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I. Introduction Electronic transport properties of elemental and binary-compound semiconductors
such as Ge, Si, InSb, and GaAs have been comprehensively investigated in theoretical and experimen-
tal works. Iheoryforﬁmsmrtpmpaﬂesoftema:ymmedsmomdcmshasbeenrepwtedby
several papars 6l':l.n which different approaches were taken. Most of theory were applied mainly
to Inl_xGaxAs. On the other hand, experimental data have been widely spread. Thus, further
basic study is required to see what the transport properties of ternary mixed semiconductors might
be. The difficulty in this study is caused by unknown scattering potentials due to the disorder
occupation of camposite atoms in mixed semiconductors.

In the past studies the disorder scattering potential was considered to be the difference in
band gapl)or electron affinitys)of camposite semiconductors, or the potential determined empiri-
cally was used® . The band gap or the electron affinity can be considered the properties deter-
mined for a bulk material. It is hard to justify that the misoccupation of camposite atam due
to the disorder causes, near the misoccupation lattice site, the difference in the bulk material
properties. In another past study, the deviation in the Coulambic potential at the composition
rate of x=0.5 was used as the scattering potential for mixed semiconductors.®

In this paper we propose that the disorder scattering potentials are due to the deviations
in the polarization field of Callen's effective charge and in the Coulambic potential calculated
at each coamposition rate of x=x. These deviations can be justified to be caused by the misoccu-
pation of camposition atoms in mixed semiconductors. The theory is applied to 14 different mixed
semiconductors available from the possible cambination of binary ITI -V compound semiconductors:
AlAs, AlSb, GaP, GaAs, GaSb, InP, InAs, and InSb.

II. Theory Taking the consideration of the long-range order parameter R, we have derived the
relaxationtinerdforthedisorderscatterjngduemthedisonieroftheAandBatansinamisaed

semiconductor A B ¢t = (vath/m/z) - [(1-R) x (1-x)namu§5w§8 ol a2 (n*
In the theory, the analysis is carried out using the virtual crystal model.” We derive

the scattering potenttal Au_ caused by the deviation of covalent radius, (l/r ) - (l/r ). The

potential is Au = (be? z/41€) - | (/ry) = (/)| -exp(-k_R_ ) (2)*

Cation and anion atoms in a ccrcpomﬂ semiconductor possess a so-called effective charge which
produces polarization. We derive t.he scattermg potential Au due to the polarization deviation,
* *
(ei—ev)d. The potential is Au = (e -e )d/e AV (3)*

III. Theoretical Results The electron drift mobilities calculated on the basis of only the
disorder potentials are shown in Figs. 1 and 2 where camplete disorder, R=0, has been assumed.
Besides the disorder scattering, the electron transport in a direct conduction band is subjected
to the polar optical, the ionized impurity, and the piezoelectric scatterings, whereas the trans-
port in an indirect conduction band is subjected to the intravalley acoustic and the equivalent
intervalley scatterings. The electron drift mobilities involving these scattermgs are shown in
Figs. 3 and 4 where they are calculated for the impurity concentration, n=10"%cm™3 and camplete
disorder, i.e., R=0, is assumed. The electron drift mobilities are also calculated for the
mixed semiconductors with perfect order, i.e., R=1, in which the disorder scattering is not in-
volved in the calculation. Theoretical results are shown in Figs. 5 and 6.
Eventi'nughthedisorderscatteringexistsinlnﬂblx v ; the larger mobility in this mixed
semiconductor relative to that of InSb could be expected. The electron mobilities of Iny xGaxAs
and InAs, P are very similar when the disorder scattering is not involved as seen in Fig. 5.

* The detail description of the theoretical process is given at the confererice.




The mobility of Inks, .P, is much reduced, due to disorder scattering, relative to that of

oy

is larger than that between

InAs and GaAs.

__XGaxAs, as seen in Fig. 3, since the difference in the effective charge between InAs and InP

In the mobility variation of the semiconductors alloyed with a direct- and an indirect-band
semiconductors, the abrupt decrease is appeared near the band structure transition fram the direct
to the indirect band, as seen in Figs.

2, 4, and 6.
this transition to occur is
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respectively.

direct conduction band.
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are considered very important in the
analysis of microwave and opto-

electronic devices fab-
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