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£ 9~ Molecular Beam Epitaxy(MBE)4] 2.2 AAFS In,GaAs/GaAs of| 1]l tiall photoreflectance (PR)
AlEE B8 A& Ao PR 2443 A InGasAs o339 wlzhd U x|(E,) A3t A 59 W
3 (strain)el} 2]&)| heavy-hole(E,(HH))}#} light-hole(E(LH)E #el5o] #EE ). o o] &9 2413} wigje zhzt
Algol| 28] E(HH) 2 Eo(HH)?} Eo(LHYAL 58] ofii#] xlo]& o] 4-slo] F-3ldv}. . 160 Ko] 32| 2ol A=
Eo(LH)9] 2137} Alebd& 2 4= 9)2ic}. Franz-Keldysh oscillation(FKO) 3 ZZ 5] Al4kE] oAl InGaAs/GaAs
ARALE)E In 2AL] Z7lo wi} 0.75% 10° Viemoll 4] 2.66% 10" Viem2 Z7}slgir}. In 2A o) x=0.0991
A ol 3k PRAIZ ] &5 2)EA A& o) Varshni 4422} Bose-Einstein A|4-5-& 742} -3)¢d v}

Abstract —~ Photoreflectance (PR) measurents have been performed on InGa,,As/GaAs grown by
molecular beam epitaxy (MBE). Bandgap (E,) of InGa, .As epilayer measured from PR was separated as
heavy-hole (E,(HH)) and light-hole (E,(LH)) by strain effect. The compositions and the strains of epilayer
were obtained from the energy value of E(HH) and from enegy difference of E,(HH) and E,(LH),
respectively. In addition, the PR signal of E,(LH) was diminished below 160 K. The interface electric
field (E) of InGaAs/GaAs was increased from 0.75x 10° Vjem to 2.66X 10° V/em as In composition
increased, which was calculated from Franz-Keldysh oscillation (FKO) peaks. As the temperature
dependence of the PR signal at x =0.09 sample, we obtained Varshni and Bose-Einstein coefficients.
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Table 1. The deformation potential (b), elastic coefficients (C) and compliance coefficients (S) for GaAs and InAs, respectively

b(CV) Cn C|2 Sn SlZ
(x 10"dyn/cm®) (X 10"dyn/cm?) (X 10" *cm?/dyn) (X 10" "“em/dyn)
GaAs —-8.65 11.88 5.38 1.765 -3.65
InAs —5.79 8.329 4.53 1.945 —-6.85
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Fig. 1. PR spectra at 300 K obtained from semi-insulating
GaAs and In,, Ga,.As epilayer grown by MBE.
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Fig. 2. PR spectra at 300 K for [n.Ga, As(x=0.03, 0.07,
0.09 and 0.11) epilayers grown by MBE.
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Table 2. Parameters obtained from PR and DCX meas-
urements at rrom temperature for In,Ga,.As epilayers grown
with various compositions by MBE

B“‘Zgl;‘p_g‘g%_(ev) 1365 1312 1285 1243
PR ELED (e 711 16 20
: M) 003 007 009 011

Composition (x)
Strain (x 10°) 1.04 162 235 293

Peak seperation (sec') —869 —1.637 —1.656—2073
DCX  Composition (x)  0.03 007 0.10 0.12
Strain (X 107) 367 701 7.65 974

w2} of 7 Fo 4] o] o] A3t JEE ok & 3l
ok webA] o] FEE A (1)l fdsteq of el A
A5 HE(e) o] 1.04x10°~2.95% 1079 Agirt.
o] 49| A58 DCX Ao} v]Late] Table 20 e}
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Fig. 3. The plot of F, versus E, for In,Ga, As(0.03<x<
0.11) epilayers grown by MBE.
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Table 3. The interface electric field (E) obtained from FKO
peaks with various compositions

Compositions (x) 003 007 0.09 011

Interface electric field
(E : xX10° V/em)

075 160 193 266
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Fig. 4. PR spectra of In,,Ga,.As epilayer measured at 80~
300 K.
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Fig. 5. The bandagap difference of In,wGa,As with
temperature. The fitting curves were calculated from Varshni
eq. (dot line) and Bose-Einstein expression (solid line).
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Table 4. The results of the fitting parameters using Eq. (12), (13) and the data in Fig. 5

Sample . b . )

Parameters In500Gag o AS GaAs IngGageiAS Ing;:GagesAS
Varshni o(meV/K) 0.48 1.06 0.48 0.50
equation B(K) 142 671 200 231
Bose-einstein a(meV) 29.8 10.4 44 53
expression O(K) 144 102.4 203 238

from this study
‘reference [18]
‘reference [19]
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