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Random peaked structures have been observed both
in the Hall and transverse resistivities traced
against the gate voltage for S1-MOSFETs. The
amplitude amounts to 30% Of the transverse resis—
tivity when the electron concentration 1s 5 x 101
cm™ 2, at 12mK. These observations suggest that

a limitation of the Brecision would exist for the
determination of h/ec based on the quantum Hall
effect.

The quantization of the Hall conductivity in units of e2/h in two dimensional
electron systems under strong magnetic fields [1,2] has recently generated much
interest since the phenomena provides potentially an atomic resistance standard
and/or a new method to determine the fine structure constant a =e2/ﬁc. The essen-
tial part of the phenomena was predicted theoretically in 1975 [3]. After the first
precision measurement with S1-MOSFETs [1], many theoretical works have been pre-
sented, in which is discussed that the unit of quantization 1s exactly e2/h in
various situations [4]. According to the experiments with improved accuracy, the
Hall resistivity is integral fractions of .a constant in precision better than two
.parts in 107 and the value of the constant coincides with the known value of h/e2
within the uncertainty of the magnitude of the resistance unit 1 Ohm [5]. The
values of the Hall resistivity corresponding to h/’Je2 obtained from the measurements
with GaAs-AlGaAs heterostructures [6)] coincide with those with Si~MOSFETs within
the experimental uncertainty less than 1 part in 106.. Up to the present, no theore-
tical suggestlion has been obtained about the ultimate accuracy of the quantization
in the experimentally avallable situations, eg., finite temperature and magnetic
fields, finite sample width and length, etc.

In the present note we would like to discuss a possible limit of accuracy de-
termined from the characteristics of devices and the experimental conditions on the
basis of the result of measurements on Si-MOSFETs. The maximum mobllity of the
samples was 1.2 xlOu cmg/V-s at 4.2 K. The Hall and transverse resistivities were
measured at temperatures ranging from 4.2 K to’12 mK under the magnetic inductions
up to 12 T. The channel current was changed from 1072 A to 1079 A, which corre-
sponds to the electric field applied to the sample from 6 V/cm to 6 xlo'u V/em at
the h/ue2 Hall resistance plateau.

Fig. 1 shows an example of the recorder traces of Hall resistivity pxy and
transverse resistivity Pyx V8- gate voltage ng As 1is seen 1n the figure, random
peaked structures are superposed both on pxy and Pyx VS. \'s curves. The structure
is seen on the h/2e2 plateau, but not clearly seen on the h/3e and h/lle2 plateaus

110



M2-1THS3-31-L1

I{ ]
—~ 20 B=2T 4 Fig. 1.
ﬁ T=023K Hall and transverse re-
-~ Isp‘o.l sistivities as functions
X ms (BHZ) of gate voltage. The
0;‘ IS5+ ﬂbﬁ’ "1 sample 1s 600 um in
ga I length and 100 um in
width,
2 10 -
P
o= '&Ae'
Ly = -
Vg ~1V .
fo) ‘ | |
e

[y
GATE VOLTAGE (V)

in this recorder chart scale. The structures are highly reproducible within

a sample. The positlon in gate voltage of the peaks and dips 1s nearly independent
of temperature and values of channel current. The amplitude of the random structure
increases as the temperature 1s lowered and also as the channel current 1is de-
creased. The amplitude decreases exponentlally with an 1ncrease of the gate voltage,
‘and is roughly independent cf the magnetic fleld. The amplitude amounts to 30 % of
the transverse resistivity at the gate voltage V_=5 V (corresponding surface elec-
tron concentration is 5 x 10%% cm‘z), at a channe% current Igp '=1O"8 A and at the
lowest temperatures, for example. The structures are different from sample to
sample, although the amplitudes and pericds in gate voltage look alike as functilons
of the gate voltage for the samples on the same chip. The structures are simllar to
those found in the differential conductance reported previously [7], but are far
larger in amplitudes.

The effect of the random peaked structure is not appreciable on the h/Ue2, h/8e2
and h/12e2 plateaus up to the present resolution of the measurement, =10'7, under
the condition of the precision measurement [5], 1.e., ISD =10 pyA de, T=0.5 K,
B=*10.5~12 T, Vg >10.5 V for the Si-MOSFETs with high mobility. However the effect
would be apparent when the resolution of the measurement 1is improved enough, say to
107" or better. In that case the random structure is supposed to determine the
1imit of precision. The simllar structure has been observed also in GaAs-AlGaAs
heterostructures [8].

Flg. 2 shows the h/‘#e2 plateau for a GaAs~AlGaAs sample measured recently at
the NBS [9]., The error bars accompanied the data denote one standard deviation of
random uncertainty = lo of each measurement. The Hall resistance value in the
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Fig., 2. The h/lse2 plateau for the sample GaAs(7). The data points
are plotted as deviations of Hall resistance in ppm from the flat

region of the plateau. T=1.5 K, ISD-=25 uA (Reproduced from NBS
data [91]).

plateau region looks varying with the amg}itude éf about 2.506 p-p, although 1t is
not clear whether the variation is only the statistical fluctuation.

At present further experiment with better resolution and/or experiment down to
very low ( =10 mK) temperatures with present resolution would be needed to derive
a conclusion to the problem whether the random structure gives a limit of precision
of the h/e2 value obtained from the quantum Hall effect.
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