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SUPERCONDUCTIVITY
Superconductivity in Thin Films of the Dirac Semimetal Cd3As2
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Abstract—Thin films of Dirac semimetal Cd3As2 about 100 nm thick made of single crystals of cadmium arse-
nide, prepared by direct fusion of the elements by vacuum–ampoule method, by vacuum–thermal sputter-
ing/depostion have been studied. Temperature and magnetic field dependences of electrical resistance have
been measured, which indicate the presence of a superconducting transition at a temperature from 0.2 to 0.6 K.
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This work is devoted to the experimental observa-
tion of superconductivity in the Dirac semimetal
Cd3As2 in thin films with a thickness of ~100 nm. Ear-
lier we reported the observation of superconductivity
in the films grown by magnetron sputtering [1]. In this
work, the films were grown by vacuum–thermal sput-
tering/deposition from Cd3As2 bulk single crystals of
the corresponding composition.

It was theoretically shown in [2, 3] that supercon-
ductivity can be observed in the Dirac semimetal
Cd3As2. The Hamiltonian of the electron–electron
interaction was introduced as the sum of inter- and
intraorbital parts in these papers. It has been predicted
that if the interorbital contribution is greater than the
intraorbital one, then an unusual superconductivity
phase can be realized, and, if it is less, then ordinary
superconductivity is realized. However, the nature of
the superconductivity has not been studied experi-
mentally and the mechanism of superconducting pair-
ing has not been determined.

Earlier in [4], the superconductivity was observed
under pressure of up to 13 GPa at a crystal structure
rearrangement at 3.5 GPa. In our work, as in the case
in [1], we observed the transition to superconductivity
without the application of external pressure and,
accordingly, without any rearrangement of the crystal
structure. The results on the surface superconductivity
of semimetallic Cd3As2 single crystals were also
obtained by the point contact method in [5–7]. How-
ever, this is an indirect method that requires the sub-
traction of large quantities whereas we managed to

detect the superconductivity by the direct method of
zero resistance.

Three samples of thin films were produced and
measured to check for reproducibility. All three films
were deposited onto a silicon substrate and showed
close values of parameters. The parameters of the
films were as follows: the resistance at room tempera-
ture was 2034, 2135, and 2289 Ω and the concentration
of charge carriers determined by hall measurements
were 3.2 × 1018, 3.3 × 1018, and 3.1 × 1018 cm–3, respec-
tively. Films with a thickness of about 100 nm were
obtained of Cd3As2 bulk single crystals by vacuum–
thermal sputtering/deposition. Details of the prepara-
tion of the films are presented below.

Polycrystalline samples of Cd3As2 were grown of
the high-purity Cd and As elements by direct fusion by
vacuum–ampoule method in vacuumed (~10–2 Pa)
quartz ampoules coated with pyrolytic carbon. The
synthesis was carried out in several stages (considering
the volatility of As): heating to 620°C at 30°C/h and
further holding at this temperature for 5 h; heating to
780°C (20°C/h) holding for 2 days to homogenize the
melt; and ampoule cooling when the furnace is in the
off mode. The received polycrystals were ground into
powder and used to grow the single crystal in a vacu-
umed (~10–2 Pa) double quartz ampoule. The growth
was carried out in a vertical electric furnace using
directed crystallization by the Bridgman method:
heating with constant rotation of the ampoule to a
temperature of 735°C (by 15 K above the melting
point of Cd3As2), holding the melt for 12 h, and then
moving the bottom parts of the ampoule into the cold
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Fig. 1. Experimental X-ray diffraction patterns of the stud-
ied Cd3As2 film on a sitall substrate. The peaks present
confirm the existence of only the α-Cd3As2 phase in the
composition of the deposited film.
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Fig. 2. The Raman shift of the curves for one of the Cd3As2
samples at room temperature and the Raman shift of the
curves for the Cd3As2 single crystal at the same tempera-
ture, which has characteristic peaks at the points of
196 and 245 cm–1.
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Fig. 3. Temperature dependences of the electrical resis-
tance for the Cd3As2 sample. The curve unambiguously
indicates the observed transition to superconductivity.
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zone at a speed of 0.7 mm/h at a furnace gradient of
1°C/cm. The phase composition of the polycrystals
and single crystals obtained was analyzed using a pow-
der diffractometer. Only the α-Cd3As2 phase (of space
group I41acd) was present in the composition for both
types of the crystals.

The residual vapor pressure in the chamber was
maintained at the level of 1 × 10–4 Pa or less in the pro-
cess of the deposition of the films. An annealing of a
resistive type tungsten evaporator had been prelimi-
narily performed and the crystals of the evaporated
substance had been 1–2 mm in diameter. Silicon
wafers [111] with dimensions of 3 × 5 mm were used as
substrates. The distance between the evaporator and
the substrates was 4 cm and the temperature of the
substrates was 300 K. The film growth process was car-
ried out until complete evaporation of the material,
the mass of which was previously calculated to obtain
films of the required thickness. The total deposition
time was 8 min at a crystal mass of 0.05 g. The thick-
ness of the films was 100 nm. The samples were pre-
pared in the form of Hall bars, the linear dimensions
of which were approximately 2 × 0.7 mm. Since the
results obtained on all samples are close, only the one
sample measurement data are presented below.

To determine the crystallographic structure of the
films, the X-ray diffraction (XRD) measurements
were performed on a similar sample but manufactured
on a substrate of sitall. Some of the peaks from the
substrate and from the film coincide when using a sub-
strate of silicon, which significantly complicates the
analysis of diffractograms. As a result, the peaks can be
interpreted as peaks belonging to the α-phase of
Cd3As2 of the space group I41/acd, the same as in the
PHY
single crystal, except for the peaks corresponding to
the substrate signals (Fig. 1), [8]. This pattern corre-
sponds to the Dirac semimetal (DSM) [9]. The latter
is also confirmed by Raman spectra, in which two
bright peaks (196 and 245 cm–1) are observed, com-
pletely corresponding to the position of the peaks of
the Cd3As2 single crystal, as shown in Fig. 2.

The results of X-ray and Raman measurements
prove good crystallographic quality of the grown sam-
ples, exceeding the quality of the films grown earlier by
magnetron sputtering. The high quality of the samples
is also confirmed by magnetoresistive measurements.
The temperature dependence of the resistance of one
of the three samples is shown in Fig. 3. All three sam-
ples studied in this paper show almost identical behav-
ior in contrast to the samples obtained by the magne-
tron sputtering and showing a resistance spread of
about 20–30%.

Magnetoresistive measurements were performed
on a 20 T superconducting magnet in a dillution cryo-
SICS OF THE SOLID STATE  Vol. 62  No. 3  2020
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Fig. 4. Magnetic field dependences of the electrical resis-
tance for two directions of the magnetic field, which was
applied in the direction of 0° (magnetic field perpendicular
to the plane of the sample, Fig. 4a) and 90° (magnetic field
along the plane of the sample, perpendicular to the cur-
rent, Fig. 4b) in the field up to 0.5 T. The numbers indicate
the temperatures of the sample at which measurements
were made.

4

2

3

5

0
�4 �2 0 2 4

H, kOe

H�

1

4

2

3

5

0

1

T, mK:
35

370
230
103

630

T, mK:
35

620
230
103

H��

� x
x,

 m
�

 c
m

� x
x,

 m
�

 c
m

Fig. 5. The Hc–Tc phase diagram constructed for α = 1
and β = 1 according to Eq. (1), which corresponds to the
Ginzburg–Landau theory.
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stat equipped with a sample rotator, SCM1, located in
National High Magnetic Field Laboratory, Tallahas-
see, USA. A sharp drop in the resistance at tempera-
tures below 0.5 K and its further (below 0.2 K) turning
to zero, indicating the transition of the sample into a
superconducting state, is clearly visible in Fig. 3. The
dependences of the electrical resistance on the mag-
netic field, which was applied in the direction of 0°
(magnetic field perpendicular to the plane of the sam-
ple, Fig. 4a) and 90° (magnetic field along the plane of
the sample, perpendicular to the current, Fig. 4b) in
the field up to 0.5 T. The temperature from 0.035 K to
0.630 K was used as a parameter.

These figures show the transition from a normal
half-metal state to the superconductivity. As you
would expect, the transition curves are significantly
narrower from about 0.2 to 0.015 T in the case of a
magnetic field directed perpendicular to the sample
plane. If, in turn, the magnetic field lies in the plane of
the sample, the transition curves are wider 0.3–0.05 T.
This corresponds to a greater value of the critical field
Hc, which is a common property for all thin supercon-
ducting films. Both Figs. 4a and 4b clearly testify to the
phase transition to superconductivity.

According to our original hypothesis, the appear-
ance of superconductivity in our samples is due to the
influence of the substrate. We assumed that the com-
pression of the substrate during cooling is transferred
to the sample (as the temperature decreases), which is
PHYSICS OF THE SOLID STATE  Vol. 62  No. 3  2020
equivalent to the sample being under pressure, as in
[4]. We examined Cd3As2 films grown on various sub-
strates: Si, Al2O3, and Sitall to test this assumption.
The analysis showed that the temperature coefficient
of expansion of Cd3As2 was greater than the tempera-
ture coefficient of expansion of the substrate in all
cases, in other words, the sample was effectively
stretched rather than compressed, and therefore we
had to exclude the pressure version. Moreover, it was
observed experimentally that the temperature of the
superconducting transition Tc decreased to zero with a
decrease in the temperature coefficient of expansion
of the substrate, which contradicts the assumption of
sample compression and does not allow the analogy
with the case described in [4].

We obtained the Hc–Tc diagrams for the samples
studied, shown in Fig. 5. These diagrams correspond
to the characteristic ratio

(1)
where α and β are coefficients and Hc is the critical
magnetic field. According to the Bardeen–Cooper–
Schrieffer theory (BCS), α = 2 and β = 1 near zero
temperature. At the same time, according to the Ginz-
burg–Landau theory (GL), α = 1 and β = 1 for the
description of the temperature dependence near Tc
and near the critical field Hc2 when considering
II-type superconductivity. However, the same linear
dependence is applicable in our case, in the interme-
diate temperature range, that is, beyond the strict
applicability of the Ginzburg–Landau theory (see
Fig. 5).

Thus, the Hc–Tc graphs correspond to linear
behavior in the intermediate temperature range, simi-
lar to Cd3As2 and Bi2Se3 bulk crystals under a pressure
of 13 GPa application. According to the M. Sato and
Y. Ando theory [3], as well as to the results in [4–7],
triplet electron pairing is most likely at a pressure of
13 GPa or at a surface conductivity observed by a point
contact. We can only assume that nontrivial p-type
pairing occurs in the studied films also in our case.

α β= −( ) (0)[1 ( / ) ] ,c cH T H T T
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Thus, it can be argued that the presence of super-
conductivity in the absence of external overpressure is
proved in thin films of the Dirac semimetal Cd3As2.
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