I 0000 Val. 22, No. 4, pp. 238-247, 2001
ogoo

INASIGaAs 110l U 0 dduouoooogogd
gobooouooboon

Oooo'o0o Oo0oood
oooooooooor"ooooor”
oooot""ooooogreer

000000000000000 @®223-822 000000000000 3141
‘0000000000000D000 ®169-855 00000000 3-4-1
UNTTOOOOOOO0OO0OO 2430198 0UOOOOOOOOOO 31
iOpO0O0o0o0o00oO0DO0n0 @ 5148507 OOOOOOO0O 1515
eiiopoo0o0o0000 3050047 ODOOOOOOOO 1-2-1

fJgz20000 7O 26000020000 80 14000000

Relation between the Generation of Misfit Dislocations at
INAS] GaAs(110) Heterointer face and the Growth Mode

NorihisaOvaMA™ , Ko OKAJMA", Eiji OHTA,
Kyozaburo TAKEDA", Kenji SHIRAISHIPP T | Hiroshi YAMAGUCHIP?,
Tomonori ITo" " and Takahisa OHNO™ " " H

Department of Material Science, Keio University, 3-14-1 Hiyoshi, Y okohama, Kanagawa 223-8522
“ Department of Material Science and Engineering, Waseda University, 3-4-1 Ohkubo, Shinjuku-ku, Tokyo 169-8555
SUNTT Basic Research Laboratories””, 3-1 Morinosato Wakamiya, Atsugi, K anagawva 243-0198
250 Department of Physics Engineering, Mie University, Kamihama 1515, Tsu, Mie 514-8507
“HBUNational Ingtitute for Materials Science, 1-2-1 Sengen, Tsukuba, Ibaraki 305-0047

(Received July 26, 2000 ; Accepted August 14, 2000)

We clarified the atomic and electronic structures of misfit dislocations generated at INAs] GaAs(110) heterointerface
by first-principles calculations, and also investigated the behavior of the misfit dislocations during heteroepitaxies, using
elastic continuum theory. Our first-principles calculations indicate that the dislocation core has asymmetric five-fold co-
ordinated In atoms, which originate from the charge transfer at the heterointerface. In order to investigate the heteroepi-
taxial growth mode, we formulated the free energy of the heterointerface system. It was found that the formulation
could describe the heteroepitaxial growth mode when some physical parameters were determined appropriately. These
parameters are successfully determined by combining the first-principles calculations and elastic continuum theory via
total energies of the system. As aresult, we found that the formation energy of 90° misfit dislocation was 0.96 eV ,
and also that the growth mode determined by our theory using these parameters reproduced the growth mode observed
by STM studies.
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Fig. 1 Obtained dislocation core structure of InAs] GaAs(110) heterointerface with an InAs thickness of 4
ML. Light, dark, and black circles indicate In, Ga, and As atoms, respectively. The numbers in the

figure represent bond lengths (O ).
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Fig.2 (&) Schematic structure around the five-fold coordinated In atom. Contour
plots of total electron charge density with an InAs thickness of 4 ML across
the planeincluding (b) 1 and 2 atoms, (c) 1, 5 and 6 atoms, (d) 1, 3 and 4 at-

oms, respectively.
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Fig. 3 Strain field around the 90° perfect misfit dislocation generated at the
InAs]GaAs(110) system with an InAs thickness of 4 ML aong [110]
and [110] directions: (a) paralel elements to the heterointerface, (b)
normal elements to the heterointerface. The numbers in the figures in-
dicate the rate of bond elongation (O ).

Tablel Tota energies and energy differences between co-
herent (Econ) and dislocation (Eds) systems.

System 2ML(eV) 4ML(eV)
Econ [ 21323.98 [0 27260.40
Edis 00 21320.83 0 27259.55
AE (O EcorEais) 0315 00.85
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Fig. 4 Band structures along dislocation line of InAs] GaAs
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herent system, (b) dislocation system.
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Fig.5 (@) Schematic structure around five-fold coordinated In atoms. Contour
plots of level charge density of defect states at I" point with an InAs
thickness of 4 ML: (b) filled state(V 1) across the plane including 1, 5, 6
atoms, (¢) empty state(V 2) acrossthe planeincluding 1, 3, 4 atoms.
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