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Abstract—On crystalline silicon specimens with a nonuniform carrier concentration distribution produced by
an optical method, a dispersion of the effective transverse conductivity ogf (w) is observed near the frequency

W=0= ral = s/4no‘5ff . At w< w, an anomalous transverse effective conductivity is observed: ogﬁ (w) isgreater

than the transverse conductivity of a homogeneous specimen O'E (w) (in the frequency range studied in the

experiment, og (w) = const). Near w = w,, the conductivity oeDﬁ decreases, and, at w> wy, it coincides with og .
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1. In homogeneous conductors, a dispersion of the
conductivity o occurs at frequencies of the order of the

inverse momentum relaxation time r;l . Inaninhomoge-
neous conductor, an externa eectric field gives rise to
local charge bunches. Near the inhomogeneities, local
electric fields and gradients of the charge carrier concen-
tration are formed, and they tend to dissipate the
bunches. The characteristic time of such abunch dissipa
tion is the Maxwell relaxation time 1, = €/41to (€ isthe
dielectric constant of the material). At low frequencies,
wTy < 1 (wisthe frequency of the eectric field), the

effective conductivity o determined from the relation
00 = 0 “(w) CED (1)

(where [jlland [ECAre the volume average val ues of the
current density and field) is less than the average static
conductivity: o%f(w) = 0®(0) < [d(0)LJAt high frequen-
cies, Wty > 1 (but wT, < 1; we assume that Ty > T,
which is the usual case for semiconductors), a bunch
has no time to form. In this case, 0%f(w) = [6(0)L] For
w-~ T;,ll , adispersion of conductivity (alow-frequency
dispersion) was observed in the experiment described
in[1]. Thetheory of this effect was developed in[2, 3].

2. In strong magnetic fieldsH: B = pH/c > 1 (U is
the mobility and c is the velocity of light), the conduc-

tivity of a homogeneous specimen becomes highly
anisotropic:

O, =0p < 0,=0y(H [[02). 2

The Maxwell relaxation time al so becomes anisotropic:
15 = g/4no, > 1 = g/4mg;,

The dispersion of o' (w) was considered in [4]
within the first approximation in the degree of inhomo-
geneity & (& istheratio of the mean sguare fluctuation
of the concentration to the mean concentration
squared). A closer analysis [5] showsthat at B > 1 the
dispersion 62" (w) should be observed at the frequen-
cies

4 f
wzuh=T51=—n£Gg,
' (©)
o _ .4 _4nd
W= =T =

(W < wy). We note that Gﬁ” = [0} = 0.

3. As far as we know, so far no attempts had been
made to experimentally observe the dispersion of

o' (w). Presumably, this is related to two kinds of dif-

ficulties. Firdt, it is difficult to fabricate an inhomoge-
neous structure of the “good semiconductor—bad
semiconductor” type (see [6]). Second, the experiment
requires ac measurements in a strong magnetic field in
the closed Hall circuit regime, which isaso quite com-
plicated.

Meanwhile, such an experiment is of interest for the
following reason. It is well known that, in a homoge-
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neous specimen, the transverse conductivity op
decreases with increasing magnetic field H (according
to the elementary theory, o5 ~ ). In an inhomoge-

neous specimen, o&' should decrease slower with H,
namely: 65 ~ £233-43 for three-dimensional inhomo-

geneities and O'Eff ~ &R for two-dimensional ones.
This means that even for small values of &, in suffi-

ciently strong magnetic fields H, the conductivity GE”
becomes greater than (@[] i.e., an anomalous trans-
verse conductivity takes place (see [7] and references
given there). This effect wasfirst observed in the exper-
iment described in [6]. An observation of the dispersion
at the frequency w = w,would not only demonstrate the
insignificance of inhomogeneities at high frequencies
but also provide independent supporting evidence for
the existence of the anomalous transverse conductivity.

4. The purpose of our experiments is to reveal the
low-frequency dispersion of the effective transverse

conductivity ogf (w) of aninhomogeneous specimenin

a strong magnetic field H. Below, we denote the trans-
verse conductivity of a homogeneous specimen by

GE ().

The measurements were carried out at a tempera-
tureof 4.2 K on Si : B crystalline specimens with the
boron concentration N = 6 x 10> cm= and mobility
iU =5 x 10* cm?/V s. To obtain the closed Hall circuit
regime, we used specimens in the form of a Corbino
disk. A nonuniform distribution of the charge carrier
concentration over the disk was formed by photoexci-
tation by an inhomogeneous radiation flux. A detailed
description of the specimen and the method of photoex-
citation can be found in [6].

The value of o at w=0and H =40 kOe (( = 20
was about 107° Q-1 cm™, which corresponds to T ~
102 s. Hence, the measurements were performed in the
frequency band 20 s* < w< 1000 s>

5. Figure 1 presents the equivalent circuit of the mea-
suring setup. The ac voltage from the oscillator was sup-
plied to the specimen (R, Co). A load R, was connected
in series with the specimen. The voltage across the load,
which was proportional to the current, was measured by
a phase-sensitive voltmeter (PAR-1243). The parameters
of the circuit are as follows: for the specimen, Rg = f(H)
and, at H =40 kOe, Rs= 3 x 10'° Q; Cs= 0.4 pF; for the
load, R = 10° Q; for the voltmeter, R, > R ; and the
total capacitance is Cy = 70 pF. The low resistance of
the oscillator (=50 Q) shuntsthe capacitance of the lead
to earth. The capacitance C,, is shunted by the resis-
tance R_ (in the range of measurement R, < (wC,)™).
The current through the specimen may be considerably
affected only by the stray capacitance of the leads to
each other, C,. The main problem was to make the
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Fig. 1. Equivalent circuit of the measuring setup.

©

capacitance of C, as small as possible. The value of C,
was determined from the experiment.

We measured the current through the load as afunc-
tion of frequency, I(w), for different cases: in the
absence of the specimen in the circuit ((Ip), in the pres-
ence of a homogeneous specimen (l,), and in the pres-
ence of an inhomogeneous one (l,,). For each case, the
measurements were performed twice: one measurement
with the phase shifter angle of the voltmeter ¢ =90 (1)
and the other measurement with ¢ =0 (1), which pro-
vided the measurements of the reactive and resistive
current components, respectively. From these measure-
ments, we obtained the following results.

(i) The angle @ = 90: the reactive currents in the

absence of the specimen | M inthe presence of ahomo-

|

geneous specimen , and in the presence of an inho-

mogeneous one | ﬁ]) ; the stray capacitance of the circuit
C, (=0.6 pF), the capacitance of the circuit with a speci-
men, and the capacitance of the specimen Cg (=0.4 pF).
This agrees well with the calculated value.

(i) Theangle = 0: the currents 17, 1? and 12
At @ = 0, the reactive current is not completely sup-
pressed by the voltmeter. From the measurements, we

determined the reactive component rejection ratio for
the instrument: k(c) = 15" (w)/1$? (w) = 20.
Figure 2a shows the experimental dependences

1 (w) and 112 (03). One can see that the difference

between the currents vanishes with increasing w. The
increase in the currents at higher w is unrelated to the
conductivity dispersion. It is a consequence of the
incomplete suppression of the reactive component. By
introducing the corrections for the rejection ratio, we
obtained the true active currents through the specimen,

1® (w) and 1) (03). They are shown in Fig. 2b.

6. Proceeding to the discussion, we note the follow-
ing facts. The voltage amplitude is independent of fre-
quency. The currents 11® (w) and 13 (w9) are propor-

tiona to og and GE” (w), respectively. The ratio of
these currentsis equal to theratio of the corresponding
conductivities because the homogeneous and inhomo-
geneous specimens are represented by the same Corb-
ino disk under different photoexcitation conditions.
The intensity of photoexcitation was selected so as to
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Fig. 2. (a) Frequency dependences of the currents for a homogeneous specimen (curve 1) and an inhomogeneous one (curve 2) at
@=0andH =40kOe. (b) Frequency dependences of the active currents for the homogeneous (curve 1) and inhomogeneous (curve 2)

specimens at H = 40 kOe. The value of | E]a) at low frequencies w is taken as the current unit. Curve 3 correspondsto |

H = 30 kOe.

provide the equality of these conductivitiesat H =0 and
w = 0. Therefore, the curves shown in Fig. 2b can be

considered as the dependences o' (w3) and o, (w).
From Fig. 2b, one can drive the following conclu-

sions: a7, doesnot depend on w; 0% experiencesadis-

persion near w = w, = 200 s at w < w, theratio of the

conductivitiesis o‘éﬁ (w)/ OE (w) = 2, and the anomalous
transverse conductivity [6] is observed; at w > w,, the
aforementioned ratio is equal to unity; i.e., the anoma-
lous transverse conductivity vanishes at high frequen-
cies, aswas predicted in [4, 5].

The measured value of 0‘5“(0) is equal to 2.2 x

1071° Q-1 emrL. The frequency wy is close to the value
of wy from formula (3) in accordance with the results
obtained in [5].

As noted above, the theory [5] predicts the second
low-frequency dispersion at the frequency w, (see for-
mula (3)). This frequency lies beyond the limits of our
measurements. Besides, the question as to whether this
kind of dispersion should be observed in the case of
homogeneity along H, which was studied in our exper-
iment, requires special consideration.

Up to this point, we discussed the results of the mea-
surements at H = 40 kOe (B = 20). Figure 2b aso shows
the curve (curve 3) obtained for H = 30 kOe ( = 15). It
is seen that the anomalous transverse conductivity
decreases and the frequency w, increases with decreas-

ing H. The conductivity of' observed for w < w,
increases almost proportionally to the frequency w..

In closing, we note one more fact. In the literature,
it was repeatedly noted that, with increasing (3, the
transverse conductivity o decreases slower than pre-

dicted by the theory: GE ~ B2 This fact is confirmed

(@

(a)
an /1y a

by our experiments. This discrepancy may be possibly
explained by the assumption that the specimen pos-
sesses its own inhomogeneities that weaken the a(H)
dependence. The study of the frequency dependences
should also verify this assumption. Curve 1 in Fig. 2b

demonstrates that GE (w) = const. Therefore, the weak-

ening of the OE (H) dependence is not related to the
presence of inhomogeneities.
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