the copper is H = Oe. The anomalous impurity scattering apparently makes possible an insta-
bility of states with temperature gradient in other metals of the first group, too (Ag, Au).
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Even in a fairly weak field, carrier heating meg cause the effective temperaturel) T*
in a semiconductor to exceed greatly the temperature of the thermostat [1] ,which equals the
lattice temperaturea) T. The energy received by the electrons from the electric field is first
transferred to the long-wave phonons (LP) (for only they interact with the electrons), from
which it is subsequently transferred to the short-wave thermal phonons (TP). If the frequency
of the collisions between the LF and the electrons, t;i, is much smaller than the frequency
T;; of collision between the LP and the TP, then the LP have practically the same temﬁerature
T*¥ as the electrons, and the energy relaxation process is limited by the frequency T;p (the
phonon "bottleneck" effect). When T;i << T;;, the LP have the same temperature as the TP

{the thermostat) and the rate of energy relaxstion is limited by the value of T-i. We wish

to call attention in this paper to an experimental possibility of varying, in a wide range,
the ratio of T;: and T;; with the aid of a quantizing magnetic field. We shall consider the
heating of electrons in orthogonal fields, and electric field Ex end a quantizing magnetic
field ﬁ. The temperature of the "hot electrons" T* is usually calculated from the energy-
balance equation by equating the Joule power W to the power P _ obtained by the phonons from
the electrons. If the samples are bounded and Q1 >> 1 (Q = |e H/me - carrier cyclotron fre-
quency and T - their momentum relsxation time), it becomes necessary to take into account the
contribution of the Hall field to W, since it exceeds the external applied field by a factor
(Qr).s) We shall assume that the work performed by the electric field (including the Hall
field) when the electron is displaced a distance % = Vch/[&[H (L - magnetic length, or in

our case the quantum Larmor radius) during the course of scattering is small compared with the

l)This concept can be used only when the frequency of the inter-electron collisions is
the highest among the characteristic frequencies of the problem.

2)'I‘he sample is assumed to be small enough to neglect the change in the total phonon

energy resulting from the heating of the electroms.

3)The Hall field was not teken into account in [2, 3], and therefore the results
obtained there hold for bounded samples only when the electron and hole densities are equal,
and possibly also in special devices such as the Corbino disc.
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characteristic energy of the electron. It is then possible to calculate W with the aid of
the electric conductivity tensor oik(T, T*), obtained in the approximation of the linear
transport theory but with allowance for the difference between the electron and phonon tem-
peratures. The calculations lead to the formula W = Wioiy(T, T*)c;i(T, T*#). To calculate
Pep we use the usual kinetic equation that tekes collisions of the LP with the TP and the
electrons into account. It follows from this equation that the phonon distribution function

Nq is of the forml)

Ny = INg(T)r=1 (o, T2) 4 N(T)r 2t (4.T)Nr 0(a,T*) +r a1t (1)

where Nq(T) is the Planck function; in the quantum limit

-1 V2r m2spsk, q? 242 ¥242
T*) = Bl _nq
O T IR Bk A =1 @

(Aak = Czﬁ/2psv, C - deformation-potential constant, p - crystal density, V - volume of

sample, n - electron density, and s - speed of sound). According to [L4]

] T
dnp (Ts-r"“ : ©

1

-1
Tpp(q, T) =~
We shall consider below not too strong magnetic fields, such that &~ << T/is = Qe Very
strong fields Q_l by Uy call for a special investigation.

% . .
2. The case Tpe(q, T*) >> rpp(q, T) is realized when

WLATILLYAS'S ()
9 NEVT
(a - numerical factor on the order of 10, 6 -~ Debye temperature, N - density of the number of
lattice atoms, and a - lattice constant). Under these conditions all the phonons have the
same temperature as the thermostat, and Pep v nT;;(T*, H)[1 - (T/T%)] and decieases wi72 in-
creased heating, since the electron momentum drift relaexation frequency is T;p '\a(T*“)-3 . On
the other hand, w'»nrep(T*) and increases with increasing T¥%, The energy balance leads to
the conclusion that thére exists a critical value of the electric field, Ecr' above which
strong heating of the electrons takes place and leads to lifting of the quantization of the
orbital motion and causes the system to go over into the stable classical region (T* > Aq >
%/t), since (t-l) 4" T*l/z. The table lists the values of E__ as functions of H and T
ep “class cr

for different energy and momentum relaxation mechanisms, It is easy to verify that all the
limitations imposed on the value of E apply also in the case of Ecr’

3., The case TPe(q, T%) << 1__(q, T) tekes place at sufficiently low temperatures when
an inequality inverse to (U4) holds (the phonon "bottleneck" effect). In this case the
electron energy dissipation is determined by the power transferred from the LP to the TP,
vwhich is equal to

le is assumed isotropic, inasmuch as under the conditions considered here the phonon
drift veiocity is small compared with s.
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Ecr for different electron energy

Mo?ent:T . relaxation mechanisms /Ehcﬁ in case
relaxation “1T T+ H ‘_ . of phonon
mechanisms P T ) Acoustic. Piezoelectric Optical botzleneck

phonons phonons phonons .
Acoustic
phonons ~H2TIT* ~3/2 ~H2T-1/2 ~H3/2T-1/2 ~H2 T-3/4 ~HT/4 TS/2
Neutral
phonons ~HITOT®-3/2 ~H2T=1 ~H3/2T-1 nH2T-5/4 ~H7/4 T2
Ionized 3 /471
impurities ~HOTOT*-3/2 ~HIT-1- ~H1/2T~1 ~Hl! T-3/4 ~H T
Piezo~
acoustic | _pigi7s-3/2 ~H3/2T=1/2  |wHIT-1/2 ~H3/2T-3/4 ~H3/4TS/2
phonons
Optical
L()honon:) ~HT*-lexp ~H3/2T-3/4expl ~H1T-3/4exp H3/2T~lexp H3/4T9/4 exp
T <<

exp denotes here exp(-hwo/t.

Poo(T,T*) =2 g IN(T) = No(T*)1r 7 1a, T) .

We note that the maximum energy of the phonons that are emitted by the electrons in the quan-
tizing magnetic field does not depend on T* and l_l < A and therefore the TP system can be
regarded as a thermostat. In the absence of quantization of the orbital motion this is not
the case [5]. The dependences of E . on H and T for different momentum relaxation mechanisms
are shown in the last column in the table for the considered case of the phonon "bottleneck."
We call attention to the fact that if inequality (4) is satisfied E . does not depend on the
electron density and decreases with increasing T for all the relaxation mechanisms under con-
sideration. To the contrary, under the conditions of the phonon "bottleneck,"” Ecr always
increases with T and decreases with increasing electron density. The effect of the phonon

5 13 -3

"bottleneck” takes place, for example, in n-Ge at T = 15°K, H = 10° Oe, and n > 1077 em” 7,

We note in conclusion that in fields E < Ecr there exists a region of negative differ-
ential resistance of the type noted in (2], and then when B = Ecr the magnetoresistance drops
rapidly (lifting of the electron orbital-motion quantization by the heating); in the classi-
cal region the magnetoresistance depends strongly on E and on the dominating scattering
mechanisms.
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