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Transport measurements on n-type InSb are reported which display novel effects similar to those recently

reported for Hgo 79Cdo 2&Te near the magnetic-field-induced metal-insulator transition. %e observe aniso-

tropic temperature dependence of the longitudinal and transverse resistances at low fields, followed by an

anomalous behavior of the transverse and Hall resistances below the localization field. The data for the

two systems are compared, and the universality of the effects is discussed.

Recent reports' on the high-field electrical transport
phenomena in the narrow band-gap semiconductor n-type
Hgq „Cd„Te (x =0.2) have stimulated interest regarding
the nature of the magnetic-field-induced localization in this
material. Rosenbaum, Field, Nelson, and Littlewood re-
ported an abrupt rise in the Hall resistance at a characteristic
field, and interpreted the linear dependence of this field on
temperature T as the evidence for the melting transition of
a Wigner crystal. ' Similar observations were reported by
Shayegan, Drew, Nelson, and Tedrow focusing on the
anomalous behavior of the Hall resistance in the vicinity of
the localization field. It was pointed out that the transport
properties just below the localization field were consistent
with those of a viscous liquid. Both of these papers there-
fore conclude that the localization in Hg08Cd02Te is anomo-
lous in comparison with the magnetic freeze-out picture
which has been generally accepted for InSb. On the other
hand, the electronic structures of Hg08Cd02Te and InSb are
very similar with regard to the parameters that govern the
high-field state of the electrons. The electron effective
mass m"/m is equal to 0.014 (0.007) and the dielectric con-
stant k is equal to 16 (17) for InSb (Hgp79CIIp2JTe). It is
surprising, therefore, that the localization transition in these
two materials should be qualitatively different. In this Rap-
id Communication we address this question by reporting
new magnetotransport measurements on InSb and
Hg079Cdo2lTe and conclude that the behavior of the two
systems is essentially the same, except in fields much larger
than the localization field. A possible explanation for this
discrepancy at high fields is given.

We studied an n-type InSb sample with a carrier concen-
tration (determined from low-field Hall data) of n p

=2.2x10" cm ' and a Hall mobility of 24 m /Vs (at 77
K). This mobility is about four times higher than that for
the sample with similar concentration studied by Ishida and
Otsuka. Comparing the mobility of our sample with those

of Ref. 4, we estimate the compensation (the ratio of the
density of acceptors to that of the donors) to be small
( ~ 0.1). This is similar to the compensation estimated
from the mobility data for our Hg079Cd02lTe samples. "
The InSb and Hg079Cd02Te samples were cut into rectangu-
lar plates and leads were soldered with indium. The sam-
ples were then etched in a bromine (5%)-methanol (95%)
solution before mounting in the cryostat. The Hall and
resistance measurements were made using the dc technique.
The currents used were sufficiently small to ensure that
nonlinear effects due to heating or large electric fields did
not interfere with the measurement.

In Fig. 1 log-log plots of the longitudinal pi, transverse p„
and Hall p~ resistivities versus magnetic field are shown for
InSb. For comparison, in Fig. 2 we show similar data on a
Hg079Cd02lTe sample with no=2.7X10' cm . The InSb
data in Fig. 1 show that, similar to Hgp 79Cdp 2~Te (Fig. 2,
and also Figs. 1 and 2 of Ref. 2), pi becomes temperature
dependent at a field BI which is considerably below B, at
which p, shows any temperature dependence. The field BI
is of the same order as the extrcme quantum-limit field
above which only one magnetic subband is occupied. The
Hall data (pn) in Fig. 1 show a "Hall dip" similar to that
observed in Hgp79Cdp2tTe (Ref. 2 and Fig. 2). For tem-
peratures below a characteristic temperature T, (r, = 1.6 K
for the InSb sample studied), pn is independent of tempera-
ture up to the vicinity of a field B~ above which p~ rises
abruptly (the definition of BP is given below). As the tem-
perature is raised above T„ the "Hall dip" gradually disap-
pears and the Hall resistivity rises to a high-temperature
value consistent with the low-field carrier concentration.
Above B~, all three resistivitics pi, p„and p~ increase
strongly with increasing field or decreasing temperature.
This temperature dependence is discussed below,

In their study of Hgo76Cd024Te, Rosenbaum et al. , ' re-
cently reported a linear dependence of p~ on field in the

6952 C1985 The American Physical Society



Ir & l'1
I i I I II ~ I. I(+) I (&i I I I

(~ II .0 ~~
I I I I ~

32 MAGNETIC-FIELD-INDUCED. LOCALIZATION IN InSb AND. . . 6953

IO

IO

E
IOO

0.4 I

0.64
I .47
2.24
3. IO

I05

I04

Io'
E

c IO

~lo'

InSb no=2. 2 x IO cm

0.44K
0.90K

I . 30K
I .60K
2.00K
2.60K
3.30 K

IO'

E

c IO

IO-'— lo'

IO ~

O. I 0.2
I t

0.5
B(T)

Bt
I

2

IO '

IO 0.5 I

~il BH
Bt

t t

2 5
B(T)

t

IO
IO

0.5
I

2
B(T)

10

FIG. 1. The longitudinal pI, transverse p„and Hall pH resistivities of the n-type InSb sample are shown for the indicated temperatures as
a function of the magnetic field 8. The vertical arrows indicate the fields above which the different resistivities become temperature depen-
dent (see text).

range 8 & BH In F. ig. 3 we show plots of p7I vs 8 (linear
scales) for two samples of Hgo 79Cd02tTe (no= 2.7 x 10' and
1.2X10ts cm 3) and the InSb sample. 6 We note that in a
limited field-range above BH, pH does depend linearly on B.
In Ref. 1, a temperature-dependent critical field was defined
as the intercept of the linear extrapolation of pH vs B with
the field axis. A more suitable definition for the field
8~(T) at given T is the intercept of the linear extrapola-
tions of pH below and above the abrupt rise in pH. Plots of
BH(T) vs T are shown in the insets to Fig. 3. We note a
linear dependence of BH(T) on T similar to that reported in
Ref. 1, where the linear BH(T) was observed down to very

low temperatures (T =10 mK). The fields BHO in Figs. 1

and 2 and also in Ref. 2 are the extrapolations of the BH(T)
line to T = 0 (see insets to Fig. 3).

It is evident from Figs. 1, 2, and 3 that InSb and
Hgp 79Cdp 2~Te behave similarly. In order to make a quanti-
tative comparison between the two systems, we consider the
Mott metal-insulator transition criterion:

Pala II
= 52 = 3

where a~ and a ~I approximate the values of the Bohr radius
perpendicular and parallel to the applied field and 5 is a con-
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FIG. 2. The pI, p„and pH data are shown for an n-type Hgp 79Cdp 2]Te sample. The anisotropic temperature dependence of pI and p, and
the "Hall dip" in pH in the range 8 ( 80 are similar to the InSb data (Fig. 1). On the other hand, the weak field and temperature depen-
dences of the resistivities at low temperatures and high fields (above 8H) observed in this figure are in contrast to the InSb data (Fig. 1).
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FIG. 3. The Hall resistivity pH vs magnetic field is shown on linear scales for Hgp 79Cdp 2~Te and InSb. In both systems, at low tempera-
tures and in the field range just above the localization field, pH increases with field approximately linearly. The insets to the figures are plots
of the fields BH, defined as the intercepts of the linear extrapolations of pH in the field range below and above the abrupt rise in pH.

stant. Using the variational parameters of Yafet, Keyes,
and Adams for a~ and a ~~, and our experimental fields BH,
we find that 5 = 0.22 for InSb and 0.21 + 0.02 for the
Hgp 79Cdp 2iTe samples that we have studied. These values
of 5 are in fair agreement with previously reported 8= 0.26
for the field-induced localization in InSb." '

For InSb, at fields greater than BH, plots of lnpI (or lnp, )
vs T ' show activated behavior for 1.6 & T & 4.2 K with an
activation energy E~ which increases with field. . This is con-
sistent with the well-known magnetic freeze-out effect in
InSb."" For T & 1.6 K, p~ and p, show a weaker depen-
dence on T(lnpt or lnp, —T with m =0.3). These ob-
servations are consistent with previously reported results on
InSb (Ref. 11), where the temperature dependences were
interpreted in terms of variable range hopping conduction
models. Below BH, plots of lnpI or lnp, vs T ' do not pro-
duce a straight line. Both pI and p, show increasingly weak-
er dependence'on temperature as T is decreased. In the
same field range, the Hall data exhibit a dip. We have asso-
ciated this anomalous behavior to a highly correlated state
of electron Fermi liquid and will discuss the details of the
temperature dependences of pI, p„and pH in this field
range in a forthcoming publication. The anisotropic tem-
perature dependence of pI and p, for B & B, is also a novel
effect, and we have interpreted it in terms of pseudo-one-
dimensional localization of the carriers in the extreme quan-
tum limit. 2

The observations described in the preceding paragraph are
also valid for Hgp79Cdp2iTe, except for the behavior of lnpI
(or lnp, ) vs T ' at fields well above BHO. In this high-field
range, the temperature dependences are much weaker than
expected from the magnetic freeze-out picture and an ac-
tivated hopping model. This diverging behavior at high
fields is especially surprising because in this field range it is
expected that the electron's Coulomb interaction with the
ionized impurities dominates, resulting in the magnetic
freeze-out of the carriers as observed in InSb. We wish to
emphasize in this Rapid Communication that one must be

cautious when interpreting the high-field transport data in
HgCdTe. Stadler, Nimtz, Schlicht, and Remenyi have dis-
cussed in a recent report, ' that surfaces of n-type HgCdTc
may be accumulated. Such surfaces can drastically alter and
dominate the high-field transport measurements. For ex-
ample, the data for the Hgp 79Cdp 2i Te sample in Fig. 2 show
that the dependence of p on B becomes anomalously weak
at large fields and low temperatures. Also, in Fig. 3, the
Hall data for the Hgp79Cdp2iTe sample with rip=1.2X10'
cm (center figure) show weak oscillations (periodic in
B ') at large fields and low temperatures. From our mea-
surements, we have found that careful preparation and etch-
ing of the samples prior to the measurements is important.
However, in our study of over a dozen samples, we have
not yet been able to entirely eliminate the surface problem
at high fields. We will discuss our results more fully in a
future publication.

In summary, the magnetotransport data presented here
for InSb and Hgp 79Cdp 2i Te indicate that the two systems
behave similarly. Anisotropic temperature dependence of
the longitudinal and transverse resistivities is observed at
low fields, followed by an intermediate field range where
the transport properties are dominated by correlation effects.
An anomalous "Hall dip" is observed in this range. Final-
ly, above a temperature-dependent field BH(T), localization
of the carriers is observed. The temperature dependence of
BH was interpreted by Roscnbaum et aI. ' as the melting of a
Wigncr crystal. A temperature-dependent field BH, howev-
er, may be explained by considering the screening effects on
the magnetic-field-induced metal-insulator transition. " At
fields well above BH( T) and at low temperatures, the InSb
data can be understood in terms of the magnetic frccze-out
and hopping conduction model, while the HgCdTe data
show an anomalously weak dependence on temperature and
field which, we believe, is due to the shorting by a surface
layer. We are presently looking for spectroscopic evidence
for donor levels in Hgp 8Cdp 2Tc at high fields which, to our
knowledge, have never been reported.
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Note added in proof: We have observed impurity cyclotron
resonance'4 in Hgt „Cd„Te (X=0.2) samples with carrier
density no —Sx 10' cm . This experiment gives direct
evidence for a shallow donor-bound ground state in this ma-
terial at magnetic fields above the metal-insulator transi-
tion. '5
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