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A microscopic understanding of epitaxial growth is important in order to obtain atomically controiled heterostruc-
tures of semiconductors. A quantum chemical approach is useful in the investigation of elementary chemical reaction
processes. We have analyzed gas-phase reactions in the metalorganic chemical vapor deposition (MOCVD) of com-
pound semiconductors, using ab initio molecular orbital calculations. In this review, the reactions of group-III source
molecules and hydrogen (both atomic and molecular) are discussed. The calculated results indicate that hydrogen plays
an important role in controlling the quality of the epitaxial layers. It is well known that semiconductor surfaces exhibit
many kinds of reconstruction depending on the growth conditions. The electronic state and the detailed structure of the
reconstructed surfaces should be taken into account in eorder to understand the surface reaction mechanisms. A surface
As dimer which appears in the molecular beam epitaxy (MBE) of GaAs (001) is analyzed based on a cluster model, The
first quantum chemical study of GaAs (001)-(2 X 4} 8, reconstruction is also described.
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Fig.1 Thermal decomposition process of PHs. AE means energy differ-
ences between the initial state and the final state of reactions.
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Fig.2 Schemaiically drawn energy changes along model re-
action of {1)=(3} (1'y~3", respectively).

#® T 203

keal/mol Thd, W 2) TRLEBBEETRER
FEf EcdimME (LMY BEELTWS. RIEDHRIRE
ERCGRIBO R AN — 21 1.9 keal/mol T, Z BEIGIZ
HERCTLESIENT 222005, B[EHERE
3) I ERRRE (TS), Thbbrol XN
ETZ, 2L, ZRAF—RREOBE S X 12.7 keal/mol
EENOT, LORESEFRCETTEZ L ibh s,
PlEds, FPRHIZACHSSBERIGLZ LA
FmEN, BT L 5, kil v iEREEE T
WHOHEERE LUTERT S, LM77, VLR
KELTBLEMEBE~CCORAFMATES A p =
R DNT 1 2OMENRE 2 b,

4, F v UFHX A &FHE I EEEORR

M-V BAL&# R8O MOCVD #® ALE Tit, Fikbz
Fr V7T H A HRR L THRIERET TS, -
NET Fy VTHA LSS LEET D Ak
iFEA BRI Wb, BNk . BH&®
ThIAFATALI=GL (TMA) L RU AFAHY
UA (TMG) DEGIFLEEETO, o RT3
L, ThoOEEOMBEREMETID LN S MERE2E
w¥, FLTHRAIE, TMG (TMA) ORAOCES AR
EH EORETERWAEER, TMG B ToG R
BRTHDIZ P AL (4) KHBRETRAE— L,
He &£ @EGE (5) wibhBila e R 8— % i Lk,

0.746,H
VR
;* 12,430 H
\ o782
2_309; v N . / \1\.969 !
] s Hatgon ! N
H | ,09 Ga .q/ 1.822) Ga A-GAH
no T | 2198 =g,
He BH " r/ \\\
| H HC b
H \
H
(A) {B)
H /H
1510, N3 ., H 2.185/ \1,596
/ w y
H Ga .‘{’C%H HI /Ga .—»‘"‘H
et 17\ H rossf " ey
Hoe g 2297 H ’ ¢~ 2893 HE== \ s
H N Hs
" W H
() (D)

Fig. 3 Structural changes along intrinsic reaction coordinate
of TMG+He—=Gall{CHs):+ CHa. Bond lengths in
Figs. 3, 4 and 5 are expressed in angstrom.
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Fig. 5 Bquilibrium structure of DMAH dimer calculated at
HF/6-31 G**.
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Fig.7 GarAssts cluster which was used to calculate the surface As dimer of AlAs.
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