J. Microelectron. Packag. Soc., 21(3), 67-71 (2014).

Print ISSN 1226-9360 Online ISSN 2287-7525

Pt FEOIATE 0[25104 MRS LI TiE Si(111) 7| B0l &S GaN Hia}
Uz - 97|y’
ARSI WA HFIR, A BY A7

Characterization of GaN epitaxial layer grown on nano-patterned Si(111)
substrate using Pt metal-mask

Jong-Ock Kim and Kee-Young Lim'

School of Semiconductor and Chemical Engineering, Semiconductor Physics Research Center, Chonbuk National
University, Jeonju-si 561-756, Korea

(20139 69 24Y F5: 20143 79 8Y 41 2014 9918Y Al EA)

]
=

<& ] 2] (thermal annealing)ste] Pt

] O

Eﬁ_

DB AT E Si(111) 713 o] 8-3te] F A9 GaN Brehs AAsty] f18te] theket sielS 2h=Si 713
AZFsEATE. Si(111) 7133910l o] 23 (jon-sputter)S ©]-8-5t] Pt ¥l2h& S35 &
4 ka3 s P = A FeF=v} o] 4 Z(inductively coupled plasma-reactive ion etching, ICP-RIE) 3782
Estd Z1F(pillan@ Bl e] vhe SRR Si(111) 7192 AL glaade 3488 St nlela= si-E Si(111) 71
IS AFFslA 2EkAel Si(111) 719, vlelaz S| E Si(111) 719 2 v el E Si(111) 71390l f18ke 1=
Z}(metal organic chemical vapor deposition, MOCVD) W22 GaN HEhe- AdAsle] W 543 2443 2 F34 &
A4S B35 Wi A" Si(111) 718$el 4788 GaN gFeke dubA1Si(111) 7133} vlo]a2 J'|E Si(111) 7]
HHol A47dst GaN ghatRTh o] 43 A7 ANAEA S e s E Si(111) 713l 44788 GaN (002)H 2
(102)”4 o x4 3] (x-ray diffraction, XRD) 3] =.2] WFZX]|(full width at half maximum FW 576 arcsec, 828 arcsecO =

7 7139100 23783 GaN wheh Bk 7P W ks Hof A0 3 3}e13}t}. Photoluminescence(PL)S]

P

tlo

DE‘."I

HL-_T,hi]—E e sEE 51(111) 7198l A3 GaN whato] 46.5 meV_E E}f 7180l A3 GaN vt} v w ko]
B3hA B0 ENSS RIS

Abstract: An attempt to grow high quality GaN on silicon substrate using metal organic chemical vapor deposition (MOCVD),
herein GaN epitaxial layers were grown on various Si(111) substrates. Thin Platinum layer was deposited on Si(111) substrate
using sputtering, followed by thermal annealing to form Pt nano-clusters which act as masking layer during dry-etched with
inductively coupled plasma-reactive ion etching to generate nano-patterned Si (111) substrate. In addition, micro-patterned Si
(111) substrate with circle shape was also fabricated by using conventional photo-lithography technique. GaN epitaxial layers
were subsequently grown on micro-, nano-patterned and conventional Si (111) substrate under identical growth conditions for
comparison. The GaN layer grown on nano-patterned Si (111) substrate shows the lowest crack density with mirror-like surface
morphology. The FWHM values of XRD rocking curve measured from symmetry (002) and asymmetry (102) planes are 576
arcsec and 828 arcsec, respectively. To corroborate an enhancement of the growth quality, the FWHM value achieved from the
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photoluminescence spectra also shows the lowest value (46.5 meV) as compare to other grown samples.
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Fig. 1. SEM images of a) nano-patterned Si(111) substrate and b)
micro-patterned Si(111) substrate.
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Fig. 2. OM images of the crack density in GaN epitaxial layers
grown on a) conventional Si(111) substrate, b) micro-
patterned Si(111) substrate and c¢) nano-patterned Si(111)
substrate.
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Fig. 3. SEM plane-view and cross-sectional images of the GaN
epitaxial layers grown on a) conventional Si(111) substrate,
b) micro-patterned Si(111) substrate and c¢) nano-patterned
Si(111) substrate.
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Fig. 4. AFM images of the surface morphology of the GaN
epitaxial layers grown on a) conventional Si(111) substrate,
b) micro-patterned Si(111) substrate and c¢) nano-patterned
Si(111) substrate.

Z 2 pm 77 9] GaN vheto] AAE S g<18kI AL SEM
F9 olu A lA v R Si(111) 71791l 37
GaN H}ehe dukA el Si(111) 71 %3} who] A2 el
Si(111) 713&-¢1ell 43743t GaN B9 H o} 3 € SH(smooth)

FHOE AAHIZTS AU o] A2 Fig. 49
AFM2.2 =4 3k RMS(root mean square) ¥ A2 7] gk
o2 gl & < drt k2o Si(111) 713916l B4
GaN 8}ke] RMS 72 7] Z+E a) 2.430 nm, b) 1.318 nm
2237 ¢) 0.984 nm=E Y= SEHE Si(111) 7139l 8%
gk GaN "] ThE 7 7)ol A A%k GaN ¥hetE ok
FA AZA7N7F Aaskdv

2 Ao} o] 71 FFHE 2= e SR 9ol GaN B}
kS 23748} 7 Qo) = 4= A A (epitaxial lateral overgrowth,
ELOG) "7} &l 98l e I El 3} GaN BEHA A o A
void % o] vrA It} o] void F o] JFFO 7 2lste] &
7174 9] (threading dislocation)”} 7rAx%]o] & 9] GaN e}
A% g 5= ok B E Q3 Fig, 3 ¢)¢] SEM &

v Ao A = i e 7 GaN gHet AlH o A void 3
FREE FASAL, o] 23 void o 2=
BT FAaE ] T 713] ol S GaN
R} o] GaN Blete] AHE Ao E AdtE T
474 GaN Hrete] A4S gjlstr] flal
% XRD 2% 0.2 GaN uHeke] (002)H 7} (102)H
d 935 FAssh (0029 34 93 F4 &

12T 18 B rulo
[e5

o]
03-15_1333
5:

1o K
o

- -@ - (002)FWHM
@ - (102)FWHM

[
=)
S
=4
T

FWHM (arcsec)
=
g
L)
o
[

Y
S
=4

T

[ J

400 |-

200 N . "
Sample a Sample b Sample ¢

Fig. 5. FWHM of the XRD(002) and (102) diffraction peaks of GaN
epitaxial layers grown on conventional Si(111) substrate
(sample a), micro-patterned Si(111) substrate (sample b) and
nano-patterned Si(111) substrate(sample c).
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Fig. 6. PL spectrum of GaN epitaxial layers grown on a) conventional
Si(111) substrate, b) micro-patterned Si(111) substrate and c)
nano-patterned Si(111) substrate.
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