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ABSTRACT

We selected core documents from enormous number of documents by analyzing citation
relation of papers or patents including direct citation and indirect citation, Then we tried to
creat the technology evolution path from citation network tree, By applying the method to the
patent DB of OLED (Organic Light Emitting Diode), we obtained genealogical citation network
of core patents of OLED, We analyzed how the one of OLED technology was transferred to
the semiconductor related technology and we named the process of transition as ‘technology
evolution path’” of OLED technology. And we also analyzed the genealogical citation network
of papers on graphene. From the analysis, we found that the weight count method including
indirect citation was better in evaluating the value of technology of a paper than the times
cited method.

Key Words : Citation network, Indirect citation, Technology evolution, OLED(Organic Light
Emitting Diode), Graphene
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Patent

Number Title Applicant Weight
5707745 Multicolor organic light emitting devices The Trustees of Princeton University | 1996
) . . . e YissumResearchDevelopmentCompany _
6316098 Molecular layer epitaxy method and compositions oftheHebrewUniv. offerusalem ILX 654
6048630 Red-emitting organic light emitting devices (OLED’s) The Univ, of Southern California 580
5998085 Processforprepan’nghighresolutiogenﬁssivearrays 3M Innovative Propertics 427
and corresponding articles
6303238 OLEDs doped with phosphorescent compounds The Univ. of Southern California 409
High trast tran: t ic light emitti .
5986401 gh conlrast transparent organic Ight cmitting The Univ. of Southemn California | 394
device display
6114088 | Thermal transfer element for forming multilayer devices | 3M Innovative Properties Company 320
Tt | transfer el t and ss for formi
6194119 iema’ transier Siemett and process for forming 3M Innovative Properties Company 316
organic electroluminescent devices
6337102 |Low pressure vapor phase deposition of organic thin films| The Trustees of Princeton University | 276
6214520 | Thermal transfer element for forming multilayer devices | 3M Innovative Properties Company 230
6221553 | Thermal transfer element for forming multilayer devices | 3M Innovative Properties Company 213
6140009 | Thermal transfer element for forming multilayer devices | 3M Innovative Properties Company 196
6337492 S?rlally—conneaedorgz{rnghghtenn?tmgd1Qd§stack eMagin Corporation 189
havingconductorssandwichingeachlightemittinglayer
6545422 Socket for usé with 'fl gncro—component ina Science Applications International 176
light-emitting panel Corp.
. Science Applications International
6612889 Method for making a light-emitting panel clence £pp mé;;)pm nernationa 141
6570335 Methodandsystemforenergizingamicro-component Science Applications International 128
’ in a light-emitting panel Corp.
Processconditionsandprecursorsforatomiclayer
6620670 . Applied Materials, Inc 44
662067 deposition( )OfAL203 pplied Materials, Inc. 7
Formati f bori er [avers using chemisornti
6620723 ormation of boride barrler. ayers using chemisorption Applied Materials, Inc. 406
techniques
6660126 L1dassemblyto'raproces‘s%ngsysten‘ltotaal1tate Applied Materials, Inc. 356
sequentialdepositiontechniques
6821563 Gas distribution system for cyclical layer deposition Applied Materials, Inc. 148
6734020 | Valve control system for atomic layer deposition chamber Applied Materials, Inc. 135
clical d iti f a variable ¢
6720027 Cyclica ceposm(?'n o ‘l, v'allabe content titanium Applied Materials, Inc. 127
silicon nitride layer
7045430 | Atomic layer-deposited LaAlO3 films for gate dielectrics Micron Technology Inc. 340
Atomic 1 sited lanthani
7084078 tomic ayef dep(?alted ' :mF anide doped Micron Technology, Inc. 218
TiOx dielectric films
Atomic layer deposited ZrAlOdielectric .

1 Mi Technol I 1
7135369 layers including ZrAlO cron fechinology, Inc. &
7160577 Meth(.sttorat'cnm‘c—l‘ayerdepos%non‘of Micron Technology, Tnc. 191

aluminumoxidesinintegratedcircuits
7135421 Atomic layer-deposited hafnium aluminum oxide Micron Technology, Inc. 189
7235501 Lanthanum hafnium oxide dielectrics Micron Technology, Inc. 136
7199023 AtomiclayerdepositedHfSiONdielectricfilms Micron Technology, Inc. 126

whereineachprecursorisindependendentlypulsed
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FES ol £ JeE Fr}. FAESF| Q] US-57077452 9183+ B4 FollA] US-6316098
o|ale] QI EAEL T 7|, 18 7| E ) 94 US-6316098E ALD
(Atomic Layer Deposition) Z1#]al MLE(Molecular Layer epitaxy) 3% 7]&& E3gslal
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A+ 53|2A] Hebrew Univ. of Jerusalem®] Yissum Research Development Company
b 2fe] E3]olt}t, 1 ofglle] US-6620670, US-6620723, US-6660126, US-6734020, US-
6720027 L)AL US-6821563 Ed]&= BT US-63160988 Q183 BAZH SAd 2% 2
H 9k 7] wjo]#Q] Applied Materials, Inc. 7} &9gF S3]o]t}. o] 6 7)¢] S3= vi=
A HA FAL ALD 37 e} AEE T S3iEoltt. oA o]F 53] Fell US-6620670
9} e 2 71 918 FA QlE US-7045430, US-7135369, US-7135421, US-7084078,
US-7160577, US-7199023 18]al US-7235501 E3+= vl w&Ee] ¥F=A| 3JA}Q] Micron
Technology, Inc. 7} 43t 35|24 2 w2 z] vb=A| 9] transistor U capacitor o] AR
sh= &2 (Dielectric layers) 7]eg E3stal gt Aeletd AA Q18 Eg] FeA
US-6316098 o}jje] 218 A5 TAEE ALD/MLE 347]& - ALD 34 AdH] 7]& -1t
A ALD 2 7]e= o]oA = XstdAlE grol gl on B=gk US-6316098 ofs} ¢l
Eg]E US-6316098E3]= w72 AF¢] £35]¢l US-5707745(Multi-color OLED) 2] 7]<&ol o
S wigton} A#A o 2 thE AIFPYelM vIEH Aol

>

Princeton

Multi-color OLED Univ.

Yissum Princeton Univ. ‘l’
Research & Univ. of OLED displays
Dev. Comp. ALD/MLEZ 7| & Southern California pias
\ 4
frmumvative Thermal transfer
Prop. Comp. | €lementin LED/OLED
Applied

Materials ox MY
Ine. ALD 27 2H|

Micron
Technology, | Bt H|-8 ALD 2HE
Inc.

(28 7) OLED 2AM 218 HESHZS =Alst/7|e Flet SER

T o2 custers (I3 60)ollA US-5707745 vl2 offoll AE E3lEoltt. (29 7)9]
FE2%oA Z}zt OLED display 42} 7|43 LED/OLED ¢ AMg-81= thermal transfer
element AL ALgol| I3 EFo|t}, o] F IFL Z}Z} Princeton Univ., €+ Univ, of

h 8y
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(28 8) Novoselov(2004) ==2| Backward citation tree

(2% 8)2 Novoselove?] 2004\ =30l 7148 J8=252] #7 U85 F245H7] 218l
Zylol 8 E #](Backward citation tree)2 HojFa gt} sk (218 9)& Novoselov(2004)
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0] 83 =S e S JISAE dedE 33 S FIISEREL



(33 9) Novoselov(2004) ==2| Forward citation tree.

wulslgct F 2389 Ad83HAlE A% A 2004 12]al Novoselove] =F(index ‘1)Z 7]
Aoz el thH]E HoErt, 2004 o)A A, e #1g A7 A A7A
Eoll osixnt XY= 2t AP Holnt. kAR 2004 o] F FHo g T ¢
T A7t 7kt vt s Q18 EgleA ohE AT-Eok) ddEe HA BAZE
A%A] 942 A0 R n|Fo] Wi ofF] thE Yo o] e Ao g nn|gt Eolzal
A1 it

(T" 9l BAE =EE Folle 7R (weight)3k 91} 910183l &9 Atele] o]
AR7E shetl, o= #E SRRl vt 7l 9 #A5te] ZhA el tig Hrpt v
T ot ofHell= #UE 3 Y 59 =i 9G35} 7RIS vlalgk Fol)

(® 3) d2iEl(graphene) 20F 7tEX|(weight) 4 &% 5% ==&

Index Author ALA| A} Year Journal Times cited Weight
1 Novoselov Geim 2004 Science 4174 38428
2 Novoselov Geim 2005 Nature 2953 32178
4 Geim Geim 2007 Nat, Mat, 2905 22616
3 Zhang Kim, P 2005 Nature 2582 32151
22 Castro Castro 2009 Rev. Mod. Phys. 1426 4792

24 index 3¥¢l Zhang & Kim, P(PE§ ) 2] =72 9218-3]4(Times cited) H4
= 49001 T Q185 X3 7RIS st A 291 gttt 3 =2 A
A8 T 18-S B3l 2l A7 2l B2 I vHeE FEY 7 Uk
o= ALY w7t 20108 =l o] AR At AHAo] Stk Ftshe A et
JxJeh= FRo|oh(ATFAIE, 2010, 11, 29). Z8]al index 229, Castro®] =2 Times
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3l4(times cited)gke 7HE 7hsAdo] A0t webA] dEvte] 98-8 W el sl 7S
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9] ARe FH|EE AN T w18 (FEAR) ol 71Nk FrkEvhs HA 2
A UESFA AAske A5 ¢ eldt @ 874 8 77t £ o
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© ARE HojFEd)
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Al ok= Hol=lo] vkeA| F44dn7ed vieA| A5 7|1E2 FslE] zhon, 4y J|&
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