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Akt a2jpg 44 44=E n-GaNoj T3 10 [
H AE A7)E ¢ ojHck

g 72 n-GaNe| ¥ A¥ Ryncav = 32 [/]0] 3l
Ni/Au®} TME § g mE HF E2E HoFn Qlr}
o A3} 32 [V, 18 [0, 283 10 VO] Ztz- TME
9] =7 110 nm, 200 nm, 1837 360 nmoj |3t Aotk
Rane = 18 [V B g4 F&H TMEY F7| 200
nmo]| th3l] &% ZAFolch n-GaN ¥ A ge] wWstef nls)|
AT bl oA 92 tha AR TME | A9 &
7hof uhel AF e dojute AL B £ Jdth ol
n-GaN ¥ A& 7p7tgi o] met a9 pn HE thole s
oAl Mt A} FARE EEE YEehY 7] mEo|c). 37
gk 9Fe TME FAZ I3t W A3e] Svhe AY st &
A A 2ng F7AIF Bt ofz) joule Hefl 23] A%}
o] AlZ|gdg "dojemd 4 gtk 28| H A fgAE o
°7|& TME %A $7h= 498 AF SXE of7|A7H
g ZNA HEHE US Fshe gol F718HA "ok 1
oz dAF gk Agan, a2y o] Eukg-g 13
A TME FAE ZAAs|of 3ok

13 8& p-GaNi} TME Alo}9] contact #3}of wE AR
BxE2 HoF 9jth Contact A2 LED AX}9] series A
o] RES Atz 7Hs 22 gk fASof g
Contact A&} 5.0x10° [Qem’}= p-GaN 1x107 em™9] =3

4 6
)
3t s,
s 1o g
2 z
o 2 2
S o
© 12 5§
> 4l 2
=
(o}
0

0 5 1.0 1.5 2.0 2.5 300
Current [mA]
1% 9. AM GaN/InGaN LEDS] &4 H HAF-Fite] EA4.

F=o daf AdHew 49 oty & ARE E017]
I8t contact AFe] Ha= 238 LEDY &4%5 F9l
B3 AR BXE oA £ SUSE 19 8(a)RHY
2 4= Qlt} vhA contact Ago| F71gtol whel FUg AR
225 9& ¢ I3% 19 8> EHoFa Qlth ole
n-GaN % TME®| W AF9 o] AfH oz ZoE7]
mjgolch. BlAIRt contact ATe] F7H: B AR FrhRe
oh]a} joule olE HZHEH FFL Fol £7bo] 47 W Al
24 A3kg B9 dolvh I8 ERE contact A 7HeRt
FolWA YT WF S BE WAL M8 sof Tk

a9 on 2 ATold AR w4 P22 GaNinGaN
LEDY]| i3] MF-HdT AF-359Y E4& vehiz ¢l
th AZ2PE LED AR 20 mAoA 325 VE Uekith
29 108 W% 710l Teh ZHE BAMHEL) AHEY
2 BolEth WA L I - 5 mAZF) ok 22 Hol(blue-
shift) F)%lom Ir = 10 mA OJARE = 465 nm 3 IA=A}O
2 {38 112 oA AAE F2 aleu|EE
ol g3 AP AR Bxoh A4 AZHA 2YH LED &
Apo) Wy E2g HARI vk AToA £ 4= kol W
25 Yoz g ¥ 92 n-H= FHollA Hojxj= vt
A oFg HEL p-Aa BAE FYofA etz E4Y
bt B g BojRa Qlok a3 AFE A LEDY
W BEL S Ao AT BIUE AR Z2E wo]
Foh 39 125 39 11@9lA " 2H2RE A-A
oo A7 5EZ Hofa Uk 845E Aves A

R 0.00000
M 0.00002
I 0.00004
R 000006
I 0.00008
W 0.00010

0.00012

000014
HEE 0.00016
N 0.00018

(c) 1.0x107 [Qend]

seE A% BEo 4 2.

goo 450 500 550 600
Wavelength [nm]

19 10. 34 GaN/InGaN LED| AFof W2 HAAdd AslE.



160 =rg32)R] Alsd 2%, 2007 44

™ 113200320 o We] BN LEDS (2) HAE AF Hue} 0) 2HY F 2

(@)
99 12 (@) A%E P LEDS) A%

o1 BFYs) 2
o=z A&7} 7]\:]%.240 5
AU AP e =RAT
gFgozo ARrt B HH—ErOIE}.

HU ok

LEDOJA 9] 3 B 2 HAF 55 237 Y3 32
9] 3= 2 9 gjHo] HFom AULHAL olF HF}
gk 183 o)E EUl2 ag&&o|a A3t LED ¥ X
Y 782 ‘_:ﬁ- Uebd 4= Qe 2T toolS 7PUslLt.

& o834 LEDA Y] &45-& A7k

AF & ‘3—4 # 227t a4 9 o9 g Ao wet
FHo |45kt LEDY 32 mds

o] HuHEL MeA i AY-ARY EAS B3 &

7‘4§] 2R, T3 Yo 2 Bk
H A3k} p-GaNAFo] Q] contact A3}
4T A7 FAE IV FETE AL d S+ AN
n-GaN TE3 7:114}\51;4_4 AR o8] FAs A
S A FHe n-GaN©Q| e W A dd) ol

P-electrode

N-electrode

N-GaN

(b)
B9 (b) A-A’ SR 2 1@ HAE A8 B

o} slck.

°o1Z viEo R S)4 Aig AF37] iste] 320x320 '
Azl Z4 LEDE 24 2 Algtste] 4y E22 v, 2
Mstqrk sl sk Az Y4 LED 2%} 4Re) BF
Ash WY BEoh FAR AFE HolF B ot n-dF
ol mAg] dHog HFEV} A2HoE 27 Q= AL A
FHOoR AT FoUck

aAtel 2

2 AL RHREKR1 AT 29 o s

o

ror

=t

[1] D. W. Kim, H. Y. Lee, G. Y. Yeom, and Y. J. Sung, “A
Study of Transparent Contact to Vertical GaN-Based Light-
Emitting Diodes,” J. 4ppl. Phys. vol. 98, Issue 5, 053102-1,
2005.

[2] S. J. Lee, “Photon Extraction Efficiency in InGaN Light-
emitting Diodes Depending on Chip Structures and Chip-



(F=8) 3149 32 EU-E o &% A4 GaN/IGaN LEDO] AR g4l aapo] et A7 — FAT - 45 161

B3]

[4]

(3]

(6]

(7

mount Schemes,” Hankook Kwanghak Hoeji, vol. 16, No.
2, pp. 275-286, 2005.

X. Guo and E. F. Schubert, “Current Crowding and Optical
Saturation Effects in GalnN/GaN Light-Emitting Diodes
Grown on Insulating Substrates,” Appl. Phys. Lett., vol.
78, No. 21, pp. 3337-3339.

H. S. Kim, J. M. Lee, C. Huh, S. W. Kim, D. J. Kim,
S. J. Park, and H. S. Hwang, “Modeling of a GaN-Based
Light-Emitting Diode for Uniform Current Spreading,”
Appl. Phys. Lett., vol. 77, No. 12, pp. 1903-1904, 2000.
E. Fred Schubert, Light-Emitting Diodes, Cambridge univ.
press, 2003, pp. 307.

R. W. Chuang, A. Q. Zou, H. P. Lee, Z. J. Dong, F. F.
Xiong, R. Shih, M. Bremser, and H. Juergensen, “Contact
resistance of InGaN/GaN Light Emitting Diodes Grown
on The Production Model Multi-Wafer Reactor,” MRS
Internet J. Nitride Semicond. Res. 4S1, G6.42, 1999.
W. B. Joyce and S. H. Wemple, “Steady-State Junction-
Current Distribution in Thin Resistive Films on Semi-
conductor Junction,” J. Appl. Phys., vol. 41, No. 9, pp.

(8]

(9]

[10]

(1]

3818-3830, 1970.

X. Guo and E. F. Schubert, “Current Crowding in GaN/
InGaN Light Emitting Diodes on Insulating Substrates,”
J. Appl. Phys., vol. 90, No. 8, pp. 4191-4195, 2001.
X. A. Cao, E. B. Stokes, and P. M. Sandvik, “Diffusicn
and Tunneling Currents in GaN/InGaN Multiple Quantum
Well Light-Emitting Diodes,” IEEE Electron Device Leti.,
vol. 23, No. 9, pp. 535-537, 2002.

J. M. Shah, Y. L. Li, T. Gessmann, and E. F. Schubert,
“Experimental analysis and theoretical model for ancma-
lously high ideality factors (n>>2.0) in AlGaN/GaN p-n
junction diodes,” J. Appl. Phys., vol. 94, No. 4, pp. 2627-
2630, 2003.

V. W. L. Chin, T. L. Tansley, and T. Osotchan, “Electrcn
Mobilities in Gallium, Indum, and Aluminum Nitrides.”
J. Appl. Phys., vol. 75, No. 1, pp. 7365-7372, 1994.

[12] J. K. Sheu and G. C. Chi, “The Doping Process and Dopant

Characteristics of GaN,” J. Phys.: Condens. Matter. 14,
pp. 657-702, 2002.
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A new and simple method of 3-dimensional circuit modeling and analysis is proposed and verified experimentally for the first

time by determining 3-dimensional current flow and 2-dimensional light distribution in blue InGaN/GaN multi-quantum well
(MQW) light emitting diode (LED) devices. Circuit parameters of the LED consist of the resistance of the metallic film and
epitaxial layer, and the intrinsic diode which represents the active region emitting the light. The circuit parameters are extracted
from the transmission line model (TLM) and current-voltage relation. We applied the >> proposed method and extracted circuit
parameters to obtain the light emission pattern in a top-surface emitting-type LED. The current spreading effect is analyzed

theoretically and quantitatively with a variation of the resistance of metallic and epitaxial layers. The emitting-light distribution
of the fabricated blue LED showed a good agreement with the analyzed result, which shows the dark emission intensity at the

corner of the p-electrode.
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