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Abstract We have investigated the photoreflectance characteristics for Ino.Gas +As/GaAs heterojunction structure
grown by molecular beam epitaxy (MBE). The E, bandgap energy of In.,Ga, .As at room temperature was observed at
about 1.3 eV. From this result, the indium composition x value was calculated. The shoulder peaks were observed
higher than E, peaks, and peak positions were shifted toward 12 meV to 70 meV higher energy with increasing doping
concentrations. The shoulder peaks can be observed by In segregation and re-evaporation. However, we think that in-

dium re-evaporation cause the shift of shoulder peaks after epilayer growth.

.M B

T InGaAst zHe & A (effective mass) 3 32 A
A} o]E X (high electron mobility) W&ol T A} o] F %
E R AE (high electron mobility transistor ; HEMT),
AA &3 =EWAAH (field-effect transistor ; FET) 2}
zZo] Wiz =€ (modulation doped) FZF M= 14
&7t A go] ARE-E 3 gleh!

InGaAst  Ezx4  dH=A] (molecular  beam
epitaxy ; MBE) e 2 MAsle= 5ot A% 29 B7FY
A So02 Qs 19 Za}E 7] (segregation) 7} dojigdo 2
s A wgke g ZAw|9] Azt AV|H, Ax o &
(conduction band edge) & 7}3#} w # (valence band
edge) o A z2jFo] YA} B o]z A5 Y
FH Aol A Zo]oll B ZAIu)9 FFEA AR FAle o]
2}-o]& Azt B-A7)(secondary-ion mass spectrosco-
py ; SIMS) 1} 22 ollvjR] AAFA 34 uEA} (reflection high
energy electron diffraction ; RHEED) & 2-A8}9], 4=}

%ol photoluminescence (PL) ¢]u1} photoreflectance

(PR) & ol&-8 Az oA & AATEH Ing =4
HE FAAZ}. 223, Bosacchi? $& MBEE AAA]21
InGa,-.As9 B ZeHE7E goly) A8 FALE Y
9] FZo| A PL &Aoo R ¥3A 5 9 oix] X E o]
435l A7 Az 39 AUl AR e E
7agg Basigdch

£ dFdAHE EAA gAY es 4RAE =HFE
o 2 Ine . GaosAs “19%e §4& PR #34E °|&
o] ZALSHATH o] 23E Ing.GaosAs Eo] B AR
£ dgler, &3 In9 39 Z2}E7|e) o5 FAHR o7
Az ol 3] =23 o).

24 #H

B Ao A48 Alge EAA e e ihdd
A GaAs 719 $Jol] AT 560°ColA BxEe] s
A & 0.5m GaAs #35¢ A7z, M =&
540CE @& F, 27t o2 SisEE A7FAA Ine.Gaos
As T o3& (single epilayer) & 1m FAZ AAs4
o} )3, Ah2olA Hall 375 7 4189 Si 5=&

— 515 —



516 ARG A A9 M55 (1999)

2tz 1.2%x10"%m™3 1.8X10'cm ™% 8.7X10'cm e &
Z2A =)

PR&Ae He T¥AX(CTI-22)E o83l 14~
300K o4 $83tgleon, o7|FoF 1mW He-Ne o]
A (6328 A) & AHsH4 T, WZ Fup5E 250 HzE 319
o} 93 FUo 2= 250 W g2d-¥¢2A PTE ARL
sled 2 AEs} 0.27m ol £37] (Spex 270M) & AH8-3}
o Fat Q=B A g6 AEA|x, ABEZHES AFE
Si XET}olec g 7%38l9 lock-in $EF7)E oLy
AFE = wolE .

3 &n Y uF

Wz 33335 A5 E Aspnes W4 F, 33 ol g5
e 2 Jelie] g4l e g FolAlc) o

Aéfi:Re[ce”(E-E,Hr)"] oy

Q714 Ce AF, & $4, Ee 34 yA, Exe o
774 qyA, I'e Hz, 22 JAHL] 24 G
3% n=25, 2394 ¥ n=3, JAEL ¥ n=2)%
vieldic),

29 1& IneGaosAs 73 & 300K A £4% PR
2HEHo} 19 1@ & Si £ ¥&=7F & 37X
10"%m™3, (b)+= 1.8X10"em™®, (c)+£ 1.2X10'%cm™3¢]
c}.

2% 1(a) oA Ino,GaosAs ] o 244 <X (E,) o)l 9
g A37t o 127 eVollA 555, 283 E2HH
3 AYRIZFe R <oF 12 meV THNA o7 Ax(1)7}
FEEAD. 128 eV THAA FEHE 7] Aze
InGaAs A% A] 7183 THTH e S Ao]2 gl In9

In, ,Ga, A8
T=300K
=1 mW

g I F_,=250Hz

x5 l ©
np,=1.2x 10®% em®

f.,

17 -3

n,.=1.8x10" cm

PR Signal AR/R (arb. units)

1
E+A
‘ . o‘ °
(a)
ny=3.7x10" cm®
A 1 4 1 A 1 A A 2
1.0 12 14 16 18 2.0
Photon Energy (eV)

Fig. 1. PR spectra of In, GassAs/GaAs with different doping
concentration measured at room temperature.
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Fig. 2. PR spectra of In, Gas.As/GaAs measured at various
temperatures.
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Fig. 3. The temperature dependence of Ing Ga, «As E..

Table 1. Values of the parameters, which describe
the temperature dependence of Ino ,Gas 5As E,.

ELOXV) | (15775 (g)

Ino.1Gao sAs 1.375 10 403
Shoulder peak 1.369 38 143
Ino 15Gay s Ast™” 1.285 5.0 231
Ino. 0sGas s As™ 1.420 48 200
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Fig. 4. PR spectra of In.Gas +As/GaAs as a function of chemi-
cal etching times.
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Fig. 5. PR spectra of In, GassAs/GaAs measured at various
temperatures.
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Fig. 6. PR and PL spectra of In.Gas.As/GaAs measured at 14
K.
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