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Abstract—The transport properties (R(7) and R(H) dependences at various values of the transport current in
magnetic fields up to 65 kOe) and low-temperature heat capacity in magnetic fields up to 90 kOe of the
BaPb,, ;5Bi; ;505 superconductor (7 = 11.3 K) are investigated with the goal of clarifying the mechanisms
determining the nonmonotonic behavior and hysteresis of its magnetoresistance R(H). The type of R(H) hys-
teretic dependences for BaPby ;5Bi; ,50; is analogous to that observed in granular high- 7, superconductors
(HTSCs); however, unlike classical HTSC systems, the field width of the magnetoresistance hysteresis loop
for polycrystalline BaPb, ;5Bij 5503 depends on the transport current. This means that although the mecha-
nisms responsible for the magnetoresistance hysteresis (the influence of the magnetic flux trapped in super-
conducting regions on the effective field in Josephson interlayers) are identical in these objects, the transport
current in BaPb,, 75Bi 505 may considerably affect the diamagnetic response of the superconductor. A con-
siderable effect of transport current on the field in which the R(H) dependences have a peak and exhibit hys-
terestic properties is observed. Such a behavior can be adequately interpreted using the model of the spatially
inhomogeneous superconductor—insulator state proposed by Gorbatsevich et al. [JETP Lett. 52, 95 (1990)].
The nonmonotonic dependence of quantity C/7 (C is the heat capacity) on the magnetic field discovered in

the present study also agrees with the conclusions based on this model.

DOI: 10.1134/S1063776110040059

1. INTRODUCTION

In spite of the long history of investigating the
BaPb, _,Bi,O; system (in which superconductivity
was discovered in 1975 [1]), some questions have
remained unanswered. The maximal value of 7, =
12 K is observed for x = 0.25. In the range of values of
x for which superconductivity exists, BaPb, _,Bi O,
polycrystalline samples exhibit a number of interesting
magnetoresistive effects such as recurrent supercon-
ductivity [2, 3] and current—voltage (/—V) character-
istics typical of Josephson structures [4, 5]. These fea-
tures were attributed to the granular structure of the
samples and the existence of Josephson bonds at grain
boundaries. In addition, anomalous behavior of the
magnetoresistance (i.e., the peak on the R(H) depen-
dence at T'= const) was observed [6, 7]. Similar prop-
erties were also discovered in the Ba, (K 4BiO; system
(T. = 30 K) [8]. A possible explanation for the non-
monotonic behavior of magnetoresistance in
Ba, (K, 4BiO; was also proposed in [8] using the model
of a spatially inhomogeneous superconductor—insula-

tor state [9]. In view of the similarity of these systems,
this model [9] can probably also explain anomalies in
the R(H) dependence of BaPb, _,Bi,O;. The goal of
this study is to analyze the magnetoresistive properties
and low-temperature heat capacity of polycrystalline
BaPb, ;5Bi, ,50; in a wide range of magnetic fields.

Interest in the magnetoresistive properties of
BaPb, _,Bi,O; also stems from the fact that the mag-
netoresistance of this material exhibits field hysteresis
which could not be explained in earlier studies [6, 7].
The Josephson properties of grain boundaries in poly-
crystalline BaPb,, ;5Bi; 50 [4] render this system sim-
ilar to grained HTCSs to a certain extent. This suggests
that the mechanism responsible for the hysteretic
behavior of magnetoresistance is similar to that in
granular HTSCs. The R(H) hysteresis in the latter
materials is due to the fact that their grain boundaries
are in the effective field, viz., the superposition of the
external field and the fields induced by the dipole
magnetic moments of superconducting grains [10—
12], which also exhibit magnetic hysteresis. In most
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Fig. 1. Microphotograph of the surface of experimental BaPb 75Bi 503 sample.

cases, the critical densityj of transport current in gran-
ular HTSC materials is several orders of magnitude
lower than the critical current density j; of supercon-
ducting grains. Therefore, the transport current can-
not affect the pinning of vortices in grains, and varia-
tion in transport current leads only to a change in the
value of the magnetoresistance itself (i.e., dissipation
in grain boundaries), while the field width of the R(H)
hysteresis loop is determined only by the magnetic
state of superconducting grains and is independent of
transport current. Comparison of the hysteretic
behavior of R(H) in BaPb,sBi;,s0; and grained
HTSCs is of special interest. In this respect, the effect
of transport current on the hysteretic behavior of R(H)
of granular BaPb,, ;5Bi ,50; is a logical continuation of
[10, 12].

2. EXPERIMENT

Polycrystalline BaPb, ;5Bi;,s0; was obtained by
solid-phase synthesis from BaO,, PbO, and Bi,O0;. We
decided not to use BaCOj since it decomposes to BaO
at 7 > 1400°C. At such a high temperature, PbO is
noticeably volatile, which makes Ba—Pb—Bi—O syn-
thesis problematic. The use of barium peroxide makes
it possible to avoid this complication and to carry out
synthesis at low temperatures, at which the pressure of
PbO vapor is admissibly low. Primary annealing of
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thoroughly mixed and pressed oxides was performed at
T = 650°C for 18 h. The intermediate product was
crushed, pressed, and annealed for 12 h at 7= 700°C.
X-ray structural analysis showed only reflections of the
perovskite structure. Figure 1 shows the results of
scanning electron microscopy (SEM) of a natural
cleave of the BaPb, ,5Bi ,50; sample. It can clearly be
seen that crystallites in this sample have a characteris-
tic size of about 1 um, the role of crystallite boundaries
being played by the cleavage regions formed during the
growth of microctystallites.

Transport properties were measured using the stan-
dard four-probe technique; the sample was cooled in
zero external field. The potential and current contacts
were gold-plated and pressured. The specimen param-
eters were 1 x 1 x 9 mm (sample no. 1 in the figures)
for measurements in fields of up to 7 kOe and ~0.5 x
0.2 x 5.0 mm in fields of up to 65 kOe (sample no. 2).
Since the cross-sectional area and the distance
between the potential contacts for sample no. 2 were
determined with a substantial error, the data on mag-
netoresistance R(H) = U(H)/I are given either in abso-
lute values or normalized to resistance R(7T.) immedi-
ately after the transition.

In experiments on magnetoresistance R(H) =
U(H)/I, the field was applied at right angles to the
direction of transport current /. The current—voltage
(I-V) characteristics (sample no. 1) were measured in
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Fig. 2. R(T) curves for polycrystalline BaPb ;5Bij 5505
measured in various external magnetic fields for (a) / =
1 mA on sample no. 1 and (b) /= 0.1 pA on sample no. 2.
The insets show (a) the /—V curves for H=0, T=4.2 K;
arrows indicate the direction of scanning in current; (b)
the M(T) dependence; the value of 7y from magnetic
measurements is indicated.

the stable current regime. According to the results of
magnetic measurements (on a vibration sample mag-
netometer [13]), the transition temperature was
11.3 K (see the inset to Fig. 2b). The value of p(T, =
11.3 K) (obtained from the data on sample no. 1) was
about 0.13 Q cm. The critical current density at 7 =
4.2 K according to the criterion U = 1 pV/cm was
approximately 10 A/cm?.

Heat capacity measurements were taken on a
PPMS-6000 setup (Quantum Design). The heat
capacity was measured by the relaxation method in the
regime of increasing temperature at constant applied
magnetic fields of 0, 1, 10, 20, 35, and 90 kOe. The
C(H) dependences were measured at T=2, 4, and 6 K
in the regime of increasing magnetic field. At temper-
atures T'= 3, 5, and 7 K, the C(H) dependences were
plotted from the temperature dependences of heat
capacity.
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3. RESULTS AND DISCUSSION

3.1. Nonmonotonic Behavior of R(H).
Effect of Transport Current

Figure 2 shows the R(7T)/R(T, = 11.3 K) depen-
dences measured in various external magnetic fields. It
can be seen that in addition to conventional broaden-
ing of the transition in magnetic fields of up to H =
1 kOe, a quasi-semiconducting increase in the resis-
tance at low temperature takes place in fields of H~ 2—
30 kOe. However, at H = 31 kOe, the increase in resis-
tance is less pronounced than in lower fields, and at
H=~ 50 kOe, the R(T) curve preserves the behavior
almost completely independent of temperature, which
is observed above T¢.

The I—V curves for the sample at 7=4.2 K in zero
external field exhibit a hysteresis for relatively low val-
ues of transport current (see the inset to Fig. 2a). Dur-
ing I-V measurements, the sample was in liquid
helium. In the current range above the voltage jump,
the forward and backward U([) curves coincide, and
the shape of /—V curves is preserved for various rates of
current variation. These facts lead to the conclusion
that the observed hysteresis is not associated with self-
heating of the sample. Differential resistance Rg; in
the range of currents and voltages above the jump in U
amounts to approximately 0.75 of the resistance above
T, which correlates with the magnetoresistance value
in a field of about 50 kOe (Fig. 2b). An analogous hys-
teresis on the J[—V curve was observed in
BaPb ;5Bi, ,50; [3—5] as well as in Ba, (K, 4BiO; [8].
It is assumed [4] that such a hysteretic behavior
reflects the multiple Josephson structure existing in
grained superconductors.

The R(H) dependences measured in the range of
fields up to several kilooersteds for various values of
transport current / are also typical of a network of
Josephson junctions with quasi-tunnel conduction.
First, magnetoresistance R in a constant field is a non-
monotonic function of transport current. This can be
seen from Fig. 3 representing the R(H) = U(H)/I
dependences at T = 4.2 K, which were measured in
fields up to H = 5 kOe in increasing field. In weak
external fields (H = 300 Oe), an increase in R with
current is observed. For H > 300 Oe, quantity R has a
peak at a certain current. Such a behavior is mani-
fested on the /—V curves measured in external mag-
netic fields (see the inset to Fig. 3). The nonmono-
tonic variation of “effective resistance” R([) = U(l)/1
with increasing transport current in a constant exter-
nal field can be due to percolation of current through
Josephson interlayers possessing semiconducting
properties [14]. This correlates with the quasi-semi-
conducting behavior of R(7) in fields of 1—30 kOe (see
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Fig. 3. Dependences R(H) = U(H)/I (sample no. 1) measured for different values of transport current in an increasing external
field. The inset shows the /—V curves for this sample in various external fields at 7= 4.2 K.

Fig. 2).1 Second, the fastest increase in the magne-
toresistance occurs in weak fields (H = 1 kOe). This is
typical of granular HTSC systems.

Thus, the form of the R(7), R(H), and R(/) depen-
dences indicates that the magnetoresistance in the
range of weak and moderate fields (H = 10 kOe) is due
to dissipation in “nonsuperconducting” interlayers.

The data in Fig. 2 show that at 7= const, depen-
dence R(H) = U(H)/I is a nonmonotonic function of
the external field. Figure 4 shows the R(H) curves
measured for different values of transport current in
the range of fields up to 65 kOe at 7= 4.2 K. It can be
seen that for small transport currents (1—100 pA), the
sample resistance in the range of intermediate fields
(H =~ 10 kOe) exceeds the sample resistance in the nor-
mal state. In addition, the effect of transport current
on the field H,, at which the resistance peak is
observed is substantial (see Fig. 4). Since dissipation in
this range of magnetic fields is associated with pro-
cesses in Josephson junctions, the resistance of these
junctions at low temperatures in an external field con-
siderably exceeds their resistance above 7.

It was observed in [16] that the resistance of
BaPb, _,Bi, O, bicrystals with x = 0.27 £ 0.03 at 7' =

1 Analogous behavior of the /—V and R(T) curves was observed in
Y—Ba—Cu—O + Cu; _,Li,O HTSC composites [15], in which
Josephson interlayers between HTSC grains are formed by the
Cu, _,Li,O semiconducting ingredient.
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4.2 K is an order of magnitude higher than the resis-
tance above T,. Such a behavior was explained by one-
particle tunneling through grain boundaries.

We believe that an alternative approach to inter-
preting the results is possible on account of our results
on R(7T) and R(H), as well as on the magnetoresistance
hysteresis and low-temperature heat capacity.

The nonmonotonic behavior of the magnetoresis-
tance and the closeness of the values of R(H) and Ry
during degradation of superconductivity by a strong
magnetic field and transport current, respectively, can
be interpreted using the approach based on the model
of the superconductor—insulator spatially inhomoge-
neous state [9], which was used for the first time in [8].
In systems like Ba—Pb—Bi—O, Ba—K—-Bi—O, and
Nd—Ce—Cu—0, which can be regarded as strongly
degenerate semiconductors [8], the Fermi level lies
near the band gap; this may lead to phase separation
into dielectric and superconducting regions during the
emergence of superconductivity [9]. The dielectric
region may play the role of Josephson interlayers
between superconducting “islands.” In these dielec-
tric regions, the band gap is broader and the number of
free charge carriers is smaller. We can logically assume
that dielectric interlayers are predominantly formed in
the region of grain boundaries, where the deviation
from oxygen stoichiometry or local variation in the
bismuth concentration may take place [16], although
phase separation is also observed in Ba, (K, 4,BiO; sin-
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Fig. 4. Dependences R(H) (sample no. 2) measured for different values of transport current / at 7= 4.2 K. The inset shows the
R(H) hysteresis (the direction of field variation is indicated by arrows) on enlarged scale.

gle crystals [17]. In a magnetic field, weak supercon-
ductivity in Josephson bonds is the first to pass to the
resistive state; as a result, the magnetoresistance
becomes higher than in the normal state due to the
dielectric nature of Josephson bonds. Degradation of
superconductivity by the magnetic field, transport
current, or temperature simultaneously leads to disap-
pearance of dielectric regions. This is manifested in
the nonmonotonic behavior of magnetoresistance at
T = const [9], which was observed for BaPb, _,Bi, O;
[6, 7], Ba, 4K, 4BiO; [8, 17], and Nd, _,Ce, CuQO, sys-
tems [18]. The existence of a spatially inhomogeneous
state in Ba, (K, ,BiO; was confirmed in magnetoopti-
cal experiments [19, 20].

It can be seen from Fig. 4 that an increase in trans-
port current also shifts the field Hpg,,,, at which the
magnetoresistance peak is observed towards lower val-
ues. In accordance with the model [9], the R(H)
dependence reflects two competing mechanisms: (i)
an increase in the magnetoresistance under the action
of the field, which is associated with passage of
Josephson junctions to the normal state, and a possible
additional contribution due to dissipation in super-
conducting regions; and (ii) a decrease in the “nor-
mal” resistance of Josephson junctions in accordance
with the model scenario [9]. The first mechanism
obviously dominates in the range of fields lower than
Hpyax, While in fields exceeding Hp,,,,, the resistance
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decreases in increasing fields in accordance with the
second mechanism. The decrease in the value of Hy,,,,
upon an increase in the measuring current indicates
that the transport current together with the magnetic
field leads to degradation of superconductivity in
superconducting regions, and the second mechanism
prevails in the range of lower fields.

3.2. Mechanism of R(H) Hysteresis

Apart from the nonmonotonic behavior, R(H)
dependences exhibit hysteresis (see insets to Fig. 4).
In Fig. 5, the R(H) hysteresis is shown in detail for the
range of intermediate fields for various values of trans-
port current (for sample no. 1). For all measurements
represented in the figure the maximal applied field was
H = 5 kOe. The magnetoresistance in increasing field
is higher than the value of R recorded in decreasing
field H: R(H+) > R(H,) (subscripts Tand{ correspond
to increasing and decreasing fields, respectively).
In this respect, the hysteresis of the R(H) curves for
BaPb, ;5Bi, 5505 is similar to that observed in grained
HTSCs [10—12].

We believe that the approach used for explaining
the hysterestic dependences for grained HTSCs [10,
12] can also be applied for analyzing the R(H) depen-
dences of granular BaPb,;sBi;,;0;. The magnetic-
field dependence of the magnetic moment of

Vol. 110 No. 4 2010
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Fig. 5. U(H) dependences (sample no. 1) for different val-
ues of transport current / at 7= 4.2 K. The maximal preset
field is 5 kOe in all measurements. Arrows in (a) indicate
the direction of variation of the external field; parameter
AH = R(H}) — R(H?r) is determined by way of example for
Hy = 2 kOe. (b) Example of determining the difference
AR =AU/l = R(Ht) — R(H)).

BaPb, ;5Bi, 505 exhibits a hysteresis typical of type 11
superconductors (Fig. 6). The diamagnetic signal is
produced by superconducting regions. The magnetic
induction lines from dipole moments must be closed
by dielectric interlayers (a similar pattern is observed
for granular HTSCs [10]). It is logical to assume that
dissipation during the passage of transport current
through BaPb, ;5Bi;,;0; in a magnetic field mainly
occurs in weak links (dielectric interlayers through
which Josephson tunneling takes place). We can speak
of the effective field B.y= H + B,,4 in Josephson inter-
layers; the field B;,, induced by the magnetic moments
of superconducting regions is proportional to mag-
netic moment M of the superconductor, and vector
B, is parallel to H if M < 0 [10]. The M(H) hysteresis
associated with pinning of Abrikosov vortices in super-
conducting regions leads to different values of B, 4
(and, hence B.y) in increasing and decreasing external
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Fig. 6. M(H) dependences at T = 4.2 K (sample mass is
18.5 mg). The maximal applied field is 5 kOe. Arrows indi-
cate the direction of variation of the external field.

fields in a wide range of the fields (at least, for large
values of field H, for which M(H}) = 0) for H» = H|,
B.(H?) > B.w(H\). Since dissipation is determined by
the value of B, R ~ B., the magnetoresistance exhib-
its a hysteresis.

The maximal difference AM = |M(Hy) — M(H))|
must generally coincide with the maximal value of
AR = R(Hy) — R(Hy) for Hy = H\. Such a correlation
is indeed observed. Figure 7 shows the value of AM as
a function of H. The AR(H) dependences depicted in
Fig. 5 (for I = 1 and 10 mA) also demonstrate peaks
near H ~ 0.5 kOe. However, apart from B, the trans-
port current also strongly affects the R(H) depen-
dences (see Fig. 3). For this reason, we cannot expect
complete coincidence of the peaks on the AR(H) and
AM(H) curves. In the range of weak fields, the AM(H)
curve has another peak; however, the R(H) curves have no
other singularities. This does not contradict the proposed
model of the magnetoresistance hysteresis because R is
proportional to the vector sum of B, and H.

The presence of a hysteresis on the R(H) curves in
the range of fields lower than Hp,,,, implies in the given
approach that effective field B.; in grain boundaries
has different values for H» and H (for Hy = H}), and
this field affects tunneling of carriers. Since the effect
of the magnetic field on the contact resistance in the
one-particle tunneling mode is unlikely, we can state
that it is Cooper pairs that experience tunneling, while
one-particle tunneling does not make a predominant
contribution to dissipation.

In the approach explaining the R(H) hysteresis
[10], in the external field in which the hysteresis of
magnetization disappears, the hysteresis on the R(H)
curve also disappears simultaneously.  For
BaPb, 5sBi, 5,505 at 7= 4.2 K, the irreversibility field is
about 27 £ 3 kOe according to our measurements, and
this value coincides with the result obtained in [21] for
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the same granular system. However, in accordance
with the results presented in Fig. 4 (inset), the “irre-
versibility” field H* for magnetoresistive measure-
ments is much smaller (12.0 £ 0.5 kOe for / = 1 mA,
10.0 £ 0.5 kOe for 7 = 10 mA, 8.5 £ 0.5 kOe for I =
0.1 mA, and 7.0 £ 0.5 kOe for /=1 mA). In addition,
an increase in the transport current leads to a decrease
in the value of this field. For most of the R(H) depen-
dences shown in Fig. 4 (except that for /=1 mA), the
field H* corresponding to irreversible behavior of
magnetoresistance coincides with Hy,,,, to within the
error of measurements.

In our earlier works [10, 12], we introduced the
field width AH = H, — H; of magnetoresistance for
R(Hr) = R(H,) (here, Hy # H|) as a parameter for ana-
lyzing the hysteretic dependences R(H). The condi-
tion R(Hy) = R(H)) for the R(H) dependence mea-
sured for a certain current indicates that the effective
fields at points Hy and H| are identical (B.(Hr) =
B.(H,)). Consequently, the value of AH is propor-
tional to the difference in the values of the magnetic
moment at points Hy and H| [10, 12]. In magnetore-
sistance measurements on granular HTSCs, the criti-
cal intragrain current j; is usually several orders of
magnitude larger than the transport current that can
be used in experiments. Therefore, the transport cur-
rent does not affect vortex pinning in HTSC grains
and, hence, the diamagnetic response of grains either.
Consequently, the field width of the magnetoresis-
tance hysteresis loop AH = R(H}) — R(Hy) does not
depend on current (at least, in classical YBCO,
BiCaSrCuO, and LaSrCuO compounds) [12].

The BaPb, ,sBi;,;0; system under investigation
exhibits a different behavior. In field H* for which the
forward and backward R(H) curves coincide, the field
width of the hysteresis loop is AH = 0, and the value of
H* depends on the transport current (see Fig. 4). The
AH(H) dependence for various values of I in fields
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Fig. 8. Dependences of the field width AH = H|, — Ht of the
magnetoresistance hysteresis loop on H | obtained from the
data in Fig. 5 for various values of transport current.

lower than H* additionally confirms the effect of cur-
rent on the magnetoresistance hysteresis. Figure 8
shows the AH(H|) dependences for the values of R(H)
from Fig. 5. An example of determining the field width
of the R(H) hysteresis loop for H, = 2 kOe is given in
Fig. 5a. It can be seen that the transport current changes
the value of AH in practically the entire range of exper-
imental fields. Apart from its effect on the value of R =
U/I (see Fig. 3), an increase in current / considerably
reduces the width of the magnetoresistance hysteresis
loop in the range of fields smaller than Hp,,,,.

We interpret such a behavior as the effect of trans-
port current on the magnetic moment of supercon-
ducting domains. This can be due to additional depin-
ning of vortices in superconducting regions and perco-
lation of transport current under the action of the
Lorentz force. Indeed, the /—V curves recorded in
zero field at 7= 4.2 K (see Fig. 2a) show that critical
current I, (according to criterion of 1 pV/cm)
amounts to ~110 mA, while for currents exceeding
~140 mA, the /—V curve acquires a linear segment.
Consequently, we can assume that this current
(140 mA, ~13 A/cm?) coincides in order of magnitude
with j-; (in this case, jo; ~ 140 mA s, where s is the
cross-sectional area of “superconducting regions”). In
the R(H) measurements (see Fig. 5), the transport cur-
rent is of the same order of magnitude as .

3.3. Low-Temperature Heat Capacity
in Magnetic Fields

Figure 9 shows the dependence of C/T'on T2, which
can be used to obtain an approximate value of the elec-
tron heat capacity from the linear segment of this
dependence. For type 11 superconductors, we can easily
obtain the linear coefficient y for determining the exact
value of the electron component of heat capacity from
the relation C,; = y7T. However, since we know that the
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Fig. 9. Dependences of C/T on 7% in various magnetic
fields.

electron component of heat capacity of type II super-
conductors can be described by this relation [22—25],
we can estimate qualitatively the temperature depen-
dence of the electron heat capacity. The dependence of
C/T on T? at low temperatures exhibits a deviation
towards increasing heat capacity upon cooling, which is
typical of type II superconductors [22—25].

Figure 10 shows the dependence of C/T on H at
various temperatures. For 7= 2, 4, and 6 K, the C(H)
dependences were measured in increasing magnetic
field. At temperatures 7 = 3, 5, and 7 K, the C(H)
dependences were plotted from the temperature
dependences of heat capacity. It can be seen from the
figure that both the data constructed from depen-
dences C(7) and the directly measured data (depen-
dences C(H)) demonstrate identical behavior.

It can be seen that at low temperatures, the value of
C/Tfirst increases in a magnetic field, attains a certain
maximal value, and then decreases. With increasing
temperature, this effect is gradually suppressed and the
dependence exhibits a slight increase in the value of
C/Tin an increasing magnetic field. Since the electron
heat capacity depends on the density of states on the
Fermi surface (i.e., the charge carrier concentration
per unit volume [26]),

kém(Vznz 1/3

C, =
el hz 9

%nzkén(aF)T = T,

were N is the total number of charge carriers in the sys-
tem, 1(gg) is the density of states at the Fermi level, m
is the mass of the charge, and V'is the sample volume,
we can state that at low temperatures (2—4 K), the
charge carrier concentration as a function of the
applied field first increases and then decreases, while
at higher temperatures (5—7 K), the concentration of
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Fig. 10. Dependences of C/Ton H at various temperatures.
For T=2, 4, and 6 K, the C(H) dependences are measured
directly in increasing magnetic field. For 7= 3, 5,and 7 K,
the C(H) dependences are plotted from the results repre-
sented in Fig. 9.

the carried charge slowly increases with the applied
magnetic field.

Such a behavior can be interpreted as follows. At
low temperatures, the sample in a weak magnetic field
is in the state of phase separation [9] (see above); i.c.,
the sample contains local superconducting domains in
which the charge carrier concentration is high, and
dielectric regions in which electrons are localized [9].
When the magnetic field is increased to a certain value
(of about 20 kOe), the superconducting phase is pre-
served, while dielectric regions pass to the semimetal
state (see Fig. 2). Therefore, the concentration of free
electrons (i.e., charge carriers) also increases, which
affects the electron component of heat capacity. Upon
a further increase in the magnetic field, the supercon-
ducting state also degrades and the sample also
acquires the properties of a semimetal; consequently,
the concentration of charge carriers decreases. At
higher temperatures (5—7 K), the nonmonotonic
behavior of C/T as a function of H is not observed,
although the value of C/T rapidly increases with H in
the range of fields up to 20 kOe. Obviously, phase sep-
aration in this temperature range is manifested less
strongly than at lower temperatures, and a slight
increase in the magnetic field transforms the sample to
the normal state. Thus, in this temperature range, a
gradual transition from the semiconducting to semi-
metallic state takes place, which leads to a slight
increase in the charge carrier concentration and,
accordingly, to a slight increase in the electron heat
capacity (Fig. 10).

4. CONCLUSIONS

Summarizing our experimental results on the mag-
netoresistive effect in polycrystalline BaPb, ;5Bi ,50s,
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we can conclude that at temperatures below the super-
conducting transition temperature, the magnetoresis-
tance exhibits a nonmonotonic behavior. An increase
in the transport current density shifts the peak on the
R(H) curve towards lower fields.

Admitting the possible interpretation of our results
taking into account tunneling of charge carriers
through the Josephson network in a Ba(Pb,Bi)O,
polycrystal, we can show that the observed behavior
fits the model of the superconductor—insulator spa-
tially inhomogeneous state [9], according to which a
system like BaPb, ;5Bi, ,50; can exhibit phase separa-
tion into superconducting and dielectric regions. In
comparatively weak fields (H < 10 kOe), dissipation in
the magnetic field as a result of passage of the transport
current takes place in dielectric regions in which weak
Josephson bonds are formed. After the degradation of
superconductivity in superconducting regions by the
external magnetic field and transport current, phase
separation disappears also; i.e., the transparency of
dielectric regions for charge carriers increases.

In this range of external fields (H = 10 kOe), the
magnetoresistance is of the hysteretic type, the hyster-
esis mechanism being analogous to the mechanism of
giant hysteresis of R(H) in granular HTSCs. It
includes the effect of the magnetic moments of super-
conducting regions on the effective field in Josephson
interlayers. The difference from HTSCs is that the
transport current in BaPb, ,5sBi, ,50; can additionally
affect depinning of Abrikosov vortices due to low val-
ues of the critical current density in superconducting
regions. This leads to the dependence of the field
width of the magnetoresistance hysteresis loop on the
transport current and a decrease in the field value
above which the R(H) hysteresis disappears upon an
increase in the transport current.

The experimental data on heat capacity also con-
firm the phase separation model [9] as applied to the
system under investigation. In the range of low tem-
peratures (2—4 K), a nonmonotonic dependence of
C/T on the magnetic field is observed. Since the value
of C/T is proportional to the density of states at the
Fermi level, such a behavior illustrates an increase in
the free electron concentration in dielectric regions in
the field range 10—30 kOe, in which phase separation
becomes less pronounced in view of partial degrada-
tion of superconductivity in the superconducting
regions by the field and a decrease in the free electron

2
concentration in strong fields (close to H,).

2 According to the results of different magnetic and magnetoresis-
tive measurements [4, 20, 27, 28], the value of H, for
BaPb, 75Bi( 503 amounts to about 50 kOe at 7'= 4.2 K, which
is in conformity with the results depicted in Fig. 4 (the resistance
becomes close to R(7) in field H = 60 kOe).
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