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r. rntro&rction Electrcnic transpo* prcperbies of elsnental and binary-ocnpormC sernicordrrctors
such as C€, Si, InSb, anal GaAs harrc been ccnprehensively investigatAl jn tlreoreticalande>perjnen-
tal rmrks. It""ry. for transtrnrt propelities of ternarlz mi:€d sernioondcutors has been reported tryr

several p"p"t"l) -6)i.r, vrtdctt different appioaches were taken. I"lcst of tlreory were atrplied nainly
b hl-*e*&. On the ofter hand, operiJlEntal data have been widely slread. lltrus, fi:rtlrer
basic strrcly is required to see l.Jhat the transporE. Fropeoities of ternary mi:ledl sendoonducEors night
be. The diffiqflty in t]ris strrdy is caused Lryr uri]oromr scatteing trntentials due to the disorder
occrpatnon of ccnqnsite atcrns in ni:<ed ssnicondustors.

nc the trnst studies tlp disorder scattering poter$ial was ccnsidered to be the difference in
b"rd gapl)or elecErcn affinity3)of ccnposite semicordrrctors, or the potential iletellrdneil erpiri-
cally was useas). The bard gap or the eLectrqr affinity can be qrsidered the properties deter-
mined fon a brdlk material. It is hard to jr:stify that the misoocragation of ccnqnsite atcnr dr:e
to the disolder carses, near the misocewaLion lattice site, ttre difference in the bulk naterial
ProperLies. In anottrer past stuty, ttre devjation in the Ooulcmbic potertial at the ccngnsitior
rate of x=0.5 rnas used as ttre scattering potential for mi:cd senrioonarrctors.6)

In t}tis paper we propose that the disorder scattering poterrtials are due to ttle deviatiqrs
irr ttle lnlarizatior field of Callenrs effective charge allt in the Ooulcnbic potential calculated
at each mqnsition rate of x=x. Ttrese deviations can be justified to be caused by tne misoccrr
pation of crrqnsition atcrns in rdJ€d ssrioonductors. Itre theory is alplied to 14 ilifferent mixed
sgrdqtducEors available frqn tlre trnssible of Uinarlr III-V ocnpound.senrioondr:stors:
Al3s, AlSb, GaP, GaAs, C€Sbr InP, IrAs, ard InSb.

II. fheo,ry Taking tlre oqrsideration of the long-range order pararEter R, w€ traye derived ttre
nelaxation tile t^ for the disorder scattening dr:e to t}re disonder of t}e A and B atsns in ami:<ed
ssnicondr:cror \ ]"ff'.u= ltzrnaTmt,Gl.rtr-D x (r-x)n"(adeafAg*^4.,04.,1-t-.. (1)*

In the theory, t}re analysis is ca:ried out using the vircr.nl crletal rrpdel.', lrb derive
the scattering potential Au caused. by the deviation of covalent radius, (L/rr) - (L/rul. The
potential. is tu-= W2z/AoBof .l e/rr) - (L/tl l.exp(-k"R" ) 

' ' t'
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Cation and anion atcrns in a ccnpound ssrdemductor possess a so-calted effective clrarge htdctr
p:f\" trnlarization. I{e derive th; Ta*t* potential A% d* to the trntarizatiur deviaricr,
(er-err)d. The potential is Ar;= bl-e.rlVe'av (3)*

III. llheoretical Resdlts ltre electron drift nnbilities calculatsd on ttte basis of only the
disorder potentials are stptmr in Figs. I atli 2 l*rere cqtplete disorder, R= 0, has been assr.ured.
Besides the disorder scattering, the electrur trar,sporE in a direct, cmdr:ctsion band is srtcjected
to the plar optical' ttre iqrized irtrrrity, arrt the piezoelectric scatterirgs, r*rereas the trans-
port in an jndirecb mndrrction barrl is subjected to the intravalley aoustic ard the equirralerrt
intenralley scattenirrgs. rhe elestrqr drift npbilities inrrolving #.hese scatterir.rgs are shcr$rn in
rigs. 3 ard 4 hthere ttrey are calculated for tlre fupurity ooncentratiqr, n=1016*-1 

""a 
ccnplete

disorder, i.e., R=0, is asir.uned. lhe electrqr driftnsilities are also calculated for the
tlti:<ed sgtticonductons with perfect order, i.e., R=1, il r.Jftich ttre disonder scattering is not, in-
volved dn the calculatiqr. ltreoretical results are sttoyrn in Figs. 5 and 6.

Even thottgh the disorder scatterirq e><j-sts h ffiI_*N*, ttre larrger rcbility in this mb€d
ssniffiIductor relative to that of InSb corrld be opected. rbe electrqr nobilities of In _*Ga*As
ard InA-sr-f* are verfz similar vitren the disonder scatteing is rpt invol'yed as seen in Fig. 5.
* The detail description of the theoretical process is given at the confdrente.
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the nnbility of InAsf-fx is nnrch redrrced, due to disorder scatterilg, relative to that of

hl_*G*k, as seen in Fig. 3, silce ttre difference in the effective ctrarge betraeen rnA-s and InP

is larger than that betrarcen InAs and GaAs.

In the nnbility variation of ttre serniconductors alloyed wit]. a direct- and an indirect-band

senr-isorductors, the abrupt decrcease is appeared near ttre band structure transition frcnr the direct

to tlre indirect band, as seen i-n Figs.

2, 4, ard. 6. Ttre ccrr{nsition rate for
this transition to occur is x=0.4I and

x:0.58 irr GaAsI-Jx d hl-*@*P'
respectively. lllris can be attri-brted
to ttre fact that the effective rnass is
muctr heavier il ttre indirect ccrnducticn

band as ccnpared with that jl the

direct conduction band.

rV. Conclusions Itre scattering
potentials have been given by tIrc

potential and ttre polarization devia-

tions caused by the misocctpation of

ccnqnsite atqns. Using these scat-

tering poterrtials, we have derived

the npbility variations with the

ccnposition rate of rdxed ssnicon-

ductors.' Tttese nobility variatiors
are considered very fuPortant in tie
analysis of micrcnrave and opto- 

_

electronic devices fab- 2xlor

ricating with the mixed

ssn-icpndrrctors such as

Irt-*6*k ard GaAl-;k
At the conference, the

nobility variations of
other 8 nixed ssnioon-

ductors such as

Ga In- Sb ardC'a AIAS,x I-x r-x x
ttre detail descriptionof
the ttreory, and the
ptrysical interpretation
of ttre results are
presented.
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