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Improvement of Brightness for AlGalnP High-brightness LEDs
with Nano-scale Roughness on Top—-GaP Surface
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Abstract

AlGaInP high-brightness LEDs(HB-LEDs) have gained importance a variety of application operating
in the red, orange, yellow and yellow-green wavelength. The light generated from inside LED chips
should be emitted to the air through the surfaces of the chips. However, because of the differences
between the semiconductor and air or epoxy’s refractive index, some of the light was blocked so that

caused lowering external quantum efficiency. In this study, nano-scale roughness on the top-GaP layer
of AlGalnP epitaxial wafer was fabricated to improve the brightness of AlGalnP LEDs. Nano-scale
roughness was made by ICP dry etcher. Our AlGaInP LEDs with nano-scale roughness has higher
brightness (about 28.5 %) than standard AlGaInP LEDs.

Key Words : AlGalnP, LED(Light-emitting diode), Surface roughness, ICP(Inductively coupled plasma),

Dry etching

1.5 8

650 nmel A EE 560 nm AFH7}A <)
7hA% 49 g 13 E AlGalnP % tlol e
EE 1990¥d] MOCVD(Metal-Organic Chemical
Vapor Deposition) & o]-&3] &34 tlo]o =9
epitaxial layer’t AT Ax2 Hd@HHEA &
ANA e £25 7IAD QH1]. 2 AlGalnP

Y tolest HE 4 xed AdE i &
£, Ay - 99 29 % Aue] 29 59 ¢
$ WA B

=5 9iTH2,3].
A Fd Feh AlGalnP9] epitaxial A7l dl
@ AT 7led AHE B8 AlGalnP T the]

1. (F) Halx=2

2. EUiEtm MUINMA ¥ HEIZEHY

& 2Lt MBS 344-2)

a. Corresponding Author : cbpark@wonkwang.ac.kr
Rt 2007. 8. 21

1XF AAL 2 2007, 11. 13

AMALRER @ 2007, 12. 21

—

o= YR FAEEL A 100 %7HA =€H
L 1-%1_

AcH4] HEo tolo=9 FHx A
< H8 R FREEY Aol & owE TA
9l AlGalnP W tholo =9 R AxFE
< FAAIIL Y BYPeR TMARE FFEE
GaAs 7|8& AAS EA carrierE E°lE wafer-
bonding 7]&e] &bl AEEHI glow Wi o
o] H ¥4 F ZA(Photonic Crysta)< A
Zae 5 e AERIF JARHE-8l 2 o]
# 71&L& 7129 AlGalnP @34 tholo = A|x 7]
o FI7IE ¥ £FY VlEo] HAAHA F&
As 2 AzuE9 FEs T ANEY EAE of
718 A H9th watd LED AFE: FAHAAE e
A Ed9 wet etching® 3 EW9 roughness
L texture TF52E FAZA 9§ FRELEE ¥l
T UHE H8sn AH9lL

2 dFgME viy FAS DLEHEAE A
AR Wyoz oF YAFES FYAII) H
8 AlGalnP 2% thele=9] I EH< top-GaP

o
=
Els



layer 9o ICP (Inductively Coupled Plasma) 7
A Azt AL AANTY Yx =279 EFHAHA
roughness& AZ3t4th o224 A vw =719
roughness7t 2714 . 383 EAo) wmxe= 4
& 437 A8 300 mx300 ym 2719} AlGalnP
e ole= & AFstgth adm AFZE
AlGalnP &3 thole = e RHEHoF AL HE
5m AFY A= FeHR g AsAT B A7
Al ARE Ux =279 ¥W roughness® Z:E
AlGaInP % tho]l2 =3 20 me 7 gNA
71Ee UF golorzd wa HEs F 285 %
Bicigchet=n

2.4 9
2.1 AE oy
+ 79 AHEE AlGalnP 2 Tholo = o

epitaxial wafer= MOCVDOl <& AA=A0
epitaxial wafer= (100) n-GaAs 71% $¢] GaAs-
AlGaAs®] DBR(distributed Bragg reflector)e] %
Rem, 1 Y& n-AllnP cladding layer, undoped
AllnP-AlGalnP MQW(Multi-quantum Well), p-AllnP
cladding layers} oF 4~6 /m F7¢ p-GaPY top
layer 2.2 FA =T

AlGalnP LED #¢] Aze A €4 7 &
€ At 7] AHE AYF F lift-off 2
& EE IAL AYHUT p-29 29 A
=43 %744 AAEE $38 HF 84
Z i DIdl 108 S @23 &

A2 Tla= 24_&*8}%14. & Z2L& Au/AuBe/
Au 7x9 AYHQ 7}*1% g golo=9 o

AFHEHE Jhxh =2k o], lift-off &4
£ WPzg o %L—ﬂ"“—ﬂr top~-GaP #}ol9] 9=-&
$8l RTA(Rapid Thermal Annealing)€ o©]£3)
450594 302 F¢ AAEJUT. o]FA Awk
A0 XPH F, ICP A4 A Au|g E3
top-GaP E® 9o U =719 roughness® 3
A ETh olu AlE-H ICP A4 Az} 234 270
E 14 AU 2 A7 doH 3 =
Azt §lo] €53 roughness? GIFe EX3F7)

93 19 O] 2349209, roughness® A

A% F4sA &€ Ae 44 AR

FHb FF0Z olHY GaAs 71 REL 180
me] FAE ZEEF lapping AL, AHF AR
Z 2L WYY F o)A AuGe/Au T3 F
Aol AYPHAJT wAg ojd 29g 8] 300%
AM EAHE F F dicing THL T o] £

69

A7 AR BB =R, A21E A1E, 2008 19
x 1. Top-GaP Ed¥ o Y= =79
roughness A 2-& %% ICP 34 &7,
Process condition of ICP to fabricate
nano-scale roughness on top-GaP layer.

sheteE

Table 1.

roughness &4 24

27 49 5.0x10™ Torr

g e 30 mTorr

A7y 7h~ Ar 30 scem
Nz 10 scem
Cl 5 scem
BClz 5 scem

7y A1 7¢ 30 sec
% ex 24T

p-contact metal

top-GaP layer
p-Cladding
Quantum well
n-Cladding
DBR

ad 1. Aol A AFE g tholex=

=2
T
TE.

3]

Fig. 1. Structure of LED chip fabricated in this

study.
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Fig. 2. Microstructure of top—GaP surface
etched ICP (a)X5000, (b)X25000.
4
: I- 1000
—Etched LED _-
P R Standard LED : i | s00 E
- - z
> 2
: 24 - SESSSI w____A,,_,..._Mﬂf-"-“"'7-600 g
;’; I 400 §
14 - E
F200 3
i i ——— - 0
] 4 8 12 16 20
Bias Current [mA]
a8 3. 479 F3 71E Fo2 A%d AlGalnP
W tpole = P it HE-AF-A
F B A,
Fig. 3. L-I-V curves for AlGaInP LED lamps

made of etched LED chips and standard
chips.
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