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There have been many studies of the electron localization in the 2-dimensional
electron system in Si MOS-FET under high magnetic fields. We have investigated the
Shubnikov-de Haas effect appearing in 0y, by employing two new experimental means:
measurements in pulsed high magnetic fields up to 37 T and a.c. measurements in the
frequencyvrange up to 50 MHz. Some new aspects of the localization are observed in
these new experimental conditions which have not been attempted in previous works. -
The samples used in the experiment were circular ones (Corbino disk) fabricated
on the (100) surface on p-type substrates. Measurements of 0,, for the d.c. and a.c.
bias current accross the source-drain electrodes. In the a.c. measurements, the
real part of o, , was measured using a phase sensitive detector. For measuring the
Shubnikov-de Haas effect in pulsed magnetic field, the gate voltage was swept at the
top of the pulsed fields within a time where the fields could be regarded as constant.
A superconducting magnet was also employed for a more precise measurement below 15 T.
Fig. 1 shows a typical éxample of the experimental recordings of the Shubnikov-
de Haas oscillation at various field strength. As the magnetic field was increased,
the gate voltage width for the non-conducting region (0, = 0) increased. In addi-
tion, a remarkable feature was observed for the peak associated with the lowest
Landau level (0t+). At H=6 T, the lowest peak (04+) was indiscernibly small. As the
field was increased, however, this peak grew up, whereas the height of other peaks
showed smaller field dependence. The magnetic field dependence of the (0+4+) peak
can be accounted for by considering the increase of the density of states in the
Landau level with increasing magnetic field as in the following.
Fig. 2 shows the magnetic field dependences of y .
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the height of the (04+) peak, (0,,)pecaks and the
number of immobile electrons njy estimated from the
gate voltage width where 0;,=0 on the left sides of
the (0++) peak. The figure also shows the total num-
ber of electrons which can be accomodated in the (0++)
level, n¢ = eH/hc. It can be seen that‘both Nim and
Oxx increase with increasing field. The line repre-
‘senting ng crosses with that of nj, at H = 4.2 T,
from where (0zx) peak bPegins to be non-zero. This fact
can be interpreted in terms of the mobility edge
model.!) The present result also indicates the local-
ized states are formed only in the electron side of
the (0++) level.

The a.c. conductivity was measured in both pulsed
fields and a steady field of 15 T.2?) Fig. 3 shows the
Shubnikov-de Haas oscillation at 15 T for various

frequencies. As is seen in the figure, each peak of
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the oscillation is more and more sharpened, as H in- Fig. 1. Conductivity Oy as a
creased. Namely, the non~conducting regions are function of gate voltage Vg for
widened, and the conductivity at the tail parts of sample BLS.
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Fig. 2. (0gpz)peak for (0t+) level, nypy and Fig. 3. Shubnikov-de Haas oscillation at various
ny as a function of magnetic field. frequencies for sample BLS.

each peak is decreased relative to the peak value. In another words, the increase
of the frequency looks equivalent to the decrease of the temperature. This striking
feature can be seen more clearly in Fig. 4 and Fig. 5 which show the frequency
dependences of the conductivity at the tail part of a Shubnikov-de Haas peak and the
number of immobile electrons estimated from the gate voltage width of the non-
conducting region. As is shown in Fig. 4, the conductivity in the tail parts varies
obeying the Drude-type frequency dependence, ¢ « 1/(l+wc?t?). Fig. 6 shows the
height of each peak at d.c. and 20 MHz as a function of the square of temperature.
The temperature dependence of (oxm)peak is T?-like at high temperature region. How-
ever, (o .)peak for (0+-) and (0+-) decreases with decreasing temperature at lower

temperature, indicating that the conductivity

around the peak has also some localized character. 0.3
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Considering that the conductivity in usual

hopping conductions increases with increasing fre-
quency, the present experimental result is quite .
surprizing because the fregquency dependence is 02
just opposite. The amplitude of the source-drain
bias voltage is adjusted to take the same value

for all the frequencies. Fig. 7 shows the number

of immobile electrons njy at 2 MHz as a function 01
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of the source-drain bias voltage. njn starts to

Conductivity (normalized)

decrease abruptly at about 2 V/cm. The measure-
ment was done at much lower Egq than 2 V/cm.

]
Therefore, the observed frequency dependence was 0 1 é

not caused by any effect of the source-drain Frequency (MHz )

field. The characteristic relaxation time T

_ _ . Fig. 4. The conductivity of the tail
(~10"%-10"°%s) in the observed frequency depend- parts of the (0+~) peak relative to the

ence is many orders of magnitude larger than the DPeak value as a function of frequency.
. . . . . The solid and the broken curves represent
relaxation time the carrier scattering. It is the Drude-type frequency dependence for

difficult to elucidate such a long relaxation sample SN9.
time. The reason of the observed striking phenom-
enon is not clear at present. It might be
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Fig. 5. The frequency dependence of

the number of immobile electrons at Fig. 6. Plot of (0zz)peak against T2 for

various gaps for sample SN9. sample BL3. The inset shows the (Oyx)peak
vs. 1/T at the low temperature regionm.
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explained by some characteristic length
s over which electrons move during a
—~ sk period of the a.c. bias voltage as com-
% pared with the localization length.
3 SN 9 Further theoretical and experimental
~ H=15T investigations are worth trying to clar-
§‘0~ T=15K ify the mechanism of the remarkable fre-
f zy:; quency effects mentioned above.
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