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I. Introduction

The semiconductor dusiey hes oewver been Eree of the visible haind of gévemment
intervention,  Competitive advantace in production and trade has been beavily influenced by
policy cholees, partoularly i vhe U5 ard Japgn. Some of these policy chowss, such as the
provision of public suppart for hasic sciznce. R&D, and edocannn n the Liaced Siales. have bad
ceneral. not indpgiry-specific, ohjectives.  But other policy choices. such as ahe provision of
secured demand for indusoy outpuc through miliary procarement in the U5 and throush
prefzrencial procurement ol compuoters and selecommuoicanons equipnient in Japan. have been
indusmy specific in intenr and elfort. In short. the scmiconduceor ndnsecy has heen an explicil
rarget of industrial policy--whether in she gulse of military policy in the US o in the goise of
cammercial policy elsmwhene 1nthe world suderever [ fas developed.

Conditions creating sdvarase in chis industry have been manipuluted by policv. oot
inherited Like femures al he national landscape. Nar has crads in this industry gver been 22" in
the classical senge. Rater it hay been mampulated by a myvead of formal and informal policies
affecrng both rade and loreign iovesiment flows. These policies have ranged [rom formal tanffs
and {uoas., [ mesirictive or promational policies on ipvestnent flows. @ preferential procurcment
arrgngements. Over iime. these policics have had powerliel effects on the levels and directions of
trade flows among nations.

Why has the visicie hand been so omoipresent and forcerul in this industry? The answer
ligs in its soaegic significarce in both the milinary apd coonomic semse. The semicenductor
industry was borm out of the LS detenze elfon w develop ever more reliagte and sophisticated
mibitery equipment.  Thmoughout the vears ies military significance has never been doubred--
advances in semiconductor echnciogy nave suppaned ail of he major sdvanced weapons
ayarerns, including the samar bombs and Pamiot missiles that had heic spectacuiar debur in the
Cull Whr

o contrast with 10¢ Amerncan emphasis on the melizace sgnifivance of the semicondoctot
indusiry. the Japaness, t™he Foropeans. and the newly devzloped countries have focused on g
commercial or ceonatte sigmificance.  The sovemments of mese nunons have accorded the
sennconducior industry special promonanal andfor protectionist treanneot in the aoliipation of
several kinds of economic benefits, inciuding:  more produclive. higher-payving jobs for ther
WOTRETS. Sreater CXPors, 38 a result of an expunded nztignal sharg af growing world markets: the
develppment of an indigenous techrological infrastructure with spillover benefits for other
‘ndusmies: and the provision of linkage exernaiities—-lowse-cost, higher quality inpucs--for
downilream user industries. like compurers and relecormmunications egquipment, which are also

thoughe wr pave long-gm coonomic sigrificance.



Coespite a gereral liberalization mend around the waorid in many snduostmes, agioaal
SUVETOTENTS Nave NOT O sWOrm Measunes 1o suppon their semiconductor industrics. The visible
hand preseot at the :ndustry’s conception is scill present long after the industoy nus reached
maturity. Morcover, while rovernment negalation has beon widely discredited @ roany sectors.
there 5 0o presumption that the viable band of policy in smiconductors will lead to lower
soAmemis welfure than ibe 10visible hand af the markel Tndeed. the presumpton i amyvthing, naes
the orher wav.  Increasing roturas ooscale, subsindu] leaming curee sconoriies, linkops
extermalities, and wechoological spulovers are not the siuff ol pecfect competition and muacket
optimality. 5

[a this paper. we demonstrate how the vissble hand of government kas had a significane
impict on the patlerns of sompetition and tmde 1o the semicongucter ndosoy. We tarst exammune
how sovernment policy ercouriped the development of the tndestry in the TS and bow poiicies at
horae and abroad arfected rhe tade and foreipn direct investment decistons of American
companics. There 15 nothing pameulasiy surpnsing in this part of the sterv. A combination of
factar  endowments, technclofcal skills and growing demand. all fostered by concerted
government palicies, pave American companics a compentive ecdpe. Globud tade patterns
reflacted the strafegies of these companiss as they stempred o gain global market share in the
context of changing production conditions and chaneine policy environments.  {fven their
subscennal first-mover advancages amd she chumcteristics of industry production, there was every
reason 1o predic: that the Cominaot posizan of U5 companied in the industry wouold be perpetoated
TIVED TR

s predicuon. bowever, proved i pe amoneous. Acd s Brings ws 1o the second part
ol our story: bow a classic straegy of inlunt-indestry Stowction and promorion “wotksd” w
creale o competitive Japanese ndosiny capable of chailengine the scpremacy of Amercan
LUmDunles. What i surpnising abour tis pant of the storv s no thar the Sapaness targeted ihe
semicooductor indesmy for develapment or that they reiled on proectionis poiicies 1o de so bat
that Lhetr strategy was so offoetve at realizing its objective--the creation of a comneriuve damesiic

. b .
incustry - We argee that @ European smategy, simiiar in some mespects to the Japancse strateay,

Irhe so-cailed sigugg crade theory Leratee s Tull of theoretcal demonsirmwmns thal promotionad 9z
prccignist pelizacs under these cenulilivns can soprmove cconom; welbeg §ie hame gnd redoce il obroad.
Wherher suc paliciss paw w4l n orachice 15 sanckzr guespan, siace the theorstcal assoanplions behnd these
demossirations are wsgelly very reseiciive,  And the weight of 1he empincat cvidence, albeit ilwed by overly
simplc modals and nadeguale data. sumpesis thal such policies oiten reduce nanonal wellae.  See I Davnd
Bichardson, "Empirical Research on Trade Likeralicaion with Tinpesfect Compezooe,” 0520 Eepngmig Sludies
i [apning 196U 544,

2T i impoetanl e cairhasiae that the objeciove of Japanese indusmal policy e the semiconducuor ndosany, 25 9n
alser erulusiries fargrebed for deye I IUmene, wis e consumer wellyes, The JApancss sovemmen newver faiced sseif
whether the cosis ot the poiicies o porsued in parms ol loregrene consumce welfarg or he oppertanily costs
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perceniage of ONP, enmneenrng and seieniilic manpower a5 3 percentage af the toral labor foree,
and 1'% dominance in workd patests through the early 196050 In other words. US policy prioniics
aurgured (he scieniiic cupabiilies that wene the single mos impoecaat factor advanoge on the
dustrv's oirrh and early evolation.

[n addition e toese capabilizies, the U8 also had ibe demand conditions suppaemive of the
sermganductor Indasty = develogment In Tne form of o secured defense marker Tnoche garly vears
of the industry, up to VKIS of its ourpar was puechased by the militury, und £ven as lage as 1963
aearly % was sull cluimed for milicary purp-:}sea.-’r In addition. thers was a defived defznse
dermand lor semiconductor output from the miclitary's large procurement of compueer oarpuc
throusghoue the 19605, Direct and indirect defensge purchases reduced the msk of invesunent in
both RE&ED and squipmem by semivconductor producers who were assured thar 4 significant part of
therr supul would be sold o the military. The willingnzss and abilite of 1he government 1o
purchasc chigs tn gueannry at gremium pocss allowed 2 growing number of companies o 1ne
indusiry to refine cheir production skills and deveiop slaboraze manofactunng facilities.  These
improvernents resul:ed 362 contincous incewse in the number of elements contained on a single
1C coupled with signifreant decnsases in prive. More than any other produce o indostnal kisiory.
the prosduction of ICs bepetined from an amazingly smep lzaming curve.  In (%90 a chip
containing about 64 components was priced at zround 5320 By 1976, the price of a chip
conluining over a thousand componenss wis aboat S 1 Y

The rule of thurbk o the semecconductor jndustry was thar costs generaily fell 30E o
HF%E with gvery Jdoubling in vodgme. Such ywieep leaming cconomies occufTed  beciuss
semizonductar manul ASlunng routicely vielded mare delective than sound chips. For comples
new products, vields s 10w as 23 percent were guire common. white muture products mighe vield
Uk neroent. The need 0 mise vields wd £fimms o manulactore ecknoiosy drivers.” A [echnology
dover wis gereraliv 2 kizgh volume produet that had o relavels simpls design, When o birm miass
procuced 2 echnoeioypy dover. ic would hone it manufactunng skiils, and then ronsfer ils leaming
ty more complicaed. lewer-volume, higher value-added devices, DRAMs were paritcuiry well

suized for this sk becawse they had a less comples structure than other [C5, which Aiowed fimms

BErr compacave numpers on these end other sadiemars of U3 wezaelogual seectore, see Richard B, Melson,
"L Tezhnalopica] Lesdershup: Where g O Comg Frogne amd Where D9d e O™ Resegrgh Polios D% 03960
17137

Brruws, *illsiem, and Zrsman. "L 3-lapancas Cornpeation n e Semiconducier ey

iar an in-depih swdy of DOD inyolvement nohe creation of (S natoa's serdcdeductor and compaes
indusiries, see Kennei Flamm, Cregring (he Compuiar: Government Ingdosry ged Hioh Technglofy (Washing o,
L Bronkings [nstiwuon. 1958

Yrmend 8. Yoflic, "Glabal Semicondwctu lowlostey 1947, Harverd Boaness Sehopl Cgge, Mo, 9-TKE-05 20 Michasl
Bareus. Cupupraifn (pr Centno): America™s 3 ke 1z Mis rgglegInpnics




ter distioguish quickoy etwern 4 flaw o he design wnd o flaw e the manetwstering process. For
particaiar proxducts, athet high vowme ICs such as EPROM: and siase RAM: could aiso seove as
ivchnelogy dovers.

Since Americen firms iovened DEAMs. CPROMs. and SRAMs the US indostoy
cnioyed ohvions firs-mover advanmges, [n additnon to eamiog sconomies. prodoct cveles were
quite iong, so the rerams wod firsemaovee position in o miven prodect couldd be substantial. Thesce
PIONLS D turm wers an imporant soeree of Tunding (o fnance R&D and capital spending for the
rexl peoduct geneason.

Frowm s inception, the senucandecter indusiry has been one al the mast R&D-mensive
industies, with B&D expendimures averaging over 109 of mvenues. 13 has alse veen o highly
capttal-intensive mdesoy. with as moch as 3% of sales spent on capial cquipment. Ar the same
timc, varaole costs bave always been small and have deelined over time. The basic inpots 1o
semiconductor prodoction are sund (silicen) and elecmeity. Dosmibution and transportaton costs
higwe been iny (1-2%3, The oaly sigmificant vanable costs bave been lubor costs for the tmal
assernbly of chips, And be e 1980s, vadanole labor costs could be largely aulomatsd away,
Iovesument patgerns n senucanduciors bave been lumpy. producing chronic bodms and busts, with
BNCIAS CAPACIY SMErmNg approximately every (Tve vears. The owclical matuge of the industry in
wONJENEIan willl sieep Jearning curves has promoeted a oractice of forward oocing. For exampic,
indiesty leader Tecas [nsirumenis was well known in the 19605 and early 19708 for pricing well
bolow costs in the early siages of 2 produet 0 build volume, pain market shace, and move down
e lewming curve.  3uch agaressive forward priging repuatedly had a severe 1mpacl on budding
Japanese competition it the carly 1970519 By the early 19805, American producers were sharply
gritical of their Japanese compectors for simlar goging 1asnes,

[0 addition o their firse-mover advaniages. US ficms continued o benedic from the
naton’s commitment oy RE&ED and 12 paol of eénginesting and scientific talent. Defense financed 3
lirge share of semicondoctor R&D in e 1951, dirsely through contracts and indicecty thoough
pretnium prices tor new devices. The government eontinued to pay for o lree share of R&D
nrough the early 19704, providing rauehly ore-half of the wta) from 1958 theoupd 5970, 81

The historv of the Amencan indosty throogh the mid-1970s s 0 dsees of product

Wingeview with industre cxecutive. “Pre-emptive poce geming,” dedinged s reductien moadvancs of productivilr
rnprovements iong 1he leamang corve, %5 o T suaweey, TUwas TO ool ehe apamee comnpanies. who piossered
this sorac ey which for TT was made possible Dv relving on chean sccond-source peodneers.  Dheler Emesy and
Cavid O'Caooner, "Compenng o the Elecmomes Indusmy--The BExpencnce of Mewly indysrigleung Cognries,”
anpuplizhed draty OECD Developrien: Cener. Taris. 1991 po 79,

U tennoih Siamam . "Talicy and Pelives in the lnwmanonal Sermacondector Indasury” & paper presented 4t the
SEMI [55 Scinanar. Sewnens Beach, Califomes, Januars L58%0 As lawe ax 19533 3 Conerezson study found that
fclerat Eumine pand for so csamated $5% ol overdl Amencan £40 1r electronics.

—-a



itrovation doves vy che entrv of new firms,  Between 1968 and 1972, for example, thiry new
merchant fioms caerad she marker,  These firms were mainly foomed by management and
rechnacal personnel whi I2ft establizhed compuanies.

The U5 environmen: {avored this pattern of competition in several wavs,  First. there
wers nor polivies or nunmns favonng permanent croplovment relationships between fioms and their
mewi valoed emplovees.  Indeed, the mobility of sslansd cmplovess bas alwavs been
comparatively high o the Cnited Sutes. Second. the veorare market supplied the {inancial capitsl
necessary for eomry on atractive @ons, Third, the militry, which remained the largssr single
consumer of leading-edee components theonghoar the 1981, was willing w buy very expensive
prosducts from brand-new firmg who atfered the wltizogng in pertormance i lica of 2n esioblished
ek record, 12 Fouerr. some of the mehoological intormation required Jor successful aperation
wis freel avatluble tiroueh aniversity and academic channels ;i which research concinoed w be
funded by hage faderal investments. 12 Tndeed, the conditions of federal fimding often cequired
conperation becween industty and the suppored neiversioy infrasoecture, And, fifth, the TS unu-
trust enviranmenr worked 1o the advanage of the merchang fisms ang to the disadvantage of what
might bave been tormidable vemmically-inegrared comperiiors, ke IBM and ATET.

As o oresult of a 1950 Consenr Decree, ATET was precluded from entering into
COHmpELiticn N the emerglag L5 semiconduactor market and was reguived 00 2ive any company
aocess o its technologies--at g rovalty to be sed by the Cour. if the povare pasties coold fol agree.
The entry of Texas [nstruments, Tarchiid, and others was greatly facilitated by the low-cos)
avinlabdity of AT&E TS weehmoiogecal information.  [n the case of [BM., there was ro counl onder
previnding il$ competilitn in the markel [ur semicordoctors. But the credible threat of anti-trnest
action, combined aith Lmitations on che groedmbility of scmiconductors rebatve wr svsiem
productiaon and wdvantzges to sroprictary circuit development, kent [BM our of the developing
smerelint market. 14

The US autitrest dnd patent snviconment diso encecraged the Row of webnologicsel

2 Indeed, Emst und O Conuwr arone that e Defienge Depariment’s suppor Al small scale mencheal fioms s
sribical to semuconductor govelepment in Lthe U, sinee the Lasger predomingng 122ms o0 she 19305 ware cemmilsd
irthe previous disceete technalogy Dascd on garmamun weis catremcly skaw w0 adopl new circoil wehaslkapnes
1z2d on silicon, Eenztand O'Conoer, "Competing o the Electronics Induscy--The Expericnce of Mesdy
cndusimadivme Crsusmtroes.

- ¥For 3 Carnpleie diseussion af dhe pole of Ameeriocdn unwerseies o e creaioe and dodfusion of echnoioezcal
knnwledgs, see David O Mowery gnd Narhan Roseoburg, " The US WSaionat Innovalion $vaem,” Consprupm on
Compeltveness and Cooperotics. Center (or Bescarch in Monaegament, Weoshing Paper oo 90 30 Univeesily of
Calitomms, Borkeley, Soprembar 1490,

LS Siwnrd Stemmueller, Industre Stocture and Covernmeat Palicies in the US and Japancss Inwegraned
Curoute Industrics.” Toblicazion Mo, 105, Cemzr tor Seonomic Policy Bescarch, Seetere Cimwersily, Decsimber
[ 986,



intermarien through the process of cross-licensing.  Cross-heensing, which became a copuiar
mechanism for avoiding lengthy and Ssky patent disputes anong individuad producers, promotsd
icchnologcal exchange and access amonp them.

As a result of ail af the facees ooted bere--the svallabiliov of venwne capital and o mebiie
tecainieal labor force. the diffusion of wechnological infermation through open untversacy research
and cross-icensing, centinucd defense procurement. amd the antitrust eovironment--the LS
setniconductor industy developed a disuncove characier in which the lurpest producers of
products sold on the marker were nor zarm of vertically-inerated sysiems prodocers but were so-
calied merchane firms, speciafizang in semwonductor prodocts. This distinctive indusmy structare
gave osc o disinctive andustry smategess and forms of competition which were o sporce of
vitality tor the US through the muad-1970s. 13

Thz porenual susminability of America's advaolspess in sermicondueors was reinforced by
the underlying coconomics.  Leatning curve effegs wese so sienificant thar the US mercham
industry remained elatively concenmared despite she proliferation of now vendors, In 1963, for
exarople. the {our largest memnants accounted for £%%: of oial indesty shipmenis, and the sight
largest accounted [or YI% of such shipmenss. In 1972, even with significan: new enirv, the
comparahle figures remained hizh at 33% end 67419 Furthermore, US indusmy leaders did not
rest on thelr [aurels: ey sought to axploit their firse-mover and coontre-based advantages by
developing glaobal sieaegies fAght trom the beginoing. Fven the smallest semiconduscter
comparics bad nternasonal ssles oifices witk cxports thar averazed about 20% of sales. 17 Sioce
transportation costs were nsigniticant and since there were oo ercdible foreagn competitors,
AMeTicdn companies agoressively exported thelr procucs @0 senve forgign markers.

Tnidally, glebal srateyrics focesed on exporting, but torgizn direct investment becare
JOWIE IR (ver Tine. Poreicn investment emerged for dan reasans: (rst. US manofacturers
sought to ke scvantage of low labor costs in Southeast Axia for the asserbiy of their prodeets;

ang second. yovernment proection hnned market aceess in Jupan snd Europe. The shift o

““Pyrier ephasices the ofleots of industey stuciune on distmeive nalonal maucms ot compeines Behaviorn Gee
Michael Porizr, The Compeidve Salvingne of Sangms (Now York, Y Froe Progs, |99, Although o
Imoossble 10 re-run hsteny, ibos aenes e less posable o specaloe oot what mightl hove been dhe comsogusnces
for sndusicy bebavior had e US aaduary dessloped inoa Jillecent covironmem--one more candogive 1o an
mdusiry slrucioee more comparable 1o the Japanese. [F the US indusery hed heen domeseed by large vorsicaliy-
mrepraied producers, fach of which prodoees chips for 125 ewn gse and for saic o olher wsces. @ o likely Cut an
Faen more sencentraced indeary swrociose would bave developed. Add this moght have bad v kinds of ;ogemive
effects. Fiest, thers would have been a3 incentive or tuese producers o sell e one anocthes omerms that woglid
provear 1he caory of moecchant campelines.  And second, (b meenpve 0 compere by peoducl indovarion mivhe
hawe [ ceduied.

OSreimmuoeller, Incuscsl Seucwre and Covernmen Palivies in the U5 and Japanexs Tnieprarcd Cimct
laclusloe:.”

|-'r':',nrru.l;~ Millsrean, and Fvsman, L5 Taponee Compraiion e (b Seenscondys jor Tndusies.




otfshore assembly operatons became important berween 1964 aad 1972, drver by the apgressive
mioves of fimis in the increasingly competitive industty to compere oo cost. The natuesl division
of prodoction among water fabrication, assemoly, and testing allowed (ke wssemnbly smae of
prodoction t be located at a different facliity feam fabrication and estng wathout any significant
IMPACC On EATDinE sconomics. And the assembly fage cequired melutively Joew-skilled labor chat
wits dvallable abroad at a subscantial wage discount--yielding up to @ 30% meduction in motal
manuiactaring coses. (L was 0ot for anpther decade that & hivh percentage ot lubor vosts could be
automated out of assembly.

The policies of boah the Dlowed Sares and several newly industtizlizing courmies alio
supperted the offshote assemhbly strategy. Tonder irems 507 ard 806.3 of he L% Tunff Scheduies
a5 amenged (0 1963 impored ardicles assembled i whole or in part of US fabricaed components
hecame dutianke orly 1o the extent of the svalue-added abeoad, Tns mcant 2 subsoanial carff
broak on the offshone assembly of chips. And beginoing in 967, the govermments of Mexico,
Talwan, simgapors. Malavsia, und Korea, csablished "cxpont plattonms’ o encouwrage dirccs
lom=ign investrent.  These pluttorms otfercd & owide vancey of inducements o such investmens
including 1ax-free exgorts. import tax reductinns, and ax helidays. By 1978, the top atre US
oroducers had 35 offshore assembiv operations i ten developing courtries in Latin America and
Sauthenst Asta, By thal time, more thao 3EE of the semicondectors shipped in the US wers
assermbled and esed overseds. mainly in these counrries [see Figure 1], 8

The second tvpe of Tareien dirsct investment--poiot-of-<ales affiliates--occarrsd maznlv
i Europe where high antff rates (17% ol valuwi preferential procurement proccdures, and
pressure by che European governments (especially the Bridsh and the Freach' encovcraged such
imvestment i serve groeing Furopean morkets. The ficst major perod of Investment in Ezrope
ccvurmed beeween 1969 and 1972, by which time 46 affiliates. 18 of which were engaged in
complow manufacranng apecations, including fabricarion. kad been estahlisheg. 19

Turiffs. yuotss, and ather lorms of border crotection also encoureged US campanies 1o
consider toreign ditect invesmmgnr 0 serve the Japanese market.  Bot the Japanese activaly
resinated sach investens, (i contmast oo the Furageuns whe actively encourzged it. The Japaness
strgey was avowedly one of Impen sanstution eough the crestion and promotion of
ind:gencus suppliers. while the European smaregy was ang of impodT subsiiiution, al least in par,
througn sudsiuting she leca! prodoction of Amencan companmes for ampoets from them.  The
difterence in these strategies is apparent in the numbers:  Japanese companies have Lwiys
supplied the lons' share (9% of the Japanese markerplace. winie American compames aither

8B o, Millsen. anl Leemar, LE-Jopanese Coamperagn noche Semisandugar Ingdysirg, poiT
19 nneth Flamm, “Semuweonducers” oo Esrppe VU2 An Amerigpn Peespecny, il Cary Clvde Huathaer
PWashincwr, TH: Brooking< lasinggicn, 190
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IL3, The Creation and Rise of the fapanese Ladustry

Owerall, the histary of she Jipancse semicanductor industey s a successful and drmsne
story of infant-indestey promotion and proeetion,  The averarching abjective of fovernment
SUpPOCt was the creation of o compeucive ndigenous compotee industry, with the greation of =
campelitive ndigenous semicondeenr ndosoy a5 8 means wowascs fhat end. In contrast to the
L3, where the government abjectuve in thesg indusmizs was 3 militey ong, 10 Japan the oojective
wis purely commercial.  Also in conmmast g U5 support. which was designed o espand the
terbnological frontier, Japsncse seppom was designed as 3 carch-gp effon.

From ihe inceptior of the industry in the 19608, throwgn the mod 19705, the Japancse
market was lormally protected by a verierr of meusores. The government cooststenty mejocted all
applications for wholly owned subsidiaries ard for juint veotures in which foreign firms wouid
hold majority ownership.< 11 also restricted fomeipn purchises of squity in Japinese firms, High
antfs, resmcuve geotas and apgroval registcaion raguirsments were osed [0 CONWOT AMPUIRS.
Approval was also required for all patent and 1echnical assistooce licensing apreements. Ay 2
result of conools on the acgoisizion af foreign echoology, MITT acted ax o monopsonist suver of
such technolegy and also controlied it daffusion ameng Japaness firmes.

These nent ~order cancrels held the US share of the Japenese semiconducior marke:
suoszangally below what it was i the resr of the world, For examole, by 1973 US firms had 959%
of the U'S market. 785 ol the European rmarket. and only 0% of the Japanese marker. 24

Inztialiv, the Jaganese ndusty prew out of the applicaizon o T9NSISI008 (O COMSUTRET
siactranics products, llowed oy the substituion of senucondusiors for such applications.
Conseguenrly. durng this first phase production was dominated by o consumer-clecmonics
orenmaon.  In 1968, for example, 60% of all Japamese semiconductor production was in
consimer electronics producss. The Japanecss conginually [apged o the ioroducton of oew
prodects andg in the muost advanced semicondecmor wehnelapes,

Alse, dunne this phasc. the Japanese firms lagged behingd in research. Throuph L9
arivae company funding of R&D was not competitive with US fundiag.  Indeed. in the carly
&1k comhbined sperding by Fujitsa. Hichi, and NEC on semicondocior and computer RacD
wis wois than Texas [nstromensy’ B&dd budger, Moreover, direct Jupaoese  governmens
subsidization of advanced I BaD by Tapanese finms was ool signicant, althougn o great deal of

Basic research was carmied ot i sovernment and NTT laborararies, 2

23[hnms Foeamanon, “Invesiment and Trade,” unpublished masuwsceipl, Jlaevard Business School. Carmbrdee,
Ma 1090,

- s, Millstetn, and Zesman, S -Tapancge Compengeen in the Semicondwsor [ndysesy, po 3K,

< B, Coamgening sor Conirg s Amererg's Spake i Micrgeicorronics.
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The [970s marked the second phuse of the indusiry’s develapment tn Japan. Gradualiy,
1N [CSPOMSE 10 cXternal pressuse. the Japunese government phased owe s fommal wade byriers by
1976 and s Formal forclgn invesmment resioictions by (978, At the zame time. bepioping in 1971,
the govermment formaliy tacgsted o sedes of advaoced cechnologics. inciuding scmicondugor
rechnalogies, and prowvided Cnancing to stimoiate their conperative developmens wim indusry,
Berween (971 and 1977, owver sixty differen: projeces received toral finaneial support fn the muoln-
hundred rmilion dollar tange in such arcas as clectron-beam exgosire and lasge-ccale inegration
(LST prodeciion equipment, disvrew devices, basic materiais mesearch, and low-power. kigh-
performance semiconductors 2% (Table 21 All of these projects involwed cooperation and co-
financing by compentors in the pre-commeccial stages of developing 1 oew echnology, stages
where 1z 3 difficolt o exclude othees from the wse of resulis and heace whers the memms 1
knowledge-creation are not eas:l :Lpp_'npri:lh]ﬂ::?

Thess promrams. along win telated progrms @ suppo Japan's developing computer
mdustry. succeeded In miging the valoe of more sophisticated inegeaied Circoims a5 3 share of 1003)
Tapanese semiconductor output frocn 2749 0 T9T T 1o aboye 2% b the 2od of 19750 By 1976, the
Tapunese hud developed a significant LT capabilicy, and fey dominated thelr domestic marker in
ali but the mast zovhisticated integrated circudt devices. Thev had also succeeded in raising their
sharg af he damestic insalled base of seneral purpose digitat compueers 1 over 619528

According 1o ail accounis, they bad realized thos pectonmancs despace the fact sho U5
semiconducior and computer products were availanle ar lower prices, and at higher guality,
capaility snd rebability levels than Tavancse prodects. The “counter-liberalizton measures”
taken by the Japanese povernmmend o pearantee ' char lheralizavoar will nor adverselv aflect
domestic producers nor pradoce confesion” seemed o work,  Despiie 1ie abalition of tormal
parrers. the foreign zeretrztion of the Japancsc marker was keld in check by oz ovadesy of
atfseming polizes, including B&D suppor, <he governmment-szonsored fommtion of joint R&T
gnd producnon ventores among the Japanese companies. preferential procurement policies--NTT
would oot buv any forgign svsizms products oor woold 0 hev domestic sysenms produsts
conwaning forzign semiconductors--und other sdministrative means, and by e purchasing
decisions of the [epanese vompanies themeelves,

mport penetratian Cgures which saowad linie chanpe throupnout the 19705 znd the
areeom charped by Tepunese producers on cheir domeste gnces compured 10 their expon prices

through W78 ame evidence of the connnuzd closure af the Jupanese market This dual pricing

N H '
-OBarrys, Myllsin, and Zysman, L
- - - . . . . - .
=MoLl 1that sithoueh thos rescarh ways peocamincesal, a8 N0l 2enenc--e was vowed]y indusiry-speciiie. like
S matec k.

TR Barrus. Coanpeling (e Qo Americs, Slake_in Mivzes lertromivs.



behavior came to o hal: only afler an investganan by the USITC contismed dumping on the pas
of the Japanese cormpanies. <%

Of all the suppor progrms of the 19705, the moss successful was the VILS[ cooperative
R& D program designed (2 delp Japanese finns reach state-of-the-un croduction caparilices in the
vroduction of both memory devices and logie cicceiis. The Japanese stralegy to move inm the
mast sopbisticated memaory peodocts reflecwed their aims and needs 0 zlecamnmunications and
connpurers. By the lae 2970, these necds could ooly be met either by produging mors
soplasicated memory devicss like those which dominated the chip marker in the US--devices 1o
which the LS fimms had a comumanding lead--or developing their own. Consisient with their infanc
tnduestry approach, they chose the laler ootion,

By 1980, this aprton paid off, Althouph govermment suppott for the VLS program was
prematureiy lecmuniled o 1979 cnder political pressure applied by the US| by thar time the
progrem had helped the pacngopatng brms develop one micron deviee technotogy, subnuicron
arocess wchnelogy and 5K dynemic rundom access memoncs (DRAMs).  [n essence, the
program  helped Japancse Fions achieve techoglopical parity with Amercan fimos in the
prosduction of the most sophisucaed memoce devices.  Tndeed. the Japasnese {irms were sn
sanvinced ol the benetits of the VL8] program that they ldunched 3 privile-sector extension to
complete the research agenda without sovermneny help, 39

The dramatic success of V1IST was partly a funciion of US mistakes. Leading American
tirns lefr o wmpoerary veid in ke margec inothe aed-1970s0 just as Japanese producton swas
coing on ostream. Dening the 1975 resession, Amerncan limms cut back on their capacity
expansion piang. When the semicondecor marker boomed in 1976-77. Americin companics were
cubghs shor, favging their customers o search for athee sources of supply and opening the doar 1o
eV compelilors. o addition, a wechnen] disunciure occumed in the mid-1970s, wluch only o
handfu! of Amesican firms exploined S|

Nor only was 1Me timing of tne V18T program foduitows. bet the choice of DRAMS
proved cntical. DRAMs: are the larpost volume copwoodite peoduct of e semiconducor

induwary. They are 3 sandasdized gord with aimes: perfect subsnmman capability anong different

:q".':nrrus. Compeirng o Cralmgs: Asaericey Slake i Microelsorrpmgs, aad Prsieeds:s. Todg Placs.

kar mare in-depth awidyses ol the WIST pregrem, sec Flamm. Policy and Polities in the Inemationag
Semiconductor ladostry,” Bemys, £2ompesing o Ceomel; Avnerizys Soke o Migragleormes, :nd Thams R,
Howell, Wiltam A, SNacllerl aael 1L Moc Caogalin. ané Adan W, Woltf, The Migroglegrronigs Byce; The Toimge)
AN TVREIN b 1111 b o aempgionl Competitzgn (Boldze, Colirado: Westvow Pross, [9HE),

“1Theee are two basic Froctice: for makme semicondustors: vae wocalled hoprlar, the sher MOS--botd Owoade
Semicemlucior. Sapodar was the older. more scable process wicd Dy mos American lms since the 14608, When
WS processes. which prodoced chips Dl consucoed less power, became available, many American ms wers
divw 13 coaverl i (e lones,
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producers prodocing ac the edustcy norm. DRAMS, Deing siandardized, were one of the casioss
prodoct Jincs for newceomers e breax inw becauss they regoiesd the least lavesmment in suppom
andd dismbubon services. Propremsy design wso offered e protwection 0 DRAMs: inellegun
aroperty laws were faitly loose: plus, there were muliiple wavs to design u standard parrt. The
most stgmbicant cniry 2armers into DREAMS were wade economics and the eaming curve. Scaie,
in particular, bedame nencssingly ooee imporiant affer the mid- 19705 while it cost only 33
mallion o build o Fabncatiom faciliny in 1970, the prace al such a fuciiity upproached 573 mililon
in 198 Moreover. since DRAM wers 0 ¢onomodily product. manutaciunng <asls mattened
most. The way to dove down the o8t of production wis o improve yvields (the number of good
chyps exteacted fooan processed siiicon wuiers). [mproving vields in wm depended on improving
contal over the marufacluning process--something whick comes from expencnce, hence che
eason lor signeficant leacming curve elfecs

A poliey of promonon and prowenon could help the Jupanese companes pain the scale
and mebmical expeniznee they needed to pecome tormidable compeurors in the DRAM marker.
Protecton aliowed Japinese producers 1o reach minmmem scale; promotion nodoced the nsk in
making the big capital investhenis necessmy o coter. 42 Such policics would not have been
successful had the [apanese initally ried 0 target other semicondoctor products. like
MICTOPIOCE330rs, where competition decends on proprictary design innovarions. and where 108
cormganies had significant first-mover advantages hecause thaie products had aleeady been adopted
as rhe standasds i ommoonant systems prodocts. ©n the ather hand. the treetne of DRAMs
belped creats knowledze :n large-scule pricduction orocess technoiogy that had spiliover benefits
tor Japancse companses in their eifons to bresk Inw other less standardized product lines in the
1580s.

The effects of prometion and proteciion in the Japencss indestmy mpst aiso be understond
i the context of the indusmal scructuse inowhich they occomed.  The Jipanese senucondoctor
ndustry 1 domunated by stk melit-divisional, vertically integrated firms which manodaciure
elecieomids  swsiems  setving end-markets 0 codtsumer  clecTontcs.  compoters,  ard
lelecornmuenications cgquipment, These ) (ems aze NCOC, Hiachi, Toshiba. Fujitsw, Migsebishi,
and Matsushira. Together these firms furm an even more concentracd oligopoly strugture than

that which prevalls (o the Amencan mecchany macke:,  In che mid- %705 for example, these six

The poticies uf premouon and proccoon and the clfezs on Japansse prwlocers were nob uniges o e
semuconduciar indusory,  For 3 ponges) Jiscussien and intepresiicn of Japanesc imlosorol iy see laarg
rAndreg Tvsam and John £ysnan. " Developmental Scalegy @od Producinm [mnovaon on lapan,” in Pelicics g
Produciovety; How Jopan's e moni & ry Works, ods, Chalmers lehnson. Lauwra &0Andrca Tyson. and Todn
Zrsman i xew Yok, 8 Ballinecr Press, 1989 Oa Japan's praoctien and protesbam of s aiscimaies industoy,
woft alsty Mame Anchardaguy, “lapaness ladwsinad Targeting: 4 Challenge @ Froe Trade?® Wewbing Paper,
Licversily of Woshonotor, My e9J90.




firms conmetled 79% of domestic sales in japan. 33

Adthougn all of these fims produce semicondueciors for in-house purposes. 1 maonity of
e seonconductor sales are exiermal.  Approdmaeiv 20% of cheic producton iy consemed
mtemnaliv--and in memory devices. the Dgure 13 even lower, Thus the Japarese tms are neither
capive prodocers. ke IBM and ATET, nor merchant producers, like Inel and Natiopsl
Semiconductar. Morcover. anlike the 1S merchant firmes, 1he Jazanese {irms are Jarge consumers
ol semicondectors. especlally advanced  ngegrated  crecuns,  Together, thew account lor
approsimately 6% ot otal Tapanese sconconducior consumgtion,

The structure of Japunese companies and their cloge eelatonships with one another and
with various parts of the Japanese government, capecially MITL MPT, and NTT, have beso
importans facrars benind the comtinusd difficultics of Amercan producers w access the Japanese
trarkes. Dunng the [970s, Junencan comganies succeeded In penetrating the Japanese market
prmarily with advanced proauet incovanons tha Japsnese fioms were nol vel prodocing. As
lsmanese supplicrs hecamic comperent in the oroduction of soch deviees, Amencan suppliers
cxpenerced a decline in demand ard saw their shares of the fapanesc muarket levet off or decline,
even s Japaness demand grew . >

Througn the mid o larz 1970w, this pattern can be understood a5 the msale of foomal
prowctionist barmers. chroegh variows trede. investmene and wechnoloey bertiers, the Tapancsc
government acted as Fatekseper o mEiricl Impors to those produeces oot wet available from
indivenos suppliers. After the LEberalizanon of most of (hese barmiers (sipnificantiv, preferencial
procurentenr through NTT rematned 1o placet, however, the pattern pergisied. The most logical
explanarion for the persislenve of this sattern liey in the incentives and business practices of
Tapanese firms. When the Japaness sovernment cessed @ act @s [ormal gatekeeper. lapanese
corpanics, perhaps encouraped by the Japancse suthonies, wok or the furcton *noan informai
way hroagh e purchasing decisions.

To understand why and Row e Japanese companies nwy have acted I this wav, 1 is
nezessary 10 keep in mind their soucture and the environmznt in which they tunctioned. Each of
the £1x TS i part ol o keiretsu--with implications for preferential seles armangements among
member firms and for mestrictive distibotioral arrangements that block aocess 10 distributional

channeks 9y non-member companies. a1l garticipated in couperative rescarch and producton

od

3 rcinmucticr. "Tndustry Stacbine and OGuvesnment Pl on the U5 and Tapanese [negraed Circol
[adusires.”

“MThis pattern has been observed in other Japaness industries aml bos besn described 15 2 maveang bang of
DroLaCLien--prolecion lasis ooly s Inner 2 % nocessery 10 devclon competnive Tapancse supplicrs--onoe sach
supplicrs appear. import: @l sharply. noconwast o athey countrics. Tapan 5 distnctive Tor s very low Jevel of
sl industry rade--1n prodoct lmes whece s prodocers ane sompedive, 1 imporls very Jieels See Johegn,

Cesatn, mod Swvsman. Polipcs and Progueuyiny, sor claboraon.
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activities sponsored by MITL settvites demigned 1o eacourags speciviizavon and communication
and 1 dlscouryge competition dmong the compmues. AN of the coompanes  wers aciive
aarticigants mothe Blectronws Indusmes Assoctanon of Japan--a legal rade sssociacton o which
there was 8 long hisiory of detailed exchanges of campany pecducizon and sz2les informanon. Four
of the six firrms--Matsushita, Hitackil, Tesoiba, and Miusubishi--themselves had a long hissory of
vvert and clandestine methods ter cameiizing the consumer electroncs wmarker v Jagan and
cootdirating exporn etfors abroad:®Y while the two others—-NED and Fujitsu--were  1he
beneticiares of cononued prefersmmal 5TT policies inothe procurement of compuers and
telccommunications cquipmcnt-j‘f’ And finally, all partiwcioated 10 a lax anctmost enviteoment 1o
which there was no credible sanction sganst coopemtive or collusive behavior

[m Leht of these stractucal and behavioral features of the Japanesse mdusty, one con
interpret the continued Gdifficuities of Ameduan compenies o access e Bipaness micket even
afee Torsoal bberalization in one of two wawvs,  The [rs1 explanaticn 3 tha thers were
wadacumented and undeected formal effarms by the Japaness companes o canelize the Japanese
wmarkeplace at the expense af foeign companies. Cerdinly, similar elfors valving some ar all
of the same fapanese companies have begn documented in the elevision industry aod in the oifce
computer industies. > Anrd the structure of the Japanese industey wself was certnly more
condocive oo carmel-like behavior than 1he structure of the American iLm.m;trrj.-.-m The second
cxplanaion s that becaose of the patterns of specialization. disiibution, conperanon, and st
which kad been tostered by the lonz penod of prowction and prosnciion and by the keirersu
swEem, Lhe Jipamese companies aretermed whenever possiole o buyv from one another rather than
ol an puizider, gven when hal oulsider was @ new Japanese enccanc and especially when that
outsider was 2 foreipn company supplving competiter fims, like [BM. i lucrative downstream
markets,

53For merc oa the histors see Koee Yamanwr, “Cavent 2mpr: The industriah Falicy 21 Tapen.” in Soalegie
Trade Poticy angd thy Sew Inemmptional Eeonomigs, =d. Paul Kougman ofCambrides. MAr 81T Tress, 19880 amd
Fat Chome. Agpnpy ol InCaence. Chapoer i, New Yotk MY Znopr, 19950,

MOZ0r the rowe of prefenential prcurement in the development ol che Japancss computcr indusiey, wee hdane
Anchuordoguy, “MMasleong the Mareet: Topanesg Ciovemmeng Targcling of the Computcs Indwstry” [lemuatymal
LDrgrizgeion 42 (Swmmer [9eE) 309-243,

“ ¥ e Yamamurea and Jan Yandenbarg, “Tapan's Rapid Giowth Palicy oo Trial: The Lslevision Cass.” in Lgw
and T 1 [ [he ooy, ods Gary Sweonlowse and Kiewa Yamamura (Scacdle, WA Lmneesiy
of Washington, D990

jHSUI’.‘J] shav e e alse mode maore Ukedy by che exgmpuen of (he Comtpuser and semizonducicr indascnes fecan
the Ang-mongpaly L,

9 g receny Daper. Reberm Lawronge provides sconcmelnid cxidence demansteating o link beiacan 1he cxeol uf
boteetso conlee] of oo idustoy and impord penelmlen i tkat indwstry o ke Japanese marketplace.  Lowronce
concludes thay "prodocer keirgtse relalionzhips ace a sigmiticant barrizr 10 the cmiry ol lorgipe priaducls imto Japan.”
Soc Robert Lawrence. "Do Keirclio Xeducs Japanese Impors™ dralt paper prescaed At Eighr Ingemarional
Svmpusiam of Jupanes: Planming Ageney's Econemie Ressarch Instilubz, Tokye, Jupoan. Tengaey 1590 Far mors




From the point of view of the effeens on inrerational mude and Amercan producers, & is
not Femiane  whelher the camel cxplanation o what Roneld Doee gulls the "melanonal
handshake™#! i the comecr one.  Access o the Japanese markel by American compinics
continged to be effecuvely hnated 1w those products noc currently produced by their Japancsc
conpeins. And (e behavior mrperating this guieomme was sancioned. iF no encturaged, by the
relovant Japanese apthanngs,

The soucture at the Jopanese indusoy also had another Dehawvigral effect which was
devastating for thelt Amencan compeliors. Because of their vermcal inegranon and kelmiso
linkages, the Jupanesc companics had vesy deep pockels—-they had access o relatively Theap and
patient capiad 1o Andnoce massive iovesimcorl spending even dunne penods of macker slowdosn
and [0 incur sustained losses as part of an gpemessive CTcing strabegy to ncrease (heir markes
shargs. Coly the two US merchants which weee puntly diversifizd. T und Moetorala. conid afford
w 2pend couniersyelically or sustain Josses for long periods of tme. The conseguences of these
differences in indusirial stocture were First felt in the aftermath of the 1975 reession. While
American firmg, stwdpped for cash, cot capaciy expansion durfcg the downtum. Japanese fimms
cross-subsidized thedr nvesinent. giving them their st opportenity 10 #ain marker share in the
'S, Bv 1983 the Japanese campanics wers ou-invesing the Amercan companies. d mend wilch
perdisted throash L9

The deep pockets af the Japanese companies also plaved an smpoaat role intheir abilio
To T 0 aperessive pricing was in the depressed rarket conditions of 1953-86.%1 This was
one of the major factors behind the exct of seven out of nine Amernican compianies rom the
prociuciian of DRAMS by 1986 and the vinual domination of the laest seneration of DREAM chips
b the Jipunese. As of 1936, fhe Japinese Ormy had 3 virtwal meoopely n g key wput Jor all of
e systems applications in which thev were decomine or hoped ro become significant
Cortge LTS,

Finally, Japan's successtul thrst down the leaming corve in DEAMs pave 15 companes
dRother comperitve advintsme ntoe martkerplace: by TUED, Japanese firms wers delivenng
their 105 and Japanese customers fewer dafacrs per shipment, by an ordar of magniiude, thao their
Amencan caunterparts.  Yeb s shocld ner e interzreted te suggest thag Japanese Boms had
siimply become “hetter.”  The initial Jopanese advanlige was detived from thelr largeting of

informaecn 5 the faluee of gereesio bes see dlichac] Gerloch, “Baeirelsu Oomgnzgnon o the Japancse Erenom;
Analyses aod Trade Impheanons,” in Paigtics 204 EI: 1§Lg§,1|\.l|,3|[ eds. Jobnzon. Tyson. and Zysman.

4F'RDI'I:LI-::I Phillip Dhare, Elexible 8ipidiics TG or_in ©he T Duongmy
IE"I"l: S0 {sunroed, CAC Suantocd Lniversty Pn':u 1906

“1To fapangse ORQInE SEECy =a5 similar in many roespecls oo the aigressaes (arwarnd pricing strotecy used by T1
o the 1%705 o pain marked share, Whae Jisurguesshed (b0 Japamsse swamepy was the gy o the Lpangse
COMNANTTE w0 suskn 1Enlacan Insses bed quse al their verucal siectuce s snd deep pockes.




DRAMS: using focused factones. fapanesc firms had nigher vields than the Amedcan merchars
who manufactared a wider array of producss. By the middle of the 19805, however, the Japancse
gualizy advaneage was no longer siomficant.  Amencan fichs responded o the competitive
challenge, and defect rawes aclivered o cuslemers wers not appreciably differsnt berween U8 and

Japanesss sappliers by that time.

1.4, The Stapnation of the European Indusnyie

The Zoropean szpproach 1o the semiconducior indestry wias similar o the Japunese
approach in one basic rgspect--the U2 of proection [© promote national producers.  Europesan
sercanducior producers were protected by 3 steep il of 179 thut survived both the Kennedy
and Tokyo Rounds of GATT tanff cadicrions: by rules of orgin that effectively blocked the use
of lmported semiconductors in Buropesn elegironics mnanufaciures coossing the EC-ERTA
Doundary: ang by intormal noe-tanflt bemers, incloding preterenrial procutement pracrices, that
coguraged Buropein production oy furelen producess to serve the European marker. All of these
protectlionist prachocss were an unmporinl force behind the substantal direct invesoment by
Amernican producess 1o Earopean produstion Facilites.

Unike the Japanese. the fluwropeans allowed--indeed eocouraged--such invesmment as a
substture for impors. The explicit objective of Japanesc smaesy was the promopan ot o
Tapunese indusoy. whilz the pbjecnive of the European soategy incrcasinzly hecane the promotion
of o Buropean procucaon base, regardless of ownership.  The Japenese swatemy clased e
Japarese market to investment by U5 companies. thereby reserving domestie deenand for Japanese
zompanies. and forcing LS firms o mransler wechnelopy w o their Japarcse compentoes if they
wianled 1o protet fron growth in shar macker,

In conwrast. the Evropean smaregy allowed Amertcan companies 1o easn a retumn by
Investing in Luropean production facilicdes, witheot transferting their eehnolegical know-how o
audding Feropean competiters. Through such invesumenl, Amercan companics couid pre-emp
the developing Luropean market tor advarced products which Curopesn companies could nor yer
prociuge. Some observers believe that such :nvestment was a key Jzcior benind the failure of the

. . ' -~ . - =7
Errapean prodogers o3 pain a growing share of worid macksrs, ™

2 Far 1w com plcws discussions ol the histery of the Furopean semicondsoior industey sme Sicluee] Bormys,
Compepeng for Contrel, Chapeer S snd Kenncth Flamm, “Scadcornduciors.” in Europe 1992 An Americgn
Brenipecive, cd. Gary Clvde Hulbauer (Washingzon, DO Sreokings Inswiuln, 19940 5 A similas posaion o U
detnmemal effeces of Anerican TFT on the Burepean Semcondwcoor wdusory 5omken by Smsc and O'Conmwr,
“Cymgenng in the Elecwonics Industey--The Expencnze nf Mowly Indpsimigliziog Countrics.' p.74,

+ree oy crample, the arguments be Giovann Deee o “Techowzal Changs and Sorvevals Eggops's Semicokduslor
leulidre” Seszex BEuropoan Tapor Mo 90 Suosses European Ressarch Center, L9810 A similac psasilain on the
detczerentl clfecs of Aanerican DE] o Une Coeopean Semaconductlor indusiey 13 wken by Emsc 2nd O'Conner,
‘Compeeting = the Elecimonics ILlusey-- Che Expeneace ol Nowly Indwsinahizing Counries,” 78,
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Anocher factor behind the weakness of European producers was the feagmentation of the
large burnpean market inga much snaller nattonal markets. This fragmentation elicvinated the
poterial tor Curopean product specializanan.  Ironigally, market Tagmentalion wos chcouraged
by narronal policies that discouraged cooperation among Furopaan companies from different
European ranons while gncournging coaperztion between such compames and Amercan Sooes.
As zresule of sueh poiicigs, US companics were able o operate it mnost of the major Europesn
COUNOgS, Capuring the benefits of scale that were denied o their Eoropein competitors.

Eurcpe's difficalies in semiconductors wete dlso aggravated by ibe failure of s
premctional policies in the compuwrer indosoy.  Buropean govemments protected national
computer markets via bogh tanffs and promated national champions via direct subsidies and
preferential procurement.  This smaregy was 3 falluee, and he Leropean computer industry
conunued 10 lag well behind is US vompeiitors. ™ In chis respeet, the European simation was
simitlar 1o the Japanzsc one. Like the Buropeans, the Jupinese had warpgted the computer indosty
and had ercouraged rheir producess i a head-on comperition with IEN. Both the Evropean and
Janancse soarggics tuled. Bt whereas the Buropeans continoed o targer the computer industy
directly, with refatively modsst support fir she semiconducior ingustry, the Japanese developed
policies w promotc the semicanductor industry directly a8 a4 mezns w build swength in the
computer industrv.  [L was oniv in oregpanse o the precipitous decline in the forunes of the
European semiconductor indpstre Bepween 1975 and 1985, and the mownting challenge of the
Tapanese thet the Europeens began muther helutedly to develop sigoificant programs o suppore
their semiconducior producers in the second kalf of the 1980s,

The weaknzss of the Eurepean compurer indusiry meant mat thers was melutively fittle
demanet far the high-vertormance chips that drove rechnology development in :he US.  [nstead,
European semuconductor prodocers focused on products onentod toward the telecammunicatons
end mdustar markets where Furapean producers memaoined sttong. As 3 conseguence, the
European companies produced mainly far Buropean users. with colv minimal sales to the st of
the warld, indeed. the lurgest integrarcd national champions promosed through nstional policies,
ke Thamsun and Siemens. were primarily ictzeesied in developing semiconductor capacities tha
served theie intermil needs and only seconcanly rierested anoserving ax commodity comeonent
producers for octher users.

Concenaacng on produciny speciafized propoietary chips in this sheltered eovironment
mednl thal the Buropean companies failzd o develop siale-of-the-art maoufacturing skiils thag
WETE CTIGC] 10 COmpenive sucoesy o fammodity memary products. Ay these produces became

<4 Mooy repsons have boon sugpeswd m the Liveratwne Jor the Gulune of Ok Curopean strateey o compubecs. For o
comarehensive dizcussion. see, Koenoeth Flamm, Tanmenng (ke CampylenCovemment Sgoporn aed Intermauongi
N WG mnmon. LHT: Brookoies Insceoon, TUETL

i



g 10sL Sagidly mrowing segmencs of the giobal semmivonductor market the share of the European
comnpanies in this market fell precipitoosiv, even wathin Gourgpe itself.  Flamm estimazes that
berween 1975 and 1935, Europe's share of the global merchant semicondictor snarker e]] by
anout Z00%. 47 Durng this period, the share of luropean companies 1o the European market
deciingd from 306 wn 35%. 40

f15. Quicomes of Different frevelopment Strategies on Trade Flows and
Market Shares

The story of Lhe spectacular tise in the world market share of the Jaipanese semiconductor
indastey and the offsetting falf in the worid marker share of the American semiconductor Indusiy
that began in 197% and continued througk 1985 is a weil known one.?? Seen in the light of the
hislories of munipulied rade 10l here, i1 s also an understandable ooe. Government pobiciss
shaped the domestic envirohmenis of U3 and Jupunese firms and reversed the fortunes of once
domimant Amercan compargs snd heir Japanese followers.

lapan’s growang smengeh in 1O production wis meiflzcied in Japan's rade and io the share
of Tapanese finms in world marksts. Inothe U'S cave, domestic firms retuned leadership i iCs
through the early (980w, bur sutfered o growing wade deficit. This siluanon conimasted sharply
with the Japanese experience: bt povernment policies and firm sxport strategies producsd
increased share for fime and sigrificant rade surpluses in 1Cs for Jupan. Through 1978, Japan
rin et made detielr 1o 185 (Takie 31 Thesearter, a3 laganese &=K DDEAMSs bBeean 10 hin the
market, IO sxports cxpanded rapidly. Japan s trade sierplus i B2y grew from 343 million in 1975
w1 523 billion by 1984, [mports from the U3 more han doukbed during iy dme mame, while
eRDoris o e US ymew by ten fold. Taparess firms focused theer made activity increasingly on the
L5 markel: chips destined for the 175 wert from 24% 10 43% of Jupanese exports.

I the medantume. companics headgnanersd o the US (excluding captives) produced 53%.
of global semicondector revences in 1978 while Tapanese companies produced 28% of mwenoes.

Ev 1586, US firms captured only about 294 as Japancse companies clyimed arovnd 465, | Table

+38%umm, “Semicondygiors,” j 8

B e pmpenng lor Contcpl, p. 14960,

. "Fellowing smmdard practce, all of tie market sz2ars Gpuess cied inoshe Meliowoe decossion are dased on
dollar-denomimasd revenues tor cach country (based v L reveroes ol cormpanios beadguarersd in Lhal sounory
cdrwvided by eoral dollar denomiacaced indusiey reveooes. This praciice meams tat marker share calenladons for
imdividual countres are sensioec e changes mooxchange raes. For example, the incredss o che dellars value
agaensl he von porwesn 1981 and 1985 by iusell waded woinecredse the U5 markel shave and decsease Japan's
marker shaee. Thes woplees that U decline o thie UGS share dunme this pencod would hase been even goeater than
tae obierved decling, apd the Incresc in Japan’s siare wouid have been oven groacer as well had he doilar
remained stable, The opposs 15 e fur the SE3-539 poood wben the Tl in the dollar 5 value weaded v desroas:
the U3 share and sacoease Japan's shares.




41 In 1943, the tumous crossover occurred--the global share of the Tapanese companies jumped
ahead of 1he slobal shaee of the US compantes, (Fipure 23 Rankings of individual US companics
dropped accardingly, ¥

Li3 companies lost marker share o Japan i almost ali product ines. Bul the Japanese
¢ain 10 share was most extreme i the DRAM market. [n less thao o decade. American companics
went tfrom marker domipance 0 o minor role, as the Japanese gained ascendance and then
domminance in this eriteal product (Figure 3). The crossover in DRAM market shares had alreads
occumed by the end of 1981,

Slightly morz than anc-hait’ of the overall decling n the US gltobab marker sharc in
sercendustors between 1978 and 985 was the mesult of faster growth in the Japanese market--u
market which was served pomaenily by Jupanese suppliers. The emainder of the decline 1o the US
shave largely resulted from the growing peneation of the U8 markel by Japanese pmduc:rs.'w
Berween (978 and 1983, senuconductor imports from Japan increased from under 5% of towal U5
semiconducior consumption e 170 [n comtrasn sales by US componies as a share of total
Tapanese seniconducior consumption were roughly smgnant--10% in 1978 and 9% in 1983,

0ur data 15 hased oniy on merchanr produccers. Since no neliable producuon of revonue CSOMAEE XI5, W
grcluds wholly capive manulfaciorees, e Largest and mosi <sspmficam beng [(BM and AT&T. Tneluding [BM and
ATET would change the apsolow ranksnes (i US shares of the world seimicondwctor sarkel would poehably be
cloger wr those of Japant bot it wonld oo abver the wends beoween the U8 and Ispan. The hes cRumares sogges
that 18 has bésn rowghly Uwe siee of Lapons Lrgest peoducer (MEC) ond AT&T s roaghly 4 quaner of chac
virdutne. Criven she declining fomanes of soth AT&T and [BM in e sespective markess in the Jawsre half of e
TR%ks. a0 95 reasenable o assume thal neither gained share over the me perisd.

'i‘c}ww. g repart of 1 Federal [neeragency Seff Warking Croup, Washmowm, 040,
Mowerbesr L6 19E7T.



i, From Manipuiated to Managed Trade:
The 1486 US-Japan Semiconduetor Trade Agrecmint

Had govermments withdzawn from active participanan i serticondeetoe markels after
1085, Japangse Sz would probaoly nave moved from a positnan of rough parity 19 vidoal
GUIDLOANCE.  The changing econpumic soucire of the indusmmy made It cver more likely tar
Fapan s kuge, verigally integrated fums would capture greaer shares of the wortd marker :n the
laze L9R0s and 19M}s, The primucy reason bekind this prediction is that the rising cconomies of
scale In producticn were making i almast impossible for small, meechant firms 0 invest in new
fabricagion facilnies?P By 1983, 1 plant with minimum efficient wale was approeching 5150
millict in cosn by 1991 the comparable Tipure was 3500 million.  Any Grm withoot stable cosb
fows from non-seoviconductor busingsies or 3 large volume commodiny [C business, such as
DREAM:, would have difficudty in kezping up wath its Lirger, better financed lapanese compenitars.
Bccanse of nsing harmers w enrry far new plavers and increasing mabatity or re-eniry barrjecs for
existing plavers ic 1% likely thar the industy woald become more ¢oncentrared and rhal harring &
change in echrology industy leaders (nevw in Fapan) woold gradeally stengthen their hold on the
markel  Lnder this scenane. US und other firms might rowear o niches and surmive, bur they
se0udd nave 3 declining impact vn intemnationd] Tede.

The rapid deviine of the U8 and the porental disappesrance af Europe do aar emerge so
quickly beeawse goveraments continued 0 shkaze the domestic environments and smucturs ar
inermacional rade w0 osermgomductors.  As tbe dide of this secdon descrifbes, uade is no longer
simply manzpulated, 45 1T was 0 the indusitv's frst 20 plus wears: since 1988 it has been acrively
TR e,

The higtery ot this managemens: beeing with the formarion of the Semiconductor lodosoy
Assaclation (5IA0 i 1977, Despite their flerce comperition in the miagketplacs. Amercan
semmiconductar frirms bad a variely of shared interests, cspecially conceming access 1 the Japaness
mackel. Between 1979 and 19386 the 81A was highly suceessicl in realizing many of it trage
policy objectives. 7L [t won an ameadment o the Trads Act of 1972 which made clear that demal
al fair and eqeizable marker access” could by the subject of @ wade petidon. 1o also successfuliy
lobbaed for the ciiminacon of all semiconducior duties in the U5 and Japan and tor the passages of
he Semiconductor Chip Protoction Act, which offered imeileciual properts protection o chip

I harles Ferguion, o will-kacwn arilg of the L3 somicondues lor wdusiry makes Lus arqument. la [9834. during
vistt: 1o the Harvard Busmess Schaaol, tie explcilly prodicled that the 55 merciont sadoans would be harkrep
within Biee vears, See Charley Fergusen, "From jhe Poopic Whe Brought You Yoodoo Eronomags,” Haregrg
Business Rewigw 5 40ay-Junc 1988) 23-A0,

Ziaed B. Yo, "Crosung Polincal Advanoape,” Baregrd Bysiaeys Reviews (o {0hHED.
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designs in the LS and encowraged forcasn cowntries 1o reciprocate. -

Bamered by unprecedented short-term mevenue losses and continued long-werm losses in
global marker shares. the 5TA finally subnuued o Forrmal Seciion M petition agunst unfair
maging pracoces of the Japiness companies in fune 983, The petition was filed ooly after larse
ugers of semwonduciors, such as IBM and Hawlen-Packard, indicared tha? they would nor siand is
s wav. Like the US meschant semiconductor firms, manw ol 1the majoe wsers of semiconductors
N come 1w beligve 1har thers was a luck of fair markes access in Japan that clumately waorked o
the detriment of American producers and users alike 32

Although there was industry sgreement abour the wisdom of a 3071 perinon apamst the
Japangse. there was less agreement about the wisdom of pursuing anti-domping celief. Dumpice,
in the raditional senie of bigher prices charged by Japanese producers an domestic saies than on
export sales, had been lroely eliminated under U5 pressore afier 1973, Thereatier, ihe denping
Issne concemed whether the Tupanese producers were selling below fair marker value as
determined accardng o LS Liw by o "Haic” markup over producrion costs. Althoogh somc 175
tirms expressed Ioterest in purswng ann-dusnping cases along these lines as zarly as 1982, others
were cangerned that successfol cases would ingreass semicondoctor poicss o the U8, shereby
harming the industy's importane users and weakening their support fur a 3 petidon.  But
cancem ovet the price offects of an anu-durnping sTetegy quickly fuded in the wake of aggressive
pracing by Lhe Japanese 10 the cvelical downiurn of 19835

Conseguently. shonly after the 301 pention was tied. Micron Techooloey, one of the
members of the S1A. charped Japanese firms with demping 6TK DRAMs.  Then, in late
September 1985, Iael, AMD. und Nadional Sceicondoctor cladined thal Japanese firms were
dumping EPROMs, unalber memory device in which LS producers sill retaired signifigant
rearker shares dFigure 410 Finaily, in an cnprecedented move, the Department of Camnmerce “sef-
ininazed” ics own ¢ase. charging the Japaness firms with dumping 236K DRAM:.

The use ot the nation's anti-dumping laws 10 $70p AN Rjurous price war made sense naty
tor those praducts ia which American comaaes hoped W continue 10 comoete und for which
thers was compeliing evidence of Japanese vickanion of Amencan iaw.  Thus, beoause most
American merchant sganeonducier companies. with the notable axcepton of T and Micmon. werc

nol suppliers of 250K THLAMs, thers was oo privaee art-dumping scit braughy in 1his prodiec:

Ll - - - . e . .
“=Thers had been a Jong histoey of laetion etwees e U5 and Japan on the palenl wsue, 715 applicadons for
mttents in Japan o wers onacknow ledged by e fananese uatel [98Y%. Since thea Zapazcse iy bave been paying T
sieilicant eowaluss on these palenls.

“Whan [Bh was approschel abaul the wesdom a0 a inding 2gainst the Japancss ander the 301 pention. e 1EM
posiien was "Moo only shauld you ael bot yoo most acl Tor Bae pewd af the naeon.”  Repocled i Proestowte,
Tradimg PL



lngiead, the large American roerchapts chose o emphasize the dymping ssee in
EFROMs. o lae 1983, these prodocers, squeezed by their Japanese CompeLtors tnoorevicas
senerations of DiRAM oroducts, hoped wr prevenr a redel pertommance in EPROMs. They werg
justifiably concerned anour such 3 periormance in the wake of [itzchi's shrear w cut poces in
EFROMs in 109 increments eniil it won over the EPROM customers of niel and AMD.SD
Whereas a successiul ant-dumping suit in 236K DRAMS was deemsd w0 e wo late by most
American comnpanies, b successful and-dumping suit in EFROMs wus deemed w be early cnough
lir 2e preventive without bemg costy i EPROM osers.

After severa] meoths of negodations berween US aad Japanese officials in response wr the
300 petition and the ant-duemping suits, the 5 and Japan announged an acvord on semicanductor
rade in August 1946, The sccord was o first in many respecrs, It was e first major U5 irade
yoreoment m 2 high-echnology, sirateric ‘ndesoy. and the first motivated oy concgms about the
loss of high-tech competidveness rather than concemns shout empiovment. It wag the st U5
trade versement dedicated 10 mnproving murket access dntoad rather than resmenng market A0CEss
ar kome, Unlike previous bilaeral wads deals. i azempred o rogulare made nat oply ia the US
and Japan bar in other glebal markss, [0 was the Gt €me the US covernment threatened wade
sancrions on Japan for failure w comply with the woms of a oade agreement,  Pmally, Lhe
ngraement sigoalled several major shifrs e U5 rade policy that were 1o charactenize the mesr of the
Jecads--the shifl eward aogressive unilaeraiism, the shift towsrd conditional teciprocity. and the
skift moward managieg rade by resois as well as by nzw rules.

The 19846 agresment vn semicondecrer seade (hereufter refeoed o as the SCTA)D
addressed soth the isspe of aceess o the Japanese market @nd dumpiog by Japanese Fimms in the
=3 market Accordiag to the agroement, 19¢ Juraping suits and the secoon 31 case apainso Japan
weTe suspended iooretura for stipulated aciiens by (he Japinese government o improve mnarker
access for American comganies und for the cossation of dumnping by Japanese firms.

On the markel access ssue. the official apeegment said that the government vl Japan
wold provide sales asdstance to belp U5 ang orher foreign companies sell io [apan and would
ancourage long-teem relationships berween Japanese wiers and foreipn supplicrs. I aiso said 1hat
both rovernments ancgizated improved ooporunives or faren siies in Japan, [noa contiden::al

side-iener (o the ofticlal agseernent, the Japanese government went {urther and stased thar o

-

T was the lpacal company W oindtiale s dutnping s n 256K DRAMS, TI howceer, produced mael ol 15
IZEARS in Jupum and as 2 matker ¢ gorporag pelicy did fol BkE acbve pasilions on e diqetcs. 0 ce 71
had eefuxed w o the 574 Foc almodt o decade alter o was formed.

35 0utation trom Hilgehi memno ssted i S04 A Deal [sa Oeal, Four Yeags of Esperience Uinder 1he i55- lipan

Semuippngycior Agreemen, she Faarth Anooal Repon e Lhe Prcsident, (Mosember LRI,
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“undersieod, welcomed., ind woosld make cffons o assist forergn companies 1o reaching their oopl
of o 20% markel shars within five vears” The 20 Ogure meant an etfective doubling of the
lorsiz share of the Fapaness market. 56

On the dumping issue. the 3CTA suspended the EPROM and DEAM investigatons
warhput the fmeosiion of duties [despite an assessmient of damping margias of up o D88 for
incividuoal fapanese suppliers).  As pars of the suspension agreement. he lasapese producers
agrced not to sell their prodocts at proees pelow their (uverage) cost of prodoction. plus an eight
peroeol profil margin. 1o the TS market.o ' The Japanese aupesd 10 have MITD monimor sxport
prices an @ wide canee of sermiconducior products. incluoding EFROM;, 236K DRAMs, 3-bir and
1-bit microprocessors., o prevens Japanese producers from selling at loss than fxie marker vaiues
in the U5 or o rd counmes.  The LDepartment of Comimerce. o turm, was grvcn dhe
responsihiliny w calculate fair market values (FMYsh for each Japanese producer for cack produdct
based an thar producer’s costs amd o monitor the peoduciiaon ¢osts and prices of all Tnpanese
pioduers covered by the agreement. The LS reserved the vizht 1o add or drop products from the
Taninng Arangement in the funre.

There were several disoinenve testures of the ann-domping provisions of the SCTA.
First. the agrcement aliowed for the monitonng of costs ang prices on a wide mnae of products,
Including sewversl wolch had not been the subject of the pending dumping investigations. [t was
anticipated that this armmangement would deter or prevent dumping of soch orodocts @nte foture.
I 53 lona been g compliant of the semicondocior indusmy and ocher indestnes thae by the Sime a
finding of dumping is actually made. substantial and imeparable harm has been done 0 American
procucers. The 3CTA wied o address this coroplaim by headinge off dumping before it oceursed.
Second. the agreement was stroctured @ 0 the plabal nature ol comsetition in the semicondoctor
Incustry. Becawse Amencan und Japanese prodacers compeied around the weorld, an asresment
which sunply Ralied Sumping by Jasunese prodacers in the 175 marxer would leave Amerigan
producers exposed 0 unfur Jaganese competition in third counov markets. If Japancse producers
were ahle o offer smoee attractive prices in such markets. US and other consemers wouid switch
their purchases therz. and the U'S wouid become what the industry calied a "high-price ' 2sland.

A third distnenve featuee of the dumping crovisions of the apreement was thelr focus on

the cust and pricing behavior of individual firmas. The S0AL cogrirzant of 1he concerns ol s US

BNone thar the SCTA ot a stars Feore in wrme of the nabonality of supplises. not whens they wene locaed.
Rus sales by Amcercon owned fioms (Fomoany prodicton iecateon, meihng JepEn, wene Wy coone nothe

calculalien of the UGS markes sharc,

- ‘These pacing restnctions on 1he lapanc:e did nodapply o ther US producion Facilices, A similar excluzion

wiis adopred by the Eurequeans o shedr pricing agoeements with de fapanese in 1989 aml 19%). The crciusion of

[ al producten facilities beom 1ho ang-cu mpung Ageaements was another faotor corpumsng the suece of Tapanese

invesuemcer on such faciides by the end of the decade.
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customers abouc hughsr semiconductor prces. expiicitly ozposed boch an Imoport quora and & price
tlcar as mecharisms for responding 10 Japanese dumping. The evidence indicated chat dheee were
sipnificant differences among individeal Japanese companies on costs, 50 1he anmeement was
structured 1o allow Jow-cost Japanese producers w0 conlinue 10 Corpele an oree with high-cost
Japanese Sroducers.  From the US pecspective. such competiion would have two beneficial
affecee: 10 would Limit any prnge increases msulting fram the enforcement of the ageeement: and i
would discourage futher expansion of capacity by Japan's highvost producers. thereby making it
eafIer or lwer-cosr Amenican prodocers @ win a share of she Japanzse miarker.

I'¥. The Elfects of the Agreement on Trade and Pricing

V. Effects on Markei Access

After 196, Jupanese firms had the benetit of the world's faswest growing domestic chip
markst Just as Japanese firms tealized a larger share of world production. Japan's share of world
corsmpron exceedad thal of the U5 and approached 1% by 1985 (Figere 37 1o the absencs of
a rrade agreement i such 3 scule vensitive business, limited socess o the worid's Llarges: market
tIapan cowld sigrficanty disadvantage US and European firms.

Bur did the marke? gecess arreemen: bave any impact oo U8 and other foreign-atfiliated
firms expors 0 Japan?  The quantitalive evidence soggests that after the US povernment
retaliated against Japan in Macch of 197, marke) share stasted to dse (Figure 8): funhermoere. our
nterviews have suggested, ar least anecdotally. thae yovernment pressure an Japanese 1imms did
improve the prospecss for US expons m the Japanese market. As of the end of 199M) the foreipn
share ol the Jupunese merker was aproxionarzly 13355, up {tom 835 when the aeteecment was
sipned, and at its highest jevel eyer 2%

The Ircrease tnoshare bos De2n largely the resull of concerted action by the Japunese
sEIMEOnEUCor companies themselves o reabze a 20 foreign murket share in their own
nurchases, (As of this wrting Himach, NE{, Mitsubisht Elecioe, Ok Elecinic, and Toshiba have
alrgady done sooand Senv, Fonso, and Marsushata claim they are plannioy o de so The neal
=rfart by the Japunese compznies w1 incroase foreign agcess heman only in late LURT. however. in

respOnse 1 contiouews LS pressure. with the formation of the 150A] Ulsers Committee, sixly major

SHNe fowirn Che way SLA measenes markel aocoss, 1F 1 Japancse firm sells o packaecd and sested product oo
an Amarican ., the chipos cooned os 2 Lapanese Chip reeardlzss or who @aricaws the g, whass babek s an
the pescknog, nr who sells the pan o the ceeatal ousiemer. Congsaguantly, any swsh sale would acL b2 ineluded in
ik calcolatien of forsugn wearkel slare @ dapn, cven hough such g sale bongs some benc (s to the Amencan
sappler, Alzs nowe chit such imnEacens inowhich an American company is involved o the bricalion or zale of
delip in Japae haws icceased since the soneenwenl as o resolt of alliancoes belaeon U3 and Japanoess companies.
Fut Suclh Fansacins are nat caunbed in cneasun e LS market share.



Tapanese companies. Inclogding the Japanese sernteondugior companies. sagh of which adapeed a
marker access pian of s own.  Inowddizion, in 1983, 1be Jopan Avomonve Pams Indusuo
Ass0Cialon bepan o explore s male in inereusing purchases of forcign semicoriducions.  This
srlort by the Japapese companies 10 ineredse their foreign sgongonducoor purchases mimored a
.arger national effort by the lapanese wr increase Imports of manuracrured goods. Relevant
Jopanese suthorites encouraged srester imparty through bengficial tax sreanment aNS jawooning.
Both of these acuons were responses t condnued pressure by LS wade negoriarors tor improved
resuits on the US made unbalance,

Although most of the incr2ase in {omeign share in semiconductors has been Amencan,
other toreipn prodocers have also benefited, The share of Evropean. Korean and Tawanese
industries in Jepan increased from 3% 0 7% between the end of (Y86 and the second quarter of
19T, This Iy o large percentage increase o & very smuli base,

American [irms have aiso made s vanery ot etforts o improve ther zales in the Japaoese
markst since the signing of the SCTA. For example. in s 1990 repoet. she 5IA shows that
between 1986 and 988 US supplers added 30 safes offices to the 42 olfices already in place.
Thev alse opened more than 16 new desien cenrers--a fourtold Increase--six new test and quality
centers wr a waral of U8 and four new fallure aralvsis cemiers @ oa womal of 130 Owerali
expenditares by U8 cornpanizs for peosonne| in Jzpan bave increased by 32%, capord] expenditunes
are up 1625 and salcs expenses have maoseased W65 sinco the ag‘n:n::‘:‘utru_?:;I

[1 i ioteresting o nome thar most American companics do not seem to heileve thag direct
farzizr invesimene 1o Tapan would solve the market access pronlem. While marny US producens
bave chosen o imvest 07 IncTease produciion o Europe 10 anocipaticn of ingreased profEcionism,
anly a handfuoi nave invesred dicecily in Jupznese produciion facilities, Dessite the convennonal
wisdom in Japar that foreign producers will remain marginul players in the Japanese market
undeys they have sooducsan faciliues there. onlv o tew Amercan fims have chosen w bolld such
tzeibicies: Tl which uperates three wafer fub, gssemly and tost complexes: Moroeali. which his a
wholly pwened integrated Factlity and alse a join veniure wish Toshiba:  Aralog [Revices. which
apeTales an assembly and test plant and D51 logie, which mins o front-end plant with Kiwasik]
Sterl. The other major LS merchane suppliers haywe concluded that their near-mem $028 piospects
tn Jspan, despire the SCTA. do not qusnufy the severdl hundred million dellass o0 woold cost w
bulid a front-and facility, Ilnstesd of building nzw production facilities in Japan. most American
suopliers have pref2ered to bolster tnerr invesiment for des:pn, westing and sales--mvestments
which are nowablv @55 expensive than investmen: in new producton Dacilities,

Some Amenican companies have complemented this sicaiegy by fooming wiliances witk
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Japanese fimns @ improve their access wthe Japanese markel. The most nammile and signiticent
exmnple 1= the altiange berween Motorola and Toshiba.  Allhocoen this ool ventuee was o ooe
works bofore the sigoung of the SCTAL it has been smengthened and expandec, 0 par, g 3 mesult
of the incentives set in mouon by the tede agreement. The allianee invielves @ Gar-rewching
cxchange in which Maotorola has lzveraged ity wechnofopical soength in mizreorocessors o obramne
1 srong foothold in the Japanese DRAM market, As a mesult of the allionce, Motorotas packages
and markets DRAM dice manuficiured by Toshiba and has zequired memory echaolooy
oroduce 256K, 1M and 4M DRAMS, and 256K and 1M SRAMs. [0 rowomn, Toshiba has received
2. 16, and 32 bit micraprocsssoc teghnoiapy from Motorola, Using che wechnology acquired from
Toshiba. Matorola is now vanufaciuriog its own (M DRAMs in Jupan and Scociand and bas
ransterred the process s Arnzana facuiies. Since withdrawing from the DRAM markst in
cariy 1983, Meworola has used s alilance wath Toskida to rebuild s DRAM market share, and
DEAM: arc now the company's largest reveanug producing memoery product.

The 20% arget tor foreign marker share estublished bv the SCTA side-ietter was no
ealizabie solely through the sale of memory devices. Consequently, he targer assured 10ar
addision 10 increased purchases of foreion memory deviges, [asarese companics woald also have
w degign propreetacy [areion devices inie their ciccronics sysems products. The market mend
erward ASICE @ geamens in which ibere ate many leading-cdge Amenican companies and
procducts, arovided an vpporuniiy for Amencan finms © be desigred no svsems which canng
casily be replaced, [n addizion, such desizn-in relationships requere closc relatonships berween
Japanese svatems engingers and foreign semiconductor engineess.  Such melauonships have been
cocouraged by the pressuse on the Japanese companics o find wavs w increase their purchases of
foreign semeonduciors. The desien-in of ASICs is an espegiaily imporman: rowte for the enay of
Amencan prodoces inmo Jagan's huge conswmer =lecoonics matker.

Finaliv. it is imporant wr emphasice that sustained 1785 pressene, hacksd up by the threat
of {urther rude wenon. seems 10 bave plaved a eritcal roie in the Increase in 25 narker share
brginning 1o mid 1989, Proar w tha poiol, Amencin Omos simply recaprured ihe roughly 10% of
the fapancse markar thew had madinonaliy supplied sefore the (985-86 slump. Towgh alg oy the
Bush Adminismation in (989 and 5TA lobbving effors spurred Japancse mancfacturers ing
ditien. Pears that the SEA mighe gecthe White Houose to make semicondoctors a 125 made preoripy
gnder the Super (M provision of the 1988 Trade Act led w2 series of inidetves w facilicue the
development of wong-erm relaionsoims heewesn US suppliers and Japunese users. These
mzliarives, complemented by the effors of Amedean supalers woecpand heir Japanese sales, paid

Gff i 3 deoatice incresse in US share betweeen mid-19599 and the end of 9900

V.2, Effects on Priciag



I the first fow months afler the conclusion of the agreement. prices of semiconductor
merioey deviges exported froo fapaa jumnped sharply. U5 customsees reported that poces of 256K
DREAM: had figsen grarwhere from can o eipht tmes the pro-agreemene poce. Shartly thercarzr,
the Commerce Departnent adjusied s FMY caloulations oo the bosis of o recent cost data,
and by carly 1987 U5 custamers were reporting that the revised FMYy were not oo fis off what
the market itself woitd have produced.

Sustained price increases came only afier the imposidon of sanciions an fapanese
companics for failurs © comply with the provisions of the apreement. By March 1987 5lA
members were convinced that the Japanese were viclatng the agreement by scliing helow FMVs
inn third markets and by {ailing w increass purchases rom US producers. Evidence of the fonmer
came Teom documentation of sales ar less than FMVYs by Japancse companies in the Far Easr. bl
Fuidence of the laaer came from the fact thar thers hud been no incruse in ke U3 share ot the
Tapunese marker since ™ 5ignins of the agreement.

[n an unprecedsmed move. the Adminiswation responded o charges of violanon with 4
decision o impose sancuions on the Japanese producess. [t did so an a highiv charged atmospherc
in which both Houses or {ongress vored 10 encourage the Adminismanon to apply sanctons, and
in which the Defense Depammment wsued o study thao poined wich alarm o deciining U5
comzetivenesy io semiconduciors ang the semivonductor equipiment indusory.

Shortly after the imposinen of ssnedons. the prices of DRAMs began what was ©
become o precipitous ncrmase asung rough the end of 1988, Al of the gvnjlable deta sencs
show an unpregedented and sustained ingrease in 296K DRAM and iM DRAM pnoes beginning
shorly atier the sanetions werg imposed. (Table 31 187 was the first vear in che bisoey oF Large-
scale DEAM producton durng which the average price per bir of memory incressed. DRAM
prices jumped gazin in 1988 and remained far io sxcess of reasonable 2stimeates of MYy for e
leading fapanese producers throughout 1988 and (%89, DREAM prices in Tapan, aithough alsa
slighktly higher than before the zpreemenc were aonicedbly lower than prices in (he LS. Eorope,
and East Asia throogh toe mmddle of 2989 iTakie 6 and Figure 7.

The mesr dramalic price neTeses geourmed 11 1938, when spor prages [or 2368 DRAM;
tripled over a four month period 01 and American consomers reponed significant GilGculties in

oblaining adequate supplies at any price.®2 The price hikes and suppiy necruptions carsed

Tigta, A Degl iz A Dogl. po B0

o detaled price inloreation. =2x Kenmeth Flamm, “Messueement of DRAM Poces: Techoebagy and ddarke
Share.” Workme Faper, Bmookimgs Instgnan, {ovember 990

B2 Fn naeedotal evadence on thess dilicaitias, soe SiA. A [wal s A el and Charles Ferruscn, CDREAMS.
Cumponent S=ppliers, and the World Elccronics hdostirye: An Eremalional Saaicmpe Amslyiis,” Y03 Memndg 83-
Sad, MIT, Augag 198,
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sgvera. LS svaent vendors o ration memory shipmenss, delawy new product inodoctions, and
neremie prices. 3 The inerease in spot prices for DEAM: was cspecially severz -spor prcss ross
three o six times hagher thao long-termo contract prices, with the mesolt that the effecdve price paid
by arv consumer depended beavilv on the percentage of dermand they had wr purchase o the spos
mmarkes.

By surly 1984, mosr mayor US consumens repormed that they could obtain adeguace
suppligs, and 1he gap between 201 and large contract prices bad disaopeared. By mmid- 19849, the
remgnal proge dafferenizaly had alse Jisappeared--prices in japan were rouchly equal to prices in
ather ropjor markers. [naddinon, 2568 and [M DEAM onces were oending downwara, in part i
tevponse 10 the intoduction of the next peoeration M DEAM devics, whose sce had failea
Caninudusly S1nce s appetrance in the second hall of 145 04

But the prices of all BDRAM pooducts remaioed hivh enouph so vield befiv profits for
thett Japanese prodecers. Flamm csimares tha bigher poces meant aaut 34 billion of addinonal
oozl poofits oo giozal DRAM sales on the ceder of S10 Bl in 1983, Since the Iapanese had
the liens share of the DRAM marker, thev earmed the ilion's share of these soecailed “hobble
profits.”  The two remaining Amencan DRAM prodocers, TT and Micron Technology. also
wrofited subscantially trom the surge in demand for DEAMs.  Accocding 10 one Wall Smeer
scmicondoctor analvst, berween 3FE and 409 ol TI's semiconductor operating poalin in 3987, and
as much as &0% 1n 1988 way armbuocable o DRAM [alzs Micron, which speclalized in [DRAM
sredoction, enjaved a 6-Jold ose 10 revenues betwern 19860 and 1958 and secame protitable thar
varr, for the Hest e m thres vears, as o reselt of BRAM demand ® The bubble profits of the
fapancse, 1o wam, were ploughed back inta R&D und investnert.  As o conseguence. the gap
between capital and R&D spending by Japanese companics and American compenies expanded
suil fither. By 1985, Japinese cupitui speoding was noarly 32 billion higher than thag of the TS,

B3 Flamm ceparts that s a sesult ol the increases 1w semiconduzor PrCCE, COMPUSE pracos wers affected in AR
and 1980 S Plamrme, " Messurement al I3RAM Prices

4 e stody arigoes Hiel by the mod of 1989, the average poee per B Tor GEAMS wag 06 i long e tend,
cstimated by the 197e -84 rglmionshap betwezen Lhe avegase pace por bil dad cumuialiove hee censumpoon,  This
chimated relationship in tuen 1z ierpreted ax the Clong-ierm larming comee” Tor CRAM prodecion. The stadw
alse cenclodas thal compaced 1 this relalivnship poces wess sxcessrvey low besaasn 1952 110 and 1987 10
presuimably due wo durmping and excessiacy high bevaezn LT T and 1989 OT prosumably duc 1 the orics effecls
of lhe frade ageeement.  Althayrd hase gonciysons are provecat«c, they depend on the assumplon ot the
camated learmoe curee renonship for 7282 s the approprzote stawdard of companson. Sioce the Japanese
Cid niel bocome @ major competinye fomee in the mdwstry ool J9E0 and siare thewr lernmeg curve §ns worc
pratebly mos dramalie men lhe Amencan s, of 15 oo clear g the 1971-54 relalionship o the appropeiale
siandard by owhich o judme E984-09 prize vends.  Foe msore detl. see "The [ogwet of the 1989 LS5-Tapan
Scrueandoctoe Agrocment e URAM Prices,” a study prepansd lor the 314 by Cechnesen Anaivie Besearch,
Washingon, G, Janpary 191

2 The rough caloulpenng wied 10 ciimaie these prodig guigs wore deeived fenm the medels of Doenel L Klesken,
EPh. 0 somicondacioe analysrar Prodential -Bache,



and rhe R&D spending of the top 3 Fapanese companics cxcecded the RE&ED spending of the wp 3
American merchant firms by about $1.3 billion®® Thus. the areement Dud the perverss resuir,
trom the Amencan perspecove, of disproportionaely strengtheoing the Japanese companies for
future rounds of conperninan in new products,

[nd 1he 3CTA cause the drumatic price incrmases in DRAMs and she huge addisional
profits for the Japanese producers that ccourmed after the middie of (9877 Most cntics of the
apreement think so. But 1he chain obf caasality between the aprecment and the price hikes 15 oot as
sitnple ot a5 ditect s many observes believe. First, higher DRAM prices alter 19487 were purtly
the result of a cvelical wpsurge in demand siemming from geowth an the compurer induscry.  And
o some exient bey were also che msult ol unanicipared ischatcal difficalues assocated with
bringing new 15 sopply capacines ino prodecosn.

Second. contrary i what many nave assceried, the SCTA did not establish an overall price
tlowr. Indeed. US nesotiators were caretul not 1o do s The whaole idea of caloulating FMYs for
imddividusl] Japanese companics wis g alow the maore efticient ones 1o sell ol lower pnces than the
lzxs etficient ones, therchy cocouraging compenton amons the Fapanese suppliers, and prevendng
an overall price floor.

Third, shroughour 1989 CRRAM prices remained far apove e individosl FMVYs for most,
17 not 2ll. of the Japanese vroducers. even the kigh-cost producers Like OKL And. fourth, as is
demonairated below, similac anti-dumoing provisions on EPROM: in tbe SCTA did oot have
simitlar cffeczs o worid proces. Owerall, the evidence indicates thag :he SCTA plaved o
oTeCipitatng tole 10 causang higher BRAM prces by promoneg cactel-like bebavior on the zan ot
the Japarese firms, sehavior thar was encovraged and faciiitted by the actions of MITL

There s lictle dauirt ™ar shortiy after the negotiazon of the agresment and with reoewed
vigor after the bnposition of sanctions in the spring of 1957, MIT] imposed prodecion and
invesTment cuthacks and expart contols on all Japancse prodocers. ¥ tndeed, Flamm describes a
four-pam programe of export controds that ircluded exgort allocations and an etfective minbmum
srice floor on DRAM exports for different cevional markets. %

U MITT had heen acting simiply (o enforce the provisions af (he wrade gpreemend, it hardly
nesded to restnct pradusnon and sxports o such an cxent thar prees would soar above the FMYs

PO nrjonal Advisory Commines O Iemcdadouciors. A Sraee s Industry ol Eask,” o report e the Fresident amld
U Crengeress Mrom the Salwonal Advisors Cosiim zeee on Semicoaducoors, ‘Washnguen, B, Xovemper VYRS, pp.
L=,

o7 1 impenant [ emphazes thar T; fapancse operations wese coveead By 1hese MIT] guidalines,

ORRAITL nemE 1 control invesmneal prodoucoon and expors are desenbed in dewdl m Flamm. "Policy and
Folbitics in the Inlemational Semacondwetor Indmstne” el “Seasorement af SEAM Prices: Techaolery and Marke:
Sumecoers” A Y9HE GATT pancl mling in respomse A complain by the BEuropean Communily found BT
sysiem af prodsetion and expor resroeonns o e impermissihle woder SPATT Lvw, and 10was fermally orcomninatesd
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af the highest-cost Jspanese producers, 5o either MITI made a mistake inoits forecasts, with che
result thap prices vastly overshoo the leveis mequired by the SCTA. or there must be anotier
explunation behind the obscrved trerd i DRAM prices.  Sinee MITE was msionp accurate
forecasts of semiconductor prociuction, nvestment, and domestic demtand every shree moaths, B it
15 hard to swallow the mistaken forecast explanation of pricing developments. A moere compelling
cxplanstion. ard one cansissent with the histore of MITUs continuous involvement in the indusoe
since 18 inception. s that MITE worked with the Grns e zncourage canel-like behavior that
benetiteed a:il of them.

According o this explanation, MITL acted as an agent 1o facilitate cooperalion among 1he
Tapanese fims to redoce TS-Japan oade frcioo, but i did s0 in swavs that would best sernve (he
interests Of the Japanese indousoy over the long oo, And it dil 5o io wavs that wers Characlenslic
of 115 approach to indestries expeniencing losses--u stipuisted produciion and nvesirient culiacks
W oremove crcessive compeinon” wotle alipwant (be weakest domestic firms o continueg 10
SUTVIVE.

dhoush MITCs aenons facilitated greater cooperanon among Japancse companies, thelr
behavior suggests that they themselves came 0 see the arrmactions of such cooperadon. Cormainty,
the domipance of these companies in plabal DRAM supply made & cooperalive putcome feasible.
There are several clugs indicating cooperative behavior on the part of the Jupanese producers in
1968 and 19R8%. In 1988, Japaness groducers began w assen that a new pricing rele prevailed in
e somileonductor mdostry,  According w industry spokesmen, DREAM pdces for cach previouws
groeration of memory device kad eoded o decline asymproticelly toward the £3 ievel. ag masg
production of thar generanon peaked--the so-catled "pi-role” of pricing. In fwwre genzrations of
products. Fowewer, the Japanese contended that the so-called "hai-rule” waould apply, sneamme that
every new gercranon oF product weold approximacly double in price a3 mass production
reaked, 70

Crher clues of carel-like hehwvior in 1938 and 1989 include continued wsmainn oo
mwvesimend in 1988 despite huge invenony rundowng, higher srives. nigher profits and surging
demiand: and repeated commmencs by Japanese indusiry spokesmen about the valoe of cooperation
and sbout the desirabiliny of avolding the kind of "excessive competition’ that had tesulied in hoge
wszes an 1982 and 1986, o prodect lings in which ey aow dominated. fepunese prodicers
seamed to be bebavine like profitabiliny mangeed smare thao mackes share 71 And bigher DRAM

BSEdenos on e procsion of the MITT forocasts s presented m Flamm, "Poicy and Polizzs anohe Intcmanonal
Semacondoctor Industry™ and Ferguson, “DHEAMs and the World Slecremes Tndusoy,

“iFor 1 dissussivn of Cios: pricing subes of thomb, see Japan Elscromey Almangg (Tokyo, fapan:  ZEMEFA
Publicanons, 14883,

I Thiy arguemenl 14 Ak macle by Fergesan i O A MY and the Workd Blecronc: [Rdosery”
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prices vertuinly meant higher gretics,  In iWE9, for example, one-hait of Toslobas wtil profics
came rom its sermiconductar division.?2

Probubly the most telling evidence of cartel-like behavior came ar the cnd of 19Y89 when.
in mesponse 10 weakening demand and prices, Toshiba, the acknaowledged producteos, cast, und
price leader in 1M DRAMs znoounced as decision o cut production. promnpring siomiisr
aonnouncements by all af the other Japanese producer: on the same dav, At the tume of these
announcetents, DRAM prices wers solt significantly  higher than heir awerage costs of
production (and deamatcally hivher than their marginal costs of production) for 10e leading
Japaness producers. Yot rather than cut prices so sell mors and pain marker share al 10e expense
ol higher-cost producers, the low-cost producers chose to cut producuon--hasdly the outcome one
wipuld expect i @ competienys market.

It is fmopomant © cmphasize that a price-cuning siRery was not ruled out by the SCTA,
singe the FMVy fur the low-cost producers were sesll significantly below the prces they were
chargtng. According 10 dn estimale by Flamm, and consisient with SIA duta (Figure #), Toshiba's
arice of 39 for a £ DRAM 12 December 1989 compared i an upper bound estimare of %5 for
Toshiba's FMV. 73

What, then was the role of the SCTA in petting the Jrpanese companies o behave in
more cooperative ways! Here there can be 20 conclusive enswer. Perbaps even in the absence of
the trade aprecmenc taese companies wouid have nealtzed the exeent of their market power and
wirild have starred 0 hekave more cooperativeiy. since they had succeeded in driving our
American competition.  Cemainly, thew kewretsu structure, the sbsence of credaibie aotireust
entorcement, a long history of cross-share nolding, shared R&Dr efforts, and other cooperative
JAnks heoween the pastiiular Fapanese firms 1 quesaon. 204 the fact that soch fums compeed with
ane anather o a vanety of mther downsrean syserns moarkess made 2 conperanve uwiSome mode
likelv. And cermainly maome likely thae it weald have been if the tables had been turred and 3 strall
numier of Ammerican foas had dominawed DRAM producion. [o such o case. the msponsibie
American government sgenvies would have agtively discouraped cooperative behavior--a gladog
CORICASE wilth dow the responsiole Japangse govermnenl 12encies behdaved.

On the pther hund. the timing of the apgearance o cooperative behavior on the par of the
Japanese campanies, [llvwing s closely wpnn the sancticos imposed by the madat agrcement,
supoests an sliareanve esplanation. This explanation. consisent with the \heoretical lterature on

e effects of rade resMEUONS on cOmpany siraterics (0 mpericedy conpentivg dasres, seey

A
0=

-Zstimae eeparled by Hapnme Karatsu 1o the Sacon Researck Councal, Juss 1941
r - - -
"?'”R-:‘pﬂnﬁd in relephone mnlervicw aath Flagsen in Jameary 1930,
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the trade agreement a3 an external Larear or prod thar precizmnued o change in industry behavior,
[t 15 diffieule to mealize a coilusive amangemenc in a heavily concearrated indusiry even when such
wn wrangemend works to the benetit of ail of the players. But extormal pressure may eacourage or
<ven necessilate such in amungement on 4 remporary basis. and iF the oos see the benefios o be
had.abey maay continue w behuve conesively even after 1his pressure bas heen removed o

It s important o emphasize the rale of markel power in the choice of the coopertive
oulcome In DRAMs. 10 EFROMS, whers several American companies still retained significant
shures ol the worid market ot the thne the 1de agreement was signed, the outcome was very
different. According [0 some industry observers. Japanese firms borame nodccanly less
aggeessove I oseeking market share across the board in EPROMs after che agn:n:m::nt_?f’ Adfwer o
brief increase i prices un the second hall of 1987, the poces of 256K EPROMy were stable during
most of [988 and began to fell sharply by vear's end. while prnices of 13 EPROMz fell throughout
1988 and WE9 (Table 7). Duning much of the period, FPROM oriees in the TS and Eorope wene
scwally lower thun they were in fapan. (Tubie %) There were no shortages in EFROM supplics
repomed b American or othér buyers. and Amencun EFROM suppliers. like Inel, assened that
FPROM prices rever sipnificantly rose above marginal costs becawse of compelitive market
conditions,  Finaliv, MITT ackrowledgzed that it coold nor conreol the supply of FPROMS, as o
gold e supply ol DRAMs,. because it had ne influence over the prodoction and invesiment
decisions of global players who were not Japanesc.

The diverzzace of cesulls in DRAMs: and EFEOMs belps o illusmars bow zovernment
policy can affect wade v high reghnglogy indusides. [t is espeoialy important for underscanding
differenges between naticnal oligopolies and Ceoss-nanonid elipopolies.  Becanse of significant
inernal sconnmivs and dvnamic feedback effacis in production. the semicondector industry s
:nherenily oligopolistic. Maorzover, Decause tschnedogical and capital costs of 2ntry have Dsen
sharply aver me 77 che marker power of incumbent Frms bas Seen increasing.

Whether potentizl market power is exercised, however. depends on the ability of

e

““See, tor gxample, Kaia Krishoa Trde Hestoroons s Facilliaing Pracnces" logenal o] Tndemiptional

Eoongnmigy 16 (19807 250-270 and Avinxsh Dixtr, "Chprimal Trade aod [ndastrial Belisy lor the LS Agomgble
(ndesiry,” in Empunicgl Methods for Sniegaational Toide, ed. Robert Beenstra (Cambndps, MA; MIT Peoss. J9H5,
o L1 - 155,

5. . . . .
" T anesprebstion than the S3CTA was the paod behind wanporary collusive behaviar 15 conscileny with recsn
avidence of a devcloping perce wir amone Topanese Grms. Slackening demand 1 199k and aremer compelition
trom kKnrean supplices nds od Japaness [oms o slash poees of 13, <M, and esen D63 chips (o gain markol shace
AL ODC ARCLNCT 5 ex i me.

S

"OBaced on an fdusice nleraew. L was lrher supaesicd thar Heacho, the nomber 2 [moin EFRDMe in (B84,
deepped oot of the mackel by the 2nd of the decade parddy due ooa loss ol “Tace” assecated with s inlamogs
reemo on predalery prneing.

=7 . . . .

CDaagquest esoated thal dutpul trom a=wgle fab bad te achiese sinpercent world market share in onder warcanm
cansirusiieon i the | 090s,



sndividual ums o commi 1 a ooperalive smategy. For & ovariety of toasens, sucho o stratesy
seerns more lkely w emerge when an cedustry o1 segment i dominated by 2 small nurmber of
Japanese firms as she semiconducior industry was in the mid- 1980s. Firse there (s no ceedible
threar of antimuse prosecution. Second. informution woong fms s reguiarly exchanged through a
nurnder of publicly sancnoned chanpels. including industy associations, MITT panels. znd
sovernmgnt-organized and sponsored RE&D projects. Third, beczuse most large Japanese fimms ane
members ol e busingss groups, they compete with one another 1y a vanery of prodoct naarkers.
And the greater the extear of emuiliproduct competition, the greater the long-run costs of deviating
0N a4 COQPETACIVE STy in o particular product fine,

Fourh. because of their financial souctuee, Jaganese fizms can gredibly theeaen @ lase
money for @ sebstantal period of ome w0 Seer the enmy oF 0ew COMPEHGTS N0 30 INGLSCY T2y
dominate.  Thus, all other things being equal. o Japanese olisopoly 15 likely to e more
cooperative than an oligopoly composed of Amencan or other cotpames with different tinancial
SIFUCLUTES.

O the other hand, a enlivsive nr cooperarive gergneement in a fapanese oligopalv, Lke
such an wengement 10 moest olignoolies. 15 inkerently gnstable aogd ¢an goickly dissodve under
changing market conditions. This now sppears ti be the case 1n the fapanese memory oligopaly.
slack demgnd, the vrowing threst of Eorcan suppiiers in 256K ané 1M chips. and the jockeviag
for pasinon in new M and 168 pznemations have undermined che ability of the Japanese indusoy
to realize a ollusive ooweome. Prices of all mmemory devices have fallen precipitoosiy since
Septermber 1990 As of mad 1991, the price of 38 DRAMs is 100 low 10 mecoup the cost of row
production lines necded o make them. Ag long ag the LS does not ace to foree the erminsdon of
4 pRce war among japangse suppiiecs. prices may deciine still further and Japanzse suppliers wili

run hefrv losses a5 long iy globul demand remains soft

V.3 Effeets on Markei Shares’d

Although =ull cne of the highesr echnology indosmries (as measured b R&DD a9 2
gercentage of salesh, 2y (990 the semiconductor indusiy was relatively mature: gmoweh bad
slowed and rudicatly new product inooductioens (Like the DRAMsS, EPROMs. and microprocessors

uf the [9705) had become few and far beoween, One consequence ol this TTaturty was that it was

i nespsanas Wy 1he SBam o thar most oF e dechng o ehe global fmackel shaces ol 075 proddocers durine e 19305

was simply dus W Cxefgnes sae chanpes, @ recent siody examines what would bave Aspponed W these shares if
cezhange raes had s unchanged. The stody conclndes thal mare than TS o the decling m the giobal macket
shiaez of LS peocducors and mocs tran o0% of tw acesase in Une giobal markel shane of JTapanest producers
brctwizen 1982 and LHRY was the resol od “real” chanwes in thewr crmpenuye posiems, oot i nesalt of caleolaeing
swares in lerms oi a Jeclining dollac, Sce Wialliam Finan and Chrs Anderson, "The Effecis of Exchunge Raics on
Femagondacor darker 3hore” S04 Tanyarys 1998
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becoming less appropriale to Coscoiibe semuconductors as o homogencows ndesiry and mone
iroortans w define oade and marke: fesdesship agoording e segments.

Pechaps che most positive cffegn of the SCTA was 1in EPROMs: the E'5 shage in she
ulobal markerplage prew (rom 4285 in (9835, pnor o the signing of the agreement. tw 33% 12 15989
‘Figure 41, Prelmuniry estirnates for (990 show a continued iocrease o the U5 EPROM share.
‘The share of Fapanese firms dropped by 13 percentage points. By D988, the US world marker
share exgeeded the Japunese share in FFROM;s. These wends were a4 sharp reversal of the rends
in plav bofore the agreement when the 15 was [osing share 1n EPROM3 whike the Japancse werns
aaining capidly.  Japanese firms have also increased purchases of U5 EPROMs as pan of 1heir
marker acgess effors,

o the meanvme, the EPROM marke: has begome lgss concenmared since the agresment
ithe €3 raceo declined foom 3%% i 1983 o0 335 in 19HE. Amencan firms. especCially AMI.
Notioeal, and TT, as well a2 the Europeun fiom. 5GS-Thomson, vicw EPROMs as an impoctant
technol ogy driver which shew should not cede to thetr Inpanese competicars. Pernups 1t 15 womc
that part of this managed oade agresment stimulated more competeton 10 EPROM: and made the
market less profitable over the long man for 21 pﬂnj.;;f'pﬂ.:‘l[!i.?y The tmde agreement may kave had
ver another perverse silect or the EPROM seemenr alibouph the SCTA seems to have Factlitred
4 less aggressive Japanese stratepy towards broad soarkel domicaton. i may have stimulared
Japanese tfirms 1o [oeus their investment onlv ar the high end of EPROM performance. While
Jupanese fimms have [aregelv withdrown frony iower density (236K und ondery EPROMs, they have
buecn the most aggressive 0 ibe M EPROM: and new products called flash memory, Althouph
lwa) American ticms continue to (@ad in chat cazegory (Intel and AMD). the Japanese had gained
approximarely 13% of the market in 19} compared (0 Amedeas 3% (Figure 91

The EPROM expenence stands in sharp contmast o DRAMs. Tn DREAM, 1he US sharc
stabifized at (65 afier 1986 (Figune 31 Stabiltzavon of the U8 share in par retlects bvesiment
by Micron und TIL the two firms which staved in DRAM produciion through 1986, and the re-
eniry OF Minorala. Excepr for Micron wiich nvesed solely in the Dnited Stawes, more than 5715
of DRAM capacity expansan projects by American praducers have vecurred abroad. pAmaniy in
Jagan und Ecrope. For example, Molorola bas re.cnerzd BRAM production as part of it alliance
with Toshiba. Moworola licgnsed some of its key wehnolagy 10 Teshiba in order to obtain from
Tashiba DRAM technoingy necsssaoy for its re-entry . and aow relies beavily on the joint venture
tor DREAM producdon. Toshiba alio mads market access commitments 10 Matoeola 35 paet of this
sgreemient,  TI has expanded DRAM capacay in Jupan. Taiwan znd Jealy, in the larer pao

1 . . .
'{*J.Jnc:m:ding o the mandeer of one of the leading FPROIM manpiaciers, Boms wers unlikely w break even o
ETROM: in 1901 with less than 109% of the markes, 17 thas calcwladion =as corresl. amdy the iop tour my wees
bicakany ¢ ven.



USTnees i fEsponss e special soviermment INCentives eacanrifing sien invesnnent.

If ore woked onlyv ar sndosicy strocture variables or coenmy-based vanables, like factor
cndowmeants, Japarese Tirms should have maingained theis oligagpoly of the DRAM market: even
though prces bulged in T9ER and !98%, harners 10 entry [or new foms Io any countty wens
ennmmous,  Minmura scale for a state-of-the-arm faciiity was agproaching 2 half billion doblas:
produc: Iife cwgles had become shoner. leaving less tme for lale enmants to recoup invesoments:
and with the significant expenence advanmage of the Japgnese, new enoancs would have o tear
wetalianon. Nametheless, the Jaopaness share of the DRAM markeo deciined from abour 0% o
abour 70% herween 1986 and 1989, mainly as the result of & surge in share by ehe Koroans,
iTigure 3} Aided by povernment subsidies and an expticic government commitment to supporting
a Korean semiconductor wndusuw, the Korean compamies were nol deiemred by high barmers o
earry n the memoey markst or By the credihle threat of @ pre-empuve poice war by the Japanese
comparigs. S0

The cootrase herwsen the wimanon Sieing the Korean companies and 1he situation faciog
Mzny ATNETCdn Companics which considered re-enfering memory producoon afier 1986--either
indbvidoilly or collectively as part of the abamve US Memones 1attiative--is revealing.  The
Amencan merchant ficms whick cxiied DRAM producrion in 1985-86 Jid so believing thar the
Japanese novemment wias comiutic W madneining the Japanese industty and that the Japaness
coampiities, witdh governmend help and their own deep pocksrs, would he able o optlast them in g
idisasmons price war, Certainly. the methods ased by MITT w enforce the oade agreement in ways
which heogtitied ¢ven [he weakest japanese procuccrs only swengthened this helief.  RBarh the
Tupanesc government and the lapangse companivs were capable of making a credible commismeni
o deter the re-entry of most Amenican merchane compantes. especially those specializing in
Memory Jeodecly where the Japancse thrcar was the drongest. Nat surprisingly, the only credible
chatlenge o continued Japanese dominznce in this marker segment was maunied by the Forean
companics which, bke heir Japunese compesitors, arc soengthened by their sovemnment's
COHmmitmens to a damesic semicanducior industry.

The igng-term sigeifivance of the Korean chailense w compeutive dvnamics in the
memory maret shocld oot be ovesloaked,  Although the Jipapese continue to dominae the
mrkets for A8 and LM BRAMS. the fronties-rechnelogy products. Samsung, the largest Korean
producer. moved @ the 1M atarker ia 19900 Lareely as ¢ cesult of this move. the East Asian

producers maintasned theic share of he slonal sarmiconductor market inothet year even as the

, . . - .

MiFae a cornplobe discussios of Soulh Xoresn promonomii and prolectonsn policgs oo the semucondiongr
mdesiry, see Thamas Howello o, al . Thee Microcleeyonics Face, pp [8-d6d, The decling soohe Japaness shan:
ke DRANM marker reflecrs almos engirgly @ risg an Lhe sharg of the Korean and Taiwansse supplicrs,



Japanese share declined for the first moe since 1982--from 52015 in LUBY o 395 in 199091
The decline ir the Jopaness share was primarily the cesult of two Factors--rapid arowth o the
MICIDRrocessor segment in which American fimis cornnue o dorminare amd o sharp decline in he
prices and revenues it the memory sepment in which Japanese tirms continue @ dominate, The
callapse af prices in the BRAM nucker in twm, was partly he reselt of efforns by the Japaness
companies o respond o the Karean chalienpge at the low cnd of the DRAM market.

V.4, Trade Patterns

50 {ar rends in the directions and shares of international mrade heoween the US and Japan
nave not been tundamentally altered by the SCTA. Impors ag 4 percentaze of US consweopnon
nave continued ihelr somewhal ermatic upward tend, iocreasing from abouor MM of LS
consumpton hetore (ke agresment 10 more than &% in (Y} (Table %) Howewver, the bulk of
:mports irnto the L5--on the order of 635 10 Te--sull originase fom the foreipn subsidiaries of
U5 companies. Thanks n part w nsing DRAM prices, the share of Japanese unports in toal U5
consumption has more than doubled, rising room about 100 belore the agreement 1o over 21% in
1959 In wvalue terms, acter increasing sigadily berweso 1980 and 1989, topons ftom Japan
decuned by nearly 13% 10 1990, buz according o estimares of the Department of Comemerce. this
mepresents only a 7% decline in the volome of mpons from J:q]:-;m.qu Overall semicenductor
mporis in value terms declined by (3% berween 1989 and §950) but wers srill nearly 425 hisher
thas in 1985, and imports of integraced cireeiss in 1990 wera 1305 above theie 1986 levels. (Tabie
1i In 1990, the U8 rade deficit io semicondociors was abour %1.3 mllion, compared 0 a 19386
teficic of abour 322 bl The doop in the deficit redleces the fact that the growth in overalf L5
senuconductor exports--which increased by 136% between 1986 and 19%)--exceeded the growth
mooverall U3 semicenducior imports between 1986 and 199).  Japan. howeser, has remained a
relatively small marker fyr U8 semiconducor sxpons, sceounting for sbout 10% in 1989 and
L8,

Imparts nave conmnued w0 sccount for a smali share of Japanese consumstion of
sermiennductors during the course uf the wgreement. Afer shneking o a iow of about 6% in L1986,
IMperTs a8 4 parcentage of Japanese consumption rose to ahoue 100F 0 1989 (Table 107, Bur in
1952, 1mports were |4% of consumption. Both the value of Japanese exports, and the Japaness
trade surplus 1o senicondocors also continued to increase throngh 1989 significantly boosted by

hivher BRAM prices. [o 19} howsever, both indicators Jell. as DREAM prices soitcned snd

R L1990 market shares are preliminary and are repadted o Preliminary 1990 Woehleocs Semicondwcior Mirkel
Shan: Butwmabes: The Micenpenoessor.” Dataguest Aepon. 1991

5218 Pepariment al {ommence, Imemaoaeal Trade Commizsion, 29 Indygsreigl Doslook, 1991, Chapler 17
iWashinglon, DO LS Governmeng Prionrg Cifwe, 19910, pd.
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MICTOPHCEsSOT ITHpoIs increased. (Tanie 3 Although dapanese wnpors of semiconductors (om
the 'S increased after 19846 both absolutely and as o share of Fapanese conscmption, the bualk of
sdies Lo the Japanese markst by Amencan compamics--approximetesy T5% i 1989-.id no
oniginate from US locations. iTable 117 The lion's share of TS sales in Japan--approximatcly
BO%E-~ome mom L3¢ theee Amencan ndestry leaders--Mowrola, [oel. and T Furthermore,
Motorola and Intel gained disproportionate]ly dunng the first two vears of the agreement. enjoyving
2 200 Increase in their sales in Japan, compared o a doubling of :he overail sales of Amecicun
compianies in Japan. Undoubtedlv, 8 good porgon of the incremental Japanese sales of these two
companies came from their offshore locanons--Inel's and Motorola's assembly operanons in

Soucheast Asia and the Philippines and Motoroia's Japancse subsidiary.
¥_. The Evolution ol [nlernational Trade in Semicondzctors

A Jogica]l extension of our arzumeny is thar the Tieuee of lotermational made in
serniconduciors will be a funciion of threo key varahles: pligopoilstic compebtion within
particular markst segmenzs, past and futare direec Investmene decisions by firms, and the degree of
e rvennen oy govermments around the world. Whiie other tactors such as factor costs, domestic
compenrion, and the size of local markers will remale impomant. they will not be the cnocal
drivers of inermational trade.

Oligoprilst competiion has Secome especlally importent becacse e indusiry has
tragemenied (e dasuner segments and bas becomes nigaly concenrated withen some of e, OF
the thrge sepments we have discussed (EPROMs, DRAM:s, wnd microprocessors). Bioms have
mealized significant marker power in microcrocessors and tir a lesser extent in DRAMs. In
MLCTOPprocE ss0rs, the conscquence of marker power 15 that patterns of trade have become vermaally
determined by individual firm decisions.-past and present. Denpg othe 197020 when
microprocessers wers 10 their infancy 2nd made lergely by LS Orms, the market was highly
compelitive: many homs competed actively to win designs. Even chrough che early [980s,
comipelltion wis 1ntense tor the microzrocessor market becaose castomers regwired manofaciorsrs
o ficense multipie sources. In the latter half of the 19dUs. however. leading microprocesssors
hecame sole-saurced producls that bad siemificant swarchine costs Sor usens,  As lono 38
manufacturer had a propreerary desian, cesmers hecame locked in hecause softwarc vendors
wrote rmusst of theie programs explicitly for a particolar chip. By 1990, tw firms domineted the
mecroprocessor marken [nrel with 33.2% share of the world marker and Motoroia with 1 13.3%
share. (Table 121 [n high performance nuCrproCessoTs, CONCenTation 1% fven prester. Since over
230 Daliion worth of soltware kad been wrinen exclusively for Intel's chip by 199 0 Das a
particulacly strong position.  The conseauence for intemational fede in microprocessors is thar

a1]



[nwel can build its microprocessors at peographically dispersed plants which fit its organizanona
prioritics and smetegy, with limued repard o raditionat countey-based advanmges 83

On the other hand, the micmprocessor segment, in which American companiess curmently
dominzte, could become much mer: contestable over ime for a vartery of reasons. Fiesl, the legal
swsem i the [I5 has made 0 dafficult for leading firms g hald thetr dominaot positions. Cowe
rulingz agamsr [nei's abiliny @0 copuright its misrocode and oademark its produces fthe 80386)
mzke it casier for domesuc and foreipn s o produce Ciones. Second, Unix and other new
software operating svsiems sach as Miceosofl's proposed OS/2 340, wiil hypothedcallvy be
hurdware independent--t.e., an WEC nucroprocessor could run programs that today only run oo
Ertel’s produce. And third, nzw high performanes weknologics, such as RISC (reduced instruction
set compunng} have beso developed in the S but licensed widely to companies such as Fujitsu
and Siemens. Shouid these new RISC processors become a standard, radically new made putterns
would emerge e the tote (990s. And finaily, the Japaness companies have airewdy shifted the
socus of their compenton o design-intensive cirguitg which unti] aow have been the stronghold of
Arerican merchants,

Competitive dvnamics in DRAMs also raflecr he olipopoliztic featires of the DRAM
marker, do the 19905, bowever, it will become harder 1o weat this marker as a unified one for three
reasans. Eirst, the high and low end of this market are likeiy 1 hecome more distingt, wspecially
with the expansion of Korean and Tuiwarese manutfacwrers. Secand. with iower switching costs
in GEAMs compared 10 microprocessors, the market tends o be comperiuve :n older 1echnolowy,
lower density chips. When 4M [DRAMs are on the fronger, 1M and 256K become increasingly
commeiity-like: when 1OM DREAMs ace the “rontier. 3 and | M become cammedities wih less
concentniion. ete. In compennve DRAM segments. costs and pnices will continue 0 play a role
10 determining ~hese wade Flows.

Even in these segments, however. it is harg o imaging that the Japarese will cede their
domestic market to lower-cost foreipn producers.  Beeange of the struciure amd behavior of the
Japanese prodocers, the Tapanese mocket is not likely to be rearly as gomperitive as the Amercan

or Purdopean marker. cven o low-eod preducts, Thersfore, Soreivn peperration in Japan even in

S wisembly pian in Makaysia was built in 1971, when access 1o Malavan s low bbor 00s0s was crlical for
azazmbling Inzls DREAMS. By i990, chips cosid be assembled al comparable rmanufactunoe cost sith Towes
legist:cs S5 in Arecona. Similariy. Inels Geliies in Diracl stwned with o design center due emeried partly
becapse ol a serplus of engineces in lieael, and panly becaose o denaee [oeli-hom Ineel manager aaned 0
relum home inoghe mud- 197050 When Inwel becarne a sake source fim s microprocessors, it also wanted 0 cller
CUSLORGES Sttie asturinces abiot nsk diversiticiueen e ease U5 plants weat down, Themelone. i stacted prodocing
micrpprocesyars 10 Iseack in the [960s. Firally. the rofand plam was iotivaled sxcluserely by fears over tomeess
Ewrope with the coming of 19920 and gvemment wax mcentives provided by the Irish povernmenr [ Risiors weps
wrinTporlin and gorsemment pracccenism were nor an wgne, Imzl woold nor ke shippang microprocessens from
Bivael, lrelond, or Maiays.
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Moreover, the location of product:on and/or assembiy for EPROM s will not necessurily
be & company s home base. Firmespecific lome continges 1o juide locaoonal choices, Although
Amenican fimos closed some incfficient overseas plants in the 1980=, cothpanies such as Nanooal
Semiconductor, Texss Insguments. Intel, und AMD continue m operate from developing couneriss
and Buropesn locations that were set up i the early 1970s. National Semiconductor's expenence
s fairly rypecal angd offers insighe into the furre of Amencan scriconduoctr oade. Nanonal's
plants wers el up inidally to coonomize on igbor ¢osis and take advantage of sovernment
incentives.?l Ag the industry changed, Nartonal sold off or closed some inefficicnt facilities, buot
gxpanded only in old locations, Even though Japan mught have been "the best” new location. for
instance, Nabonal preferred to maintain its existing network. I essence, liemg ke Natiooal
followed an internal oreanizationz] losic in deciding upon focation decisions rather than treating
previous foreign investments purely as sunk costs, From the fion's perspective, it may be cheaper
n terms of buman and other resourees W continues from an existiog site than g sian, de aove, at 3
new location. As a consequence. intermnabenal trade in strategic products ke EPROM: is likely
remain heavily affected by past investnenl decisions. Exports will nor follow a country-based
logic: instead, products will e exported avcording to the plebal conigummion of existing fmms
ifor expnple, fabecatng in the Silicon Vatley, lsrael or Scotiand, assembding in Souctheast Asia,
and shipping to final rmarkets arcund the world),

YI. Conciusions

Trade panerns i the semiconducior industry have never been explainable solely on the
hasts of raditional country variables. From the Industry's inception, government policies firse in
the Uniled Sies, then in Japan uod Europe, snd now in the newly industrializing countries. have
mantpulated factor costs. demand, and competttive rivalre. By the mid-19%80s. covemnment
policies wenl @ven further to manape rade flows and pricing direcrly,

The effects of heavy government intervencton varied by the tvpe of policy emploved and

tay wo1 distodge e incumbenls by victoe o ther domuoang posiicn m DRAMs. The BR AN marken is five 1imcs
largrer e the: PR3 mercket: therefore, oaders in DRARMS have much kigher volames than the largest ERFOM
manufacturers and pedeneizily can drive their manstagiuring procosscs daown he legening cofwe al muach fster
cites.  In the absence of govemment infervennon, such a: 1he SCTA which has inhabied agercssive JTapdnese
behavioe in EFROMs, Tapancse limis stght bmld a hoee coxt advanies from their DRGAD i okl ny
operations b driwe oven the most comeoitted non-DFAM manoloctorer outl of the EFECOM markel. A second
scenareo 15 that wochoelogncal champes wall tead the incumipent firms o exit. Manubfacturces of conain logic
[rpelucys bevve Gorpndd SEA RS 1 be beer pechnalamy deivers o EPRCHS. 1E BPROMS e no leoger coticad tr
hignee margin dusincssss, thees are fewer incentives 1o Niems Lo roilin their marker posion,  [aterview with
induwsiry sxecutive. Febroary 1991

?) ingerview with Natanal Semiconductior cxcoutives. [UEY.
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by howw well v matched the industry’s condition at the fime it was empiaved. Dunng the nascent
phases of semiconducrnr development. US military procurement and aenve anti-trust policy had
significant and posinve stects on Amencan producers. These palicies provided secare demand at
a timne when the wehnological tisks might have been prohibitive for most pnvate frms, and
stimulated innovative competition, which poshed the industry 1o develop new, exciting products.
Althourh the transisior emerged from un industry glant--AT&T--the {Cs, DRAM:. EPROM:E and
TNICTORIGCESS0TS wers Amoncan nventons that emerged from entreprencunal fumes ke TI,
Fairchiigd and Tntel.

Japanese povernment policies were very different. put also appropoate for their nme.
When the industry was 2 linle mare mature, Japanese protection and promotion policics also
songht o todoee the sk 1n semicomductor prikducoon, bl they did s0 throwgh less comperition,
bochk at kome and from abroad. in almost classic Jobn Stoart 8ills” fashion, Japan demensrated
that under the right condinens infanc-indusery proeenon works.

One consequenge of different Japanese and UUS zavernment policics was the crcanon of
distincrve indusiry stncsures. While both indusmies wers fairly comeentrated, S semiconducinr
companies were relatively small, specmlived firms 1hat made chips as their anly business or as
their Mpmest bosiness.  Japanese ficmes. Dy conrmast, were all parm of large  electronics
cnng]omamtas.gz

Government inervennen io any laree domesic marker would inevitably hove an effect
an nernaucnal trade in semicandociors because of the industiry's wonwsual ecanomgs, With very
lirge scale economics and sicep leamnng corves at the plang leveld, and exmraordinasily high R&D
mequirenents it the corporate level, few fims tnoany councry could sumvive and prosper wibool
selling overscas.  Morgover. rhese features of he ioduswy pave flrst mowers significant
compennve advaneages--leaders could olten set standards, forcing followers o play catch-up, and
lzaders could move down the learoing curve, maising barrers for late ardvais.  Singe such early
inoves olten jasted through the current zencration of producrs. it behooved firms 1 enler
inernatioonal markeis as aggressively as they emered domestic markers.  In o relanively open
market, the first mover advantages inifally sccomulated by U5 tions showld have preempled
Japanese competition: dut the Japancese government prevented this ouwcome.  Similarly, if the
miarkel had been free of government ingerwention 1o the 29805 Japancse-fisst-mover advaniges
should have blocked other new eorranws, such os Korea and Taiwoen.,  Repeztedly, zovernment
rervention fotled compednve advamapges won by other oalions. o essence. 1he scale and
leming economiies of semiconduclors created a potentially sipnilicanl role lor fovemment

- rETAL o am—

Y2 This poing has boon cmphasized by Charles Ferpuson in several pieces. Sco. for exampie, "Trom e Peopie
Who Erought you Voodoo Economtes,” Hareard Bpsingss Bovigw 3 (Myv-line 19480 3562



MeTve ntion, just as ke stiemege rade policy Memtune bas long suggestcd. The govermmems of
the 1I5 i the 1965, Jepan and Europe ik the 19705 and 19802, and Korea in the 19805 and 19905
cffecrively capitalized on that apportnaty.

The semiconductor experience alta teaches us about the powerful influcnee of history on
firm production and export decisions. Ax long as key sepments of the semiconductor market are
not challenged by new, low-cost producers, incumbent firms have the freedonm to manufaciare and
assemhble products in iocatons which do not identically maich country advantages.  IF the
semiconducror industry had scarted in this decade, with Yapanese and Amercan tiems holdiog the
same positions they held in 1990, the stuewre of worid expons would be very different. The
valyme of producrs shipped from Southeasc Asia would be subsantially reduced. direer U3
gxports would e nch sreater; and facilitics in Ireland. Scotland, 1srael, and various locations an
the Eurppean caonfnent might not cven cxist.

[ndividual corporaze histories ¢an have an choomally large mpact on semicooducion
trade flows for at least two masons: st the increasing segmentanon of the market and the
orowing concenoation within mdividual sepments; and second, the "smategic™ nature of cortain
bigh-volume. technolopy-drver products like EPROMs and DXRAMs. Tn the first case, when
sermens are conceniraied and non easily enteced, small and under some condioons. even large)
differcntials in coss do nat marer. Fims will prodoces 1 bistonical locations as long as they can
price  recover the higher costs and they kave mechamsmes other than price (o.g.. propootary
icehnology) w deter cnmy. [ the second case, finms are willing to sacnbce profits on strakegic
orewdoet linex to rotain their market position e other prodoct loes. Momover, the cconomies of
scope beoween a commeddity prosduct and 2 bigh margen produce can be so great that profits camed
on the high value 1€ more thao compensate for the losees in the commodity business. Eveo when
new Wwwer cost tocaiions cmerge, encumbent Sirms may continge o produce their straesic lines io
existing Jocations because the total cose of reincation exceeds the marginal cost of sraving pul,?3

Finalbw, the semiconductor expenicnee demanstrates the ditficultics iovoelved in predicting
the effects of mmude policy on mude flows when the industry in guestion is oiipepolistic and when
many ol the Big plavers have exiensive global cperations. The effects of the 5CTA on made
patterns depended o the production, investment, and rade decisions of o relativwely small number
of Japanese and Amencan companies.  Becaose of differeoces 1o thetr structure and $oategics,
these companmies reacted differently. in DRAMs, for exanpile, the Japanese companies, with the

aelp of MITIL were able to form 2 temporary colluseve armangement that worked to their benefu.

20T course, wnless the veoncmies of ICOPE Ars wory [Focal, incuwmbsnis in compemnciee markels wid cvcnimaally
hzrec o move prodociecm 1w commisdily prvwducs o lesaer cost ocations, Othersise, e losscs in 2 cambmedily
product like EPROMs might cxocod the gauns in the Nm's other Jogae products. Hessever, according woour
reascning, teese Jags may e veew long,
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Ay o result, the SCTA iniiagfly reduced DRAM competiion.  In ¢omirast, the SCTA mmureased
competilion in the EPROM marker, az Amencan and Eurooean companies vied tor the share made
availahle by the retorating Japanese prodecers.

The cholces of individueal tirms abou procucoon Jocatons also influcnced bow the
SCTA affected gade flows. Had TY and Motorola chosen o espond 1o improved meentives for
DieaM productien by turther cxpansion of their US facliities and less expaosion of their facilives
in Japen, more of the Increase 1o the share of Amencan companies mothe fapanese marker wonld
have come from an increase in LS exports. Instead, most of the increase in American sales 1o the
lapanese market came fromt the producnon of Amencan companies in Japan and thid-counory
locatins. (Table 110 Although the SCTA seems 0 have begn a qualified success m improving
aecass for American companies 10 the Japanese market, i1 was less soccessful than it might bave
been at increasing direct exports of semiceoductors @ Japan from U5 locatons. Since Amencan
firms prodoced some of their srodocts in Japan and assembled other products in Soodhgase Asia,
the P18 Japanese trade balance io semicooductors was oot makerially improved.

lo fact, the SCTA had memarkably linde effect on trade pattcrns 1o the 1S 2nd Japan.
Imparts io the US comiosed 10 poow, both novalue 1erms aod as a share of UUS consumption.
through 1982, 1he drop o US inpoets in 1990 was the conssgquence of lower DEAM proces--in
real erins. mpoets from Japan were viually wnehanped. fmpons from Japan conunucd 1o
ingretse s 4 share of US consumnpuion throuph the peried. althaugh zales from the foreiga
subsidizries of American compaoies continoed 10 account for the bulk of US impons. Oo the
Tapanese side, there was some increase n the spare of Impones in Tapanese consumption. especially
in 1988-M reversing 2 declining 1rend Berween 1982 and 19846, bat the overall shars remasined
helow levels realized in the early 198()s. Japan's exports and trade surping in senuiconductors
continued to grosw throosh 1989, but declined in 1990 mainiy 23 # result of Tower DRAM prices.

Fudged by the made results alone, the 5CTA appears to have been relavely ineflective.
But judged by its inpact oo prices, market shares, and competiive dynamics in key indosmy
sepmenls, Lhe SCTA appears 1o have bad some important conscquences. The evideoce indicaesy
that the wereement was 2 quaiificd success relative o same of irs objectives--the 'S shame of e
global DRAM marker stabilized: the precipitous deciing in the US share of the global EPROM
market was reversed; and the ghare of US companies inhe Japanese marker increased,

o did the trade agreement reduce competition aeross afl marker segmenrs, 45 most
critics of managed frade arrangements predicted.  Competition in che EPROM nmuarket acrually
ingrased as a resolt of the agreement. Compaiiton nothe DRAM marke: docreased ininally, a3
the agreement allowed the Japanese producers to consolidste thoir market power.  Bot owver ume,
thee DRAM market o0 hocame mote competiive as o resait of several factors ochwoding: o

increase in prodoction by American companies like TE and Motorola: she growing smength of



South Korean suppliers, promoted by their government and attracted by the hefty profits carned by
the Japanese; and the expansion of production capacity in Europe, encouraged in pari by European
policies to develop 15 own regional supply base in sermconductors in the wake of supply
shortages and higher prices in 1986-88.94

Even if we accept the view that the trade agreement was a qualified success relative 1o it
objectives, we must ask whose interests were served.  Certainly, some American companies
appear 1 have bencfitted--especiaily TI, which remained a significant player in the DRAM
marker; and Motorola, which reentered thar market. TI, Motorola, and other American
companies also enjoyed somewhat greater opportunities to compete and sell in the Japancse
market, the largest and fastest growing market for semiconductors in the world, But Koreans and
Japanese may be the long run winners.

The effects of the agreement on the users of semiconductors are harder to evaluare and
present a more mixed picture.  Without Guestion, the agreement played some tole in precipitating
the sharp spike in DRAM prices between mid-1987 and mid-1989, and this hurt major users,
especially US computer companies, which relied on Japanese suppliers for ther memory inputs.
And even though EPROM prices did not spike npwards, the agresment may well have kept them
from falling sharply in response to a price war initiated by the Japanese. Such a price war was
underway in 1986 but was effectively ruled out by the anti-dumping provisions of the agreement.

Over the longer run, however, the agreement seems to have generated greater
competition in EPROMs and greater compention in DRAMS as well. And if the improved access
of foreign producers to the Japanese marketplace ultimately weakens the market power of the
Jupanese keiretsu firms. as the rade agreement intends, then users of semiconductors may beneiit
further from greater competition in the futore.

Even if we Hmut our assessment of the agreement's benefits 1o the producer side of the
equation, an important question remnains; did the US galn as a result of the benefits realized by US
companics, most of which had at least some of their production operations abroad. On the one
hand, the 5CTA allowed Amencan companies to enhance msany of their high-value-added
acnvines, especially in R&D and fabrication, and the lion's share of these activities are still located
in the US?3 On the other hand. much of the oain in the market share of US companies retlected
increased sales from their subsidiary operations. And ironically, in the long run, America as a
production site for semiconductors may benefit most from the forgign direct investment of
Japanese firms trying o protect their share of the Amencan market from future made barmers.

As these reflections suggest. when global Amencan companies are the beneficiaries of

Y4€or an insightful analysis of the European sirategy, see Flamm, "Semiconduciors.”

Y5 aura D' Andrea Tyaon, "They are Not Us: Why American Chwoership Sl Matters," The American Prospect
{Winwer 1991% 3744,
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Amencan tade Initiafives, American trade negotiators must ask the question "Whe Ts 5796
This 15 a question for future research. In the meanime, the evidence presented in this paper
indicates that contrary to widely held beliefs, the semiconductor trade agreement has been at least
a qualified success relative to its objectives. In a world of heavily manipulated trade, managed
rade has not proven to be a dismissable second-best alternabive.

Looking to the future, the massive flow of Japanese foreign direct investment motvated
by the threat of trade protection in the US and Europe is likely to be the single most important
facter determuining shifting trade patterns in the semiconducter industry in the 1990s. Nations will
confinue to promote domestic semiconductor producers and continue 10 manipulate or manage
trade flows, but patterns of global competition and trade will increasingly be affected by the
globalization strategies of the all of the major produocers, regardiess of then nationality or home-

country base.

96Robert Eeich, "Who Is Us?™ Hanvard Business Review (Jan.-Feb, 19907 53-64, and see Ken Frool and Diavid
Yoffie,” Strategic Trade Policy in a Tripolar World." Working Paper 91-030, Harvard Business Schoal 1991
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Table 1

Total U5, Scmiconductor Trade

Exports lmports

Mithions of dollars Millions of dollars

1906 1304 50 bl | IR 1966 44.6 8.7 159
1967 1524 6.5 214 44,1 1967 46.5 26,7 198
1568 1 362 S 7E8 1964 Th6 44,7 319
1565 a7 T4 1384 1.7 1G9 111.2 54 522
1970 416.% WE 146.2 17418 1970 18 5 508 £
147 3705 b e R 1774 1971 157 g 2 £0.4 324
1472 4tk 1035 126 a3 1472 3288 1805 11 482
1973 E48.6 aTT 195E 4351 1973 6105 3653 1606 2.6
1974 1247.3 I35 2150 71B4 1974 0535 506.3 13539 111.3
1378 157 el or | 1in 0633 1975 E02 SELS 1385 52
1974 13RS 34 1M13 52 1976 1098 Bl3T 1531 1312
1977 140115 3451 A LA B 1477 1403.2 1025 1735 04,7
1978 13214 4719 L54 | 1978 18274 14052 171 243.1
197% 20751 G563 Ik 1334.1 1979 25577 20354 195 3573
1R 27623 5338 a2 18530 19%0 3395.6 2TE0.4 2122 403
1981 253527 Tek 4 73 1977 1951 455 e | 264 3904
1982 I058.0 E30.3 L1 21408 1952 4397 3501 2639 6321
1983 36735 10257 974 25404 1053 5330.1 41512 2574 9ZzE
19454 46515 13513 1188 31414 1984 EZEA 2 (1358 LR 18025
1985 3031 114816 1231 24304 1985 O30T 30 a55%.4 L6864
1986 41854 11451 1388 28985 1956 RS 433 37 343
1987 0IZ% 16228 1314 44744 1987 A1 AN3E. § 3368 2187
1458 AnEs4 ToRES 1584 5MIBS 1058 12059 R KTHI6 25,2 2E% 0
195 500G 1959 123116

1990 10716 1959 121435

*Onher Semicondnctor Devices

Sources:

1966-72: UK Department of Cosrmerce Publications FEL2:15

1R73-76: US Department of Commerce Fublicatinns §E3-2:07

1977-32: US Depariment of Commerce Publicotinns EES-2:79

1933-86: US Depariment of Commerce Publicotinns $55-2:20

19387-38: Complied from U'S Depariment of Comnterce FPublications §F1-246

1989-1980: Complied from Mficial US Department of Commerce Staristics

(Arepkdpwny for 1338-1980 werg nof availuble due 1o g change in classificatfon from SIC to @ Marmonized Systen)




Tahle 2

MITI-Sponsored Joint Research and Development Projects in Microelectronics®

Time Frame 1975.79

Technological WL5I
Focus

Govt. Funding
(Millions of
Diallars) 112

Participants NEC
Hitachi
Fujitsu
Toshiba
Mitsubishi

1979-86

Cptical

Manufacturing Semicenductors

30

NEC
Hitachi
Fujisu

Toshiba
dMitsubishi

Cki

Sumitomo

Saurce: Nihew Keizai {May & and May 26, 1854); U5, Kmbassy, Tokya

1981-39 198150
High Speed VL5l Device &
Devices Process
135 140
NEC R
Hitachi Hitachi
Fujitsu Fujitsu
Toshiba Toshiba
Mitsubisha Mitsubishi
Oki Oki
Sharp Sharp
Sanyo
Sumnitomno
Malisushita

1586-96

Synchotron
Luhography

&2

WEC
Hitachi
Fujilsu
Toshiba

Mitsubishi

Oki
Sharp
Sanyo

Sumitcmo

Malsushita

Nippon Kogaku

1986-26

Optical

Semicondudctors

42

NEC
Hilaghi
Fujitsu

Toshiba
biesubighi

Oki
Sharp
Sanyg

Sumilemo

Nippo 5h. Glass Nippon Sh. Glass

Fujikura

1981-91

YLSI logic

NA

NEC
Hitachi
Fujilsu

Taoshiba
Mitsubishi

O

Sharp

*Yen:Dollar Conversion Averags for the Periad  ** i unded through fapan Key Pechnology Center




Table 3

Total Japanese Semiconductor Trade

Imparts

ﬁvM...Irﬁ o o 3 R e
i 1, iﬂ ey
tats e

Mitligrs of doflars Millivas of dellars
1967 nfamt 16.6 1967 50 170
1948 nfa™* 187 1968 120 275
1969 nfa=" 271 1968 218 477
1570 nfa 273 1970 574 725
1971 nfarr 274 1971 626 598
1572 6.3 42.0 1072 542 513
1973 2.5 4.3 1973 1225 151.8
1974 229 1305 1974 1547 2063
1975 455 1405 1975 1349 182.%
1976 767 236.0 1976 199.4 0T
1977 1172 3094 1977 2076 2.7
1978 2482 4504 1978 2914 I
1979 4945 7535 1979 449.6 5562
1980 BIE.5 10876 1980 450.3 B9 3
1981 5045 12365 1981 5178 £86.7
1982 1144.6 1425.9 1952 5114 £z
1983 17542 2150.0 1953 624 78S
1934 32712 7R3 1954 935.6 11374
10%5 2439.7 L I 1955 6938 8363
1924 31674 37973 1954 BE7.7 6.2
19T 40566 500154 1087 1125.4 1307 A
1958 65VE.3 9154 1988 176156 20031
1959 3130 P6E1.1 1989 22462 14470
1990 55,1 005 4 1990 25891 26213

"Bruring Lhe 13-4 period, the Japancse caported only Discrete

Semiconductar Devices {0 these included germanium transistors,

silicon rRnsislon, germanivm dicdes, silicon diodes, and ilicon diedes

for silicon rectifiers, {Thus, the data do nol include Inbegrated Circuits

for this peried.} ““1n the 19671972 perod, Lhe Japanese hegan exporting

Integrated Cureuits [I0s), however, the dala do not distinguish between
105 and EXsL).

Soures: Japan Electronicr Bureaw, JETRO.




Tahle 4

Worldwide Semiconductor Market Share

IRT L A9BE

I1.5. 514 514 40.0 434 45.4 41.5 39.0 36.5 354 307
Jupan 355 353 5.8 »a 41.7 453.9 48.2 51.0 513 48.0
Europe 129 127 11.3 11.0 1.7 11.2 11.0 2.7 5.3 123

Senrce: Datagues]




Table 5

Average Selling Prices of DRAMSs

Jamivee: Dateguest

AR DRAM Price
Dellars per chip Bellary per chip
1934 1985
QL 31 Q1 150
Q2 235 Qo 125
Q3 17.5 Q3 110
M 14 Q4 160
1445 1984
QL 0.5 Q1 48
Q2 515 Q2 34
Qa 3 Q3 45
Q4 2.25 Q4 25
1936 1587
Q1 2.25 Q1 17
Q2 23 o2 15
3 25 a3 135
Q4 22 M 15
1587 1933
Q1 225 o1 15.2
Q2 23 4] 16.51
Q3 24 3 17.43
Q4 2.45 Q4 17.28
1588 1589
i 279 4] 17.42
Qz 297 2 1636
Q3 3.19 3 12.53
Q4 33 04 9.96
1939
Q1 3.46
Q2 355
Q3 261
Q4 222




Tahle &

DRAM Pricing, 1987-1989

1587, TR 7 S L EE VT )
Dedlars Per Chip
IM-Japan 14.5 148 15.5 15.5 15.4 13 15.3 149 13.8 13 13
1h-ELS. 17.5 1.5 20.5 215 235 205 18.5 133 16 12.8 12
1M-Europe 15.5 15,7 16 23 197 17 17.8 in 16.5 12 11
256K-Japan 2.1 2.3 2.5 2.5 2.7 25 31 2.8 2.5 2.7 2.8
256115, 2.4 2.5 2.9 3.2 35 a7 3.9 4 3.9 3 3
256K -Furope 25 2.6 3 3.5 4 5 6 5.5 33 29 2.9

Sewrce: Dalagocst, Biweekdy Dals




Table 7

Average Selling Prices of EPR(OMs

TSR EPROM Prices AN EPROM Prices -
Datlars Per Chip Dattar: Fer Chyr
I984 1984
Ql 71.59 01 130
Q2 48.11 Q2 73,13
Q3 3Ty Q3 59.75
Q4 29.47 4 55.78
1985 1987
1 21.55 01 36
Q2 12.14 Q2 34
Q3 3.67 03 27.17
Q4 463 (4 25.69
1986 1988
1 4.32 (1 21.35
Q2 4.71 Q2 2036
Q3 .73 Q3 19.3
Q4 4.47 04 18.54
1987 1589
Q1 347 Qi 17
)2 4.50 Q2 14
03 4.7 Q3 11
Q4 473 (4 8
1988
2 4.87
2 4.83
3 486
4 489
1989
N 4.4
Q2 3.64
013 3.07
04 2.07

Seurce: Frafaguest




Table ¥

256K EPROM Pricing 1987-1989

LU T0X T 3 Q3 1983 Qrii03.. Q4. 98 Q2 03 Gi..
DrAiars Por Chin
Japan 263 AL 4.14 4,50 408 48 456 5 443 3.6 3.33 35
1.5, KR 14 5 433 43 4,15 4 315 115 3.05 ) 24
a1 4.8 47 41 4.2 4,1 4 1M 1es 22 1.95

Eurnpe 175 5.1

Snurce: [haioguest, Frweekly fhaix




Table 9

Imports as a Share of U.8. Consumption

of Semiconductors

“o o Inports © feosm
JUDAIL
Fervemt
1942 564 T.5
1353 431 81
L9854 304 123
1355 327 Wi
196 47.4 08
L¥57 33.0 113
L34 .5 16.0]
1950 25 213

Sourcer Ditfanuese




Tahble 10

Imports as a Share of Japancse Consumption of Semiconductors

EEEE 1982 1983 3984 . -I985 -~ 1986 - 1957 1483 . 1989

Lporis from 1.5, 10% UM% 250 G5 ¥ e 6% T
Imporis from nen-U.5, A% 3 2%m 1.505% 1gs 1509 2% A%

Source: Mirtctry of Finance, Datagrest




Table 11

1990 Shares of the World Mieraprocessor Market

- Wk ;- Market Sharé

lmiel 1 53204,
belistrola 2 13.30%
Advanced Micro 3 3. 1%
Hitachi 4 SRy
WEL ] 1.50%
Mational Semi, ] 2.70%
SG5-Thomsen 7 230%
Toghihg kS 2. 10%

Somrce: Datrguess




Talde 12

U.5. Exports and Sales of LS, Companies in fapan, 1984-1954%

R - S L. e L I b T & S & - S
Miltions of Doidars
[mports Meiom the 175 178 1449 164 256 37 543
Sales of .5, Companies ] a9s 445 1255 1956 2147

Source: Coastrucled by cufiers from fapan Hiniriry af Fisemce detg aad Fraurguesi dota




Table 13

Percentage of Offshore IC Production *

“Freeduction done in company-twned forsign eilifiet

**Projecied

Sowpecsr Dhaedguesss

F I E L S S T R T TN T R S e DS R VR T E A A S AT

Sihgasidilionb tEoEE Y aBeds s ushd ) hosd b des T Dbdsl | roRt 1968 D Ua¥sS | fedor ibdc  duof ! hrben %
Fercent

Japan 00 00 0O 00 30 40 60 B0 100 150 200 220 250 270 280

Us. 500 650 0 TLO 660 00 670 660 690 650 640 630 628 610 610

Europe SO0 350 250 70 300 50 W0 /O WO 250 40 4 MWD 200 190

AsiajPacilic 00 00 06 00 00 B0 00 00 00 00 30 S50 50 50 60




Firure 1: Praportions of LS. Semiconducters Produced Within the
L5, va. Abroad

£allti

o of .

W T

LS )

LTiksr

1973 1475 19T 1977 1978
Swarce: The Glebal Fectary, p. &

B ssxembled & Finished inthe — Assembled Abroad. Finished ) Assembled & Finished
TLN. in the L&, Abroad




Figure 2: Worldwide Semiconductor Market Share 1951-19%)

1981 1952 1933 1934 1935 1986 1987 1931 1040 15443

Sowree: Dataguest
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Figure 3: Worldwide DRAM Market Share 1978-1989

Percentage

1978 1¥79 1980 198! [R82 1983 1984 I985 1986 1987 198K 1498%

Sowrrer Llrtaguest

—B— A —*— Japan -—"—— Eurnpe —%— KorenTaiwan




Figure 4: Worldwide EPROM Market Share 19781989

Percentage

[
0 ﬁhﬂ"“‘_—'—_?_ _ﬁl i ' } e g t

1978 1979 1930 19381 1982 1983 1984 1985 1986 1957 1988 1559
Source: SIA #k Aunoal Kpd, 1M

—&— US. —#— Japan ——— Europe




Billions of Collars

1951

Figure 5: World Semiconductor Catisumpiion
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Figure 7: DRAM Pricing, 1987-198%

Dellars Per Ciip

TUET 1988 1959

Saurce: Detagara. Hiweekiy falr

- 1M-Fanan
—8— 1M-[5,
— i 1M-Burope
—*— 23&K-Japan

- 2haK-TLE

—=&— " 256K.-Eurmnpe




|
1 Fiayon 3dmi0ay * nELmsg 150 198ray n I FED M| g anf 1wy gfig a

pramtmegy Ag pariedry a1y Furpay adess i coqapr axie g Jpad YA VR JENT VO 'FFS OB d500) Mg

) 15 [+ T 1
Lig1 k) £y I nGa1 rh i i) (1] ] £ o] £E5T i XD iy LHAL

e _ : o

W54
HnLs
L L
—
e ¥
AL Ul puged
:.._.._._.m T IR X177 [¥I15A mu._._...._n_._uﬂ_ 2] T ..n..__._._ M0
U1 UHYL PLESEL B AUIUTHa 358 6] [(fagn 410w
M8 TR IUTSA 1500 M el aaranzn g
3 07 AU ploazy Cuawpedye | Ay
T OL PALCENT S BTRR UL 40399 Ga(17 51
UL 3 18ad M| S PUE @ARK|C Un[]F ¥l 3, CLIL]EE H'FT3
E R FE T [T e BRIT (TR R b [Th LR T 2By
Y3 0L PAL LGNS FRRE L0 [RA179 W pAsey Le
AFINpond 9530MdU] 10] S20E WD 200 STERAY, -
L e m LoMroes

axd] Hunag afvIasy pue 507 #8edday WY HO T (¥R adnig




157 ey

3y dujjEr gy * EI ST g

15anburory Ky panredar 211y Furpey Aoea v o] 2ug fppd Toap v ke WIS TEIDEL [N CYIIADY

IO YA — g

h 1 10 LD 171
66T O £ EAi 61 LI ED in ] Fl) £l Oyl o) k0 £ In LHET
[ " “ = _ _ _ ' _ _ : _ _ _ ol
- |HH“|IIIIIT|.J||.|.| - oSS
— - I.,ll.l _ .r|rrrr
mlull\.\l\n..mi. |.mnr|.rlu..w.||l| TO— o —— —
T— - .I...rrrrrﬂv. |rrrr...|r
—8—m=n /O/uf B 1%
|llrﬁullllﬂl.
T WIS
e ]
Jfrf.,f...f - ooozs
JJIrr..'.-l:]-
/I orses
4
-- Oee%
Y 201 o g, |
i 11 1
2 duppayg advdaay pue LJs00 A30nay WORIT WT g8 24ndig




Figure 9:
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