20147010779 AT 1010 0O O 00 O D A

S
=

2§ P Y2 93td FAE FAESY
9) AR 2 A4 7] 7 Eé% D O O 00 O 00l

SANES ‘
; 10) FAFANE
@3) FAFAY é
20143 1€ 16 < (16.01.2014) Wﬁ) PCT WO 2014/010779 Al
1) FASHEF-: ALFEA AT S 57} e v st 2

HOIL 33/42 (2010.01) HOIL 33/36 (2010.01) T2+ 436 5, Seoul (KR).

o =

HOIL 33746 (2010.01) (74) A P AFY BKIP-JOOWON PATENT
@21 FASYLES.: PCT/KR2012/007256 AND LAW FIRM); 135-701 A & EE A 737 AF 2

22) ZFAELY: 2012 94 10 Y (10.09.2012) 7L AR R 95 (= F), Seoul (KR).
. : @) AAF (B=e TAVE e &, 7t RE F7/9
@5 &ddel. Aol Ul 18 HEE 939): AR, AG, AL, AM, AO,
26) F/Q49]: FF-o] AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
o CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(30) FAAARY. . DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
10-2012-0075651 20121 7Y 11 9 (11.07.2012) KR HR. HU. ID, IL, IN. IS, JP. KE. KG, KM. KN. KP. KZ.
1) &9 (US 2(2) A9 3§ ZE A Q= giste]). 2 LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, MG,
Hsta 48P E @ (KOREA UNIVERSITY RE- MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
SEARCH AND BUSINESS FOUNDATION) [KR/KR]; PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
136-701 A =EEA| BT 219+ E 57} 1, Seoul (KR). SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

Wy ]- g TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) AL - s o = zeo
(75) 2H /2L US o F31ed) REZ (KIM, Tae 89 AAF (2= FA 7 e 8, ke BE T/

Geun) [KR/KR]; 463-905 A 7| & AdA] 597 S8 = AW Ao HEE §35ke]) ARIPO (BW, GH, GM,
94 WA 29, 601-1105 (] "l &, A F-o} % E), Gyeong- KE, LR, LS,O MW, MZ, NA, RW, SD, SL, SZ, TZ, UG,
gi-do (KR). Z 3] % (KIM, Hee-Dong) [KR/KR]; 136-731 ZM, ZW), T+ 2 Al o} (AM, AZ, BY, KG, KZ, RU, TJ,

TM), =% (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE,

[CHS 3B A%

(54) Title: LIGHT-EMITTING ELEMENT HAVING A TRANSPARENT ELECTRODE AND PRODUCTION METHOD FOR
SAME

GHEPY B FY IIs +

eSS B ESTT

o
_O'L
rir
g
o

(57) Abstract: The present invention provides: a light-emitting element having a transparent electrode exhibiting good ohmic con-
tact characteristics with respect to a semiconductor layer despite exhibiting high optical transmittance with respect to light in the ul -
traviolet region; and a production method for same. The present invention involves the formation of electrically-conductive tilaments
which have a high transmittance with respect to light in the ultraviolet region and allow current to flow on the inside thereof upon
applying a voltage in excess of a threshold voltage inherent to the substance, and involves the formation of transparent electrode of a
light-emitting element from a variable-resistance substance whose resistance state varies from a high-resistance state to a low-resist-
ance state of the substance, and thus, in the present invention, not only is high light transmittance exhibited with respect to light in
the ultraviolet region (particularly ultraviolet in the 340nm to 280nm wavelength region and the wavelength region below 280nm) in
addition to light in the visible region emitted from the light-emitting element, but also the electrical conductivity of the transparent
electrode is high and good ohmic contact characteristics with the semiconductor layer are exhibited. Also, the present invention
makes it possible to prevent the phenomenon of current crowding by spreading the current induced by the transparent electrode
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the semiconductor layer; this being achieved by forming a current-spreading layer made of CNTs or graphene having outstanding
electrical conductivity and optical transmittance characteristics on the upper part or the lower part of the transparent electrode, and
interlinking the electrically-conductive filaments formed in the transparent electrode.
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[Fig. 10a]

.-

e
o~
e’
0 1
g ! Ga,0,(80-nm)/Quartz
g i Working pressure: 5 mTorr
- p—( :
g 60 i i —0O0— Ref.
g —O— As-deposited
; I . \O —A— Annealed at 600 °C
280 nm
40 M | 2 [ N 1 2 [']
150 300 450 600 750
Wavelength (nm)
[Fig. 100]
2.0x10"
Ga,04/P-GaN
1.0x10"" koo ats 824 fv"‘""“-'"-?." '
— o
=z
E 0.0 After annealing
2 Before the form of the filaments
r.:.. —=—10 um
—— 8 um
U-1.03&10'11 ~ |—A—6 um
—w—4 um
—&—2 um
-2 0X10'11 . 1 " [ P [l "
) -1.0 -0.5 0.0 0.5 1.0

Applied Voltage (V)



8/9

PCT/KR2012/007256

WO 2014/010779

[Fig. 10¢]

(X)ON1IVdS ;

:s\mm:u%\ g

PR E)= (30015152

00

(W )N 2YdS

[
JONVLSIS3H V101 40 101d—

JONYLSISIH Tvi0L m

<D
JR

D
&

[an]
&

[wp)
&

<D
4

D
&4

D
&

LE

006

00[2 00[¢ 00°¢

00/

[ann]
&

oo

Nev-d/ °0°en

D

(%5 )3IONVLSISTY

[Fig. 10d]

After the form of the filaments

—=— 10 um

—&— 8 um

—A— B um

—v—4 um

—4— 2 um

L |After annealing

3.0x10°

2.0x10° F

1.0x107 |

(

V) Eo.r:fO

1.0

0.5

0.0

-0.5

Applied Voltage (V)



PCT/KR2012/007256

9/9

WO 2014/010779

[Fig. 10€]

(WN)ON1JYdS
00°FL 006 00°Z 00°G 00°€ 00°F 00°k- 00°€- 00°G-

1 1 Fal
_ _ 7 Yy

(X)ON1O¥dS 12— FONVLSIS3H W10l 40 107d—
== JONVISISTH Tvi0L m

[an]
&>
N

-
-

(W/s¥)=3doTs _~"|°de

«©
-
<t

OHZ+X ,(M/SH)="4 (A)FONV1S1S3 -

P \\\-\

D
&>
(o]

(% )IONVLSISIY

D
&
<D
P

| |
D
fam
N
b

<D
Pany
-
i

Ne9-d/e0%e



INTERNATIONAL SEARCH REPORTY

ntemational application No.

PCT/KR2012/007256

A, CLASSIFICATION OF SUBJECT MATTER

HOIL 33/42(2010.01)i, HOIL 33/46(2010.01)i, HOIL 33/36(2010.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Mintmum documentation scarched {classification system followed by clas

HO1L 33/42; HO1L 33/00; HO1L 33/36; B82Y 10/00; HO1L 33/40

sification symbols)

Korean Utility models and applications for Utility models: IPC as above
Japanese Utility models and applications for Utility models: IPC as above

Documentation searched other than minimum documentation to the exient that such documents are included i the ficlds searched

conductive filament, graphene

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS (KIPO internal) & Keywords: transparent electrode, low resistance, high resistance, insulating material, ITO, CNT,

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2005-094020 A (SAMSUNG ELECTRO MECH CO LTD) 07 April 2005 1-20
See claims 4-5, figure 2.
A JP 2005-317676 A (SONY CORP) 10 November 2005 1-20
See paragraphs [0011]-[0016], claim 1, figure 1.
A JP 2005-158955 A (MATSUSHITA ELECTRIC WORKS LTD) 16 June 2005 1-20
See claim 1, figure 1.
A KR 10-2011-0121338 A (KOREA UNIVERSITY RESEARCH AND BUSINESS 1-20
FOUNDATION) 07 November 2011
See claim 1, figure 1.
A KR 10-2010-0054074 A (KOREA ADVANCED INSTITUTE OF SCIENCE AND 1-20
TECHNOLOGY) 24 May 2010
See claims 1-5, figures 1-3.

D Further documents are listed in the continuation of Box C.

* See patent family annex.

*

N

Special categories of cited documents:

document defining the general state o fth& art which is not considered

g ir

0 be of particular relevance

“E”  earlier applica ional
filing date

“L”  document which may throw doubts on pricrity claim(s) or “,mcn is
cited to establish the publication date of another citation or
special reason (35 specified)

tion or patent but published on or after the interna

“0F  document referring o an oral disclosure, use, exhibition or other
means

P document published prior to the international filing date but tater than
the priortty date claimed

“T7 ater document published after the international filing date or priority
date and not in contlict with the application but cited o understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be

d novel or cannot be considered to involve an inventive

step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to mvolve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

i £

“&”7  document member of the same patent family

Date of the actual completion of the international search

06 MARCH 2013 (06.03.2013)

Date of mailing of the international search report

06 MARCH 2013 (06.03.2013)

[\'m’u: and mailing address of the [SA/KR

; Korean lntellectual Property Office
Government Complex-Daejeorn, 189 Seonsa-ro, Daejeon 302-701,
Republic of Korea

Facsirile No. 82-42-472-7140

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet} (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/KR2012/007256
Patent document Publication Patent family Publication
cited in search report date member date
JP 2005-094020 A 07.04.2005 CN 100505338 C 24.06.2009
CN 1599088 A 23.03.2005
CN 1599088 CO 23.03.2005
DE 602004021460 D1 23.07.2009
EP 1517381 A2 23.03.2005
EP 1517381 A3 28.02.2007
EP 1517381 B1 10.06.2009
JP 04-535815 B2 25.06.2010
JP 4535815 B2 01.09.2010
KR 10-0576849 B1 10.05.2006
KR 10-0576849 B1 10.05.2006
KR20050028706A 23.03.2005
KR20050028706A 23.03.2005
US 2005-0062051 A1 24.03.2005
US 2006-0281209 A1 14.12.2006
US 2010-0285622 A1 11.11.2010
US 2012-0190142 A1 26.07.2012
US 7115909 B2 03.10.2006
US 7790486 B2 07.09.2010
JP 2005-317676 A 10.11.2005 TW 12873038 21.09.2007
TW 287303 A 21.09.2007
TW 287303 B 21.09.2007
US 2008-0121904 A1 29.05.2008
US 7700959 B2 20.04.2010
WO 2005-106974 A1 10.11.2005
JP 2005-158955 A 16.06.2005 JP 4285214 B2 24.06.2009
KR 10-2011-0121338 A 07.11.2011 NONE
KR 10-2010-0054074 A 24.05.2010 US 2012-0132882 A1 31.05.2012
WO 2010-055988 A1 20.05.2010

Form PCT/ISA/210 (patent family annex) (fuly 2009}




TAZUIE
= A 2 AR R LA PCT/KR2012/007256
A. g o] &8l 7B H (T A B FH(IPC))
HOIL 33/42(2010.01)i, HOIL 33/46(2010.01)i, HOIL 33/36(2010.01)i
B e ol
A HATAGFAESERE 71
HOIL 33/42, HOlL 33/00; HO1L 33/36; B82Y 10/00; HO1L 33/40
ZATE 7] % o] Sats ¥l o 9le] el
S EAELNTE R I A AR E: A HAEAT 7| AH" IPC
HEFTEHGATTE 2 dEFTHELANFH: A HaEd 7 749 IPC
A ZAL] o] & Xd_é} vl ol e wo] (vl o]eu] o] 2 2] W Bl A ol(a] 5t 78‘%))
eKOMPASS(—E—fﬂ uli- AYalzeh & 71915 TR A, A4, 147, dAE A ITO, ONT, =4 A=, ag49
c. #H &9
Zhel ref S22 #d TAE I E A4 7)A 4d 4T
A JP 2005-094020 A (SAMSUNG ELECTRO MECH CO LTD) 2005.04.07 1-20
A7 45, =9 2 Fx.
A JP 2005-317676 A (SONY CORP) 2005.11.10 1-20
vk [0011]-[0016]), d7% 1, =9 1 &,
A JP 2005-158955 A (MATSUSHITA ELECTRIC WORKS LTD) 2005.06.16 1-20
A7 1, =d 1 JFx,
A KR 10-2011-0121338 A (&3t AF3kd &eh) 2011.11.07 1-20
A7 1, =W 1 32
A KR 10-2010-0054074 A (3F=r3}3t7)&) 2010.05.24 1-20
278 15, =9 1-3 #=z
F7} B0 c(AI%)el 71 A= o] Ayt X dsss0 na wAg BzaA L
* Qg B B wel: . 5 5 - 5
B Ed 59 A e T EASA EE S0 T BAW A0 FU5 455
A7 B85 BRlo] I A0E Bl ANH V| &FES Podwa  BOMERA VIR A E A olE% ofsEy) Al 284
” = 0]l0 _g_ioo—]\i_‘io‘__o_% = 0] o ~ _ _ B
FIAS ST AR TSR SASHET o sug e ge 29 99 e siwos 37 wwe 4
- TFA EERRAe gl Ao B}
L7 944 Fad o BS Avjehs BE B UE J4REA FAY ] e )
FRLTUL AR AP O TEAEEIASAY o mwa ue 9 pa 99 2ol sht o9 e B
2= A2 1 2] FhAel A A et A9 A7 E w
0" TH AL A, AA i 7)E SEg AFE T Y= B SRR WE AR v
P’ 419 o]F o] FAHGNOo ZAEEY o)A B EF & T AFES LA S8k £
TA|ZALY] A BE YL A FALR A T
2013+ 038 06 (06.03.2013) 20133 039 06< (06.03.2013)
L AT A AR
% 554 )
(302-701) T A F 4] A AALE 189, T3
EALE R A A -
2wl g 82-40-473- g o A5 82-42-481-8376

244 PCT/ISA/210 (5 M A 42 (20091 7Y)




SAEEE

o A Z AR R AL A
L PCT/KR2012/007256

jgﬁf—%ﬁﬂ 8l 371 552 A%

JP 2005-094020 A 2005.04.07 CN 100505338 C 2009.06.24
CN 1599088 A 2005.03.23
CN 1599088 CO 2005.03.23
DE 602004021460 D1 2009.07.23
EP 1517381 A2 2005.03.23
EP 1517381 A3 2007.02.28
EP 1517381 B1 2009.06.10
JP 04-535815 B2 2010.06.25
JP 4535815 B2 2010.09.01
KR 10-0576849 B1 2006.05.10
KR 10-0576849 B1 2006.05.10
KR20050028706A 2005.03.23
KR20050028706A 2005.03.23
US 2005-0062051 A1 2005.03.24
US 2006-0281209 A1 2006.12. 14
US 2010-0285622 A1 2010.11. 11
US 2012-0190142 A1 2012.07.26
US 7115909 B2 2006.10.03
US 7790486 B2 2010.09.07

JP 2005-317676 A 2005.11.10 TW 1287303B 2007.09.21
TW 287303 A 2007.09.21
TW 287303 B 2007.09.21
US 2008-0121904 A1 2008.05.29
US 7700959 B2 2010.04.20
WO 2005-106974 A1 2005.11.10

JP 2005-158955 A 2005.06. 16 JP 4285214 B2 2009.06.24

KR 10-2011-0121338 A 2011.11.07 =

KR 10-2010-0054074 A 2010.05.24 US 2012-0132882 A1 2012.05.31
WO 2010-055988 A1 2010.05.20

214 PCTASA/210 (N-5-5-3 F718-A)) (20091 79)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report

