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Research during the last decade has led to the microscopic understanding of the atomic,
electronic, and chemical (compositional) structures at semiconductor surfaces and interfaces.
First, we present a brief review of LEED (Low energy Electron Diffraction) intensity analyses
of the atomic geometry of the (110) surfaces of 3-5 and 2-6 compounds. The dynamical
calculation proposes an atomic model of the (110) surface with top two-layer reconstructions
for GaAs, InSh, InP, and probably the topmost single-layer reconstruction for the more ionic
ZnTe. Secondly, after a brief description of standard AES analyses of the chemical composition

of the surfaces and interfaces, particular attention is focussed on soft X-ray photoemission

studies on the interface formed by MBE (Molecular Beam Epitaxy) techniques. Thirdly,
theoretical band calculations are mentioned based on the LEED atomic model. Finally, to

develop a model of the atomic geometry and the initial step of oxidation. we present recent

ab initio first principle caleulations using a technique of gquantum chemistry which has been

applied to the GaAs(110) surface.
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Fig. 1.

The escape depth as a function of kinetic energy for electrons photoexcited

from a GaAs(110) surface (ref. 2).
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Photoionization cross sections for 3d and 4d levels as a function of
electron energy above threshold (ref. 6}.
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Schematic diagrams of the surface atomic geometry for the
reconstructed GaAs(110) surface,
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Table 1.

Atomic structures for the reconstructed surfaces of the GaAs(110) determined by dynamical LEED
intensity analyses and energy minimum theories, All distances are given in A (ref. 3).

Structure Layer As Ga Ayt PSR dig, y w
1 0. 094 0. 554
Tong et al. 2 0.0 0.0 0. 650 4.395 3.313 27,5
(a) 3 0.0 0.0
1 0.144 0.506
Meyer et al. 2 0.06 0. 06 0. 650 4. 395 3.313 27.8°
{» 3 0.0 0.0
1 0.186 0. 459
Chadi 2 0.06 0.07 0. 645 4.398 3. 171 27.3°
(c) 3 0.02 0.04
1 0.20 0. 45
Miller-IHaneman 2 0.056 0.04 0. 650 4. 453 3. 245 28.5
d 3 .02 0. 04
(@ Ref, 9. b Ref. 3. {© Ref. 10. (@ Ref. 11.
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The calculation was made on the atomic and lattice models of (a)

Tong et al. and r1igid lattice, (b) Meyer et al. and rigid lattice, (c) Meyer et al, and lattice vibra-

tion deseribed by T'=300K and ¢%,=09,

=345K, and {d) Meyer et al.

and lattice vibration de-

scribed by T=300K and #5,=173K and 6%,=345 K, (ref. 3).
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Table 2.
Summary of the atomic structures for the (110) surfaces of ZnTe, ZnSe, GaAs, InSh, and
TnP, as determined by dynamical (for all the compounds except ZnSe) and kinematical
(for ZnSe) LEED intensity analyses. All distances are given in A.

. YA 3Y
Lattice ¢ % Bond length change
Compound constant do  Layer Anion Cation Anion Cation Avl Del @ ?VI, X, MX, MX
1 0.200 0.550 90.182 0.560
nTe 6.089 2.163 2 0.0 0.0 0.0 4.0 0.780 0.0 33.3° -3.26 ~0.24 -2.70
3 00 ¢.0 0.0 0.0
1 0100 6600 0.0 0.0
ZnSe 5.668 2.004 2 0.0 0.0 0.0 0.0 0.700 0.0 26. 4°
3 0.0 .90 0.0 4.0
1 0.144 G.506 0.332  (.486
GaAs 5.664 1.999 2 0.06 0.06 0.0 0.0 0.650 -0.120 27.3° 0.08 0.256 -4.02
3 0.0 .0 0.0 .0
1 0.177 0.604 0.384 0.584
InSh 6.478 2,200 2 0.000 0.090 0.0 0.0 0.781 -0.180 28.8° 0.01 .92 -4.49
3 0.0 0.0 0.0 0.0
1 G060  0.630 0.344 0.516
InP 5,869 2.075 2 ¢.065 0.065 0.0 0.0 0.690 -0.130 28.1° 000 -1.93 -7.31
: 3 0.0 0.0 0.0 0.0
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Compositional depth prifile of Au covered GaSb
obtained using AES in combination with Art
sputtering (ref. 26).
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