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A comparison was made of the experimental densities of states half-way between the Landau
levels, determined by a variety of methods. The results indicated that the methods based on
thermally activated measurements of the conductivity could give rise to errors in the density-of-
states probably because of a shift of the mobility edge with change in the Fermi energy. It was
demonstrated experimentally that for a given value of the density of states between the Landau
levels the activation energy (and consequently the position of the mobility edge) could vary with
the occupancy factors (i = 4, 8, 12). The thermodynamic density of states between the Landau
levels decreased as a result of cooling. A hypothesis of nonlinear screening made it possible to
explain qualitatively the observed behavior of the density of states.

INTRODUCTION

Several methods have been used to determine the den-
sity of states in a two-dimensional electron gas under the
quantum Hall effect conditions; these methods utilize mea-
surements of the transport characteristics and are based on
two different phenomena. The first group of methods'™ is
based on the activated temperature dependence of the con-
ductivity
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where W is the energy of the mobility edge and & is the
chemical potential measured from the midpoint between the
Landau levels. These methods yield the activation energy
and, consequently, £, when the electron density or, in the
more general case, the occupancy factor is varied. The sec-
ond group of methods*~ depends on the ¢hange in the con-
tact potential due to a change in a magnetic field or in the
carrier density. We can readily see that the quantities deter-
mined in experiments of the first and second types may not
be identical. In fact, in the former case the determination
involves the shift of the chemical potential relative to the
mobility edge (which itself can shift relative to the center of
a Landau level), whereas in the latter case the shift of the
chemical potential is determined relative to the chemical po-
tential of another substance. Naturally, the chemical poten-
tial of this “‘reference” substance is independent of the occu-
pancy factor of the two-dimensional electron system, but
nevertheless the whole ladder of the Landau levels and, con-
sequently, the chemical potential of a two-dimensional elec-
tron gas may be shifted (or oscillate with change in the occu-
pancy factor) relative to the chemical potential of the
reference material.

Three cases of qualitlatively different behavior of the
electron system in a semiconductor are presented in Fig. 1.
The first case a corresponds to an almost ideal electron sys-
tem. In this case we have u + u, = const (where the chemi-
cal potential u is measured from the bottom of the two-di-
mensional subband and u, is measured from the chemical
potential of the reference sample) and the thermodynamic
densities of states determined in various experiments from
|ON,/3u|, |ON,/d(W — €r)|, and |dN, /du,|, are identical.
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(The thermodynamic density of states D* = dN,/dep
should be distinguished from the density of states defined by
D = (dN,/d¢)|,-.,")

The second case (b) corresponds to a symmetrically
broadened Landau level. It has been shown experimental-
1y'®'? that the width of the level depends on the position of
the chemical potential. It is also known that the position of
the mobility edge on the energy axis may not coincide with
the center of the Landau level (see Ref. 13 and also the re-
sults reported below). There are as yet no experimental data
on a possible shift of the mobility edge due to a change in the
electron density. However, there are neither any data which
would demonstrate that the edge is fixed. We can expect
changes in the position of the mobility edge relative to the
center of the Landau level because of a change in the screen-
ing caused by a change in the occupancy factor. Then, the
experimentally determined quantities |ON,/d(W — )|
and |dN, /du,| are not equal even for u + u, = const.

In the third case c it is assumed that the potential relief
is created by charges of one sign. As the screening deterio-
rates, the ladder of the Landau levels shifts on the energy
scale' so that |ON,/d(W — e, )|#|IN,/du,| applies even
under the simplest conditions when the mobility edge coin-
cides with states corresponding to the maximum density.
The most general case is a combination of the variants b and
c.

We can therefore expect the quantities regarded as the
thermodynamic of density of states, deduced from experi-
ments of different types, to be generally different. We deter-
mined the density of stated D¥ in the case when the Fermi
level was located half-way between the Landau levels. As
shown below, the various methods can give different results
even in this case.

In the present study we used two methods based on the
activated temperature dependence of the conductivity:

1) determination of the activation energy for various
carrier densities from the temperature dependence of the
conductivity?,

2) analysis of nonlinear characteristics in the case of
filamentation of the Hall current?,

we also used a method based on oscillations of the con-
tact potential:
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3) determination of the charge current in the case of
low-frequency modulation of the voltage between the gate
and a two-dimensional electron layer.>”

At reasonable temperatures the range of validity of the
activation methods is limited on one side by weak magnetic
fields, whereas the third method is unsuitable in the case of
low values of o, , i.e., in the range of strong magnetic fields.
(The limits of validity of this method are set by dynamic
effects.) The purpose of our experiments was to investigate
the density of states half-way between the Landau levels in
the range of temperatures and magnetic fields where all
three methods could be employed.

1.SAMPLES AND EXPERIMENTAL METHOD

Our measurements were made on four field-effect sili-
con transistors in which the plane of a two-dimensional elec-
tron gas coincided with the (100) plane. Two samples had
the Corbino geometry. The inner diameter of the ring-
shaped gate was 225 um and the outer diameter was 675 pm.
Samples Nos. 3 and 4 were Hall transistors with a rectangu-
lar gate of dimensions 250X 2500 um and 400 X 1200 um.
The main parameters of the investigated samples are listed in
Table I. Measurements of the conductivity were made at
temperatures from 4.2 t0 0.3 K in magnetic fields up to 10 T.

The activation energy was determined using the depen-
dences o, (T) orp,, (T) in a region where the logarithm of
the measured quantity was a linear function of 7~'. The
subsequent analysis was fully similar to that proposed in
Ref. 2. An example of the experimentally determined depen-
dence of the change in the activation energy on the electron
density is demonstrated in Fig. 2. Asin the preceding investi-
gations,” the positions of the experimental points could be
approximated quite accurately by a straight line with the
slope governing the density of states.

Measurements of the density of states under nonlinear
conditions were made using samples with the Corbino geom-
etry. For a given current J through a sample we measured the

FIG. 1. Possible variants of the behavior of the electron system: a)
ideal case; b) mobility edge does not coincide with the center of the
Landau level; ¢) the concentrations of the attractive and repulsive
impurities are not equal; here, y and y1, are the values of the chemi-
cal potential measured relative to different origins; Wand ¢, are the
positions of the mobility edge and of the Fermi energy. The primes
identify the same quantities after a change in the electron density
Ng by an amount ANj.

drain-source voltage AU as a function of the gate potential
V,. In the case of sufficiently high currents a Hall current
filament appeared and the AU(V, ) curve acquired a charac-
teristic form shown in Fig. 3. Following the results of Refs. 3
and 15, the density of states D¥ was determined (Fig. 3)
from the linear part of the dependence of sinh[C,AU,,,,./
2K TeD *] on the current J. (Here, C, is the capacitance of
an MOS structure per unit area and AU,,,, is identified in
Fig. 3.)

The charge current J,,, due to modulation of the vol-
tage across the gate by V, + V.4 was determined employ-
ing a bridge circuit at a frequency of 20 Hz. At each tempera-
ture and magnetic field a check was made of the linearity of
the conditions and of the capacitive nature of the signal (i.e.,
the absence of a comparable signal in a phase rotated by
7/2), and of the frequency independence of measured ca-
pacitance. For the purpose of control the modulation fre-
quency was reduced by a factor of 3.

It is known® that an allowance for the contact potential
yields the following expression for the density of states:

C-'=Cy~'+e (D7), 2)

where C is the experimentally determined “apparent” ca-
pacitance: C =J, .4 /@ V4. Since the quantity C, ' itself
depends on ¥, because of a change in the wave function of
two-dimensional electrons due to a change in the applied
field, we determined C, ' independently by measuring the
charge current in the absence of a magnetic field. One should
note that in this case C'=C,'+e 2D, ', where
D, =2m/m# (m is the effective mass, of an electron). An
example of an experimental curve is shown in Fig. 4.

2.COMPARISON OF THE RESULTS OBTAINED BY VARIOUS
METHODS

The dependence of the minimum of the density of states
on the magnetic field, determined by a variety of methods for

TABLE I.
!
No. Type Hmax (2 K) - |Ng (ypgx)rcm™? d, A
m>-V ' !
1 Corbino 1,9 9.101t 1370
2 Corbino 21 1-1012 1310
3 Hall 22 5.1011 2540
4 Hall 1.3 1-1012 1630
1472 Sov. Phys. JETP 68 (1), July 1988
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FIG. 2. Changes in the activation energy plotted as a function of the
electron density. Sample No. 2, H = 8.7 T.

occupancy factors i = 4, 8, and 12, is plotted in Fig. 5. A
change from one point to another was induced by a simulta-
neous change of the sign of the field H and of the gate voltage
in such a way that the occupancy factor remained constant
(i = const) and the Fermi level € . was half-way between the
Landau levels. Our own points, determined by the second
and third methods, were obtained at 7= 1.55 K. Moreover,
we included in this figure the results obtained by other auth-
ors.”'® One of the results was deduced by interpolation of the
data of Ref. 7, where measurements were made by the mag-
netocapacitance method, corresponding to the third method
in our paper. The other two values were taken from Ref. 16,
where measurements were made firstly by an optical method
at 1.5 K and then using the activation dependence of the
conductivity o, .

It is worth noting that the densities of states measured
by the same method using different samples or the same sam-
ple but with different occupancy factors were similar. Since
the mobility #* in zero magnetic field not only varied from
sample to sample, but even in the case of a single sample it
was a function of the electron density, we must conclude that
the density of states at the minimum cannot be some univer-
sal function of the product p*H.

As pointed out already in Ref. 17, the densities of states
obtained by different methods are different. The methods
based on thermal activation are in mutual agreement and

5 T
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FIG. 3. Example of an analysis of the nonlinear characteristics in the case
of filamentation of the Hall current. The inset shows the experimental
dependence of the voltage between the drain and source on the gate vol-
tage applied to sample No. 1.
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FIG. 4. Experimental dependence of the capacitance of a structure on the
magnetic field at a fixed electron density.

give for D} a value for differing from the results of measure-
ments based on oscillations of the contact potential. The
most probable reason for this difference is the dependence of
the position of the mobility edge on the position of the Fermi
level.

We can easily see that in this case the density of states
deduced from thermal activation cannot be identical with
the true one even in the presence of an electron-hole symme-
try. (In this case the third method may give the correct value
of D¥ because any change in the position of x results in a
symmetric change in the screening and in the position of the
Landau level ladder.) We shall expand W as a series in £ in

Eq. (1):
{ W(,} { P*W € }ch(GF)
Oxx ©° €X — ex - .
PU I P e 2k, " K, T

(3)

Model calculations demonstrate that in the range of tem-
peratures and £ the function usually employed in the deter-
mination of the densities of states given by Eq. (3) agrees to
within 10% with the function exp( — W,y/kg T)cosh(ye/
kg T) (for a suitably selected value of ). The experimental
points could be fitted with the same degrees of success to any
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FIG. 5. Changes in the minimum density of states, measured by a variety
of methods, with the applied magnetic field. Method 1: A) i =4, A) i =8
(sample No. 1); {)) i =4 (sample No. 3); + ) i=4 (sample No. 2).
Method 2: B) i =4, \7) i = 8 (sample No. 1). Method 3: @) i =8, 0)
i=4,0)i=12 (sample No. 1); ¥) i =4, ¢) i = 8 (sample No. 3); X)
i = 4 (sample No. 4). The point denoted by © is taken from Ref. 7 and it
was obtained by method 3; the point denoted by @ was obtained by meth-
od 1 and that denoted by @ was deduced from optical measurements (see
Ref. 16).
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FIG. 6. Dependence of the activation energy on the magnetic field for
different occupancy factors: @) i =4, O) i =28, A) i = 12 (sample No.
2). For comparison we included points taken from Ref. 13: 0) i = r, W)
i=38,A)i=12, + ) i=16. The continuous curve corresponds to #iw /2
and the dashed curve represents the result after subtraction of the spin
splitting.

of the dependences under discussion here. It should be re-
membered that y < 1if 9 W /3e%>0and y> 1 if 3 *W /de%
<0. The reduction in the density of states compared with its
true value corresponds to the second case, when the mobility
edge shifts toward the Fermi level if £ - shifts away from the
midpoint between the Landau levels.

This discussion is based on the circumstance that the
mobility edge may not coincide with the center of a Landau
level. This was checked experimentally. Figure 6 shows the
dependence of the activation energy W, on the applied mag-
netic field for various occupancy factors, each of which is an
integer. It is clear from this figure that the measured value of
the activation energy not only disagrees with the expected
value, but the disagreement increases on increase in the oc-
cupancy factor. The least expected is the observation that
the activation energy changes greatly, whereas measure-
ments of the density of states by the activation or magnetoca-
pacitance methods indicate constancy of any parameter of
the quantum levels on going from complete filling of one
Landau level to complete filling of two or three levels.

Our numerical values of the density of states are in ex-
cellent agreement with the results of Ref. 7. This reference
gives the data obtained using two measurement methods.
Figure 5 shows only the value of D¥ taken from Ref. 7, be-
cause measurements under nonlinear conditions”'® have
been made only at 2 K. Nevertheless, even in this case the
density of states is in full agreement with the value obtained
by us (the discrepancy between the results does not exceed
40%).

It is clear from Fig. 5 that there is a considerable differ-
ence between the results of the present study and those re-
ported in Refs. 2 and 16. If we compare the samples from
Refs. 2 and 16 with the samples listed in Table I in respect of
two parameters, which are the mobility at the maximum and
the electron density at which the mobility maximum is ob-
served, it is found that the samples used in measurements on
these two occasions were practically the same. However, the
values determined by the sane method for the same sample
differ by a factor of four. Moreover, the values of the density
of states obtained in Ref. 16 by optical and activation meth-
ods are in agreement and exceed considerably the values ob-

1474 Sov. Phys. JETP 68 (1), July 1988

Pez ///Jz;)m,-"

a o
—1.9
1 | -l 1 L
-0 -5 i,
AN,-10,"cm™2

FIG. 7. Comparison of the dependences p (N ) near a minimum: a)
samples used in the present study; b) sample used in the study reported in
Ref. 2, H=47T,T=2.1K.

tained by any method in the present study. The difference is
clearly due to the existence of additional long-period fluctu-
ations in the samples used in Refs. 2 and 16. This can be
demonstrated by comparing the values of o, /(0 ) min O
Paxx/ (Pxx ) min in the vicinity of one of the conductivity mini-
ma. The results of such a comparison are presented in Fig. 7.
(The authors are deeply grateful to V.B. Timofeev and M.G.
Gavrilov who supplied the originals of the earlier experi-
mental records.) If we assume that the additional broaden-
ing of the curve is related to macroscopic inhomogeneities in
a sample, we can estimate roughly the energy scale of such
inhomogeneities. Fluctuations of the electron density were
estimated at that point of the broadened curve where the
change in the mobility was comparable with the mobility at
the minimum. It was found from Fig. 7 that 6N, ~4x 10"
cm ~ 2. The density of states in a magnetic field of 4.7 T was
3x 10" cm ~2-eV ~'. The corresponding scale of the energy
fluctuations was 1 meV, in full agreement with 3—4 meV
obtained in Ref. 16 from optical measurements.

Long-period fluctuations governing the width of the
Landau level and the density of states at the minimum in
Refs. 2 and 16 are essentially a constant property of the in-
vestigated samples and are most likely due to an unsatisfac-
tory cooling procedure. In any case, broadening of the mini-
ma of the electrical conductivity or resistivity in our
samples, similar to those shown in Fig. 7, can be observed by
altering the cooling procedure. (Samples were usually
cooled slowly and the gate was subjected to a voltage of ~ 1C
V.)

3. TEMPERATURE DEPENDENCE OF THE DENSITY OF
STATES

The methods based on quantum oscillations of the con-
tact potential give the correct density of states half-way
between the Landau levels if there is a complete electron-
hole symmetry. However, since the wave functions of the
neighboring Landau levels have different characteristic di-
mensions, such a symmetry of the occupancy factors corre-
sponding to our numbers of the quantum levels is clearly
disturbed. The existence of an electron-hole symmetry in an
ideal two-dimensional electron system would imply also the
agreement, on the carrier density scale N, as to the positions
of the minimum of the density of states and of the conductiv-
ity minimum. In the case of real samples such a coincidence
is not always observed and this may be due to a slight macro-
scopic inhomogeneity of the sample.
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FIG. 8. Temperature dependences of the density of states measured for an
occupancy factor / = 4 in different magnetic fields H(7): O) 2.9; @) 3.3;
W) 3.8;0) 4.3; ) 4.9. Sample No. 1, method 3.

An increase in the Landau level number should reduce
the differences between the screening by electrons and holes
at the adjacent Landau levels, i.e., it should restore the elec-
tron-hole symmetry. Since in the case of different occupancy
factors (Fig. 5) our experiments yield practically identical
values of D (within the limits of the experimental error in
our experiments), we could regard this situation as symmet-
ric and determine the density of states using a method based
on oscillations of the contact potential.

The temperature and magnetic-field dependences of the
density of states measured by this method for an occupancy
factor i = 4 are shown in Figs. 8-10. Similar measurements
carried out for i = 8 gave values which agreed (within the
limits of the experimental error) with those given Fig. 8.
Each series of the experimental points was determined using
a fixed value of the magnetic field. In the investigated range
of fields and temperatures the density of states fell monoton-
ically as a result of cooling. Our earlier nonmonotonic tem-
perature dependences deduced from the nonlinear charac-
teristics'® should be attributed to a change in the quantity
Jd2W /e with temperature. In the range T> 1.5 K the de-
pendence of the density of states D¥ on the magnetic field
was close to 3 /H? (Ref. 17). At lower temperatures we were
unable to establish any reliable magnetic-field dependence
because the results were not sufficiently accurate. The in-
crease in the experimental error was due to the need to re-
duce the amplitude of modulation of the gate voltage at low-
er temperatures so as to avoid the nonlinear effects. The
experimental series of points plotted in Fig. 8 were obtained
at the minimum modulation amplitude.

*
D/3, T=16K
2+
22
29
r Y2
1 1 1
4.4 Y] 5.2 AT

FIG. 9. Changes in the density of states with the magnetic field obtained
for a constant electron density but at different temperatures (i =4);
method 3.
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FIG. 10. Attempt to describe the dependence D (T) using a temperature-
independent Landau level width. The experimental points are the same as
in Fig. 8 for H =3.8T.

The temperature dependence of the density of states D
was not unexpected, because in the case of an occupation
factor which was an integer the thermodynamic density of
states can be obtained from the true density of states by aver-
aging the latter over an interval of energies which depend on
temperature:

Dy =

|2F=0

= b, r)( af(e 0) \d

4
~D[1+ (kBT)'D ] (4)
Evenif D is independent of temperature, D§ rises monotoni-
cally as T'is increased.

We shall assume that the energy dependence of the true
density of states at a Landau level is a Gaussian curve®” with
a half-width I'. If we consider only the contribution of the
Landau levels nearest to £, without allowance for the spin

and valley splittings, we obtain

&—f;ThI(:Jc[exp{—(s+h(;°)z/J2l‘z}
+exp{—(8—@f—) /2F2l y» (5)

where w, is the cyclotron frequency and the energy € is mea-
sured from the midpoint between the Landau levels. The
results of calculations carried out using Egs. (4) and (5) and
a temperature-independent half-width I" are plotted in Fig.
10. We can see that the experimental dependence DF(T) is
considerably stronger than that predicted by the calcula-
tions and inclusion, for example, of the spin splitting wea-
kens slightly the calculated temperature dependence of the
density of states. Therefore, we can explain the observed
temperature dependence D¥ (T) by postulating an increase
in the Landau level width on increase in temperature.

There are at least two factors that can give rise to a
temperature dependence of the Landau-level width: 1) the
electron-electron interaction; 2) the temperature depen-
dence of the screening of the potential relief.

In the former case it is convenient to consider separately
the interaction with short-wavelength (4, <a, where a is

D(e)=
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the magnetic length) and long-wavelength (4, > a) phon-
ons. If A, <a, the phonon contribution to the Landau level
width can be estimated from the expression I' ~ (#iw #/7)'/?
given in Ref. 20, where 7 is the relaxation time in zero mag-
netic field. Since the frequency of the scattering by impuri-
ties is 3—4 orders of magnitude higher than the frequency of
the scattering by phonons, the phonon contribution to the
level width is negligible. The case of long-wavelength phon-
ons is similar to the broadening of a Landau level because of
an inhomogeneity of the electron system except that now the
number of phonons and, consequently, the degree of in-
homogeneity, depend strongly on temperature.

In the approximation of the deformation potential we
have

U, \*
l“,z,,,= Z(EddIVU‘*’Eu?)Nk, (6)

kA

where £, and =, are the deformation potentials; N, is the
occupancy number of phonons; k is the wave vector; A is an
index which identifies the phonon polarization. In the sim-
plest case of bulk phonons the shift is given by the expression

n '
U(r, t)=2( 20pV ) e, (ax* exp{i(kr—w*t) }+ c.c.). (7)

The summation carried out using Egs. (6) and (7) over all
the long-wavelength phonon modes gives

o BERTL ()]

T TiSpa’st L3\,
+fg;;(ZT‘;:l::;_7: or —ﬁai«k,,T,
ry o PRI [ 4 (0] v
PR 50m%ps, L3 5,
——————n;zo‘};(;z:?‘ for —h% >kpT,

which includes the contributions of both bulk and surface
phonons; the notation is as follows: Z, is the deformation
potential; s and s, are the longitudinal and transverse veloc-
ities of sound; s is the velocity of a Rayleigh wave (s =s,)
and the coefficient K can be expressed in terms of the compo-
nents of the attenuation of the longitudinal and transverse
parts of a Rayleigh wave.?' A calculation carried out on the
basis of Eq. (8) gives a correction to the temperature depen-
dence shown in Fig. 10, but it does not exceed 3%. Conse-
quently, an allowance for the electron-phonon interaction
cannot explain the experimental dependence D¥(T).

We shall consider screening of the potential relief. To
the best of our knowledge, there is only one treatment?? in
which the problem of screening is solved for nonzero tem-
peratures. The solution is obtained in the form of the permit-
tivity of an electron gas in the limit of high temperatures
when I' k5 T. In this case the density of states is indepen-
dent ot the Landau level width and of the nature of the po-
tential relief. The temperature dependence of D¥ should be
exponential: D * « exp( — #iw, /2kz T). The experiments do
not confirm this behavior of the density of states, and in fact
we have the opposite case 'R ky T.

A phenomenological model proposed in Ref. 23 pre-
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FIG. 11, Comparison of the experimental results with calculations carried
out using the Ng model of Ref. 23. The calculations were carried out for
Landau level half-widths I' = 4, 5, and 6 K and for different fluctuations
of the electron density: 0.5% (dashed curves); 2% (chain curves);, 5%
(dotted curves). Sample No. 1.

dicts a reduction in the thermodynamic density of states as a
result of cooling. We tried to describe the experimental de-
pendences on the basis of this model using two fitting param-
eters: the “‘bare” (unrenormalized) Landau level width and
fluctuations of the electron density. Calculations were car-
ried out in two variants called the u and Ng models in Refs.
23. By way of example, the results obtained using the Ng
model are plotted in Fig. 11. It is clear from this figure that
the model®* cannot describe the experimental dependence.

The question arises whether, in principle, we can expect
a stronger increase in the density of states than that predict-
ed by Eq. (4). In our opinion this is possible We shall consid-
er a model proposed in Ref. 24. In this model the Landau
level width and, consequently, the position of the Fermi level
are assumed to depend only on the degree of occupancy of a
quantum level. We can readily see that if the number of va-
cant positions at a level remains constant (it is assumed that
there is only one partly filled Landau level ), then an increase
in temperature should increase not only the chemical poten-
tial but also the level width because of deterioration in the
screening of the potential relief. This effect is of special inter-
est and we shall discuss it in greater detail. When tempera-
ture is increased, electrons are activated to those positions
where the potential relief has maxima and this increases the
amplitude of the fluctuation potential. We shall now esti-
mate this increase. The additional potential V is created by
electron-hole dipoles with a moment ek ; TL, /T, where L
is the characteristic screening length®* and the number of
dipoles is D(&; )k TL 2. Hence, we find that

Ve €D(er) (kp T)? Le/T. 9

The concentration of such vacant positions at a level is
Sn = &’N /T, where [, is the level width at 7= 0. Since the
chemical potential is described by
2 Dl
® ,

gocl‘.,—%(kBT)z 1%

10
D(®) ) (10)

we can readily find the density of states
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This expression is simplified by dropping the terms contain-
ing the first derivative, since in the case of the two Landau
‘levels we have D’ (#iw./2) = 0. The first correction term on
the right-hand side of Eq. (11) corresponds to that already
allowed for in Eq. (4). The second correction term is of the
same order of magnitude and in our opinion should explain
the experimentally observed increase in the density of states
on increase in temperature. Equation (11) is valid only on
condition that the correction to the density of states is small
compared with the density of states itself. It is clear from Fig.
8 that the experimental values of D¥(T) — D¥(0) are at
least of the same order as D¥ (0), so that a direct comparison
of the experimental results with Eq. (11) is meaningless.
Nevertheless, there is a qualitative agreement between the
experimental results and those predicted by Eq. (11). In
fact, as the intensity of the magnetic field is reduced, Eq.
(11) predicts the expected increase in D¥(0) and a simulta-
neous increase in the absolute value of the temperature-de-
pendent correction. This is exactly the behavior observed
experimentally.

It should be noted that there are ranges of the occupan-
cy factors in which the density of states behaves nonmono-
tonically (Fig. 9). Cooling results initially in a fall of the
density of states and then the density rises and even exceeds
the initial value.

L. (11)

CONCLUSIONS

It follows from our experimental results that the meth-
ods based on the activated temperature dependence of the
conductivity cannot be used as independent means for the
determination of the thermodynamic density of states. The
main reason is that the mobility edge does not coincide with
the middle of the Landau level and may shift along the ener-
gy axis when the Fermi energy changes.

More reliable are the methods based on oscillations of
the contact potential. The temperature dependence of the
density of states determined using such oscillations can be
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explained by assuming a nonlinear screening. An increase in
the thermodynamic density of states is then due to a reduc-
tion in the width of a single Landau level. '¢

The authors are grateful to S.V. Meshkov for valuable
discussions.
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