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The Mechanisms of Innovation Networks for the Patents of Taiwan Semiconductor Industry:
Small World, Structural Holes, Status Signals

Ray-May Hsung

Abstract

Semiconductor industry is the most complete and competitively innovative industry in Taiwan in the past
decades. The impressive results in R&D and the growth of patent numbers demonstrate the achievement of its
technological innovation. Recently, lots of sociologists use the theories of small world, structural holes, and
status signal to explain the long-term dynamic development of technological innovation in different types of
industries. As a latecomer, Taiwan’s granted patents in the field of semiconductor industry have increased
rapidly. However, the related theories and empirical studies on the innovative mechanisms of inventors’ and
patents’ network are deficient. This study uses the USPTO granted patent data with inventors’ attributes,
patents’ citation, and relevant organizational level data in different structural positions of semiconductor
industry from 1976 to 2006 to test the mechanisms’ effects of above-mentioned theories. The major findings
are as it follows: The patent citation network is like a small world network. Similarly, the status signal
theory was verified by the finding that the higher the centrality an inventor possesses and the more the
influence his or her patent has in the years of 2001 and 2005. The same effect can also be noticed from the
status of positions. Furthermore, the relation between the position of inventor’s network and the patent’
influence is in accordance with the prediction of structural holes theory in 2001: an inventor with more
structural holes will facilitate more idea exchange and more influence on his or her patents. In contrast, the
effect of structural holes on patent’s impact was opposite to the expectation in 2005 data because of the
divergent niches of different positions of streams in Taiwan semiconductor industry. Due to the high degree of
specialization, the inventors in IC design houses need to repeatedly collaborate for a long period of time.
Therefore, the cooperators overlap in collaboration networks quite a lot and get higher structural constraint. In
2005, global consuming electronics markets were in a booming stage. In virtue of the progress of design tools,

brain circulation and the increasing manpower, the fabless industry’s technical threshold became lower and



lower; therefore, showed the phenomenon against structural holes theory: those inventors with less degree of
structural holes were cited more frequently. This study has some theoretical implications as follows: In order
to get better consequences from the state of mutual stimulations, innovations should be embedded in
architectures of heterarchy with multi-niches of technology. In the meantime, the technical characteristics of
differentiated industrial positions and the stages of technology development should be considered

simultaneously to make a good understanding of the innovations in semiconductor industry in Taiwan.

Keywords: semiconductor industry, patent innovation network, small world, structural hole, status signal
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Welcome to the Restructure Data Wizard!

This wizexd helps you to restrocture your data from multiple varisbles {columns) in a single case to groups of related
cages (Iows) 0 vice verss, OX ¥ou can choose to transpose your data.

o Enhg wizand replaces the current dats set with the restroctured date. Note that data restrocturing cannot be
one

What do o want to do?

/\’ Do + Hestrocture selected vanables mio cases;
[ fem oo Toe Tove TN LIRS se this when each cas: in yonr current data has some vatiahles
o e v Lo || s [t [ e
Bl that you would, like to resrrange mnto grovps of related cases in
[t v the new data set.
(" Restrocture selected cases into variables
[ [ewi[wwe e [y e this when you have groups of related cases that you want
Do [eta[com] o [am || to vearrange 50 that data from each group are representsd asa
single case in the new data set.

" Transpose all data
A1 cases will become variables and selected variahles will
become cases m the new data set. (Choosing this option will
end the wizard, and the Transpose dislog will appear.)

| [F—w- | Emm | nE |
o

Variables to Cases: Number of Variable Groups

Fou have chosen to restructure selected variables into groups of related cases in the new file

o A& group of related variables, called a variable gyoup, represents measrements on one variable
For example, the veriable may be width. If it is vecorded in three separate measurements, each one
representing a different point o time--w1, w2, and w3, then the data are arcanged ina group of varables

If there iz more than one variable in the file often it is also reconded in a vanable group, for example height,
recorded in hl, h2, and h3.

How many variable groups do you want to restrocture?

(e (for example, wl, w2, and w3)

% More then one (for exsmple, wl, w2, w3 and hl, h2, h3, etc.)

How Many? |5

ts@] | T-sw: | | mw | nE |
L v

Variables to Cases: Select Variables

For each variable group you have in the current data the restrctored file will have one target variable

In this step, choose how to identify case groups in the restructured data, and choose which variables belong with
each target variable

Optionally, vou can als choose varigbles to copy to the new file as Fixed Fariables.

‘M Case Cromp Ientification
&} firmeht

A} firmena |Use case unber J

& firmeode Name Label...

[ nseode -

B tile Variables to be Transposed
;3

) country Target Variabls:

(&) inventorD1 jJ [&} brefl1p o

(A inventorlZ [&} bref0i2Zp

[A] inventor(l3 [Blbrefli3p | fRATEHEE

PE—— Bbendp | DLt -
A} inventorD5

(&) mventor)s Fixed Variable(s):

(B inventor()7

(B inventorD 3 J

= P

ts@| T-sw| By zis




Restructure Data Wizard - Step 3 of 7 &

Variables to Cases: Select Variables
For each variable group you have in the current data the restrctored file will have one target variable

In this step, choose how to identify case groups in the restructured data, and choose which variables belong with
each target variable

Optionally, vou can als choose varigbles to copy to the new file as Fixed Fariables.

V—anﬂl.n]es o i (e e Caze Group Identification
&} firmeht

A} firmeng |Use cas: number j

& firmeode Hame Eel Label...

[ nseode -

B tile Variables to be Transposed
3

(A} country Target Variable:
(&) inventorD1
(A inventorlZ
(B inventor) 3
&) inventorD4
A} inventorD5
(&) mventor)s Fixed Vanable(s):
(B inventor()7
(B inventorD J
= P

BT trans?

FEFE R
bref01 py~bref] SOpy

ts@| T-sw| | mw | nE |

Variables to Cases: Select Variables

For each variable group you have in the current data the restrctored file will have one target variable

In this step, choose how to identify case groups in the restructured data, and choose which variables belong with
each target variable

Optionally, vou can als choose varigbles to copy to the new file as Fixed Fariables.

‘M Case Cromp Ientification
&} firmeht

A} firmeng |Use cas: number j

@ fiomeode Wame:  [d  Label.

[ nseode -

&) tile Variahles o be Tmnspo.sed
(&) country
(&) inventorD1
(A inventorlZ
(B inventor) 3
&) inventorD4
A} inventorD5
(&) mventor)s Fixed Variable(s):
(B inventor()7
(B inventorD J

{ETE trems3 “

fieri
bref01 pm~bref] S0pm

ts@| T-sw| | mw | nE |

Variables to Cases: Select Variables

For each variable group you have in the current data the restrctored file will have one target variable

In this step, choose how to identify case groups in the restructured data, and choose which variables belong with
each target variable

Optionally, vou can als choose varigbles to copy to the new file as Fixed Fariables.

V—anﬂl.n]es i the Current Bile: Case Grovp [dentification

&} firmeht

B tirmeng [T case momber 4|
@ firmeode L Lbel...

[ nseode - 4
E‘,m]e Variables o be Tmnspo.sed

8! country Target Variable:

(&) inventorD1 JJ [B) bref0les | ietanst ~

(A inventorlZ [B) bref02ss |,

B} it 3 B Bl s

&) inventorD4 &} bref04as

A} inventorD5

(&) mventor)s Fixed Vanable(s):

(B inventor()7

(B inventorD 3 J
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Restructure Data Wizard - Step 3 of 7 &

Variables to Cases: Select Variables
For each variable group you have in the current data the restrctored file will have one target variable
In this step, choose how to identify case groups in the restructured data, and choose which variables belong with

each target variable
Optionally, vou can als choose varigbles to copy to the new file as Fixed Fariables.

Van'ﬂ].ﬂes i the Current Bile: Case Group Identification
&} firmeht
A firmeng |Use case unber j
& firmeode Hame Eel Label...
[ nseode -
E‘,m]e Variables to be Transposed
B) country Tearget Variable;
(&) inventorD1 JJ (& bref0It | 3387 ransS -~
(A inventorlZ [&] bref02ti —
i
B} it 3 Lo || B beet03t | g et 508
&) inventorD4 [} bref04ti
A} inventorD5
(&) mventor)s Fixed Vanable(s):
(B inventor()7
(B inventorD 3 J

ts@| T-sw| | mw

Restructure Data Wizard - Step 4 of 7 &

Variables to Cases: Create Index Variables

In the current data, valves for a variable group appear in a single cas in multiple variables. For example, a sngle
cage contains the valves for wi, wi, and w3.

In the new data, values for a variable group will appear in multiple cases in a single variable. For example, there
will be three cases, one each for wi, w2, and w3

Andndex is a new variable that identifies the group of new cases that was created from the originel case. For
example, an mndex named "w" would have the values 1, 2, and 3.

o= Howr many index variables do you want to creats™
NN
0.0 X
0.0 Use this when a variable group records the effects of & single factor,
0.0 treatment o condition
0.0
007
011 fe
0.0
0.0
0.0
0.0
1 00 007
0.1 0.1  None
=g 0.0! s . L . .
0.0 0.0 Use this if index information is stored. in one of the sets of varisbles
00 0.0 to be transposed
0.0:; 0.0

<tsw| [Tsm- | mE | E |

Restructure Data Wizard - Step 5 of 7 &

Varizbles to Cases: Create One Index Variable

Fou have chosen to create one index wariable. The wariable's values can be sequential numbers or the names of
warables in a group.
In the table you can specify the name and label for the index wariable

¥hat kind of index values?

o Hep :
Index Values: 1,2,3,4,5

| ]

" Variable names

Edit the Index Variable Name and Label:

‘Name |Lahe| Levels Index Values |

1 Index1 5 1,2,3,. 4,5

@ | |[FBm-|| == By zis




Restructure Data Wizard - Step 6 of 7 |

Variables to Cases: Options

In this step you can set options that will be applied to the restructored data file

Handling of Variables not Selected
¢~ Drop variable (s) from the new dats fils
[@ Reep and Fraal a5 Towd Varsble () ]

Swsten Missing or Blank Values in all Transposed Variables

&' Create a case m the new file

" Discard the data.
Case Count Variable
[ Count the nomber of new cases created by the case in the current data
EE—
[
<t—5@ | =% | mwm | nE |

Restmucture Data Wizard - Finish

Finish

TWhat do wou want to do?

" Restructure the data now
Use thiz when you want fo replace the curent file immed iately.

HEHEE

¢« Paste the syniax generated by the wizan] info & syntax window

Tse this when you want o save or modify the symtax before you
restructure the data.

BB O LEEHERE  FECEHIERE » MR
L (4R RBETR )
<t—5@ | == | nE |

Bs| Syntaxlrestructore_pl_¥150_SPS - SPSS Syntax Editor

File Edit ¥iew Data Tramsform Anslwee Graphs Utilites Eun Window Help

=S| B | Ol=|k| sl » 2| ¢

VARSTOCASES /ID = id
/MAKE transl FROM bref(0lp bref02p brefl3p brefld4p brefl5p breflsp brefl07p brefl8p brefldp brefllp brefllp breflip bo
brefldp brefldp bhreflép brefl?p brefldp hrefllp bref2lp bref2lp brefllp bref23p bref2dp brefisp bref2ép bref27p bre
bref28p brefilp hrefdlp bref32p href33p hrefddp brefiSp brefip hrefd7p bref3dp hrefi9p hrefd4lp brefdip brefdlp hre
brefddp brefdSp brefdép brefd?p brefddp brefddp brefs0p brefSlp bref52p brefS23p brefidp brefisp brefSép brefs7p bre
brefs%p brefolp breféalp brefé2p brefdlp brefadp brefédp brefffp breféTp brefélp brefd¥ bref?lp bref7?lp bref?2p bre
brefTdp bref?5p href76p beef7??p bref78p href?0p brefdlp brefilp brefdlp brefd3p brefddp hreflSp hrefddp byefd7p hrerssp
brefdOp bref90p brefllp brefdp bref93p brefidp brefd5p bref98p brefl7p brefldp bref99 breflllp breflllp brefl02p brefll3p

e
2]

brefl0dp brefl05p breflDép brefl07p brefl08p brefl09 breflllp breflllp
brefll?p brefll8p brefll% breflllp brefl2lp brefldlp brefl23p breflldp
breflilp hrefl3lp brefl32p brefl33p breflidp brefldSp brefl%p bhrefl3?p

brefll2p brefll3p breflldp brefllsp brefllép
brefl2sp brefllép brefl27p brefldlp brefl2¥p
brefl38p hrefl30p brefldlp hrefldip hrefldlp

brefld3p breflddp brefld5p brefldép brefld7p brefldlp brefld9 breflslp

/MAKE trans2 FROM brefllpy brefllpy brefl3py brefldpy brefl5py breflépy brefl7py brefl2py bref0%y brefllpy brefllpy
brefllpy brefl3py brefldpy brefldpy breflépy brefl7py breflipy brefl9py brefl2lpy bref2lpy bref22py breflipy brefldpy
breflSpy hreflépy brefl?py bref2Bpy brefllpy brefilpy brefilpy hrefilpy brefiipy brefidpy brefiSpy brefifpy brefi7oy
brefilpy brefifpy brefdlpy brefdlpy brefdlpy brefdldpy brefddpy brefdSpy brefdépy brefd7py brefddpy brefddpy brefSlpy
brefSlpy brefS2py brefSipy brefSdpy bref55py brefS6py bref37py brefsdpy brefS9py brefélpy brefdlpy brefélpy brefdlpy
brefédpy brefédpy breféépy bref67py brefédpy brefédpy bref70py bref?lpy brefTlpy bref?3py brefTdpy bref?ipy brefTépy
bref??py href?bpy bref70py brefdlpy brefllpy brefBlpy breflipy hrefBdpy breflSpy bhrefdépy brefd7py hrefdlpy hrefilpy
bref90py brefllpy bref%2py bref93py brefOdpy bref95py bref9py brefd7py bref9py brefl99py breflllpy breflllpy breflllpy
brefl03py breflldpy brefl05py brefllépy brefl07py brefll8py brefl0%y breflllpy breflllpy brefll2py brefllipy breflldpy
brefllopy brefllépy brefll7py brefllipy brefll%py brefl20py brefl2lpy brefli2py brefl23py brefl2dpy brefliipy brefllépy
brefl2ipy hrefl2bpy brefl29y brefl30py hrefldipy brefl32py brefi33py brefl3dpy heefl35py brefl3bpy hrefl37py bhrefl3bpyr
brefl39py brefldlpy brefldlpy brefldlpy brefld3py breflddpy brefldspy brefldépy brefld7py breflddpy brefld9py breflSlpy
/MAKE trans3 FROM bref0lpm bref02pm bref03pm brefldpm bref05pm breflépm brefl7pm brefl2pm bref0%m brefllpm brefllpm
breflZpm brefl3pm brefldpn breflSpm breflépm brefl7pn brefl8pm breflOpn bref20pn bref2lpm bref22pm bref?23pn bref2dpm
brefdSpm href2dpm bref27pn bref28pm bref29m bref30pn bref3lpn href32pn bref33pn brefddpn bref35mm brefibpn bref37pm

o ' o ' ’ ?-'.S‘;SSPI‘DDGWJI wma‘dy-”( Lo o e o
}Iﬁj’ SlEES ,iiﬁl, e > il f, Syntax 1restructure pl_V150.SPS
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0014 #5199 7patent] (20100324) sav - SESS Data Editor

Wi Edit ¥iew Dats Transform  Anslyze Oraphs Utilies Window Help

4 Lul N =S5 '_|‘1|I_| %|@|

Cpen Data.
(Qpen Databasze
Read TextData... Qutput... fimofng
Seript...
“ L2
Save Cil+3 Ofter..
Save hs.. ereomsor Mamfactuing
Mark File Read Wiite Semicondurtor Manu.t‘actumg
Display Data File Information v | Semiconductor Manufactuing
Cache Data Semicenductor Manufachiing
Sernioondoctor Manvfactoing
Switch Server... Semiconductor Manmfactoring
Print Previzw & . Mannf , 2
Print.. CHlP Sa—moonductor Manufactm
Semicenductor Manufaching
Recently Used Dafs * [Semiconductor Manufachuing
Receutly Tsed Fikes > | Semiconductor Menufacturing
Exit semiconductor Manufactoring
DEEEEER Tarwan Semicondoctor Manufactuing
—u!Amssmazw [T T R P BTG ¥ S T

Bi Syntaxlrestruciore pl ¥W150.SPS - SPSS Syntax Editor

File Edit View Dats Trendform Anslyze Graphs Utilities BEIPS Window Help

=1|& 2| | B=|k]| sl | @

7=
=]

- Selection

ARSTOCARES /1D = id Cuent CHME
/MAKE trans] FROM bref0lp breflZp breflp bre To End
bref14p breflSp breflép brefl?p brelep brefs

L N

PPN ERZETST restructure 7 i FUffig > Ee i Eh T 001restructure ’F ,%”F‘%T‘ 1997patentl.sav ;

SHlE = | =[] sl FlE BxlE %ol
T7id ' T )
fileyear filemon ’ vshref ’ Indexl ’ trans] l trans? | trams3 transd transh i‘
1 195 3 3| T [USA355002 1550 7 Tewas Istmments oorporaied High pedformance silicon-on-manlor fan
Z 1965 | [ g AL Gt R N 1| 7 Hitarkd, L. | Method for fabrirating mmlated gote semic |
3 1965 | 6 g 3USIAEIE | 19 1 | Fujitsu Limited | 50T devire and & fabrication peocess thereo
[ 1995 | [ g USROG | 19 1 [Motorel | Progess for making BiCMOS device havin
5 1905 6 el 5USE258430 e 3| Hanis Corporation | Selective recevstallization o reduce P-chann
[ 1995 | [l g 6lusselig | 19 2| Sharp Kabushild Eaisha | Method of forming semiconductor ansist
7 1995 | [ 3 FUsMTEL | 19 12 Mitsubishi Dendd Kabushili Eaisha | Method of producing semiconductor devics
B 1995 [ j B | Us5456751 1956 3 WLSI Technology, ot Methed of forming an ESD and hot canisr
9 1995 2 3| 9| US5504034 1956 4 United Miczoelectomics Corp, Methed for frbricating MOS trnsistors
10 1905 [ 9 10
11| 1995 [ g 1
12 1965 | 8| g 12|
13| 1965 | [ g 13]
14 1965 | [ g 14|
I 1965 &l 4l 15]
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