microwave Monol ithic Integ rated Circuits 

The study per formed by the Analytic Sc iences Corporation also examined 
u . s .  dependence on foreign sources for mic rowave monoli thic integ rated 
c i rcuits (MMICs) * that use GaAs . Although no cur rent trends were 
evident , it  was clear that many systems companies expect to develop an 
in-house fabr ication capability for MMICS . Hi stor ically ,  u . s .  systems 

• •MMIC• is the designat ion used by industry. 
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companies have often been act ively involved in new elect ron ic 
technolog ies dur ing development . But , because of the large volume 
requ i rements foreseen in th is  f ield , mu lt iple sources need to be 
developed , espec ially s ince systems f i rms hi stor ically have of ten been 
limited in the ir  total volume of production . Thus , if the development 
of these i ntegrated circu its comes to be dominated by systems com
pan ies , th is could reduce the numbe r of components compan ies enter ing 
product ion , and u lt imately lead to a dependency on foreign companies . 

Japanese companies are expec ted to concentrate on commercial ap
plications for MMICS , whi le u. s. companies will focus on m i l i tary 
uses . If the Japanese components are found to be suitable for military 
appl i- cations , as many already are , the United States cou ld become 
dependent on foreign services for yet another electronics component .  

The Under secretary of Defense , Research a nd  Eng inee r i ng i s  now 
beg i nning a new prog ram also called •MIMIC• to push the development of 
microwave/mill imeter -wave monol i thic integ rated c i rcu its . Th i s  
program, if  implemented a t  planned levels , should help signif icantly i n  
catchi ng  up with the Japanese a nd  allow a slant ing o f  technology 
development toward c r i t ical mi l i tary needs . 

High-Speed Dig ital Integ rated Circu its 

Although the f i r st d i g i tal GaAs integ rated c i rcu i ts were made by 
Hewlett-Packard in 1974 ( Rode and Roper ,  198 5 ) , the Japanese now appear 
to make super ior ones . Recently , for example , both Hi tachi and Fuj itsu 
have demonstrated 4K-bi t  stat ic RAMs with access t imes of about 2 ns 
(Solid State Technology , 1985a , b) . This  per formance is achieved with 
high elect ron mobi l ity trans istor st ructures operat ing at l iqu id 
nitrogen temperatures . 

DOD has funded most of the u.s. research and deve lopment in th is 
area , and DARPA has recently awarded sma ll but s ign i f icant contracts to 
Rockwell International and McDonnell Doug las to set up pi lot product ion 
lines for GaAs . Presumably , these and s imilar effor ts are intended to 
satisfy c r i t ical mi l i tary requ i rements for d ig i tal integ rated c i rcuits 
in the near future . 

To avoid a fore ign dependency problem in the long run , however ,  
commerc ial i nterest in this  technology will probably be requ i red . 
Although some have made opt imist ic proj ect ions for product ion of 
d ig ital integ rated c i rcu its , these estimates may not appear suf
fic iently attract ive to st imulate s ignif icant commerc i al u. s. pro
duction .  In par t ,  thi s  will depend on the presently quest ionable 
outlook for u.s. suppl ier s  of supercomputer systems . 

Military appl icat ions for h igh-speed , digital integ rated c i rcu i t s  
are expected to include instrumentat ion , preprocessor s for weapons 
systems , specialized log ic , memory , and , poss ibly , the entire  central 
process ing unit in some future computers--such as those that wou ld be 
requ i red at numerous strateg ic defense init iat ive (SOl ) sites . 
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Optoelectronic Sources and Detectors 

Fiber opt ic communications is an impor tant commerc ial and military 
appl ication for GaAs-based opt ical sources and detectors . Compared 
with radio communicat ions , fiber opt ics is not vulnerable to rad io 
d irection f indi ng , j amming , loss of l ine of s ight , or elect romagnet ic 
interference/electromagnet ic pu lse .  Compared with coax ial cable , f iber 
optics reduces weight , bulk , and installation time . 

The refore , var ious photonic technolog ies will  l ikely play an 
increas ingly important role in future mi l i tary systems , and the 
que st ion of foreign dependency takes on a spec ial re levance . Although 
some Japanese components (par t icular ly GaAs) may be supe r ior to those 
made in the Uni ted States , there cur rently appear s to be no problem in 
the ava ilabi l i ty of u.s. components for f iber opt ics . 

However , there are v i r tually no u.s. sources for l iqu id c rystal 
d i splays for computer terminals and d ig i tal readouts . If  thi s  tech
nology should come to dominate othe r types , such as e i the r cathoderay 
tubes or plasma , u. s. sources for d i splay devices would be threatened . 

Optoelectronic coupler s  and switches , conta ining GaAs-based sources , 
are used in a wide var iety of c ivil ian and mi litary systems for 
i solat ion , level shi fting , noi se reduct ion , and othe r purposes . These 
components are produced at low cost in h igh volume by u . s. industry. 
Appl ications for high-power , GaAs-based d iode lasers and phase-locked 
arrays include optical d i sk re- cord i ng , h igh-speed laser pr int ing ,  
space communication , and f iber opt ics d istr ibut ion networ ks and 
long-haul systems . Wi th the poss ible exception of some s ingle-mode 
lasers , the quality of u.s. and Japanese components is comparable . 
However ,  the supply of mater ials f rom fore ign sources rema ins a 
c r i t ical i ssue . 

In the long run , however ,  the United States may not be able to avoid 
foreign dependency problems in GaAs-based optoelectron ic devices and 
integ r ated c i rcu its . Japan cur rent ly has under way a $100-mill ion , 
seven-year national research prog ram involving i ndustry , gover nment , 
and academia . The research focuses on the bas ic technology for the 
mass production of optoelectronic dev ices and integ rated c i rcu i ts .  NBC 
est imates that Japanese product ion of optoelect ronic-related equ ipment 
will be a mult ibil lion-dollar industry by the turn of the century . The 
Japanese companies will probably come to dominate thi s  market , leaving 
the military dependent on fore ign sources . 

Magnetic Mate r i als and Components 

Magnetic mater ials play a vital role in modern industr ial soc iety and 
have a large number of mil i tary appl ications . They d istr ibute electr i
cal energy and convert i t  to mechanical energy in power systems . They 
are used to collect and store informat ion and to process high-f requency 
s ignals in  electronic systems . 
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I n  spite of the impor tance of these mater ial s ,  the United States is  
rapidly losing i ts competit ive pos ition in cer ta in areas of  th is 
technology . This is because u. s. companies , in general , perce ive no 
economic advantage in improving magnet ic mater ials , while other 
count r ies , notably Japan , have dec ided it is  in  the i r  best long-term 
interest to do so . As a result , u. s. systems manufac turers , and thus 
DOD , buy a number of c r i t ical magnetic components from foreign sources 
(Analyt ical Sc iences Corporation , 1 9 8 5 ) . 

Permanent Magnets 

One c r i tical area in which the United States lags far behind other 
countr ies is in new mater ials technology for permanent magnets . Thi s  
applicat ion requi res hard mag netic mater ials with high coercive force , 
such as the i ron-based rare earth alloys . The rare earth metals in 
these magnets , however ,  occur together in common ores and are d i f f icult 
to separate . Because of thi s ,  pure rare ear th magnets are expens ive . 

Recently , stronger and cheaper i ron-based rare ear th magnets have 
been developed in Japan . These permanent magnets are cheaper because 
they use rare ear th mixtures . They are now commercial ly ava i lable f rom 
Sumitomo and Neomax . There is some u. s. research in these mater ials , 
and some commerc ial supply f rom Japanese licensees in the Uni ted States . 

Other mater ials being developed for permanent magnets , pr imar i ly in 
Italy , Holland , and We st Germany ( Ph i l ips ) , are the hexafe r r ites . 
These mate r ials are hexagonal i ron ox ides , compounded with boron and 
stront ium.  They are expected to be relat ively inexpensive because of 
the discovery of new depos i ts of stront ium in France . 

Magnetic mater ials that are not iron-based , such as samar i um-cobalt 
(Sm-Co) , are usually too expens ive for commercial use as permanent 
magnets . Howeve r ,  they are used extens ive ly on military and satellite 
traveling wave tubes . This technology was pioneered i n  the United 
States , but the nar row mar ket has cau sed u . s .  companies to withdraw , 
leaving a dependency on foreign sources . 

Magnetic Tapes and Disks 

For recording and stor ing data , hard magnetic mater ial s with med ium 
coerc ive force , such as cubic Fe �3 , are used . Although components 
made f rom thi s  mater ial are ava ilable in the United States , the highest 
quality ores are be lieved to come f rom England and I taly . Other 
mater ials for these appl ications are Cr02 , and the Co-P and Co-Fe-P 
alloys . Since these mater ials a re inexpens ive with high-volume 
appl ications , they are commercially ava ilable f rom several u . s .  

suppl iers , such a s  Ampex and du Pont . 
The problem appear s to be in  the development of new mater ials for 

high-dens i ty record ing appl icat ions . Japan is lead ing in the develop
ment of Co-er alloys , with little u . s .  act ivity . This  alloy may be the 
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mater ial of choice for high-dens ity hard disks in computer s .  There is 
also a substantial amount of wor k  in Japan by Tosh iba , for example , on 
the hexaferr ite ,  BaFe12019 r which shou ld be inexpens ive and wor k 
very well for both tapes and d isks . 

Although magnetic bubble memor ies were or ig inally deve loped in the 
Un i ted States ,  much of the production now comes f rom Japan . Despite 
the existence of at least one domest ic source , much of military pro
curement depends on foreign supplie r s .  

Recording Heads 

Electromagnetic record ing heads are made from soft mag netic mater ials 
with low coerc ivity ,  such as some cubic fe r r i te& and pe rmalloy , an 
i ron-nickel alloy . Most commerc ial ly ava ilable heads are made f rom 
ferr ites , with the newer thin-film electromagnets made from permalloy . 
Although a s ignif icant inc rease in wr i t ing and read ing dens ity cou ld be 
obtained with improved fer r i te heads , an increase of about an orde r or 
so of magni tude can be achieved with pe rmalloy thin f i lm heads and 
d isks . Because of the potent ially large commerc ial mar ket for 
high-dens ity magnetic record ing , thi s technology shou ld not present a 
supply problem for u . s .  military systems . 

Mic rowave and Mill imeter Wave Magnetic Components 

Mic rowave c ircu lators , isolators , f i lters , and phase shifters are made 
f rom sof t mag netic mater ials with low coerc ive force , generally fer
r i tes and garnets . Most of the technology in these magnet ic mater ials 
was or ig inally developed by DOD. Today , about 85 percent of the mar ket 
is for military appl ications ( IEEE , 1985 ) . For this  reason the re is 
not expected to be a supply problem for mic rowave magnetic components . 

In the mi ll imete r  wave reg ion , however , microwave fer r i tes and gar
nets are not adequate because of bandwidth and f requency problems . 
Also , electromagnets saturate at f lux dens ities well below those re
quired for operation at mill imeter wave f requenc ies whe re super
conducting magnets are  currently be ing used (Zensi us et al . , 1 9 8 3 ) . 
Although there is  a signif icant amount of u . s .  research and development 
in this area , European wor k ,  par t icular ly in hexafe r r i tes , may be more 
advanced . The future outlook for overseas dependency cannot yet be 
asse ssed . 

Lithium Batter ies 

Lithium-based batter ies are cur rently replac ing most other batter ies as 
the pr imary power sources for highly por table electr ical and electronic 
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systems a nd  a s  e i ther the secondary o r  backup sources for stationary 
systems . Since there are a large number of commercial uses for this 
technology ,  the u . s . pos it ion is expected to rema in strong . The re is 
currently a substant ial R&D effort by u . s .  companies , such as Rayovac 
and Union Carbide , on a var iety of battery mater ials , includ ing 
Li-S02 , Li-SOC12 , Li-TiS2 , and Li-CF . As a result , l i thium 
batter ies cont inue to develop highe r  cur rent dens i t ies in smal ler , 
cheaper packages .  

The l ighter weight and longer l i fet ime of l ithi um batter ies is 
expected to enhance the effectiveness of a number of mi l i tary systems . 
To the extent that these appl icat ions trac k  the commercial mar ket for 
l i thium batter ies , the re should be no u . s .  supply problems . Very high 
capaci ty ,  l i thium-based batter ies , however ,  may be limited to mil itary 
use with li ttle or no commercial market.  A major cur rent supplier is 
Tadiran in I srael . The supply outlook here is st i ll uncer ta in . 

Nonvolatile memor ies represent a rapidly developing application for 
l i th ium batter ies (Linebac k ,  1985) . Sever al u . s .  companies are beg in
ning to embed l i thium cells in dual in-line packages . These can serve 
as a backup for static random access memor ies and turn standard 
mil i tary RAMs into long-term , nonvolat ile storage systems . Lithium 
batter ies could last as long as 50 year s for such storage systems 
( Lineback , 1985 ) . Requ i rements are not yet established and so the 
quest ion of domest ic versus fore ign supply in thi s appl icat ion cannot 
yet be resolved . 

O'l'HBR COMPONENTS , NOT THREATENED 

A number of electronic components of importance to u . s .  mi l i tary 
systems are not ser iously threatened by overseas sources . The 
following components needed to meet mi l itary spec i f ications are 
adequately suppl ied f rom domest ic sources and are not cur rently 
challenged in the mar ketplace by foreign ones : 

• capac itor s 
• resistor s ,  res istor networ ks 
• relays , contactors , solenoids , c i rcu it breake r s  
• meter s ,  i nd icator s ,  gauges , lamps 
• connectors and assoc iated hardware 
• f i lter s 
• fuses 
• switches 
• transformers and coils 
• quartz c rystals 
• transi stor s  ( except some spec ials) 
• d iodes ( except some spec ials)  
• thyr i stor s 
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While these items are  apparently not threatened , there is  l i ttle 
room for complacency : the re are many h idden dependenc ies even in these 
a reas . For example , in the case of d i sc rete trans i stors ,  in accordance 
with the prov i sion of MIL-S-1950 0  spec if ications , products categor ized 
as • JAN• and • JANTx• may be pac kaged and tested abroad . Only the 
•JANTxv• category must be fully processed in the Uni ted States . In the 
case of typ ical mi litary telecommunications equipment , about 3 5  percent 
of the d isc rete& are JANTXV, with the remain ing 65 percent be ing e i ther 
JAN or JANTX . Notwi thstand ing the cur rent depressed semiconductor 
mar ke t ,  lead t imes on MIL-S-38510  integ rated c i rcu its are running 30 to 
45  weeks , a schedule constra ined by packag ing fac i l ities , test 
equipment , and bur n- i n  racks and sockets . If it were necessary to 
process all semiconductors in the Uni ted States , lead times would 
immediately expand to a year or more.  

In the case of  tantalum capacitors , which are  heavi ly used in  
mil i tary equipment , the concer n  is  the raw mater ial . The United States 
does not produce tantalum ore . Canada ' s  resources are be ing depleted . 
Af r ica and South Amer ica were once the ma in suppl ie r s ,  although there 
has been a recent find in Austral i a .  

Mica capac i tor s are st ill  the opt imum solut ion i n  a few c r itical 
a reas , although the i r  uses have been dec reasing for the last 3 5  years , 
are st i ll the opt imum solution in a few c r i t ical areas . Thei r  
produc tion depends on the ava i labi l i ty of muscovite mica , produced 
pr imar i ly in Ind i a . 

Traveling wave tubes will be used to a much g reater extent in 
satellite commun ications terminals as the new mill imete r  wave mi li tary 
satell ites enter service . Domestic produc t ion capabi l i t ies are 
limi ted . The maj or sources include Siemens and Telefunken in West 
Germany , Thomson-CSF in France , and Var ian Assoc iates , which i s  im
porti ng tubes from NEC in Japan . The re is also concern regard ing the 
dependence on Br itish sources for certa in mill imeter wave tubes . 

An unde rlying problem exi sts in a number of the bas ic raw mate r ials 
used extens ively in electronics product ion , such as platinum, tantalum, 
and palladium ,  whe re the Uni ted States is pr imar i ly or total ly de
pendent on fore ign sources . 

Finally , the trend toward pe rmiss ible foreign packag ing and test ing 
of cer tain semiconductor items , such as MIL-STD-883  integ rated c i rcu i ts 
and MIL-S-19500 JAN and JANTX d i sc rete trans istor s ,  has established 
both a policy and a capabil i ty for ove rseas inspection . With thi s  
trend in place , and cons ider ing that many o f  the Japanese manufacturers 
of semiconductors are major corporat ions with h igh-volume production of 
a complete spectrum of electronic components , i t  will not be at all 
surpr ising if  the Japanese beg in to make spec i f ic targeted inroads into 
the mar ket for mi l i tary dev ices in the same manner as they have used to 
successfully challenge the domestic commercial producers of integ rated 
c ircuits . Apparent trends in production g ive little reason for com
placency in the future for any of the i tems presented on the l ist . 
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MILITARY SYS'l'BMS TIIRBA'l'BliBD BY TBB 

WLRBRABILITY 01' GALLIUM ARSIDIIDB COMPORBHTS 

Previous chapters have dealt with the r i sks to defense capabi l i t ies in 
times of emergency because of the dependence on fore ign sources for 
electronic components .  Vir tually all modern mi litary systems use 
electronic components extens ive ly for sensors ,  communications , 
guidance , command and control , and other funct ions . It  is the use of 
s i l icon integ rated c i rcu i ts that has enabled defense systems to ach ieve 
thei r  cur rent level of ef fect iveness . The acqu i s i t ion and log istics 
commands should cons ider the vulnerabil i ty of u . s .  defense systems to 
supply interrupt ions of s i l icon devices if those systems are to be 
ava ilable and susta inable in times of emergency . 

Because of the increasing impor tance of s i l icon integ rated c i rcu its 
in defense systems , the Depar tment of Defense (DOD) has funded the Very 
High Speed Integ rated Circuits (VHSIC) program to ensure ind igenous 
u . s .  capabi l i t ies in the design and manufacture of ve ry large scale 
i ntegrated c i rcui ts . 

The next advance in integ rated c i rcuits i s  l ikely to depend on a 
substrate mater ial different from sil icon , in par t icular , gallium 
ar senide (GaAs) . I t  should be noted that GaAs devices are already used 
in microwave devices and spec ial discrete h igh-speed devices . However ,  
the inc reasing matur ity of GaAs technology will l ikely make poss ible 
the wide use of both d ig i tal and analog integrated c i rcu i ts ,  
optoe lectronic sources and detector s ,  a nd  mic rowave components in 
defense systems f ielded in the late 1990s and beyond . 

CURRENT GALLIUM ARSENIDE USES 

GaAs is espec ially important in communications , radar , miss i le 
guidance , and e lect ronic countermeasur es ( see the review in Feinstein , 
1982) . 
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Communicat ions 

Military needs for commun ications range f rom satell i te transponder s  for 
continental d i stances to mill imeter wave rad io and f iber opt ic cable 
l inks for shor t d istance and battlef ield use . All high-per formance 
mic rowave rece ivers now use low-noise GaAs f ield ef fect transistors 
( FBTs) . The low-noi se stage is  generally followed by several stages of 
amplif icat ion , all of which conta in these trans istor s .  

Whi le discrete components i n  hybr id assembl ies tend to make up 
f ielded systems today , the trend toward monoli thic integ rated c i rcu its 
is now well establ ished in development and should appear in the f ield 
dur ing the next decade . Typically , u . s .  companie s  purchase f ie ld 
e ffect trans istors ove rseas and assemble the hybr id uni ts domesti
cally . Such labor -intens ive assembly is  becoming noncompetitive with 
the advent of monol i thic& . Rece ivers for satell i te l inks are located 
at earth stat ions as well as on the • bi rds•  themselves .  Ground-based 
transmitter s must rad iate high powe r in the kilowatt range and there
fore require microwave power tubes such as klystrons and travel ing wave 
tubes . Modern satellite transmi tte rs operat ing in the 10-watt power 
range now use GaAs dev ices rather than the trave ling wave tubes of 
older design . Power PETs for such uses are also dominated by fore ign 
suppl ier s ,  although several u . s .  companies have demonstrated capabi lity 
at the laboratory leve l .  

Mi ll imeter wave radio i s  now i n  advanced development by the Army to 
provide secure commun ications with a battle f ield . Sol id state diodes 
based mainly on GaAs are used for mixers , local osc i llator s ,  and , in 
some cases , even for the transmitter . While these devices are more 
rudimentary than the traveling wave and other tubes , they provide 
adequate , shor t-d istance s ignal-to-noise per formance at super ior 
reliabi l i ty ,  lower costs , and with longer l ifet ime .  

At present there i s  no produc tion base for the h igh volume ( hundreds 
of thousands )  of these dev ices that will be requ ired in the f ield 
e i ther in the Un ited States or overseas . Even the Japanese have been 
reluctant to invest in what appear s to be a purely u . s .  military 
market , in contrast to the commercial development they foresee for 
microwave l inks and satellite repeater s .  Raw mater ial s  sources here 
are totally foreign.  

To reduce vulnerabi lity to e lectromagnetic pulse and other forms of 
interference , f iber opt ic l inks are now being used to connect Army 
battle stations . While the cable is available domest ical ly , the trans
mi tter , which cons ists of either a GaAs laser diode or l ight-emitting 
d iode (LED) with modulator , is  be ing obtained f rom over seas suppl ier s .  
Aga in ,  laboratory capability ex ists at seve ral u . s .  companies , but the 
production base is inadequate to be pr ice competit ive . 

Radar 

Radar needs range from long-range surve i llance for threat analys i s  
to short-range battlef ield target acqu isition , both g round and 
helicopter based . The short-range systems , such as STARTLE , tend to 
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use mill imeter waves to provide h igh resolution with small aper ture , 
mobi le antennas , whi le lower microwave frequenc ies and complex 
(Doppler )  motion disc r iminat ion is requ i red for threat analys is . 

In  all cases , GaAs components are used in the radar receivers in 
roles s imilar to those in commun ications . Tubes are now used to 
provide radar transmitter power , but sol id state replacements for all 
new mill imeter wave radars that use phased-ar ray systems are both in an 
advanced stage of development . These cou ld also use s i l icon impatt 
diodes , but supe r ior performance wou ld resu lt with mater ials of the 
GaAs family . 

Ultrahigh-speed s ignal processing of radar returns is requ i red for 
quick automated dec ision making . Whi le VHS IC chips based on s i l icon 
will provide th is capabi lity for the near term , a f ivefold increase in 
d ig ital speed of GaAs over s i l icon is lead ing to the adoption of log ic 
using the former in the next generat ion of radar systems . 

In  view of Japan ' s  announced i ntention to compete in the 
high-performance computer mar ket , the Japanese wi ll probably invest in 
a production capability for d ig i tal integ rated c i rcuits us ing GaAs . I f  
u . s .  companies aga in dec ide aga inst s ignif icant inve stment because of 
the nar row markets for such premium produc ts , the United States will 
face the same vulnerabi l ity in the d ig ital area as it faces today in 
l inear (microwave ) components . 

Miss i le Gu idance 

The i nc reasing emphas is on " intell igent • munit ions requ i res a system 
that can detect and track targets to be incorporated into the pro
jectile .  The small s ize of mill imeter wave antenna aper tures and the 
super ior weathe r penetration compared with infrared makes this wave
length range attractive for such miss i le seekers provided the elec
tronic components can be miniatu r i zed and reduced in power consump
tion . Solid state devices are therefore ideal for th is use . Wh ile the 
rud imentary nature of thi s  sensor does not requi re the h igh performance 
of more elaborate radars ,  GaAs Gunn diodes wi ll st i ll be needed for 
local osc i llator s ,  varactor s for frequency mult ipl icat ion and mixing , 
and impatts for pulse power transmitters . Since device per formance 
translates into miss ile lock-on range and track ing accuracy , signif i
cant compromise on quality is  unacceptable . 

Data l inks f rom the launching platform to the missile i tself use 
microwave f requenc ies and make additional requ irements on the sol id 
state components . Several new Army systems will  be of this  type . In 
fact , one million log ic devices and ampl i f iers will  probably be re
qui red over the l ife of Army weapons systems . 

Elec tron ic Counte rmeasures 

The increas ing sophi st icat ion of electronic equipment has led to the 
term •electron ic warfare• to desc r ibe the escalating battle between 
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radar , communications , and guidance systems , and the inter fe rence and 
false target data a imed at them. Extremely wide-band surve i llance 
rece ivers are used to detect enemy emiss ions and h igh-power j amming 
sources are used as a countermeasure .  Recent deve lopments in mono
l i thic preampl if iers for GaAs f ield effect trans istor s cover a range of 
2 to 20 GHz , providing an excellent f ront-end for surve illance . Older 
equipment in the f ield uses a f requency swept local osc illator , typi
cally a varactor -tuned GaAs d iode to achieve wide-band recept ion . 

Jammer power requ i rements generally call for tubes . Even so , 
Br i tish sources are the major suppl ier s of tubes in the 20  to 40  GHz 
frequency band . In  add i tion ,  as the trend toward sol id state 
components replac ing tubes inc reases , our reliance will shi ft to 
Japanese sources . 

The s ignal coding techniques used to thwa r t  detect ion of e lectronic 
countermeasures require  elaborate rece iver signal process ing to dis
cover intelligence bur ied in s imulated white noise of the swept 
spectrum. High-speed analys i s ,  preferably at the mic rowave emiss ion 
f requenc ies ,  is necessary to accompl ish thi s  task qu ick ly . Although 
hybr id analog methods , such as acoustoopt ic processing , are used today 
( and require a laser generally using GaAs ) , the trend is toward 
f ront-end , analog-d ig i tal conve rs ion and ultrahigh-speed spectrum 
analysis and log ic . Clear ly , this i s  a role dest ined for GaAs . 

FUTURE TRENDS 

The rapid pace of GaAs deve lopment in analog , d ig i tal , and opt ical 
components leads to the expec tation that military systems requ i r ing 
state-of-the-ar t pe rformance will become more dependent on such 
components to mainta in super ior i ty .  I n  the analog area , the trend is  
clear ly toward monol ithic mic rowave integ rated c i rcu its (MMICS ) . Thi s  
wi ll result in the f ront end of the receiver through the video 
intermed iate frequency stages be i ng i nteg rated on a s ingle GaAs chip, 
as has already been done in Japan and for a direct broadcast sate ll i te 
receiver i n  the United States . Because each spec i f ic use i s  custom 
des igned , the capabi l i ty for such ch ips must res ide within the Uni ted 
States . 

A second major trend is  the development of all sol idstate , phased
ar ray transmitters . This approach overcomes the limi ted power cap
abi l i ty of each device by add ing the power of each to the radiation 
f ield .  In addi tion , phase shifting across such an ar ray provides an 
inherently fault-toler ant means for electronic scanning . Integ rating 
of GaAs PET power ampli f iers  and d ig i tally controlled phase shifters on 
a chip would provide modules for such an ar ray . Ar rays are now be i ng 
developed for selected radar , communications , and electron ic counter
measure systems . Fund ing has come pr imar i ly from the Air  Force , with 
the Strategic Defense Ini tiative Off ice (SDIO) now becoming involved . 
Many potent ial Army uses can be foreseen . 

The d ig i tal GaAs area is  at present the least developed technology . 
However ,  the high-speed computing requ irement s for fast s ignal pro
cess ing and for command and control dec ision making will lead to the 
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fielded use of  GaAs log ic and memory ch ips early in the 1990s . 
DOD-sponsored development now emphas i zes the super ior rad iat ion 
hardness of GaAs rather than merely i ts speed . 

Whi le one school of thought bel ieves that interconnect ion delays 
rather than intr ins ic device speed will  ultimately determine computer 
pe r formance , there are some hybr id uses such as A/D converters ( d i rect
ly at microwave frequenc ies) , for which there is no substi tute for GaAs . 
Integ ration of d ig ital computat ion on the same chip would clear ly be 
advantageous for a wide class of mi l itary systems . The capabi l i t ies of 
GaAs are lead ing to an entire new architecture for cost-ef fective 
systems . 

The trend toward phased ar rays also leads to a compos ite analog/ 
digital module , where the individual transmi tter and rece iver PETs are 
controlled by dig ital log ic . Si nce a large number of such modules will 
be requi red even for relat ively low power systems , a u . s .  production 
capabi l i ty for h igh-quality GaAs components is c lear ly essential . 

Finally , arrays of GaAs/GaAlAs laser diodes will probably replace 
less eff ic ient and more cumber some laser s .  The threat posed by ag
g ress ive Japanese development plans in all the above areas is  clearly 
ind icated by a recent panel conducted under the Japanese Technology 
Evaluation Prog ram of the u . s .  Depar tment of Commerce and the Nat ional 
Sc ience Foundat ion (Bell , 1985) . 
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INDUSTRIAL MODBRHIZATION AND PRBPARBDNBSS 

GENERAL PROGRAMS TO SUPPORT PEACETIME PRODUCTION 

Var ious prog rams have been proposed or adopted to support peacet ime 
production of essent ial commod i t ies , inc lud ing electronic components . 
These are Title I I I  of the Defense Product ion Act ,  the Manufactur ing 
Technology Prog ram ,  the Industr ial Mode rni zation Incent ives Prog ram,  
and the Department of Defense ' s  (DOD) Product ion Surge Init iat ive . 

Ti tle I I I  of the Defense Product ion Act 

Creating or expand ing domest ic product ion provides g reater flexibi l i ty 
than alternatives such as stoc kpiling in most cases . I t  also reduces 
stockpile goals by dec reas ing u . s .  dependence on fore ign imports , 
increases the g ross nat ional produc t ,  provides employment , and helps 
reduce our balance of payments . 

I f  domest ic capabil i t ies are to inc rease , the industr ial communi ty 
must be convinced that profits and mar kets will  follow from investments 
in new or expanded capabi l i t ies . To encour age thi s  expans ion , incen
tives are needed . In industr ies where capi tal formation is not d if
f icult and marg inal inve stments may be min imal and short term, tax 
incentives may be suffic ient . However ,  i ndustr ies that requ ire large 
initial investment and are sens itive to mar ket r isks wi l l  general ly 
requ ire add itional encouragement . 

Title I I I  of the Defense Product ion Act of 1957 provides long-term, 
cost-effective incentives to encourage domestic production . DOD claims 
that dur ing the Korean War about $ 8 . 4  bill ion of industr ial fac i l it ies 
were established with a government outlay of less than $900  mill ion . 

In its attempts to secure appropr iations for Ti tle I I I  proj ects , DOD 
supported the Fede ral Emergency Management Agency ( FEMA )  f rom 1976 
unti l  198 2 ,  and the Federal Preparedness Agency unt i l  1978 . Pr ior to 
1979 , more than 30  proposals had been developed that addressed a 
var iety of industr i al base problems .  FEMA ,  however ,  was unsuccessful 
in obtaining approval from the Office of Management and Budget (OMB) 
for any projects ; therefore , no appropr iat ion requests were submitted 
to Congress for Title I I I  fund ing .  
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Sec retary o f  Defense Caspar Weinberger , with PEMA concur rence , 
proposed leg islat ion to OMB in May 1982 that wou ld al low T itle I I I  
programs to be funded within the DOD budget . An ag reement was reached 
with OMB i n  December 1982  that established Ti tle I I I  prog ram levels of 
$50  million (FY 1982 ) , $ 2 0 0  m i l l ion (FY 1983 ) , $ 3 0 0  million ( FY 1984 ) , 
and $500 mill ion ( FY 1985  and FY 1986  each) . These appropr iat ion 
levels have since been revised to $ 2 5  million (FY 198 5 ) , $7 5 mill ion 
( FY 1986) , $ 3 0 0  mill ion ( FY 1987) , and $500  mill ion (FY 1988 and FY 
1989 each) . The reduction was to allow time to demonstrate the 
pos it ive use of Ti tle I I I  through one or more small proj ects and to 
show Cong ress the costs and benef i ts of the prog ram .  

Title I I I  i s  not the complete solution to our ongoing dependency on 
�r ted products . But cor rectly used and admini stered , it can provide 
incent ives for domest ic product ion and decrease the mil itary ' s  vu l
nerability to the threat of supply i nterruption . 

Manufactur ing Technology Prog ram 

On May 24 ,  198 5 ,  DOD launched its manufactur ing technology prog ram .  
The program relies on pr ivate sector investments and the free mar ket to 
provide the manufactur ing technology necessary to produce DOD mate
r ie l .  The prog ram seeks to improve the produc t ivity and respons iveness 
of defense industr ies . DOD funds will be used only when qual i f ied 
segments of industry e i ther cannot or will not commit pr ivate funds to 
establi sh manufactur i ng  technology for which they do not see a mar ket .  
Thus , DOD fund ing would help ensure that manufactur ing technology would 
be ava i lable opportunely in support of DOD ' s  special requ irements . 

Fur ther , the manufactur i ng  technology prog ram a ims to accompl ish the 
following : 

• Aid in the economical and t imely product ion of weapons systems 
and components 

• Ensure that advanced manufactur i ng processes , techniques ,  and 
equipment are ava i lable for reduc ing DOD mate r iel acqu isition , 
maintenance,  and repa i r  costs 

• Advance manufactur i ng technology cont inually to br idge the gap 
f rom R&D to full-scale production 

• Promote capital investment and industr ial innovat ion in new 
plants and equipment by reduc ing the cost and r isk of applying 
new or improved manufactur i ng technology 

• Ensure that manufactur ing technolog ies used to produce DOD 
mater iel are cons i stent with safety and envi ronmental 
conside rations and energy conservat ion obj ect ives 

• Disseminate results throughout the defense indust r ies . 

In carrying out the manufactur ing technology prog ram ,  DOD created a 
computer data center called the Manufactur ing Technology Prog ram 
Information System . I t  contains informat ion on all planned , active , 
and completed program inve stments .  
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DOD recently established the Manufactur ing Technology Information 
Analysis Center to collect , analyze , and dissemi nate information on the 
prog ram. A data base will  contain informat ion on manufacturing tech
nology projec ts sponsored by the Army ,  Navy , Air Force , and Defense 
Log istics Agency . 

DOD also sponsor s a Manufacturing Technology Advis ing Group (MTAG) . 
Six technical subcommi ttees provide expert technical advice on the 
prog ram and its initiatives . MTAG provides a technical focus for the 
military depar tments and defense contractors by reviewing proposed 
investments and by holding meetings to discuss issues . 

Industr ial Modernization Incent ives Prog ram 

The industr ial modernization incent ives program assumes signif icant 
oppor tunities ex ist to modernize manufactur ing processes for defense 
product ion . Although there are many good examples of advanced 
manufactu r i ng technology uses , much of the manufactur ing done on 
defense prog rams is labor -intens ive and uses outdated and inef f ic ient 
equipment .  Ba tch production methods a r e  used extens ive ly in which 
quantities may be small ,  del iver ies spread over a per iod of time , and 
eng ineering changes frequent . 

Therefore ,  recent technology advances pointing to major manu
factur ing improvements are par ticular ly suited to DOD needs . In par 
ticular , flexible manufactur ing systems appear to of fer the g reatest 
promi se . For example , computer control and i nteg ration of machines , 
wor k stat ions , transfer mechanisms , and tool ing can make poss ible the 
production of a wide var iety of produc ts in small numbers . 

Two problems have been cited most frequently as inhibit ing moderni
zation and prog ress in the defense production area : prog ram uncer
tainties and a prof i t  calculation policy that ,  in most acqu isition 
c ircumstances ,  is based on unit  cos t .  Uncer tainty means r isks are 
introduced that hinder investment amor tizat ion and inhibi t long-term 
planning . DOD ' s  cost-based profit  policy means that a contrac tor may 
actually see future prof i ts reduced as a result of effor ts to improve 
productivity and reduce costs . DOD ' s des ire to obta in  the lowest 
poss ible pr ice therefore of ten results in negotiat ing away the 
long-term bene f i ts a contractor may see f rom modern ization , leav ing 
only the r isks . 

The industr ial moderni zation incent ives prog ram is  a response to 
these challenges .  I t  i s  targeted at foster ing increased capital 
investment and moder ni zat ion . It relies on incent ives such as shared 
saving s  rewards , contractor investment protection ,  and award fees to 
encourage contractor s to i nvest in modern plants and equipment .  DOD 
must see the prospect of reduced acqu isition costs as a resu lt of any 
bus iness ar rangement negotiated under the prog ram. Assoc iated benefits 
may result in areas such as quality , reliabi lity ,  or the industrial 
base , and should be highl ighted in proposals . 
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DOD has already begun discuss ions , factory stud ies , f ramewor k 
ag reement negot iat ions , and actual proj ects under the prog ram.  General 
Dynamics ( P-16)  and Westinghouse (multi-prog ram) have rece ived the 
lion ' s  share of the publ ic ity in terms of concept appl icat ions . How
eve r , a large number of contractors are seen to be involved when sub
contractor and vendor s are cons idered , for example , more than 100  
contractor s are est imated to be involved in the prog ram ,  many as 
subcontractor s .  

A •strawman• pol icy documentation package (DOD PAR Supplement 
coverage , a DOD d irective and gu ide ) suppor ting the prog ram was 
recently c i rculated . DOD plans to place the pol icy documentat ion in 
the formal coord ination cycle , terminate the test phase , and move to 
the implementation phase in the near future . 

DOD Product ion Surge I n i t iat ive 

A •production surge • prog ram wou ld permit the rapid inc rease in 
sustained production of impor tant military systems , for example ,  
doubl ing peacetime rates in time of urgent need . Because of peacetime 
fiscal limits , the prog ram will  include only those consumables and 
components deemed most c r itical by the Joint Chiefs of Staff  and the 
Acmed Services via a time-phased , selective approach.  The concept 
requi res that surge targets be achieved within  six months and then 
susta ined indef in ite ly us ing ex isting fac i l it ies . 

The prog ram a ims to achieve min imal net cost to DOD over the pro
duction life of the surge i tem , with the eventual consumption of all 
those long-lead component pu rchases that wou ld have been made in the 
f i nal year s of normal production .  It also seeks high payoff f rom 
invested funds in terms of a signif icant product ion capabi l i ty increase 
added per dollar spent , flex ibility of DOD options for item li fe-cycle 
suppor t ,  and minimum r i sk of technolog ical obsolescence of components , 
considered to be car r ied in the surge • roll ing inventory • on a f i r st- in , 
f i rst-out bas i s . 

The f i rst DOD surge i tem funded by Cong ress was the TOW 2 miss ile in 
PY 1985  with an investment of $ 16 . 2  million .  Th is initiat ive wou ld 
prov ide a capabi lity to increase produc t ion by 7 0 0  miss i les per month 
within six months of any c r i s i s  and to susta in th is level indefinitely .  
A follow-on investment of $ 2 0  mill ion has been requested i n  the PY 198 6 
budget to add a monthly capability of 800  add itional missi les for a 
max imum surge increase of 1 , 500 miss i les above the 1 , 000  programmed 
peacetime produc tion rate . 

Other PY 19 86  surge proj ects include $29 . 1  mill ion to double the 
production of the SSQ- 5 38 and 77A sonobuoys in three months , $9 . 5  
mill ion to i nc rease Spar row miss i le production by 30 , $ 8  million to 
increase S idewinde r miss i le production by 6 0  within six  months , and a 
fir st-stage $ 5-mill ion investment ( toward a total $68 mill ion) for 
advanc ing a capability to double production output of the combined 
ef fects munition (CBU-87 ) within  s ix months . 
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SPECIFIC ELECTRONIC COMPONENTS PROGRAMS 

There are a very l imited number of init iat ives related d i rec tly to 
e lectronic components . Some related bas ic research and exploratory 
development programs , however ,  are suppor ted , as are the s i l icon-based 
Very High Speed Integ rated Circuit (VHS IC) , the new MIMIC (GaAs ) 
prog rams , and those few prog rams involving a selected number of other 
spec ial ized components . Despi te the promise of these spec i f ic efforts , 
a ser ious gap in  preparedness could ar ise i f  more resources are not 
devoted to electronic components . 

Re lated Research Suppor t 

Some component research is  funded by the three services . However ,  thi s  
research tends to emphas ize bas ic e lectronic phenomena that could 
eventually provide the bas is  for an elec tronic component , rather than 
component research per se . Each service has an electronic devices 
prog ram that provides the pr imary cont inuous source of fund ing ex
pl ic i tly directed toward electronic components . Each service tends to 
provide $20  to $ 30 million for such research . 

Thi s  fund ing i s  used to develop components in three general 
categor ies : low-power devices , microwave and mill imeter wave devices , 
and electroopt ic dev ices . A spec ial advi sory group , called the 
Advisory Group on Electronic Devices , reviews all proposed proj ec ts .  

VHS IC 

Over the years , there have been some small advanced development effor ts 
in components , but none on a susta ined bas i s  until the VHSIC program 
changed over in 1983  f rom exploratory development to advanced develop
ment . Thus , the VHS IC program represents a major departure f rom the 
components development strategy followed dur ing the 1 960s  and 1970s . 

The need for the VHS IC prog r am  arose f rom the perceived prog ress of 
the Soviet Union in  the use of s i l icon integ rated c i rcui ts in the i r  
mil i tary systems . It  is  a l so  c lear that the large and visible effort 
of the Japanese in very large scale integ ration (VLSI) heightened DOD ' s  
awareness of the importance of high-speed integrated c i rcuits . The 
VHS IC program was or ig inally planned as a $ 3 0 0  million prog ram 1 with 
y ield enhancement and systems insert ion being added , the cost to 
completion i s  now put at near ly $1 billion . 

Laissez Fa ire Pol ic ies and Defense Needs 

Because electron ics technology , with few exceptions , is driven by 
commercial mar kets , DOD has sought to avoid investment in electronics 
technology except where par t icular mi l i tary uses war ranted spec ial 
development . As a result ,  most of the prog rams or iented toward 
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preparedness were not appl ied to electronic components . It  shou ld be 
noted that VBSIC technology--and the fledgling mic rowave monol ithic 
integ rated circuits effor t--are exceptions in that a manufactur ing 
technology prog ram is  being funded to improve components . Other 
exceptions include components such as traveling wave tubes and 
rad iation hardened components , where the pr imary appl ication is  in 
mil itary equipments .  

Common electronic components , such as resistor s ,  capac i tor s ,  
swi tches , s il icon memory , and logic chips , largely escape attention 
from the point of view of preparedness , even though a large pe rcentage 
i nvolve foreign manufacture . It  is the very pervas iveness of these 
components in military systems that could cause repleni shment problems 
i n  time of war i f  supply l ines are cut off and there is no stockpile 
and little manufactur ing capabi lity in the Un ited States . 

A plan is clearly needed , but apparently does not ex ist , to 
establish methods to obta in components of the class desc r ibed above in 
time of war . 
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CURRBRT PIOCURBMBRT POLICIBS ARD PRACTICBS 

FOUR KEY POINTS 

Four points relate to cur rent Department of Defense ( DOD) --and overall 
u . s . --procurement polic ies and practices and are c r i t ical in evaluat ing 
any future initiat ives that might be taken to reduce the u . s .  mili
tary ' s  dependence on foreign services for elec tronic components . They 
are : 

1 .  Overal l ,  the re is  l i ttle DOD or u . s .  gover nment pol icy at the 
component leve l .  Procurement pol icies that deal  with cost 

factor s  are focused at the weapons systems level . For example , 
the •suy Amer ican Act• spec i f ically appl ies only to end products 
and does not cons ider i nd ividua l subsystems and components . 

2 .  Some pol ic ie s ,  pr imar i ly a t  the weapons systems leve l ,  pull 
against one anothe r by s imultaneously encourag ing DOD buyer s  to 
increase and reduce foreign dependency . This ambigu ity ,  both 
for policy and procurement , al lows arbi trary and often 
contrad ictory dec is ions to be made by each ind ividual playe r . 

3 .  There i s  l ittle or no •visibil ity •  in the form of ava ilable hard 
data on foreign dependency at the component level in u . s .  
weapons systems today . Thi s  has been demonstrated by a number 
of DOD and independent stud ies over the last few years . 
Fur the r , there are no spec i f ic actions now under way to g a in 
such v i s ibi lity other than those made ad hoc .  

4 .  There i s  currently no DOD or u . s .  gover nment organizat ional 
respons ibility ,  in e i ther the policy or procurement arena , for 
address ing the overall issue of g rowing dependency on foreig n  
components for weapons systems . Thus , adverse trends are l ikely 
to cont inue in the absence of a spec i f ic institut ional change . 

THE FORBIGN-DOMBSTIC DICHOTOMY IN CURRENT POLICIES 

Pol ic ies Encourag ing Self-Suf f ic iency 

To under stand better the cur rent ambiguity in u . s .  policy with regard 
to foreign dependency , cons ider two sets of essent ially d i f ferent ( and 
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yet concur rent) pol ic ies that now exist.  These polic ies are admin
i stered by a wide var iety of segments in DOD and the rest of the 
federal gover nment . The fi rs t  encourages u . s .  self-sufficiency . 

By expl ic it leg i slat ion , and the cor respond ing federal regulat ions , 
R&D on weapons systems i s  limi ted to u . s .  sources only (DOD FAR Supple
ment 2 5 . 7007 J based on Sect ion 7 44 of the Defense Appropr iat ions Act 
for FY 197 3 ) . 

On ve ry selected projects , such as the Very High Speed Integrated 
C i rcui t  (VHS IC) prog ram , DOD has expl ic itly excluded foreign par t ic i
pation . The reasons g iven vary from economic to strateg ic cons i
de rations . 

DOD has expl ic i t  and impl ic i t  procedures throughout its product ion 
and mobi l i zation planning that address fore ign dependency . For ex
ample , one Army regu lat ion ( 7 0-67 ) calls for an overal l strategy for 
acqui r i ng weapons systems . Under th is regu lation , the production r is k s  
a r e  ident � fied a t  each acqu i s i t ion dec is ion point a nd  r i s k-eliminat ing 
actions are evaluated . Among the cons iderations are plans to ensure a 
second source to support ef f ic ient manufactur ing and to provide for any 
requ i r ed • surge • capac ity .  The proj ec t  manager is  respons ible for 
continual evaluating the reduct ion of product ion r i sks and for col
lecting suff ic ient data to conduc t  the evaluation .  

Yet another Army regu lat ion ( 7 0-72 )  spec i f ically presc r ibes the 
policies and responsibi li ties for production management . Th is  regu
lat ion calls for integ rating planning for industr ial preparedness with 
that for production . Proj ect managers are requi red to cons ider the 
effect that choosing foreign-made equipment or components will have on 
industr ial prepa redness . 

By requ i r ing spec ial spec if ications for electronic components 
instead of using commercial ones , DOD has been able to indi rec tly 
control the source of components . Mi l i tary spec if icat ions tend to 
result in  far more expens ive components and thus make it relat ive ly 
unattractive for foreign manufacturer s to produce them for commerc ial 
use . However ,  a recent sh ift  allows I reland , Au str i a ,  and Canada to be 
treated as u . s . -qua l i f ied sources . 

The •suy Amer ican Act •  of 1 9 3 3  is  intended to exclude the 
procurement of weapons systems f rom fore ign sources . The or ig inal 
objective was to protect Amer ican wor kers , industry , and capi tal , 
although strateg ic cons iderat ions have always been impor tant . This 
law, qu i te encompassing at the pr ime contractor level , does not apply 
spec if ical ly to subsystems and components , as long as more than 50 
percent of the total system costs are domestic . Thu s ,  while the ac t 
tends to d i scourage foreign procurements ,  i t  does not exclude them in 
pr imar ily domest ically produced systems . 

The Buy Amer ican Act can be wa ived through a bilateral memor andum of 
understand ing between the Uni ted States and other countr ies , as 
author i zed by the Culve r-Nunn Amendment to the Defense Appropr iat ion 
Act of 197 7 .  Yet ,  there are prov i s ions that promote self-suffic iency 
by not allowing thi s  wa ive r i f  it could af fect u . s .  mobi l ization . They 
requ ire that mobi l izat ion and the need for a strong domest ic industr ial 
base be cons idered in evaluat ing opportuni ties for inter nat ional com
pet ition .  
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Pr ior to init iating production , DOD requ ires that a deta i led eval
uation be made of a prog ram ' s •produc t ion read iness . •  A manufactur ing 
strategy is supposed to be deve loped as a part of the prog ram acqu i
s i tion strategy that will address dependenc ies on c r it ical fore ign 
source mater i als . 

In addi tion ,  the production read iness review also requ i res that the 
prog ram office cons ider postproduc tion suppor t .  This also encourages 
cons ideration of the issue of self-suffic iency . Spec if ically , pro
duction planning must be done to meet mate r ial requ i rements for the 
postproduction pe r iod .  

Perhaps one o f  the g reatest incent ives to se lf-suf f ic iency i s  the 
cont inual effor t made by i ndividual cong ressmen to protect u . s .  

suppl ier s  in the i r  par t icular d istr icts . Thus , spec ial i tems are 
cont inually being added as r ider s  to the defense appropr iations bill  
that requ i re purchase of  i tems in the United States . (A  frequent 
example is the inser tion of the • spec ialty metals clause • requ i r ing 
that all • spec ialty metals•  be melted in the Uni ted States , even if the 
item using the metal is made overseas . )  Whi le always a cons ideration , 
the tendency to use such spec ial except ions f requently inc reases dur ing 
per iods of economic hard times or defense cutbacks . 

Policies Foster ing Foreign Dependence 

In contrast to polic ies emphasizing self-suffic iency , othe r pol ic ies 
and pract ices have the effect of encourag ing fore ign dependency , 
espec ially at the component or subsystem levels . The latter pol icies 
are g rowing in number , a result of the reciproc i ty requ ired for fore ign 
sales of u . s .  military equipment , attempts at g reater economy in 
weapons research and acqu i s i t ion , and attempts to encourage all ied 
cooperation . 

Since the mid-1970s the Un ited States has sold many of its weapons 
systems abroad through the foreign mi l i tary sales prog ram. Averag ing 
around $1 5  bill ion a year , these sales are f requently made in a com
peti tive marketplace and thus have to be made attrac t ive to fore ign 
buyer s .  

The most common technique for doing thi s  i s  to reach •of fset 
ag reements• wherein the fore ign purchase r w i ll buy a weapons system 
from the Uni ted States a and the United States ( e i ther the country or 
the company involved) will purchase a s ign i f icant share of the total 
sales value in other goods from the fore ign country . ( In recent year s ,  
the percent has often exceeded the weapons system sales value . )  The 
most common ar rangement in these offset ag reements is for the foreign 
purchaser to buy the weapons system and for u . s .  fi rms to ass ist with 
purchases in the foreign country , par t icular ly of subsystems and 
components . 

Thus,  for example , Raytheon Company ( U. S . ) and Fokker ( Netherlands) 
s igned a basic purchas ing ag reement in January , 198 5 .  Raytheon ag reed 
to buy $65  mill ion wor th of electronic equ ipment in the Nether lands for 
the Patr iot ant iaircraft missile dur ing the subsequent 4 years and then 
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an addit ional $50 mill ion of log istical services over the next 11 years 
(Ae rospace Da ily , 1985 ) . Whi le such offset ag reements obviously have a 
growing effect on fore ign dependency , especially at the com- ponents 
leve l ,  sales of u . s .  foreign mi litary equ ipment does he lp the u . s .  

economy and nat ional secur i ty .  Thus , such ag reements have been 
encouraged in recent years .  Offset ag reements are now in effec t  wi th 
Austral ia , Be lg ium,  Denmar k ,  the Ne therlands , Norway , Switzer land , and • 

Israel , and nume rous add i tional offset ag reements exist on a company-to
company bas i s .  

I n  recognit ion o f  and to encourage our al lies to contr ibute to a 
joint defense , the United States seeks to cooperate with them in 
developing and purchasing weapons systems . Spec if ical ly ,  DOD 
encourages the highest practicable deg ree of standard ization and 
interope rabi lity of equ ipment and duplicat ion of effor t .  Thus , DOD 
seeks to select components and subsystems designed and bu i lt overseas . 
These polic ies requi re weapons planners to ensur e that sources , in 
Nor th Atlantic Treaty Organ ization ( NATO) countr ies with whom the 
United States has signed memoranda of under stand ing , have an op
por tunity to compete wi th u . s .  sources for DOD bus iness . 

Even stronger language is  contained in policies issued by DOD ' s 
Off ice of I nternational Secur ity Affa i r s ,  which spec i f ically encourages 
the maintenance of a •NATO industr ial base . • DOD Di rect ive 2010 . 6  
( Standard ization and Interoperabi lity of Weapons Systems and Equ ipment 
within the NATO states : 

• The Depar tment of Defense shall init iate and car ry out methods 
of cooperation with i ts allies in defense equipment acqu isition 
to improve NATO ' s mi l i tary ef fect iveness and to provide equ itable 
economic and industr ial oppor tuni ties for all  par t ic ipants . 

• The United States shal l pur sue • • •  establ ishment of general and 
reciprocal procurement memoranda of understand ing with NATO 
member nat ions . These are intended to encourage bi lateral arms 
cooperat ion and establ ish regular review of armaments prog rams 
and trade and to make effic ient use of alliance resources through 
expanded competition .  Wa iver of •suy Nationa l•  restr ictions 
should be sought and appl ied whe rever poss ible to support this 
obj ective .  

• Foreign par t ic ipat ion a s  subcontractor s to u . s .  pr ime contractor s 
shall be encouraged , as well as u . s .  industry per forming as 
subcontractor s to NATO pr ime contractor s .  

• Teaming , l icensing , or subcontracting ar rangements between f i rms 
of two or more NATO nat ions are des i rable and encouraged . Such 
ar rangements may be ente red into pr ior to or after a contract  is 
awarded . 

• I n  R&D projects that may have appl ication for two or more NATO 
nations , the acqu isition strategy shall encourage NATO i ndustr ial 
partic ipation at the ear l iest poss ible t ime .  One poss ible 
strategy is  to establ i sh NATO industr ial par t ic ipation in the 
Request for Proposal (RFP) as a pr imary source se lect ion factor 
to be considered in the evaluation of proposals ,  together with 
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technical , schedule , cost , and management elements . In other 
c i rcumstances ,  it  may be appropriate to obta in an option for the 
government to require the pr ime contractor ( and subcontractors )  
to license contrac tors of part icipating countr ies at a later date 
to manufactur e the system or components thereof and , in conj unc
tion wi th such l icense to provide the data , user r ights , know-how , 
and other technical assistance that may be necessary to establish 
a viable second production source . 

• DOD components (mi l i tary services)  shall • • •  af ford NATO con
trac tor s from countr ies with whom we have general and rec iprocal 
memorandum of ag reement the oppor tuni ty to compete for DOD pro
curements . 

These polic ies have been encourag ed and of ten requ i red by 
cong ress ional concern with full economic and secur ity cooperation with 
our NATO all ies .  For example , the Culver-Nunn Amendment to the Defense 
Appropr iations Act of 1977  requ i res a spec i f ic repor t from the DOD to 
Cong ress each year on the amount of NATO coope ration . 

To encourage and make eas ier the u . s .  purchases of fore ign items 
( and vice ver sa) , memoranda of under stand ing have been s igned between 
the u . s .  and many of its allies . These memoranda are deta iled in 
Append ix T of the FAR Supplement . They seek to foster : 

• Greater cooperat ion in research , deve lopment , acqu isition ,  and 
production 

• The most rational use of respect ive industr ial , economic , and 
technolog ical resources 

• The greatest attainable mil itary capabi l i ty at the lowest 
possible cost 

• Greater standardization and interoperabi l ity of the i r  weapons 
systems . 

Thus , DOD policy seeks to ensure that companies from par t ic ipat ing 
countr ies are provided every opportunity to compete on a fai r  and equal 
bas is with u . s .  companies for R&D and product ion contracts . In thi s  
reg ard , all components from par t ic ipating countr ies are treated a s  
components mined , produced , o r  manufactured in the Uni ted States when 
determining whe ther the end result is a domestic product .  Further , 
pr ime contracts are not to preclude par t ic ipat ing country sources from 
competing for subcontrac ts ,  except when restr icted by national security 
or mobi l izat ion cons iderations . 

As noted above , the fact that the Buy Amer ican Act itself makes no 
reference to subsystems and components in essence encourages fore ign 
purchases at the lower t ier s .  Howeve r ,  this  is fur ther encouraged by 
the desi re to obtain the maximum per formance at the lowest cost , 
r egardless of source . 

Cong ress has also sought to increase the amount of competition that 
takes place on defense contrac ts as a means of reduc ing cost and 
fraud .  The Competition i n  Contracting Act of 1985  expl ic i tly requ i res 
• full and open competition . • It  even requ i res each se rvice to have 
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•competition advocates , •  whose job it  is  to stimulate competition .  
Qualif ied fore ign manufacturers will be encouraged to bid for defense 
bus iness and , if they are the low bidder ,  they are more l i ke ly to be 
awarded contracts in the futur e under this new reg ime . 

Because developing and produc ing new weapons systems is  very 
costly , there is a growing tendency toward more joint ventures and 
•coproduction . • u.s. f i rms are combining with more foreign f i rms 
(European , and in the future ,  Japanese) to jointly develop or produce 

weapons systems . To date , such joint ventures have pr imar ily resu lted 
in most of the effor t at the pr ime contractor level being in the Uni ted 
States and more at the lower tiers be ing done by fore ign sources , as 
the offset ag reements have tended in this  d irect ion . I t  was not within 
the charter of this committee to assess the value of these provis ions 
to national secur i ty .  Rather , we note that the benef its of g reate r 
economy and cooperation among the Western all ies must be balanced 
aga i nst concerns ar i s ing f rom g reater dependence on offshore sources . 
Indeed , there i s  g rowing recognition of the impl ications of these joint 
ventures and offset ag reements ,  but as  one high- leve l defense of f ic ial 
stated in July 1 98 5 : •The benefits of these ag reements make add itional 
weapons sales poss ible and fulf i ll a l liance and fore ign pol icy 
objectives , which outwe ighs the major negative ef fect  of poss ible loss 
of domest ic subcontracting •  (Aerospace Da ily , July 29 , 198 5) . 

There has recently been a move within DOD to allow nondomestic 
manufacture of Joint Army-Navy (JAN) components (DOD ,  1985) , as a 
fur ther move toward encourag ing inte rnational standards and joint 
production of weapons systems . Thi s ,  of cou r se ,  will encourage g reater 
use of foreign electronic components . 

LACK OF VIS IBILITY : THE HIDDEN COMPONENTS PROBLEM 

As desc r ibed above , two sets of DOD and national pol ic ies are at wor k :  
the f i r st encourag i ng self-suf f ic iency ( for nat ional secur i ty and 
domestic economic r easons)  and the second ac tually encourag ing fore ign 
procurement , espec ial ly at the lower tiers ( for reasons of both 
economic and strateg ic cons iderations) . 

These policies  complement industry ' s  shi ft ing to more over seas 
production to meet commercial competition .  Whi le the commerc ial aspec t 
appl ie s  more to • standard i tems • than to very spec ial ized mi l i tary 
ones ,  produced in very small quant it ies it increases u . s .  dependency on 
fore ig n  electronic components . It also makes the defense mar ke t less 
attractive because of the items small quantit ies , highly special ized 
natur e , max imum per formance requ irements , and long log ist ics support 
time . Many u . s .  manufac ture rs have stopped mak ing devices rather than 
maintain an unprof itable process l ine . 

Perhaps most signif icantly , there has been l i ttle visibil ity for 
this  g rowing phenomenon . And th is visibility is unl ike ly to improve in 
the future unless inst i tutional changes are made .  
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Given DOD ' s  emphas i s  on data collect ion and documentat ion , the ab
sence of v isibility may come as a surpr i se .  However ,  a review of the 
report ing requirements ind icates why this  is so. Procurement of ficer s  
a r e  requi red to prepare a form for contrac ts exceed ing $ 2 5 , 000  that 
requ i res informat ion on whether the contractor i s  a fore ign concern  or 
a domest ic f irm per forming wor k outs ide the Uni ted States . Addition
ally , pr ime contractor s with contracts exceeding $500 , 0 00  and f i rst-t ier 
subcontractor s with contrac ts exceeding $100 , 000  are requ i red to repor t 
all foreign-source purchases valued at more than $10 , 00 0 .  

Thi s  information i s  submi tted only for DOD pr ime contrac ts and f i r st
tier subcontracts . Weapons systems pr ime contractor s are seldom 
fore ign manufacturers . Fur thermore , second-t ier contrac tors are 
generally not components suppl ie r s  and obtain par ts from many sources .  
Compl icating thi s  s ituation further i s  the fact that the relevant 
information is nei ther kept in a nat ional central data base nor is it  
uniformly sub- mitted for all systems . The General Account ing Off ice 
reported in December 1984 on the cur rent inadequac ies of the repor ting 
system and of DOD ' s effor ts to improve i ts operation .  But even i f  the 
informat ion wer e  available and well maintained , i ts usefulness and 
depth would be questionable because most of the foreign sourc ing occur s 
below the thi rd tier of contracting . 

An independent look , taken spec if ical ly for this  study , found that 
the overwhelming major ity of fore ign elec tronic components procured by 
u . s .  defense contractor s--ones that were or ig inally made over seas--were 
actually bought from u . s .  suppliers ( sales d i str ibutors ,  wholesaler s ,  
or u . s .  outlets of fore ign f i rms ) . Thus , even accurate recordkeeping 
with the current reporting requ i rements would not show how many com
ponents actually came f rom fore ign countr ies . To do that , the or ig inal 
country of or ig in would have to be indicated and the repor ts would have 
to go down to the component level for the data to be generated. Then , 
the data would have to be aggregated in some way . Obviously ,  one need 
not gather all component data in this  manner , but only those for 
• c r itical• weapons systems and components . 
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OPliORS lOR VULNBRABLB CRITICAL CDIPORD'l'S 

In considering ways to reduce or manage the numbe r of fore ign com
ponents , two broad cons iderat ions immed iately came to mind . Fi rat , 
there are both long- and short-term actions . Changes such as new R&D 
prog rams to reduce the vulnerabi l i ty are clear ly long term , whi le 
creating a one-year stockpile of c r i t ical components is  shor t term . 
Both , however ,  require immediate fund ing i f  they are to have any impact .  

Second , whi le very real , vulnerabi lity appears relat ively limited . 
The number of product items involved is manageable , but growing . Thus , 
any cor rective action should be one in which the act ions are • by excep
tion• rather than universally appl ied so that they bog down the full  
defense procurement system. 

Given these two caveats , there are three pr inc ipal character istics 
that any set of corrective actions should have : 

1 . The solution should be tai lored to each i nd iv idual product 
category . Different solutions may be needed for dif ferent 
problema , perhaps a new R&D program in one area , with a 
stockpiling program in another .  Solutions des igned to be 
universal are likely to be both ineff icient and inef fect ive . 

2 . Vis ibility is going to be requ i red i f  any correct ive actions are 
to be taken ef fectively . Thus , the re shou ld be some form of a 
selective information management system that cuts ac ross weapons 
systems and agg regates informat ion at the component leve l .  

3 .  Some organization ( &) should be g i ven the respons ibility for both 
visibil ity and taking cor rect ive actions .  

With in these broad guidelines exi st a wide var iety of options to be 
used (either alone or in combinat ion) that one might se lect for in
dividual products . These options fit  into two broad categor ies : 
spec if ic act ions for ind ividual prog rams and broader policy and 
institutional changes to address the dependency issue . Examples of 
these two categor ies follow : 

Category I--Broader Produc t/Policy/Inst itut ional Actions 

• Targeted Depar tment of Defense (DOD) investments 
• Spec i f ic procurement and/or acqu i s i t ion policy changes 
• Establ ishment of visibility and respons ibi lity 
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Category I I--Spec i f ic Program Act ions 

• Stockpi ling of vulnerable components for c r i t ical weapons systems 
• Creating onshore capac i ty 
• Planning for subst i tution 
• Redesign of systems to eliminate dependency 

STOCKPILING 

In stockpi l ing , one need only stockpile those components that are 
deemed c r i t ical.  Many i tems are standard 1 for others , substi tutes are 
read i ly ava i lable 1 and for some , the i r  loss would not affect the 
nation ' s  secur i ty .  One of three approaches could be taken to the 
stockpil ing of c r i tical parts : rolling inventory , surge capabi l ity , 
and l ife-of-buy procurement . 

All these are fami l iar alternat ives . The i r  pr inc ipal d isadvantages 
are the capital  investment and the r isk  of obsolescence should the 
components change dur ing the life of the product.  Nonethe less , the 
costs are relatively sma l l ,  since the dollars involved in a few 
components of a major weapons system are typically a very small but 
unknown percentage of the total costs . Further , account ing for the 
r i sk of obsolescence represents an even smal ler pe rcentage . Thus , 
buy ing par ts might lower the unit cost of high-volume , one-time 
procurements . 

The rolling inventory approach might be used to buy e ithe r one year ' s  
or 18 months ' worth of c r i t ical components in advance . Obviously ,  th is 
requires knowing which i tems to purchase . Whi le the ini tial purchases 
would essent ially double the order , f rom that point on the system wou ld 
wor k normally ,  always order ing one year in advance . This ar rangement 
would have • full funding , •  which would have to be waived through 
notif ication to Cong ress of the proposed act ion or through a 
leg i slative amendment that would allow th is to be done on all c r i t ical 
components that can be obta ined only f rom fore ign sources . 

The surge capability approach involves buy ing enough components to 
meet the need for rapid increases in produc t ion shou ld it  be requ i red , 
for example in wartime or per iods of c r i s i s .  It  would mean tak ing the 
same approach as in rolling inventory at g reater levels of procurement , 
depending on the planned surge requi rement . For example ,  to tr iple 
product ion over an 18-month pe r iod ,  DOD would have to order enough 
parts to match this demand and not have any conce rn about the inter
rupt ion of fore ig n  sources . 

The life-of-buy approach goes even further and assures the purchase 
of enough par ts for planned production quant ities and log istics suppor t 
needs . This  raises the total cost as well as the r i s k  of obsoles
cence , but it ensures that any supply interruption can be eas i ly han
dled and may be des irable under certain extreme c ircumstances . The 
potent ial danger is that the product may no longer be made to meet 
inc reased future needs . This  cou ld ser iously affect long-durat ion 
mobilization needs , unless emergency needs can be well planned in 
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advance and components ordered along wi th the peacetime buyout . 
Nonetheless , this  opt ion i s  i n  fact commonly used by the Defense 
Electronics Supply Service for par ts that are going out of production .  
Cong ress has approved funds for buyouts of electronic parts that will  
not be ava i lable in  the future . 

Thus , DOD has the choice of stockpil ing at a var iety of levels 
critical electronic par ts that it  may ant ic ipate be ing unable to obta in 
under potential future economic or strateg ic cond i t ions . 

CREATING ONSHORE CAPACITY 

The United States has often developed new electronic components that 
are later produced by u . s-owned subs id iar ies overseas or by fore ign 
firms .  Thus ,  to counter th i s  trend ,  u . s .  government cou ld subsid ize 
domestic production of c r i t ical components . Thi s  cou ld be done in at 
least four ways : 

1 .  Di rect subs id izat ion of product ion 
2 .  Government production in •arsenals "  
3 .  Government owner ship of industr ial capac ity i n  pr ivate plants 
4 .  Purchase and ma intenance of produc t-un ique produc tion equ ipment 

on a standby bas is . 

Aga in , each of these four approaches has been used in the past . It  
is a question of economics wh ich makes the most sense unde r a 
part icular set of c i rcumstances . The d irect subs id izat ion of produc
tion can , for example , be done s imply by say ing to the f i rm that did 
the research and development : •we will pay you whatever it  costs to 
produce the quantities we need as long as you produce them domest i
cally . • The component cou ld be made solely for DOD or for commercial 
sales as well.  The cost to DOD of direct subsid ization would probably 
vary from component to component . No cost est imates are ava ilable . 

In the second approach the government sets up its own production 
fac i l it ies for selected components . This  would g ive it  either a backup 
or d i rect capabi l i ty to produce those components in the small 
quant ities needed for speci f ic military uses . For example , the Naval 
Ocean Systems Command now produces in i ts own fac i l ities cer ta in 
obsolete semiconductor par ts .  

The thi rd approach for c reat ing domest ic capac ity would have the 
government buyi ng production equ ipment and plac ing it in a contractor ' s  
fac i l ity on a temporary bas i s . The contractor cou ld be selected by 
competitive biddi ng or on the bas is of which f i rm had done the or ig ina l 
R&D wor k .  In thi s  approach , the government owns the equ ipment ,  so i t  
is  f ree to move it from plant to plant shou ld there be a reason for 
doing so . 

Finally ,  the gover nment could c reate a backup ( standby ) opt ion for 
domestic produc tion through purchase of any product-un ique production 
equipment , for example , masks , which would be stored and used only when 
needed . The purchase cou ld be made e i ther by the government or by a 
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u . s .  f i rm purchasing the foreign component.  This approach ( also 
replying on the appropr iate process spec if icat ions and methods sheets ) 
is  used in mobilization planning for many weapons systems that have 
gone out of product ion . 

The problem with thi s  approach is  the volat i l ity of the methodology , 
equipment , processes , and , espec ially ,  the skills requ ired to operate 
the equipment . It  is not uncommon for a production l ine to become 
obsolete in six months ,  and produc tion processes that are years old 
might be d i f f 1cult , if not imposs ible ,  to bring back . Nonetheless , 
where the produc tion process is st ill in use , th is approach may be an 
attractive alter nat ive to mainta ining a domest ic product ion backup 
capabi l ity . 

All four of these approaches are used in a var iety of other defense 
production operations and are therefore clearly poss ible as options for 
selected vulnerable c r i t ical electronic components . 

SUBSTITUTION 

Usua lly by the t ime a mi l i tary produc t  is in product ion , i t  is 
relative ly late to develop alte rnate components to substi tute for 
spec if ic vulnerable ones . Indeed , research on subst i tute components is 
covered below under a longer-term set of cons iderations . However , it 
wou ld clear ly be des irable to do some preliminary planning for selected 
c r itical components such that , if the i r  supply were interrupted or 
threatened for extended pe r iods , subst itute components cou ld be rapidly 
used , even if it meant a slight deg radation in per formance or l i fe of 
the system. 

For example , dur ing peacet ime components need a long she lf l i fe 
because they may go unused for extended per iods . Dur ing war time , 
substitutes with a short she lf l ife could be used since long l ife is no 
longer impor tant . 

Thus , at least three approaches appear attract ive for planning 
considerations : 

1 .  Use of ordi nary commerc ial devices that were not designed to meet 
military spec if ications 

2 . Use of derated devices 
3 .  Rever se eng ineering of foreign components . 

If  plans were made to subst itute eithe r devices that d id not meet 
mil itary spec if ications or those that had been derated , then changes 
cou ld be made relat ively rapidly if necessary . Simi larly , i f  enough 
reverse eng i- nee r i ng were done to come up with an approximately 
equivalent dev ice , then it  too could be subst ituted in  a r elatively 
short per iod of t ime . ( It might be noted , inc identally , that the Air 
Force , at its Sac ramento, Cal ifornia , fac i l i ty , i s  now doing reverse 
eng inee r ing and emulation for some selected electronics components . )  
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Obviously , these approaches take some investment , e i ther for 
planning or for reverse eng inee r ing , and they should undoubtedly be 
carr ied through to at least the test demonstration point . But the cost 
would be relat ively small ,  and they wou ld provide a backup approach 
with some lead time still requ i red for produc ing the alternat ive 
components , espec ially if they are not cur rent ly ava i lable . 

REDES IGN 

It may be highly des irable to actually redes ign some c r i t ical weapon 
systems in the i r  development phase to eliminate those components whose 
only source is an over seas suppl ier  once thi s  informat ion has been 
obta ined . However ,  th is  information is gene rally not ava i lable today . 
Thi s  inc reases the eng ineer ing costs and may well result in the re
des igned item having e i ther reduced per formance or increased production 
costs .  In fact , in most cases thi s  opt ion will be prohibi tive ly costly 
in both time and resources . However ,  in some selected appl ications , it  
may be wor th these i nc reased costs . A less severe form of this ap
proach is to redesign the weapons system and demonstrate the alte rnate , 
but then to shelve i t , so i t  is ava i lable shou ld the fore ign sou rce no 
longer be in the future . No cost estimates are ava i lable for this  
approach .  

TARGETED DEPARTMENT OF DEFENSE INVESTMENT 

Targeted DOD investment i s  somewhat similar to subs id i z ing u . s .  compa
nies to produce selected components in thi s  country . However ,  i t  deals 
more broadly with gener ic capabil ity .  Here , the government would make 
s ignif icant investments ,  e i the r in R&D or manufactur ing where u . s .  

electron ics f i rms have not found i t  economic to make such investments . 
For example , DOD has already invested mill ions of dollars in deve l

oping Very High Speed Integ rated Ci rcu i ts (VHSIC) . It was clear that 
there was not a suf fic iently large and ear ly commercial mar ket and that 
the investment requ i rements were very high . Yet , there was a very real 
defense need and the u . s .  government had to act or the f ie ld e ithe r 
would not have been sponsored or would have been taken over by the 
Japanese . 

Thus , the gover nment made a signif icant investment both in the com
ponents themselves and in as R&D in the manufactur ing process . In this 
case , DOD chose to l imi t  the bidders to domest ic sources to c reate a 
un ique u . s .  capability in VHSIC . However ,  even after the R&D has 
proved successful , u . s .  f i rms may st ill not be able to economically 
compete . Production of some c r i tical components might st ill end up in 
other countr ies . Thus , the government might need to invest in 
manufacturing equ ipment where it  is not economically advantageous for 
u . s .  f i rms to i nvest because of the low volume of product ion or the 
lack of a commercial mar ket . 
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This repor t ident i f ied a few c r i t ical areas in which the Uni ted 
States cur rently lags far behind or l ikely will lag behind in the 
future . Components ,  such as those based on gall ium arsenide (GaAs ) 
cou ld well requ i re future DOD focus and investment . Th is again re
qui res clear v is ibility for the c r i t ical areas and an organizational 
focus , so attent ion can be brought to the needed cor rect ive actions . 
Such steps also requ ire added money , but as was the case with the VHSIC 
investment , the total dollar s are likely to be re lat ively small com
pared with ove rall DOD budgets . Fur ther , the return can be extremely 
high both in terms of improved mil itary pe r formance and reduced foreign 
dependency . 

Such effort may have a spillover into commerc ial mar kets . u . s .  

f i rms may be unable to invest i n  R&D or production at f i r st ,  but , once 
the government has , f i rms may well be very competit ive in the 
commerc ial world .  In  many cases , comparable investments are be ing 
made , in one form or another , by governments in other countr ies , 
espec ially Japan . 

SPECIFIC PROCUREMENT AND ACQUISITION POLICY ACTIONS 

There is at present l i ttle , i f  any , speci f ic pol icy at the component 
level with regard to foreign dependency . However , at least s ix such 
pol ic ies could be init iated : 

1 .  A del ivery commitment for fore ign-sourced components 
2 .  A •suy Amer ican• policy for c r i t ical components of c r i t ical 

systems 
3 .  A requ i rement for at least one u . s .  source for c r i t ical 

components on c r i t ical systems 
4 .  A requ i rement placed on systems contractor s to guarantee 

component supply 
5 .  The inclus ion i n  the DOD product ion re lease decis ion (DSARC 111) 

of an impact analys is and a cont ingency plan for all c r i tical 
components made solely in fore ign countr ies 

6 .  A shift  to •common buying •  for all c r itical components so that 
the dec is ion is  removed f rom the level of ind ividual weapons 
systems to a higher level . 

Each of these approaches has some costs and potent ial benef its that 
might be achieved on a selec t ive bas is . A s imple and general requ i re
ment that all defense components be made in the Uni ted States wou ld 
c reate a time lag before production cou ld beg in , dramatically inc rease 
costs , and poss ibly reduce the per formance of the affected weapons sys
tems . Therefore , any such change should be made on a highly selective 
bas i s  and over a s ignif icant pe r iod of time .  

Shi fting to a •suy Amer ican• policy for cr i tical components wou ld 
have to be restr icted and phased in under clear terms to be cost
effect ive .  For example , the pol icy might apply only to those i tems on 
the mobi lizat ion l ist of c r i t ical weapons systems and only to ce r ta in 
selected components that have no read ily ava ilable u . s .  substi tutes . 
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A compromise to  th i s  approach would be to requ ire that u . s .  sources 
be made avai lable for any components made solely in foreign countr ies . 
Thus , for example , it  could be required that a u . s .  l icense be obta ined 
for production technology for any component that the government would 
choose to buy abroad , recognizing the inc reased costs assoc iated with 
such a l icense and the poss ibil ity that it  might not be made avai lable 
at a reasonable cost . 

Plac ing the responsibility on the weapons systems contractor for 
guaranteeing component supply would encourage the contractor , under 
normal mar ket cond itions , to use u . s .  suppl iers ,  stockpile c r i t ical 
foreign components or both . This is unreali stic for many c r i t ical 
items : a quest ion would immediately a r i se about the exact nature of 
the guarantee , since costs under some c i rcumstances could become 
prohibitive . Nonetheless , th is  alter nat ive might of fer some added 
incentives--and costs--to address , and at least make the foreign
dependency i ssue more v i sible . 

Requi r ing the dependency issue to be addressed in DOD product ion 
release dec is ions , for example , at the DSARC I I I  dec ision point , might 
also gain added v i s ibility for weapons systems . Requ ir ing an impact 
analysis , as well as a plan for dealing with potential cont ingenc ies , 
would pe rhaps cause the program manager to select some of the 
above-noted options for individual weapons systems and to accept the 
increased costs assoc iated with those efforts . 

A more dramatic change would be for DOD to shift to a common buy ing 
approach for cr itical components . All program offices wou ld pool the i r  
demands for such components , which would be bought i n  some common 
form. Interest ingly , large industr ial f irms pool the requ i rements of 
thei r  var ious divisions for high-cost , c r i tical components , such as 
mic roelectronics . By combining the demands of separate d ivis ions , 
which might be relatively small on the i r  own , a large f i rm can inc rease 
its buying power and can lower pr ices . 

For DOD , this could be done e i ther Army or DOD-wide . It  cou ld be 
done through a var iety of ex ist ing organi zat ions , such as the Defense 
Electron ics Supply System. Aga in , any such system would requ ire  
visibility and could perhaps be limited to only cer ta in types of 
spec i f ic components , although the idea has been proposed on a far wider 
scale , such as for space-based components . 

Since these requ i re extens ive rel iabi lity testing and are usual ly 
bought in very small quant ities , a s ignif icant advantage cou ld be 
gained through standard i zing and buying in common . 

I f  such common-buying techniques were used , it  might be poss ible to 
have a large enough volume to interest a u . s .  supplier , whereas the 
sing le , smaller quant ities f rom individual weapons systems are 
insuffic ient to gain that mar ket attention . S imi lar ly ,  it might be 
poss ible to c reate a large enough mar ket so that a u . s .  sou rce for 
small quanti t ies might be set up to act as a backup for the lower-cost 
foreign producer s .  
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ESTABLISHMENT OF A DATA BASE 
AND ORGANIZATIONAL RESPONS IBILITY 

Any informat ion c reated by added visibility shou ld , if poss ible , bu i ld 
on an ex isting data system since DOD clearly already has too many .  
Further , it  shou ld operate on a pr inc iple o f  management-by-except ion , 
s i nce otherwise the data requ i rements wou ld be prohibitive . Add it ion
ally , because most DOD informat ion is developed on ind ividual weapons 
systems , the data shou ld be collected both by weapons systems and 
ac ross weapons systems . Thus , one can both assess the military 
vulne rabi l i ty as well as the ove rall impact of cor rective actions for 
ind ividual components . 

I t  must be emphas i zed that gathe r i ng data , espec ially on older 
systems , will not be easy . But i t  can be done and is , in fac t , the 
only way the necessary v i s ibility can be atta ined . ( Certa inly ,  moder n  
data-process ing techniques make the problem much eas ier than in the 
past . ) 

Table 7-1 shows how such data have been gathered for the Spar row- I I I  
missile (ALM-7 ) . (This example was selected because i t  is one o f  the 
few that the committee cou ld f i nd ,  but it  has the advantage that the 
Spar row I I I  guidance and cont rol system is extremely s imilar to the 
Army ' s Hawk miss i les . )  The study f rom wh ich these data are der ived 
conc luded that the absence of the 16 i tems l i sted ( Joint Ove r s ight 
Committee on Fore ign Dependency , 1985) --all fore ign sourced--would 
result in the missile ' s  produc tion being shut down for a period of 18 
months . Even then , the study assumed that domest ic sources cou ld be 
found (or developed) without maj or system redes ign . 

The committee did not have the opportunity to review extens ively al l 
ex i sting data systems , but is  convinced that the g row ing interest 
within DOD in industr ial base informat ion w i ll l ikely make such 
information more ava i lable if  there is the appropr iate demand for i t  
a nd  a n  organization to use i t .  However ,  one data system is  the present 
plan for mak i ng MIL Standard 20 9 6  a par t of requ i rements for the 
production of all future weapons systems . It has been a Navy standard 
since 1983 and is  intended to become a DOD standard shor tly .  

The or ig inal purpose was to provide visibi l i ty concerning the 
sources of electronic components , so the effect of a par t being removed 
f rom supply because of obsolescence could be j udged . This is  the 
ident ical problem of interest to the fore ig n dependency issue . 
Therefore , i f  this  data system were expanded to ident ify the or ig inal 
source of supply , i t  would be useful for even fore ign components be ing 
bought by Amer ican par ts suppl ie rs (Note aga in the impor tance of 
showi ng the or ig inal source of the i tem , rather than the u . s .  

d i st r i butor ship . )  
Of cour se ,  the exi stence of a data system is a necessary but not 

suff ic ient condi tion for i ts use . Same DOD of f ice or organization 
would have to be des ignated lead agency to handle all issues and 
actions assoc iated with the g rowing dependency on fore ign com
ponents . Clearly ,  the nature of policy issues suggests at least 
monitor ing and perhaps active involvement by the Off ice of the 
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TABLE 7-1 FOre ign Sou rces of AIM-7 Miss ile Gu idance and Con trol Sec tion 

I tems 

Number of 
Offshor e Fore ign AIM-7 Contractor s/ 

I tem Involvement Sou rce Subcon tractor s 

Integra ted Ceramic Japan 6 
c i rcu i t  package 

Integr ated Trans istor Japan 2 

circuit 

Integrated Header/wa fer Japan 3 

c i rcu i t  l ids , frames 
cer amics , cans 

Phase Fer r i te west Germany 1 
sh i f ter tr ans i s tor Japan 1 

I n tegra ted Assembly Japan 1 
c i rcu it 

Connector Raw mater ial Var ious 1 
Bal l  bear ing/ Raw ma ter ial Va r ious 2 

r epa ir un i t  

Microc i rcu i t  Package Japan 4 
Microc ircuit Semiconductor Japan 2 

Micr oc i r cu i t  Heade r/wa fer Japan 2 

l ids , frames , cans 

Micr oc i rcu i t  Assembly Japan 4 
Ampl i f ier Header , tr ans i s tor Japan 1 
Integr ated Package Japan 3 

circu i t  
Bea r ing un i t  Raw mater ials Var ious 1 
Bal l bear ings Raw mater ial Var ious 1 
Prom Assembly Thailand 1 

SOURCE : Joint OVer s igh t Commi ttee on FOre ign nependency , 198 5 . 
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Secretary of Defense . In addition ,  some organ ization should be 
appointed to implement any polic ies at the components level . Th is 
organi zation would be the rec ipient of the data as well as the point 
for recommendat ions on act ions by ind iv idual prog ram of f ices and for 
gene r ic actions by individual fund ing agencies . 

Ult imately , there is one add i t ional requirement beyond that as
soc iated with visibility and organ i zat ional respons ibility �  namely ,  
that of add itional dollar s to address the dependency problem .  However ,  
when the spec i f ic issues are prope r ly ident i f ied , the cost shou ld be 
relatively small and thus af fordable within service and , in many ca ses , 
within individual prog ram budgets . 
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COIICLUSIORS AND RBCOMMDIDATIORS 

The u . s .  Army depends on foreign sources for many elec tron ic com
ponents . This dependency has been growing in recent years and cou ld 
accelerate as u . s .  manufacturers cont inue to lose mar ket shares to 
over seas suppl ier s  for a broad spectrum of electron ic technolog ies with 
mi litary relevance . This trend could leave some Army weapons and com
municat ions �stems vulnerable to a cutof f of over seas suppl ies under 
war time or other emergency conditions . Thi s  chapter presents con
clus ions and recommendat ions to address thi s  problem.  

CONCLUS IONS 

1 .  An adequate data base does not exist for determining the types , 
quant it ies , and or ig inal sources of electronic components used in mili
tary systems . In the absence of such informat ion , i t  i s impossible to 
plan ways to protec t the Army ' s abi lity (or that of the other services) 
to obta in c r itical electronic components in the event of supply disrup
tions . 

2 .  The u . s .  components industry is losing mar ket shares to fore ign , 
par ticular ly Japanese , companies . Further , recent economic recessions 
have l imited capital investments for advanced products . 

• Market share losses are occurr ing in the area of advanced , 
high-dens ity ,  and high-per formance s i l icon integ rated ci rcuits , 
best exempli f ied by Japanese dominance of dynamic random access 
memor ies (DRAMs) . Thi s  breakthrough is  espec ially c r i t ical 
because DRAMs are the technology dr ivers for both newer h igh
dens ity processes and for advanced product des igns ac ross a 
broad spectrum of device technolog ies . 

3 .  A s ignif icant portion of the manufactur ing capac ity of u . s .  

components companies has been transfer red in recent years  to overseas 
sites , and will remain abroad for the for seeable future . 

6 1  
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• Many electron ic endproduc ts , such as home elec tronics and 
communications equ ipment , are in par t  or whole manufactured in 
u . s . -owned facilities in other countr ies . This encourages 
foreign sourc ing of electronic components for such manufacture 
with a consequent reduction of u . s .  component production and 
capability .  

4 .  Cer ta in electronic components used i n  Army systems are suppl ied 
exclusively by foreign sources . 

• Electronic countermeasur e (ECM) tubes 
• Cer ta in video displays , espec ially l iquid crystal and 

electroluminescent types 
• Magnetic bubble memor ies (with exceptions ) 
• Other components in foreign sourced mil i tary systems 
• Many raw mater ials used in domestic component manufacture . 

s.  The extent of the potent ial vulner abi l i ty of most Army systems 
var ies widely among d i fferent component g roups . 

• The g reatest vulnerabi lity exists for integ rated c i rcuits , most 
of which are assembled and tested overseas at low-cost sites . 
Included are many types used in military systems as MIL-883 
Class B and MlL-S-19500  devices . Of the $16 billion in total 
sales of U . S . -branded s i l icon semiconductor s in 198 4 , about 
one-th ird of the ir  value was added in such foreign fac i l i t ies . 

• Vulnerabi lity also exists for many semiconductor s because of the 
foreign-supplied content. Most ceramic packages for large-scale 
and very-large-scale integrated (LSI , VLSI )  c i rcuits are 
Japanese produced or controlled . S i l icon substrates of superior 
quality are suppl ied in signif icant and growing measure by 
Japanese vendors . 

• Less vulnerable , because of modest fore ign product ion , are 
certain magnetic mater ials and components , such as permanent 
magnets ,  record ing heads , magnetic tape and d isk memor ies , and 
microwave and millimeter wave components . 

• Of low vulnerabi lity ,  since domest ic supply is adequate for 
mi litary needs , are capac itors , res istors and resi stor networ ks , 
relays , contactor s ,  solenoids , and c i rcu it breaker s ,  meters , 
ind icators , gauges ,  and lamps J vacuum tubes J connectors , 
f ilter s ,  fuses J switches , transformers and coi l s ;  and quar tz 
crystals . Trans istors , diodes , and thy r i stors are likewise made 
in adequate numbers in the United States , although some types 
are built abroad . 

6 .  Compound semiconductor s ,  especially gal lium ar sen ide (GaAs) 
devices--of rapidly g rowing impor tance to advanced and future military 
systems--present a c r i t ical dependency problem . 

• The Department of Defense (DOD) sponsor s substant ial R&D in 
compound semiconductors ,  espec ially those that are GaAs based , 
but there i s  little u . s .  manufactur ing capabi lity .  
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• The u . s .  R&D lead is slim and rapidly diminish ing--or 
nonexistent--pr imar i ly because of the Japanese long-term 
COIIDili tment . 

• Japanese dev ices have ach ieved advanced per formance capabi l i ty .  
• Unless cur rent trends are reversed , Japan will become the 

dominant source for high-per formance , compound semiconductor 
devices . 

1 .  DOD procurement pol ic ies and pract ices do not address adequately 
the i ssue of the u . s .  mi l itary ' s  dependence on fore ign source s for 
electronic components . 

• There i s l ittle spec i f ic pol icy that deals wi th components . 
• There are expl ic i t  but contrad ictory general policies that both 

encourage and discourage fore ign dependency . 

8 .  DOD industr ial modernization and preparedness are directed 
most ly at strateg ic and c r i t ical mater ials stockpi ling and industr ial 
modernization for product ion of mi l i tary systems--except for Very High 
Speed Integr ated Circui ts (VHS IC) . A plan to improve domest ic pro
duction of electronic components does not exi st .  

9 .  There is  no ef fect ive organizat ional responsibi l i ty for 
addressing either the Army ' s  or DOD ' s  g rowing dependency on components 
suppl ied solely by fore ign sources . 

• There i s  l ittle or no visibility concerning fore ign dependency 
at the components level in u . s .  weapon systems today . 

• I t  is  unl ikely that cur rent trends will be rever sed unless 
spec i f ic assignments are made within DOD to attack the 
dependency problem. 

10 . The scope of the problem is  l imi ted now and hence amenable to 
cor rective act ions i f  they are taken soon . 

RECOMMENDATIONS 

Bas i s  for the Recommendations 

The needed cor rect ive act ions follow d irectly from these conclus ions 
and f rom the detailed mater ial substant iating them in pr ior chapte rs . 
Two broad areas of act ions are spec i f ical ly requ i red . First , visi
b i l i ty i s needed for the industr ial bas� at the components and 
mater ials levels ,  part icular ly in terms of the or ig inal sources . 
Second , while visibility i s  necessary , insti tut ional mechani sms are 
also needed to under take both shor t and longer -term cor rect ive act ions . 

For tunately , the f ind ings presented in th i s  repor t indicate that the 
problems are manageable i f  cor rect ive action is  init iated soon . Wh i le 
a large share of electronic components come f rom fore ign sources , most 
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are of l i ttle or only moderate concern . Only a few are ser ious 
problems , for which act ions need to be init iated . The others s imply 
need to be monitored to ensure that they do not change status . 
For example , out of the thousands of electronic components and sub
systems used to guide and control the A IM-7 antiaircraft miss i le , only 
16 caused a foreign dependency problem. Each of those cou ld then be 
addressed once recognized .  

Equally impor tant ( for the issue of manageabi l i ty )  i s  the fact that 
the dollar s requ ired to greatly reduce-- if  not e l iminate--the problems 
assoc iated with a dangerous degree of fore ign dependency appear to be 
within reason . Ce r tainly the establ i shment of a management information 
system would appear to be relat ively inexpensive . If cor rect ive 
ac tions are approached f rom a cost-ef fec t iveness viewpoint on a 
case-by-case bas i s ,  both the prog ram-spec i f ic and product-spec i f ic 
costs would also appear to be qu i te reasonable . 

The clear t ies between mil i tary long-term dependency and future 
trends in the commerc i al mar ket for electronic components should be 
emphas ized . The amount of dependency that DOD develops will depend 
direc tly on which i tems are produced domest ically for the large u . s .  

commerc ial electronics mar ket . For example , i f  i t  were economically 
des i rable to produce h igh-performance GaAs components domestically for 
commerc ial elect ronics products , then i t  wou ld be much less l ikely that 
there would be a re lated mil i tary problem of for e ign dependency . 

In general , st imulat ion of the investments of u . s .  f i rms in such a 
commercial capabi l i ty l ies outs ide the pol icy realm of the Army or even 
DOD . Such efforts rest at the nat ional level and involve issues such 
as investment tax incentives , reduction of the national def ic i t  to 
lower pressur e on interest rates , allowance of cooperat ive ventures 
among u . s .  elec tron ics f i rms ,  and other measures affect ing industry at 
large . However , a well-coord inated DOD prog ram expl ic i tly seek ing to 
reduce foreign dependency could be ef fec t ive i f  i t  reduced the r isk
reward ratio for new pr ivate investments in component produc t ion .  Such 
efforts deserve study . 

Add i tionally , there are some broad DOD initiatives that go beyond 
the s imple issue of fore ign dependency and that have to do with the 
treatment accorded to large defense contractor s and that accorded to 
component suppl ie rs . Th is issue involves cons ide rations such as R&D 
resource allocation ( between weapons systems and new components 
development)  and prof it  policy , which allows a more s ignif icant prof i t  
marg in for the pr ime contractor s than for the lower-t ier suppl ier s .  
These remain largely s idelined a s  i ssues , but they have a broad and 
d irect impl ication for the electronics components industry . 

Finally ,  the need for DOD to prepare for the acqu isition of fore ign 
technology , whe re necessary , is clear . The f i rst steps taken toward 
this process ( see Appendix D) should be encouraged . 

Three spec i f ic kinds of actions are the refore requ ired to beg in to 
address the foreign dependency i ssue : 

1 .  Visibility and management a t  the components leve l 
2 .  Shor t-term act ions to reduce fore ign dependency for cur rent 

programs 
3 .  Longer-term act ions to reduce future foreign dependency . 
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In all three cases , the step that needs to be immed iately taken is 
to set up procedures , pol ic ies , data bases , organ izational respons i
b ility ,  and budgets , on a case-by-case basis . As noted above , none of 
this  infrastructure exists at present r thus ,  until  these changes are 
brought about ,  it is  highly unlikely that the inc reasing tendency 
toward foreign dependency at the electronic components level will be 
rever sed . 

RECOMMEHDATION 1 :  OBTAIN DATA ON FOREIGN 
DEPENDENCY AND CREATE A MANAGEMENT CENTER TO USE IT 

An adequate data base on electronic components shou ld be obta ined . 
Pour actions are needed : ( 1 ) prog ram-by-prog ram ident i f ication of 
components , ( 2 ) identi f ication of components for advanced systems , ( 3 ) 
selec tive hor izontal aggregation of component data , and ( 4 ) ass ignment 
of organizational respons ibi l i t ies for data base maintenance . 

Prog ram-by-Prog ram Ident i f ication 

The or igi nal sources of all electronic components and the mater ials 
they contain ( if they are foreign sourced ) should be ident i f ied . Of 
particular impor tance i s  whether there i s  an equ ivalent domest ic 
source . I f  not , then the par t becomes ident if ied as a c r i t ical item . 
What is  impor tant in thi s  ident i f icat ion is  to trace the source al l the 
way back , so for example an Amer ican d i str ibutorsh ip is not l i sted if 
the source i s  actually a fore ign suppl ier . In general , DOD • rules of 
origin"  may have to be developed , so d i str ibutors ,  for instance , know 
how much foreign content i s  in  par ts labeled as u . s .  products . 

Most likely , very few components will fit  into thi s  category . 
However ,  ident i fying these few is  essent ial . Naturally , the ini t ial 
establishment of the necessary information system w i ll requ ire 
cons ider able effort but the data could be made a contractual i tem as 
par t of each individual prog ram. Add i tionally , since these component 
data are a major part of any surge/mobi l i zat ion planning act ivity ,  DOD 
should be collecting them for any proper industr ial preparedness effor t .  

Thi s  prog ram-by-program l ist would then form the nucleus of the data 
that would be agg regated , across prog r ams , to determine overall DOD 
needs ( see below) . Wi th the combinat ion of these two l ists , the proper 
corrective act ions to reduce cur rent fore ign dependency could then be 
determined . 

Identi f icat ion of Components for Advanced Systems 

As advanced systems and subsystems are be ing des igned , it is impor tant 
to cons ider whethe r the sources of the electronic components that go 
into these new designs are avai lable domest ically . Obviously , the best 
time for cor rective act ion i s  at thi s  ear ly stage , when a u . s .  suppl ie r 
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can be established or a domestic l icense obtained on a foreign i tem, or 
the system could even be redesigned to use a domestically ava i lable 
component or technique . To assemble such a data source , requi rements 
could be placed on the des ign f i rm to clearly establish the or ig inal 
source of all components selected for new des igns and to report on any 
that were being used that were of fore ign or ig in . Aga in , this would 
have to be done on a program-by-program bas i s ,  but it  would also be 
suppl ied to the agg regated information data base for poss ible combined 
cor rect ive act ions . 

Select ive Hor i zontal Agg regat ion of Component Data 

Obviously , gather ing all information on all electronic components on 
all weapons systems would be a complex and cumbersome effor t .  For tu
nately , however , such information is ne i ther requ ired nor des ired . 
Rather , i t  i s  poss ible to agg regate a h ighly select ive list of com
ponents and mater ials for the purposes of ident ifying fore ign depend
ency and establishing necessary cor rect ive act ions . 

Thus , the agg regated data base might be relat ively small , but th i s  
hor i zontal accumulat ion of informat ion would provide impor tant vis i
b i l i ty .  For example , whe re it might not be worthwhi le to have a 
spec i f ic u . s .  source set up for a component on an ind ividual weapons 
system , it  might pay to do so where that component is used on several 
weapon systems . 

In the same way , visibility from agg regated data on new systems and 
subsystems might also show that there is g rowing fore ign dependency on 
cer tain types of components 1 for i nstance , h igh-per formance GaAs de
vices ( and raw mater ials ) . Thus , where dependency for an individual 
weapon may not j ust i fy a cor rective action , accumulated dependency 
might requ i re the establ ishment of u . s .  prog rams . 

Ass igning Organizat ional Respons ibil i ty 

Some organi zation should be made respons ible for ma i nta ining and us ing 
the data base . The organization would not only keep the informat ion 
current , but would also have an i nput to major dec i sions on ind ividual 
programs , the industr ial base , and R&D .  

RECOMMENDATION 2 : TAKE CORRECTIVE SHORT-TERM ACTIONS 
FOR CURRENT WEAPONS SYSTEMS 

Chapter 7 identi fied a set of poss ible options for cor rective actions 
to reduce component vulnerability .  These included stockpi ling 
vulnerable components for cr itical weapons systems , creat ing a domestic 
or standby capac i ty , planning for subst itut ion , and redesigning to 
eliminate dependency . 
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For each of these options , subopt ions were discussed--for example , 
stoc kpi ling , or a roll ing surge , or l i fe-of-buy inventory--along with 
the advantages and d isadvantages of each . It is necessary to determine 
the costs and benefits of such cor rective actions for each relevant 
scenar io of component vulnerability .  

To guide the prog ram of f ice in this , there are two sets of infor
mation that it must have : ( 1 )  cr iter ia , both mi li tary and economic , on 
which to base its determinat ionS J and ( 2 ) acquisi tion pol icy , to 
provide gu idance in making dec isions (on timing , investment , impac t of 
source select ion , and data requirements) . 

Establish Mili tary and Economic Cr iter ia 

A prog ram manager try ing to decide whether to do something about 
electronic components needs to know what scenar ios shou ld be cons idered 
and what dependency consider at ions mer it concer n .  For example , for 
same produc ts the only important scenar io might be peacetime inter
ruptions , for others , the abi lity to • surge • rapidly , and for st ill  
others ,  the long-term mobilization potential . 

For some products the only pieces of equipment of concern are those 
that are either expendable items or spare par ts , while other produc ts 
may involve the full weapons system. Poli t ical considerations 
associated with the country from which the component or ig inates should 
also be provided to the prog ram manager . Finally , with regard to 
scenar ios , there is the question of response time and i ts relat ive 
impor tance . For some components there may be suf f ic ient time to allow 
a domestic l ine to be built up , while for other i tems there can be no 
allowable inter r uptions of supply . In  terms of scenar ios , i t  is im
por tant to emphasize that not only are mi li tary conflic ts of relevance , 
but such cons iderations as economic embargoes , polit ical instability in 
a country , and the like are also relevant . 

The other impor tant area of establishing c r i teria for use in opt ion 
selection is that assoc iated with the meaning of "dependence " in the 
case of the component under considerat ion . Simply because the com
ponent being used i s  purchased abroad does not mean that the Uni ted 
States is dependent on the source .  For example , there cou ld be an 
exactly equ ivalent component available within the United States or , i n  
some cases , only a percentage o f  the total procurement o f  the component 
may come from other countr ies . ( Perhaps a candidate c r i ter ion might be 
that i f  more than 50 pe rcent of a g iven purchase comes from abroad , 
then that purchase is to be li sted as a potent ially vulnerable 
component . )  In any case ,  the c r i ter ia establ ished for relat ive 
dependency do not mean that actions need necessar i ly be taken , but 
rather that the costs and potent ial vulnerabi l i ty impact shou ld be 
assessed for all those components that fit  into the vulne rability 
c r i ter ia . 
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Establish Acqu isition Pol icy 

Despite the general concern about foreign dependency , the acqu isition 
pol icy leads prog ram manager s  simply to selec t  the low-cost option and 
to treat for eign dependency as a secondary issue .  Several steps cou ld 
cor rect this . 

First , prog ram managers should be made respons ible , for any system 
either in development or currently deployed , to expl ic itly ident i fy 
those sources of foreign dependency--down to the component and mater ial 
levels--and to assess the impact of cutoffs  in supply . 

Second , it should be made clear that these i ssues are to be 
addressed in each maj or service review of the prog ram at the init iation 
of full-scale development and again at the init iat ion of product ion . 
Add itionally , prog ram manager s should be respons ible for cont inu ing to 
address these i ssues throughout the prog ram ' s life . 

Th ird , it must be made clear that prog ram managers are respons ible 
for assessing the cost assoc iated with each of the var ious potent ial 
options that might be taken to cor rect the fore ign dependency . 

Final ly , prog r am managers shou ld ident ify what act ions are to be 
spec if ically taken ( as par t of the prog ram) to prevent any impact f rom 
fore ign dependency on e lectronic components . These act ions may include 
such considerations as having foreign dependency as one cr i te r ion in 
the contract award competition ( source se lect ion) for the program, as 
wel l  as prog ram actions that are taken to c reate u . s .  sources , 
stockpi le components , have alternate designs on standby , have u . s .  

licensees avai lable for backup production , and so on . 
Interest ingly , the dollar s involved in most of the act ions 

considered--on a weapon-by-weapon bas is--are l i kely to be relat ively 
small . They can be viewed as an insur ance policy--a way to ensure 
continuous avai lability of cr itical components for both peacetime and 
cr i s is conditions . In general , analyses of a few spec i f ic products 
have indicated that the level of investment w ill be relatively in
signif icant , perhaps less than 1 percent of the cost of the weapon . 
Thus , it  seems quite pract ical for prog ram manager s  to take actions . 

RECOMMENDATION 3 :  TAKE ACTION TO REDUCE FUTURE DEPENDENCY 
POR COMPONENTS IN ADVANCED SYSTEMS 

Identi fy Future Dependency for Next-Generat ion Weapon Systems 

In the future , whole classes of components might be made in foreign 
countr ies only . In  fact , a whole generation of technology might be 
implemented exclusively abroad , and thus the United States cou ld be 
totally dependent for a major share of its weapon systems . Bence , 
cur rent research and development on systems , subsystems , and com
ponents , and broad , long-term trends in industr ial components 
production and mate r ials  shou ld all be analyzed . 
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Generate Pol ic ies , Assign Organ izat iona l 
Respons ibilities , and Set Cr i ter ia 

In thi s  area , one DOD research off ice should be made fully respons ible 
f�r determining what actions are necessary to reduce or e liminate all 
f1Jlture dependency . To date , such actions have been largely ad hoc . I n  
� cases , the act ion required may well be to st imulate a totally new 
�hnology to ensure that the Uni ted States is in the forefront of the 
f ield , such as is being done in the VHS IC prog ram. 

one area that would r equ i re a major integrated prog ram is that of 
advanced , coaapound semiconductor s for future use , especial ly high
per formance GaAs semiconductors . Other poss ibi l i t ies include advanced 
displays , l ithium batter ies , and magnetics . Perhaps some of the pro
duction equi�ent research could be funded by the DOD ' s manufactur ing 
technology prog ram, but it is  also necessary to consider capital in
vestment incentives (or purchases) once the technology is developed . 
Another pol icy option that should be considered involves assist ing u . s .  

f irms in ga ining access to technolog ical developments in other nations , 
especially Japan . 

As for cur rent weapons , c r i te r i a  need to be establ ished for these 
future advanced systems and components to evaluate the deg ree of 
foreign dependency . However ,  the c r iter ia  will be more general 
cons iderations . The R&D and policy leaders in the DOD--and also 
outs ide of i t--should concentrate on ear ly recogni tion of the im
por tance of a domestic production capability ( not j ust prototyping )  of 
next-generation electronic components and the mater ial for the i r  fab
r ication . 

This process frequently would entail signif icant investments in 
capital equipment and/or advanced production processes (or at least 
provis ions for the indemnif icat ion of such equipment aga inst poss ible 
defense contract termination) . It might also involve some s ignif icant 
industr ial strategy deci s ions , such as whether to have a captive pro
duction l ine for defense items should there be insuff ic ient commercial 
demand and whether to maintain a second u . s .  product ion l ine to provide 
for continuous competition or surge capability . 

Cr i ter ia should cons ider that some of the investment requ ired would 
be qui te small,  perhaps limited to the purchase of a par t icular piece 
of production equipment or the stockage of add itional raw mater ial s .  
However ,  there will be some categor ies ( such a s  VBS I C  and probably 
GaAs) where the investment required cou ld be qu ite s ignif icant s ince 
there may be a need to create a subsector of an industry . Nonetheless , 
the total magnitude of the investment will st ill be extremely small 
relative to the overall DOD investments (where acqu i r ing a new weapon 
typically costs more than $100 billion annually ) . 

Thus , a prog ram measured in the mi llions or even tens of millions of 
dollar s ,  which would extract a major por tion of the u . s .  defense es
tabl ishment f rom a condition of foreign dependency as well as help 
c reate a viable u . s .  commerc ial business base in next-gener at ion 
electron ics technology , could well be wor th the investment . 
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Red i str ibuting DOD Resources 

Same redistribution of resource investment shou ld be made within DOD in 
i ts overall R&D and production technology , as well as in i ts capi tal 
equipment investments .  Because of the g rowing cost of produc ing 
weapons systems , DOD resources have been shift ing more and more toward 
the moni tor ing and suppor t of the weapons systems themselves , rather 
than the c r i t ical components that go into them (Gansler , 198 0 ) . Yet 
the latter of ten are the cause of the Uni ted States being in a pos i t ion 
of technolog ical supe r ior i ty .  A reevaluation of th is ove rall sh ift in 
the distr ibution of DOD resources is appropr iate . 

Moreover , a move toward add i tional R&D component production in
vestments cou ld be impor tant . Such a shi f t ,  when combi ned with the 
other recommendations detai led above , would go a long way toward 
reduc ing the problem of u . s .  dependence on fore ign electronic 
components for weapons systems . 
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APPENDIX A 

STA'l'BMBRT OP TASK 

Tbe scope of the �i ttee • a wor k i s  desc r ibed in the contract between 
the Depar tment of the Ar.y and the Nat ional Academy of Sc iences . The 
general sua.ary work statement made there is as follows : 

The ca.aittee wi ll assess tbe extent to which fore ign manufacture of 
electronic components places in jeopardy needed Army supplies of 
electronic components .  In the course of thi s study , the committee 
will conduct a two-day workshop at which t ime experts f rom the Army , 
electronics industry , and otber relevant sectors will brief the 
�ittee . 

Five tasks are spec i f ied : 

1 .  Document the major relevant trends :  the electronic content of 
military systems , increases in the offshore production of electronic s , 
the pe rcentage of military electronics supplied f rom abroad , the future 
health of the u . s .  electronics industry in areas considered vital by 
the comaittee , technology transfer through coproduct ion ag reements ,  the 
dwindling talent base for research and development on mature electronic 
components ,  and the impact of federal procurement policy in thi s area . 

2 .  Ident ify and adopt for further study a small number of scenar ios 
in which supplies would be d isrupted . 

3 .  Ident ify a representative l i st of about 20 of the major 
electronic components used by the Arm1 and provide a br ief desc r ipt ion 
of their use s .  

4 .  For each class of components o n  t he  list ,  determine ( 1) component 
requi rements of Army systems (old systems , new systems , supply 
problema) ' ( 2 )  sources of supply ( e . g . , market share of largest 
competitors and their place of manufacture , importance of fore ig n  
sources) , ( 3 )  matur ity ( rate a t  which components are undergoing la rge , 
rapid changes) ' ( 4 )  the extent to which simi lar components appear in 
commerc ial and military markets and are militar i ly unique , the relat ive 
s i ze of those markets , and whether the components could be supplied by 
non-McrL-SPBC items , ( 5 ) whether each component is highly used as a 
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consumable ( e . g . , a lithium battery) o r  as par t  o f  a system ( since thi s 
d i stinction can be expected to be related to surge requi rements and 
stockpiling needs) ; ( 6 )  vulnerabi lity to supply d isrupt ion ;  ( 7 )  
backups , high capac ity ,  a nd  other mi tigat ions poss ible for each 
element ; and ( 8 )  f uture t rends i n  vulnerabi lity . 

5 .  Insofar as possible , determine quant i t ies needed ve rsus 
quant it ies stoc kpi led and produc ible under the assumed scenar io. The 
committee will attempt to ident ify ,  at least quali tat ively , 
interactions and more subtle effects ( e . g . , adequate p roduction 
capabi li ty onshore that i s ,  howeve r , almost complete ly foreign owned ) . 
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APPENDIX B 

PRESENTATIONS AT COMMI'l"l'U MEETINGS 

MAY 14-1 5 ,  1985  

� FREEMAN , Hight Vis ion Research Divi s ion Hight Vi s ion 
Electroopt ica Laboratory 

The Electronic Components S ituat ion as Related to Lasers , Detectors ,  
Sensors and Image Processors 

IRVING REINGOLD , Electronic Technology and Devices Laboratory , Por t  
Monmouth , Hew Jersey 

Introduction to the Var ious Br ief ings on Elect ronic Components 

�H SBBOL , Tactical Systems Branch at the Fusing Laboratory of the 
Barry Diamond Laborator ies 

The Problema of Procurement of Spec iali zed and Obsolete Components 
for Fuse-Spec ific Components 

CLARE THORNTON , Electronics Technology and Development Laboratory 
Overview of the Problem and Extended Br iefing on the Use of 

Elect ronic Components in Army Systems 

RICHARD VAN ATTA , Institute for Defense Analyses 
Production of Vital Electronic Components in Foreign Count r ies 

BOWARD WICRAHSKY , Fiber Opt ic Team in the Multi-Channel Transmiss ion 
Divis ion at CENCOMS 

Use of Fiber Optic Components 

JULY 25-26 ,  1985 

RICHARD DOHHELLY , Indust r ial Resources , Off ice of the Sec retary of 
Defense (OSD) 

Concerns of the Off ice of OSD , Foreign Procurements , and Var ious 
Strateg ies Proposed by OSD for Dealing With Obsolescence , 
Ron-avai labi lity and Surge Problema 
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JOHN STARNS , Study on Foreign Dependency by The Analytic Sc iences 
Corporat ion 

The Foreign Dependency Problem at the Procurement Leve l and 
Recommendations for the Implementat ion of a Procurement Strategy 
Methodology 

ELLISON URBAN , Naval Air  Systems Command 
Microcircuit Obsolescence , Systems Life Cycle Analys is and Lifetime 

Procurement Recommendat ions 

OCTOBER 3-4 , 1985 

BRUCB GILLETTE , Lat in Amer ican Off ice , Of f ice of the Deputy 
Under secretary of Defense for Internat ional Prog rams and Polic ies 

Depar tment of Defense Activitie s  in Support of Reduc ing Non-Western 
Hemisphere Product ion of Electronic Components 

MICHAEL STONE , car ibbean Basin Initiative Affai rs , Agency for 
Internat ional Development (AID) 

AID Activities Related to Electronic Components Production in the 
caribbean Basin 
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APPBHDIX C 

TBB WORLDWIDB SBMICORDOC'l'OR INDUSTRY 

INTRODUCTION 

Seaiconductor devices have become the backbone of aost military 
�steas . The following account of the history and dynamics of the 
semiconductor industry emphasizes its cur rent global character i st ics . 

The technological base of the world seaiconductor industry has 
evolved dramat ically since the industry ' s beg i nning s 35 years ago. 
Thi s  evolution can be divided into four periods of technolog ical 
development . The f irst phase , which began in 1948 with the 
deaonstration of the point-contact transistor at Bell Telephone 
Laborator ies and cont inued through the 1950s , was characteri zed by tbe 
development of basic seaiconductor technology. The second phase was 
ushered in with the commercial introduction of the integ rated c i rcu it 
in the early 1 960s . During this phase ,  which lasted through the ea rly 
1970s , the dens ity of semiconductor elements on a single IC chip 
increased to as many as 100 log ic gates--a level known as med iua-scale 
integrat ion . Thi s  prog ress in the d irection of miniatur i zat ion gave 
r i se to a wide var iety of new device s ,  including the randa. access 
...ory in 1970 and the mic roprocessor in 1971 . 

The third phase , which began in the early 1970s,  brought advances in 
large-scale integrat ion ( LS I ) --convent ionally def ined as 100 to 1 , 000 
log ic gates or the equivalent--that resulted in a dramat ic expans ion in 
semiconductor appl icat ions and markets . Since the late 1970s , the 
industry bas moved into a new phase--the very-large-scale integ rat ion 
(VLSI ) era , in which tens of thousands of �nent elements are 

processed in a single chip . 
These technolog ical evolut ions have spawned a wor ld semiconductor 

industry that bas exper ienced a remarkable period of g rowth . As shown 
in Table C-1 , total industry sale s have expanded at an average annual 
rate of 17 percent during the past 1 5  years . The industry ' s  g rowth bas 
been led by the demand for integ rated c i rcuit ( IC) produc ts , 
particularly metal ox ide semiconductor (MOS) memory and MOS log ic 
devices . Consumption of IC products rose more than 25 percent pe r  
year , whi le consumption of MOS devices g rew a t  a n  annual rate 
approaching SO pe rcent . 
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TABLE c-1 WOr ldwide Semiconductor Mar ket , 1969 to 1984 (mill ions 
of dolla r s )  

Yea r s  

1969  
1970 
1971 
1972 
1973 
1974 

1975  
1976  

1977 
1978 
1979 

1 980 
198 1  

198 2 
1983 

1984 

MOS 

3 0  
100 
1 6 2  
276 
5 6 2  
87 3 

8 3 5  
1 , 228 

1 , 43 0  

3 , 594 

5 , 0 19 

4 , 79 2  
5 , 586 
7 , 440 

11 , 7 3 7  

Other 

63 8  

727 
7 5 1  
969 

1 , 4 24 
1 , 6 2 2  
1 , 26 2  

1 , 7 0 8  
2 , 0 1 3  

3 , 419 
4 , 428 

4 , 4 9 5  
4 , 66 2  
5 , 8 97 

8 , 8 3 1  

Total 

IC 

668 

827 
913 

1 , 2 4 5  
1 , 9 86 
2 , 4 9 5  
2 , 0 97 

2 , 93 6  
3 , 4 43 

7 , 0 13 
9 , 4 47 

9 , 287 
10 , 248  

13 , 607 
20 , 5 6 8  

Total 

Discrete 

1 , 764 

1 , 7 4 9  
1 , 574 
1 , 7 9 6  
2 , 4 6 5  
2 , 6 8 1  
2 , 0 3 4  

2 , 5 4 6  
2 , 6 27 

3 , 80 5  

4 , 16 3  

4 , 4 3 0  
3 , 869 

4 , 4 3 3  
5 , 3 88 

Average Annual Growth Ra tes (percen t )  

1969-1974 
1974-1979 
197 9-198 4 

1969-1984 

96 . 2  

30 . 7  
2 6 . 7  

48 . 9  

20 . 5  

16 . 1  
20 . 9  

19 . 2  

� me tal ox ide semiconductor 

� integr ated circu i t  
£ figures not ava ilable 

3 0 . 2  

28 . 0  
24 . 0  

25 . 7  

8 . 7 

7 . 3  
7 2 

7 . 7  

Total 
Semiconductor 

2 , 476 
2 , 6 2 6  
2 , 54 0  
3 , 14 8  
4 , 6 16 
5 , 3 7 3  
4 , 3 4 8  

5 , 76 2  

6 , 3 10 

10 , 810 

1 3 , 610  

13 , 7 17 
14 , 117 

17 , 770 
2 5 , 9 5 6  

16 . 8  
15 . 0  
19 . 2  

17 . 0  

SOURCES : Da taques t ,  Ma r ket Es tima tes , May 1 2 , 1 97 8 7 Rober tson , Colman , 
and Stephen• , Semiconductor OU tlook--Par t  I ,  Wor ld Semiconductor 
Demand , March 2 2 , 198 5 . 
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WORLD ELECTRONICS INDUSTRY 

Semiconductor products are used throughout the consumer , indust r i al ,  
and mi litary electronics industry . As noted below , semiconductors have 
assumed an increasingly important role in the func tioning and operat ion 
of major segments in the world electronics industry-- including 
computers ,  of f ice equipment , communicat ions product ions , consumer 
products , indust r ial process control equipment , and sc ient i f ic 
instrument s .  The value of electronics products consumed in the United 
State s ,  Western Europe , and Japan reached $200 bi llion in 198 3 , more 
than doubling the 1977 level . By the late 1980s , electronics is 
expected to generate over $400 bi ll ion in wor ld sales , a f igure that 
wi ll place electronics with automobi les and oil as one of the wor ld ' s 
leading industr ies .  

Data-process ing systems , per iphe rals , and off ice equ ipment make up 
almost 50 percent of electronic s industry sales . As shown in Table 
C-2 , consumer elect ronics is the second-ranked product category ( 28 
percent of the mar ket) , followed by communications equ ipment ( 11 
percent of the mar ket) . The rapid g rowth of the industry has been 
shared approx imately equally by all produc t lines . The mar ket shares 
of each maj or produc t  line have remained vi rtually unchanged since 1975 . 

The geographical d i stribution of electronics systems mar ket 
consumption is shown in Table C-3 . The United States i s  the dominant 
consumer of electronic components , account ing for sl ightly more than 
one-half of wor ld consumption . Western Europe and Japan , the second
and third-ranki ng  markets , accounted for one-half and one-third of u . s .  
consumption . Reg ional mar ket shares are also noted to have remained 
approx imately equal over the past e ight yea r s .  

THE CONTRIBUTIO&i OF SEMICONDUCTOR PRODUCTS 
TO THE ELECTRONICS INDUSTRY 

Today , at the heart of all state-of-the-ar t  elect ronics systems is  the 
semiconductor . The dramatic improvements in semiconductor per formance 
and effic iency , coupled with reductions in the cost and physical size 
of components ,  have been a major factor contr ibut ing to the electronics 
industry ' s  rapid expans ion .  Such advances have enabled electronic 
components to be produced at lower cost and with enhanced performance . 
New electronic products were also made possible , such as hand-held 
calculator s , per sonal compute rs , and word processors . Thus , althoug h  
the demand for semiconductor components i s  der ived f rom the combined 
market demand for industr ial , consume r , and defense- related elect ronic 
products , there i s  an important synergy between the two indust r ies . 

This relationship is expected to intensify in the future as more 
powerful , less expens ive electronics systems become ava ilable based on 
advances i n  semiconductor technology . In Table C-4 the semiconductor 
share of electronics equ ipment value is forecasted to inc rease f rom its 
cur rent share of 11 percent to 15 percent by the end of the 198 0s . 
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'l'ABLB C-2 Wor ldwide Elect ronics Systea Mar kets ( billions of dollars) 

1975 1980 1983 
'l'otal u . s .  Jaean Bur22! 'l'otal u . s .  Jaean Buro2! 'l'otal u . s .  Jaean Bur02,! 

Data-proce s s i ng systems , 
pe r iphe rals , and 
o f f ice equ ipment 27 . 0  1 7 . 2 3 . 2 6 . 6 57 . 6 33 . 1  8 . 8 1 5 . 7 9 6 . 3 61 . 7  u . o 20 . 6  

Oonswae r  elec t ronics 1 7 . 1 6 . 6 4 . 4  6 . 1 3 6 . 8 1 6 . 7 7 . 7 1 2 . 4  4 8 . 9 2 2 . 7 1 1 . 0 1 5 . 2 
Communicat ions equ ipment 8 . 1 3 . 0 1 . 3 3 . 8 1 5 . 6 5 . 7 1 . 6 8 . 3 2 2 . 4 8 . 3 3 . 0 1 1 . 1 
I ndust r ial equ ipment 3 . 5 1 . 4  0 . 8 1 . 3 8 . 2 3 . 3  2 . 3  2 . 6 1 1 . 6 4 . 5 4 . 1  3 . 0  (X) 
'!'eating and analyt ical IV 

instruments 2 . 3 1 . 4 0 . 3 0 . 6 6. 4 4 . 5 1 . 0 0 . 9 7 . 5 5 . 5 0 . 8 1 . 2 

aed ica l  equipment 2 . 2 1 . 2  0 . 2  0 . 8 4 . 4  2 . 3 0 . 8 1 . 3 6 . 7 4 . 1  1 . 1 1 . 5 

Automot ive e lect ronics 0 . 4  0 . 2  --- 0 . 2 2 . 7 1 . 5 1 . 2 --- 4 . 5 2 . 6 1 . 9 

Powe r suppl ies 0 . 6 0 . 4  --- 0 . 2 0 . 9  0 . 4 0 . 2 0 . 3 0 . 9 --- 0 . 5 0 . 4 
All equ ipment 6 1 . 2 31 . 4  1 0 . 2 1 9 . 6 1 32 . 6 67 . 5  23 . 6  u .  5 1 9 8 . 8 1 0 9 . 4 3 6 . 4 5 3 . 0 

SOURCB 1 Rad io Corpor a t ion of Ame r ica . 
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�LB C-3 Di str ibut ion o f  Electron ics Sys tem WOrld Market by Product 

Segment and Geogr aph ic Reg ion , for 1975 , 1980 , and 1983 (percent ) 

Electron ics Sys tem WOr ld Market 1 9 7 5  1 9 8 0  1 9 8 3  

Di str ibut ion by product segment 
Data-processs ing systems , 

per ipherals , and of f ice equ ipment 4 4  4 3  48  
Consumer electron ics 28 28 2 5  

Commun icat ion s equ ipment 13 1 2  1 1  

Indus tr ia l  equ ipment 6 6 6 

Tes t ing and analytical equ ipment 4 5 4 
Med ical equ ipment 4 3 3 
Autoaot ive electron ics 1 2 2 

Power suppl ies 1 1 1 

Di s t r ibu t ion by Geogr aph ic r eg ion 

Un i ted States 5 1 51 5 5  

Japan 17 18 18 

Western Europe 3 2  3 1  2 7  

SOURCE : Rad io Corpor a t ion of Amer ica . 

TABLE C-4 Growth of WOr ld Semiconductor and Electron ics Markets 

WOrld 

Electron ics 
Market 

( b i l l ions of 
Year doll a r s ) 

1968 65 

1975 61 

1980 1 3 3  

la te 1980s 60 

SOURCE : Ar thur o .  Li ttle , I nc .  

WOrld 

Semiconductor 
Mar ket 
( b i l l ions of 

dol la r s )  

2 

4 

14 

1 5  

Semiconducto r  Shar e  

o f  Electron ics 

Equ ipment , Value 
(percent) 

5 

7 

11 

400 
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REGIONAL SEMICONDUCTOR PRODUCTION 

To meet the product demands of the electronics i ndustry , a wor ldwide 
semiconductor industry has rapidly evolved over the past 15 year s . As 
shown in Table C- 5 ,  North Amer ican-based producers have reta ined 
dom inance ove r European- and Japan-based producers in both i ntegrated 
c i rcuit and d i sc rete product mar kets . North Amer ican producers 
accounted for 46  percent of the total value of all shipments in 1970 . 
Thi s share g radually rose to almost 6 0  percent by 1980  and declined in 
recent years to 54 percent . 

Within maj or product sector s ,  howeve r ,  somewhat d if ferent trends are 
obse rved . In the more rapidly expand ing IC mar ket , Nor th Amer ican 
producers have accounted for , on ave rag e ,  60 percent of the value of 
total sh ipments ( see Table C-6) . Japanese produce rs maintained a 
mar ket share of 18 to 20 pecent f rom 1970 to 1 9 7 5  and have stead i ly 
i nc reased that share . European producers have seen the i r  share e rode 
substant ially--down f rom a peak of 20 percent in 1975  throug h 1976  to 7 
percent in 1984 . 

THE MOVE TO LOW-LABOR COUNTRIES 

Foreign operat ions of Amer ican semiconductor companies can be g rouped 
into three categor ies : ( 1 )  off shore assembly and subcontractor 
assembly , p r imar i ly to supply the u . s .  mar ke t ;  ( 2 ) point-of-sale ( POS)  
assembly , pr imar i ly to supply foreign markets ; and ( 3 ) complete 
manufactur i ng (wafer fabr ication , assembly , and te sting ) . Offshore 
assembly af f i liates are set up in a foreign count ry to assemble u . s . 

manufactured subassemblies for export back to the Un ited States .  The 
u . s .  mar ket is the pr imary market served by an of fshore assembly 
ope ration ; foreign subcontractor assembly operat ions are included as a 
subclass of of fshore assembly even thoug h they are not foreign d i rect 
investment . POS fac i l i t ies pr imar i ly supply foreign mar kets . The 
fore ign operat ions with complete manufactur ing are the only ones that 
process the s i l icon wafer f rom wafer fabr ication through f inal 
test ing . These operat ions normally only serve fore ign markets . It  
should be noted , however , that Ame r ican foreign subs id iar ies per forming 
only assembly operat ions f requent ly serve both u . s .  and fore ig n 
markets . Ident if ication of some assembly operations as either an 
off shore plant or a pos plant is the refore somewhat arbi trary .  

The pr imary reason that Amer ican semiconductor companies establish 
offshore assembly operat ions is to lower d i rect labor costs.  When 
assembly is  t ransfer red offshore ,  the lower wage rates can yield up to 
a 50-percent decline in total manufactur ing cost . There are natural 
divisions between wafer fabr ication , assembly , and fina l  test ing that 
allow the assembly phase to be located at a d if ferent fac i lity f rom the 
remainder of the manufactur ing ope rations . Assembly technology i s  
qui te read i ly transfer red . The re a r e  no ser ious supply constra ints on 
the location of an assembly plant other than adequate low-cost labor 
and electrical power .  Learning economies are not s ignif icantly 
affected by having multiple assembly f ac i l ities . 
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o:rABLE c-5 �tal Semiconductor Production by Geograph ic Reg ion 

Product Sh ipments (bill ions of dollars )  

Nor th Western 
Year �tal Amer ica Japan Europe 

1 9 7 0  2 . 6  1 . 2  0 . 8  0 . 6  

1971 2 . 5  1 . 2  0 . 7  0 . 7  

1 9 7 2  3 . 1  1 . 5  0 . 8  0 . 8  

1973 4 . 6  2 . 2  1 . 1  1 . 2  

1 9 7 4  5 . 4  2 . 6  1 . 2  1 . 4  

1975 4 . 3  2 . 1  0 . 9  1 . 2  

1 9 7 6  5 . 8  2 . 7  1 . 5  1 . 3  

1977 6 . 3  3 . 0  1 . 6  1 . 5  

1 9 7 8  8 . 9  4 . 8  2 . 5  1 . 4  

1979 11 . 5  6 . 6  2 . 9  1 . 7  

1980 1 4 . 2  8 . 4  3 . 8  1 . 6  

1981 14 . 1  8 . 0  4 . 2  1 . 5  

1 9 8 2  1 4 . 2  8 . 0  4 . 6  1 . 3  

1983 17 . 9  9 . 7  6 . 6  1 . 4  

1984 2 6 . 1  1 4 . 0  9 . 8  2 . 1  

Distr ibution (percent) 

Nor th Western 
Year �tal Amer ica Japan Europe 

1970 1 0 0 . 0  4 6 . 1  2 9 . 1  2 4 . 4  

19 7 1  100 . 0  4 5 . 7  26 . 1  27 . 5  

197 2 1 0 0 . 0  4 7 . 6  2 6 . 4  2 5 . 1  

1973 100 . 0  4 7 . 9  24 . 7  2 5 . 9  

1974 1 0 0 . 0  4 8 . 9  2 1 . 7  6 . 9  

1975 100 . 0  4 9 . 0  21 . 2  2 7 . 0  

1976 1 0 0 . 0  4 6 . 9  2 6 . 3  2 3 . 3  

1977 100 . 0  4 7 . 9  2 5 . 6  2 3 . 5  

1978 1 0 0 . 0  5 3 . 9  2 8 . 1  1 5 . 7  

1979 100 . 0  57 . 4  2 5 . 2  14 . 8  

1 9 8 0  1 0 0 . 0  5 9 . 4  2 7 . 0  11 . 4  

1981 100 . 0  56 . 9  29 . 6  10 . 9  

1 9 8 2  1 0 0 . 0  5 6 . 7  3 3 . 0  9 . 5  

198 3 1 0 0 . 0  54 . 3  37 . 0  7 . 9  

1 9 8 4  1 0 0 . 0  5 3 . 6  3 7 . 5  8 . 0  

SOURCE : Dataques t ,  197 0-197 7 ,  Integrated Circu i t  Eng ineer ing , 

1 9 7 8 -1 98 1 ,  Semiconductor Industry Assoc iat ion , 1 9 8 2 -1984 . 

Rest of 
Wor ld 

o . o  
o . o  
o . o  
0 . 1  

0 . 1  

0 . 1  

0 . 2  

0 . 2  

0 . 2  

0 . 3  

0 . 3  

0 . 4  

0 . 1  

0 . 1  

0 . 1  

Rest of 
Wor ld 

0 . 5  

0 . 7  

0 . 9  

1 . 6  

2 . 5  

2 . 8  

3 . 5  

3 . 1  

2 . 2  

2 . 6  

2 . 3  

2 . 6  

0 . 7  

0 . 8  

0 . 8  
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TABLE C-6 Product ion of In tegra ted C i rcu i ts by Geograph ic Reg ion 

Product Sh ipments (b i l l ions of doll ar s )  

Nor th wes tern 
Year Total Amer ica Japan Europe 

1 9 7 0  0 . 9  0 . 6  0 . 2  0 . 1  

1 9 7 1  1 . 0  0 . 6  0 . 2 0 . 2  

1 9 7 2  1 . 4  0 . 8  0 . 3  0 . 3  

1 9 7 3  2 . 2  1 . 3  0 . 4  0 . 4  

1 9 7 4  2 . 7  1 . 6  0 . 4  0 . 6  

1 9 7 5  2 . 3  1 . 4  0 . 4  0 . 5  

1976 0 . 2  1 . 8  0 . 7  0 . 6  

1977 3 . 7  2 . 1 0 . 8  0 . 7  

1 9 7 8  4 . 0  3 . 2  1 . 2  0 . 5  

1 9 7 9  7 . 0  4 . 7  1 . 8  0 . 6  

1980 0 . 7  6 . 4  2 . 5  0 . 7  
198 1 0 . 6  6 . 1  2 . 6  0 . 8  

1 9 8 2  1 0 . 3  6 . 2 3 . 3  0 . 7  

1 9 8 3  13 . 4  7 . 6  5 . 0  0 . 7  

1 9 8 4  2 0 . 7  11 . 5  7 . 7  1 . 4  

D i s tr ibu t ion (percent )  

Nor th we s tern 
Yea r Total Amer ica Japan Europe 

1 9 7 0  1 0 0 . 0  6 3 . 5  20 . 3  1 6 . 2  

1971 1 0 0 . 0  5 9 . 4  18 . 4  2 1 . 9  

1 9 7 2  1 0 0 . 0  6 0 . 7  19 . 5  19 . 4  

1973 100 . 0  6 1 . 0  18 . 2  19 . 7  

1 9 7 4  1 0 0 . 0  6 0 . 9  16 . 2  20 . 6  

1975 100 . 0  5 9 . 3  18 . 0  19 . 8  

1 9 7 6  1 0 0 . 0  5 6 . 2  2 1 . 9  17 . 8  

1977 100 . 0  5 6 . 8  20 . 9  19 . 1  

1 9 7 8  1 0 0 . 0  6 4 . 0  2 4 . 0  1 0 . 0  

197 9 100 . 0  66 . 2  2 5 . 4  8 . 5  

1 9 8 0  1 0 0 . 0  6 5 . 9  2 5 . 4  7 . 4  

1981 100 . 0  6 3 . 1  27 . 0  8 . 2  

1 9 8 2  1 0 0 . 0  6 0 . 4  3 2 . 1  6 . 7  

198 3 100 . 0  55 . 6  37 . 0  5 . 6  

1 9 8 4  1 0 0 . 0  5 5 . 4  3 7 . 1  6 . 7  

SOURCE : Da taquest , 1 9 7 0-19 7 7 J In tegr a ted C i rcui t Eng ineer ing , 
197 8-198 1 ,  Sem iconductor Indu s try Assoc iat ion , 1 9 8 2 -1 98 4 . 

Re s t  of 
Wor ld 

o . o  
o . o  
o . o  
o . o  
0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 2  

0 . 1  

0 . 1  

0 . 2  

Re s t  of 
Wor ld 

o . o  
0 . 2 

1 . 2  

1 . 0  

2 . 3  

2 . 9 

4 . 1  

3 . 3  

2 . 0  

1 . 4  

1 . 3  

1 . 7  

0 . 8  

0 . 8  

0 . 8  
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The Southeast Asian reg ion was the f i r st area where Amer ican 
semiconductor f i rms located of fshore assembly operat ions . Other 
Ame r ican electronics manufacturers had previous ly located there , 
probably becau se of the low labor costs and the stable gove rnments in 
the a rea . After f i rst locating subs idiaries in Hong Kong and Korea , 
u . s .  semiconductor f i rms establi shed add it ional operat ions in Taiwan , 
Singapore , and Malaysia . The spread of u . s .  companies through the area 
was due mai nly to inc reasing wag e levels in older offshore locat ions . 

Fai rchild Semiconductor was the f i rst u . s .  semiconductor company to 
establish an of fshore assembly plant . It  set up operat ions in Hong 
Kong in 1963 and in Korea a year later . Others quickly followed ,  and 
by 1969 , 60  percent of u . s .  semiconductor companies i n  the sample had 
set up an offshore ope rat ion . Today almost all u . s .  f i rms ut i l i ze 
of fshore assembly . Foreign f i rms , seek ing to remain compet itive with 
Amer ican f i rms , were forced to duplicate the Ame r ican mig ration . 

PRESENT STRUCTURE OF THE INDUSTRY IN THE UNITED STATES 

There a re three categor ies of semiconductor manufacturers in the Uni ted 
States : ( 1 ) per ipheral companies that use semiconductor products , 
perform research and deve lopment on semiconductors , and in some cases , 
manufacture semiconductors for i nternal consumpt ion ( •captive 
production• ) ;  ( 2) large f i rms that manufacture semiconductors for sale 
on the open mar ket ' and ( 3 ) small, independent f i rms . The 
differentiation between the second and thi rd types of f i rms is  somewhat 
arbi trary . In thi s analysis , the d ivision between large and small is  
based on the size of  the ent i re corporation , not the semiconductor 
operat ion ; fur the rmore , unless othe rwise spec i f ied , the data based only 
on the commercial market . 

There are well ove r 100 companies manufactur ing semiconductor s in 
the United States . Despite the large number of part ic ipants in the 
indust ry ,  the four largest f i rms account for 5 0  percent of total u . s .  

semiconductor shipments . 
Two f i rms with capt ive capabi lit ies are of maj or impor tance to the 

industry : AT&T and IBM. AT&T ' s  research arm, Bell Laborator ies , 
played an impor tant role in the c reat ion and development of 
semiconductor technology . So long as Bell Laboratories research 
obj ect ives were compat ible with the general needs of the industry , it 
remained the major source of new product and process technology. Bell 
Labs ' phi losophy • was to suppor t research in those f ields of cur rent 
bas ic sc ience that seemed to have the g reatest relevance to the mission 
of the Bel l  Telephone System. • Thi s meant an or ientat ion toward 
improving communications systems . As semiconductor technology 
broadened into new areas of appl icat ions unre lated to communicat ions , 
Bell Labs ' inputs into the innovative stream lessened in importance . 
Thi s  was a major change since Bell Labs conducted a large share of the 
bas ic and applied research re lating to sol id state devices . The 
si tuat ion was furthe r accentuated by the AT&T breakup . Bell Labs 
research is now regarded more than ever by AT&T as a proprietary 
advantag e not to be shared with the indust ry at larg e .  
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Whi le the importance of Bell Laborator ies to the semiconductor 
i ndust ry has decl ined , that of IBM has g rown . Not only does IBM car ry 
out a substantial research and development prog ram relat ing to 
semiconductor s ,  it i s  also the s i ng le largest customer . IBM consumes 
ove r one-th i rd of the semiconductor s purchased f rom semiconductor fi rms 
by computer companie s .  Relat ive to IBM ' s mar ket share of the computer 
industry thi s  may seem small , but IBM has a large in-house product ion 
capabi lity that supplies 80  percent of the semiconductor s i t  consumes . 

The vacuum tube companies , RCA bei ng  the sole exception , have eithe r 
focused the i r  semiconductor product ion on spec iali zed produc ts or have 
d i scont inued operations . Vacuum tube companies are not important in 
the domest ic semiconductor industry becau se , as a rule ,  they have not 
recently entered fast-chang ing areas of semiconductor technology . 

The remaining types of large f i rms tend to dominate all phases of 
establi shed semiconductor technology . The large f i rms have been the 
main instruments through which produc tion technology has been 
transfer red abroad . Howeve r ,  the most cur rent and advanced technology 
is  more likely to be exploi ted by the small " spinof f "  companies . 

Small f i rms are d i ffe rent iated by the i r  marketing st rategy rather 
than by the way they entered the semiconductor i ndustry . The re are 
three types of sma ll semiconductor companies (other than j ob-shop 
operat ions ) : ( 1 ) second-source companies , which duplicate the 
successful products of other companies , ( 2) spec ialty companies , which 
spec ial i ze in ve ry l im ited areas of semiconductor technology , and ( 3 )  
i nnovating companie s , which usually formed to exploit innovations not 
be i ng agg ress ively pu rsued by la rger companies . 

Second sourcing a successful product ac ts to technology within the 
u.s. semiconductor industry . Howeve r ,  the type of f i rm that engages i n  
thi s activity may have li ttle other qualitative impact o n  the industry . 

Spec ialty producers are not very impor tant to the overall 
development of the industry since they focus only on very spec if ic 
demands within a broad mar ket for a par t icular technology . There is  a 
long lag between the initial appearance of an innovative produc t  and 
the appearance of these companies in the mar ket ; thi s also l imits the i r  
importance in the industry . 

The last type of small company , the innovator , is formed to exploit 
i nnovations that the larger f i rms ei ther cannot or will not pu rsue . 
Some large f i rms deliberately let smal ler f i rms have the ear ly lead 
into new mar kets . This allows the larger f i rms to focus the i r  resources 
on established , prof itable markets whi le the smaller f i rms attempt to 
deve lop markets for new technology . Once the d i rection of the mar ket 
is  ascerta ined and the type of technology most l ikely to succeed in i t  
i s  well def i ned , the larger f i rms turn the i r  resources to new 
technology . The larger f i rms of ten cannot completely d islodge the 
small companies f rom the new mar kets because they lack the exper ience 
with the new process technology . On the othe r hand , the small f i rms 
often fail because of management or capitalization def ic ienc ies , and 
few became big on the i r  own . 
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APPENDIX D 

U . S .  ACCESS TO FOREIGN TECHNOLOGY 

The u . s .  components indust ry has led the wor ld for many year s in 
technology and has been generous in sharing knowledge with others  i n  
the f ree wor ld .  A liberal policy of open publ icat ion has been 
instrumental in d i sseminati ng information , part icularly in electron 
tube and solid state technology , to the benef it of othe r nat ions . 
Addi t ional ly , patent l icenses and, occasionally ,  technical a id have 
been provided internat ionally at ve ry reasonable terms . 

As a consequence , othe r industr ially developed nations , particu larly 
many Wester n  European count r ies and Japan , have developed a signif icant 
R&D capabi lity ,  in  many i nstances rivaling that of the United States .  

Efforts have been under way i n  recent years to e stablish access to 
foreign technology for the United States . Thi s  i s  par t icula r ly t rue 
regard ing transfer of Japanese mili tary technology to the Uni ted 
States , resulting f rom the 1983 bilate ral government ag reement in which 
Japan made an except ion to its policy of banning all such exports . 
This i s  a possible avenue for Department of Defense (DOD) to ensure 
that the U . S .  components i ndustry cont inues to be a strong competitor . 

However , thi s bi late ral approach on military technology may not be 
suf f ic ient , since the mili tary efforts of our t rad ing par tne rs i s  only 
a small fraction of the i r  ove rall R&D efforts . A recent report by the 
Nat ional Sc ience Foundat ion to the House Committee on Sc ience and 
Technology desc r ibes the need for a very broad prog ram to follow and 
utili ze foreign R&D . The private sector i s  undertaking prog rams for 
much g reate r awareness and access to foreign technology. The re i s ,  for 
example , a trend toward joint technology ventures with fore ig n 
partne r s ,  particula r ly the Japanese . The Mic roelectronics and Compute r 
Technology Corporat ion has establi shed an Internat ional Liaison Of f ice 
to d i sseminate the natu re of R&D activities in Japan in 
microe lect ronics and computer technology research.  

The recent example of IBM' s success in negotiating a nonexclusive 
patent license with the Minist ry of Internat ional Trade and Indust ry 
and large Japanese computer companies is a major change f rom the past , 
in  which such ag reements cove red only access to u . s . -generated patents .  

DOD could a id thi s process by continuing its ef forts on mi litary 
technology transfer and ensure d issemi nat ion of this  informat ion to 
u . s .  supplie r s .  It could also encou rage and support the efforts of 
gover nment to negot iate an approach,  particularly with Japan . 
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APPENDIX E 

PINAL REPORT ON GaAs PET STUDY 

The Advi sory Group on Electron Devices (AGED) was as ked to conduct a 
study on GaAs mater ial and PETs . The obj ect ives of thi s study we re : 

• Dete rmine cur rent u . s .  dependence on fore ign suppliers for GaAs 
mater ial and/or PETs 

• Determine reasons for thi s fore ign dependence 
• Proj ect futu re trends 
• Recommend act ions to assure adequate sources of supply for 

future DOD needs 

To accomplish this study , a commit tee was formed , headed by Mr . Norman 
Pond , assi sted by : 

Committee Members : Aff iliat ion :  

Mr . Jer ry A .  Arden California Easte rn Labs , Inc . 

captain Ralph P .  DeWalt u . s . Navy 

Mr . Rober t  Goff Avantek 

Dr . S P .  Paik  Raytheon Company 

Mr . Homer Prue Sande rs Assoc i ates 

Dr . T. B .  Ramachand ran M/A-Com, Incorporated 

Ex Off ic io : 

Mr . Joseph Kearney Eaton Corporat ion 

Dr . Joseph Saloom M/A-Com, Incorporated 

The problem was approached by segment ing the effort into three top ics 
as follows : 

• Collect cur rent usage data on PETs and mater ials f rom users and 
suppliers 

9 0  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

F o r e i g n  P r o d u c t i o n  o f  E l e c t r o n i c  C o m p o n e n t s  a n d  A r m y  S y s t e m s  V u l n e r a b i l i t i e s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 2 6 3
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• Project future needs � integrat ing forecasts � DOD ,  systea 
aanufacturer s , and �nent aanufacturers 

• Deteraine reasons for foreign suppliers , i . e . , cost , quality ,  
perforaance .  

Current usage data and projection for future needs was obtained by 
contact with 7 sy steas aanufacturers and 10 �nent aanufacture rs . 
Tbose ca.panie s  use 44 , 000 IN 2 of GaAs per year . Figure I su.aar i zes 
thi s data : 

SURVEY SUMMARY OF GaAs WAFER USAGE ESTIMATES 

FIGURE I 

AHHUAL 
1984 USAGE 1989 USAGE GROWTH RATE 

Systea Manufacturer 44lt IN2 34Slt IN2 Slt 

Components Manufacturer 82K IN2 341K IN2 3 3t 

Total of Survey 126lt IN2 686K IN2 40t 

The dependence on foreign sources of supply vary with type of products 
Figure II ind icates that for low noise PETs , approximately 7S  percent 
of the material used on the production of low noise PETs in the u . s . 
comes from foreign supplie r s .  More than SO percent of low noise PETs 
used by u . s .  manufacture rs come f roa foreign suppliers . The situat ion 
is simila r  in the power PET area . u . s .  mater ial i s  used for the 
major ity of production of mic rowave d iodes . 

FOREIGN GaAs SUPPLY FOR U . S .  PRODUCTS 

FIGURE I I  

GaAs MATERIAL GaAs DEVICES 

Low Noi se PETs 7 St SOt 

Power PETs SOt SOt 

Diodes 2St lOt 

MMICs No Establi shed Trend 

Dig ital ICs No Established Trend 
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As ind icated in F igure I ,  the consensus of op in ion i s  that the need for 
GaAsmate r ial wi ll g row rapidly ove r the next seve ral years . An ave rage 
proj ected g rowth ra te among the 17 companies sur veyed is 40 percent per 
year . Thi s  cor relates well with othe r industry stud ies and DOD 
est imates ( it should be noted that these f igures are not proj ect ions of 
total u . s .  needs , but the proj ected needs of the companies surveyed ) . 

Several obse rvat ions made dur i ng the cour se of making the survey and 
subsequent discuss ion inc lude : 

• Several manuf acturers cur rently produc ing hig h product ion 
volumes of PETs do so prima r i ly with Japanese mate r ial 

• Seve ral systems manufacture rs  are proj ect ing large future 
productious of GaAs Monol ithic M ic rowave Integ rated Circuits or 
GaAs Dig ital ICs using u . s . GaAs mater ial 

• Succe ssful me rchant quality of u . s .  manuf actured PETs on premium 
quality Japanese mater ial i s  we ll established J howeve r ,  the 
success of u . s .  manufactu red GaAs ICs on u . s . mate r ial is 
relat ively unproven 

• The quest ion of dependency on fore ign supply of GaAs mater ial 
appears more se r ious for premium hor i zontal Br idgeman mate r ial 
than it does for large quant it ies of L . E . C .  mate r i al . 

Proj ection of future t rends i s  d if f icult because , in add it ion to the 
trend of inc reased ut i l i zat ion of GaAs , the trend is clearly toward 
g reate r integ rat ion of funct ions and the trend is towards Monolithic 
Mic rowave Integ rated Ci rcu its . Thus , to answe r the quest ion concerning 
the trend towards ut i l i zat ion of foreig n  mate r ial and/or components , it 
is  necessary to think through how the MMIC area wi ll develop . A lot of 
di scuss ion was held on thi s  problem and it i s  clear that many systems 
compan ies intend to have internal MMIC capabi lity .  The hi story of 
electronic components ind icates that systems companies are f requently 
involved in new technolog ies as they are deve loped , but se ldom are 
majo r suppliers to themselves or othe rs when these products are used in 
product ion quant it ies . Concern was expressed that if  the center of 
effort in thi s area is in the systems companies , it may hampe r the 
deve lopment of a component or iented source of supply within the u . s . 

There was furthe r concern that thi s scena r io m ight lead to cont inued 
reliance on fore ign sources of material and components .  I t  i s  be lieved 
that Japan wi ll concentrate on comme r ical Monol ithic Mic rowave 
Integ rated Ci rcuit products whi le the u . s .  effort is predominant ly 
focused on mi l itary needs . If the Japanese technology i s  su itable for 
mili tary requi rements at the t ime that systems companies need 
product ion volumes and beg i n  purchasing outside , it i s  possible that 
these purchases cou ld go to foreig n suppliers . Thereby ,  todays 
re l iance on Japanese mater ial and PETs could be replaced tomor row by 
s im i lar reliance on Japanese MMICs . 

I r respective of the concern about heavy dependence on foreig n  
suppliers , i t  i s  c lear that ac t ions need t o  be taken to assure 
reliable , dependable , domestic sources for mate r ia l ,  devices , and 
MMICs . The following actions would seem appropr iate in that regard : 
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1 .  Encourage the development of a domest ic producer o f  premium 
quality hor izontal Br idgeman material . 

2 .  Encourage the establ ishment of adequate u .s. GaAs mater ial and 
device supplie rs with procurement pract ices that : 

• Favor U . S .  suppliers 
• Maintain a 3 tie r supplie r structure : 

• Systems manufacturers 
• Device/component manufacture rs 
• Material suppl iers 

• Foster cost reduction through y ield improvements achi evable 
by mult i-year commitments and mu lt i-p rog ram standard i zation 
by merchant supplier s .  

3 .  Accelerate the practical implementat ion of u .s. developed and 
produced GaAs monol ithic ICs ( both d igital and analog ) with 
select ive fund ing of high volume prog rams using mult i-tier , 
mult i-source , and mult i-year techniques . 

N .  H .  Pond 6/27/8 4 
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DARPA 

DOD 

DRAMs 

EMI 

EMP 

FAR 

FEMA 

GaAs 

IC 

JAN 

JTECH 

LEC 

LED 

LS I  

MIMIC 

MMICS 

MOS 

MTAC 

MTAG 

GLOSSARY 

Defense Advanced Research Projects Agency 

Depa r tmen t of Defense 

dynami c r andom access memor ies 

electromagne tic inter fer ence 

electromagnetic pulse 

fede ral acqu is i tion regulat ion s 

Feder al Emergency Management Agency 

field effect tr ans istors 

gal l i um arsen ide 

integra ted c i r cu i ts 

Joint Army Navy 

Japanese Technology Evalua t ion Program 

l iqu id-encapsula ted Czochr alsk i 

l igh t-em i tt ing d iode 

large-scale integr a t ion 

microwave/mill imete r -wave monol i th ic 

in tegra ted c i rcu i ts 

microwave monol i th ic integrated ci r cu its 

me tal ox ide semiconductor 

Manu factu r ing Techn ical Analys is Cen te r 

Manufactur ing Techn ical Adv i sory Group 

94 

Copyright © Nat ional Academy of Sciences. Al l  r ights reserved.

Foreign Product ion of Electronic Components and Army Systems Vulnerabi l i t ies
http: / /www.nap.edu/catalog.php?record_id=19263

http://www.nap.edu/catalog.php?record_id=19263


MTPIS 

NASA 

NATO 

POS 

RAM 

SCRAMs 

SDIO 

Sa-Co 

VBCP 

VHS IC 

VLSI 

9 5  

Manu factur ing Technology Program Informat ion 

System 

Nat ional Aeronautics and Space Admin i strat ion 

Nor th Atlan tic Trea ty Organ izat ion 

Nippon Electr ic Company 

Off ice of Management and Budge t 

po int of sale 

random access memory 

sta t ic random access memor ies 

Stra teg ic De fense In i t ia t ive Off ice 

samar ium-cobal t 

Value Eng ineer ing Change Proposal 

Very High Speed Integr ated C i rcu i ts 

very la rge scale integra t ion 
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