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The quantum Hall effect (QHE) is a quantum phe-
nomenon that manifests itself at the macroscopic level
and has attracted a lot of attention since its discovery in
1980 [1]. The QHE, which is characteristic only for
two-dimensional (2D) metals, revealed a number of
important aspects for quantum physics and provided for
a deeper insight into the processes in interacting sys-
tems. This effect also resulted in the introduction of a
new metrological standard, the one for the resistance
quantum 

 

h

 

/

 

e

 

2

 

, which only contains a combination of
fundamental constants (the elementary charge 

 

e

 

 and the
Planck constant 

 

h

 

) [2]. As a rule, observation of the
QHE, similar to many other quantum effects, requires
ultralow temperatures and ultrahigh magnetic fields [1, 2].
Nearly all attempts at observing the QHE at high tem-
peratures using semiconductors with small effective
masses yielded no significant results [3, 4]. These
efforts were motivated both by a natural desire to
directly observe quantum effects in ambient conditions
and by a practical demand for the ability of carrying out
measurements at room temperature or, at least, at liq-
uid-nitrogen temperature. If stability of the quantum
states were attained at high temperatures, new possibil-
ities would appear for studying the more subtle features
of the QHE. It has been demonstrated recently that the
QHE can be observed up to room temperature in
graphene, which represents a single layer of carbon
atoms closely packed in a honeycomb-like crystal lat-
tice. This fact owes its existence to the quite unusual
nature of the charge carriers in graphene, which behave
like massless relativistic particles (Dirac fermions) and,
in conventional cases, experience very low scattering
[5, 6]. In this paper we show that the QHE can also be
observed at room temperature in ultranarrow 

 

p-

 

type
quantum wells (QWs) fabricated on the surface of an

 

n-

 

CdF

 

2

 

 crystal. This becomes possible owing to the
small value of the effective mass for 2D holes, related
to the presence of CdB

 

x

 

F

 

2 – 

 

x

 

 

 

δ

 

-like barriers that confine
the QW [7].

The structure used for the QHE measurements (see
Fig. 1) is based on an ultranarrow 
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CdF

 

2

 

 QW confined
by CdB

 

x

 

F

 

2 – 

 

x

 

 

 

δ

 

-barriers on the surface of an 
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CdF
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crystal; details for the fabrication technology are
described in [7]. At room temperature (

 

T

 

 = 298 K), the
Hall resistance 

 

R

 

xy

 

 exhibits a series of plateaus at 
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ν

 

e
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(where 

 

ν

 

 is the Landau-level number) for 2D holes,
while the longitudinal resistance 

 

ρ

 

xx

 

 approaches zero
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Abstract

 

—Shubnikov–de Haas oscillations and a ladder of quantum steps in the Hall resistance were observed
in a 

 

p-

 

CdF

 

2

 

 quantum well confined by 

 

δ

 

-like barriers for CdB

 

x

 

F

 

2 – 

 

x

 

 on the surface of 

 

n-

 

CdF

 

2

 

. Due to the small
effective mass of two-dimensional holes, observation of the quantum Hall effect became possible at room tem-
perature.
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Fig. 1.

 

 Geometry of Hall measurements on 2D hole gas in a

 

p-

 

CdF

 

2

 

 QW confined by 

 

δ

 

-barriers of CdB

 

x

 

F

 

2 – 

 

x

 

 on the sur-
face of an 

 

n-

 

CdF

 

2

 

 crystal.
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(<10 

 

Ω

 

), showing Shubnikov–de Haas oscillations
(Fig. 2). Apparently, observation of the QHE at room
temperature is possible due to the large energy spacing
between the Landau levels 

 

�

 

ω

 

c

 

, which is related to a
very small effective mass for 2D holes in a 

 

p-

 

CdF

 

2

 

 QW.
The effective mass in a CdB
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/
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sandwich structure on the surface of an 
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CdF

 

2

 

 crystal
is 

 

m

 

eff

 

 = 3.44 

 

×

 

 10

 

–4

 

m

 

0

 

, as determined from the period
of Aharonov–Casher oscillations for conductivity at
room temperature [7]. This means that, at room temper-
ature, 

 

�

 

ω

 

c

 

 becomes comparable to the thermal energy 

 

k

 

B

 

T

 

at 100 mT. For this reason, it is possible in CdF

 

2

 

-based
QWs that only one 2D subband is occupied for hole
densities as high as 10

 

14

 

 m

 

–2

 

, which is important for the
observation of the Hall-resistance ladder in relatively
low magnetic fields, unlike conventional 2D semicon-
ductor systems. It should be noted that the mobility 

 

µ

 

 in
the samples under study remains nearly constant in the
range of temperatures from liquid-nitrogen to room
temperature and equals 

 

≈

 

1500 m

 

2

 

 B

 

–1

 

 s

 

–1

 

; thus, the
transport time 

 

τ

 

 

 

≈

 

 2.3 

 

×

 

 10

 

–12

 

 s, and the high-field con-
dition 

 

ω

 

c

 

τ

 

 = 

 

µ

 

B

 

 

 

�

 

 1 is attained in the fields on the order
of tens of millitesla.

One of the factors responsible for the very small
value of the effective mass for 2D holes in
CdB

 

x

 

F
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−

 

 

 

x

 

/
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CdF

 

2

 

/CdB

 

x

 

F

 

2 – 

 

x

 

 sandwich structures—
a factor crucial for the observation of the QHE at room
temperature—is, presumably, the formation of a quan-
tum-sized 

 

p

 

+

 

–

 

n

 

 junction. Under these conditions, the
band gap for CdF2, which is as wide as 7.8 eV, nearly
vanishes, and, as a result, inversion of the hole and elec-
tron states takes place in the vicinity of the p+–n junc-
tion region (see Figs. 3, 4). Apparently, an additional
factor contributing to the stabilization of this state
inversion is the Fermi-level pinning caused by the for-
mation of an energy gap near the valence band of
CdBxF2 – x δ-like barriers (Fig. 4) [7]. Other explana-
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Fig. 2. The Shubnikov–de Haas oscillations and the Hall-
resistance ladder in a p-CdF2 QW confined by δ-barriers of
CdBxF2 – x on the surface of n-CdF2; T = 298 K.
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Fig. 3. The band diagram of CdF2.
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Fig. 4. The band diagram of a CdBxF2 – x/p-CdF2/CdBxF2 – x
sandwich structure in the conditions when a quantum-sized
p+–n junction is formed at the interface with n-CdF2.
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tions for the formation of 2D holes with a very small
effective mass as a result of their interaction with boron
dipole centers in δ-barriers can be put forward [7],
which require further studies.

Thus, we observed for the first time Shubnikov–
de Haas oscillations and a ladder for quantum steps in
the Hall resistance in a p-CdF2 QW confined by δ-like
barriers for CdBxF2 – x on the surface of n-CdF2.
Because of the small effective mass for 2D holes,
observation of the quantum Hall effect was possible at
room temperature.
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