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Enhancement of Average Velocity of Hot Carriers in Appropriate Heterostructures Due
to Inversion of Distribution Functions.

Vladimir A, KOZLOV and Alexander B. KOZYREV

Institute for Physies of Microstructures of Russian Academy of Seiences
46, Uljanav St., 603600, Nizhny Novgorod, Russia

The heterostructures with specific profiles of the intcrnal potential are proposed to enhance the average carricr
velocity in strong ficld in compare to the homogencous matcrials, Monte Carlo simulation of the fmotion of {he ensemble of
cleetrons in such heterostructures waa earried out. Tt was shown that ot low temperature for come epecific conditlone the drift
velocity ¢an be increased by 1.5 times in comparison with ono in homogencous material at the same value of the average

applied field,
1, INTRODUCTION

The wspomse e of many elecuonic devives s dufined
mainly by the average clectron velocity and by the deviee
dintensions. The ways 10 teduce the dimensions of
clectronic devices are well known. In the report we
consiier some opporuniics of e increasc or Lhe average
velocity of ensemble of electrons in heterostructures (HS).
The average velocity of electrons in semiconductors in
strong field is saturated due to the scattering with emission
of longitudinal optical phonone (LOP). The motion of an
clectron conslsty of (wo stages: acceleradon and opucat
phonon emission. Acceleration of an electron by the
clectrio field gives the inorcase of cnergy. Emission of 1.OD
leade to the losc of energy and, hence, to the locc of
velocity of electron. Such cyclic motion at low
temperatures and sirong fields resulte in the distribution
funcilons of the sireaming type [1] and (n the occurrence of
(he invesivn [2]. The wsapc of the pecullanity of liese
distribntiane gives an appartinity tn inoreace the average
clectron velocity at certain conditions. We consider for (his
purposc thc HS with special layers intended for the
emission of LOP at assigned places. This gives us an
oppertunity to reduce aufficiently the time of acccleration
of clectron and, thereby, to enhance the average velocity of
the electron enseinble, Aversged electric field is such that
the avalanche breakdown doesn't arise since the regions
with high field are spatially localized. Moreover the energy
obtained hy the electron in the high_firld layer dncsn'y.
exceed the enmergy of LOP that prevents from the
breakdown.

2, STREAMING IN HOMOGENEOUS
MATERITAL,

Let us describe qualitatively the process of motion
of clectron in homogencous material under sircaming
conditions which can be realized in comparatively pure
semiconductors at lattice temperature less than Dcbye
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temperature, The gelecled trajectory of the motion of
electron in constant field is shown in Fig. 1. It is convenient
to geparate the momentum ppnoe into two regions: the
passive region (p < p,) wheee emission of optical phonons

Is Impossible and whe acuve region (p > p,) Which 1s
located above the dached line Fig.1.

P = .\/Zm'hw, . Inn the passive region (between solid and
daslial line in Pig.1) die olustivn aQauunqu iz wuak, sv

that in a stronp ficld an clectron moves in the passive
region almost without scattering. In the active region a

$lrong gcatlering mechanism caused by the LOP emission
Is switched on, Being scattered with optical phonon
emission, the electron jumps back to the passive region and
the next cyele of the motion begins.

The dynamical heating of cartiers leads to the
distribition  fionatinn  stvetched in the direstion of the
electric field (Fig.2.3). Calculations were earded ont for

twn injectare: enlid line < p = p? 4 p? =0 and dashed line

in Here

Pl pl=0.

Fig.1. Cyclic motion of an electron under streaming
condition.
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Fig 2. Distribmtion function /(p.) = J f(Bdp.dp,.
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3. STREAMING IN HETEROSTRUCTURES
WITH ETEP LIKE INTERNAL POTENTIAL

Let us consider the mioton of election in holerostracture
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Fig.4. Profile of the conduction band.
(HS) with patantial profile shown in Fig.d. At certain
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Fig.5. Distribution function f(p,)= [ f(p)dp,dbp,
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Fie.3, Distribution function /(p,,p,) = [ f(B)p.de.

values of the jump of the potential (bottom of the
conduction band) AS and the certain value of applied
vultuge (e spwvific vlawctron trajectory consistent with the
period of HS may arise. In this case the time of flight in the
cnergy range near the LOF energy becomes longer in
comparc with onc in the case of the streaming in
homogencous material. This sitvation takes place at
appropriatc valucs of the external electric field £ The total
energy obtained by electron in the period of HS should be
EXacily equat 10 e energy of LOP. Afer passtug duouglh
the heterajunction the. energy of electron becomes a little
bit less than two-fold LOP cnergy. So the electron emits'an
optical phonon during very short time and passes intn ctate
with energy a little bil Icss than the energy of LOP whete
electron can etay for comparatively long time.

The distribution function f'(p,) for the HS under
consideration is shown in Fig.5. The trouble with HS undes
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couslderation is the wowrrence of the wide source of
vlectrons appearing ofter LOP emiceion, Thic means that

the electrone more probably populate.the helt with g =0
on the monochromatio ophere & ~ ke, Actually, after thw

LOP cuiission electron appears with encrgy € » A, and
can move in any dircetion, This leads to the distribution
function widely epreaded aver  energy  sphere

Unfortunately in this case there is no electron bunching in
the momenium space,

4. STREAMING IN HETEROSTRUCTURES
WITH SAW SHAPED POTENTIAL

Let us consider the saw shaped HS with the
profile of the conduction band shown on the inset in Fig 7,
The H3 represvnts itsoll’ (s pile of thick and thin laycrs: in
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Fig,7. Profile of the conduction band.
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the thick layer thers ic a emnnth rice of potential and in the
thin layer there is a strict fall of potential, At appropriate
applied- electric field the potential profile has the form
shown in Fig 7. The motion of the. electron in' the thick:
layer with high encrgy of a little bit lesa than LOP will be
approximately free of reattering until electron reaches the
thin layer with strong electric ficld. In the thin layer
clectron quickly achicves the energy exceeding the energy
of LOP and immediately emits the LUF, After the LOF
cmission election lovses ity cucigy and ils momontum
becomes cqual to zero. But electron is located now in the
(hn layer or md with swrong el CTC Cmedns e
unnnvaiu g, invvescs rapidly till clostren leaves thin
layer and comes to the thick one where electric field is
approximately equal to zero so the electron has constant
oy aud mwves iu s vicinity of LOP encrgy. At

the same time the transversal momenturn P, keeps its
emall walue during aceeleration ga thal the momentim n

in thick laycr is of the order of p,. One can see from Fig.8
and Fig.? that distribution functiong in thie once are located
in momen(um space near the point p, = p,, p, #0. Such
self-consistent motion of electron. reduces the acceleration
time and gives a pacsihility 0 transmit the same distance
more quickly than in homogeneous materials: The
bunching of electrons in the compact region of momentum
space produce the inveried distribution of hot electrons

which

are very attractive for the generatlon of
electromagnetic radiation [3,4}.
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Fig.9. Distribution function £(p,,p,)= [ /(P)pdp
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