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To study the be ..v our of hot electrons, to analyze
elecotric conductivity e obthep transport effects in Semi-
conductors, it is necessary , to know bhe distribution
<anction of free current carriers in the conduction and

Vvalence bands.

Thie Soltzmann's egu-tion has been investizated for
tlle analysis of high electric fields transport phenomena .
The distribution function hus been derived for a wide range
of lmpurity concentrations 1n n~Ge of about 10 0 1015 en™>
at low Gemperatures. AG Uhis conditions the scattering of
electrons by acoustic phonons and impurities are Predopinant.
The distribution function wus siuplified by considering the
Tolilowing casges,

o

1= The probapility of impurity scattering was con-
sidered to be small compiiired with acoustic rhonons. In thig
cese the disbtribution fuaction was found o follow the form
oL Davydov runction. Lt variation of Ghe obtained dist-—
ribublon function wit tis awplied electric Lfield has been
studied. Lt was foun. Gty ab adgh eleetric fields, the

diotribusion Tunction Wiin Uoe ganme as thot cbbained by
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Dryvestien for 0¥ eleclirons in an lonized gas sad the
clectric currentv density Jroportionzl to the square oot

of electric field ( Jew £ 2.

2— The probability of impurity scattering was
~ongidered larger than the acoustic phonons. In thisg case
the distribution function has been derived for high electric
fields and the Tfollowingz results were obtained:

a) The distribution fuaction has an additional berm,

witkcly tends Go zero for Larye concentratlions of impurities.

b) The electric conductivity has been caleculated wsSLing
Ghe obbtained distribution funcvion. Accordingsly it was found
thot the scatteriang by lwpurlbics miniadze the electric
conductivicy.

Tiie obtlical oproperitle

y

0

of hot electrons in senitconductors
e been investlpated, whelre The absorpbtlion coefiilcient of
1ipnkt haoas been studlede The free carrisrs were congidered

to pe under the effsct of static electric and an albternating
Trelds. The distributiocon Fuucltion has been derived under

Lids condition. 1o wbsicrsiion coeZficlant heg been cale-—
vlated, vaxing ia conctilderetion the acoustic phonons and
lnpurlties scutbering. Wiz results achlcocved azre 2.8

follows 3
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I—- The impurlby oo oberin: inecrsases bine o sorstion
«U hiigh frequencies.

2— [t Gecreascs the absorption at low fraquencies.

Finally the Hall cosifficient has been calculated for
¥

hov electrons by considerin: the effcet of =2coustic and
lnpurities scatbering. 1t was Lfound that, the impurities
scatlering minimize the Hall coeflficient. For small
magietic field and large coicentration of impurities the
ovtalned results was cornclident with the results obtained

before.
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Y51 it was Loxaved out by W.e Shockl, that devartures
froum vmm's law i high zliectrie rieclds would be much more
readlly produced in se-qdiconductvors than in metals. This is
due to tue fact that in semiconductor a change in the mean
energy of electrons regresents a large change in the mean
ellergy oi the elcecectrons. The change in the mean energy of

the eclectrons of the ordsr of (KOT) represents a large change

i their eficetive teuperature. In this case the clectrons

ig sald Lo be hot and 1z oul of the thermal equilibrium

wobilln the lattice. For clectrons having nearls a llaxwellian

clstribution with an cifective tempersature Te, mean veloclity

. ) ) s , s .
(e mOTG/m)' and mean encry (3/2 AOTO), the nononmic behavier

nes been shown bo arisge 1ol bhe generation ol acoustic flux.

Acoustic Tlux L8 gensrebted vy e carriers which Talke placs
waen bhe deiit veloclly oxeoeds tine sound veloeity (AWR.

aabsen, 1961).

16 nas beew snow by Vele Boncn (1969) bhot in semi-
conductora, the charps cdrmiors way be heated not only by
a1 exbernal slectric ficld, but also by pressurzs. The

iabber is Jroduced if Hre Jistribution function is (rtif-

icilally made inbouogenous.  whig inhowosenelty may dbe for
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et le, due o the pedlen® or The local wviroge energy

2

48

o Lo bae conceatration gradient of carriers. Some pro-
wortles of such inhomoieiicous systuns were studled by

V.Ll. Boneh sruevich (1969).

doplication of nigh yileld to & netal is not expected
to produce a significany elaetron heating at any rate, due
to tne large value of the average electron energy. Hot
elsclbirons were introduced inbo a metal by tunnelling from
siother mebal or semiconductor bissed appropriately with
vesoect Lo the Tirst (Muod, 1952 ~ Spitzer, 1962 - Sbhratt,

1951) .

T tiis situation, beo privperties walch soould be
studied are the rote of anerpy loss and the mean frec path

of the electrons.

Llisoush Ghae fundenentil laws goverdn. the electric

conduetlvity at higih el cbtrlce DTigld strengths were theoret—

Tewlly daveloped wore Giin Lhinty years 820, investizations

There ore several ressons for incre.sing the

soboat in bhisg subject. eatine of the currisrs by high

[ =ld Lus been Toun. to .ooduce new effects l.e. eftects
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ot Lresent in the melerial dn low fields.

Lo gnange of
COLGUCEivity a8 2 Tunction of Ifisld strengbh and the

aadsotropy of Ghe maberinls ewen in cuble crystols, the

instaoldlity of current at high electric flelds, the electron

2mission from cold cathodes, some efieccts connected with the

surface and tihe birefringence of electromagnetic radiation

by irec carriers are examples of this type.

Un the other hand, the carriers investigations in high

clscetric fields apdesr o5 a

vethodlcally new possibility to

zet information avouv Hi:2 Zrovertvlies chraracterizing bae

senlconductor indegsent’ 0r Gl

ke

0]

pregence of external fields.

The energy trensfer Lo e lattice, The energy Jevendance of

toie vecombination cross-sectlon excited carri.rs znd the
vilence bands exanilnation oy infrared absorption belong to

Llese types ol lnvestlyaGrLons.

Pinally Ghe hot electron effects have and will lead

(2

bo dlaportant conseqguences i1 practical applications as;
oonoemisslon Tron a new bvoe of catrodes (Wlkl. Feist, 19333
& onew net.ood to measurse ol frecuaency power and generato

(&Y

o ulors high frequenc, (Wi, sutcher, 1957).

In sewiconductors, 1t is necesszary to lnow the

Lostrisuition of Ires surcelt carsigs 1 tie conduction
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s valence bands Ln orxdos Lo an:s lvze
Tield

¢

Sze rany ol
-

¢l lacts in this

1n senlconductor of woaerate doping, the tnermal
laxwell-Boltzmann distribution function itself.

For low
electric fields 1t is assuaed that the kinebic energy and

momentum of the carriers have Maxwell—-Boltzmann distribution.

For high electric flelds the carriers distribution has
viother electric shape.

Usually bthe current carriars in the absence or the
sresence of The elsetric Zicld interact with ths
and

Lattice
vioretGlion i the sample,

sogorption
Ji @rlLss Lo Daonons are uroduced.

consequently the

In the aossence o the eleetrlic filieold, wacn Uhe
carviers have toe Mesovell Jistribution funclion and Gias
DION0NS are L sguillo

riuwm, aboorption and smission are
Ditanecade  In Ghis cuse Gog auwber of Doonons
vectoxr 3- will D

LR arret
WLUL vViave

D

psil
tal)
1
=
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-
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aere §odsn pluak's conolboay

T

TR e o - - -
(L) wvided by 2 7, and KO is

swloznannts constant.

Wien an electric [iczld (B) applied to semiconduchor

-,

tne carriers galned encrgy at the rate eMEa. Where M is

tuz wobllity of Ghe carriurs and e is the magnitude of

electronic charge.

his energy raiscs Gae average energy oi the carriers

ciia the average rate of cumission of phonone Ab the steady

=

state, G average loss ol ciuergy due to collisions would

Ui

~ -

be equal tone rate of pain oi energy from the Tleld (MeS.

Sodua and Sens Sowhney, 1S50)

<
. " -,h d
Leca eIVlﬂzd = O,' >

At
s L -
viere == 1s cnergy LoBs

In the exdstance of « small elcetric Tield, the steady
Gate requires a little change in the distribution function.
1ize essential change can be described as the supsrposiftilon
or & suall drift ferm on the Ghernwal cquilisboiun distribubtion,
il = my + £
o (g Ty ™ 71
AT LT i - + > S e . ; o s N
wsre 1y <Y oo I (¢, ™8 Maxwell—soltzmenn distrib-

vy 4

wblon et lattice tenser.six Ye £, depends on band structure
A

anG scabbordiag.
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I bre ndg clectee wiels, LU 1o no lon. er vossible

bo wirte L o She form _iven above. dere we are concerned

nodae case 1 whieh a steaay stobe of the carriers is

i

always ulbainable in high fields. This is due to the rate
P:10100 emlssion Oor obuer encrgy loss that ure increased

ag bae average encrgy of bthe carriers increases.

Lz the stead;, the average loss of encergy in collisions must
eguel the average encrgy zawn from the field betweesn collisions
If tne collisions are elasble, energy gained from the field
will be small. In addliblon 1f the collisions are not pre—
doualnantly forward, ox atbt suall ancle, bhe energy sained from
t.e f1eld will be randou.

Iohen 1 tuie exdisbance of .. h fields, thio distribution
functlion will Galke fhe form of = small 4Arift termn supor—
ivposed oa bie cnergy Tosctlion only. Sc bhatb:

> . -

)T o (E,m Tt (g ,m

VELCT G £1<K Ly

AL 2igh cnough carricay colcentravions, we nust consider

wlso the collisions of tho cixrisrs wiln each othoi.
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