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Research on Innovation Network Evolution of OLED Technology
Based on Patent Information
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Abstract  Purpose/Significance OLED ( Organic Light Emitting Diode) as the next generation of display materials is developing rapid—
ly. Analyzing its patent information from the perspective of social network can help clearly grasp its global technology distribution trend.

Method /Process Conventional static network analysis presents a single problem while technological innovation is complicated. Dynam—
ic network analysis method is used to establish a multi-level model at different times to observe the evolution of network indicators. Using
the relevant patent information in the field of OLED as the data source a technology innovation network with multiple attribute nodes is es—
tablished and the evolution measurement analysis of the network is carried out by time periods. Results/Conclusion There is an evolu—
tion trend in many indicators in the network showing the development trend in the field of OLED and the current hot spots of innovation.
The intensity of cooperation among patentees has a downward trend. OLED technology covers more and more fields and the number of
countries involved by patentees is gradually tightening up.

Key words OLED patent information technological innovation network evolution patentee

"(

1995

£2019-01-30 :2019-04-10
“ . ( :2018-XY-02)”;
:LI7WTB008) .
( ORCID: 0000-0002-6565-4166) 1970
( ORCID: 0000-0002-3119-7577) 1994 : ; ( ORCID: 0000-0002-0505-1160)



.76 .

38
0 o
2019
8
(
OLED) (
LCD) . OLED .
2016 OLED
90% v,
OLED OLED
2
OLED OLED
-1PC -
90% 2,
OLED o
N JIPC
VEN
OLED 0
R 1
- OLED 1.1 OLED
OLED o
OLED
SIPO.USPTO.EPO
OLED OLED OLED 1994
1994-2018 & 25 356
f 24
855, Bibexcel
( . . ) Ucinet Netdraw
1.2 OLED 1987
. Steven Van Slyke
o OLED 1994-2018
OLED o SPSS
1
1994-2018 1
1994-2006 2 2007-2011 3
° . Koka 2012-2018 N
N o 2007 2018
N 2
1.3
7, ( agent) . (event) .



8 OLED 77 ¢
( knowledge) . ( location) . ( organiza— o
tion) . ( resource) . (task) o 2 X
i
( agent) IPC ( knowledge) Cy(n) =d(n;) = P _] 1
( location) a— d(n) n, %, ;
gent * agent ( AA ) . agent * i . 12
" .
knowledge ( AK ) .agent * location OLED
( AL ) o
Dendrogram using Avqage Linkage (Eetween Groups)
1995 2 + ] ! : ’ AA °
1996 33—
1994 11—
1998 S IPC
o
2001 8
2002 9
2007 14 AK
2003 10—
2009 16— o
> 2018 25—
2004 11— OLED
2008 1
0s 13— IPC AK
2011 18—
2005 12— o AL
2010 17—
@ . AL
2013 20—
2016 23— o
il OLED
1 OLED AL
N N )
2.1 AA
11
. ( ) 2
1 o

1994-20034F 2004-20114F 2012-2018%
2 OLED
1 OLED

1994-2003 2004-2011 2012-2018
1732 8081 15047 .
495 413 357 OLED
5110 14356 7312
1.732 4.106 2.401 ’
44 37 29 ’

OLED o

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



.78 . 38
‘(U ”» N ‘(U ”
/ o
10.3.34.7.20.5 10 2 o
2
1994-2003 2004-2011 2011-2018
SEMICONDUCTOR ENERGY LAB 104 SAMSUNG DISPLAY CO LTD 1807 SAMSUNG DISPLAY CO LTD 718
HITACHI LTD 77 SAMSUNG MOBILE DISPLAY CO LTD 1806 LG DISPLAY CO LTD 462
SATO T 77 SAMSUNG SDI CO LTD 750 LG PHILIPS LCD CO LTD 413
PANASONIC LIQUID CRYSTAL DISPLAY
65 SAMSUNG ELECTRONICS CO LTD 649 LEE J 228
CO LTD
AKIMOTO H 64 SAMSUNG MOBILE DISPLAY 444 BOE TECHNOLOGY GROUP CO LTD 186
MERCK PATENT GMBH 62 LG DISPLAY CO LTD 398 BEIJING BOE OPTOELECTRONIC CO LTD 170
BEIJING BOE OPTOELECTRONICS
NISHITANI S 56 LEE ] 374 160
TECHNOLOGY
UNIV PRINCETON 56 LG PHILIPS LCD CO LTD 366 KIM J 146
MCCULLOCH I 49 LEE S 309 KIM H 114
YAMAZAKI S 49 PARK S 263 KIM K 107
N SATO T 10 LG LG
7 OLED o
o OLED
N N SDI
OLED 2.2
o IPC Netdraw
3 (1PC 100) .
3 o

3 OLED

1994-2003 2004-2011 2012-2018

290 259 196
1PC 62 63 80
1629 2306 1702
72.613 36.603 21.275
IPC
IPC
80 OLED o

IPC

OLED

OLED

o IPC

N OLED

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



8 1)

FAFMR, A BT LRIE B OLED H ARG 4% 8 Ak i 5%

«79 .

BB, OLED $ARZ A [0 B i AL , % SV BF 2 375 5
C2ei =M LG 5, {E [ i [0 98 B 5 AR 7
18RO S — A 75 19 OLED Al fltfiT N H S B A
SERl K, T 22 UL S RIS R AN T R i —

U ) R A -
FELARAQNH IPC [ 25 rp X IPC Y 5 19 2 Aok
BT, B PEEORGUR A HES W3R S Bs

4
1994-2003 2004-2011 2011-2018
LRI 555 20N 5y L2 ON 553
EASTMAN KODAK CO 0.548 SAMSUNG ELECTRONICS CO LTD 0762 SAMSUNG DISPLAY CO LTD 0.775
GLOBAL OLED TECHNOLOGY LLC  0.355 SAMSUNG DISPLAY €O LTD 0.714 LG DISPLAY CO LTD 0.675
KONINK PHILIPS ELECTRONICS NV 0.355  SAMSUNG MOBILE DISPLAY CO LTD 0.698  SAMSUNG ELECTRONICS CO LTD  0.663
3M INNOVATIVE PROPERTIES CO  0.323 SAMSUNG SDI CO LTD 0.54  BOE TECHNOLOGY GROUP CO LTD 0.6
SEMICONDUCTOR ENERGY LAB  0.306 DU PONT DE NEMOURS & CO E1  0.508 LG CHEM LTD 0.475
SAMSUNG MOBILE DISPLAY CO LTD 0.29 EASTMAN KODAK CO 0.492 LG PHILIPS LCD CO LTD 0.438
SAMSUNG SDI CO LTD 0.29 KIM H 0.476 CORNING INC 0.375
SIEMENS AG 0.29 LEE S 0.476 SHENZHEN CHINA STAR 0.375
OPTOELECTRONICS TECH
UNIV PRINCETON 0274  KONINK PHILIPS ELECTRONICS NV 0.46  3M INNOVATIVE PROPERTIES CO  0.325
HONEYWELL INT INC 0.258 LEE ] 0.46 CHEIL IND INC 0313
3 ( FHF 3006 AY 58 B2 S B A A i 318 2 1) O 2% 1
1994-2003 2004-2011 2012-2018 SO ) WS4 IR T4, X 5 OLED i
1PC [E¥ix IPC 54y IPC 545 . N
HOLL 0731 HOLL 0.803 HOIL 0735 INAE AR AR OC . GOIG( H A T OLIR A ZH A1
HOSB 0.628 HOSB 0726  GO2F 0.49 MBS s R E) (GOOF( BoR; )45 bril; br
HO1J 0.469 609G 0.502 GO9F  0.439 AT R I ) L — B2 OLED 'R S8 WF9T iy i 5
C09G 0.328 GO2F 0467  GO09G  0.434 S TLAE . OLED (9B 14— 340 TF W s 1 A
CO9K 0317 GO9F 0.463 GO2B 0.423 o - ; , X
GO9F 0.3 HO1J 0.452 GOGF 0.418 AL AR = BRI ST 9 AMOLED B 5, LI K
GO2F 0.297 CO9K 0.355 HOSB 0.403 LG Yy OLED Hi#il, #8 7Rt OLED L ] ) S 75 &
B32B 0.224 GO6F 0.305 HOSK 0.301 Wiy, b — 2 BU S R BN RS o
G028 0.179 B32B 0.293 B32B 0.23 23 e
BOSD 0.134 G028 0286  CO9K  0.224

OLED ¥ K ARSI LA HOTL( 2 AR ER-TF)
B, TR AT ] S g A A 2, 4 HOSB( A AR ¢ iy
BB 4 TR LA B L. T GO2F

4
6
Eit 1994-2003 2004-2011 2012-2018
LRIBNAT 5 AEL 253 259 301
FEI R (4 DX ) 9 AN 8K 19 19 14
FERERL 1460 1502 863
88 4 2% i 3.704 16.324 27.268

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

FRNFR G35 LR (1 X) SRy 77 st (11 R (b DX e K s
SA100) HIVE —RERIEKIRL, IEARR, LA A A
R, SMER )M E R ABETIRSZ . B
BAE R 6 Fis .

. P i
St pgeieial e
L .=:.¢.¢ e

MR LU e RO B A 2 3 22 1
e, MIFEZ MBI = BiBasb, SECE B0 —
A ) 245 [ Je B 14 R F9 AR 282 AN T Y, 3 58 T 7 301 £
KB M ERMBIXEZ, M SORE AL, OLED
RERTVEEZA R, TR EZ X)W R E TR, M
SRR, XL EEE R M)A R LI

http://www.cnki.net



* 80 LT - S S

%38 &

A OLED A= 7=l & 24 e
TEF AR BNH FAR A 2w, DL AR SO 4,

X AL [ 28 rp e MBI BE v PR RE A7 35 45 31
FE LR A7 1L MABNHES I3k 7 P

7

1994-2003 2004-2011 2012-2018
LRI 9y BRI 53 LRI 9y
FORREST S R 0.737 WANG J 0.895 SAMSUNG ELECTRONICS CO LTD 0.923
THOMPSON M E 0.737 IDC LLC 0.789 APPLE INC 0.846
UNIV PRINCETON 0.737 CAMBRIDGE DISPLAY TECHNOLOGY LTD 0.737 MERCK PATENT GMBH 0.846
BURROWS P E 0.684 QUALCOMM INC 0.737 LG DISPLAY CO LTD 0.769
BADYAL J P 0.632 QUALCOMM MEMS TECHNOLOGIES INC  0.737 LG PHILIPS LCD CO LTD 0.769
BULOVIC V 0.632 KONINK PHILIPS ELECTRONICS NV 0.684 QUALCOMM INC 0.769
DOW CORNING CORP 0.632 XAAR TECHNOLOGY LTD 0.684 BOE TECHNOLOGY GROUP CO LTD  0.692
DOW CORNING IRELAND LTD 0.632 THOMSON LICENSING 0.632 LEE J 0.692
DSM IP ASSETS BV 0.632 THOMSON LICENSING SA 0.632 SAMSUNG DISPLAY CO LTD 0.692
GOODWIN A 0.632 DONG JIN SEMICHEM CO LTD 0.579 3M INNOVATIVE PROPERTIES CO 0.615

— AL E R E PR ERY A E RE S R X
Al HE AR FE M 7, 5 — B B R SE A Al s
Forrest #(4% K . BT £ 1 38 K 1 1 K 2% #5 X OLED (1)
TR R T E KTk 215 5B, S £ 50
MRIH &3k A BRSE F Al Bk [ AR IR /] WANG
JRIDC A w5 HAH 3 — I B BRI 4
TRKAEA . B =B, OLED JT-t5%E: [ vy JH B BE , 4%
SR TF ML R A 0 L R = 8 VLG RS L
B () B 2R s IR AR — B BRI AT 44 b

TEFE AR ARG RIZE v, LUSI A 55 5 42,
X EIZR X SR B P TR, IR A A 4
L RSN A 43 A X8R A0 17 50, N B A o o A
)& RN HER W 8 FizR -

8
1997-2001 2002-2005 2006-2017
HbIX 55 HbIX 55 HbIX 55
Us 0.958 Us 0.954 Us 0.887
P 0.677 P 0.734 KR 0.66
EP 0.586 CN 0.718 CN 0.601
WO 0.574 KR 0.687 WO 0.498
KR 0.494 ™ 0.579 EP 0.404
™ 0.468 EP 0.571 P 0.404
AU 0.452 WO 0.552 W 0.365
CN 0.433 DE 0.336 DE 0.172
DE 0.388 IN 0.162 IN 0.138
CA 0.099 GB 0.104 GB 0.054

AL RIS B i T b X, 55 [ B AR A 56
P A E AR L (H— B & W K& OLED 45 & F 4L
NIRZWEZ . [, B A FE E 9 &80 0% R
Wi 22, T 7r I AUk A & T fee o W 4, DA B BE Y
55\ A EFFEIEE = A7, i H A BT — s AR
HRW. FEAME X OLED BRiTlE SRR, ¥
B F2 356 L S AR 220 75 B b /s T B i 5 sl

3

3.1 ASCLA OLED 45U 8 71 £ AR L 1) Oy 2

filt, AT T B AR 9 26 38 16 434, 43 3 L& FIALA
IPC S35 IO SE AL E 5 R 15 A T AA 2% AK
W45 R AL P25, 4 3 33 = A~ 0 28 A5 8 S Sk 17 A 56
TR X o X 246 11 2 R 45 A AR O A a1 1) 155
HEAT T 53 W1 BT R I, B OLED £ AR AWK & i,
L NGO EN ey X (BN SUR N D)1 (P
TFF 5 /N AR 2 347 1) R ) 286 Yk A, L) EeF ) 6% 2 B O 1
{8 “U "Rk, o LRI Z A 1R e 55 1k .
OLED 6 S iy H A S0 B0 i R 2 3 n , FL A G 08k A7
— AR (HAF 5T 28 S B T HOL (i 48
SURHLAT) o Dih, a8 E N H ASE OLED LY
FETEAG SR DX, B ARG 2 1o A [ R R R,
rP PR TR T A0 7 e TR L T B S B SR
F— ATk
3.2 FE OLED 7l e 0 i, ib T4

BRI B A i, [ 50 ] 5 [ 45 R R 98 [ 22 [ 3R A A —
FEZME. OLED #7 AR K AHE ™l 2 5 A € [ i 1
2025 ), W 2 Al DL —BE . Bl BOR SCRE IR,
6] L P RE A 7 Ml 1 3R R W RS , OLED A 56 1 f 7R 7=
MK S0k K e i T ML AR AT S BT g S
P OLED &l £ H fn R i

3.2.1 s & R G AR, RO B R B N 2%
OLED =k Pk & g , & RN KR £ , (H Bl 5 H2 AR
AT 2, BRI Z A E TR iR 55 k.
OLED i A 45 M , 1o o 20 4 5 T A B AR T T, 7 22
F Bl B E bR LR AR M2 b, e AR 15 it
IPRAIF & L ST DA B A% O B & R 4 o T P9 454
A =2 a1, PR AR A A Al AR S 4 ek i
B, 7853 1 FH P9 AR BB 0 2% BE R, 38 THAZ OB AN
et R QB BE e o AR B & 4 B R Bl
AMOLED . /N RUSf AT 47 28 2 M I 7 G5l 52 £ ol 1]
LRIGAE, LLRAMSE A AR B -

3.2.2 W GEAF ST A0, o0 v 1) g A AR A



8 OLED * 81
OLED 1628397363060173096&w fr =spider&or=pc.
2
OLED J. 2012 35( 1) : 58-64.
3 .OLED J. 2013
OLED
32(8) : 68-71.
° 4 .OLED J.
OLED 2010( 3) : 84-90.
5 .OLED J .
. 2011 20( 5) : 87-93.
6
J. 2014( 3) : 136141
’ 7  Koka B R Madhavan R Prescott J E. The evolution of interfirm
323 networks: Enviromental effects on patterns of networks change
J . Academy of Management Review 2006 31(3): 721-
737.
o 8 —
OLED D . : 2016.
OLED ’
J . 2015 34(11) : 1164-1172.
OLED OLED
10
° — T 2014 33(11):
OLED 88-93.
11
. ] 2018 37( 11): 178185
155.
12 D .
1 “ 7 EB/ 2015.
OL . 2019-03-22 . https: //baijiahao. baidu. com /s? id = ¢ P )

(

11

67 )
tion J . Journal of the Association for Information Science and

Technology 2009 60( 3) : 571-580.

I 2014 37(6) : 139-144.

DBF Team.Development and verification of a bibliometric model
for the identification of frontier research R .Vienna: ait austrian
institute of technolgy gmbh 2013.
zhang L zhang Z.Detection of early —stage research fronts——An

example of complex networks research J .Chinese Journal of Li-

brary and Information Science 2014 7(4) :77-94.

-- .
2015 33( 1) : 11-20.

I 2017 3( 1) :56-65.
Braam R R Moed H F van Raan .A F J. Mapping of science by
combined co — citation and word analysis. I. structural aspects.
J .Journal of the American Society for Information Science
1991 42(4):233-251.
Kostoff R N Briggs M B Solka J L et al.Literature—related dis—

covery ( LRD) : Methodology J .Technological Forecasting and

12

14

16

18

Social Change 2008 75(2) : 186-202.

.2018 R/OL .(2018-10-24 2018-12-
18 . http: //www. cas. cn/zkyzs/2018/10/173/gzjz/201810/
W020181030297309165736.pdf.

N

. 2015 59( 16) : 74—
82.
] 2014 35(4) :3-9.
J. 2016 35( 8) : 95-100.
Clarivate. EB/OL .(2018-12-31) 2019-03-07 .

http: //images. webofknowledge. com//WOKRSS532JRS /help/zh
_CN/WOK /hp_usage_score.html.
Kleinberg J. Bursty and hierarchical structure in streams C //
ACM New York 2002:91-101.
van Eck N J Waltman L Dekker R et al. A comparison of two
techniques for bibliometric mapping: Multidimensional scaling
and VOS J .Journal of the American Society for Information
Science and Technology 2010 61( 12) : 2405-2416.

¢ 7 )



