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Summary : The transformation of sector systems in Information and Communications
Technology (ICT), a prominent character in sector systems, has been paid much attention in
innovation theory with rapid change in information technologies and technological environ-
ment. In this context, we explore how Sectoral Innovation System (SIS) in ICT has been
transformed since 1970 by employing US patent data and proxy variables which measures the
basic elements for SIS and its technological characteristics. By utilizing patent data, it is demon-
strated that technological regimes, key links and Schumpeterian patterns of innovation in
overall ICT sector have drastically transformed over the last three decades. We also reviewed
how changes of knowledge bases and technological characteristics driving forces of dynamics
in ICT help heterogeneous agents interact with environmental factors (Industrial structure and
institutions), leading to industrial or economic growth and its dynamics in the historical per-
spective over ICT sector (Telecommunication, Computer and Semiconductor).

Consequently, our research shows clearly that Schumpeterian patterns of innovation have

shifted from Mark 1 to Mark I in ICT. Our study also provides a glimpse picture of dynamics
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of the innovation system for ICT during the three decades in the technological level by utilizing

patent data.
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52 A AR ofs daiA AlERSsich 2T A4 7
2217)% (Information and Communications Technology;
ICT)4] =441 A, &£ ol wpE 7]ed $H7o] Wata als) 4bsde] wole} o FA]eol digt
Aq-go] & F5 4 Hih
Akt z1sbel] gt A-F5E 2 Akl Marshall (1879, 1890)& 4 AlE 2 A4 =& A3
b 2 o AdEE AR B okl B4 Ak B Aldstel xlskgiela
A3k3i o Marshall®] o}2dt F2H& Schumpeter (1939)= Abd73 A2 whdapA] of 4
2 AEY] 2d e d4E FAA R siiklekelch 39, Kuznets (1930)=
A A N e FUE de FA SN ANA S840 Ak wistelr] wige)
gk ubH, Rostow (1952, 1960)= 4 9] d5Al= 124 (Regularities) &)
THAE 71eA sl dA neh fssiA ok o] 8 AlviEidrt 2ol
& FAEAAM, A Ashe Azte] 326 o wstE dE 5 glon 53
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A FE A A —5"4173: 3l Akl o] =¥, AT A8 55 Aolslax) xHsEke] o, 4k 9

Hel & ueidk s}t Arla} A& drshs dlole FEPe] wokthx
T (Malerba, 1996a).

Akede] 218} sRiel] gt oleidt SEA e ET A SollA, 1950 o) F 4k]e Fx
S 8 A AAE FEEtaal 24 7 7EA] o] 2F - AR EA o) & (Industrial Orga-
nization: 10)#} A4 Y% ©]& (Industrial Dynamics; ID) - ¢] Al7]=le} g}
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(Malerba, 2002; Carlsson, 1989). {1}, o]2{d} o] 22 19500 o] % #|&H o7 A|7| =)
d 78 AEE, S APidn AR dal Al AR 719 H (Founda-
tions)2}e] A, Akl e A&l
FAE Hol glct o] 2L FEA A7 A fdl o g AA Ak H5AS Ads

1
= A 7]eA HaE Ao e A WERA s v sddty & 5
stowl A, 7|29 BA% By one 2o rHEsd 71%24 W3 Adrsly] o
RFopet, 2Rt 7]eX Wste} Alqle) i e AA AATte] BAE d9sted ¥EE
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Aol gl dloA 2-& 4= gle} (Carlsson and Stankiewicz, 1991). &= o}& 74 gt
7]%-"4 Gk = %ES]":‘ 7‘]’49] F8AH A& FA-5ke 2A W gy ZRAAE 3]
7o gx 4kgle) o543t W
°1% ““gﬂﬂ% "—‘1’%‘1—1 8aE "é“é?'f}x] Fohe S AYa 9ok

g Schumpeter, NelsonZ} Winter & o 2%+ 213122 7 A|shol| 4] 7|4 Wsle} Ak
ek S B A 0 3 P stz 5% A HE o] & (D) 7]}—4 7ﬂ 76“11%—1”—1
A= ) Aol BAasla ol A4 2 Vs 5
& (Heterogeneous agents) - 7|43} w7124 - 7ke] A, 12]x ]—-7¥°ﬂ ”“ﬁ 'Hf
FdA BA alx} Hfel-g st sl stk @A) o)2ldt o] BAE Ak A}
Exolz} B 4 gl A{gAl XJ]Zﬂ (sectoral innovation system; SIS)e] Ho] Y
% jc" gk ASA Aot SistA z18E a2 gle) 53] Malerba (2002)< 71E9] A
AA ] EAel 2Astste] Al FAe A=kt Akl 24, AxA glat 257
U E9 = (development block)E 73F st 71E8AlA 2~ ¥ (technological systems; TSs)
o] Mg FEsla 9lord, Al o EAle AAl7 7]eH AR (technological regimes;
TR)®] Wi3e} Y485 FE me AYshs FAFA (719 2 v719A 23)9] A=
ol g Fall Ao zn Ad A 5T A H54E T4 med E3AH 2y
AlskaL gk w3k, Abuiet 7], Al ¥Al 2 8 59 7]—'2&/‘1 M2 o Ak
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FAEtZ A 2 AA, A Aol s, FAEY BA Sl dig F yS
oldl & A-F3tL 7] wWell 71eA AEs) wEr A AAHor T 7|eA HelchdE
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TAM Bz ARIEAAA L] J54E dHslr] 98 7|2 B EA ARlS A e
71eA AA, 717t YAA A7 s}, HalFae] HAldy jﬂ“d, 257 9 ¥ 3
H3E 5 FoE Al ol Mark I, 1D 5
54 st gAFAL 7e¥al
(Institutions) 522 A=+ #3742 247k B4 ‘Ff“é% 3, "}"d g 7411] A3zke] 4]
# 2 A5 HAYES FHsteat gk

2 =] T2 vheat Aok AR = AR AL A A 9] o] 24 wiA Tt A 2¥ S
MepiA, 58] AQHAAAE FABE Qe A A 547 aE HAw S A3k

9 ES FASE ICTARY 954 23S Adstast o A3gede &

o4 -85 USPTO 53] dlo]e]e} 4] Wy £l oiste] dgsta, a4zl = A RS
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F7F AT e AA sk} g

SRV

> M
Zx FA

AT
B

h B

~N
s

AR AFS AL B ohleh, Al ) AEL A, 44 L DS A
A, ) AR REAEE Fashs HAFA9] 152 e84 sleh 58] Malerba
(2002)% AFd A1 A 11]31 A

B4 e Slsted 12 24 DelE Ak}
& 9% BN TR ATAY BH Bl
A st A alow o3 F8% 4TS FIAL 9lon 1 HUT 49 Aol
of whet BAYE, YA, 7164 T3 AAA AR S AR P d2 A A
A3t FEA Aoz FEEEd F A4 43
14 el SloA 2RA FH - 2|43}
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A oA s g A~ AEA el H 2 F3} (Dynamic increasing returns), =% &
27 249 A n o Ao 2 el suwlo 2 A e B3AQl 2l
oj&f 24L& 450 45 7‘]“ o] £ $HAL Al digh w2 ARAES AR
A 2|49 4o ARlollM Akl B HehA - 7| Fofet Fo] AIAAE AA,
w1l al A7) Ak 3] x| A o] 29} sty ZRAMAE ZFA| 2 gl Ak ellA]
AR A E Hg AR o2 1§49 S8Rk nln Ao R HAEo] gich mhA T
2 A F8 AL AIYAAA Y A5 Aske 71Ed dEA AAY FAEA
71314, AFA, - A3} 2|2 wjo] A9 WA sA| Fad=le glok. Cohend} Levinthal (1990)
L 2R APA A3 A2 (Prior related knowledge)®] A|Alwlo]~el 4 H&F (Ab-

sorptive capacity)2 #8-3ke] 9|H zdil“"] F& AAE oJgA R&D FALE ol A &
ol =R &l R&D FAF A& &, 4 719 713439 ARFA, XAl Ak A xS
tﬁ:‘[:_g_ zgaol:xj] . 24/\42—1 Hl—tﬂi Zuﬂq}iuj ]q;:,]. xj‘g] LTO_ﬂ'al: :LE],L 7]324 /Kél
7+ BAE At ki

ME Yy

FHO gL T REY A

g — =
X]4] % et eme] [ oo omanment? .."9"8.....
= = . animns

i 220 MPR 31 °
_____________ &L reo gk (Market Protection Regima)| 3

[ 7s8 ou EQJ { VDC (Vertical DC) ] [ 22 38 ‘[ o1 stions) ]
{Tech. Key Links) HDC (Horizoutal DC)

A+ & Malerba (2002)
<3 1> MeASAMAN 2ME

— 287 —



sgelel FHo A 7lee] Aol HatA AAdA A S doAe A E Y 71
THEA AF, FA, A" A2 A A, ik 8ol E-8-%Th (Abetti, 1989).
A A5A4E AT A 7lsA A e 4524 71eA AAle 27] Nelson
3 Winter (1982)fl &3} A-7=olon 71 #74-L 71e9] A4 AFA 221l a2t
A 4, Al AEE} A% 2lgdel gk viAE o uee gasech 15 A7
AAA 4] Malerba®}t Orsenigo (1990, 1993, 1994) 12]3 Bresnahan®} Malerba
(1997)= Wl 74 71& 8919 g2 A 71e3 AA & 7134, A4, 245 T4 A
Alo) 25 Aejserh 1A 7|34 dA AL Fooll b A4 Ao 7HeAdE b
A 855 golste] ol

o
X
X,
ol
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S glom, WAL mipe e FEshs 7beHoEA &
o o olrh AL YAl Al dgrte) A4 AzaA] Anad HAE, 7le
A A Fol4, shud, BAs SRAS) Are Al £ gl o] & 7199 AiA
X, g, 3] b e il eld AR Mes 883 vled AdE dudess
el 71ed 5A4E BAshed 7loskdct

HA A= A AAL SR B T oshtRA 3 ARkt SRS 23ehe 719
I o, A, AR 22 ) 71°d 24 59 7 7 YR $RE 5 ol 7]
%j & AbsiAIEe] Al 33 Fgste T8 Ae gdsia gl ow,

o
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i
W= ¢
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o
,“4“‘
B
_!%

4 = AEAL A A A Y AAE T3l
93 g sl 53] 7 8w AR AL Holek ko] Al Ao} AldA
% wE FAGEL 45 24T ARY L Y5 12 ATs A5 Jure
A ] ZE AR 2L A A BA, 519 Ak FE 2 FHE BA O gloiAe] Abs

EX4E Arsle 8aelr}h. HAIA "ol A H]E-‘Higl 544l di3led Dahmen (1989)
< ‘7B £-Z (development block)-2 U39 724 713bo] F3HA R o]2& A& AlR
Avelel A skal 3.2 Dosi (1983)= 71&4 ARA == AUA Y YeiE Hale Ak,
714, 7197k 8] 294 A3 ]ZEA (untraded interdependencies) o2 A2} g o g4 o Ex
AR AE A9ska 9tk Nelsond} Winter (1982)= 714 2 RE $13F 53 whekg 2|43}
= A w7 Zed] ofs A Ao HAlgES 71$3 AA (technological trajec-
tories) 224 A=, o2l YEY I g d5A MEES AL A $£HA At
of FEAb Exlghe o7 FAAZE WA AS HAE Sl ST HAl E315% g
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SHEE SAle) QY B0 Ag] W 710l b e Sush, AAH, 7154 WS} 2
Y s

A= (Institutions)e 4, F&, b4 A5, & Y, F 55 23, dAFA¢
53t A7 g o BT I A 3RS vl 2] 9] JHgelct (Malerba, 1998, Edquist
and Johnson, 1997; Coriat and Dosi, 1994, Nelson and Sampat, 1998; Bresnahan, and
Malerba; 1997). #|xe} A5l 252 F3d ue}l 979 Algs zfo|& Holx it
(Malerba, 2002). A%l #§ 5 g4 ZAH 24 Lundvall (1993) Ao 24 47
(Totality)& 7+zZ3F ¥4 Nelson¥} Rosenberg (1993)+= 2213} A A A whx] shte] F4
24 Axe ¥4 EA (Partiality)s 7+33kaL Q)

Ak EAl ARl A5 Aol 71EA AA S} wAE AR HEE A
Bataat shodck & o] A3 s, A A4 2ldde Z1eA Ade 22 71 7|
34, & AR AEE 72 7leA F8AA StellA o] aqtre] A7) Al
(Fa714d)e] AdA $A1E AVE F98 Mark 18] 43S w7 Flch A4} AujA] 7]50]
Zd3ta 7|eA AN ] Fagel wet 7)E3t Aol AdsaiAln] HalA &5 A=
o 7|84, A FA4 71eA SAE vehdoh w8, 250 A" Al
(ch7]d)o] Aty whebg Fxshe FollE] Mark 11 Hjedo] et
HollA A5 AAHAAA = ZE Akl Yoz AL 7hd BY 7224 A

O

orle

JS

e

&4l ele] wol 2 HAAA FA A Wt 2wt Awsliat ik Malerba (2002)& A
A4 4 A A 247t AT A4 (58] AAS IS Fshked dlelxe

FAH o2 WaalE 7164 $4E Polshz A
ICTdel $UAARL 2 4 ofEle) e faske 22 (1413 71 S4ue

A (A 1%, 7145 A TR AR T WshE
A A1) G 2 el AL Ak AL oloh sl Aeleh whebe
A7 ICTAR] BAAA 346l A3 L3 AN 2 3o G54 oj7h]5e 79
sk @

2.2 ICTLHe] sALlAH|

ICTAI Y] 954 A nl HAFA 7184 58 58 7164 o3t o]l
w2 HAlde ) Wst zela Ak A 9vlghet (Marshall, 1910; Schumpeter, 1912;
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Metcalfe, 1989; Allen, 1988). ICTA ol 28 7}z o EA] 3-8 ofefje] Mws} 7o) Ab
A Aol A 71}]31‘12& BUE viAle vheFg A 8dl & A7 7hesich

ICTA S 54 282 a4 3584 a8 s #484e 49 848 7484 44l
o} (<2¥ 2> 3R, 1]’41} 71€2 BALRE FAEE 3% 84 YAFAY} B8 5
UE AFLLBA T Q4] £Ao] wWishs Ak AR B2 G 3RS vl A =] Al 9%
AE F5dke 89z +7E otk & AT /1€ 549 W3t uhe} Al 49
w3 o3 5o Aoz} whAisle] o] & v|uke g AEEE reyAlY A wd Wl
L=y

2 Yoo |
ey

35 290 F shbel 2149 44 W3k A4 el T AL WsPR ohel X AlS
Baso] PASE 7|6H Ade] MAE fosto] AR HAFAT FHOL o A
sk 718 AR 2 2RE FEsle] Aol NSO AL & 4 ol TEAL AE
4 ATt Aok w3, 719 53 Qs RS [CT71%9) S4 sk 744 Ads)
vhgo} 7147 S5 Juie) WakE 2AAA BA4A 24w AoHE A Fr) AL
3T Wolg fmahi Bt

W R22A HAFAG} 7SS ke GRSk A el A4 AL o 2
wolck HAFAE 15 H49 A% 2, A4, 7169 o ol Fubele] choka
WA Qa0 JPE Fuowon] 4544 Bl o FAsh ¥ A4S BAT 4,
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e "ok #4A 24E A9 FRo AR AR £ ok 58] 4k rERE HalF
zﬂﬂ A5 AR, Axe] q7, 7]Ee] wste] Aol ofd mef U|ESas} £AA S
5o vkt Feje) o] EAlshA ot

_EL

o, Ak, =7k AR st & Al b glelA S 93-S dst
WS 9% A A2k 2pele] Hw glt} (OECD, 1996). Conceicao (1998)<% Av] A
Able] FoAw f, FEAE S avla 259 v43ke] AAE AT eRH Aol A
Al WA glelA HA o] Fagk AE AR S-S xRk o HH A9 FoA
o] O tFE L gl & AlH vl Ee] o] £A wshe Able] 54 SHAA 1T
o o% S Ao 2 HNE I glvh =3 27} o H 3] ot AR, IT7]€0] ITA
et Akl o 2 & F43] bl wheh A A Wi g oS Al 1
, ol 229 #Al &y, sz aAs Tela A4 Wolxe| B WIS do
9l Zg3kw ek (Malerba, 1996a). =&, 719 269] A4 Fo] A ofg] 717
233 58 (03 A4 A58 /R AHE B8 AA PisE AR F
FAJe]t} (Carlsson and Stankiewicz, 1991)

FH AR ALY 5 Qe d%E 24 1F dHH Y JEI o E
14 A% =3 gty 8 g9 F 3}‘4"]‘4 A2}
3‘5}51 A= FAleIH, A4 A w AHE £A4o] 7
Abslolc} (Carlsson and Stankiewicz, 1991). 53] ulel L. 7%
|% (nanotechnology) 2 71238 2|4} Fop7t IT7|e3}e] 74 Ads 58 A
9 "E”—c’- ICTAR] #|219] #st7jutsle)] 8.8 ofv| 2 4 & olch &, #5}7)
14 552 Jol S7tgel wet HAFAES] 7|2 A725E AT Fale] HA3H
AEE = AA ‘*ﬂ"]’\ 3, A} 248 gl 272 WstE 7 # 4 ot (Coriat and
Weinstein, 1998).
olglgh "ol H]Fo] & o ICTAY el 2|29 FoAe]
o] Aake] §43] F7beka Je& AR =3, S8 AR 54
222 fradst g A Ale] 23t s|uks dAte] A FrEA| & :
A28} 7|z 87 uksle) v Eo] AAle] B Esr) FA3] TS ICTAR Y d54 ¢
A B3] AFAF FALE sz 71EA AA A Al 7FA] fuE ZA "o
AR, A8 el = F3o] FEA AAoA HAA Aoz HstghS x]Ae] Ay
(articulation)#} ©] %4 (transference)& A 7]l 3t 7H-A (availability)& %
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gk oha}l shabA x)le) olubA el £449l AR 7|ES Ut oy 7)ol gt
2 Ael £3HE AT =l FFHE BgA - AR 799 R&DEFS Wi
T QEE slo] 7)% N £EE Fol= A7} 9l (Carlsson and Stankiewicz, 1991).
] A7k Abei7E FrhE TAA, ) BAIA deje] AEa
Z712 AAle] gk oS 7atE ol FAlolch $ella] AHE vhe} 3Eo], X Ao
gk - A H2A ZrHe dAFA A A4 AAF 713 (opportunities for knowledge
production) & HFF2EH A3 2[4l AbE<l 7% dFE 7]3Ae] b o] F &
43} 7)%¥Al &% =31 ks 21} (March and Simon, 1958). %14, #|4]e] A A4
7k 5 Ak W HAFAEe] g A A i AadE thf]?‘l 73 A Akel| 2] Al
2 7)E AE Y Z2A 2 A A F55 §o ] 3HA| 3hx < S5 AR
A1) A& A Fok weba, AAAQ) AA AFEE o “34 44 "“’é?ﬁxl 7}
548 Y37 =} (Dasgupta and Stiglitz, 1980; Nelson and Winter, 1982: Abanathy
and Utterback, 1978; Malerba, 2000).
A, A A A2 Tk B4 /:}°é°ﬂ/ﬂ A&H x2 o] et Akslel o 245

2 L

7Pse] FolAle AL lnlge), A8 423} QA |uk e, 7147 71309 o)
A 2L ok 7165 Gt st 1A 89 QAL A et 4% 54

el o) R4S AAsE 8ale] "k (Malerba, 2000).
: A, 53] 7199 A7 FAE
3} Foodeks 7o E A &Aoo

5—]’*3}71] 5]"1 A4 4 7)1eS FYHe AAkela 2 =t} (Cohen and Levinthal,
A=, 71919l kA, 71eA olalrt Ao a, e Ak & 5 Akl ‘“ﬂ'r*ﬂ?-rlﬂ

7]3 AR} Ak Akl ZHA o] 7]eA o2 2B wel(r]1£d] 718 (4A) F A
Az} 149 ol - 94 AT Wil Zolrt AMSE 71w 715 40] wobAl I HAIFATE
A7 225 Ba Y 4 9= de¥e S "o} (Klevorick, Levin, Nelson and
Winter, 1995). wpebad, 2]4]1 8] &AWl ste]] w2 2|2 el] gk 224 S7he} ool mhE 7|52
71314 F7L, o1& olg-sl "AIFA L A &A ) A2 7E AF 4 FAY vx2e A oF

A 248 AUA b

fr <N
R

7129 &Ao) Wsle}l g ICTANIS d5AS 27l 2 84 & shies 71e4
EAle] Wglolt} ICT7]42 1980 Tl e F4slAl wdsle] 7] chofd, BA1/H4/%
SFEIMEE A 7|e7ke] 33} o9} Hed R Akg] T3] WELE BolFw ot (Yoffie, 1997
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Carlsson and Stankiewicz, 1991; Duysters and Hagedoorn, 1997; Duysters, 1995d). ©]<}
2ol 719 wiobd, B34 ey BEAAY Fuke ICTARIY 954 SdedlA F 717
oJv g et
A, 71ee] a3 22 5] Skl et A2 §-
13wk ohzt, 2R B4 Ale] WAsA H). F 719 -’5*‘9& b= AT 9
B AN R el A 55 2 w3 FrhEo] 2 7
Zleel A 84 725 7sleiA =k
A, ICTARE ] 716 AAt chofslzl 2 Batsl] Aol wet A (3345 7164 28
AAol B FolstAl "ot ol9} 7 ICTAN S BAFA2 Ak el A3% 2|47k Abn
4 (knowledge complementarities)® ¢] 5 AXA 2 4 £39] o] & t]-L B2hA]F)4)
Hed ICTAGAA ] dalgge] delst 249 Az Fe3 g oA o}
(Malerba, 2000). e]e} zro], 2|47k AuA el o8] AAHE 719 H34e F7hH: o9
7leE ke S 2R NEH MR SE-Foke AHFR)E FEA He 7]eH 7
3 Y AR S HE FM7e 93 s Soh w3 7)eH At mE v)eA 73]
7k o el A 3R 28 S s Ho] FA AAA A F2E 34
71] 7| &) #AA B F2E 2E /1S AA 243, AR 719 Al #4)
ol gt =He 718 F22] WdE of7] Al7]AI” e} (Duysters, 1995; David, Collis,
William and Stephen, 1997). o135 717k, 7197 Ao &A 7} @42 7147t 4414
AR S F7H1A BR ohdet, A2 E AR £ A 729 7R Ak mE A A
A T 9T ARAAS Fof e dlgas 2 AuAoe F4slEE 7
§ AFEo) BUA LA Hel & T vIES A s HAAANA =k 7)Y
T E9e Sk Al e R W a‘hﬂ 71440l Aol & 7w #7A E3Ag
= £ & B opel Ao E A d < 3 TS WA He A3 A
2 9t} (Reddy and Cort, 1989; Dodgson, 1996). wehA, 71997k IE97) (innovation
networking)2 7149] & $HIA S S7MIA A HellM wAsle dofdl 71E
Al Aot Abe] WellA] Z]ee] SRS TR F7HT)E 93] Ho] o 4kl
AR A5AE A 1k (Freeman, 1991; Cohen and Levinthal, 1990). £3] 71 &
Hel @l AAz U2 Far1D)E 7144, 3744 (AR a1 #rk ope) Al
Zsizte] A4 A181S whAsl] ALY AFEE wY o2 Akj]e) "e] (Mark I to Mark
IDE A% 7HEA 715 48E 3} (Godoe, 2000, Dodgson, 1996). #3+ olujz}, 7149
APl o3 AR 2 AAZE REs A HAl9) thpA S Fste AR 7wk wie)
A Hol A2 S 454 2goE s "o

o
211
(o3
*
e
R
M
> N
)
2
-0,

~N

o)

1

m

fo
-~

N

o

N
N

L

>



3. Arst WHE

3.1 =

B odFo &85 dlo]eli 19693 200081744 =) 51 F7] (70, 75, 80, 85, 90, 95,
00)2 S-E3 USPTO dloleidjo) Az rE SARE e ICTA W F2 4 719 3] 4F
of - Al v AR 9} vt - o] B3 sl F A A Y res Al £
55400749 A& 53] do|ejlE viedo g Ayt #3=E ek ofdll <& 1> & Al o]
45 USPTO £3 7| 259 #3g vehdd,

<E 1> ¥ 54 Jlent ¥

4 e =R 7| = H &
375 Pulse and Digital communications
= 379 Telephonic communications
455 Telecommunications
342 Communications : direct radio wave systems and devices(Radar, radio,
navigation)
&s 343 Communications - Radio wave antennas
386 Television signal processing for dynamic recording or reproducing
369 Dynamic information storage or retrieval
HFE 700 Data processing - Generic control systems or specific applications
711 Electronic computers and digital processing : memory
257 Active solid state devicesltransistors, solid state diodes)
BEE X 326 Electronic digital logic circuitry
438 Semiconductor device manufacturing : process

25 1 USPTO Class 7139l &7

1) B8+ 71 BXE vbedsle) of 59 13} Fell~ (First order lass) ¢} shelAl5- #-7al 121} (Second
order class) ® FEE=d, B A4 255 Ed= 22 FUAE Ast AlFAter FAH )



HI% A e B8 1gve] 4 pedel A& s AUE S AAY, 7 Ao sz
9 84714e Al 2] A%, A 7 71490 A

P

And A f 4
5 A% 7]ed Wz vkea 24l 714 (modulated carrier wave communications), %

ol LA Az Agr]%, dal7|eel A xd, Auje} olely 7%, AFEE sl=9o
A 71edd AA7le, A5 Al w2 A3, B2, B4 71$3} 4 (chip-set) 714
2 PAE ot} vt 2 vke A 7]EE 7] 2 7149 5% 1A 27} (active solid state
devices - 45)7], ¥ wlxe] A9 A 71edd YA 23 3274 (digital logic
circuitry)¥} Wl 22| Ak]e] FA7)eq] Ax FANEE FAEY kY

3.2 YHE

AdEAAA ] A F2E /MR Al gA AR e JFAE A w2
starzl, 71eA A4S Arshe 71 A 34 oA 2 54 AlrAds
gk dig] WF olalle} Ze] A Aslaat gl

Zl€d AAE Jehlle 2AWsE 71$3 7134 (technology opportunity and
diffusion; TOD), 7144 -4 (market protection regime; MPR), 281 7|&4 &2 4]
(technology cumulativeness and concentration; TCC)2.2 A ¥t}

HA, dlole] & 2 R 28x H5atEed gt 3¢ ARgto g B =g uhy
Zol| i3t o]l & Fz} gt} USPTOS 43070 &3] S8~ (first order class) |4 ICT
of dshs SHAR FReta, oA ARA LR 7 Ak (B4, W, AFE, 2hEA)S] )
=2 ARstetdx, A AR 59 e Iske E8E dxwE &84 o

o, /P Saiel] H45 71 AR EXd o8] EX B3 s)emtt ohd, e Aly] 3

2) Pavitt (1988)& S#2) 2 - R8-S A A3 S5 24497 70l ol AFaedeh 2 Hal) ol
el 2 7lgle] HAH BE nEs 43 3TN BT ol gehAle gosl, T2H el 2
AAH, %A Fo4 e B F SUshthe 402 Qate] 53 24 4] el BUR S U8 72
Agol BAT Folol AFele] ZuAx YA Ertelsh o4 B} e WAL HIsHE FR o
E B3 YT BT L2 AR F32) v Fo] ol UL /AT ek AT L=
o QPO R BaE SAEL A9 RE el sl qA9) 24 sho.2A Kol Pslshl B
sk 9low 714, 719, A4, o} ALl AT ARE ATUTHE oA AL olom, F1eH Babie
%7 7Psshl Qrke A3 714 B AFOR 1RY 4 ks Pold] HUBEY AT Bale @
45} A E A dFsheict

aTEdo} /14E B ATl Assedslol, & Aol o) £EH AFE] B R3S WA AFEIN 02

g she e 275 W S ok

3

~
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7NeRE F77 7}-6}‘4 oleidt 53 &2l flelE o83t TOD= 7 5
ZA3re], wbeA)elA] Ad=g A o) 7leFt 7led o fAbAl 75 53 71l s
B3l AR & 4 Hee 4 A 2R 71€9 WA 71eA 7134 vbe] o, e Al
o] 7]%ol i A<l 71eA 71314-S 3L fesof Frt. webA, Malerba (1996b)7}
AL ol 71eA 7182 (5F AR W 71E WM e 7134) 3 Aeld AR
F slch TOD7} sobAl™ 54 Ablel 7124 7134o] solxA ot

<E 2> F2 54 @5
22 |2MCe S A28 HA 55
— TOD %4 tiel 15T RApol dstE Tige T &
3 “ . ~
S | (71e )58 HH USPTO 71% 28 +430)
NEE HH | o MPR 24ty Feolelel 8 ER ¢
(TR) i BN R b ICT ®x FE7/9i0 S5 E2 2
2t MYl U MeElE J|ael B3 5
xxiM R _Tgcm o 2b M) of M A| 5 AT < 100
7ls &5 4 ©HF) ZE MUY 7|Be E5 £
e TKL 4 Hy 45U R g S8 ¢
oA (7188 #y odg) RE& 7|20 E35 %
SHAIX o{AH =
S04 2/ vDC 7} sodel Jhxl A2 (Value Chain)alel 28 pot &
HEH SRS e |($F oSH 4uY)|  FHZ 4zoEMD HSW (Feedback) 2T ¥ HE
CE HDC ZH MOl L HIE, 24 5 ob9 A7t 38 g
($8 AEH ARAY) NBOEN 2T

MPRE 7t Abdellxle] F27]9d93) e Akl F2r]qde AEF (53] ) vlES 53

54 Ao F= 7o) e Y] Frrldem e A el AA HxE

olt}l, MPR7} AF&3lul B 2lde] 7)&A A-GAlo] =olxjA =
TCC= 7 i) Al AN a7l 3 74 H=E FAs= 5

Al = 1 71e9] 5ol wet chefdt 7)e R FFE e 54 A 7]Eo] Ate] &

& HAA BE(5F WeR) FaEE T 2 Ak W 7] A0 54 ke Al

o 71€9 £HEE Ul Wd TCCE o 37 A4sshd 71€9] 457t sl

oJulghe.

) 7} abele]l Fxr)g)& Global 100028258 2&5 ) Global 1000-8 Business week#7} A1 AlAlH o2
A7t

A7} #e 1000719 7IdE =915 vﬂﬂ Mg A7k Bardelel
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ICT A ot 7157k s A7t A A At 7h abele] 214, 234 kel 7z 3ol
A 2% o) AEERE S AA A1) AA L 4] Azde) 4t Mol g 57

at7] 93 AAE AT 5 9l

TKL (Technology Key Links)2

71eE7t 71eA A4 9 QA (S84 BXste Wt

VDC (Vertical Dynamic Complementarities)« 2zt 4Fd 2] 7Ex]AlsAke] nE Algldle
.f—z‘ﬂ 7+ /\]»ip,]}_/\-]jq. j,] r:u_l] 2] = _i;d 2‘5]—: 7(4 -l;q :'[:o]r/]. HDC (Horizontal Dynamic
Complementarities)= 2z} 4Fd W A E, AFA 7} == 519 Ald 7 3304 9 Ab3 o) &A
< FAsks AAA HERA, AFE A A4S vhelazTeAlA HA WmY, £~
W, AR 2 stEdlost Sz e, ube A Akqle] - wWlma] (DRAM, EPROM), H]
# 28] (Micro-component, ASIC), A4S EAIA], VIEY =3, EAMNA 7|4, 4]
FA 2 AT 384 o AsoEAgs #A4E £l

Flf‘
o 12

4. 1CT AIH QAL AEA

4.7 ICT AMABAMAHAN M 249 H0|

7t Z1=A AHA

PR 2R 2 Ak 71 A

=
=
<E 3>5h Peh (TRS) $HE 7 412k AR $40) 7128 )5 249))

lo
rE
i)
o
3
o
rL
—r
A
(W)
=
<O
ri
N
B3
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00 i} oo
1970 1975 1980 1985 1990 1995 2000 1970 1975 1980 1985 1990 1995 2000
—~— B . %%-'—'gye{?? '.QBJI —— - EFE] - — K]
<13 3> TOD <12 4> MPR
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80.0 OO0

70.0 . N

2 e :

00 M ‘ 20 : S
50.0 | -*7 - j

P Q. . L
L IS A i
30.0 s
20.0 |-omm—ee . e 210
10.0 e e - 100}
0.0

1970 1975 1980 1985 1990 1995 2000 ao w % ¥1 EB"
——8N —m—%E  HEE - UEH
<J¥ 5> TCC <18 6> TCC x| s}

<¥ 3> ICTMHe) 7128 HA(TR) o

72 Bme A = =

1970 1980 1990 2000

£ 4 =24 (-) E24 (4) E24 (+) 57t

715 g & e () e (+) S (+) e

(TOD) 2R F2H (+) £2 (+) =2 (-) =2

bz 7 22 () =24 () 2h (+) s

£ A =2 (-) g2 () e (+) =74

el LES wRe =s () W8 (v () %

HhE &) e () =24 (+) 52 (+) s

£ =2 () £2 () =2 () 7+

ES PN = =5 () =2 () =2 () 57t

(TCC) 7 F e 52 () S () we (+) se

HhE F| S (+) e (+) 52 (+) g
A Ak A, 71eH 713 dAs 718k gle FA1E Rela glo 71*«1 =

AL Aab Al AR 2 nlgo] wf$ vlekgt Zloz eyl B3] Bk Ve
53] 34 §57] (230)¢} 22 AR A, o)nA] A" 1Al F AE 7% (382) 1311
URE dolg] A4 7]E 2 AlAH (709229 7leA 71871 Skt e Ae® vehd
o} 7)) AFAL 19704 70%0A 19904 40%71A] Zhasiclzt 900 o] Fell = F43] &
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Akl Z27]ell Hls A

29| 71eA 7|37 A

A
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by AlAEl} BE (359) 18] 2H¥7]% (901)
o7 eyt
A

A
it

-
o

. H
AbeliA] B 715 (25003 2 oA Ak 7]

2
=

T
LI

]

g 7+ 19304744 7164 7184 0] 53] wohl ot o] FHE = A AR

A 5de] A5 7124 A 71

=]

’

< Holx glrt AFE A 7

29 7leA 71387} F718)

=

B

i i i aw Jﬂ i =" ~ % =
= 0 N ] . -~ —
ERONS A=y = o 1_._.A_mu 3 r M_o M_o \Wﬂ o %._
ay 0_1_ H o 1)) S| | <0 <0 Mo =t .z_.o
o A ~ PR o @
X2 e No & =0 pf me A == o
wt o T ow W ALARAES TN T
W a %%Wﬁw Ui & || ﬁmﬁﬂ
o o E | % N -
% .m ﬁu nLl MM i Eo i WL 1_._A.0
™~ 3 \mu n_mo N B ol = o o ‘,w ﬂul
P B AF T g B | QW R D =~ HF
g <H 4r Sl =2 o T B
o < B T e ok o % &
b o~ % %___ ~ 2 e N
X g = W o . L Faey
wr % g Do ¥ A ~ o IONE T
{o i = 5| ! N o
b - Fegx g By
~ v = al A
o ol o p %
> *T29%  bla|lgls| ZOB
<3 wa e g o |wEH THL
3 % H S olo M <l | ol Wrw o Ma
——
tz  Z3zkiz ° P
—_— Z\* — \u\ﬁ” Z ‘uAIO - s 0_1_ =N
o wn 9.7%,@14@&% & g Eﬁw%wo
A el TR ul g - R
T O [\s Ev ﬂAr.._ ﬂ_Al 17rL ,_.._ma Ir ..Mwﬂ .m.._/_vM\ = T “E
O_ W \_m.v.._ TH o~ 3 ME _ZT H__.._ A\I H._E ﬁv
S M G o} @ N o ~ - ﬂ\,u)u
T Y mow o T R
= ol . o P —~ K>
A Ol op = KX v o a3 TR
) g & N oo R il & H oo
il _A—l ~ mmﬂ At W O._ 0
ol E - B <0 55 Uk o < o oy N
S COR i ! 1H "R <~ m
NN - B TR < to WO e
Bow L e s W T N ® 3 o 2wy
R = 5O o o T m M 4w
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218 838 92y 2t g 4 5 ok wkEA vleE AR e oo sl
AFE e #A] FEOT o4 v vRy 7&d v A4S Hall I A SH
x|k whd, w22 4] zﬂ ql u}olﬂw*ﬂ&‘a Hel& s GAE e AL *
stgich. olel wje} F A REIL e T o] ol A9 FAFE A T AU
c}. spA|RE 144l ] vhﬂ 7l ARDZ Qe wto] AR Z I A A 7|eA A S FA
i glel 334o] Frista 9le FAlelk (ETRI, 2000a and 2000b).

Ot e SAE 5

ol A 19701 o1 % ICTAN] ol A HAlsta ole 7164 AA = 71$7t d4lA A4
Aol Atwjrgic}, B Aol 7 ICTAN] W FAFAQL 714 (7], Favlsd)s $4
o FAFA 9] FAFE Al WS Fa) ICTAR Y woe] dAlsrle] Hol 5 Avn
1A} g}

< 7>l <2 10>74A]= ICT A Aleh 2 shglabad (BA4], FHarE], vheA], wh)el
A %—Eak— AlFA < A= F4719), dekat Aol AAdA 4l &5 A

30.0

20.0

10.0

0.0
1970 1975 1980 1985 1990 1995 2000

=

:m§

—~—u J —=-F 2 o

<33 7> MA| ICTARoIMS] SAlTiE HHolp

5) wlwwe] Fof 714 SDRAM, RDRAM -z2]5 DDR SDRAM 0. #lu s gk},
6) <23 Tl <23 1D>7Ale] YA 7 Al HaFAe B3] %9 Hgolh
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L EFE
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<38 8> FAlttdoliMel SATlE wol <% 9> HFELHOIM] SMTHE #o)
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oS : =]
O -s- AR O . PEDR O - FATRD CHS o OVRURY
<33 10> gtTafAtofiMel SAlmHE ol <33 11> LEMAM SHATH B0

53] 3
o] F27190% FUskT 91 9E BT 4
$A 02 Pas ol el

4.2 ICT Mol 454 oA o

7h R|Ae] Sdtsto| M2

A A o) 28} 7)1 ¢ #Y 27] Al

7+ 15%, 10%2 vebgo} (<29 3>

046l F471%09) HARE] dr1uct $4s

A1 ulgeo) e Akl
w2} 1 mARS A Brlge) S g
-

onf ojs} g7 ATv|e HALE A

Zl=d MAe Xt

197013 3-8 20000742 A A ICT 4kde] 714
7134 (TOD)& F23] Z7hal ko] 53] 735teiot vt A Aoy e 58 3
Azx). gle) AdE 2AZ B o, ICT A2 He] 20

2
2
S 7
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g ATA, 53] WA A2 o] Srlsle] AR 5 A W HAFAEe] g A

e AfAHe] obd vleA 7|37t Foke B oide}, A Al ICTANI ] As
=g € 9L 3 €5 5 5 Uk AR ICTA oA =4 o] A AJ2A
o] 1970\ o] F A&A 07 Frtslal Qlfoll® ek, Al AT v ARz ol
< Ao veht & A7 7 dsiA= Z‘”ﬁa} T Rouck dubd o g g7 £A%

Aefat A FEH 2AA FE 2|3 ook AMKTlE, A 24, A

&, AADE 2431 71y 1R AR AFA ‘“’ok°] AstE R s 5
3 T 3ick webA, 72 Ak 7)ol % G veRk A A (A
of g 71 F HL A ew 2AA —r‘ﬂﬂr Aparo] W &hR] 23 FAr]q] Bk
$ralcd . #Eo (Tidd, Bessant, and Pavitt, 1988, Pavitt, 1996; Rothwell and
Dodgson, 1996; Nelson and Winter, 1982).

AEA R ICT AubA o g A 7hadt A gt 73]+ Farld Brke di71dell
23lA] 2H83ta Qe o 4 AU eH, A vbEA Ak el A 19859 o] F- T4
ATl 234 F7hke oz vehidth (<2 10> #x).

A o] 28k ARA 1 71w ARAdS Baho B NE HASES 4 2 BESf g
A2 7 ol 7FeA L E A e ol @ rled S A4 W A3, 7eA 7
LA mel Ak AL AR & B4 Ak A28 oA Sl o 5
£ e} Akl e Al A 2 RE A EE Wl 7ol AR A HER Ao AfdS
oA "} ICTAF A A48 oA LA F7ke 53], 343 258 AdedlA F=
2 A A vehgsd 2 o MPR 23l Z (<™ 4> #Fx)oA] & 5= 9lFo] HAFE Y &
Al Ak 19704 ¢l 70% 1] £2 71X AR BAslsdch sk g 2% o #3171 sk
3tod 20008 oll= 50%% wobA B4l A 2|4 el tigt o4 A o] Frbekal e AL
2 52 ook 53] AarE Akle A ARk 35l met rjed 713AS FokA
e, AFE 7lEe] 45w AE #3 7]% (Stock material or Miscellaneous article:
428)3} 3}st## 7<% (Radiation imagery chemistry: 430)32] 7|5 A4 2712 ols)
Aol HAF dolx| Az gle). vbwof| whi A Akl 2pale) 4bgle] A A7) 1970 o
oF 50% ol 4] 20001 ol & 70?01”77]—2] Ardbn] 2]4]9] A2 o] Yolx| 1 9l Aol A
FAAZE SFeaL S WA olch Wb wh A Ak el Ak 0B HE Y] AR
Aoz whojstHA] 2 7] =4 7]ﬂ‘é# gt ICTANE o] & oA A2A S &8sty
B} At e AE-g sl st S BojFaL glok o]9h 2 dAe] 1L ICT
AA Aol A ghm A Abgle] Zhe Akl A §)x]9} AeA, 7]eA A2l 71w A o
Adro] 7hssteh BEEA A2 el AR AAdt A & A o2 ICTARS 7]
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3

ol A Ak (Forward) Aol si=s e}t (Duysters, 1995¢). —«.75 e A Akgd o249
Hidol 8] (Backward) AH] 53] ZAFe 9 FAGoR 52

ok Ak B4l A ] A RSHAIE AR T
3HA| B, 7 AlshdA oA AR HAle] A me %V‘d% T2 HEA 7)&d 9
| v EHATE AollA £ s d4E 4 gick

AX Mol 2ok FHA 1 ICTAA L] &40 Wste] w2 )4 AZAe] F7tste] ICT ¥4
A7E 28 2 e 71ed 713A4E A ksl f& Adnjugltl olejd 7|¢A B4
A3k 719 il #aE FEI Ha 719l ez EAse s e s
MM 71Ee] AE3 FAo] wopAl el ICTAY AAA R - vF Frlele
FAE Bola ghedl (B4 8%, AFE]: 5%) 53] b4 Able] A4S A 304 e 35%
o 2 S7HEE 715t B ICTA Bk 7144 71343 443t A ¢34
Fugh oz et o]F 8 2 7144 718 4 ARA, ez aas

A% Z3e 'M Eas 71%%4 FAA2 A AR AiE S AR S Fole

)y

N

N

Kl
30 g ox

o2

of

2

FAle] A1344 (Pulse and Digital communications)
ol FAlF uhe] §3 dApe] FreAw gle-S A
A 3 7l&L ok A4 (Multiplex commu-
nication)”] €3 F3le] WAL gle] F Ak 71&7t o] WAs L gle-S & 5 vk
o] dalrledl go]e A Ax" 9 A 71ES AR 7le £ sl dul Aol
7€ 71eA 3ol %L”—Jﬂ | EAsta glel kg, BAlZ e AF
& ook (K& 5> Fx). wk=A 4k 7]
3"}% A gafo] A= Wi, A AA

71e 3 A2 3 e 3 FAbe] TS wA & £ 9lgdct AEA R ICTY)
=7 o3 BAIA e A= i AA Y (Convergence in Substitution)3 &) 7
o] WAsty glov FAlS TS ubeA| AsE 7leS Bd 59 (Convergence in

Complementary) 3 e 2] $=2Jo] WrAsla 9128 <o 4= gich

A Ak BAIARE Y] Al A eA B o, A 7] <) 1860 HlHE] 18704 SR
Cooke} Wheaterstone©] A H2.7|% (Telegraph)&, Bello] A3-& waislnA ojsr o #ju
AF71de] ohd 7|9l F59f HAle] whAslgict. dkAut A 2$ 71eA AAE PAE 23}

—303 —



N

71e29] A steteigle] Aelsh A EAE Bka 71E7 Nt $avgle] £3o] viek
shodal e8] WAzt A FEF AR Adsde] wstHA A Al 54 Y=
Akl 27} Wit whe} Abgd FA|7]3 (ol: FCO)ell &8k tAlel 8Ado] F7hslsl e o]
of w2} A4 713t 7|47t ohabst g di7ida Sa7]d3t A Az

<E 5> ICTARI0IMS| JieX +H

el 2= THHE FHI= 7ls d3
348 Television
= 370 Multiplex communication
375 455 Telecommunications
£ A o 327 Miscellaneous active electrical nonlinear devices
379 ~ = 370 Multiplex commgnication
455 Telecommunications
- = ¥ 370 Multiplex communication
o 334 Tuners
34 mmunications : electrical
2 5 H 0 Communications * elec -
TP 701 Data processing @ vehicles, navigation
386 Y B 360 Dynamic magnetic storage or retrieval
369 ~ 2 428 Stock material or miscellaneous articles
v 430 Radiation imagery chemistry : process
4 FE
700 o & 318 Electricity : Motive power systems
711 = A 710 Electrical computers and digital data processing
057 = ¥ 361 Electricity : electrical systems and devices
BT H| o & 148 Metal treatment
438 o & 148 Metal treatment

1970 o]¥ t]A" A= (PCM, SPC, Mlcroprocessor o] Az oldk WE F)e Al
9} ] By EAI A 7147t 712 AA 24 (Basic design parameters)”t Al Zl ol
“}‘“/} T AT AT w5 A7) AAksksdch 7]*‘—°ﬂ Abdoll A A= AR A
= g AEA AR elsle] 45 v] A AR (Computer I and II inquiries)e] A=)
T‘Etﬂ olelgh AR 71&e] BAbste] wE AEe] of3e] WSS ST (Yoffie,

(74



1997; Duysters, 1995b). &8 7144 W} 4] 7|42t +3 02 qlete] £33
At ARRAE 29§ 8] 34 AR (Terminal Equipment$} Customer Premises Equip-
ment)¥} 71E 7] T2 A 44 (Basic Voice Service)o] Ao &5t A 3
S Z+57 Hgich (Duysters, 1995b). 21444 vl 74 AAo] o)) eollw B8l &

A Aplzst gof Bolol it ol A} A AR A F shbe qlAlElelghond,

el LA ¥ o) AT AR AN E W] AAA el 8 5 74H An

2 4T & girk 2 BTT B4 A BA A2d, Als, AEUE, s}

2 71E HAlelzoR ¥l ofe we WY AFE Ardes Aisec

(Godoe, 2000). FA4HY el AT Sl dads) W4l HFE 1 52 YEA} o] 2
oJekg

Agste M2g dAAAVE S35 Adro] 753,
Al A2 78 T 713 71y 4122 ITU, NORDTEL# CEPTS 28 24|
3 717 (Institutions) & 74313 Qleh o] &2 3% R&D &5, 35 A4 A&7 T4
A 71z BRI EHAE A Bk opet M EY 3 TA T 9l FATL
&35 5 W AL 71eE HH3l] o] F ‘3}“49& 71%9] e S A EAHoR
=313 3ich (Godoe, 2000). 35 R&DE £3 A4t F4ale Habe 228 FAsT g
1292 e w2A gitse] 7led 155 T Hn) 41 Akgle] Ak 454
e U 7HEATA "ok web Bl Y B HAEE o5 fU1A e =9}
311]7]44 ;g Asage] ARgelet & 4 9l

AEA oz Al AlS whE 7]&3 zlHe} 7] Batio g Qlale] FAIShs} w4
A 53 A2 AeA A Sl 4bdA Aelrh F43] AriEdeH, FAH Ak #79)
EelAo] Fh wet 717k, 7197k B3] dr)lE SA R she FAA /Y SolA
o 94 AFA A4RA HDCe] $716ta e o 4 Arh welbd, Bkl ¥
A FA AR 2 Z (<o 7> Fx)dME I 5 glRe] dr|ed7t #edA Haug
o] A% & 114_}0‘;} 0“7\1 Ak 301 1990 25 7)1H 2.8 Mark IelA Mark 112 # o)

)

il
o}m rE‘N

>,

c

ek

lo fe o gt
o M

£‘J°lﬂJ

>

AFE A% AFE A A 27] (19404e) $89) FALY TS FAUOZ )4
o] whestel onl, sl Y AT 1% 718 WA Fol A 714 o] AHLL) 7%
A 24l o) ko] 7)Aok Y)9de] Skl B, A el slep 3
ofsh T3te] B A4 HEE Qslo] 71&H HAA 7HaskA ek 19604 o] F A2

7) Krasner (1985)& 7|29 vie walel] od8kS n)xj= HAFA0 7o} #5-e AAsle 93, 79, o)y,
FA3} o\ 4Ag Waeh FYsT ok
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9 71&4 HA4e PAT F Addd 712 AA 713 2 AlF (Mainframe)®] Fdo5
71 Fx9 4 o} Zol| A t)7)de] A M&A Ao g F4r|iwte] ZAe] 43}

tked 2t
7] Azkstdeh di719le] S3A A GellA] 77wt Faridde EH7]°J A 384
2% A 2AZ d7|gdste) dgde) UM BAl6 Favisiate] AAe] v AgEdd
(Bresnahan and Malerba, 1999; Duysters, 1995a).

71& Wz Q) Akgle] AE7]oll EHA chefst Alge] AAH] Akl edl e A
B S vl #sle] vy, vlelaz AFe e Had ZSEzt SAshEA ARE A 7]5:— =
A Abe] FRelA A3} A FEZ whEA Ageby] AlRbskglch 53] 800dd
ez tAEs} (KAg 2937 oAE A5zt w2 A Aaigel w2} A o‘a} el
ole] ofo] F43] Flate] tl4-e dlolElE AT 4 9= AFEE 278 = ©f
of whz} LANT WAN# 2h #4F 22414 7]ed °]*‘L§l T o UENZ} A
Hglon Bal7|en £ZEM] REI} TS HS ] ] A =t (Duysters,
1995a; Bresnahan and Malerba, 1999). ¢]2{gt ¥sl= B4l 7 ] kol wh2 ASFE 7le
o ARE PEalel& Bk oz}, 7 A 717t TS HS 7]"‘—34*]7 F&¢ 3t
tlie] BAFES Edog AFY 7|&zt AR Qo] kst A5t 7167, 714
7F 9%4 A A (interchangeability, connectivity, interoperability)o] %o} Zr A]A=17E
SRS e 2 F ZYFE (open platform)?] F840] FHE At webA, Auwre] 4

301: A

ol

rz

Aeke AlnA o el 7|q] &ESo] dubslA wAsA HHa 719zt AHls BFE
< 93t 3o e ¥alddEo] ZulslA Heloh ol @ AR AA AL A4 FF
F25 3 7)1& U719y 29 (disintegration) S Z A o)A ke 2 7|7t

i . T
dln Ak Tf 508 A¥3 vy s waA AHA e v)E FAL F2714
A AzE 71EA 718E AR F e stk Helrh ddE gtk (Duysters,

e golehe AR dejriele F3E V)& ASE AT W
= EEH?‘SM ﬁﬁﬂﬁ Al wolz} o E AR & A7 Aielx e T4l HASE
Z7he] FHgh AFE A 5 ook 2 delx 281 A5 Ak T1ee shesle,
Hlze] 2 JA 7led sl ole AR AR 219 HAgge] gt a2
Ege] 2 Ajzg] el v)go] wiAlg W A7 A v EE 5 glrh

AE stmdo] Ablel dAsle] ¥ A ARE sk, AFE AL 1 Al 8l
olx] ARFAlAbgle] A2 A v whE SRR HSte] HAE 7%*%%}4 53] shtel o
=A% Sa 54 dlelel s AdatAl ol weh diojefe] §3t 2 &5, dlelH A S
FHAR 7)go] FE3] ARG I FA thekgt AMu s AT - JeF 1= HE

rLl



tjolstel= FAE Bojsir) o]9} o] A3tE] Aksle] HAlY &5 7|49 thekide] 7t
St Sl = Eata, HFE sh=go] ARl Fr] AAl, st Ao o A7}

A FEAMEE 5T 719 A To] FavIg] HASEE 93]
= ALE M= 4 i} (ETRIL, 2000a).

u]-_,_;q] A].cg HlE A A].o]j o 1930 ¥ E{ 19509 Ta}y;].z] ]EU].%‘-;L} /\]E]ELSL}. 7+e vl xq]
g2 AFe et 71eA dAE F ﬂﬁﬂ $teh L o] F-IC, vho] AR TR A A9} RISC
o 72-& AlE A A% Plannarst 242 34 84S S8l AF 2719 47 2 A58 FHAA
ket (Duysters, 1995c¢). £ A7 éﬂrﬂWE & 5 QRel, 27] vEs 2L A5 7 FA

ZlgellA A5 Ao’ WRe A71A FAE vt A SR AEE HH R HeE)
A A 2" S0 AFE AA 713 Fo] WATE & 5 Qo (KE 5> =), ¢)9] AnE
& dRel, b= Ak (A ARDS B ICTANY] 7163 43 ok 7RA
ol A Adnkefel Ao} Ah)z|ete] ool vl HlwistA sty & o < Slth &=
P, dhe A Aty o) Bbe A 2} 7l g Y 3R 7167 dAA 4] Flsla 9l

=A 7197 A A5 AFRA (VDO Abssta de-& 98k gioh

JEZJI At Akl A BAS 98 & uf, 7] R&D F4F, Al % Adv] 5 ol E 3
Hlgo] g Ee Akl ke Ht v 4-E AAtpo] BHRE ghashe Fre] A7}
A 7hedh alsfeolth w3l AAEke] SpAfof ubel Akl Y] A, w3k, 2|4 2 7%

5ol SAF Aadd A Y F5E 7heA dhe dFAHNL B ICT AR 95
& Ak o]t} (Jonathan and Marco, 2003; #5354} A3, 1997; Gruber, 1996). webA],
g At et FavldEe d7]9e g4 &3] oS vIME Aelgke AMS
A Ao HAl A A FRRHE £52 4

ol ellAl & 4 %ol ICT 7147t 3jo] TitslAl WAstw glon ol 3 7]%<]
3T thepd o] A SR e o - vk AFAA R A2 /e AR &9
oz 714e FALE e A FAY T A 4 Ve A& 45 Y w3 3}
o] XA} 7]ae] SAAe] Frbsta gl o]9} viEe] A, 7|47t 7|47t JEA A
HAdo] A Frhstar olon] ARA 24T T3 AT k¥ E| 7|YE FASE =
de] ez T S Al o 5 gloh ol=dt Ak, P— 7]"34 é% 7§
AAE 71X gAA R g Bk ope}, Al A1)k A|AAIY

”%‘Ea 3 *&"1394 Xd°l (Mark I to Mark II)E Eivr 7l~“§ﬁ~t— g gt 4‘}°d°] ks

u:

o oL ol

i

- 307 —



o Msks asta glT Al A 1§ BEAe] whel oAkl o] Al sfEle] Mark IefA]
Mark 12 AHolatx )L o 4 lgich

B ode] 38 AL A A Y AEE B HHE 5 ook WA, A A dES
71E A7 AEA B gk oFAlelA e 4 ol AsEA A E 9 “ICT
Ak ol om AR AL AA] 847 wleo] (A HAIA A 543k 7?7 A <
o} F HA AEL foleq Hols ou g 24l A FEHesP? AR ICTA
A A oA & o “odFAde] s AdHAAA S AL Feld A"
7} R ﬂé% ol
%‘ HAAA L AL F 7R AA (71314, A4,
Alsfeie] Aolof] 2A3tslsdct. o Ax A 30d ot
7 et e Abd 3t vl as) £ ), 53] vbeA Ak
glon olefdh AR =& 7| ARAT Ao
3HA| gt E-Al ol ApAle] AAb AR o R Hpejshs dhs
A A ol 4] 7147t AFE o EA o] oA m ] AubA o Ak
Ao eyt or] e el vke] 7)&olA 7 Ak 7lE e
*Ji‘{l*é" 71t &S & & lsleh B AFE F&l, 7 A W 71t a3

o)EAo] R WSw 12 & olon el 7|4el B4E setshidl B2E AT

SLIEN
o 2
r

o
i
Mz
2
Q‘L
N,
=)
x=)
&
e r
i e
ri

)
il

Ay
)
o,
w\1
LY
i
_l%

t ﬂ>_',
2
i

ooy
rL' JYL
of¢

o

flo =
rid

Ry

[o )

to

>,

L

T

ok,

k]

30,
S-S

e
o
=N
2 N
L“OJ -
2
o o
RO
Lk
tlo
og)» i

_?(_'4

fr

P

_\L

o

<,

5

ofm _{
>

1

to
o
S

fa

ok

k3
>

e
30
i

T T zwoﬂ 9 Ao
147 71819) 27b2 oleld HAFAY} R&D $AE T 4AL sl
312 AT A Hek. AFATAA & 4 o], 4o G4

s} 7)odol VA 394 AHE $& A0 ehideh AL WA
40134 e 7@ M3k A4 289 e AUET B4 £ S/ LA B A

Fesh £48 wHEsom M ICTARIA 154 9918 J3hsb she
A
S QA7 438 B o 4 ek 7144 S v

=
s
oX
L
olN
N
X
e e
N

=

_.4

(o3

;;o

A&

2,
o.u
—IN
2
_Q.
2
4
o
b
o
rEE.

O
_\}m

N
o
o
ofy
—r-'l .
K3
frt
ro
4>
L)
Il

— 308 —



e Bl S7HA7IARY, TAe vl ee] rhdd S SUAA AR Aol AEHe &
F5 AP Aok 2r e Mg FACE e HAFAe A AR ves 5
7] $13 $718 s Tt

A, A, A Al Able) Asad s vage e ICTARY 984 wirhiEs

olsistzAl stdct. 19704 ol F- A Astel Abgelxle] 71eA fAdo] S/t whet
F AR A 25A AR T AldA AlEAE #A2E detE e A 2Eka
ot ?Ml%ﬂﬂr e A=A A3 A v1eH 2HAAC] AXA Ho wet /197t d
Felol AsdTae weA A=k 53] AN E 27t A7) S 2 I
A Al ] 9= (ITU, NORDTE, CEPT)& 3A3IHAM 187 9534 AuAE s9¢2
o A5 A7 F2o A4 AsE st AFE AddeAe B £33 T

of viEH a9 AL} F4538] APHA A8 dolelE Al 5 e FHFE

A
(A Hr)sh 2 A 287 134 & 2E LE TYEe] 8 ol R AFEAUt ol

NE 97 $Y F2E 22 7199 $3ld e A8 127 /197 45 Yo 4e
e 78l gleh olel @ AR /16 A stekoi e 71 19 FAE A H AL
Fo3 WEHE 2T A0 PE 2ok, & AT Wk AAL S floih

M) Aol A e ICT7|%she] el nehe 7hx) Abedel A ) Ak 714 (R 337
Abd st mb=Al 2] Abs)e] ZleA fAM el S7HEE Balew Alle) B4
27|22 olE ey A A 7jed 7Tl wel 244 Ay
o8] Atgde] FEE AL e A2 vehdth

A os 71eA WEle w77 4o MEHZ Jert et 71E A 72
of W =A% WsE eskal QA ICTAN Ak o2 ] ¥4l drle] o] &
TR 719 FE9] Mark Iell4 Ha 452 t7]9] F59 Mark 2 He|7} S 4
< Ak

A A A o] £& 7wk 2 ICTARY 9] J54E F9staal shgld £ d7e 35 F
742 vleko g7 -8 28t uA}t gl

A, ICT #5d ¥4 53 7|se] W5 A 7 Al Al 758 Vil 4oy

dlele] ] thEAE 1% ¥ £499 AFHAE A7) 27} gt

A, £ A7e ICTAY S 9548 353k 845 AN 71e9 S48 Ak
th 53], & A= AA e A st digh A3 Al vIRlE $uk oz, Az} e
oA o] WMBERE A5 L aHtAddlA A= aekA, ofg] 73] F%

o
4% 29402 1@ Fag #e] L7,

—

— 309 —



P

(

1)al

[

Ho

T3 - A"E (1997), MEEA Ak =, e, At - s s A S S
L2, ARFA Add+ A== 4, KISDL

ETRI (2000a), "PC 71&/A1A B, | 40t F5 7ie/A1% B, ETRL

ETRI (2000b), "wjlxe] 7)&/A1% Bl | 409 &5 7j&/A% ¥4, ETRL

ETRI (2000c), "wla2PExWE 7la/A4 B, , 400 F5 71e/A% BaA,
ETRIL

Abernathy, W. and Utterback, J. (1978), “Patterns of Industrial Innovation”, Tech-
nology Review, Vol. 80, pp. 40-47.

Abetti, A. (1989), “Technology: a key strategic resource”, Management Review, Vol.
78, pp. 37-41.

Abramovitz, M. and P. David (1996), “Technological Change and the Rise of In-
tangible Investments: The US Economy's Growth Path in the 21th”, in
Employment and Growth in the Knowledge Based Economy, Paris: OECD.

Alvin, K., C. Richard, R. Richard, and S. Winter (1995), “On the Sources and
Significance of Interindustry Differences in Technological Opportunities”,
Research policy, Vol. 24, pp. 185-205.

Benjamin, C. and W. Olivier, (1998), “The Organization of R&D and the Dynamics of
Innovation — A Sectoral View”, ESSY Working paper, Vol. 3, Paris: CREI Univ.

Bresnahan, T. and F. Malerba (1999), “Industrial Dynamics and the Evolution of
Firms’ and Nations’ Competitive Capabilities in the World Computer Industry”,

tlo

in: Mowery, D. et al. (Eds.), Sources of Industrial Leadership, Cambridge:
Cambridge Univ. Press.

Breschi, S. and F. Malerba (1997), “Sectoral Innovation Systems: Technological
regimes, Schumpeterian Dynamics, and Spatial Boundaries”, in Edquist, C. et
al. (Eds.), Systems of Innovation. Growth, Competitiveness and Employment,
London: Frances Pinter.

Breschi, S., F. Malerba and L. Orsenigo, (2000), “Technological Regimes and

— 310 —



Schumpeterian Patterns of Innovation”, Economic Journal, Vol. 110, pp. 388~ 410.
Carlsson, B. and R. Stankiewicz (1991), “On the Nature, Function and Composition of
Technological Systems”, Journal of Evolutionary Economics, Vol. 1, pp. 93— 118.
Carlsson, B. (1989), “Industrial Dynamics: An Overview”, in Carlsson, B. (Ed.), In-
dustrial Dynamics: Technological, Organizational, and Structural Changes in
Industries and Firms, Boston: Kluwer Academic Publishers.

Conceicao, M. (1998), “The Emerging Importance of Knowledge for Development:
Implications for Technology Policy and Innovation”, Technological Forecas-
ting and Social Change, Vol. 58, pp. 181-202.

Cohen, W, and D. Levinthal (1990), “Absorptive Capacity: A New Perspective on
Learning and Innovation”, Administrative Science Quarterly, Vol. 35, pp. 128-
152.

Dahmen, E. (1989), “Development Blocks in Industrial Economics”, in Carlsson, B.
(Ed.), Industrial dynamics, Boston: Kluwer Academic Publishers.

Dasgupta, P. and ]. Stiglitz (1980), “Industrial Structure and the Nature of Inno-
vative Activity”, Economic Journal, Vol. 90, pp. 266—-292.

David, J., P. Collis B. William, P. Stephen (1997), “Winners and Losers Industry
Structure in the Converging World of Telecommunications, Computing, and
Entertainment”, in Yoffie, D. (Ed.), Competing in the Age of Digital Conver-
gence, Boston: HBS Press.

Dosi, G. (1988), “The Nature of the Innovative Process”, in Dosi, G. et al. (Eds.),
Technological Change and Economic Theory, London: Pinter Publishers.

Dodgson, M. (1996), “Technological Collaboration and Innovation”, in Dodgson, M. et
al. (Eds.), The Handbook of Industrial Innovation, Cheltenham: Edward Elgar.

Duysters, G. (1995a), “The Computer industry”, in Duysters, G. (Ed.), The Evolution
of Complex Industrial Systems The Dynamics of Major IT Sectors,
Maastricht: UPM.

Duysters, G. (1995b), “The Telecommunications industry”, in Duysters, G. (Ed.), The
FEvolution of Complex Industrial Systems The Dynamics of Major IT
Sectors, Maastricht: UPM,

Duysters, G. (1995¢), “The Semiconductor Industry”, in Duysters, G. (Ed.), The Ev-

olution of Complex Industrial Systems The Dynamics of Major IT Sectors,

— 311 -



Maastricht: UPM.

Duysters, G. (1995d), “Technological convergence: An empirical analysis”, in
Duysters, G. (Ed.), The Evolution of Complex Industrial Systems The Dy-
namics of Major [T Sectors, Maastricht: UPM.

Duysters, G. and J. Hagedoorn (1997), “Technological Convergence in the IT in
dustry: the Role of Strategic Technology Alliance and Technological Compe-
tencies”, MERIT working paper, Maastricht: UPM.

Edquist, C. (1997), “Sectoral Innovation System: Systems of Innovation Approaches”,
in: Edquist, C. et al. (Eds.), Systems of Innovation: Growth, Competitiveness
and Employment, Vol. 1, London: Frances Pinter.

Edquist, C. and B. Johnson (1997), “Institutions and Organizations in Systems of
Innovation”, in Edquist, C. (Ed.), Systems of Innovation. Growth, Compet-
itiveness and Employment, Vol. 1, London: Frances Pinter.

Freeman, C. (1991), “Networks of Innovators: A Synthesis of Research Issues”,
Research Policy, Vol. 20, pp. 499-514.

Greenstein, S. and T. Khanna (1997), “What does Industry Convergence mean?”, in
Yoffie, D. (Ed.), Competing in the Age of Digital Convergence, Boston: HBS
Press.

Gruber, H. (1996), “Trade Policy and Learning by Doing: The Case of Semiconduc-
tors”, Research policy, Vol. 25, pp. 723-739.

Gruber, H. (2000), “The Evolution of Market Structure in Semiconductors: the Role
of Product Standards”, Hesearch Policy, Vol. 29, pp. 725-740

Godoe, H. (2000), “Innovation Regimes, R&D and Radical Innovations in Telecommu-
nications”, Research Policy, Vol. 29, pp. 1033-1046

Kalvet, T., T. Pihl and M. Tiits (2002), “Analysis of the Estonian ICT Sector
Innovation Systems: Executive Summary”, Estonian EVikings.

Kuznets, S. (1930), “Secular Movements in Production and Prices”, Boston, MA :
Houghton Mifflin

Langlois, N. and W. Steinmueller (1999), “The Evolution of Competitive Advantage
in the Worldwide Semiconductor Industry”, in Mowery, D. et al. (Eds.),
Sources of Industrial Leadership, Cambridge: Cambridge Univ. Press.

Lundvall, A. (1993), National Systems of Innovation, London: Pinter.

- 312 -



Malerba, F. and Orsenigo, L, (1990), “Technological Regimes and Patterns of Innova-
tion: a Theoretical and Empirical Investigation of the Italian Case”, in Heertje,
A. (Ed.), Evolving Technology and Market Structure, University of Michigan
Press.

Malerba, F. and L. Orsenigo (1993), “Technological Regimes and Firm Behavior”,
Industrial and Corporate Change, Vol. 2, pp. 45-74.

Malerba, F. and L. Orsenigo (1994), “Schumpeterian Patterns of Innovation”, Cam-
bridge Journal of Economics, Vol. 19, pp. 47-66.

Malerba, F. and 1. Orsenigo (1996a), The Dynamics and Evolution of Industries,
Oxford: Oxford University Press, pp. 51-87.

Malerba, F. and L. Orsenigo (1996b), “Schumpeterian Patterns of Innovation are
Technology — Specific”, Research Policy, Vol 25, pp. 451-478.

Malerba, F. (1998), “Sectoral system in Europe - Innovation, Competitiveness and
Growth”, ESSY working Paper, Italy: University of Bocconi.

Malerba, F. and Orsenigo, L. (2000), Knowledge, Innovative Activities and Indus-
trial Evolution, Oxford: Oxford University Press.

Malerba, F. (2002), “Sectoral Systems of Innovation and Production”, Research
Policy, Vol. 31, pp. 247-264.

March, J. and H. Simon (1958), Organization, Wiley: New York.

Marshall, A. (1890), Principles of Economics, London: Macmillan.

Marshall, A. (1879), The Economics of Industry, London: Macmillan.

Nelson, R. and N. Rosenberg (1993), “Technical Innovation and National Systems”,
in: Nelson, R. (Ed.), National Innovation Systems, Oxford: Oxford Univ. Press.

Nelson, R. and Sampat (1998), Making sense of Institutions as a Factor Shaping
Economic Performance, Mineo.

Nelson, R. (1996), “The Evolution of Comparative or Competitive Advantage: A Pre-
liminary Report on a Study”, in: Edquist, C. et al. (Eds.), Systems of Innova-
tion: Growth, Competitiveness and Employment, Oxford: Oxford Univ. Press.

Nelson, R. and S. Winter (1982), An Evolutionary Theory of Economic Change,
Cambridge: The Belknap of Harvard University Press.

OECD (1996), Emplovment and Growth in the Knowledge — based Economy, Paris:
OQECD.

—-313 -



Patel, P. and K. Pavitt (1995), "Patterns of Technological Activity: their Measure-
ment and Interpretation”, in: Stoneman, P. (Ed.), Handbook of the Economics
of Innovation and Technological Change, Oxford: Blackwell, pp. 14-51.

Pavitt, K. (1988), “Uses and Abuses of Patent Statistics”, in: A.F.J. van Raan (Ed.),
Handbook of Quantitative Studies of Science and Technology, Amsterdam:
Elsevier.

Pavitt, K. (1996), “Key Characteristics of Large Innovating Firms”, in: Dodgson, M.
et al. (Eds.), The Handbook of Industrial Innovation, Cheltenhan: Edward
Elgar, pp. 357-366.

Reddy, N. and S. Cort (1989), “Industrywide Technical Product Standards”, R&D
Management, Vol 19, pp. 13-25.

Rostow, W. (1952), The Process of Economic Growth, Oxford: Clarendon Press.

Rostow, W. (1960), The Stages of Economic Growth, Cambridge: Cambridge Univ.
Press.

Rothwell, R. and M. Dodgson (1996), “Innovation and Size of Firm”, in: Dodgson, M.
et al. (Eds)), The Handbook of I[ndustrial Innovation, Cheltenham: Edward
Elgar.

Schumpeter, J. A. (1939), Business Cycles, New York: McGraw Hill.

Schumpeter, J. A. (1912), The Theory of Economic Development, Oxford: Oxford
Univ. Press.

Tidd, J., J. Bessant and K. Pavitt Managing Innovation’ Integrating Technological,
Market, and Organizational change, Science Policy Research University of
Sussex(SPRU), Bringhton: John Wiley and Sons, Ltd.

Yoffie, D. (1997), “Introduction: CHESS and Competing in the Age of Digital Con-
vergence’, in: Yoffie et al. (Eds.), Competing in the Age of Digital Conver-
gence, Boston: HBS Press.

-~ 34 -



