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PREPARATION AND SUPERCONDUCTING PROPERTIES OF THICK
FILMS IN THE Bi-Sr-Ca-Cu-Q SYSTEM WITH ADDITION OF Pb

NOBORU ICHINOSE AND HIROSHI MAIWA
Waseda University, School of Science and Engineering
3-4-1 Ohkubo, Shinjuku-ku, Tokyo 169, Japan

Abstract Thick films in the Bi-Pb-Sr-Ca-Cu-0 system
have been synthesized using a fine particle size
powder milled with 2mm¢ zirconia balls. Films pre-
pared on the single crystal (100) MgO substrates show
strongly textured orientation with c-axis of the
predominant low Tc BizerCaCu O prhase normal to the
film plane. Partial substitution of Pb for Bi in the
Bi-Sr-Ca-Cu-0 system has been found to increase the
volum fraction of the high Tc phase which is responsi-
ble for the superconductivity of Tec~110K.
Bi Pb Sr,Ca Cu O, film sintered at 835°C for
200" 30 alb0 41 Z17113im “showed T¢ (R=0)=107.1K, and
Jc (77K, zero magnetic field)=33A/cm”.

INTRODUCTIQON

Recently, cuprate superconductors have been prepare

ql.2

which contain Bi but no rare earths or yttrium. Maeda et
al3 report that the composition BiSrCaCuzox (abbreviated to
1112) has a resistance Tc¢ of about 105K and that the oxide
must contain both Sr and Ca if it should have a high Tc.
Furthermore, it has been clarified that there are two kinds
of superconducting phases with transition temperatures of
105K (a high Tc phase) and 80K (a low Tc phase)4. Their
former phase has a longer c-axis than the latter phase.

As mentioned in many reports, it is difficult to
prepare the high Tc phase as a single phase. However,
Takano et al® have found that Pb-substitution in Bi-Sr-Ca-
Cu-0 superconductors results in the stabilization of the
high Tc phase.

In this report, we will describe the structural and
superconducting properties of oxide thick films in the Bi-

Sr-Ca-Cu-0 system. It is also reported that extremely good
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results are obtained by partially substituting Pb for Bi in

reduced oxygen atmosphere.

EXPERIMENTAL

Thick films were fabricated by the following procedure
shown in the flow chart of Figure 1. High purity bismuth,
lead and copper oxides and strontium and calcium carbonates
were used as starting materials. Powder mixtures with
metal atom ratio Bi:Pb:Sr:Ca:Cu=1.95:0.6:2:2.2:3.5 were
milled with 2mm¢ =zirconia balls for 120 hours in ethyl-
alcohol. These powders were then dried and calcined at
800°C for 6 hours. Calcining was repeated 2 times and
reground with 2mm¢@ zirconia balls for 120 hours in ethyl-
alcohol. This mixture (slurry) was pasted with the solvent
of CHS(CHZ)BOH. The pastes were coated on tHe single
crystal (100) MgO substrates. They were fired at 835°C-
855°C for 10-100 hours in the capped alumina crucible to
avoid vaporization of Pb. Preparing conditions of the
samples are summarized in Table 1. Judging from cross
sectional SEM view, the values of thickness in these films

were 40-604um.

The reaction process and the products were examined by
X-ray diffraction analysis using CuKa radiation. Chemical
compositions, except for oxygen, in the films were analyzed
by ICPS (inductively coupled plasma emission spectrometry).
Critical current density (Je) and electrical resistivity
measurement were performed for all the films using the
standard four-probe method. Jc measurements were done at
77K and zero field with a voltage criterion of 1.0uV/cm.
For resistivity measurement, the current density used was
1.0A/cm2.

RESULTS AND DISCUSSION

Figures 2 and 3 show the X-ray diffraction patterns of

samples (a), (b), (c¢) and sample (d), respectively. The
peaks denoted by e are corresponding to low Tc phase, and
indexed peaks are corresponding to high Tec phase. It
exhibits the existence of the high-Tc phase and the low-
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FIGURE 1 ' . )
Flowchart for preparation of 10 20 30 20 50 80
Bi-Pb-Sr—~-Ca-Cu-0 thick films. Cuka 26 (degree)

FIGURE 2

X-ray diffraction patterns of

the surface of Bil 5Pb
Ca Cug 50, films'?lre
85%‘8

Sr
.62
at

for (a)10h, (b)30h and

(c)100h.

Table 1 Preparing conditions of the samples

Sample nominal o firing t'!ring firing
composition temperature| times | almosphere
a 855°C 10h air
b 855°C 30h air
o [P PosrCanCUsO e N oon | air
d 835°C 20h | Oz:Ar=1:10

e low Tc phase

g
¥

10 0 30 40 50 80
Cu Ka 28 ({(degree)

FIGURE 3 X-ray diffraction pattern of the surface of

20h’in

Bi 95Pb0 ?Sr Ca8.20u3.5oz film fired at 835°C for
1/1 atm 2
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FIGURE 4 Resistivity versus

FIGURE 5 Resistivity versus

temperature of Bi _g5Pb 68r2 temperature of B11 95Pb0 65r2
,2Cug 50, films fired at g 3 film fired a
6582 13:° (3)10h, (b)30h and 5388 13:598n in 1/11 atm o2
(c)lOOh
20, Table 2 Compositions analyzed by ICP
¢ Sample Compositions '
. Heo P B | P | o | ca | cu
v e =
+ H=100 Oe nominal 195 | 060 2 |22 |35
15l . « H=200 Oe o PASTE 195 |059 | 212 | 25¢ | 357
v v H=300 Qe (a)855%C_10h 195 | o042 | 203 | 248 | 355
- . (Hifim) e (5)855<C 30h 195 | 016 | 193 [ 220 ] 319
= -
2 R . {c)855°C100h 195 | 003 | 200 | 231 | 336
o = (d)835°C 20h 1110, 195 | 021 | 202 | 239 | 345
o .
g
- ™
o]
> Y L]
SL L]
L ]
"l »
e A .

0" j0 20 30 40 50 60
Current Density (A/cm )

FIGURE 6 Current-voltage characteristic curves at 77K for
Bi Pb Sr,Ca Cu 0, film fired at 835°C for
5 2 .2¥4%3.5
% ?n 1/1? atm %2. z

Tc phase in these patterns as seen from the (002) peak at
280=4.7 for the high Tc phase and 20=5.7" for the
phase, respectively. It is found in Fig.3 that the
sintered at 835°C for 20h in 1/11atm02 shows almost single
phase of high-Tc phase.

low-Te

sample
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Figures 4 and 5 show resistivity versus temperature of

various kinds of sample and sample (d), respectively. It
is found in samples (a), (b) and (c¢) that the resistivities
are slightly decreasing around 115K and has tailed curves.
The 1lower zero resistance may be due to the existence of
the 1low Tc phase. Sample (d) shows a sharp resistive
transition at Te=107.1 K.

The current-voltage characteristic curves at 77K in

the zero field and H=300 Oe for sample (d) are shown in
Figure 6. The value of Jc (77K) in the zero field has been
estimated to be 33A/cm2. This film has anisotropic Jc
value for field direction. The results of ICP analyses for
paste and film compositions are shown in Table 2. These

values are normalized by 2 of Sr. The remarkable decrease

of Pb is noticed in this table. This may be due to evapo-

ration of Pb during sintering.

CONCLUSION

1. Tt was difficult to prepare thick films with the high Tc
phase as a single phase. There are structure and elec-
trical evidence indicating the high Tc phase is stabi-
lized by the presence of Pb in the reduced oxygen atmos-
phere.

2. The X-ray diffraction of the thick films showed that

these films had the c-axis orientation.
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