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TOPICAL REVIEW — Topological electronic states

Quantum transport properties of the three-dimensional Dirac
semimetal Cd;As, single crystals*
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The discovery of the three-dimensional Dirac semimetals have expanded the family of topological materials, and
attracted massive attentions in recent few years. In this short review, we briefly overview the quantum transport properties
of a well-studied three-dimensional Dirac semimetal, Cd3zAs,. These unusual transport phenomena include the unexpected
ultra-high charge mobility, large linear magnetoresistivity, remarkable Shubnikov—de Hass oscillations, and the evolution
of the nontrivial Berry’s phase. These quantum transport properties not only reflect the novel electronic structure of Dirac
semimetals, but also give the possibilities for their future device applications.
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1. Introduction

Two-dimensional (2D) Dirac electron systems, repre-
sented by graphene and the surface state of three-dimensional
(3D) topological insulators (TTIs), exhibit exotic quantum phe-
nomena and have been considered as one of the central top-
ics in modern condensed matter physics.!'™* Recently, 3D
Dirac semimetal (DSM) has been proposed as another new
class of topological material,>® and caught plenty of atten-
tion quickly. This new kind of topological material can be
regarded as a 3D analog of graphene because it possesses
3D gapless Dirac points (at Fermi level) in the bulk Brillouin
zone, whose low-energy physics can be effectively described
as four-component Dirac fermions,

vo -k 0
H:( 0 —va-k)’ M

where o is the Pauli matrix, k is the crystal moment, and
v is the velocity.= This is different from that of 3D Weyl
semimetal (WSM), in which the low-energy physics is given
as two-component Weyl fermions H = vo - k around Weyl
points.5=1 Therefore, when additional symmetry (e.g., crys-
talline symmetry) is present to protect the 3D Dirac point, a
Dirac point could be viewed as overlapping of two distinct
Weyl points. Otherwise, two Weyl nodes with opposite chiral-
ity would annihilate each other if they overlap in momentum
space, and open up a gap.!>®8] In 3D DSM, in the presence
of time reversal symmetry and inversion symmetry, a pair of
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3D Dirac points is formed at the crossing of two doubly de-
generate bands on a high-symmetry axis, which are protected
by crystalline symmetry.-8! Breaking symmetry in DSM is a
simple way to accessing the exotic WSM. %191 Furthermore,

p.[68:10-121 1t i5 composed

DSM may host a surface Fermi loo
of two half-circle Fermi arcs touching at the singularity points,
where the surface projection of bulk Dirac points exist. >0
This contrasts sharply with a surface Fermi arc in WSM, be-
cause of the different topological origin. [>6-13]

Theoretically, several materials have been proposed as
candidates for DSM, such as BiO;, A3Bi (A = Na, K,
Rb), Cd3As,, and some distorted spinels.!>~-'4l Many un-
usual phenomena were also predicted, such as the gi-
ant diamagnetism which diverges logarithmically when the
Fermi energy approaches the 3D Dirac point;!>!>! quan-
tum linear magnetoresistance even up to room tempera-
ture and large negative magnetoresistance due to the novel

[5.6,16-21] the quantum spin Hall effect

bulk band structure;
in its quantum-well structure;>??! and possible topological
superconductivity when doping carriers.[®!223241 Soon after
these theoretical predictions, the angle-resolved photoemis-
sion spectroscopy (ARPES) experiments were performed on
NazBi and CdszAs; single crystals and two bulk 3D Dirac
points were observed on the opposite sides of the Bril-
louin zone center point I" along k,.”>2! Scanning tunnel-
ing microscopy (STM) experiments also support the exis-
tence of 3D Dirac points in Cd3As; single crystals.3% Later,

the distinct surface states of both two compounds were re-
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vealed by ARPES measuremens.!!!3!l More recently, the
point contact experiments have shown a hint of topologi-
cal superconductivity under the tip in both CdzAs, single
crystals and polycrystals.[3>33! Pressure-induced supercon-
ductivity was also observed in Cd3zAs, by high-pressure re-
sistance measurements.**) The magneto-transport measure-
ments on Cd3As; nano-structures have discovered a large neg-
ative magnetoresistance, which was attributed to the chiral
anomaly.[33-3%] Moreover, due to the large surface-to-volume
ratio in nano-structures, the Aharonov—Bohm oscillations
have been detected in individual single-crystalline CdzAs;
nanowires.3”)

The quantum transport measurement is an important tool
to detect the unusual band structure of 3D DSMs. Following
those theoretical predictions, a lot of quantum transport stud-
ies were carried out on NazBi and Cd3As; single crystals, and
many interesting transport phenomena were observed.3847]
Considering that Cd3As; is far more stable in air than Na3Bi,
the Cd3As; single crystal is more suitable for transport mea-
surements. In this short review, we will summarize these quan-

tum transport properties of Cd3As; single crystals.

2. Quantum transport properties
2.1. Crystal and band structure

The standard method of growing Cd3zAs, single crystals
is using Cd flux with the starting composition Cd : As =8 : 3,
as described in Refs. [38] and [48]. The typical size of as-
This
method usually gives Cd3As; single crystals with large nat-

grown Cd3As; single crystals is several millimeters.

ural (112) surface. It is also convenient to employ vapor trans-
port method to grow Cds;As; single crystals with large natu-
ral (001) surface.[*¢4%501 At ambient pressure, Cd3As; has a
distorted superstructure of the antifluorite structure type with a
tetragonal unit cell of a = 12.633(3) A and ¢ = 25.427(7) Ain
the centrosymmetric 74 /acd space group, (48] which is shown
in Fig. 1(a). Note that in the first theoretical paper predicting
CdsAs, to be DSM, ! one of the two crystal structures from
early experiment!®!! is non-centrosymmetric and the four-fold
Dirac nodes are protected by proper uniaxial rotational sym-
metry instead of inversion symmetry. Ali et al. reinvestigated
the crystal structure by single-crystal x-ray diffraction and
pointed this out.*8) They calculated the electronic structure
using the experimentally determined centrosymmetric struc-
ture and found that the band structure is similar to the non-
centrosymmetric one.!*8! The overall structure of Cd3As, in
Fig. 1(a) can be viewed as a2 x 2 x 4 superstructure stacked
from the small cubic sub-cell shown in Fig. 1(b),*8! in which
the cubic Cd lattice with two vacancies resides in a face-
centered cubic As lattice.

Figure 1(c) shows the calculated electronic structure of
Cd3As; from the crystal structure shown in Figs. 1(a) and 1(b).

The bulk conduction band (contributed by Cd 5s states) and
valence band (contributed by As 4p states) cross at a discrete
point (i.e., Dirac point) along I'-Z direction at the Fermi level.
In the presence of C4 rotational symmetry and time-reversal
symmetry, the 3D Dirac point in Cd3As; is 4-fold degener-
ate at the Fermi level.[*8] The bulk Brillouin zone of CdzAs,
is plotted in Fig. 1(d), in which two Dirac points locate on the
opposite sides of the Brillouin zone center point I along the &,
direction. Moreover, according to Fig. 1(c), there are no other
additional trivial bands crossing the Fermi level, which means
the Fermi surface of Cd3zAs; only consists of 3D Dirac points.
Therefore, the transport properties are only dominated by 3D
Dirac fermions. As mentioned above, Cd3As; is very stable
in air, unlike Na3Bi. Therefore, Cd3As; is an ideal system to
investigate the quantum transport properties of DSM.

Energy/eV

Fig. 1. (color online) (a) The crystal structure of Cd3As;, which has a
distorted superstructure of the antifluorite structure type with a tetrag-
onal unit cell in the cetrosymmetric /4, /acd space group. (b) A small
sub-cell of the overall structure of Cd3As;, in which the cubic Cd lat-
tice with two vacancies resides in a face-centered cubic As lattice. The
overall structure of Cd3As; can be viewed as a 2 x 2 x 4 superstructure
stacked from it. (c) The calculated electronic structure of CdzAs;. A
band crossing merges along I'—Z at the Fermi level, representative of
Dirac point. (d) Bulk Brillouin zone of Cd3zAs;. Two 3D Dirac points
(red dots) locate on the opposite sides of the Brillouin zone center point
I' along k;, direction.

2.2. Ultra-high charge mobility and linear magnetoresis-

tivity

Cd3As; is a well-known compound which has been stud-
ied for decades.?>>* The typical temperature dependence of
the longitudinal resistivity of Cd3As, single crystals at zero
magnetic field shows a metallic behavior, with the carrier con-
centration ne varying from ~ 10'° to ~ 10'8 cm~3. Consider-
ing the different qualitity of Cd3As; single crystals, the resid-
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ual resistivity pg could vary from ~ 10 nQ-cm to 10 pQ-cm
with the residual resistivity ratio (RRR) ranging from ~ 5 to
~ 1000 (Table 1). The high charge mobility (~ 10* cm?/Vs)
in Cd3As; has been known from early transport studies. 33>l
Surprisingly, Liang er al. discovered an unexpected ultra-
high charge mobility (as high as 9 x 10° cm?/Vs at 5 K) in
some CdsAs, single crystals, which is shown in Fig. 2.9
Actually, they found that there are two kinds of single crys-

tals which were named as “Set A” (single domain) and “Set B”

Table 1. The parameters of transport properties, including residual re-
sistivity po, residual resistivity ratio (RRR), carrier concentration e,
mobility u, cyclotron mass m*, Fermi velocity vg, and Fermi vector kg.

Po Ne u VF ke
Ref. RRR .
 uQ-em 10" em? 710% em?vs ™ ™ 1106 mes ! /A
[38] 282 57 53 41 0044 11 0042
(39] 322 73 15 2 0.094 093  0.076
(39] 0.021 4100 7.4 870 - - -
[40] ~2000 ~2  0.05 65 0025 092 002
[41] 42 ~4 18 8 0023 154 0031
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Fig. 2. (color online) (a) Curves of the resistivity versus temperature
measured along the needle axis in five “Set A” and two “Set B” samples

(semilog scale).*! (b) Measured mobility versus the zero field conduc-
tivity for Set A samples (A4, A5, A6, and A8).1!

(multidomain) samples. The ultra-high charge mobility ex-
ists in “Set A” samples with very low residual resistivity
(21 nQ-cm) and very high RRR (4100) (Table 1). They pro-
posed a protection mechanism that strongly suppress backscat-

1391 and this protection results in

tering in zero magnetic field,
the ultra-high mobility. Later, this kind of Cd3As; single crys-
tal with ultra-high mobility was also investigated by Zhao et
al.!#!

The first magnetotransport study of CdzAs; single crys-
tals after the theoretical prediction was reported by He et
al.38 The single crystals used in that work were grown in
Cd flux, with pp = 28.2 pQ cm and RRR ~ 5.7. Fig-
ure 3 shows the longitudinal magnetoresistance (MR) at var-
ious temperatures, with the magnetic field perpendicular to
the (112) plane.!*8! The MR is defined by MR = (R.(B) —
R:(0 T))/Rx(0 T) x100%. Firstly, one can see that the MR
shows no sign of saturation with magnetic field up to 14.5 T
even near room temperature (280 K). Secondly, with decreas-
ing temperature, the MR increases dramatically and oscillates
remarkably. At 1.5 K, a large MR up to ~ 1600% was ob-
served in a field of 14.5 T and the oscillations can be tracked
down to a field as low as B ~ 2 T which reflects the high mo-
bility in Cd3As,.

1600

400

15

B/T

Fig. 3. (color online) The longitudinal magnetoresistance (MR) of
Cd3As; single crystal at various temperatures with the field perpendic-
ular to the (112) plane.!¥) The MR presents remarkable oscillations at
low temperatures and unusual linear behavior even near room tempera-
ture.

At 280 K, the MR reaches as high as 200% at 14.5 T
and shows a quite linear behavior above 3 T, which is con-
sistent with the theoretical prediction.[®! This unusual linear
MR has been observed by other transport works as well, 39411
Usually there are two scenarios to explain the linear MR: a)
the quantum limit scenario'®!”! and b) the classical disor-
der scenario.[>>7! For the former one, in the presence of
linear energy dispersion, linear MR could be achieved when
all of the carriers occupy the lowest Landau level (quantum
limit);[lé’m for the latter one, linear MR arises because the
local current density acquires spatial fluctuations in both mag-
nitude and direction, as a result of the heterogeneity or mi-

crostructure caused by nonhomogeneous carrier and mobility

117105-3



Chin. Phys. B  Vol. 25, No. 11 (2016) 117105

distribution.>>>7] Both scenarios have been used to success-
fully explain the linear MR observed in some materials. 330!

Wang et al. proposed that Cd3zAs; can support sizable
quantum linear MR even up to room temperature at the quan-
tum limit due to its linear energy dispersion.[®! However, this
requirement is actually not satisfied in the field range, since
there is clearly more than one Landau levels occupied, as will
be seen in Fig. 4(a). Similar situations have also occurred in

(39411 Liang et al. and Feng et al. sug-

other transport works.
gested that the linear MR in Cd3As; single crystals may relate
to the field-induced change to the Fermi surface,*>*% since
the Dirac—Fermi surface would split into two Weyl-Fermi sur-
faces due to time-reversal symmetry breaking under magnetic
fields.[*91 However, Narayanan et al. performed magneto-
transport measurements of CdzAs, single crystals with linear
MR in magnetic fields up to 65 T (approaching the quantum
limit) and found no additional frequencies (only spin splitting
due to the large g factors) or changes in scattering.!*! There-
fore, they proposed that the unconventional linear MR is likely
caused by disorder effects, as it scales with the high mobility
rather than directly linked to Fermi surface changes.*!l Note
that quantum linear MR has been observed in Cd3As; single
crystals at low temperature by Zhao et al., in which the linear
MR appeared after reaching the quantum limit (about 43 T in
their samples).[4?]
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Fig. 4. (color online) (a) The oscillatory component AR, extracted
from Ry, by subtracting a smooth background, as a function of 1/B
at various temperatures for Cd3As; single crystal.m‘] (b) Fast Fourier
transform (FFT) of the oscillatory component ARy, at T = 1.5 K shows
only one single frequency. (c) Temperature dependence of the relative
amplitude of ARy, for the sixth Landau level. The solid line is a fit to
the Lifshitz—Kosevich formula. 3%

2.3. Shubnikov—-de Hass oscillations

Quantum oscillation is a powerful tool to study the elec-
tronic properties of materials. It stems from the quantization
of Landau levels. In a semiclassical approximation, this re-
sults in electrons executing cyclotron orbits confined to quan-
tized Landau tubes. The Landau levels will pass over the
Fermi surface one after another as the applied magnetic field
is increased, which leads to the density of states oscillating
with oscillatory behavior being periodic in inverse magnetic
fields. This means that many quantities will exhibit quantum
oscillations, since they are functions of the density of states.
Various parameters such as electronic spectrum, scattering
mechanism, geometry of Fermi surface, etc., can be extracted
from the shape, period, and phase of quantum oscillations. ']
Therefore, this technique is widely used to study the electronic
properties of materials. For resistance and magnetization, their
oscillations are named as Shubnikov—de Hass (SdH) and de
Hass—van Alphen (dHvA) oscillations, respectively.

He et al. investigated the properties of Fermi sur-
face of Cd3As, by analysing the SdH oscillations at low
temperatures. 8] Figure 4(a) shows the oscillatory compo-
nent AR,, versus 1/B at various temperatures after subtract-
ing a smooth background. One can see that the oscillations
are periodic in 1/B, as expected from the successive empty-
ing of the Landau levels when the magnetic field is increased.
Fast Fourier transform (FFT) method is employed to analyze
the frequency of the oscillations, and the result is shown in
Fig. 4(b), which consists of only one single frequency F =
58.3 T.[38] Therefore, one can directly obtain the Fermi sur-
face area Ar normal to the applied field via the Onsager rela-
tion F = (®y/27%)AR, where @&y = 2.07 x 1015 T-m? is the
flux quantum. The frequency F = 58.3 T corresponds to Ap =
5.6 x 1073 A=2.138] By assuming a circular cross section, a
very small Fermi momentum kg =~ 0.042 A~ is estimated. 3%
This result is in good agreement with the ARPES experiment,
which gives kg ~ 0.04 A~1.[2] Note that there are two 3D
Dirac points along k, direction in Brillouin zone, i.e., two
Fermi pockets. If the kg is larger than the distance between
the high-symmetry I" point and Dirac point, these two Fermi
pockets will touch each other and the Lifshitz transition (i.e.,
the Fermi level reaches the valence band top) occurs. There-
fore, it is necessary to check whether the Lifshitz transition
happens or not. From an ARPES study on a Cd3As; single
crystal, the distance between I" point and Dirac point is about
0.15 A~1.1271 According to the relation ne = kit /372, we can
estimate the critical carrier concentration where the Lifshitz
transition happens is about 2.4 x 10?2 cm=3. Such a value is
much larger than our kp and other works’ (Table 1), which

means that Cd3As, samples with carrier concentration n. be-
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3 are not close to the Lifshitz tran-

ing the order of ~ 10'8 cm™
sition. It is worth mentioning that Zhao et al. have observed
double period oscillations with aligning the magnetic field at
certain directions, and they attribute the anomalous oscillation
behavior to the Lifshitz transition in their Cd3As, samples.[#?]

The SdH oscillation amplitude in Cd3zAs; can be
well described by the Lifshitz—Kosevich formula for a 3D

system[61’64]

2mkg T /hao,

Apxx o 727r2kBTD/ﬁCOC (2)
Po sinh(27r2kBT/ha)C) ’
2m%kgT /hao,
T= . 2 ) (3)
sinh(2n%kpT /o)
RD — e727'172kBTD/))!(OC7 (4)

where @ is the cyclotron frequency and Tp is the Dingle
temperature. Rt is the thermal damping factor and Rp is
the Dingle damping factor. Figure 3(c) shows the temper-
ature dependence of the normalized oscillation amplitude at
1/B=0.0928 T, which corresponds to the 6th Landau level.
Fitting the data by employing Eq. (2), i@, ~ 24.6 meV for
n = 6 can be obtained.*¥! For Dirac system, cyclotron fre-
quency @, follows the square root dependence on magnetic
field.[%%] By employing E, = vgv/2ehnB and vi = fikg/m*,
rather small cyclotron effective mass m* ~ 0.044mq and very
large Fermi velocity vk ~ 1.1 x 10° m/s are obtained. >8] These
values evaluated by transport measurements (Table 1) are con-
sistent with the ARPES and STM results.!?’3% This very
large Fermi velocity may explain the unusual high mobility
in Cd3As;.

2.4. The nontrivial 7= Berry’s phase

Berry’s phase is a geometrical phase factor, acquired
when quantum mechanical systems adiabatically evolute on a
closed path in parameter space.°>%7] A nontrivial or nonzero
Berry’s phase could result in plenty of emergent phenomena,
such as the anomalous and quantum Hall effects,[%%%°! and
topological insulating and superconducting phases.’?! A dis-
tinguished feature of Dirac fermions is that they carry the non-
trivial 7 Berry’s phase because the electron orbits enclose a
single Dirac point.[’%-7#1 This nontrivial 7 Berry’s phase can
be experimentally accessed by analyzing the SdH oscillations,

73,74 ole-

which has been successfully detected in graphene,|
mental bismuth,”>! the bulk Rashba semiconductor BiTel, 04
and bulk SrtMnBi,.[7%! However, situations have become com-
plicated in topological insulators because of the large Zeeman
energy effects and bulk conduction.!””=7%]

In general, any closed cyclotron orbit is quantized un-

der an applied magnetic field, and can be described by the

Lifshitz—Onsager quantization rule

Apgzzﬂ(n'i‘l/z-‘rﬁ"'g), 3)

where Ap is the extremal cross-sectional area of the Fermi sur-
face related to the Landau level n; 2xf is the Berry’s phase,
and O is an additional phase shift resulting from the curva-
ture of the Fermi surface in the third direction, taking the
value § = 0 and +1/8 for the 2D and 3D, respectively. (646580
Therefore, to obtain the value of Berry’s phase, one can plot
the index field 1/B versus the Landau index and track the in-
tercept in the limit B — oo. For the trivial parabolic disper-
sion in conventional metals, the Berry’s phase should be zero;
for Dirac systems with linear dispersion, there should be a
nontrivial = Berry’s phase because the zeroth Landau level is
pinned to the Dirac point.[7!-74]
He et al. have firstly reported that the nontrivial 7
Berry’s phase exists in Cd3Asy by means of analysing the SAH
oscillations.!38! The Landau index plot of Cd3As, single crys-

1381 The data points from two Cd3As,

tals is presented in Fig. 5.
single crystals fall into two straight lines, and the linear ex-
trapolation gives the intercepts 0.58 +0.01 and 0.56 & 0.03,
respectively. 8 This is a strong evidence for the existence of
Dirac fermions in Cd3As; from the bulk transport measure-
ments. The slight deviations from 1/2 indicate the additional
phase shifts 0 ~ 0.08 and 0.06, which may result from the
3D nature of the Fermi surface of Cd3As,.39#1:641 The ex-
istence of the nontrivial Berry’s phase has been verified by
some other measurements of SAH*!=#+461 and dHVA 3] os-
cillations, which are presented in Fig. 6. Therefore, comple-
mentary to surface-sensitive ARPES!?’21 and STMBPY ex-
periments, the bulk transport measurement results confirm the
3D DSM phase in Cd3As,.

0.28 T T T T

0.21+

B sample B
@® sample A

L o
= 0.14} -
Q
5.0
0.07+ 25 5
0.0!
0 3/8 1/2 518 1
0

10 12 14 16

Fig. 5. (color online) Landau index n plotted against 1/B for Cd3As,
single crystals.[®] The closed circles denote the integer index (AR,
valley), and the open circles indicate the half integer index (AR, peak).
Two straight-line fittings extrapolate to 0.58 £0.01 and 0.56 +0.03, re-
spectively, which is a strong evidence for the nontrivial & Berry’s phase
of 3D Dirac fermions in CdzAs;. 38!
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Fig. 6. (color online) The existence of the nontrivial Berry’s phase in Cd3zAs, has been verified by several other measurements of
SdH [41-44:46] and dHvA 3] oscillations. For example, the Landau plots in panels (a) and (b) come from the SdH oscillations measured

by Narayanan ez al.!*!) and Zhao ef al.,|*?! respectively; (c) and (d) come from the dHVA oscillations measured by Pariari ef al.

2.5. Evolution of the Berry’s phase

One important thing is that once the rotational symme-
try of the crystal structure is broken, the 3D Dirac points
in CdzAs; are no longer preserved and a mass term will be
introduced. %31 In this situation, a Dirac gap will open at the
Dirac points, which means that the nontrivial Berry’s phase
is no longer 7w constantly and will turn into a function of the

(811 Therefore, if the gap is wide enough,

induced mass term.
the nontrivial Berry’s phase will reduce to zero. 03! Actu-
ally, a magnetic field whose orientation deviates from the &,
direction would break the rotational symmetry in Cd3zAs,, and

130

induce a small gap.®"! In our electric transport measurements,

the external fields are fixed along the (112) direction, and this

B3] However, ac-

leads to a gap opening at the Dirac points.
cording to Jeon et al., this Dirac gap is only about 8§ meV
(at 14.5 T in our measurements).’*"! Such a small gap could
not affect the value of Berry’s phase significantly.3%3!] That
is why the nontrivial Berry’s phase is still detected in most of
quantum oscillation experiments with magnetic field along the
(112) direction. [38:41:4446811 p this sense, it will be interesting
to investigate the evolution of Berry’s phase with the magnetic
fields and the tilt angles.

Cao et al. discovered that the value of the Berry’s phase
changes with increasing magnetic field.[**! They found that
fitting higher magnetic field regimes would give a lower value
of Berry’s phase when the orientation of the field is perpen-
dicular to (112) direction.**! Furthermore, the Berry’s phase
also manifests an angular dependence at different magnetic

[43]

field regimes.[** Their results are reproduced in Fig. 7, which
are consistent with the theoretical prediction.>03% They pro-
posed that these changes of the Berry’s phase suggest a possi-

ble topological phase transition. [+4]
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Fig. 7. (color online) (a) Schematic sketch of the magnetoresistance
measurements in Ref. [44]. The Berry’s phase was fitted in the regimes
of (b) 5-7 T (corresponding to ninth to eleventh Landau levels); (c)
7-10 T (seventh to ninth Landau levels); and (d) 10-15 T (fifth to sev-
enth Landau levels).[**! They proposed that these changes of the Berry’s
phase suggest a field-induced topological phase transition. 4!
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Fig. 8. (color online) (a) Angular dependence of the transverse magnetoresistance with magnetic field rotated in the (010) plane.!*! (b)
Angular dependence of the values of the Berry’s phase with magnetic field rotated in the (010) plane.[*® (c) Angular dependence of the
transverse magnetoresistance with magnetic field rotated in the (100) plane.[*®! (d) Angular dependence of the values of the Berry’s phase with

magnetic field rotated in the (100) plane. 46!

Xiang et al. investigated the angular dependence of the
Berry’s phase thoroughly, and discovered that it can be con-
tinuously tuned by the orientation of the magnetic field.[* In
their measurements, the current is along the [010] direction
and the external field rotates from [100] to [001] direction.[40]
They found that the value of the Berry’s phase clearly deviates
from 0 when the magnetic field is tilted away by 60 degrees
from the initial [100] direction,*! and finally reaches ~ 7 at
[001] direction.#®] Meanwhile, when the external field rotates

[46] These results

in the ab plane, similar result is also obtained.
are reproduced in Fig. 8. They proposed that this shift of ~ &
of the Berry’s phase may also hint at a possible topological
phase transition induced by a magnetic field tilted away from

the high-symmetry direction. 6]

3. Summary

In summary, we have briefly reviewed the quantum
transport properties of the three-dimensional Dirac semimetal

CdsAs, single crystals, including the unexpected ultra-high
charge mobility, large linear magnetoresistivity, remarkable
SdH oscillations, nontrivial Berry’s phase, and the evolution
of the nontrivial Berry’s phase. These unusual transport re-
sults are related to the novel electronic properties of CdzAs,.
Moreover, because its Fermi surfaces only consist of 3D Dirac
fermions, Cd3As, single crystals or its other structures may
have a huge potential for future device applications.
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