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component axx of the conductivity tensor. The time con-
stant of the charge relaxation can be estimated from r~C,/
axx, where Cf is the capacitance of the part of the MIS struc-
ture with the nonequilibrium charge. The value r~ 109 s
leads to the estimate axx < 10~18 S, i.e., pxx < 10~u H/D.
Closed Hall currents arise in the 2D layer here and decay
with the same time constant.

In summary, these experimental results show that vor-
tex Hall currents can arise in a 2D electron layer, and the
time scale over which these currents decay is comparable to
that for the decay of currents excited in a superconducting
ring. On the other hand, the estimate of pxx which we find
from the decay time of the vortex currents implies that the
accuracy with which the quantization of pxy occurs locally
in the 2D layer may be (Spxy/pxy) < 10~16.

FIG. 2. Top right—Typical shape of the hysteresis loop for the recharging
of the 2D layer, for two values of d Fg /df; bottom—width of the hysteresis
region versus the rate of change of the gate voltage. Here TH is the time
required to fill one Landau level.

charge in the 2D layer can be linked with low electron drift
velocities along the potential gradient because of the small
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V. M. Pudalov, S. G. Semenchinskii, and V. S. Edel'-
man. Charge and potential of an inversion layer in a metal-
insulator-semiconductor structure in a quantizing magnetic
field. When a voltage Ut is applied to the gate of a silicon
metal-insulator-semiconductor (MIS) structure, a 2D con-
ducting layer of charge carriers forms near the surface of the
semiconductor. The carrier density «s and thus their Fermi
level can be controlled by varying Ug. If this structure is
placed in a magnetic field, it becomes possible to observe the
inverse effect: a change in Ue during quantum oscillations of
the Fermi level at a fixed charge in the layer. A study of these
oscillations, which were discovered in Refs. 1 and 2, yields

information on the energy spectrum of the electrons in the
magnetic field.

We have carried out experiments with (OOl)Si-MIS
structures with an electron inversion channel. The struc-
tures have dimensions of 5x0.8 mm, a capacitance ~700
pF, and a carrier mobility ~ 3.5 • 104 cm2 • V/s at T~ 1 K.
The measurements are taken with an electrometer with an
input current less than 10~14 A with the voltage source dis-
connected from the gate. Figure 1 shows representative re-
cordings of the oscillations in the voltage between the gate
and the contact to the channel.

Each of the Landau levels in the electron inversion layer

FIG. 1. The potential difference between the gate and the
inversion layer as a function of the magnetic field H at two
electron densities (given at the right of the curves) at
T = 1 K. The numbers above the curves are the numbers
of completely filled Landau levels. Shown at the left is the
level scheme in a magnetic field.
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FIG. 2. a—Av as a function of the magnetic field for var-
ious numbers of filled Landau levels (• is a datum from
Ref. 5); b—dependence on the density n, of the maximum
effectives-factor (at v = 2,6) and of the minimum effec-
tive g-factor (v = 4,8) (the dashed curves are from Ref.
6).

in a (OOl)Si-MIS structure in a magnetic field splits into
four sublevels because of the lifting of the valley and spin
degeneracy.3 Until recently, no reliable experimental data
were available on the valley energy spitting Av , and the data
available on the effective g-factor had been obtained from
indirect considerations.4 Observation of the oscillations of
the Fermi level has made it possible to determine these quan-
tities directly.

To determine the parameters of the spectrum, we com-
pare the experimental curves with the dependence of the
Fermi level on the magnetic field found through a numerical
solution of the equation

, Er,

where D = (T/Jir) ~ ' e x p [ - ( e - E t )2/T2] incorporates
the broadening of the Landau levels in a real sample,
f(e,EF,T) is the Fermi distribution function, and
Et =fKac(N+ 1/2) ± (g^H/2) ± (Av/2), where Av is
the valley splitting, g is the g-factor, and <wc is the cyclotron
frequency. The parameter F is chosen in the course of the
calculation by fitting the calculated function to the experi-
mental results.

Figure 2a shows the behavior of Av (H) (determined on
the basis of the transitions v = 3,5,7,..., which are seen at
temperatures lower than during the recording of the curves
in Fig. 1). We see that Av, if it depends on «s at all, does so
extremely weakly (in disagreement with the theory4) but
does depend on H. The values found by Roller5 and Kawaji
etal. (cited in Ref. 4) agree well with our data when they are
plotted as a function of H.

Figure 2b shows that ns dependence of the maximum
value of the g-factor found from the change in the Fermi
level at the transitions v = 2,6 (it is assumed here that Av is
independent of «s). Also shown in Fig. 2b are the values of
gmin found from the v = 4,8 transitions with the value4

m* = (0.21 + 0.01 )me. The dashed lines correspond to the
boundaries of the possible range of gmax according to Ref. 6.
We thus see proof of the oscillations in the spin splitting
which have been predicted theoretically.4 We note, however,
that this theory predicts that the amplitude of the oscilla-
tions of the g-factor will be a very strong function of the
electron mobility. The samples used in Ref. 6, on the other
hand, had a mobility one-third that in the present experi-
ments, so that the approximate agreement of the results casts
doubt on the predictions of Ref. 4.

An extrapolation of the value of Av and of the spin split-
ting to H= 0 shows that both the valley splitting (with
Av ~2 K) and the spin splitting (As ~4 K) (apparently due
to a disruption of the inversion symmetry of the crystal by
the presence of a surface) persist at a zero field.

In summary, this study of the variations in the chemical
potential in a magnetic field has yielded realistic values of
the energy splittings in the spectrum of electrons in a mag-
netic field without appeal to theoretical models. The results
pose some new questions for the theory.
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A. I. Burshtein. Collapse and narrowing of spectra dur-
ing condensation of gases. In the adiabatic collision theory,
all spectral lines are subject to a broadening which is linear in
the gas density, and the broadening of each line occurs in a
manner independent of the behavior of other lines. If the
broadening is nonadiabatic, certain components of the spec-

trum interfere (exchange frequencies) and thus undergo a
collapse (or coalescence) with increasing density. It is as a
result of this collapse that the Stark, Zeeman, and hyperfine
structures are averaged over, and a homogeneously broad-
ened line appears at the center of gravity of the spectrum.1 Of
particular interest is the case of extremal collapse, after
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