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At temperatures U.5 < T < 12°K, a considerable low-frequency current noise
was observed in n-InSb samples with electron density n = (10'% - 10'*)em™®. The
noise is distributed over the volume and, in view of the noticeable deviation
of the electron gas from ideal at the chosen electrons temperatures and concen-
trations, it may indicate the existence of fluctuations of the critical type in
a non-ideal electron gas.

The samples were cut from single-crystal n-InSb, mounted in a copper cap-
sule on the end of a rod of stainless steel, and placed inside a transportable
Dewar with 1liquid helium. This made it possible, by moving the rod in the
helium vapor, to vary the sample temperature between 4.2 and 20°K. The tem-
perature in the capsule was measured with a thermometer based on an Allen-
Bradley resistor. Direct current was made to flow through the samples, and the
balast resistance was 20 - 100 times larger than the sample resistance. An
alternating noise voltage was applied to the input of a tuned U2-6 amplifier
(bandwidth 2 Hz), and then to an S4-12 spectrum analyzer. The latter has made
it possible to separate visually the noise signal measured in the 15 - 30 Hz
range from the 50-Hz interference which was comparable with the signal in magni-
tude (see the figure).

_ The temperature dependence of <AV2>%6§Z at 20 Hz is shown in the figure
for a sample with n = 2,6 x 10'%® em™ 3. The maximum measured value of <av2>l/2

was of the order of 30 uV (at Af = 2 Hz). Attention is called to the sharp in-
crease of the noise when the temperature approaches Tc @ 79K, The independence

of Tc of the current flowing through the sample gives grounds for assuming that

this temperature is characteristic also for the thermodynamic functions of the
sample.

The observed noise depends non-monotonically not only on the sample tem-
perature but also on the direct current I at a fixed temperature. At low
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currents, corresponding to the linear section of the current-voltage char-
acteristic, <AV2> turns out to be proportional to I%2. We have assumed on this
basis that the observed noise 1s a consequence of fluctuations of the conduc-
tivity of the sample. These fluctuations are not connected with the fluctua-
tions of the contact resistance, since experiment has established a linear con-
nection between <AVZ>'/2 and the length of that section of the sample from
which the noise voltage was picked off. In dc measurements, contact noise
should not give such a dependence [1, 2].

The frequency spectrum of the noise was not investigated in detail, but it
can be stated that with increasing frequency f the noise decreases sharply, and
becomes smaller than the noilise level of the apparatus already at 70 Hz for all
values of T and I. In all cases when an estimate was made of the frequency
dependegce of the noise, the decrease of <AV2>f with increasing f was not slower
than f7°.

In connection with the observation of such a low-frequency noise, it is of
interest to mention here the long time (on the order of several msec) required
for the conductivity to assume a steady state in n-InSb after turning on the
current pulse at 4.2°K [3]; this time is much longer than the electron-energy
relaxation time which was measured in the same experiment (~100 nsec). This
occurred at n = (2 - 8) x 10! cm™?® and remained unexplained.

Qualitatively, a similar dependence of the noise on T and I was observed
by us also on another sample with n = 2.7 x 10!* cm™ 3. The maximum absolute
value of the mean-squared noise voltage was approximately one-quarter as large,
and the temperature Tc was somewhat lower (~6.5°K).

The character of the temperature dependence and the larger value of the
measured noise (for comparison we indicate that at sample resistances 10 -
100 & the Johnson noise is smaller by 4 - 5 orders of magnitude than the ob-
served one) suggest that in this case critical fluctuations were produced, of
the type usually occurring near second-order phase transition polints and near
the critical point of a liquid [4 - 6]. As a possible cause of the existence
of the critical state in our case, we can indicate that the electron gas in the
investigated samples was far from ideal.

In our samgles, the total concentration of the donor and acceptor impuri-
ties was N 2 10'° em™?®, and the low electron density was due to the large com-
pensation. Owing to the low effective mass of the electrons (m¥ = 0.014mg) and
to the large dielectric constant of the crystal (« = 17), the Bohr radius a in
n-InSb is large, so that at N = 10'® cm ® we have Na® 2 1. This inequality de-
notes that the individual centers do not form bound states for the electrons.
But under the conditions of strong compensation (n<< N), the inequality na’® <<
1 is automatically satisfied, and indicates that such an electron gas is not
ideal at T = 0, owing to the interelectron interaction. The gas remains non-
ideal also at non-zero (but not too high) temperatures. In the case of a non-
degenerate gas, the non-ideality parameter ry is given by [7]

r. = eX(4mn/ 33 /KT, (1)

At n = 2.6 x 10 em % and T > U°K, the electron gas in InSb is non-degenerate,

and it follows from (1) that ro o= h,7/T°, i.e., the electrons are noticeably

non-ideal in the working temperature range.

To verify that this non-ideal behavior can lead to a growth of macroscopic
(i.e., long-wave) fluctuations of the density, let us apply the phenomenologi-
cal theory of fluctuations near the critical point in the Landau form [7].
Using the formula for the free-energy density F of a non-degenerate gas, in
which the electron-electron interaction is taken into account in first approxi-
mation [8], and equating 982F/dn? to zero, we obtain a relation between the
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critical concentration nc and TC

rs(nc, Tc) = 4/\/?.

From (2) at n = 2.6 x 103 cm~® we obtain for T, a value smaller than 7°K
by an approximate factor of 3. Since the expression employed for F was ob-
tained by series expansion in the non-ideality parameter and does not take into
account the exchange corrections (which in our case are already comparable with
the Debye corrections), no quantitative agreement was to be expected. This
theoretical estimate, however, seems promising to us. We note that an analo-
gous procedure gives the correct order of magnitude for T s for example, in
the case of a Van der Waals gas.

It is still difficult to identify with assurance the state into which the
electron gas goes over after crossing the critical point. Starting with Wig-
ner's work, the possible existence at T = 0 of a non-ideal electron gas in a
homogeneous neutralizing background in the form of an "electron crystal" (see
references in [9]), produced by electrons localized as a result of their mutual
Coulomb repulsion, has been considered a number of times. The properties of
the non-degenerate electron gas at rs ~ 1 were less Iinvestigated. However, an

investigation of this question by means of a computer experiment [10], using as
an example a gas of classical ions in a neutralizing background, has shown that
at rg > 2 the dependence of the paired distribution function g, on the distance

between the ions becomes oscillating, i.e., short-range order characteristic of
a liquid is established in a gas of charged particles. A non-ideal electron
gas, of course, differs from a non-ideal gas of classical ions, but for a de-
generate gas calculation shows [9] the presence of oscillations of g, at T >

4, i.e., long before the formation of the Wigner crystal. One can therefore as-
sume that the "self-localization" of the electrons, which is characteristic of
an electronic crystal, occurs already prior to the formation of the latter, at
lower values of the non-ideality parameter. "Crystallization" on the other
hand produces only an ordered arrangement of the localigzation centers. A pos-
sible state of a non-ideal gas after passing through the critical point ca?
then be assumed to be the "electron liquid" produced by "local" electrons®
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According to the theory developed by Dzyaloshinskii [1] for the weak ferro-
magnetism of antiferromagnets, there can exist in rhombohedral crystals, be-
sides the thoroughly investigated spontanecus ferromagnetic moment oy in the

basal plane of the crystal, also a spontaneous moment GZ directed along the
threefold axis. The value of Gz depends strongly on the direction of the anti-

ferromagnetic vector [4 relative to the binary axes in the basal plane of the
crystal. Such a moment was recently observed by Flanders in hematite (a-Fe,03;)
[5]. We have observed in the present investigation the spontaneous moment cz

in the rhombohedral antiferromagnet CoCOal). Its value turned out to be larger
by approximately two orders of magnitude than in the case of hematite.

The existence of g, follows directly from the general form of the thermo-

dynamic potential, which for rhombohedral crystals with symmetry D%d can be

written, following Dzyaloshinskii [1] in the form

a B R . D - .2
d = .-2-c0526 + —2--m2—qsm0(mycos¢- mxsqu) + —(ym)* -
2
(L

- fm_sin36cos 3¢ + dcosfsindsindgp + esin®fcos 6 +

+ -z—cos‘e - mH,

where ¢ is the angle between the vector ¥ and the C, axis, and 0 is the angle
between § and the Cj; axis.

Minimizing this potential at a specified angle ¢ we obtain for the mag-
netization along the z axis

f
o, = —B-sin36cos 3¢ . (2)

From the results of magnetic measurements [2] it is known that if a field
H > 2 kOe is applied in the basal plane, then the antiferromagnetic vector is

1)According to neutron diffraction data [3], in the absence of a magnetic
field, the vector 7 in CoCO03 is deflected from the basal plane by an angle B =
44 + Lo, We do not know whether this angle changes with changing angle ¢.
However, from the isotropy of the magnetic properties of CoCQs; in the plane it
follows that the projection of the antiferromagnetic vector T on the basal
plane is practically independent of the angle ¢.
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