Journal of the Korean Crystal Growth and Crystal Technology
Vol. 20, No. 3 (2010) 113-116

Effects of antimony addition on growth of InGaN nano-structures by
mixed-source HVPE

Jin Eun Ok, Dong Wan Jo, Hun Soo Jeon, Ah Reum Lee, Gang Suok Lee, Young Ji Cho, Kyung
Hwa Kim, Ji Ho Chang, Hyung Soo Ahn and Min Yang'

Department of Applied Science, Korea Maritime University, Busan 606-791, Korea
(Received May 28, 2010)

(Revised June 9, 2010)

(Accepted June 11, 2010)

Abstract We report on the growth and characteristics of the structural and optical properties of InGaN nano-structures
doped with antimony (Sb) as a catalyst. The use of catalyst has been explored to modify the growth and defect generation
during strained layer heteroepitaxial growth. We performed the growth of the InGaN nano-structures on c-sapphire
substrates using mixed-source hydride vapor phase epitaxy (HVPE). The characteristic of samples was measured by
scanning electron microscope (SEM) and photoluminescence (PL). The aligning direction of c-axis of the InGaN nano-
structures was changed from vertical to parallel or inclined to the surface of substrates when the Sb was added as a
catalyst. The indium composition was estimated about 3.2 % in both cases of with or without the addition of Sb in the
InxGal-xN structures. From the results of InGaN nano-structures formed with the addition of Sb, we can expect the
performance of optical devices would be more improved by reduced piezo-electric field if we use the InGaN nano-
structures of which c-axes are aligned parallel to the substrates as an active layer.

Key words InGaN, HVPE, Mixed-source, Nano-structures, Antimony, Catalyst

E522 HVPE 2ol o8 InGaN UaeTze] 7l SlolA sb H7le] o3

27X, =82k, M3, oo, olZM, =9¥x|, ZFsl, AXE, otEs, ol
sl et &8st 4k, 606-791

(20101 59 284 )

(20103 69 9 AA}ekR)

(2010 62 112 AAEA)

2 % & =EdAe ShE FuiAR 0130}5 9] InGaN Y=o A3 7324 54 9 38 54 dis)
Tatdh. ARG oA FulAl L] ALg 7% w9l ste} @zq Az e & % BAHoR Bo| AH

Ho] gt # APy E EFa~ HVPE(hydrlde vapor phase epitaxy) AH8-3Fd (0001) AFte]o] 713t 9ol InGaN Y=
A, 724 9 FskE EAJLS scanning electron microscope(SEM)3 photoluminescence(PL)E &3l 3 713151 Tth.

£ InGaN Yx=727t -5 Weoz JEx= ALS HolX 7 She] H7teE 7d9-o|= InGaN

Wie 28] o5 Wako] 7|9 sl B stAY AAR ek JEH 9}‘C Ae #AFE  SUATh o] 2442 Sb

o] F7k eiRo] BAGlel o 32% =2 ANHYL ol ARTERE 2w P JeE BHZoE e B
aztel] A88 A9 b HAE &3l 5 7] wiiel Fazte] Wy *é%% % A 4 Ag A2 7t

LM 2 WA =29 E4 i HE B2 dyEel 319

Ho] gri[1-4]. o] 27 M-V = 3FEvies &

siebe RiEAlE Bk AEEA Y AFE T oA tiEFSl dslE RiEARa. & s GaN#

wol ghow] 55, 2 WEA UAE JHE IV F InGa, Ne A9 99, ANF 99 aeln H9A

9] v We FPIGeI 08T = 2l 5ol

"Corresponding author QoA Tt EF9] wgAz) A|Z] o)&E I ).
Tel: +82-51-510-4782 23], e 217]9] InGaN 2= A Wwe] 714, A9

Fax: +82-51-404-3986
E-mail: myang@hhu.ac.kr Aol S2o] o3l Jlg]o] 7k &3] IR 71E9



114 J.E. Ok, D.W. Jo, H.S. Jeon, A.R. Lee, G.S. Lee, Y.J. Cho, K.H. Kim, J.H. Chang, H.S. Ahn and M. Yang

A9 wEkrzaME ZUE g FHES KL
917] wWHe) 543 EAS sR= =0T 299
HHo= ol thg &L A7t IYHL ATHS, 6.
Zeivt AR BHA R AREEIL U= c-plane WK
o go] ASIE v AL B
A txo] AHA e A7 HAAA SRS
=7Ee] gt oM Akl Aol el €l

o] "}, olzjdt AHxkel Aol F7HA Eagl: LEDe
U0 AT red shifte] €1Q1e] =™ photon el A=

W FREEEo] A YobA o F FEE el A
7 Q7] we] Aol oleld EAIE Fa57) Sl
A F5 9 2l 8 Aol vl 4
FE AoH7-10]. 2T BFe 2ske E HE
A2 e A4 ARe NS B FNee
£ 9 Pl Piel 9l

(MOVPE: metal organic vapor phase epitaxy)} #A}
AT EA|(MBE: molecular beam epitaxy) 273737
HhHoA GaN 2AS AAshe B2 ShE Arigto =
A 7 mee] wstel A4 Ade] A F U 5
o] WislEo] 9SS Bidk AEo] TH11, 12].

2 =EolMe= 7128 HVPE W tiilel] &3 &2
HVPE WS- o]831ed (0001) Algte]o] 7] 9ol InGaN
e AL Sbel 7P AR87e] FEfell ofw
g FEFE 7 HeEAE s 714l HVPE W
Ho| M= InGaN 2GS 184 IE YE(Ga, In)
2 Sbe A7t FEcke TEE Ho] oM W §
o] AAZE gA @A 7R 7 Ao A7 Bel 2
ke @S 7XE whEdl] 32 HVPE WHol
’\1‘_ Ga %9 54 ¥&9 In 9% % Sb 252 4
A solq Algal] WEe] wmA A7} eeitie
EAS 7K Utk &% &2 HVPE WHLS InGaN
AR ohIP Ga Bl SRS THE e
2 ol AY 4 gomw 7TE Pl
ol Mz =2 S 7T B SA4S olsfst
= ol 24 82 F US Ao=E 7Y} "ok

(0001) Akgtolo] 71 £lo] A44E InGaN Y32
Sb F7tell gk A% /] WHEl= FE-SEM(field emis-
sion scanning electron microscopeye ©|-&3sfo] &3}
A3 AL PL(photoluminescence)s F3l 332 54

52 Wit

= §71EE7 A

2. YUY

B A= +9Y
o] (0001) Akgtolo] 7]
3FATE. InGaN Yx7ZXE A

&34 HVPE WS o]83}
ol InGaN Y125 A%
3743h7] Q8 UIE Y82

24 Gat Ing, VE YE2E dryo} 7fAE A}
.23t 339194 4 Y98+ Galg In 1022
LEE 700°C
2 FAAA é% 220 E‘?i 2 HCH: &85
In gg GaQJ Oﬂ;.;].ﬂ% A—]g].oq A—]x}oﬂoﬂoﬂ;ﬂ ol-uqo].
7k2ote] slekA WSS dH=E Sl InGaN Yet32E
st o] wWl HCI PEYote] 7hafde 7hzt
20 sccm, 500 scem@ 2 3F.0™ 550°ColA 208 B2t
AAEATE s, Sbe] A bl wWE B4 WS do}
17] 98 3% Ga(l @)% In(10 @)% T3+ A8 F
712 Sb(1 )& H7betiom te 4% 27152 She
A7VelA] & 7359 FLdsA AT

= EE—OHHT‘:— ShS H7ISHA] Fe ABE A, SHE
cglal #7lskdEdl B Sbe #H7b
g =9 95E *}&okﬂ A 200 B9 AT AR
oM, Ce ¥R F7F HZF|lol 80% < AEE
HCI ¥h3ol ofsf] dA o] AAaHES g Fo B A
59} T 2HoZ s A|Folth
Fig. 1= Sb 7} offe] w= (0001) Agtolo] 7]
9ol 438 InGaN We%2] ¥H SEM =3 Aol
o} AR A(Fig. 1(a)e] ¥ ARleME vhe 127}
= WEkoR AHEHe AYS HolAW AE B(Fig
1(b))°] A= o5 o] 73] Hagk Fu=E e
T27F A e AR AFEHATE Sb HIF o
o] WA InGaN Wi=720] AR Wato] & Apo]
£ Hole & A4 W] e FH xdA ouA7t
Sbe] Fuj 2}-gof sl Wslr] Wil Hoem FSHET
[13]. A& A%} A& B2 InGaN WWetze] A gk
o xpo]E Holx A}ERE Sbo] =W Wk ({10-10}
= {11-20})2] EHIA VRS E—] L_/,\_A];v]: AA3FO. &
Aoz IEnh A7
15.0] AREAZRO] Zojxl tﬂra} =% CHEWA Eagss
Hl&o] Al BO] 739l HJl xpol7t Q7]
FoA] Sbe] Full A ®slF AAA
e vhepast of 45k AwE AR
=zEe] A EAlshe FHE Holal Qi e
 FollA AFskAl Hxel AR A, B 283 €Y In
e FYe 4745 B9 weEbA SbS InGaN U
+7‘%°ﬂ 1014 In®] 2AH] Wslolls JFS A &
3 SR AR A Eke] wstelnt gk = S
S sk ZloE FEEY £ 5 459 AREA

Fl

uo] 9%
%

Sy r\' _IR
4,‘1
lm
S
ot 7
b
oi
Hm
mls
o
Lo
=
o
X
5
2
Lo
R
i3



Effects of antimony addition on growth of InGaN nano-structures by mixed-source HVPE 115

-
n

CN ka32 gﬁo Uk\SE’@\ lml
’\ﬁ -2mmas0.

10 el
CNN 15.0kV 17.5mm x100k SE(U)

Fig. 1. The SEM images of InGaN nano-structures grown on c-sapphire substrate (a) without Sb, (b) and (c) with Sb and (d) cross-
sectional SEM image of InGaN structures.
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Fig. 2. Average density and length of the InGaN nano-structures
grown on c-sapphire substrate.
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Fig. 3. The PL spectra of the InGaN nano-structures grown on
c-sapphire substrates at 550°C. (a) sample A ( without Sb), (b)
Sample B (with Sb) and (c) Sample C (with Sb).
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