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Electrical Transport and Superconductivity in the Au-Bi,Sr; 3Ca;,Cu,0,
Composite System

Wen-Yuan LIN, Juhn-Jong LiN and Teng-Ming CHEN!

Department of Physics, National Taiwan University, Taipei 10764, Taiwan
'Institute of Applied Chemistry, National Chiao-Tung University,
Hsinchu 30050, Taiwan

(Received November 8, 1991; accepted for publication December 6, 1991)

We have measured the resistivity p of the Au-Bi,Sr, 3Ca, ,Cu,0, composite system with Au volume fraction p,, rang-
ing from 0.00 to 1.00. We find, for the samples with p,, < 0.4, that the addition of Au does not disturb the superconduct-
ing transition temperature of Bi,Sr, ;Ca, ,Cu,0,. For the samples with p,,=0.6, no zero-resistivity state is observed.

The variation of p(300 K) with p,, indicates a three-dimensional percolating Au matrix occurring at p,,=0.18.

KEYWORDS:

§1. Introduction

The electrical-transport and superconducting proper-
ties of the high-temperature cuprate superconductors
mixed with the noble metals Au and Agto form supercon-
ductor-normal-metal composites have recently been
studied.'® One of the main reasons for this interest is the
general belief that the superconducting phase is (almost)
undisturbed by the addition of Au or Ag. For example,
several groups*” have reported that the superconducting
transition temperature, 7, in the Ag-YBa,Cu;0O; com-
posite system is the same as that in silver-free
YBa,Cu;0,, even in the presence of a sizeable amount
(up to 60% in volume) of Ag. On the other hand, due to
the difficulty in preparing single-phased
Bi,Sr,Ca,-Cu,0O, (n=1, 2, or 3) compounds, this issue
has been much less investigated in the Ag-
Bi,Sr,Ca,-;Cu,0O, and Au-Bi,Sr,Ca,-; Cu,O, composites
in the literature. Recently, Maeda et al.*'” reported that
the 80-K-superconducting-phase Bi,(Sr,-;Ca;);Cu,0O,
system can be obtained most easily at z=0.4. Motivated
by this observation, we have recently successfully
fabricated an Ag-Bi,Sr, sCa;,Cu,O, composite system
and studied its electrical-transport properties.'” In the
present work, we continue study in this direction to in-
vestigate the electrical-transport and superconducting
properties in the Au-Bi,Sr;3Ca;,Cu,O, composite
system. Our results are discussed below.

§2. Experimental Method

Composite samples of Au-Bi,Sr;sCa;,Cu,O, were
fabricated by the standard solid-state reaction method'
with the Au volume fraction, pay, ranging from 0.00 to
1.00. The Bi,Sr;3Ca;,Cu,0, (hereafter referred to as
Bi2:2:1:2) was prepared by mixing and calcining
stoichiometric amounts of Bi,O; (99.9% pure), SrCO;
(99.5% pure), CaCOs (99.9% pure), and CuO (99.9%
pure) for 16 hours at 790°C. The product obtained was
reground and sintered at 835°C for 32 hours in air, with
one intermediate grinding and mixing, and finally air-
quenched. The product obtained was X-ray pure, and
every peak in the diffraction pattern could be indexed.

high-T, superconductor, Bi,Sr,; gCa; ,Cu,0,, Au addition, electrical resistivity, percolation

Powders (=100 mesh) of these presintered Bi2:2:1:2
were thoroughly mixed with Au powders (99.99% pure,
325 mesh) of appropriate proportions, where densities of
4.95 and 19.3 g/cm® for Bi2:2:1:2 and Au, respectively,
were used. The mixtures were pelletized and sintered at
810°C for 18 hours in air, and were finally air-quenched.
The structures of the composites were studied by powder
X-ray diffraction. Two sets of peaks were observed, corre-
sponding to the Bi2:2:1:2 phase and Au. Three typical ex-
amples of the 6-26 diffraction patterns with p.,=0.00,
0.15, 0.20, 0.30, and 0.40, respectively, are shown in Fig.
1. DC resistances were measured by the standard four-
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Fig. 1. Powder X-ray diffraction patterns of a (a) pure

Bi,Sr, 3Ca; ,Cu,0, sample and four Au-Bi,Sr,;Ca,,Cu,0, com-
posites with p,,=0.15 (b), 0.20 (c), 0.30 (d) and 0.40 (e), respec-
tively. The arrows in (b)-(e) indicate the three strongest peaks of Au,
which implies that Au is present as a segregated phase.
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probe technique. The electrical contacts were made with
silver paste. A silicon diode thermometer was used as the
temperature sensor.

§3. Results and Discussion

Figure 2 shows the normalized resistivity, p(T)/p(300
K), as a function of temperature for five Au-Bi2:2:1:2
composites (from bottom to top) with p.,=0.00, 0.25,
0.50, 0.60, and 0.75, respectively. Clearly, p(T)/p(300
K) for all samples varies approximately linearly with tem-
perature above 100 K. Furthermore, no resistivity drop
at 110 K characteristic of the Bi,Sr,Ca,Cu;0, phase is ob-
served, indicating good controllability in sample fabrica-
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Fig. 2. Normalized resistivity p(7)/p(300 K) as a function of temper-
ature for five Au-Bi,Sr,3Ca,,Cu,0, composites (from bottom to
top) with p,,=0.00, 0.25, 0.50, 0.60, and 0.75, respectively.
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Fig. 3. The 10-90% superconducting transition temperature 7, as a
function of Au volume fraction p,, for Au-Bi,Sr, 3Ca, ,Cu,0, com-
posites. The circles represent the 50% transition temperatures. The
solid line is a guide for the eye.
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tion of (almost) single-phased Bi2:2:1:2. What is more
noteworthy in Fig. 2 is that all the samples with pa,<0.6
reveal a very similar resistive superconducting transition,
i.e., there is only minor degradation of the bulk supercon-
ductivity even in the presence of a sizeable amount of
Au. On the other hand, the samples with pa,=0.6 do not
exhibit superconductivity down to the 25 K measured.*
Figure 3 shows the 10-90% superconducting transition
temperature, T, as a function of pa, determined resistive-
ly. (The circles represent the 50% transition tempera-
tures.) This figure clearly reveals that 7. is essentially the
same for the samples with pa, <0.4; while for the sample
with pa,=0.50, T. is slightly reduced. At pa,=0.6, the
superconducting state in the composites suddenly disap-
pears. In other words, the critical volume fraction (below
which no superconducting path exists throughout the
sample) for the Bi2:2:1:2 matrix is at 1 —pa,=0.4. This
value is the same as that observed in the Ag-Bi2:2:1:2
composite system.'” Note that the present observation of
an essentially constant T, for p,,<0.4 is different from
that observed in the Ag-Bi2:2:1:2 composites.'” In the
latter system, a slightly decreasing 7. with increasing pa,
is reported, even for pa, =< 0.4, due to the uptake of extra
oxygen by the Bi2:2:1:2 phase during high-temperature
composite processing. (In our previous fabrication of
Ag-Bi2:2:1:2 composites,'? powders of Ag,O were used
to mix with Bi2:2:1:2, which decomposed to metallic Ag
releasing oxygen at around 300-500°C (refs. 12 and 13).
This work therefore suggests that metallic Ag, rather
than Ag,O or AgO, might be a better starting material
for the fabrication of Ag-Bi2:2:1:2 composites.**
Figure 4 plots the room-temperature resistivity p(300
K) as a function of pa,. Starting from = 1900 uQ-cm for
the gold-free Bi2:2:1:2, p(300 K) decreases monotonical-
ly with increasing pa, to a value of 4.9 uQ-cm for the Au
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Fig. 4. Variation of the room-temperature resistivity p(300 K) with
Au volume fraction p,, for Au-Bi,Sr, 3Ca, ,Cu,0, composites. The
solid line is a guide for the eye.

*The samples with DPag=0.6 are believed to be nonsuperconducting
down to absolute zero.

**Our recent results of an Ag-Bi2:2:1:2 composite system fabricated
from metallic Ag have shown improved bulk superconductivity, com-
pared with that in the same composite system fabricated using Ag,O
(Ren-Fen Tusei, Wen-Yuan Lin and J. J. Lin, (unpublished)).
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reference sample ( pa,=1.00) fabricated under the same
firing conditions as described in §2. The decrease of
(300 K) results presumably from the Au particles filling
the pores between the Bi2:2:1:2 grains. In addition, Fig.
4 indicates a percolation threshold, p., for the Au matrix
occurring at =0.20. (The precise value of p. determined
by least-squares fits is given below.) This threshold value
is what would be expected for three-dimensional random
composites'*'¥ and is close to that (=0.17) observed in
the Ag-Bi2:2:1:2 composites.'” Once Au channels per-
colate, p(300 K) varies only slightly with pa,; e.g., the
magnitude of p(300 K) only decreases by a factor of 2-3
when p(300 K) is increased from 0.4 to 1.0, while it varies
by a factor of =20 when pa, is increased from 0.0 to 0.2.
The variation of p(300 K) with p,, for the samples with
Pau=0.2 can be analyzed in terms of the percolation
theory. In three dimensions, the percolation theory
predicts that the sample resistivity of a two-component
random composite can be written as'*'?

p:po(pAu_pc)_I, pAu>pC, (1)

where po is a constant, and ¢ is a critical exponent. Com-
paring our data with eq. (1), we obtain p.=0.183+0.003,
t=1.04%=0.08, and py=3.4uQ-cm. With these least-
squares-fitted values, our data (the symbols) fall on a
straight line in a log-log plot of p(300 K) versus pa,—p.
(Fig. 5). Figure 5 shows that eq. (1) can describe the resis-
tivity of our Au-Bi2:2:1:2 composite system in the
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Fig. 5. The log-log plot of the room-temperature resistivity p(300 K)
VS Pau— P, for Au-Bi,Sr, gCa, ,Cu,0, composites. The straight line is
a least-squares fit to the data according to eq. (1) (with p,=0.183 and
t=1.05).
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Pau—pc range of =0.02-0.45. The value of ¢ is similar to
that (1.1£0.1) observed in the Ag-Bi2:2:1:2 com-
posites.'V

§4. Conclusions

We have performed resistivity measurements in the
Au-Bi,Sr; 3Ca; ,Cu,O, composites with the Au volume
fraction pa, ranging from 0.00 to 1.00. A three-dimen-
sional percolation threshold is observed for the Au
matrix occurring at pa,=0.18, and for the superconduct-
ing matrix occurring at 1—pa,=0.4. The superconduct-
ing transition temperature is essentially undisturbed for
Pan<0.5.
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