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I. InUro&rctio ltp siliqr is a naterial being qmulfy used for devices srrh as transistors.
lbeever, it is not satisfactbry in an electm nnbility ard a rrandrnm velocity for trmsistors to
og:emte in a miwreve frequency regicn and in a verj, high srritdring speed. lltrus, GaA.s which has

a higter s$ility (about six tines) as ccnpared wittr silicqr is no:rnally used for micrsuarze FEtb.

llbday, GaAs MES (nBtal-ssniocnductor) FEfs harze shown highest freqr:enqg operaticn (80 GHz) and

fastest sritc*ring speed (4 pio joule) of a1I transistors. [l]

ltre Ir:Sb and nxiAs have very high nobilitlz srrh as 78000 and 33000 o#rrl.ft.", restrnctirzely.

lbwever, these materials carupt be used for transistors, because of a rrerlz narrcw band gap, 0.J-8

and 0.36 eV, respectively. Ihe mir.ed crystal of InAs and Gaes can be expected to yieJ.d a higlerr
nobility tjrar caAs and a r^rider band gap tlnn Ines. Near a half ocnpositiqr rate (x g 0.5), ttre

band gap, rur beocnes about 0.75 eV atv*rictr t}re carrier @rcentrati@ (>tOlssn -3) irrp€affeeted
by ttre variatiqrs of ttre intrinsic ca:rier oqrcentratlqr (-to11c*-3). Etrttrer, the energBr di.f-
fererce, AE, betrreen ttre central and satellite valleys irt tlre ccrdr:ctiqr band beccnes wider wittr
tfre jncrease of ttre oorgnsiticr rate of InAs. Near x 3 0.5, AE is expe*ea to equal ,n."'
lltris does not rnake the elecbrcn velocitlr decreased by the G\.rm effect. At ttris @rditicn, ttre
largest ne:<irnrn velocity can be obtained.

I{e describe here the epita:<ia1 grcnrttr of a very uniform single layer of Inr_*Ga*As (x = 0.5)

virich can be srsidered a Qpe of a tailor-nade or clesigned nateriaL. 9Ie preserrt tte higtrcr
e.lectru nibiliq/ and the largen rE>ilmm velociQr of Int-*C'a*As (x = 0.5) ttran tlpse of CaAs.

II. Etsita:<ial tunth ltre mi:<ed orystal is gmlrr by ttp liqr:icl-Fhase epitaxial- nethod wittr a
sJ.iding grapfiite boat in a Inrre bfarcgen gas atrcsphere. Itre solutiqr netlpcl has no't, yet g:o*n

a r.nifo:rn ocqnsiticn rate of crlzsta-l, becar:se the segaregaticr coefficients of 1r, Ga, and As are

mrrtr diffenent *.h 41ro. [3] ' t41 By ttre vapour-pnase etritaxial net]nd, srrh a naterial has no,t,

yet, gmm that tlre ccrpositicn rate is unifo:rn and the rnbility is greaten than ttnt of GaAs. It
has to be enourtsred jn the epita:<ial gtrcrrrth of a mi:<ed oqystal that the lattice odrstant is not
equal to ttat of ocqnsite ocngnurd material, e.9., IrAs or GaAs in case of hf_*et'*. il?ris

Lattice migtatdr is qrsidened a nain severe c.usre to the defects and nechanical sUairt in a mixed

systal. [5] ' t61 Ttris problan aould be avoided bfr a&ptjng InP as a substmte !'rhose lattice
cqrstant o<actly rnatctrss wif}r that of h0.53&0.41,s. In taking ttris advantage, we oould sr'rc-

oesfully gmv t}le nixed crystal rcittr a minor-UJ<e srpqth surface wtdch nust be at least safisfied
by'material-s fon devices. Ar as-gmcryn sr.rface and a cLeaved surface of t}te mixed crtastal g|:ssrn

at 700% are shovn in Fig. I. the oqnsiticn rate alcng a gaohm lapr was csrfi-rrred very uli-
foun by the electsr probe nimanallzer as! sttoirn in Fig. 2.

III. Electrsr ltbbilittz Besides the scatterings with pturors and icnized fugrities, additi@al-
scattering takes place in the electsr translDrt in a mixed cystal. ll?ris scattering has been

srsidered drn to ttre disorder g]ignert of curgnsite el€nEnts, i.e., In and Ga in hI-.6*F, arrd

called the disorder scattening. [7] So far as the materials, wittr arlrifouqoqnsj-tiqr nate,
gr.€rfir hlr the liquid-phase epitaxial reffi, ttre ]-ecbsr r$ility is nttrer lq,Er t]ran GaAs in the
regicn of x> 0.5. lhis tras been trrderstod &rc to the disorder scattering $trich nay take array

the trnssi.bility to the increase of tfre rsility b1l the mixeckrystal atrprcactr.

Ihe mixed orystals rlrrhictt re have grcrm avoiding the lattice mi.gnatctr give a higtnr robility
ttnrr GaAs. llhe results are sls*n in Fig. 3 w?relre the tlporeticaL cur3ve of electm rdciliQr of
GaAs is ptortted for otqlarisar. this curr/e is conrurly cqrsidered agreeable with t}re ereerlnent-
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ally nestred data of C€As.

lltre nLced crystal garovrn here rnay still ialolve the disorder scattering. tttre\ter, our remrlts
strcnr ttnt ttre nobility decrease irt ttre past resultsr"puldbe due to the olzstal defects and nechani-

ca1 strain by ttre lattice misnatch and tiat the disorder scattering $puld not be serious in ttre

electror robiLitlz. B1l ttre experfuerts of ttre infrared absortrrtion though hl_*6*F, we have

cqrfined that ttre mixed crystal grornr hene has a very slra4 edge of ttrc band gap.

IV. l{a:<inun Velocittz It becsnes possible to apply a hiSl el-ectric field b hO.SgeO.4l's since

ttren a r:nifonn single layer fns been grcn"n here. We have reasr:red ttre velocity-field ctraracter-

istic b1' applying a prlse voltage to keep ttre crystaf tsperatrrre onstant. As strcnn 5n Fig. 4,

the result indicates ttre tendenc.y to ineease firrtler in cqrtrast to the velociQr of CaAs l*tere
ttre velocity does not incease @zord 2x107 ory's as rarclI lmorsr frcm tlre velocitlz-field cha::acter-

istic of CaAs. ltre result can be undenstood due to the increase of AE in tlre nixed crryrstal bUr

wtdctr tlre G\mn effect. does not occtrr in tlre range of the electric field in ttte o<perinents. FUr
then investigations to tlre saturated velocity of IreO.SZeO.at'E wiLl be studied.

V. @nch:siqrs Taking ttre ocnce4rt of ttre tailor-rnade or designed rnaterials, rrre have success-

ftitly garora: the mixed crystal of InAs and GaA.s. It has shcrrn a higher ncbiJ.itlt and a largen

nildmrm velocity tttan C,aAs. ltris nixed crystal- can be understood desirable rnaterial in electmr
ic prcpenties for devices jrt a nr:io:cn'nve frequency region and in a veq/ high srrithcing speed.
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