Journal of the Korean Vacuum Society
Vol. 8, No. 3(2), August 1999, pp. 290~296

Mgt MOCVD Wgoz MEE InAlAs OTIS0HAM ARt
TE sl B

FET*- 0] H© - WEHH - HAMS - O1HB - AT

EHr|ed Argdst, dEAarEAdTY dAvIET
(19993 49 209 <)

Observation of phase separation and ordering in the InAlAs
epilayer grown on InP by MOCVD

Hyung Koun Cho*, Bun Lee**, Jong-Hyeob Baek**, Won Seok Han**,
Jeong Yong Lee* and Myoung Seok Kwon*

*Department of Materials Science and Engineering, Korea Advanced Institute of Science and Technology,
373-1 Kusong-dong, Yusong-gu, Taejon 305-701, Korea
**Electronics and Telecommunications Research Institute, Yusong P.O. Box 106, Taejon 305-600, Korea
(Received April 20, 1999)

2 9 -LP-MOCVD el 2|3} InP 7|3 $lef] 424 AlAs o) %] 20} AEe]e} 74 ¥4H& DCXRD,
PL, TEME o]-8-sto] £4{85ict. DCXRD2} PLE] W55 R 2 28 InAlAs o 759 24, F44 F
Ao] A Lt F713el wheh ks olek. Adels) 74 Ao Qg W) Zhaake 565°C, 615°C,
700°Ce] A el 4] bz} 291, 246, 28 meVel w P2, F3bd FA 2L A& ol Ttk TEM L
24E e g2 565Co A 2xollA 4 7debA FAE G, HRTEM o]v] 7] ARzle|A nAs7h ¥
H3 st AlAs7E 34 4 Aloldll A Aol Qlsle] o 29 Azl FRe] FAe] WAzl
565°Col A 44 Aol A RTA dA] 4L 880°Colld] 327be] dAe] 2 of 78 meV HEo] W7
F7Fe HolFa, TEMS F8 Aol Svhe 73 dAde] gt Alebalelete Zlo] Raw|gir). o] A
= A Aol AR e Aase] 3t el Ao g dEsithe A8 98 $ gk

Abstract — We have studied the phase separation and ordering phenomenon of InAlAs epilayers grown
on InP substrate by LP-MOCVD with DCXRD, PL, and TEM. From the intensity and FWHM of
DCXRD and PL, we observed that the structural and optical quality of InAlAs epilayers were improved
as growth temperature increased. The band-gap reduction due to phase separation and ordering is 291, 246,
and 28 meV in the InAlAs epilayers grown at 565°C, 615°C, and 700°C, respectively, and shows the same
trends as structural and optical quality. The maximum degree of phase separation was obtained by TEM
from the InAlAs epilayer grown at 565°C in which the HRTEM micrograph showed the lattice fringe
between InAs-rich and AlAs-rich regions was tilted by 2" due to composition difference. However, the
maximum degree of ordering by intensity of extra spots was obtained at the medium growth temperature.
The annealing experiment by RTA of sample grown at 565'C shows a maximum band-gap shift of 78
meV at 830°C for 3 min, and TEM shows that the origin of the blue shift of band-gap is the complete
disappearance of ordering. Through annealing we can conclude that short time annealing affects only
ordering and that most of the total band-gap reduction (~3/4) occurs by phase separation.
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Table 1. The DCXRD data of InAlAs epilayer grown at
565°C, 615°C, and 700°C by MOCVD

Sample . N
Result A (565°C) B (615°C) C (700°C)
Peak position (A) -234 -460 0
In composition 0.53492  0.5481 0.52
Misfit (x107) 0.918 1.806 0
FWHM (A6) 84.7 244 493 (+InP)
Lo/ T 0.3074 0.706 +InP

Expected B, (Exw) 1416 eV 1386 €V 145 eV
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Table 2. The PL data of InAlAs epilayer grown at
565°C, 615°C, and 700°C by MOCVD

Sample N N N
Result A (565°C)B (615°C) C (700°C)
Peak position (at 77K) 1.163 eV 1.15 eV 14174 eV
FWHM (AE, at 77K) 85.6 meV 829 meV 4347 meV
Intensity 375250 420170 445000

Peak position (at 300 K) 1.125 eV 1.14 eV 1422 eV
AE:EXRD'EmeK; 291 meV 246 meV 28 meV

(a) (b)
Fig. 1. Plane-view (220) bright field TEM micrograph of InAlAs layers grown at (a) 565°C, (b) 615°C, and (c) 700°C.
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Fig. 2. [ﬁO] cross-sectional diffraction pattern micrograph of InAlAs layers grown at (a) 565°C, (b) 615°C and bright
field TEM micrograph of InAlAs layers grown at (c) 565°C, (d) 615°C.
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Fig. 3. [110] cross-sectional HRTEM image obtained from InAlAs epilayer grown at 565°C (a) shows the com-
positionaily modulated regions to be on average about 300 A and (b) the magnified micrograph of boundary in (a).
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(b)
Fig. 4. [110] diffraction pattern from InAlAs epilayers grown at 565 °C and 615°C showing the % {111} extra spots.
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Fig. 5. PL spectra of an as-grown specimen and a speci-
men annealed at 880°C for 3 min. After annealing, a
blue-shift of 78 meV was observed.
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(b)

Fig. 6. (a) [110] diffraction pattern and (b) [1-1_0] Cross-
sectional bright field TEM micrograph of the specimen
annealed at 880°C for 3 min.
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