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7'"LED and solid state lighting conference

Yeungnam University, February 26~27, 2013
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7'"LED and solid state lighting conference
Yeungnam University, February 26~27, 2013

2013 2 26 Y (=D

9:00~10:00 S5 (GHtstn Zes 15 ZH]|)

10:00~10:20 WA T HAS 1)

10:20~12:20 Plenary Session (ATAE 1)

12:20~12:40 7| &3 AMHU2AE D)

12:40~14:00 Lunch

14:00~15:15 Session I oo (HAEHHAE 1) Session I W7} (HEHAUAE 2)
15:15~15:30 Coffee break

15:30~16:45 Session I AKX} (HEHMAE 1) Session IV LED 8%} (HEHAHAE 2)
16:45~18:15 Poster Session (ZE¢tZ9| S 2Z ZH|)

18:15~18:45 0| & / LED-IT g&4tAHztAME Tour

18:45~20:00 Banquet (2I2}0H)

20134 2E 27 ()

10:00~11:30 Session V 0Ofa] (HEHAHAE 1) Session VI ™7} (HEHAHAE 2)
11:30~13:00 Lunch

13:00~14:30 Session VI 2K} (HHHAE 1) Session M 8%t (HEHHAE 2)
14:30~14:45 Coffee break

14:45~16:00 Special Session (A E 1) “ALM|C{ Smart LED 7|="
16:00~16:20 WEA AA O HI A HAHBAE 1)

_6_




7""LED and solid state lighting conference
Yeungnam University, February 26~27, 2013

W S0 ¥FT2IY
0 ¥ b © Y
Plenary Session (ZIH#AE-1) Z% : 0| 5M i (ZF1E7|&d)
Cf+7Z GaN/Si LED 7jtsSsratie
Plenary #3Tled WY 28w 1020 | 478 GaN/ Iessus
Y
Plenary SL AFS = O|A} 11:00 | XIsXI2 LEDZY 7| U MAST
Development of Light Emitting
Plenary LG O| Bl AT 7| HiA} 11:40 | Diodes for  General Lighting
Application
Session I: Epitaxy (ZZ{TXF-1) EE g us (BHietn)
GaN 7|  SBCio|2 oAl
Invited HR7HESHSE 853 Me | 1400 | droop B4 AA3HE A% TXAMY
ik
Lee-Woon Jang?, Dae-Woo Jeon?, A.
Y. Polyakov?, Han-Su Cho?), Jin-Hyeon
Yun?, Dong-Seob Job, Jin-Woo Ju?, . . .
3 " Free-standing blue light-emitting
Oral Jong-Hyeob Baek™ and In-Hwan Lee 14:30 | .
) ) ) diode by wet-etching method
1)Chonbuk National University
2)Institute of Rare Metals
3)KOPTI
HEM, gH™s, 23, g, RE22, Properties of Si doped (11-20)
Oral 258, 45, =26 14:45 | a-plane GaN grown with different
SEZAA Y| =St m buffer layers
Jae-Kyung Choi?, Jae-Hoon HuhD),
Sung-Dae Kim?, Daeyoung Moon?,
Duhee Yoon3), Ki Su Joo?, Jinsung
Kwakb, Jae Hwan Chu?, Sung Youb
KimD4), Kibog Park¥%), Young-Woon One-step growth of epitaxial GaN
Oral Kim2, Euijoon Yoon?, Hyeonsik 15:00 | films on sapphire using ultrathin
Cheong?, and Soon-Yong Kwonl#¥5)* graphene coating layers
1)4)5)Ulsan National Institute of
Science and Technology
2)Seoul National University
3)Sogang University
15:15~15:30 Coffee break
Session II: W7 3! MY (HEHHUAE-2) ZE : WIH ws (3AOistn)
A2 LEDEZ2XH #$AMA U MF
Invited st 7|2 ¢ (KOPT) 0|2 HHAb | 14:00 HLH o= 8 B2 x 43
o H L=

oral | S¥SY, FEEI, AFUI, MESD* | 1430 | ®IIH WHo| o3 LEDO| Sukx}
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7""LED and solid state lighting conference
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syt +3 5%
Investigation of carrier escape in
| ASH, QUM =82+ 14:45 InGaN/GaN light-emitting diodes
ora :
[l xe1 et under open- and short-circuit
conditions
uraBU2e 19IoD O|H| M2, ELOIY Enhanced color consistency of
Oral N N 15:00 | phosphor film conversion for white
Dot=d7|=d, )T Hostn
LEDs
Session II: AX} (AHHUAE-1) ZE : dZ3= us (EHM4AH7|=Ciet D)
Invited nojcfstm ZEej2 m 15:30 | AlGaN Z|HIoJUV C LEDE EHM=
Oral 257, X3+ 16:00 Ag/SiO, core-shell L}L-QX} ZAE
ra :
330t LEDS| TZE YRIEEO| 4K £4
H} HraC Co i
AYE, OITH , OHE, HAF GaN 7 EBEOI2 =S eficency
Oral N 16:15 | droop 72 2|$t trapezoidal
FFist/|=d N
quantum barrier 21}
12, Chndramohan, S., Z1sl, ZX|3s], A study on the performance of
Oral cHel, Ex, stnl, RHE, 5, 16:30 GaN based LEDs with
ra :
el S %t5|* metal/graphene  hybrid as a
MELjstn transparent electrode
XQ|AM HEZCIO|QOER
OINE, AFH, ULH, 95, Hep el EBHOIZES TO/Ag/ITO
Oral 16:45 | 7|4 RXE Zt= £W MEd M2
(e}
of HMI/HEN S4 2N}
Session IV: LEDZTY 9 8% (HEHHAE-2) ZIEF . SARd] HEAL (KOPTI)
HMXAX 7|2 o|8%t LED &8
Invited ZAEDsa o3| ma 15:30 | - L% 712 & 018 =
)
HAE, ofxke* Depth 7im2tE 0|88 ADIE =W
oral N 16:00 N
Qutystm Hof 2
Improving Fluorescence and
| HIS51H, Song-Mei Li, Isnaeni, Z8Z&* 16:15 Quantum Yield of Quantum Dot
ora :
[l a==an =T e Light-Emitting Diodes by use of
Metal Nanoparticles
=ZHEY, LEAD AEXHG LED ZHIKO| e
oral _ _ _ 16:30
L)m[llofo]T| A~ E2 0] 2)mHE| T
16:45~18:15 Poster Session (E&Z9o|E 2Z ZH|)
18:15~18:45 0|5 / LED-IT 88 St ME] Tour
18:45~20:00 Banquet (£I2}0f)
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B SSHT 2FEI=

2013 2E 27 Y ()

Session V: Epitaxy (G HAES-1) X% : &8 W4 (UNIST)
M InGaN YX2E 20|X Cjo|le
Invited 7= 48 ghAt 10:00 | E2o| ¥sto|Sof S O|X|= QIX}
=9 51}
odal XM=E ™M 32 9|t EHL
0|-’|:-§, HHA'%‘, %%}_' 0|%+j* L HJ - ?'?_E T|°|_ 'I'}In_
Oral e TIPS 10:30 | p-d EHZESZS 7IXl= EECHo|
L o -

Nam Han?, Tran Viet Cuong?, Min
Han?, Beo Deul Ryu?d,
S. Chandramohan?, Jong Bae Park?,

Ji Hye Kang?, Young-Jae Parkd, L. .
. Improved heat dissipation in gallium
Kang Bok KoV, Hee Yun Kimb, Hyun

Oral ) 10:45 | nitride light-emitting diodes with
Kyu Kimb, Jae Hyoung Ryub), Y. S.

Katharrial, Chel-Jong Choi? and
Chang-Hee Hong!’

1) Chonbuk National University

2) Korea Basic Science Institute

embedded graphene oxide pattern

Yongwoo Ryu, Joocheol Jeong, Jongjin L.
] Improvement of crystal quality in
Jang, Kyuseung Lee, Daehong Min, . .
semipolar GaN layer by using

Oral Jinwan Kim, Minho Kim, Seunghwan 11:00 .
self-organized nanomasks on
Moon, Geunho Yoo and Okhyun Nam* )
] . ] m-sapphire
Korea Polytechnic University
Session VI E7} 3 Mz|d @HHHLE-2) =g : FetE w (Ao E)

Light emission  properties of
Invited 1420t 7| =2 (DGIST) =#3| w4 | 10:00 | nanophotonic and plasmonic

semiconductors

Xl st= gl ZIsiAMl) ziolodl)
2|_OI|_°-'H'-rﬂ|_OIOL:|ll IGN*"M HFZ"EOQEO'IA =Ex'|
nGaNE4 ZFCioj_=0NM E2XH
Oral AR, MERD, HF AN 1030 | _ oo -
e 480 12 2k o=Y

olg7l, A, SYE, BT MZE Rxo| W o= Xl
Oral - 10:45
Aesta £4
| Yang-Seok Yood, Song-Mei LiY, 11:00 Carrier dynamics of efficiency droop
ora ;
Je-Hyung Kim?Y, Jong-Ho Na?, and in InGaN-based blue-light-emitting
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Yong-Hoon Cho*
1)KAIST 2)LG Innotek

diode grown on patterned and

planar sapphire substrates

11:30~13:00 Lunch

Session VII : AX} (H

HHUAE-1)

zt

& : ZMOjstm A9 @4

Damage-free sputter ITO transparent
Invited sHofstn 2=M up 13:00 | metal electrodes on p-GaN for
GaN-based LEDs
Xie|M drzirjojle =8 ITO/A (o}
OITE, AFH, B4, s, YD el SBriole=8 oMo/
Oral 1330 | 7|8t =& ze £E M= HS
gyt
o MI/BEH 54 ANt
A2, HEM$2), Yasushi Nanish?, FDTD simulation2 0|23t Alg|7}
Oral QOo|FED3I)* 13:45 | L} FH|7} =SHE LEDS| & F=&E
1)3)M2Chstm 2)Ritsmeikan University 28 A4
Az, O|TAYY, O|AFY, LMED, AGaN ZZHEe| 9IX0) M2 GaN7|
Oral Hhd =D2* 14:00 | dtot WACIO|RES| &SN B/ T
n2)yEFutst7 | =¥ -4
Session VlI: LED =¥ 9 g% (HEHHAES-2) EhE c dUCstn BHAIE n
Invited (F)oAHO|Y =HALA QA AF | 13:00 | W J6lie] g HI|E
Mxjo|b, AR, x|-8M2, HEP) glo|x 7|E E2| A A LEHS 0]
Oral I, NS x2), gpgFhax 13:30 | 8% HIZE 7|8t {9t w3
D2)@Fatet7|=d 3= =8 0|2E A|AH X%
OIZ 4D *, EO|HY, 0|42
. oA DEAL TIA|Z/HO|M 2Al7
ol Waad, 83|, 2d3* ASdg0| Megst x5 LED ¥ A
Oral N 14:00 N
MECistn Aol chet nE
14:30~14:45 Coffee break
PO . Special Session (ZAEHTAAE-1) “KIA|C Smart LED 7|&"
o ETRI ZPEHF SfAb / QEtTiSta M@ @4 / UNIST ZFM as
16:00~16:20 WEA A4 U BN @EEHUAE-D)
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m AR 2E
HZAE
e =2HS ¥ HF
|_2
% 258 HE ST PSS LED 720 Chet FDTD HAEAL
POL | 2B, HEA, A
aurietn

P-02

Epitaxial Lateral Overgrowth on the Air Void Embedded SiO2 Mask for InGaN
Light-Emitting Diode

Eunmi You, Kwang Cheol Lee, Ahn Su Chang, Hwang Nam, Jong Hyeob Baek, and
Sang-Mook Kim*

Say7|sd

P-03

Properties of MgZnO thin films grown by RF magnetron sputtering
FAE2Y 2), FH=1) 2), 0|FID) 2), XHEH]D) 2), HA=* 1) 2)
DI et 2)LED-IT it gist A4E

P-04

P-05

Die-adhesive material 2] Z20f [}£ GaN 7|dto| 2 Clo|2Eo| EAMHS}

0|71, &Z 31, EM=Z1)2), &Atel)2)*

1)LED-IT ggtitlsl At ME 2)H sty
AlZ

P-06

%
M
fot
1o
e
-4

o
Azt ool Ao mE
A o

STt

P-07

Enhancement of the light extraction efficiency for GaN-based light emitting diodes by
selective etched nanorods
g5, #e2l), $d22), Ydx2), 47|32, HEE2), AR

DESOste 2)st=87|@

P-08

DCe} RF O}1H|EE ANE{Z HAloZ ZxHE ITOQ} p-type GaNO| Ohmic HE E4
X FEH]), dM21), FRE=D)*

DEutrysto

oo =

P-09

Reliable vertical-injection GaN-based light-emitting diodes fabricated with Ar
plasma-treated current blocking layer

o 5S4 A *
IC‘;txl_ll 7|:I°|_:I—|—

O

P-10

r2 | Hr Ao

Lo qr|2 >
nx |J
ra |kl

ot WEH GaN7|Ht YFCH0|E
&1,2), ®X[EL2), Sxt=l2)*
Mest g

=

N
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o

ot rn
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<, OH

N

=~ of
njo
o
o
of

[
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112 N B bo
Jo

El
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v
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olo

P-11

-based light-emitting diodes with GaN via electrode

ME, WEE, FUL, YEE ARG, 8, AR, U, HIY

o (o
= e
W oX @
Mo ox

|

hi

> T |08 =
)
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. =272 ¥ M7
Probing the effect of hole-injection on the efficiency droop behavior with GaInN
p-23 light-emitting triode
gHg, UFEY, YSY, USF
ZYSACHSw
TS J2E MIS TS T Clolecol I Y 54 B4
oon | FVIED YT, BB, YY), 25U, 201Y3), 0|UEI), SFL 4), i@
4), H&#2), 8F1347
DIMSHSD QMBS D YN
SX|xf Overflow LX|E ¢|g LEDIj7|X| £H L0 35t A
P-25 | iYL, A&z, 7|, HAIR, S8, e, dxfEL)*
Det=d7|sd 2T st
Light Emitting Diode (LED)Z2X}°| Graphene Oxide transparent conductiong layer d&
526 SH4E 91T reduction Yy AL
SOl BHS, B, AT HAW, 122, IFY, ¥, S
Heetn
GaN A 12 & LEDE 9I¢t %A 212[F 7|8 AlGaN/GaN XEZX MXFXICHEQ| X
%
P-27 jﬁoq HIZES ML, ZAET*
O oy = S —-Or T@o
el L
P28 Al/Ag FH 3o WE Lt U HHES S #H F=E 38 dd 751t
=9, A= 489, o=y, dE2
J8j% / PEDOTPSS EYHIS 0|88 GaN 7|4t WRCo|oco| HE U SHEN
P-29 | AES, HT, ZHY, YL, YT
BEs| & ¢
Reduction of efficiency droop and enhanced overall efficiency by graded AlGaN/GaN
superlattice electron blocking layer
P-30 Jun Hyuk Parkl), David Meyaard2), Dong Yeong Kiml), Sunyong Hwangl), Yu Dae
Han3), Ju Won Choi3), Jaechee Cho2), E. Fred Schubert2), and Jong Kyu Kim1)*
1)POSTECH 2)Rensselaer Polytechnic Institute 3)Seoul Opto-device Co.
aCjstn
High-Efficiency GaN-based Vertical Light-Emitting Diodes Covered with Micro-Rod
Structures
P-31 | HfE"#1)2), 45 3) stE42), FEI), A 1), ojdd 1), dd2 1), gEig 1), 4
=4 1), 3y 1), FIUL 1), #3Y 1), HE=x1),2)*
Dot=&7|=d 2)d sty 3)TSoistn
0|55 M3 =2l Micro LEDE 0| &%t CiHH LED X%
P-32 | ==, HEiA, AT, 240, g8, 483"
g bl e ol g
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Plenary Session (A E-1) Light-Emitting Diode = TV 2F Z=@ £ofo
10:20~1220  ZPE: O|SM m @FWEIIEE) | Toz MA HE HHQJl HoRm Us

dgolct. TV ol HtRFHO| HER=
[PL-1]Ci+7 GaN/Si LED 723t &8%t MY | nx/13|z LD = X&Hoz Msu 7t
O|SA™, UXIAY, HrE=RD, 0|57, UWEH™ O2ln AZiMo| ofsh =g ghn ok A2
er=g7IEe LEDATA R 2R, A AEE 2R SiEM D45/088 NE
2Veeco Instruments Inc. JHe HES A|SID, LM8O AlE mE AjE
Har M Zes MAS COIRE #FQ| | E3l0] RYA|E (S HES YHEstuX} siCt

GaN/Si oot gd3Xe=z JHHEX 100{H0|

& Az, AR JIYME 82X & 1=E | Session I: Epitaxy (HHUAE-1)
GaN/Si LEDA|H|ZS MAtsH= £Z0f o|23(Ch

14:00~15:15 ZP - B s (SHCiEtw)
AtItO[of 7|Etate] Z™OAM ¥ FEe| LED
NS AXIZ Ao HOlE GaN/Si LEDE B2 | pnvied] GaN 7|4t SCio|2E0jMel droop
TS| =y x = & 7|aH,
Sl SToR Ofel FOOF F VIER, | yasiz g 2 A7
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=450 gt o83 MO Cis =25 =L ZtANZ|7] Q8 MOt off| 7}X| "wHE =,
1) non-rectangular 29| =LAXE 7t% &
[PL-2] XtEX} LED 28715 X HY & HAKIE 0|83} W, 2) 482 GaAN £
AS AHBBIOl LYRES ol W, 3) (00013
OIZBFHRIA HAATHL = Cr2 AFSYYES 1N 7|HS A o
He AhsAs LD £F AZOL SHM |y 2o o mermol ois gmetn
=75 olo X|S}A EXlo| JpAl =0 ..
S7total loh, Aed Arshtel #e §5e=2 electron injector & 0|3 MXI9| overflow
SiHbS X|SH ol
oM Tl /o Ue A7 WYl M E AFsR B
Of2fzh LED HE BIZO| A R 7|&s "“This research was supported by Basic Science
LED BZ7t HEEL A= T=S A 2050 Research Program through the National Research
Oiet 7|lsoiglt M7 @Hse S0 st

Foundation of Korea (NRF) funded by the Ministry
of  Education, Science and  Technology
(2012R1A1B3000476) and was supported by the

[PL-3] Development of Light Emitting Diodes for Industrial ~ Strategic  technology  development
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[I-1] Free-standing blue light-emitting diode by
wet-etching method

Lee-Woon Jang®, Dae-Woo Jeon?, A. Y. Polyakov?,
Han-Su ChoV, Jin-Hyeon Yun®, Dong-Seob Jo?, Jin-
Woo Ju?, Jong-Hyeob Baek?, and In-Hwan Lee?"

D School of Advanced Materials Engineering and
Advanced

National

Materials
University,

Center of
Chonbuk

IInstitute of Rare Metals, Moscow

Research
Development,
3LED Device Research Center, Korea Photonics
Technology Institute

Free-standing light-emitting diode (LED) structure
was produced by combining electrochemical (EC)
etching from the front surface, photo-
electrochemical (PEC) etching from the back surface
and subsequent re-growth of LED on the porous
template thus produced. The EC etching resulted in
the formation of etch channels in the surface
portion of the starting film, the back-siude PEC
etching gave rise to columnar structure supporting
the entire film. When the LED structure was re-
grown on such template the underlying columnar
structure provided weak places for easy separation

and transfer of the film by mechanical bonding.

[I-2] Properties of Si doped (11-20) a-plane

GaN grown with different buffer layers

Y, B,

’ (=

Q2% Ufg, £8°

a0 A S
o Tro T _l'__Ogl-

[y}

doping 0f 2t
nonpolar GaN =t2tof CH3t

M7I1H 54
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[ I-3] One-step growth of epitaxial GaN films on
sapphire using ultrathin graphene coating layers
Jae-Kyung Choi?! Jae-Hoon Huh?! Sung-Dae Kim,?
Daeyoung Moon,? Duhee Yoon, Ki Su Joo? Jinsung
Kwak! Jae Hwan Chu! Sung Youb Kim* Kibog
Park,*> Young-Woon Kim,? Euijoon Yoon,? Hyeonsik
Cheong,® and Soon-Yong Kwon'#>"

DSchool of Mechanical and Advanced Materials
Engineering,Ulsan National Institute of Science and
Technology

IDepartment of Materials Science and Engineering,
Seoul National University

3Department of Physics, Sogang University

“Low Dimensional Carbon Materials Center &Opto-
Electronics Convergence Group, Ulsan National
Institute of Science and Technology
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Ulsan National Institute of Science and Technology,
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AEEeE dETH GaN=tato| HiAg oHF | H5ESYRD, O HE2E  impedanceE
SiEE 2ol = A/UCE JfEof H&eH | FSIRUCE LED rate equationdf 7|80t S719|2E
GaN &9t 20 P2 dTet GaN 28 | 0[85310 impedanceE fittingdtA 2, 0|5 Sdf
A0 =SYsH InGaN/GaN LCHEAXLEIAXE 28tXt =H(differential carrier lifetime)g 25 =
FE5l0 RARRH LREARIRES 22 = U UAACE gez2 FEs MR ME
0, JdefEE AZBLE o GaN  HiEio ARt 220t Aol Ed, HEd HEd
TRAA0e| 387IsdE &olg 4= AUUCH F=Pg 22lg = USS EJCE  droopo

AEEl= OXFE Ad9e=z Zo mEt EF
Session II: 7} gl A2l (G AE-2) MEg+H2 Zope|X|DH HZE HEg =32
14:00~15:15 ZpEb : vHS A (ZQCishm) =249| HOtE S =el5tRict

[nvited]X|2 LED E2XH #A MA 9 M= [O-2] Investigation of carrier escape in

— = x =

HiH of L InGaN/GaN light-emitting diodes under open-
0|8& HiA} and short-circuit conditions
SHE27|&9 LED HIP7|&ME ASH LY =8F
A2 ZUYQ™MoZ LED ERZXHo| st e | =1rE7|sd S2lstnt
ARS0| FSE T QICh of AEL HQstn 2  JdAF0ME  LEDQ| LHEUXIHZEIQEE
QA= LED Z=H EMg zorstH Aoz | HHOQ), THEKSO) 2(=0M 242 245t
HZ0| ZHEsEA 0|20 K| YX| L2 Azt 1 XIO|E 0[85t0] AALEQWs)OA H| 2
ohsll oz =EHEIIES Cost, Reliability o X A2t(non-radiative recombination)S = H|-&1t
2QX QA E Q01ES 1 0|92 BT QICk L7 M5t Hlg2 FIEE AL £
H oM s A|ZHS SHE|SIOILEDXE &0 UACE B O AME gfo]  FHHE
HOp7 2 £ Y= CH2 QoIS sy oist | HESZTR (photocurrent)| Zeflt XS
ZDb 90 Sf oo Cis) Yor= At Sict E3| | EYALRAM A0 B Hes =HOF £ UKL
LED Z=Ho| HEE Mi=Z LHESHK| XSHA dt=
=% 34 M7 7|12 Y AS ™®It 7|20 Cfst [O-3] Enhanced color consistency of phosphor
opZIE  KA|S}E SiCh S ZEAo=z film conversion for white LEDs
Ol#f7} &I Q& Mesopic Photometry % HFSSM, DAY, O[A M2, =g
Adapation Field Definition0j| CHSHA = 271 staxt | VeH=&7|&8, 26 Eistn
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[I-1] F7|X dhHo| o|8t LEDS| 2ukx} £ | 7[#el HIEES HM=sta, JEEES
=X uniformityS  E7}SIACE FEAEES  Vertical
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Session II: 2%}

[ - [
15:30~1645 I% : AZI @4 (FHRAA7|STH@)

[Invited] AlGaN 7|gtoJUV C LEDE EH™=
Zepz ma

DEChstn M| HAH IR S

Ultraviolet (UV) LED is one of the eco-friendly
optical sources with various applications for
different wavelength of the UV A to C regimes
(200-400 nm), including sterilization and high
color rendering index lighting areas. According
to the Yole's latest report, the UV lamp market
is currently $300 million, but it will grow over
$500 million by 2016, among which UV LEDs
are predicted to take nearly one-third of the
lamp market. However, currently, the external
quantum efficiency (EQE) of the UV LED,
particularly in UV C bands, is extremely low (5-
11%). One of the primary reasons for this low
efficiency is a large absorption in narrow-
bandgap contact layers for ohmic contact. For
example, in UV C LEDs, most of the UV light
generated in AlGaN-based multiple quantum
wells are absorbed in a p-GaN contact layer,
which is typically required for ohmic contact,
when the light is coming out of the LED chip.
To fundamentally solve this problem, we
should obtain a direct ohmic contact in the p-
AlGaN layers using UV-transparent conductive
electrodes (TCEs). However, with conventional
ohmic methods, it is almost impossible to
make ohmic contact and therefore no report
has been made so far. In this talk, I present a
universal method of producing transparent
electrodes with high conductivity and high
transmittance in UV regimes using conducting
(CFs)

between the TCEs and the semiconductors,

filaments providing a current path

which leads to a large reduction in their
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contact resistance.
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[II-3] A study on the performance of GaN based
LEDs hybrid
transparent electrode
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[IV-1] Depth 7IH|2IE
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K& FHsto] &=0| 2 =F S Mojste A0t
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SIRACE =& Moy st ®(Map) O|0|X|0f
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S Z9= HE2Z H O|0X|E44e ez
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[IV-2] Improving Fluorescence and Quantum
Yield of Quantum Dot Light-Emitting Diodes by
use of Metal Nanoparticles
HsiA, Song-Mei Li, Isnaeni, Z8&"

Department of Physics and Graduate School of
Nanoscience & Technology (WCU), $t=1}st7| =2l
(KAIST)
Quantum dot (QD)-metal

hybrid structures on the blue LED chip are

nanoparticle  (MNP)

fabricated in this work, in which QDs are conjugated
with Au and Ag nanoparticles and the distance
between QDs and MNPs are separated by a thin
layer of SiO2 spacer deposited by a sol-gel method.
Enhancement of both fluorescence and quantum
yield (QY) of hybrid QD-MNP-LEDs using different
sizes of Au and Ag nanoparticles are obtained, due
to the contributions of field enhancement and

Purcell effect, respectively. The results of this
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research indicate a potential for improving the
brightness and the quantum efficiency of QD-MNP-
LED.
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[nvited] =4 InGaN %XIE 2f|o|XcClo]|2E9]
50|50 FES O[X|= AXIE2 =t
1AM Akio Kaneta, Mitsuru Funato, Yoichi
Kawakami?, Takashi Miyoshi, Shin-ichi Nagahama?
Vo7& @ LEDAXIATAIE

IDepartment of Electronic Science and Engineering,
Kyoto University

INitride Semiconductor Research Laboratory, Opto-
Electronics Division, Nichia Corp.
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[V-2] Improved heat dissipation in gallium
nitride light-emitting diodes with embedded

graphene oxide pattern
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Nam Han!, Tran Viet Cuong!, Min Han!, Beo Deul
Ryu!, S. Chandramohan?, Jong Bae Park? Ji Hye
Kang*,Young-Jae Park?, Kang Bok Ko?, Hee Yun Kim?,
Hyun Kyu Kim?!, Jae Hyoung Ryu?!, YS. Katharria!,
Chel-Jong Choi' & Chang-Hee Hong"™

DSchool
Engineering,
Center, Chonbuk National University

of Semiconductor and  Chemical

Semiconductor ~ Physics  Research
2 Korea Basic Science Institute (KBSI), Jeonju Center
J2jE A2 D EES  LHX§A|Z{ GaN  based
LED2| & "= VS 5 oF ==0|Ct

Jdefjm  LAo|E method2}t
2t Q| photolithography 0|83t
AMIROIO] - 2l0f IHE{dES getdoz
Jd2jm 20 GaN templateZ7t @MHE|7| o2
™= miE{d1t ELOG (Epitaxial Lateral Over Growth)
techniqueZ 0|23l GaN template &/ Sl LED
2AMAS SHRICE O|FA &XHE HMASH
X @ E4E HlW otRa, LEPN QL LEDO
Hs{ 22iE ttekE TEO| LiX|E LED2 junction
temperatureZt 2F 25% Mkl AS

AALE. Ol2et  Ol7:=
M0 CHELEDAXILYS] B WE 2tz =
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[V-3] Improvement of crystal quality in semipolar
GaN layer by using self-organized nanomasks on
m-sapphire

Yongwoo Ryu, Joocheol Jeong, Jongjin Jang,
Kyuseung Lee, Daehong Min, Jinwan Kim, Minho
Kim, Seunghwan Moon, Geunho Yoo and Okhyun
Nam*

LED Technology Center, Department of Nano-
Optical Engineering, Korea Polytechnic University
We verified the effectiveness of SiO, nanorods in
defect reduction and luminescence improvement
for semipolar GaN. Semipolar GaN layers grown on
SiO, nanorods had much lower defect density, a

fact that was confirmed by XRC measurements.
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Moreover, the CL intensity of SiO,-nanorod-inserted
GaN layers was approximately 9.5 times that of
reference GaN layers. Further, the IQE of the QWSs
on SiO, nanorods was approximately 26.3%, which
was 80% higher than that of reference GaN layers.
These observations confirmed the improvement in
the crystal quality of semipolar GaNlayers by the

introduction of SiO, nanorods.

Session VI: ™7}

10:00~11:30

[Invited] Light emission of

nanophotonic and plasmonic semiconductors

properties

ZES| W
CH7 2 20kt 7| 2 2(DGIST)
Nanostructured

semiconductors and

plasmonic materials are stimulating intense
activity in the area of photonics due to their
unique ability of tailoring the optoelectronic
the

radiative properties of light emitters with

properties. In particular, controlling
engineered materials/structures has been of

great importance for wunderstanding the

underlying physics and designing new
optoelectronic devices. At first, we will discuss
the non-thermalized hot luminescence in
single semiconductor nanowires coupled with
plasmon nanocavities, which is absent for
simple photonic semiconductor nanowires. By
tuning the plasmonic cavity size to match the
cavity mode resonances, an almost complete
transition from thermalized luminescence to
hot luminescence was achieved, which reflects
exceptionally high radiative rate enhancement.
the

the

Time-resolved measurements for

plasmonic  semiconductors  showed

excited-state lifetime shortening by a factor of

103, resulting in sub-picosecond lifetimes.
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Finally, we will discuss the one-dimensional

Yang-Seok Yoo!, Song-Mei Lit, Je-Hyung Kim?, Jong-

exciton polaritons with size-tunable and Ho Na? and Yong-Hoon Cho’
enhanced coupling strengths in photonic DDepartment of Physics and Graduate School of
semiconductor nanowires. By using the Nanoscience & Technology (WCU), Korea Advanced
polaritonic characteristics, all-optical active Institute of Science and Technology (KAIST)
switching was demonstrated in individual 2LG Innotek LED Devision, LED R&D Center
semiconductor nanowires. This indicates that S J|mob D = Ao Z7|E I0M
the intrinsic optoelectronic properties of MZEEl InGaN 7|EHo| XMAH |EDO| && X o0
semiconductors can be engineered in a CH®t carrier dynamice| G E TIAGIGICL H|E
desirable way and is important for e = 7|ZF QoA MZEH=l LEDO| 2|8 X}t
understanding and designing  nanoscale e O MO EUX|TE HH 7|z 0|23t
materials with novel properties. LED of HI3}o] O Mast &8 XNolel EHE
ERCE Al 2o E€F =A QARRH 2=
[VI-1] InGaNFA 'ZACIO|RENAM E2X | & ZzM2s HnY S22 TR 4 AEM
£489 12 2k o&Y Zo7h E HHE, H| 2 Z2MAsE SIS
Y, otEmy, ZAEYh ZuFY AR, | et olLts AIESRE ZAdts AS
AUSHY, dEeY gt MR s A% ok CRefet
RlaciE S ami Sy [u oim] =M 2RE ZEXSIS] 545 HANLEZ
2 oS L2EU0IREE 120Me S | 2ME g 7t AU
£40| e I X1 Ak = AFM=
J20MFE D27 SH2EE HFHAZIH | Session VII : AKX} (DA E-1)
WeSAes  dFAY  NY-EPEE | 13.00~1430 ZpEH: HO17| @4 (EMOEm)
YHEA, 2HEY & 4T =2H EdsSES
HAMSE ZALSIO EQUACE [Invited] Damage-free sputter ITO
transparent metal electrodes on p-GaN for
[VI-2] &zt fx0| &¥ CIo|E HIZfat £ GaN-based LEDs
olE7|, NS, RYF, Zelar M D4
B85 Cietul ™A | d et SHCfStD QIAFEKFZ S} (WCU)
&g CHO|RE(ED)oAM =g TRl = Indium tin oxide (ITO) is commonly used as a
St maks X0 ds s fE E5 /1 transparent electrode on p-type GaN in light
S OfLtO|Ct. Hlm Y TF =HH0] LEDARS| H2 emitting diodes (LEDs). Because transmittance
=9 52 UF 5= € Y 121 M=l and specific resistance of ITO film have a
aas RS A2 2L 2% KEHS significant impact on the efficiency of top
SO10] LED AAfo| Fxef M3 29| Htz emission LEDs, various vacuum deposition
oot 21S st ACt

[VI-3] Carrier dynamics of efficiency droop in
InGaN-based blue-light-emitting diode grown on

patterned and planar sapphire substrates

26

methods have been studied to grow a high
quality ITO film on p-type GaN. However, due
to the plasma damage in ITO sputtering
process, e-beam evaporated ITO is widely

used to make the top emission LEDs in spite
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of its relatively low film quality. Although a
sputtering process is well known to obtain the
best quality of ITO films, it cannot be applied
due to the degradation of p-type GaN
through the impact of high energy particles
O, In, Sn
plasma. In this study, the properties of ITO

such as Ar, ions or electron in
films grown by plasma damage-free condition
will be shown. Especially, the enhancement of
LED efficiency will be discussed applying a
novel design of damage-free ITO sputtering
process. Furthermore, the mechanism for
forming a low resistance ohmic contact to p-
GaN will also be discussed.

[VI-1] Xje|M 2ario|2 E8 ITO/Ag/TO 7|tk

FEE 2= £Y MY HIQ HI/FEN
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RTA(rapid thermal annealing) €X{Z|
CHSH A
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SRENT N N EEYY

LEDO| HE8H = ts8s
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IDepartment of Photonics, Ritsmeikan University

INSHEn 87

ATM oA T BHOR HIZY

TLEDS| & Eds ATl sty
ol=Xoz M7t Lt FHE GaN ofm|=0
HYSIACE GaN of|mEs RSl 2|7t Ltk
THE0l & FE mE 3710 O0Xl= dg2S
o H7| 2QSIFDTD (Finite Difference Time
Domain) simulationS $=3s}QCE 0|2 Ed|
Al2|7F Lt PX|Qlcoverage, 2 GaN
olmsate] =BE XH0|7F FFE 280 0Xl=
St=S AU

[VI-3] AlGaN I7t52| fI%[of WE GaN7|itgt

LIYTIOIRE0| HEN 54 By
LSO, 0T, OAFD, Y2, T

FFEE e MAN SR

ZFEe s L HEo| X 2 M A5 St at

2 970ME  COEYRREHE AlGaN

MAIEEZ, p3d GaN & ALO|O)| AlGaN Z7+59

X0 ME  LICHOIRE  EH0|  Cidtof

ZAE|QICE A|Z201M dut OIS YRS 7R}

AlGaN FXFEIEZ  AFO|0] AlGaN =7t=2

et LEDZt MELHe| OHXIE =0 TXiC|

overflowZ O3, JFEXICHO] OUX|E W
ISt

20| 7tses =olg = UAULL

mAOA FF TO0| 363 VOIAM
EMo| M efficiency
Ct.

Session VI: LED = 5! g8t (HHHAE-2)
13:00~14:30 ZpE . GUCshn BHAIE m
[Invited] % 36li2] K1t HIP|E
EoAHO|M =HATA QAT &Y
AEofet S0l Qs msit RYEe dd
olct. dasie A U 7H| RELE FE2L



Yeungnam University, February 26~27, 2013

7™ LED and solid state lighting conference

oK W ool ool & oM f © of © 44 of ou of HI oo o o
_ K- ® X A5t Ol X _ KOOI 0% ou ol R . RO S o il
B _Froadxpg N BN a3 o B T B I R TR =
< o0 . K~ ol — {0 __ =0 A=__ _._.__l H0 D - T0 u |7r_A = 0
o o D @ oo f = — w0 < o7 Py ou EY d
RO M = g T o5 B B DT mmu T W zoRlof »or W 8
W 2wy~ T PO IR - R
il N |_.1LI|J|| v - —_ = _ =N = —_ 1
El ﬂuﬂ_zt%ﬁo_DM o BN T o m & 5 ™ mjo| ™
_._._:Ix_ — =1 W H gy ...ﬂ*lé__ﬂn_uxo:_e%uzmmo_emgou s < E :
o K X7 oG T oz RE ol D44 5 5 & K g N 2Rl A D il u
5T oo = = = | RO nr = MW o Fo 0% il ot L )
ol gr ® W do %0 O o Bl gy = o & 4 of 3ur g el =
ol DME g g WGBS W gy o 8 F Y NOR
~ %00 @ og — H o @ ©l o @ K< o g - M0 #3 o gr UL ol [ (a] To
L Pur g SHY_F W Fmmg W e r oS wed HEH
™ TN © HOZuoopook O - o__ll_n_a_wzﬂri o c| ¥
o 5 H 8 . g s = > O 0z o1 = o S MR W F N 9 E a
< o RSN gy oM WpE e E T W k2o gy D g 7] E I
o oo & N o ol ol <Y %0 M T N o BU S TR -7 @ V) E
m o o ¥x A BT oAy L alg £
J— J— ] el p— o o TN = e
B I e B R 1w G - SN B | I T~
10 o N N X R OHO oo &= ol T o 4 KW E uo or & o mu o o - Ol 2 = -
%0 B3I of Mo g <100 g TE IO Moo Wb A0 O K RY TR EO EO N 8 X d
- N 0 K0 ®Rr A N & uwo oo = o k! XM BI Ul g1 © ®0 T K- K| 81 K K ™K vl X 3 v,
o 0 Wl oW g ool TR W WX A B O g A %l
z o d < K B W BB A S N L B S0 gy Ul B
! =y o = L . @EAeo_no_nwgo_.m_h_M_/n._,ﬁq _ &M
M WA.OH |rL o__._._ _.__ B M_W_ﬂ _A_._._ H__n_ ._o_“ =.___._._ _A_._._ m ° H ._|A.u|._ In.UI W_W —UL %
™ 2o 31 - Mo mWo Cm T <k E ouw HE B < =<
< N A d z 2 wE ey, o L Wm W oy
s = SR S woN o ool IR T gy o =
=i h = - W Ts B meeZpg® g A o
< © RE . FradErgngg®RrFLee o F o
- —, 1 X 4! = hdf = U o ~l =
W = L Ir &i_._.ﬂmﬁw _AAEE____W_F_:_EA_.M% " N
oK Ol gl P o m¥BLVoET oy ERA R XX fil
o3 8l 3| TR K =— o @O S K o = Ml = N <0 T
" 1K R =1 = = 2 0
nd ok m._lM._A._m.ul@r_EEueﬂEA._me._Dlmﬂﬂ o o o K
ol o M g, J-dgEEN g Tohgr % oo "
@ Ub ~ ol _._m R o8 ou o TR E R o) ol T o <1 o T ofl )
-~ o 3 du < op M o KLl I W o oo A
B o Ry w28 X8% o s oo ioeguiix ™8
F0 1° 1T KRN oo < < oK 0 K 2 ] ©
0= 5 = NN S < 0 o = - K & 3
ol H %l 2 S N o o = 0ol of =) = " m@ oF
Rl Tl e EE LT X_ 990 Mo &S ROz g
RT K T N N P = N R o
SR B BT ORDRO0 Gy gp py g D000 LB A0 RO KRN XS X g M ol
KF T 1o = /Kl T /A3 & F Mo ~ ~ 3 3 = IH AU KR! N gd K] = o & S

28



Yeungnam University, February 26~27, 2013

7™ LED and solid state lighting conference

T ol 3%
%mmwm
Ul Kl =
5505
..M?Emo
— 1
wm_r_____._l
0 T B8l
msmeWJA
S oF gy O
0
Io_EEM_
© X0 mi __
Zr a0 Ol
= uh
o B 5 &
WWU_WLI
Al oz U
U =
ROR®D
& R WX
M ol 8 "o
CRMWTEFTET LI D NoplE Mo ® TS < du <+ or o %
ol 0 domm X S T K B < ol O R K M o5g W o of wo 50 I . BO ml oy
zou__/l_/mur_._._o._klAD_A.__uMn = .mu_LnD_/lLluexe._ﬁ_._._o m_.oa|=_x._u7u
= & NN - B R o m_HTwWm o, 5o a3 2
= 0 o B L T < W= SR s m OF o K 2 Aoz m
= = = o _.An_ ~— o 2= o JIE._O — e < ol 0o
&K~ =THK W = FHo ~ e i o S W o - 0O 3l - = PTI
PO ooy BT XX o EW Mg T @mITEE & g -
7ol_:_._mﬂ._a___x._ol_ﬂmmo_/.mm.ﬂ_L o _._mL___o7_u_.WE_=_u7nAa&._:| IH DT
T g Do e 8Re =~ 2 ME i ndg U R
Wdpgoglghes598 4 ootz g ¥ T DR IR
S mboussusoEEa T GeRiteEEUE 3 EX ol
o L o = o7 ol 3 oo Tl L oo o 3. < = @ O Tl T
WI.__A._JxA_ar_/_..__m._E_W.__.nruomomorw._r__mH AME_N_HLmeﬁé_me.I._m.__H o|._ W._Mﬁﬁg_._ﬂom.o
Eaomr ™ smIOMITYRSY domgayg R2F Wy 0 T ol n R
o e e o~ Mgl U < o_ommzouru/uxl.% o = M ° < = _, oF K n° W K
Kir 10 = S © 10 —_— e om < T Ko7 =) - = oK
m_ﬂﬁﬁdol_ﬂ%mosﬁ_m_um%m;_oﬂ M._ix_in_ﬁ@___M_oI_WLr_Lm%_/ R o
(DN |__AI - — ﬂAIll < _— = = (o] -n R0 ™
U B N — = RO x._men_Al, N I =_._o§o ﬂAlo._m_.o_EoE_o._UE.eoMDA_ K ﬂlo:AExW,L
= o H = ER o ok i [ # %0 o 2 7 . ) =@ U
_n_.__.A.__.Am_.OA_E - K ar S = 0p (v} - Kl = U =~ RS T} u ~ dl
£ = T I = o W3 K = K . H - O e Kl
o o K1 o o| ol S Wl o ~ OH T T o O o W o 1o m G K dr X
oo ondo XUWTES MIJ o M a X0 J0 MK T H o ® oo B %0 oo = a 895 o oo T Rl¥E
N O EXIFOoOKENS L X W K| 80 ¢ ~ K ol Y ®\ <0 &I M- oo < Y S < of KO oF

29



7" LED

2013. 02. 26 (=h

Poster Session (Z58HZo|5 2& ZH|)

16:45 ~ 18:15

0|7 RISt A0l

of 7| =HO gE2 miHdsts

(patterned sapphire substrate : PSS) 17}

o] THED UACE 2XQIRR WEEK
A

o
CtSErAret dheteid S

OF

>
- T T

=1

. —

Ok

41 mjo rE Moo omi

S1 0| A{= PSS LED

2 ox up rr
>
—h
3,
=
®
o
=
@
D
o
(@)
D
=,
3
®
o
(@]
3
o
5

e P oo

il
mjo
>
oo
e,
2
>
=
o
>
]

o

[P-02] Epitaxial Lateral Overgrowth on the
Air Void Embedded SiO, Mask for InGaN
Light-Emitting Diode

Eunmi You, Kwang Cheol Lee, Ahn Su Chang,
Hwang Nam, Jong Hyeob Baek, and Sang-
Mook Kim"

Korea Photonics Technology Institute (KOPTI)
We fabricated In,Ga;-,N multiple quantum
well (MQW) light-emitting diodes (LEDs) on air

void embedded SiO, mask using a simple

30
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process (silver (Ag) deposition, SiO, capping,
and high-temperature annealing). Ag was
volatilized in the MOCVD process and formed
air void, as revealed by energy dispersive X-
ray spectroscopy images. The light output
power (at 20 mA) of the LED using epitaxial
lateral overgrowth on the SiO, mask (47.8 %)
and LED with the air void embedded SiO,
mask (96.8 %) are enhanced compared to
LEDs.

measurements, the enhancement of LEDs with

conventional From reflectance
an air void embedded SiO, mask could be
the

incident angle specular reflectance.

mainly explained by increased high

[P-03]

grown by RF magnetron sputtering

Properties of MgZnO thin films
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[P-05] Die-adhesive material 2] S /0| L2
GaN 7|%to| & Cjo|2EQ| E/4H3|
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o =
DLED-IT S8 A3t HTME 2FHCistm
HA-Z St
Die-adhesive material ©| £Z0| M= LED

chip £429| Halof &5t0f A SIAU2H, Si,
Ag-paste, 1000 x 1000um?> GaN LED, COB type
MCPCBE AtE SIGLCt paste Azt M =,
LED chip@| optical & electrical H|W S}H 2,
chipQ| thermal effetE HiA|SI7| 28 1A/mr
O|StO| M optical & electricalEdE2 53
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[P-07] Enhancement of the light extraction
GaN-based

diodes by selective etched nanorods

efficiency for light emitting

We have demonstrated an enhancement in
the light output power for the GaN-based LED
with and without nanorods in microholes. The
forward voltages of these LEDs were similar, at
about 3.8 V at 80 mA. The light output powers
of the GaN-based LED with and without
nanorods in microholes are enhanced by ~43%
and ~15%, respectively, compared to that of
the reference LED at 80 mA. The enhanced
light output power is attributed to the photon
wave-guiding effect and scattering through
the nanorods in microholes, by the decrease in
total internal reflection to improve extraction
efficiency. This

study proposed a simple

method for enhancing the light output power
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GaN-based LED

microholes with nanorods, using Alumina by

of via  incorporating

the spin coating method
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[P-09] Reliable vertical-injection GaN-based
light-emitting diodes fabricated with Ar
plasma-treated current blocking layer

=N|
e ]

Yoz, gss

VHEstn BHEK-SfgE et

This study employed Ar plasma treatment to
selectivity damage the highly Mg-doped p-

GaN surface and hence to form current-
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blocking layer (CBL) for the fabrication of
reliable vertical-injection GaN-based light-
emitting diodes (LEDs). The optimized Ar
plasma treatment was found to effectively
the

suppress carrier

hopping
contact can be produced. Accordingly, the LED

transport
the

through

conduction, i.e, non-ohmic
fabricated with Ar plasma treatment showed
~5% brighter emission as compared to that of

the reference sample
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[P-11] Flip-chip GaN-based light-emitting
diodes with GaN via electrode

OBV, B, FEY, wEEY, FILY,
| ARV, 23l AR, 5D,

VSR T 4R LEDA K TLME]
We report on the flip-chip with GaN via
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electrode for GaN-based light-emitting diodes
(LEDs). The GaN via electrodes with 90, 70,
in the LED device.
For the fabrication of flip-chip LED(FC LED)

devices, Agln reflector layer was deposited on

50um size were fabricated

top of p-GaN by lift-off method by using
electron beam evaporation. The LED devices
were characterized by conventional LED test
system for fabricated FC LED.
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[P-13] Light extraction improvement of LED
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by ZnO nanostructure arrays
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[P-14]
Ti/Al/Au Ohmic Contacts to AlInN:Mg/GaN
by

Carrier Transport Mechanisms of

Heterostructure Parallel

Network Model

P *
HEED, gy

Analyzed

VHELfEn Bt A stetSats
The carrier transport mechanism of a low
Ti/Al/Au  Ohmic

AlInN/GaN heterostructures was investigated.

resistance contact to
The Ohmic contact produced upon thermal
annealing was due to the generation of TiN
contact inclusions with a density of 2.8x108
The

resistance of channel layer was found to follow

cm?, ie, spike mechanism. sheet

power law, yielding the power index of -1.57.

Temperature dependent contact resistance
could be understood based on the parallel
of distributed

TiN

network model consisting

resistance  components of contact

inclusion (predominant) and the rest sound
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region (negligible), giving the barrier height of
2 A=, GaN 7|Hto| LED

0.65 eV and the carrier density of 2.3x10%* cm-

3 at the TiN/GaN interfaces.
[P-15] Properties of ZnO/MgO/ZnO Layer by

layer thin film deposited by RF Magnetron

sputtering.
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[P-23] Probing the effect of hole-injection
on the efficiency droop behavior with GaInN

light-emitting triode

S8Y, BESY, ASYY, UEFY
DEEBICsD MRSt
In GaN-based light-emitting diode,

asymmetry of hole- and electron-injection

efficiency into active region is considered as
one of the main causes of efficiency droop. It
that the increased hole-

was suggested
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injection efficiency reduced efficiency droop
behavior of light-emitting diode (LED) in our
In this work, we further
(LET),

fabricated on conventional LED wafer. Not only

work.
the

previous

analyzed light-emitting  triode
the modulation of anode-to-anode bias, but
also temperature dependent recombination
behavior of the device provide with key
the

efficiency

information for elucidating relation

between hole-injection and
efficiency droop. We systemically analyzed the
recombination behavior of the device at each

operating condition by using ABC+f(n) model.

[P-24] EtUZ JE M3 T8 W ot
ol2Co NI U 54 £
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vapor deposition technique)2 2
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Oxide(GO)E LEDQ| Transparent Conducting
Layer 2 S83}7| 28] Graphene Oxideo| ™
71N BeE 452 HAATIT Sle Goo|
reduction 2 ARSI CHfot B
reduction 22 S H|WSHALCH

[P-27] GaN #| D& & LEDE 9|3t QHH ¥
12|F 7|4k AlGaN/GaN XZX} HMX[XIcHS
o] %|Hs}

UsG, H9EY, 248, 43
ZSist i MAXHS St

We develope AlGaN/GaN superlattice (SL)
electron blocking layer (EBL) optimization

method based on genetic algorithm (GA) for
high-efficiency GaN-based light-emitting diode
(LED). GA predicts that SL EBL with gradual
increase of Al composition toward p-cladding
layer would show the best performance. Then,
LED with optimized SL EBL

numerically investigated by in-house device

structure is
simulator to figure out the origins of its high
the

high performance originates from

performance. According to numerical
analysis,
enhanced hole injection, carrier confinement
and carrier overlap due to small polarization-
induced positive sheet charge at hole injection

layer and EBL interface
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[P-30] Reduction of efficiency droop and
enhanced overall efficiency by graded
AlGaN/GaN superlattice electron blocking
layer

Jun Hyuk Park?, David Meyaard?, Dong Yeong
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KimY, Sunyong Hwang?, Yu Dae Han?, Ju Won
Choi®, Jaehee Cho?, E. Fred Schubert?, and
Jong Kyu Kim?”

Science and

D Department of Materials

Engineering, Pohang University of Science and

Technology (POSTECH), AFuture Chips
Constellation,  Department  of  Electrical,
Computer, and Systems Engineering,

Rensselaer Polytechnic Institute, *Seoul Opto-
device Co.

We present an AlGaN/GaN superlattice (SL)
electron blocking layer (EBL) with graded Al
composition as a promising solution to reduce
efficiency droop. It is found that GaN-based
LEDs with AlGaN/GaN graded
(GSL) EBLs show reduced efficiency droop as

superlattice

well as comparable or even lower operation
voltage compared to LEDs with conventional
bulk EBL, while LEDs with SL-EBL with equal Al
composition showed higher operation voltage
than LEDs with bulk EBL. These improvements
in device properties of LEDs with SL-EBL are
attributed 0)

superlattice-doping effect,

to high hole concentration

(ii)

reduced barrier height for hole injection by

enabled by

graded Al compositions

[P-31] High-Efficiency GaN-based Vertical
Light-Emitting Diodes Covered with Micro-

Rod Structures
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= [ !

e
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Mgfeta R BStaPE S sta
ot
The periodic  micro-rods (MRs) were

constructed on the emission surface of GaN-
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based vertical light-emitting diodes (VLEDs) in AloIg=D,  Ke Wang?, O|=#HY, Yasushi
order to improve the light-extraction efficiency. NanishiP?), & o|Z&=D3)"

It was experimentally demonstrated that the DMEnistn j23stE WCUSIO|EZ|E XIZ
light output power of the VLEDs with a ™Z, 2Department of Photonics Ritsmeikan

periodic MR (MR-VLED) were enhanced about University XML 887|212 o4 X|EHE
15.6%, compared with that of the VLEDs with NEHFTAMEH

randomly textured surface (RT-VLED) at an [I-nitride A €9 HIZH =9 LCIYst 2822
injection current of 350 mA. This finding QoM 2 SHE 7t EM Xjof ME MHE
indicates that the photons emitted from the SHAE =E290F 3iCL. 0|F Lol & A0
active layer were well out-coupled at an n- NMe DEZE9 X2 GaN layer& 4% ol7| ¢
GaN surface having a periodic MR structure, S| A pre-depoisted indium layer& O|&%l=
resulting in an increase in the probability of ME HiHe ToF SHgCE 2 9ol AqE
escaping from the VLED structure. S3| pre-deposited indiumO| X2 GaN o] £

82 37 Ty A7ls A ol sect 2

S HO|A = pre-deposited indium2| AR S &
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[P-37] Nano-columnar X2 GaN 2
semi-insulating GaN layer’d %

ZEZFED Yasushi

o|gst
O[S, Moy, ASH?,
mi 1.3 Qo4

UMSstn M Easte
TSRS,
Photonics, Ritsmeikan University, XA CH& &
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We performed the reliability test of LEDs as a
function of dc stress current (100 and 200 mA)
and encapsulation of packaging materials to
evaluate each contribution of multiple
degradation kinetics to the overall optical

degradation. The optical output power of LEDs

was shown to decrease rapidly with stress time.

These behaviors were more prominent when
the dc stress current is higher and the LEDs
are encapsulated. The reverse leakage current
becomes more increased at higher stress
current. From these observations, we could
find that the degradation mechanism is closely
related to the generation of nonradiative

recombination paths.
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