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To deve■ op cw ■ong Gunn diodes with functiona■  operation, a IIluch reduction of

the thresho■ d fie■ d compared with that of GaAs Gunn diodes is requiredo Possib■ e

ways to ■mprove the thresho■ d fie■ d of Gunn effect are to ■ower the energy separa―

tion between the ■ower val■ ey and the upper val■eys, and to inOrease the densttty

of state ■n the upper val■ eys by getting s■ mu■ taneous contr■ bution of both X and

L va■■eysj by using III― V mixed crystals with contro■ ■ed conduction band struc―

ture and appreciab■ e high mobi■ ity.

In order to get fundamenta■  inforlnations about high― fie■ d e■ eclr■ cal transport

in III―V mixed crysta■ s, we focus our attention onto systemsof GaSbxAsl_x and

lnxGal_xAs in which X and L va■ ■eys are ■eve■ ed in energy at about x‐ o。 2 -0.与
`

Ve■ oc■ ty― Fie■ d Character■ stics by us■ ng m■ crowave heating method and properties

of current osc■ ■■ation are llleasured.

Both mixed crysta■s were prepared by ■iquid― phase epitaxia■  Inethod with a s■id―

ing graphite boat in a pure hydrogen gas at temperatures around 750° σ. The cOmpo―

sition of obtattned mixed crysta■ s was determined by photo■ ulnineScence spectra at

77 K and e■ ectron IIl■croprobe.X3ray analyzer. E■ ectrュ ca■ properties was ●eaSured

by using van der Pauw methOdoln spite of low a■ loy compOsition, e■eOtron mobi■ ity

in the epitaxia■  ■ayer was not sO high as in GaAs. The ■ow― field IIlobi■ ity Of

mixed crystals seeIIls to be cons■ derab■ y control■ed by additiona■  scatter■ ngs,

probab■ y scatter■ng due to ■attice tn■ slnatch and a■ ■oy scatter■ ng which becomes

dom■ nant w■ th increas■ng cOmpos■ tion x. 工n order to reduce the mobi■ ity kil■ er

effect due to the ■attice m■smatch, buffer epitaxia■  ■ayers w■ th 10W a■ ■oy cOm―

pOsitiOn were grown on GaAs substrateo The ■ow― fiO■ d mobi■ ity of ttnO。 lGaO,9As

grOwtt on the thin buffer ■ayer was 12000 cII12/ves at 77 K.

In Fig。 l we shOw the ve■ ocity― fie■ d characteristic lneasured by using micrOWave

heating technique for two kinds of mixed crystal having near■ y equa■
~■

ow¨ Fie■ d

lllobi■ ity. Contrary to a decrease of ■ow… fie■ d lllobi■ity in compar■ son w■ th GaAs

the thresho■ d fie■d becones ■oier with increasing xoin GalbxAsl_x. ThiS Can be

attributed to an effective interva■ ■ey electrOn transfere lt shou■ d be noted

lhat in GaSb℃1.07A,0。 9ぅ the energy difference betweenf・
and X Va■■eys ■s eptimated

to be about O・ う ev, be■ ng smal■ er than that Of GaAso Moreover, an ■nfluence of  ´

―■9-



I va11ey located slightly above X val1ey could not be probably neglected. In
GaAs - InAs systen,P-X val1ey separation become larger than that of GaAs with
increasj.ng x contrary to the case of gaSb*Asl -x, accompanying L va11ey closely
upon the X valley at compositions above x=0.]. Supposing the empirical rela-
tion for the varlation of energy separati-on wlth alloy compositlon as shown

ln Flg.2, the intervalley separationla-X and X-L 1n Ing.16G"O.g4As are estimated.

to be about O.11) eV and C.05 eV, respectively. The threshold field is seen to
be 7.2 ki'/cn and the peak velocity 11.? x 1o6cn/s in Inp.16G*o,B4As, bei-ng nuch

larger in coraparison with that of GaSbg.OZAsg.rr. In both crystals, however,

1ow negative differential mobit-ity is observed owing presunably to snaller
low-field nobility. We are now attenpting to prevent the mobility kiI1er scatter-
ing due to crystal lattice mj-snatch in epltaxial glowth system.

The calculated velocity - field characteristics as a function of.alloy con-

position in both mi-xed crystal-s are shovrn in Fig.]. The nodel ls the same two

band nodel used in InP bV .ianaesvjhe calculation include the effects of non-

paraboli-clty and polar optical phonon

scatter■ ng. The paraxlleters Tere           ∽

Obta■ ned by ■ine,r ・nterpo■atiOn         Ч:〕
4

between the values for GaAs and those     i3

for lnAs or GaSb. Increas■ ng the ■ow―     載

er va■ ■ey lnobi■ ity and the energy         
爆
2

separation of the two va■ ■eys, and        >

decreas■ ng the dens■ ty of states ratio

increased the peak velocity wh1le

increasing the threshold field. Thus

a optinun nlxed crystal rvould inprove

the threshold field and the efficiency
of nlcrowave devlces. Properties of
curuent oscillation, and relaxation
tine effect on intervalley scatteri-ng

will be presented in the Conference.
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