satisfied").

The connection between the CRP and the Harari model was recently considered
also by Desai [1, 21, who showed that if we assume the formula (2a) for Im Trx >
then the total amplitude TAK can be represented in the form of contributions of
a pailr of complex-conjugate poles.

In conclusion we note that, within the framework of two-component duality,
the procedure proposed above for using the sum rules can be applied also to

contributions connected with the Pomeranchon in the case when the effective
contribution of P and of its "accompanying" cut can be represented in CRP form.
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E.D. Prokhorov and N.I. Beletskii

Khar'kov State University

Submitted 25 November 1971

ZhETF Pis. Red. 15, No. 2, 102 - 104 (20 January 1972)

It is known that the negative differential conductivity of a two-valley
semiconductor in which the Gunn effect is observed depends on the carrier mo-
bility u; in a weak electric field. At low carrier mobility (e.g., 2000 -
3000 cm?/V-sec for GaAs), the negative section in the static V(E) characteris-
tic vanishes [1]. The ensuing current instability should also vanish.

We show below that in such a semiconductor, i.e., when the V(E) character-~
istic has no negative section, there appears under certain conditions and in a
definite frequency band a negative differential conductivity due to the inertla
of the carrier redistribution among the conduction subbands.

“)We note that the amplitudes obtained by us with the aid of the sum rules
for [6] for the reaction 7°p + 7°n satisfy the conditions (2) and have cor-
rectly predicted the polarigzation [11].
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v.cm/sec We consider a two-valley semiconductor

0’ with a V(E) characteristic of the type shown
st in Fig. a (we assume, for concreteness, that
Al this 1is GaAs with u; ~ 3000 cm?/V-sec). 1In
Al & a. homogeneous crystal in the absence of con-
centration effects, the change of the elec-
r tron concentration in each of the conduction
m” & dER/em subbands, following a change in the electric
Y Tield intensity, is described by the equa-
%r tions
5 dn n n
ot b Tl = - 2, (1)
& 4§ n ¥ fHz ' " "2
0‘
2+ ny tn, = n,
4
&+ ¢ ni is the electron concentration in the cen-
at tral valley, nz the electron concentration
-%4W4 in the side valleys, ne the electron con-
° centration in the conduction band, T, the
time of electron relaxation from the central
a - V(E) plot, b - plot of valley to the side ones (and depends strongly
G1/Gy vs. F at Eo = 5 kV/cm on the field), and T2 the time of electron
and E; = 2.1 k¥V/em (1) and relaxation from the side valleys to the cen-
E¢ = 10 kV/em and E; = 7.1 tral ones (depends 1little on the field and
kV/cm (2). equals v2 x 107!'% sec [2]). The relaxation

time T1 depends on E in a complicated manner.
In our calculations we assumed an approxima-
tion in the form

E
€)==y E > E, (2)
E —E"

which agrees sufficiently well with the actual 1,(E) dependence for the low-
moblility case under consideration. In (2), En is the threshold electric field

intensity, E = Eo + Eicoswt, E¢ is the dc component of the electric field on

the sample, and E, the amplitude of the ac component. From (1) and (2) we ob-
tain

dn, E +Ecos ot n
_— - - np(t)y+ —° . (3)

at En 7, T,

The initial condition is determined from (3) with 9n,/9%t = 0.

From (3) we determine ni(t), the time dependence of the electrons in the
central valley following application of a microwave field to the sample. Know-
ing ni(t) we can determine

"1(')

VIEM®) = { {(py ~py) + u, E(r) . (%)

(-]

The dynamic V(E) characteristics given in (4) make it possible to determine the
shape of the current flowing through the diode, the amplitude of its first har-
monic, and, 1f the acting voltage is known, also the active conductivity of the
sample in the frequency band.
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Bquations (3) and (4) were solved by numerical methods with a computer.
We used in the calculations En = 3 kV/cm, ng = 10!° cm—s, M2 v 100 cmz/V—sec,

M1 N 3000 em?/V-sec, Eq = 10 kV/cm, and E; = 7.1 kV/cm for one case and E, =
5 kV/cm and Ey = 2,1 kV/cem for another case. The results were used to plot
G1/Go against f (Fig. b), where G; is the conductivity of the sample for an
appropriate bias and amplitude of the acting voltage, and G, is the active
sample conductivity in a weak field.

The calculation results show that a two-valley semiconductor having no
negative section in the V(E) characteristic has a negative differential con-
ductivity in a frequency band (Fig. b). With increasing dc electric field in-
tensity, the frequency band in which the negative differential conductivity is
observed broadens. The negative differential conductivity of such a semi-
conductor can be used for generation and amplification. According to the cal-
culations, the efficiency of a generator based on the negative differential
conductivity of such a semiconductor is 0.6 - 0.7%.
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Perturbation of the electron subsystem of a metal by a temperature gradi-
ent leads to the appearance of forces acting on the ionic "core": 1) the elec-

tron "wind" force F<9) due to momentum transfer from the electrons to the ions,
2) the direct force Féo) exerted on the lattice ions by the thermoelectric
field, and 3) the force Fp due to the electron-gas pressure gradient. In a

homogeneous unbounded metal, the total density of these forces is equal to
zero [11].

Near the metal surface, however, the local mechanical equilibrium may be
disturbed. If the electrons are diffusely scattered when they collide with the
surface, then a fraction of the momentum flux is transferred to the metal sur-
face and the electron "wind" force at a point z near the metal surface will
differ from the volume value, Fni(z) # Fn;). The additional scattering mecha-

nism may change the thermoelectric field E and the force Fq = gNE it exerts on

the ionic "core" (g is the ion charge and N the number of ions per cm?®). Thus,
the electron kinetic force produced at the surface of the metal in a layer of
thickness on the order of the electron mean free path £ is

F =(F, - F)y- (E~ El))gN. (1)
These forces produce in liguid metals thermokinetic phenomena governed by
a purely electronic mechanism, namely thermocosmosis (flow of metal) and thermo-
phoresis (motion of particles in the metal). We consider electronic thermo-
osmosis in a liquld metal. Let the metal be located in a flat capillary (see
the figure) of width a >> 2. The temperature gradient 1s directed along the x
axis (VT = (37/3x)). The metal circuit is open and the current is equal to
zero. Ia the free-electron approximation the force of the electron "wind"
is equal to [1]
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