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The charge on a metal-insulator-semiconductor structure, Qg, has been studied for various
gate voltages ¥, and various currents in the channel, /,, over the temperature interval

T = 0.42-4.2 K in a magnetic field H =70 kOe. The results show that Q¢ depends on /,,,
because the current is redistributed during passage through that region of ¥, or H in which a
plateau is observed on the Hall resistance p,,. The relationship between Qg and I, which has
been found is used to explain the hysteresis which had been found previously in

Qs (V,), Qs (H), and V, (H). The results show that the hysteresis is due to the appearance of
eddy currents, whose distribution also changes as ¥, of H is varied.

How the current is distributed in the two-dimensional
(2D) layer of charge carriers under conditions of a quan-
tized Hall resistance has been under discussion for several
years now.' Different authors have offered two alternative
explanations of the current flow: 1) Current flows only
along the edges of the sample, along the banks of the chan-
nel. 2) The current is distributed roughly uniformly over the
cross section of the channel. Recent direct experiments®>
have shown that the actual current distribution in GaAs he-
terojunctions is not what was predicted earlier. As a magnet-
ic field is varied, the current contracts into a filament near
one bank of the channel at the beginning of the plateau on the
quantized Hall resistance. This filament then moves toward
the other bank, where it dissipates. This current distribution,
which might be unexpected at first glance, can easily be ex-
plained in terms of a gradient of the carrier density in the
samples. This explanation was offered in Ref. 4. A similar
effect should also occur, according to Ref. 4, in the case of a
2D carrier layer near a conducting plane [e.g., in a metal-
insulator-semiconductor (MIS) structure]. The density
gradient required for an observation of the effect in this case
would be produced by a current, even if the situation is uni-
form in the absence of a current.

To study the current distribution, Ebert et al.> and
Zheng et al.® prepared samples with contacts inside the
channel. Conclusions were drawn about the current distri-
bution in this case from measurements of the potential dif-
ference between the contacts. In the case of an MIS struc-
ture, certain conclusions about the current distribution can
also be reached without fabricating auxiliary contacts. It is
sufficient to measure the charge Qg on the structure as a
function of the voltage between the contact to the channel
and the gate, V.

In the present paper we derive a theory for the effect of
the current distribution on the charge on an MIS structure,
QOs, and we also report an experiment carried out to observe
an effect of the current on Qg. We analyze the results of this
experiment. We also report some new experimental results
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on the hysteretis observed in Qs (¥, ) and V, (H) in Ref. 5.
We offer an explanation for that effect.

RELATIONSHIP BETWEEN Qs AND THE CURRENT
DISTRIBUTION

As became clear after the observation of oscillations in
the chemical potential ., of a 2D layer as a magnetic field
was varied,’ u, is not determined by the chemical potential
of the electrons in the volume; it oscillates independently of
the chemical potential. The period of the oscillations is the
de Haas—van Alphen oscillation period, which is determined
exclusively by the surface density (ng) of electrons in the 2D
layer.® We will therefore ignore the effect of the bulk elec-
trons on u,. If thereis no current in the 2D layer, the electro-
chemical potentials at various points in the layer must be
identical; i.e., the condition u, — e@p = const must hold,
where e is the charge of an electron, and ¢ = @(r) is the
potential of some point in the 2D layer in the electric field of
the gate electrode, whose potential we set equal to zero. The
quantity u, is a function of ng and also of the magnetic field
H in the temperature 7" u, = uo(ns,H,T). We also note that
ng can be found in terms of ¢ from the formula for a plane
capacitor: ng = x@ /4mde, where x is the dielectric function
of the insulator, and d is its thickness. The latter equality of
course holds only for the average value of ng over some re-
gion with linear dimensions greater than d. If a current flows
in the 2D layer, its density is determined by

loall V(@—e~"po)=j. (1

Herej = j(r) is the current density, V = (d /dx, d /dy), and
llo;|| is the 2D conductivity tensor.

Since i, is a function of ng and thus of ¢, Eq. (1) can be
rewritten as

ol [1—e~* (po/o@) 1 Vo= (2)

In the absence of a magnetic field we would have
Lo = 2mh*ng/4m*, where m* is the effective mass of an elec-
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FIG. 1. The functions I(y) for (1) a uniform distribution of the current
over the channel, (2) the case in which the current is concentrated near
the right bank, and (3) the case in which the current is concentrated near
the left bank.

tron, and #is Planck’s constant. We have taken into account
a fourfold degeneracy in terms of the spin and the valleys
here. In this case we have e~ '(d uo/dp = x#*/8m*e’d. At
d~1000 A this ratio is on the order of 1073, so that we are
justified in ignoring the term proportional to d uy/dg in (2).

In a magnetic field the state density of electrons in Lan-
dau levels increases, while that in the gaps between levels
decreases. A decrease in the state density can give rise to the
inequality

e~ (dp./dp) =1, (3)

which had hold only in a narrow interval Au,, less than the
distance between Landau levels, Ae(H,ng). In this case we
can ignore the components o,/ #/, of the conductivity ten-
sor in comparison with the components o, i#;/. If the cur-
rent flows along the x axis, then we have u, = p,(y) accord-

ingto (1), and the change in 1, in the region from y, to y, is
Y2

Mo~ 0'e 1. () dy.
Yy

Substituting in Vi, = Ac to find an upper estimate, we find
that a current I, > |o,, e~ 'Ag| cannot flow through a region
with a low state density. For the case o,, ~¢’/2m#, Ae~1
meV, we then find I, < 10~7 A. In the experiments which we
will describe below we studied the behavior of MIS struc-
tures at currents I, 2 10~ A. In this case, most of the cur-
rent always flows where the state density is rather high, so
that we can ignore the term proportional to du,/dg in (2)
and assume

llowll Vo=i. 4)

The conclusion which we have reached tells us that we
must be extremely suspicious of experiments carried out to
determine the energy density of electron states from an anal-
ysis of components of the conductivity tensor. A pro-
nounced decrease in the state density in a gap between Lan-
dau levels could be “felt” only if a low current is flowing
through the 2D layer, I, < 10~7 A, but even in this case the
experiment would show only some average state density over
an interval Auy~eo,, ~'I,.

We now seek the charge on the MIS structure. We as-
sume that a current /,, is flowing in the x direction through a
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channel of width w, while H is directed along the z axis. In
the plateau of the Hall conductivity we have o, |0, |. We
will therefore assume that the current density is a function of
the coordinate y alone. For this case we find from (4)

ns(y) = (w/4nde) [¢ (0) +p=I (y) ],

I(y)=5 j=(y) dy. (5)

Here ¢(0) is the potential at the right edge of the channel
(y=0) andp,, = —o,, ' is the Hall resistance. Integrat-
ing (5) over the width of the sample, we find

w

Qo=Lef may=Ca| 9w +ou [ 1013y ], ()

0

where L is the length of the channel, and C, = xLw/4xd is
the capacitance of the MIS structure.

We assume that the gate voltage V, is applied between
the gate and a contact at the right bank of the channel: ¥,
= @(0). In the absence of a current, the charge would then
be Q5 = C,V,, and a current would change it to

6Q0s=Qs—CoVe=Copryo~ | 1(y) dy. %

The change Qs depends on the current distribution in the
channel. If this distribution is uniform, the function I(y)
increases linearly from 0 aty =0 to [, at y = w (Fig. 1). If
Py i positive, a shift of the current toward the right bank of
the channel increases §Qg, while one toward the left bank
reduces it. A change in the current distribution in the chan-
nel can thus be observed by measuring the dependence

Qs (V,).

EXPERIMENTAL PROCEDURE

The test samples are MIS structures fabricated on the
(001) surface of a p-type silicon single crystal.” The dimen-
sions of the structures are 5 0.8 mm; the thickness of the
oxide layer is 2000 A; and the capacitance is C, = 700 pF.
For the samples selected for the experiments the maximum
carrier mobility is u,,,, = (30-40)-10> cm?/V-s) at T=1
K. The current is passed through the sample between the
source and drain contacts along the channel.

In the experiments we measure the current which
charges the gate, I, when the gate voltage V, is varied. If V,
is varied at a constant rate we have

I,=—dQs/dt=—(dQs/dV,) (dV,/dt)=const-dQs/dV,.

The quantity found directly from the experiment is thus the
derivative dQg/dV,. The arrangement for these measure-
ments is shown in Fig. 2. The measurements are carried out
in a static magnetic field directed perpendicular to the plane
of the sample. In the experiments, V, is varied at a rate
between 1072 and 10 V/s. The measured current [, corre-
spondingly varies from 10~'? to 10~® A. The intrinsic noise
of the current-to-voltage converter is less than 10~ '* A.

In some of the experiments we measure the change in
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FIG. 2. Arrangement for measuring the gate charging current. A—Am-
plifier and current-to-voltage converter; SV—sawtooth voltage gener-
ator; Vg—source of the constant gate voltage; MC—multichannel stor-
age.

the gate voltage ¥V, of a sample when the magnetic field
changes, as was done in Ref. 6. The arrangement for those
measurements differs from the arrangement in Fig. 2 only in
that the sawtooth voltage generator is not included in the
power circuit of the gate, and the current-to-voltage convert-
er is replaced by an amplifying electrometer. In the analysis
of the results of these experiments, a correction is made for
the capacitance of the line connecting the sample to the am-
plifying electrometer.

The output signal from the measuring instrument is
stored in digital form by a multichannel storage device. The
channel numbers are changed at uniform time intervals
upon a signal from an internal sweep generator. The time at
which the sweep is triggered is synchronized with a certain
phase of the sweep of ¥, or if the magnetic field on the basis
of a sync pulse from the sawtooth voltage generator. This
measurement system makes it possible to build up the signal
during repeated passes through a given interval of V, or H
(so that the signal-to-noise ratio is improved), to store the
results in digital form on magnetic tape for a long time, and
to carry out a preliminary analysis of the results, e.g., inte-
gration.

EXPERIMENTAL RESULTS AND DISCUSSION
1. Effect of the current /o on Q¢

These experiments show that sharp anomalous features
appear indQg/dV, (curve 1 in Fig. 3) near integer values of
the occupation nunber of the Landau levels, v =ng/n,
(ny = eH /2m#c is the surface state density at the Landau
level) as the result of the current I, flowing through the
channel. In the absence of a current, at T2 2 K, we would
have dQg/dV, = C, except for a small decrease at v =1,
caused by the decrease in the state density in the gap between
Landau levels (curve 2 in Fig. 3).

On the curve of dQ/dV, versus V, we can distinguish
three regions (Fig. 4b): 1) and 3) regions with
dQs/dV, < Cy; 2) region with dQs/dV, > C,. If we assume
that at values of v far from integer values the current in the
channel is distributed uniformly over its width, then it fol-
lows from (7) that in region 1 the current collects near one
bank of the channel. In region 2 it then moves toward the
other bank. Later, in region 3, a uniform current distribution
is restored. These changes in the current distribution agree
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FIG. 3. The derivative dQs/dV, (curves 1 and 2) and the average elec-
tron density 87 (curve 3) versus the gate voltage V,at T=2K, H =170
kOe, and n, = 1.6-10"" cm~2 Curves 1: solid—/, = 20 uA; dashed—
Iy = —20 pA. Curve 2: I, =0, at an amplification 40 times greater.
Curve 3: Result of an integration of curve 1, with I, = 20 £ A. The occupa-

tion numbers of the Landau levels, v, at I, = 0 are also plotted along the
abscissa.

well with those predicted in Ref. 4 for MIS structures.

To illustrate this point, let us assume that the direction
of the current is the direction adopted as positive in (5). In
this case the potential difference between the gate and edge
of the channel (y = w) is always larger than that for any
other point in the channel. It then follows that ng(y) has a
maximum aty = w [see (5)]. If ng (y) is markedly different
from iny, for all 0 <y < w, then we have p,, () =~ const, and
the current is distributed uniformly over the channel. With
increasing ¥, the carrier density in the channel approaches

(E‘Z\z) 4v,,8
dv, a 2 b
o o B
/ J, A a
3, 00 0,6 /},
0 o A 9‘:/‘ o _
Y 04+ = 57
20, AA% aa 4 - a7 AAO o © °
o o
Yo . 4 ”IZ — °° 0//
1) P . B //
C el M N N N | P N T B |
0 20 40 60 0 20 4ol uA

FIG. 4. Maximum value of dQs/dV, versus the current I,. b: Distance
between minima versus the current /. (H = 70kOe) O—v=~4,T =2K;
A—v=2,T=2K; A—v=4, T=4.2K. Thesslope of the dashed lines in
Fig. 5isp,, = 6453 Q (v =4).
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ing . When the condition ng (w) =~iny, p,. (y) becomes sat-
isfied, p,, (¥) has a minimum at y = w, and the depth of this
minimum increases as ng(w) approaches ing. These
changes involve redistribution of the current: a current ““fila-
ment” forms near y = w. The function j(y) now has a maxi-
mum at y = w. The center of gravity of the current shifts
away from the middle of the channel toward the left edge
(y = w). According to (7), this shift should reduce Qy;1i.e.,
we have dQ/dV, < C,. After ng(w) exceeds iny, the cur-
rent filament begins to move toward the left bank of the
channel. The position Y at which the current density is at
maximum is determined by the condition ng(Y) =ing,
dQs/dV, > C,. The dissipation of the filament at the left
edge of the channel is also due to the decrease in Q, since the
center of gravity of the current moves to the right, toward
the middle of the channel. The last minimum in dQs/dV,
should therefore occur when the condition ng(0) =~in is
satisfied.

Since ng(0) is independent of I,,, being determined by
the given value of V,, a change in the magnitude or sign of
the current flowing through the channel should not displace
one of the minima, while the position of the other minimum
should depend strongly on the current, according to (5).
For example, the minimum corresponding to ng(w) ~in 4
will lie to the left or right of the ng (0) =~in; minimum, de-
pending on the current direction. This conclusion is con-
firmed experimentally. Comparison of the solid line in Fig.
3, drawn for the positive current direction, with the dashed
line (which corresponds to the current of the other sign)
shows that the position of one of the minima is indeed inde-
pendent of the current direction. The position of the second
minimum of dQs/dV, with respect to the first depends on
the sign of the current, as can be seen from Fig. 3. Figure 4b
shows 8V, the distance between minima, as a function of /,.

Curve 3 in Fig. 3 is a record of the dependence of
bng = 6QsS on V,, found by integrating the gate current /,
over time. The expected change in the charge in the channel
as the current track moves from one bank to the other can
easily be estimated for the limiting case of an infinitely thin
filament. We assume that the current is flowing along the
line y = Y. From (5) we then find

ns(Y)y>y—ns (¥) v<Y=Conon/Se-

It follows that as Y varies from O to w the change in Qg is
AQs=AnsS=Cyp,,1,.

Since the change in the charge occurs at a fixed value of V,
the derivative dQs/dV, should become infinite. Experimen-
tally, however, AQy is about half the value of C, p,,1,, and
dQs/dV, does not exceed 4C, (Fig. 4a). A possible explana-
tion is that the width of the current track is comparable to
the width of the sample. In this case, in calculating the maxi-
mum value of dQs/dV, we need to take into account the
nonzero current density at the edges of the sample and the
change in the current distribution with respect to the maxi-
mum of j, () as the current track moves. For a rough esti-
mate, however, we will assume that the current distribution
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about the peak does not change. According to Ref. 4, the
maximum of j, (y) occurs at the point ¥ determined by the
equality n5(Y) = iny. From (5) we can find ¥, = ¢(0) for

this case:
Y

Se
Vt=FinH_Prv5 i(y)dy.
0

[
As Yis varied by 8y we have 6V, = (dV,/dy)dy = p,,j(0).
The change in the charge Qg here can be estimated to be
AQg (8y/w), where AQg is the maximum change in the
charge (Fig. 5). We thus find

(dQaldV ) ™*~AQalpai™" (0,

ie.,
7™ (0) ~AQs/[ (dQs/AV )™ pqw].

Comparing (dQs/dV,)™" (Fig. 4a) with AQs = AnsS
(Fig. 5), we reach the conclusion that we have j min(0) ~2
uA /wforv = 2and 4 and that this quantity isindependent of
I,at I, <20 uA. The independence of j ™" (0) from /, means
that the current distribution changes as I, increases. This
result is in qualitative agreement with the results of Ref. 4,
according to which the width of the current filament should
decrease as the current is increased.

At high currents, (dQs/dV,)™" begins to decrease,
possibly because of heating of the electron gas. Furthermore,
we do not rule out the possibility that we are seeing evidence
of a breakdown effect here, similar to that observed in GaAs
heterostructures.®

In all of the experiments described here we varied V,,
while holding H constant. Some analogous experiments wre
carried out in which H varied. In those other experiments we
measured the dependence Qg (H) at ¥, = const or the de-
pendence F, (H) for Qg = const. The results of those other
experiments also agree well with the model current distribu-
tion described above.

2. Time-varying effects at /ob=0

At temperatures T <2 K, even if the current passed
through the channel from the external current source is zero,

_4aQ _
Afg = s:,cmz
<>
<
/ A
/ a
/ 2® o o
0" A 00
/{l ° .
/N0 e e® ®
/1{0 .o..
Ce® 411

0 20 4o 60
los nA

FIG. 5. Change in the average electron density, A7ig = AQs/Se, near in-

teger values of v versus the current /. A—v=2; ®@—v=3; O—v=4. The
temperature is T = 2 K; H = 70 kOe.
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FIG. 6. Dependence of dQs/dV, on V, at [, =0, T=0.42 K, dV,/dt
=0.1V/s, and H = 68 kOe.

the derivative dQ;/dV, may not be equal to C, near certain
integer values of v. Figure 6 shows a representative curve of
the dependence of dQ;/dV, on V, near v = 4 for this case.
In contrast with the case ,#0 at a higher temperature, the
dependence of dQs/dV, on V, is not an equilibrium curve; it
is affected by the magnitude and sign of the sweep rate
dV,/dt. This dependence of dQ/dV, is a consequence of
the hysteresis in Qg (¥, ), which was found and studied in
Ref. 5.

In Ref. 5 it was also suggested that the hysteresis stems
from the appearance of eddy currents in the channel. The
effect of the current on the charge on the MIS structure ob-
served in that study is an argument in favor of this explana-
tion. The reason for the appearance of the current is a gradi-
entin the density ng in the channel. The time constant for the
charging of the sample, 7~C,/0 ., increases sharply near
integer values of v because o, is small in this density region.
As aresult, at the values v = 2, 4, 8, and 12—corresponding
to the deepest minima of ¢,,—an equilibrium density can-
not be established in the channel for the instantaneous value
of V,. The current in the channel is found from the expres-
sion

j2(¥) =0.,09(y)/0y=0.,(dns/0y)Se/C,.

We assume that V, varies monotonically and that ng mono-
tonically approaches in . Until the condition ng(y) = in,,
becomes satisfied somewhere in the channel, the minimum
of o,, () will be near the contact, since ng(0) is closest to
iny. In the same region, the derivative dng/y is at a maxi-
mum, so that j, (y) is also. After ng(0) exceeds iny, the
maximum of the current density moves away from the con-
tact. The condition

w

J iway=o0

0
means that the condition 75 (0) = ng(w) holds in any cross
section of the channel. The charge distribution in the chan-
nel should therefore not change as the contact to the layer is
moved from the right bank to the left. This statement means
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that the charge distribution is mirror-symmetric with re-
spect to the middle of the channel, y = w/2. The current
track, which moves from right to left as V, is varied, will
therefore meet at y = w/2 its “reflection,” in which the cur-
rent is flowing in the opposite direction. The currents then
disappear, and a uniform charge density is reestablished in
the channel. It is easy to see that the appearance of a current
should correspond to a decrease in dQs/dV,, and its motion
away from the contact should correspond to an increase, as
in the case I,#0. This is precisely what we see on the curves
in Fig. 6. In contrast with the case I,#0, there is no second
minimum of dQs/dV, (Fig. 3) corresponding to disipation
of the current filament after it has reached the other bank.

What is the width of the anomalous in the capacitance
along the V, scale? The difference between the charge on the
structure and the equilibrium value, 6Qg = Qg — Cy¥,, can
be estimated at small values of 5Q; from Qg ~7CydV, /dt.
If we determine the width of the anomaly from the values of
V, corresponding to a certain value of §Qy, this width, A Ves
should correspond to the width of the p,, minimum deter-
mined from the values of ¥, corresponding to

pxx=0:acp:q/z~ (P:yzcoz/ﬁos) (dVS/dt) .

The temperature dependence of AV, should therefore be the
same as that of the width of the p,, (¥, ) minimum, while the
dependence of AV, on d¥,/dt should be the same as the
dependence of the minimum of the width at p,, = p° on
P4 This conclusion is verified by the experimental results;
see Figs. 7 and 8. This model for the appearance and distri-
bution of the currents is independent of the sign of dV, /dt. A

7K

FIG. 8. Comparison of the temperature dependence of the width of the
Pxx (V) minimum p?, = 107° (@) and that of the width of dQs/dV,
anomaly at dV,/dt =0.3 V/s (O) (H = 68 kOe, v=4).
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FIG. 9. a—Dependence of AU, = ¥, — Q/C, on Q; b—dependence on
H(T=0.42K).a) ThesweeprateisdV,/dt =0.1V/s;b) dH /dt = 0.25
kOe/s.

change in this sign should cause only a change in the sign of-

Jj. (»). Experimentally, on the other hand, we find that the
effect is asymmetric. This asymmetry is quite evident in Fig.
6. As V, is increased, the maximum value of dQs/dV, is
greater than during a decrease. This result apparently means
that in the first of these cases the current which arises is
greater than that in the second and/or contracts into a nar-
rower filament. The reason for this asymmetry is not com-
pletely clear. If the anomalous dependence Qg (V) is gov-
erned by the presence of a current, determined externally, in
the channel, and if there is no hysteresis, the amplitude of the
effect should be independent of the current direction. A pos-
sibility is that the asymmetry at I, = O is due to an interac-
tion of the magnetic field of the currents in the channel with
the external magnetic field. The eddy current can be estimat-
ed from I, ~AU, /p,,, where AU, =V, — Q5/C,. Figure
9a shows AU, as a function of Qg as calculated from the
curves in Fig. 6. It can be seen from this figure that we have
AU7**~100 mV. The energy of the current in a magnetic
field is

Bym Ml ~ o LSH ~ — L AU SH S ~ 10-* erg,

4n 4re 4mic Pxy

or ~10 K per electron. In other words, this energy is (we
wish to stress this point) comparable to the Fermi energy
(~50K). It can be shown that this energy is negative when
V, is increased or positive if it is reduced. In the former case
the current will then tend to increase its magnetic moment M
(in magnitude), while in the latter case it will tend to reduce

the current, tending to increase the area which it spans (and
thus the value of |M |), flows through a thin filament along a
bank, while in the latter case the width of the filament is
greater, and |M | is smaller.

As H is varied hysteresis effects are also observed in the
curves of V, (H) at Qs = const or in the curves of Q¢ (H) at
V, = const (Ref. 5). Figure 9b shows a AU, (H) curve. The
reason for the hysteresis is the appearance of eddy currents
in the channel as a result of the changing field:
rotj=c ~'p.. '(dH /dt). The currents which arise cause a
nonuniform density ng; then the arguments above regarding
Qs(V,) are valid. The similarity of the AU,(H) and
AU, (Qs) curvesis a strong argument in favor of the conclu-
sion that in these two cases we are dealing with precisely the
same mechanism for the appearance of hysteresis.

It can be seen from Fig. 10 that the presence of a current
I,,, determined externally, in the channel suppresses the hys-
teresis. Since, as we have already mentioned, hysteresis
arises when the time constant for the charging of the sample,
7~Cy/0,,,becomes rather long, the decrease in the hystere-
sis may be regarded as a decrease in 7 caused by /. This
effect could be explained on the basis that the charge redis-
tribution in the channel caused by the current J,, leads to an
increase in o, over a large part of the area of the sample,
while the dimensions of the region in which o, issmall (i.e.,
the dimensions of the region in which most of the current
flows, according to Ref. 4) decrease. We can thus conclude
that the width of the current track decreases with increasing
current.

Consequently, most of the experimental results which
have been found correspond at least qualitatively to the
models for the current distribution in the channel discussed
above. It should be noted, however, that there is one discrep-
ancy between the model current distribution of Ref. 4 and
the experimental results. This discrepancy is manifested as a
difference between the experimental value of AV, (the width
of the dQ/dV, anomaly) and the expected value in the case
I,#0. Let us assume that the current filament appears near
the left bank of the sample at a certain carrier density
ng(w) = iny — Ang. If the Landau levels are symmetric,
the filament should then disappear at the right bank at a

it. The result may be a situation in which, in the former case, ~ density ng(0) =iny + Ang. Using (5), we find
AU,, mV
10— 0 5 12 21 uA FIG. 10. Effect of the current I, on the hysteresis in the
gate voltage at 7= 0.42 K and at a rate of change of the
magnetic field dH /dt = 0.25 kOe/s.
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1073 Sov. Phys. JETP 64 (5), November 1986 S. G. Semenchinskir 1073



AV, =p,, I, + const. It can be seen from Fig. 4b that at
T'=4.2 K the experimental dependence AV, (1,) agrees
well with this result; we cannot say the same about the curves
measured at T = 2 K. At that temperature, AV, is essential-
ly independent of I, over a large range of the current /,,. This
behavior of AV, (1,) is puzzling. It may be a consequence of
a change in the width of a Landau level (and thus in Ang)
caused by the current 7,

CONCLUSION

The results of the experiments which we have described
here show that the current flowing through the channel of an
MIS structure under conditions corresponding to quantiza-
tion of the Hall resistance affects the relation between the
charge on the structure, Q¢ and the gate voltage ¥,. We can
conclude from the nature of the dependence Qs (¥, ) that at
the beginning of the p,, plateau the current collects near one
of the banks of the channel; as V, of H is then varied, the
current track moves toward the other bank, where it dissi-
pates. This result is similar to the result found in Ref. 2 for a
GaAs-Al,Ga, _, As heterostructure, but there is the differ-
ence that a change in the sign of the current changes the
direction in which the current filament moves. The differ-
ence apparently arises because the current redistribution in
the heterostructure is an embedded density gradient, while
in an MIS structure the density gradient is formed by the
current itself, and a change in the direction of the current
changes the sign of the density gradient.

The relationship which we have established between the
current and the electron density gradient in the channel
yields an explanation of the hysteresis observed on the
curvesof Qs (V,), V, (H), and Qg (H) in Ref. 5. The appar-
ent reason for the observed shapes of these curves is the for-
mation of an eddy current along the perimeter of the channel
and the subsequent collapse of this current as the middle of
the channel. It should be noted here that Widom et al.® have
proposed a different explanation for the hysteresis of
Qs (V,). They offered their own theory for the effect of the
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quantization of the Hall resistance, based on the appearance
of so-called quantum eddies. They argue that the hysteresis
in Qs (¥, ) proves the existence of quantum eddies. Unfortu-
nately, Widom et al.® did not predict the parametric depen-
dence of the hysteresis so that their assertion could be tested
experimentally. Nevertheless, that explanation of the hys-
teresis in Qg (¥, ) is rather dubious. The experiments show
that the hysteresis disappears at a current of about 20 uA
through the channel (Fig. 10). The quantization of the Hall
resistance has not yet disappeared at this current, as was
shown in Ref. 7; it is observed even at higher currents. Con-
sequently, the hysteresis in Q5 (¥, ) could not be regarded as
a necessary concomitant of quantization of the Hall resis-
tance, although the presence of a quantized Hall resistance is
undoubtedly a necessary condition for the observation of
hysteresis effects.
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M. Pudalov for constant interest in the work and for useful
advise during the writing of this paper. I also thank A. S.
Borovik-Romanov for his interest in this work; V. S.
Edel’man, I. Ya. Krasnapolin, V. A. Gergel’, and V. A. Vol-
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