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Experimental studies of the baric dependences of the electrical and magnetoresistance of n-CdAs; at pressures
up to 50 GPa and in magnetic fields up to 1T are reported. High values of negative magnetoresistance (up to 8 %)
is shown to form with pressure. Relaxation effects caused by plastic deformation of materials are investigated.
Within 25—35 GPa, a significant increase in the relaxation time of electrical resistance is observed, apparently due
to an extended metastable states and structural transition type-I. The structural transformation is also reflected in
the electronic subsystem, which leads to minima increasing with the magnetic field on the baric dependences of

the magnetoresistance.
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1. Introduction

Study of electrical resistance of semiconductor com-
pounds under high pressures makes it possible to obtain
information on the potential structural polymorphous trans-
formations, which is of both fundamental and applied inte-
rest, in particular, in calibration of high pressure chambers.
It should be taken into account that the phase transition
in semiconductors happens in a certain pressure range.
This is due to a combination of various inhomogeneities,
besides, the properties of semiconductors vary even when
the pressure is stable, i.e. there is time dependence
observed, for example, of electrical resistance on time at
a certain constantly applied pressure. Therefore a certain
time is required for the crystalline structure to change from
a non-equilibrium to an equilibrium state. Under heteroge-
neous deformation, arising from non-hydrostaticity or quasi-
hydrostaticity of the applied pressure, the number of point
defects, dislocations, admixtures increases substantially,
especially in the baric area of structural transitions, therefore
quite a long time is required, so that the concentration of
defects decreased due to annihilation of an interstitial atom
with a vacancy, annihilation of vacancies, removal of elastic
stresses etc. processes of structual relaxation.

The pressure changes the distance between the atoms,
their environment, originates new carriers etc.

The pressure changes the distance between atoms and
their environment that can originates new carriers etc.
Using the dependences of electrical resistance on the time
of application of the constant load, one can study in detail
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the relaxation processes that arise from pressure treatment.
Relaxation times increase sharply near the phase transitions,
reaching from dozens of seconds to dozens of minutes.

Sharp increase of the relaxation time of physical param-
eters indicates structural and phase transformations [1-3].
At the same time wusually the dynamics of electrical
resistance variation after pressure application is described by
exponential dependence, which makes it possible to easily
calculate the electrical resistance relaxation time.

It is known that at critical pressure, i.e. pressure close
to the pressure that induces a phase transition, critical
moderation of structural relaxation is observed, therefore,
the relaxation time increases sharply, and directly in process
of phase transitions the kinetics of electrical resistance stops
being described by an exponent [4-0].

It turned out that the best object to study relaxation
phenomena in a semiconductor, both in the area of
structural phase transitions and beyond, i.e. in the area
of a metastable structural and highly defective state, was a
single-crystal n-CdAs,. CdAs, — a semiconductor with
a moderate width of the band gap — differs by high
anisotropy of optical (the double refraction in the infrared
area is especially interesting), electric and thermoelectric
properties. Recently it has been reported as a promising
candidate for demonstration of new topological properties
protected by the structural chirality of the system and as
the basic material for the innovative spintronic and optical
devices using quantized chiral charges and negative longitu-
dinal magnetoresistance [7,8]. It is important that both poly-
and mono-crystal phases were studied well, which makes it
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possible to certainly match the detected relaxation effects to
the structural transitions and corresponding metastable and
defective states [9-11]. The Cd—As system state diagram
was studied thoroughly [12-15]. The study of this system
was stated by SF. Zhemchuzhny [12], who demonstrated
that the system included two stable congruent melting
compounds Cds;As, and CdAsp. The true equilibrium
diagram of the system state determined as a result of the
thorough study with account of the differences between
all prior studies presented by H. Okamoto in 1992 [13]
found two stable congruent melting compounds: Cd;As;
with melting point of 994) and CdAs, with melting point
of 894K. However, crystallization of the latter may be
suppressed, which causes metastable states [13]. Due
to the above, this paper is dedicated to the study of
baric dependences of electrical resistance and relaxation
phenomena n-CdAs, under the conditions of exposure to
high pressures (up to 50 GPa) and magnetic fields (up
to 17T).

2. Samples and experimental procedure

Single crystals of cadmium diarsenide were produxed by
the method of directional solidification of the melt using
the Bridgman’s method [16]. The impact of high pressure
at electrophysical properties of composites was studied in
the high pressure chamber (HPC) with diamond anvils of
,rounded cone—plane” type. Schematic image of the HPC
in section in Figure 1.

The principle of building pressures up to 50 GPa, techni-
cal characteristics and calibration of HPC are described in
detail in [17-19]. The used equipment makes it possible
to measure electrical characteristics of the material directly
in the process of deformations when high pressures are
applied. In connection with the HPC features, the minimum
pressure, when electrophysical characteristics of compressed
samples may be measured, may not be below 15GPa.
Besides, it is known that when pressure changes (increases
or decreases), a certain time is required for the electrical
resistance to be established as constant in time. The
thickness of samples under compression was ~ 15um, the
sample diameter in HPC was around ~ 200 um.

To assess the role of relaxation effects caused by plastic
deformation of materials, at certain fixed values of the
applied load (at pressure increase and subsequent decrease)
the dependences of electrical resistance R on time of
exposure to the load 7 were measured, analyzing the
behavior of dependences R(7). Besides, the value of the
relative change of electrical resistance was also estimated at
every pressure value from the studied range (with the new
load applied), in the following manner.

AR R(Trel) — R(T())

R Rm) @

where 79 = 0 — the moment of time of actual application of
the new load at the sample, 7.y — time when the constant
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Figure 1. Schematic image of high pressure chamber in section:
1 — anvils, 2 — shells, 3 — insulator, 4 — inserts, 5 — cylinder.

value of electrical resistance is set after application of a new
fixed load.

To measure magnetoresistance, the high pressure cham-
ber was placed into an armor-clad electromagnet, which
created transverse magnetic field from 0 and to 1Tl at each
fixed pressure value the relative magnetoresistance MR in %
was estimated using formula

MR = 100%~R(B)_R(O)

TR0 2

where R(B) — electrical resistance in the transverse mag-
netic field with induction B, R(0) — electrical resistance in
the absence of the magnetic field.

3. Results and discussion

Figure 2 shows the results of measurement of the baric
dependence of electrical resistance R(P) n-CdAs; at room
temperature up to 50GPa. Several cycles of pressure
compression-decompression were carried out. The chart
shows two complete cycles of increase and decrease of
the pressure applied to the same sample. Pressure cy-
cling and tracking of reversibility of the observed changes
demonstrated that there was always a certain hysteresis
between the values of electrical resistance as the pressure
increased and decreased. Hysteresis was due to the change
in the sample volume in compression and decompression
processes. The second and subsequent cycles have the
minimum width of the hysteresis loop and do not change as
the number of cycles increases.
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From the chart R(P) you can see that for the first pressure
increase you may identify three areas, where monotonic
dependences close to a linear one are observed: 16—28,
30—38 and 42—50 GPa.

A curve corresponding to pressure reduction is also
broken into three linear sections, but with other boundaries
this time: 16—22, 22—38 and 38—50 GPa. Such pressure
hysteresis is observed in many compounds and is probably
related to the existence of metastable states in decompres-
sion. A repetitive loading branch qualitatively repeats the
first loading chart, except for a minor shift of pressures
corresponding to the boundaries of linear sections. In the
pressure range from 16 to 50 GPa n-CdAs, experiences two
structural changes that are fully reversible and reproducible
in subsequent barocycling.

Dependences of electrical resistance on time R(7) at fixed
pressure are approximated well by one (at 7; = 1) or two
exponents:

R(T) =Aje ™™ + Aje /™, (2)
where 7 — time after external pressure change,
71 and 7 — conductivity relaxation times [5]. Shorter

time Tmin = Min{7, 72} corresponds to relaxation processes
related to the change in the concentration of carriers
and band gap width as a result of distances change
between atoms and change of carriers energy. Longer time
Tmax = Max{r, 7o} characterizes the processes caused by
relaxation of structural defects in the crystalline lattice. Be-
sides, even though the most adequate is approximation (2),
approximation with a single exponent is also performed:

(1) = Ae~"/™m (3)

In equation (3) Tmea — socalled ,average* relaxation
time, in a general case matching 7; and 7, in equation (2)
at 1 = 1 and different both from 7; and from 7, at 7| # 7.
The completed estimation of the average relaxation time
Tmed Using Eq. (3) enables determining preferable processes
in the material: if it is close to Tyin, processes prevail that
are related to the change in parameters of carriers, if Tied
is close to Tmax, processes prevail that are related to the
relaxation of the crystalline lattice structure (under exposure
to high pressure). The obtained dependence R(7) for n-
CdAs; at pressure of 44 GPa is presented in Figure 3.

This dependence R(7) is described by Eq. (2). Similarly
time dependences of electrical resistance were approximated
for all pressures. Dependence 7; of the first relaxation
time of electrical resistance on pressure 7 (P) is presented
in Figure 4. Dependences are shown for two pressure in-
crease cycles. The highest relaxation times 7, of electrical
resistance are recorded in the pressure area of 22—30 GPa
specific for structural transformation in cadmium diarsenide
(Figure 4).

During the first cycle of pressure increase it is possible
to identify two peaks of relaxation time 7;. The first peak
corresponds to pressure of 30 GPa, the relaxation time then
increases approximately by an order of magnitude compared
to times up to 28 GPa and reaches 1800s. The peak is
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Figure 2. Electrical resistance n-CdAs, depending on pressure.
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Figure 4. Dependence of electrical resistance relaxation time on
pressure 7 (P) for two loading cycles of sample n-CdAs;.
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Figure 5. Baric dependences of magnetoresistance n-CdAs,.

quite narrow, already at 32 GPa there is a drastic drop in
relaxation time to the initial values. The second peak arises
at pressures of 36—40 GPa. It is not so intense and narrow
as the first one, the relaxation time increases only 2—3 times
compared to the initial one. In the second cycle of pressure
increase the first peak is maintained and shifted to the area
of low pressures down to the values of 26 GPa. And the area
corresponding to the second peak is not so pronounced as
during the first loading. The second peak pressure range
may be specified from 36 to 46 GPa.

For the second relaxation time of electrical resistance 7,
corresponding to slower processes, the total dependence
is maintained the same as for 7;. At pressures of 30—32
and 40—42GPa approximation provides no satisfactory
results for determination of value 7.

As pressure rises, CdAs; is characterized by manifestation
of negative values of magnetoresistance (MR). 1In the
pressure interval of P = 24—27 GPa and at P = 34—40 GPa
there are two local extrema in curves MR(P). In the
baric interval of (24—27) GPa and at (34—40) GPa, CdAs;
demonstrates high values of MR, accordingly to 8%
and 4% in the field 1 T. With further pressure increase,
after the area of global extremum in curve MR (P), magne-
toresistance remains negative up until 50 GPa.

Decrease of electrical resistance with increase of the mag-
netic field induction was observed in the study of electrical
properties of CdAs, at pressures of up to 9 GPa [20] and
approximately at 5.5GPa in CdAs, they observed phase
transition manifestations.

4. Conclusions
The study of relaxation effects at barocycling of electrical

resistance n-CdAs; in the pressure interval of up to 50 GPa
found a drop in electrical resistance value in the second
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cycle of application—removal of pressure by more than
an order of magnitude, with stronger manifestation of
abnormalities assigned to two structural phase transitions
at 20 and 36 GPa, and an area of metastability between
these transitions.

The study of relaxation effects at barocycling the electrical
resistance of n-CdAs, in the pressure interval of up
to 50 GPa found a drop in electrical resistance value in the
second cycle of application-removal of pressure by more
than an order of magnitude, with stronger manifestation of
abnormalities assigned to two structural phase transitions
at 20 and 36 GPa, and an area of metastability between
these transitions.

Analysis of baric dependences of n-CdAs, electrical
resistance relaxation times made it possible to identify two
areas of pressures corresponding to two structural phase
transitions in areas of 16—28 and 34—38 GPa, respectively,
and the area between these phase transitions, corresponding
to a metastable state of two structural modifications. In the
area of structural phase transitions the electrical resistance
relaxation time increases by more than an order of mag-
nitude, which agrees with the theory of structural phase
transitions and, thus, additionally to our prior research,
confirms that in n-CdAs, two structural transitions happen
in areas of 16—28 and 34—38GPa. These structural
transitions recur in repetitive barocycling and are therefore
reproducible and reversible and, accordingly, are not related
to quality, i.e. with sample compaction at high pressures.

In the pressure area of 16—28 GPa negative magnetore-
sistance is found to rise from 2% at 0.4 T to a record one
for n-CdAs, — 8% at 1T.
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