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Abstract

The influence of plasma parameters on the growth of Ing>GaosN/GaN heterostructures has been investigated
using plasma-assisted molecular beam epitaxy. Since plasma ejects plenty of energetic particles with different
energy levels and flux density at various rf power levels, plasma modulated both growth rate and optical
properties significantly. For instance, surface roughness and the emission spectrum of photoluminescence were
degraded at low and high 1f power. According to sharp interfaces between epitaxial films and strong peaks
observed from photoluminescence spectra, our experimental setup presented optimal operation range of rf
powers at around 400 W. The phenomena could be explained by the presence of energetic particles
modulating the rate of plasma stimulated desorption and surface diffusion, and energetic particles exceeding
critical value resulted in the incorporation of defects at subsurface. The optimal rf power regime increased by
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100 W for Ing»GaosN growth in comparison with GaN. The effects of rf power were discussed in conjunction

with kinetic processes being stimulated by energetic particles.
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Fig. 1. PAMBE system for the growth of GaN-based nitride semiconductors. Residual gas analyzer, a nitrogen
' plasma source, and group-Ill metal sources are attached at the bottom of the growth chamber. The
inset shows external view of the rf plasma source equipped with PBN nozzle, rf coil, and a pair of

electrodes for the deflection of charged particles.
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Fig. 2. Growth rate and rms roughness data are
shown as a function of the rf input power
for GaN and IngxGagsN, respectively, as
plotted in open and closed circles.

FRATeIA A4 A5, 20054



ST E 0] B8t IngxGagsN/GaN 0| E X
f Ao} Z718lHA ms AR = AEHSR 7
&3t 3~5nmellA] Al&ete] 0.8nm ©|3tE W3}
At olHd rms AA7Y Wsle A}
59bol in-siu RHEEDS ©| €% ##739 dA
Fig=d #wHo] Hes AMEL [11-20] F9
RHEED#H E A Hd&E9 d72¢ 3L YR
o, ms A&7|7} & MEL RHEED °|v|A7}
spottyst A Fud Ay E3] 99 ME FolA
200WellA BAE Ing.GapsNe ARAEEE 145
nm/hr ©] A%, =473k GaNel| Hl3l] 4] A E= 2 rms

A7 2A SHE A

=2
E
=

aya 719 4gzAA f Aol 300~500
WE 474 ‘Poﬂﬁ XRD 3 3E 2754 &3
Ho. & Ago] &2 300~500W ¢ AAd 2
AR weyt F23H A XRD /\J_an ogx=7
AAMol 48 duFe] AAHT, oI AAE
e of Ao EAgte by w34 FaYA
9 233 tEo 2R gaArt BAARNA

o] 3} 9 preferential 4%l HE2 Y& wH
Aoz ojsddt 1y dAsEe 2oz
vacancy't interstitial E¢] Thg EAeHA HE, &
Ho] © L HWekste] F2AH EXMo &
54L& 38 Az Aol m2A
719} A PLH 22 %é*
o Aol A3 o= F

r\r

slyrz=e| Mzl o|x|z Z2i=nle| HE

39 TN YALETY) & Ing2GagsN2| 74
<+ In% Gad YAEE/ EL& dHA N %1}7}
83 FHEHA Z3e AFL AATL BEEho
vacancy®} 2-& AARAge gol Wlxd wuto] 4

A= Aod Aa®c 18 2004 Ing,GagsNY
739 GaNojl nistel AN T ALL BHE
BolAY, 100W 7} =& AN HYAEEe

A7

#}4& #oEh

ad 34 (a)a} (b)t 400w<>1w f‘éﬂ% e
Hujgd aWlE XTEM ojujxejs, Apsioleis}
AIN $&Z3 Ino2GapsN/GaN }_Zg'x]_a o E
E3stA ddA AFE ABEHE threading dis-
locations (TDs)% dd|gv|= Jejo] vy Ag o]
FHo| o &A1Y TDs Burger’s vectors
g=<11-20>/3 ©]i, HEEE GaN/AINY A=A
10" em? ZAs 7}, EARYE 74 AR
299 47 A7ad 0.4~1 mAA ~7x10° em™ ¢
2o AYLUEE HQUoh oA o] FAAA
gho] To] WxHo] Aaso] dElsA DAY o
A4S A% JeAEe] q4Ae gol dob Ut

XRD Z£#402 9& (0002) BraggdAE B4
o A3 GaN o AAGFE M GaNg| ARG
c=5.183 A YXAsh= @& HYL, Ing,GaosNe
AAE 1.5% 7V o4& FHZ B4

o

o] [e] A
seg v

(b)

Fig. 3. (a) XTEM [11-20) images of InGaN/GaN SLs grown on sapphire substrates and (b) HR-XTEM image
of the rectangle in {a). The micrographs were taken with g=0002 along [11-20] zone axis of hexagonal
GaN. HR-XTEM image in {b) shows the sharp interface of InGaN/GaN with on dislocations newly
generated due to the relaxation of lattice mismaich stress.
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Fig. 4. LT-PL spectra measured at 13K from InGaN/
GaN superlattice samples grown with the rf
input powers of 200, 300, 400, and 500 W.
The inset shows the evolution of the energy
level and intensity of E» peaks.
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