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Abstract 

Two kinds of high-To superconducting films, BiLsPb0.2Sr2Ca2Cu3Q. and Bi2PbSrzCa2CusOy, were prepared by spray pyrolysis and post- 
annealing with the aid of Bi-based bulk. Highly c-oriented and nearly single-phase 2223 high-To Bi-based superconducting films can be 
achieved for the as-sprayed Bit.sPbo.2Sr2Ca2Cu30~. and the Bi2PbSr2Ca,_Cu30~ films annealed at 845°C for 20 h. X-ray diffraction (XRD) 
patterns exhibit amorphous-like phases with microcrystals for the as-sprayed films and the transformation of anaorphous-like phase into 
crystalline high-T~ (2223), low-T~ (2212) and Ca2PbQ phases for the resultant films. For as-sprayed films, post-annealing in the closed 
system with Bi-based bulk sources is favourable to the formation of 2223 phase; on the contrary, the 2212 phase is formed in the open system, 
as demonstrated by XRD and scanning electron microscopy (SEM). SEM and XRD analyses show a plate-like microstructure for the 2223 
phase and a needle-like one for the 2212 phase. This phenomenon explains that compensation and diffusion of Bi-based bulk sources into the 
as-sprayed films help in the formation of 2223 phase and these processes are more efficient in the closed system. The resultant film shows a 
high critical transition temperature (T~ ..... ) of 104 K and a critical current density (Y~) of 1.8 × 10 4 A / c m  2. © 1998 Elsevier Science 
S.A. All rights reserved. 

Keywords: Spray pyrolysis; Bi-based superconductors; Superconducting films; Amorphous; Transformation; Plate-like microstrucmre; Needle-like 
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1, Introduction 

High-To oxide superconducting thin film is one of the most 
promising candidates for fabricating active/passive devices 
and has excellent potential for microelectronic and micro- 
wave applications. Superconducting thin-film preparation 
technology plays a key and indispensable role in the fabri- 
cation of electronic devices. To date, various processing 
methods for high-To superconducting Y-Ba-Cu-O,  B i (Pb) -  
Sr-Ca-Cu-O and T 1 - B a - C a ~ u - O  films have been exten- 
sively attempted and films have been successfully prepared 
by physical and chemical deposition techniques such as sput- 
tering [ 1 ], molecular beam epitaxy [ 2], evaporation [3 ], 
chemical vapour deposition [4] and laser ablation [5]. 

Expensive, sophisticated and specialized apparatus is 
needed to prepare the desired superconducting films via the 
above-mentioned processes. From the viewpoint of economy 
and efficiency, other "kinds of chemical processes such as sol- 
gel and spray pyrolysis have also been paid particular atten- 
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tion for preparing films with various shapes. The sol-gel 
technique have been extensively used to synthesize super- 
conducting oxide powders, fibres and films, but some previ- 
ous work shows that the spray pyrolysis technique is mostly 
limited to the preparation of Y-Ba-Cu-O film and powder 
[ 6,7 ] and ceramic powders including superconductors [ 8 ]. 

For the Bi -Sr -Ca-Cu-O system, the coexistence of three 
phases, Bi2Ca2CuOy (2201), Bi2Sr2CaCu2Oy (2212) and 
Bi2Sr2Ca2Cu3Oy (2223), with T~s of 20, 80 and 110 K, 
respectively, has often been found in the preparation of thin 
films and bulks. Various attempts, such as addition of 
Ca2PbO4 catalyst [9] and excess CuO/CaO [10], low-tem- 
perature annealing and a deposition atmosphere of O j A r  
[ 11 ] with different ratios, have been tried to prepare high-T¢ 
superconducting thin fihns and bulks with nearly single-phase 
Bi2Sr2Ca2Cu30~ of T~ = 1 t0 K. Yamada and Murase [ 12] 
reported that the addition of Pb to the Bi -Sr -Ca-Cu-O com- 
pound enhanced the formation of a single phase with To ~ 110 
K. Endo et al. [ 11 ] demonstrated that the reaction under low 
oxygen pressure has the effect of lowering the heat-treatment 
temperature with broad ranges to render the high-T~ phase of 
Bi -Sr-Ca-Cu-O with a superconducting transition at 107.5 
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K. The spray-pyrolysis [ 13] technique is a simple, conven- 
ient, versatile and low-cost process for the preparation of thin- 
film oxides such as Y-Ba--Cu-O [6,14], Bi-Sr--Ca-Cu-O 
[ 15] and TI-Ba-Ca-Cu-O [ 16]. There are very few reports 
on the preparation of single-phase (2223) Bi(Pb)-Sr-Ca-  
Cu-O thin film with T¢ ~ 110 K [ 17,18]. Manabe et al. [ 19] 
prepared superconducting films with 2223 phase by the dip- 
ping-pyrolysis technique with metal naphthenates in toluene, 
and the resultant film showed a T~ . . . .  ~ 106 K and Jo(77 
K) ~ 2 × 103 A/cm 2. High-T~ superconducting films of 2212 
and 2223 phases with a T~ ..... of 104 K and Jo(77 K) of 
7.5 × 106 A/m 2 prepared by spinning-coating/dipping pyrol- 
ysis with metal carboxylates [20] were also reported in the 
literature. 

In this work, we have applied a spray-pyrolysis method 
using metal nitrates as starting materials and glycerol as sol- 
vent to prepare the as-sprayed film. The films were post- 
annealed with Bi(Pb)-based bulk sources. The influence of 
optimal processing parameters on the formation of the super- 
conducting single-phase (2223) oxide thin film in the Bi- 
based system with T~ ~ 110 K was investigated. The role of 
compositional and microstructural variation of the films on 
the physical characteristics was also studied in detail. 

kV, 30 mA) at a scan rate of 0.04°/s with scan angles (20) 
ranging from 3 to 60 °. 

The thickness, surface morphology and composition of the 
as-sprayed and resultant films were examined under a Cam- 
scan scanning electron microscope equipped with an energy- 
dispersive X-ray analyser (EDXA) and inductively coupled 
plasma-atomic emission spectrometer (ICP-AES). For the 
electrical resistance measurement, a standard four-point 
probe technique was employed. The measured data were 
acquired and analysed using an IBM PC-AT computer. Elec- 
trical contacts to the films were made using fine copper leads 
attached to the films with a conductive silver paste. The resis- 
tance limit measured was 10 .6 fL The critical current den- 
sities of the resultant films were measured with a 
nanovoltmeter model 181 and a voltage/d.c, current power- 
supply source model 228 from Keithley. Similarly, a four- 
point technique was also employed to measure the transport 
critical current density with a criterion of 1 p,V/cm. 

3. Results and discussion 

3.1. The Bil.sPbo 2Sr2Ca2Cu3Oyfilm (film A) 

2. Experimental 

Films with two different compositions, Bil sPb0.2SrzCa2- 
CU~Oy (film A) and BizPbSrzCa2Cu3Oy (film B), were pre- 
pared from a glycerol solution consisting of the high-purity 
compounds Bi(NO3)3'5H20, Pb(NO3)3, Sr(NO3)a, 
Ca(NO3)2"4H20 and Cu(NO3)2"3H20. The as-sprayed 
films were formed on MgO substrates heated at 150-200°C 
by spraying the solution using a spray gun. The distance 
between the nozzle orifice and the substrates was about 15 
cm and the typical thickness of the as-sprayed films was about 
20-30 txm. The as-sprayed films were annealed for 5 h at 
300, 500, 700 and 8000C. The as-sprayed films were also 
annealed at temperatures between 840 and 850°C for 5, 10, 
20, 25 and 50 h to find out the optimal conditions for the 
preparation of films with high To. All as-sprayed films were 
processed in a closed system with Bio.sPbo 2SrCaCu2Oy bulk 
sources. Superconducting Bio.aPbo.2SrCaCu20:. bulks were 
prepared by the solid-state reaction process. For comparison 
of critical transition temperature and volume fraction of 2223 
phase in the films, the as-sprayed films A were annealed at 
845°C for various periods in closed and open systems. The 
closed system means that the as-sprayed film and bulk source 
were put together inside a crucible with a cover, whereas the 
open system uses an uncovered crucible. Thermal character- 
istics of the as-sprayed powders, which were scratched from 
the as-sprayed films on the substrates, were analysed using 
differential thermal analysis (DTA) and thermogravimetry 
(Sinku-Riko/TGD 7000). The phases in the as-sprayed and 
resultant films were identified using a Philips PW 1700 X- 
ray diffractometer with nickel-filtered Cu Kc~ radiation (40 

The solid curves in Fig. 1 show the thermal characteristics 
of the Bit 8Pb02Sr2Ca2Cu3Oy powders which were scratched 
from the as-sprayed films. A large broad exothermic peak at 
100-300°C shows a minor weight loss due to the evaporation 
of mist and partial decomposition of nitrates into carbonates, 
whereas the other small broad exothermic peak and the 3.2% 
weight loss appearing at a temperature of 600-700°C corre- 
spond to the complete decomposition of residue nitrates. 
Three exothermic peaks appeared at the temperatures around 
800, 835 and 850°C, respectively, with various reaction heats 
and the weight loss finally approached a constant value of 
9.39%. These exothermic peaks indicated that the reaction, 
formation and melting phenomena of high-To superconduct- 
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Fig. 1. Thermal characteristics of (a) Bi~.sPbo2Sr2CazCu3Oy (solid fine) 
and (b) Bi2PbSr2Ca2Cu3Oy (dashed line) powders scratched from the as- 
sprayed films. 
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Fig. 2. XRD patterns of the films A: as-sprayed (a) and annealed at 300°C 
(b), 500°C (c), 700°C (d) and 800°C re) for 5 h. 

ing oxides probably occur at about 800, 835 and 850°C; this 
is supported by the XRD results. 

Fig. 2 shows XRD patterns of the as-sprayed film (a) and 
films A annealed at 300°C (b), 500°C (c), 700°C (d) and 
800°C (e) for 5 h. The CaCO3 phase merely appears for the 

as-sprayed film A and in the film A annealed at 300°C, which 
is consistent with the exothermic reaction observed at 100- 
300°C in the thermal characteristics and proved that the 
nitrates can be easily decomposed and the carbonates formed 
at lower temperatures. The film A annealed at 500°C shows 
the appearance of SrCO~ and Ca2PbO4 phases. Furthermore, 
in the films A annealed at 700 and 800°C, the existence of 
phases of Ca2PbO4, BizSrzCuOy (2201) with a T¢ of 20 K, 
2212 with a T~ of 80 K and 2223 with a To of 110 K were 
identified. The relative intensity of the Ca2PbO4 phase grad- 
ually increased as the annealing temperature was increased 
from 500 to 800°C, which indicated that the formation of the 
intermediate phase of Ca2PbO 4 occurred at below 800°C, but 
it will be decreased as the annealing temperature increases 
above 800°C, as shown in Fig. 9. The phase of Bi2SraCuOy 
(2201 ) with minor peaks of Ca~PbO4 and 2212 was formed 
as the major phase at 700°C (Fig. 2). On the other hand, the 
formation of major low-To 2212 and minor high-To 2223 
phases was observed in the film A annealed at 800°C. These 
results show that major 2223 phase is difficult to form below 
800°C, but it appears at temperatures higher than 800°C or 
for longer annealing times. SEM photographs of the as- 
sprayed film (a) and films A annealed at 500°C (b), 700°-C 
(c) and 800°C (d) for 5 h are shown in Fig. 3. A flock-like 
morphology is observed for the as-sprayed films. More pores 
seen in the films annealed at 500°C (b) and 700°C (c) indi- 
cate that the evaporation and decomposition of nitrates and 
carbonates occurred during the reaction. The morphology of 
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Fig. 3, SEM photographs of the films A: as-sprayed (a) and annealed at 500°C (b), 700°C (c 
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and 800°C (d) for 5 h. 
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the resultant films annealed at 800°C shows a needle-like 
microstructure with the characteristics of a low-To 2212 phase 
(Fig. 3 (d)) ,  as demonstrated by Fig. 2(e).  

XRD patterns of the films A annealed at 845°C for 5 h (a), 
10 h (b), 20 h (c) and 50 h (d) are shown in Fig. 4. Fig. 
4(a) and (b) indicates the coexistence of 2223 and 2212 
phases, and the formation of highly oriented single-phase 
2223 occurred in the films A annealed at 845°C for 20 and 
50 h (Fig. 4(c) and (d)) .  Similarly, a highly oriented single 
2223 phase was also formed in the fihn B annealed at 845°C 
for 20 h, but annealing at 845°C for 5, 10 and 50 h showed 
the presence of multiple phases of 2223 and 2212. 

Fig. 5(a) and (b) shows, respectively, the critical transi- 
tion temperatures (T~ ..... ) and volume fraction of the high- 
Tc 2223 phase of the as-sprayed films A annealed at 840, 845 
(in closed and open systems) and 850°C, for various dura- 
tions. The high critical transition temperature of 100 K was 
achieved for the films A annealed at 840°C/10-25 h and 
845°C/25 h in the closed system and the volume fraction of 
high-T~ 2223 phase also increases with increasing treatment 
time. Further increase of the annealing temperature resulted 
in the formation of a low-T~ 2212 phase and hence a decrease 
in the critical transition temperature (T~ ..... ) of the fills.  The 
comparison of the fihns annealed at 845°C in the closed and 
open systems shows the variation of the relative amount of 
superconducting phases and critical transition temperatures 
in the resultant films. The as-sprayed film with Bio.sPbo.2- 
SrCaCu20,. bulk in the closed system is favourable for the 
formation of the high-To 2223 phase. When the as-sprayed 
film was annealed in the open system, as indicated in Fig. 5, 
the low-To 22t2 phase in the resultant films increased with 
increasing processing tinae and resulted in low critical 
transition temperatures of 17-24 K. The difference in the 
characteristics of the resultant films is ascribed to 
the compensation effect of Bi and Pb from the 
Bio.sPb0.2SrCaCu20 s bulk source on the as-sprayed films and 
the prevention of evaporation of bismuth and lead during 
post-annealing in the closed system. The addition of appro- 
priate amounts of lead has proved to be one of the effective 
techniques to promote the formation of the high-To 2223 
phase [ 9]. 

Fig. 6 indicates the SEM morphologies of the films A 
annealed at 840 and 850°C for 5 and 50 h. The films annealed 
for a short duration both show needle-like and plate-like 
microstructures (Fig. 6(a) and (c)) ,  while the size of the 
plate-like microstructure gradually increased and needle-like 
microstructure gradually decreased with increasing 
processing time (Fig. 6(b) and (d)) .  Two distinct surface 
microstructures of the films A annealed at 845°C for 5 and 
50 h in closed and open systems are shown in Fig. 7. All 
plate-like morphologies existed in the films annealed in the 
closed system (Fig. 7(a) and (b)) ,  while needle-like ones 
appeared in the films annealed in the open system (Fig. 7 (c) 
and (d)) .  Kanai et al. [21] have proved that needle-like and 
plate-like surface microstructures should be characteristic of 
low-T~ 2212 and high-T~ 2223 phases, respectively. 
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Fig. 4. XRD patterns of the films A annealed at 845°C for 5 h (a), 10 h (b), 
20 h (c) and 50 h (d). The highly, oriented and single-phase 2223 films 
were formed by annealing at 845°C for 20 h and 50 h. 

Fig. 8 shows typical electrical resistance versus tempera- 
ture relationships of the f i l ls  A annealed at 840°C for 5 h 
(a), 10 h (b), 20 h (c), 25 h (d) and 50 h (e). The electrical 
resistance initially decreases with decreasing temperature and 
rapidly drops for a further decrease in the temperature, 
achieving zero resistance at the critical transition temperature. 
The zero-resistance critical transition temperature increases 
with increasing processing time up to a saturation value of 
around 100 K. Similar resistance-temperature relationships 
appear in the films A annealed at 845 and 850°C for various 
periods in the closed system. One-step and two-step transi- 
tions in the relationships of electrical resistance and temper- 
ature revealed the coexistence of high-To 2223 and low-To 
2212 phases in the resultant films. 

3.2. The Bi2PbSr2Ca2Cu3Oyfilm (film B) 

The dashed curves in Fig. 1 depict the thermal character- 
istics of the Bi2PbSr2Ca2Cu3Q, powders which were 
scratched from the as-sprayed films. The broad exothermic 
peak at 100-200°C shows a minor weight loss of 1.25%, 
which corresponds to the evaporation of mist and partial 
decomposition of nitrates into carbonates; the other small 
exothermic peaks correspond to 10.0% weight loss with a 
stepped variation appearing around 500-750°C, which shows 
the complete decomposition of residual nitrates. Following 
these, two exothermic peaks appear at the neighbouring tem- 
peratures of 803 and 850°C with various reaction heats and 
gradual weight loss that may be due to the decomposition of 
the residual carbonates formed during the pyrolysis reaction; 
finally, a constant weight loss of ~ 13.5% is approached. The 
reaction, formation and partial melting phenomena of super- 
conducting oxides may occur at about 850°C. The thermal 
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Fig. 5, (a) The critical transition temperature (To,~ro) and (b) the volume fraction of high-To 2223 phase of the films A annealed at 840, 845 (in closed and 
open systems) and 850°C, for 5, 10, 20, 25 and 50 h. 

characteristics of films A and B are similar, although the 
exothermic peaks appear at different temperatures and the 
extent of reaction heat is different. This is attributed to the 
difference in the stoichiometrie ratio of (Bi + Pb)/Sr,  namely 
1.0 for film A and 1.5 for film B, hence resulting in the change 
in thermal reaction and appearance of the peaks. Since the 
formation reaction and annealing temperatures of the super- 
conducting film are near its melting temperature, the com- 
position is likely to change because of component 
vaporization, especially in a thin film during fabrication. The 
vaporization of Ba and Cu constituents in YBaCuO and of 
Bi, Pb and Cu components in BiSrCaCuO and BiPbSrCaCuO 
systems in atmospheres of O~, air and No has been reported 
in the literature [22,23] and vapour pressures for Cu are 
higher and those for both Bi and Pb are lower than the values 
estimated from as-sprayed films. 

Table 1 shows the chemical compositions of the resultant 
films as determined by ICP-AES. Compositional comparison 
of the as-sprayed film and resultant film shows that the stoi- 
chiometric variation of Bi and Pb constituents in the film 
annealed in the closed system is smaller than that of Cu. But 
the compositional variation of Bi, Pb and Cu in the open 
system is largely different from that in the closed system. The 
difference is attributed to the compositional loss of Bi, Pb 
and Cu in the as-sprayed film in the dosed system and can 
be compensated from the Bio.sPbo.zSrCaCuzOy bulk source, 
whereas this is not possible in the open system. In general, 
the melts of Ca-Cu-containing compounds appearing in the 
superconductor ceramics flowed out and adhered to the car- 
tier boat, which resulted in the higher compositional loss of 
Cu and Ca than Bi and Pb in the bulk ceramics. Excess amount 
of CuO and CaO [ 10] in the preparation of superconducting 
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Fig. 6. SEM morphologies of the films A annealed at 840°C for 5 h (a), 50 h (b) and 850°C for 5 h (c), 50 h (d). 

Fig. 7. Surface microstructures in the films A annealed in the closed system at 845°C for 5 h (a), 50 h (b) and in the open system at 845°C for 5 h (c), 
50 h (d). 
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Table I 
Chemical compositions of the films A and B annealed at 845°C for 20 h in closed and open systems 

Starting compositions Processing conditions Chemicai composition of resultant films 

Bi Pb Sr Ca Cu 

BiLsPbo.2SrzCa2Cu~O~, 845°C (closed) for 20 h 1.91 0.19 1.97 
845°C (opent for 20 h 1.51 0.15 t.98 

Bi,Pb_,Sr,Cao_Cu30,. 845°C (closed) for 20 h 2.15 1.98 2.02 

2.12 3.16 
1.89 2.52 

21i3 3.0£ 

oxides has had a compensation effect on the formation of 
high-To 2223 phase for the vaporization and melting of Cu 
and Ca during the reaction. However, the compensation effect 
of the BiosPbo2SrCaCu20,, bulk source on the as-sprayed 
films and prevention of evaporation of bismuth and lead in 
the closed system during the post-annealing reaction are evi- 
dent. The dominating phases in the as-sprayed film B are 
CaCO~ and SrCO3, in contrast to the C a C O  3 alone in the as- 
sprayed films A. The SrCOB phase appeared in the as-sprayed 
film A annealed at 500°C for 5 h and disappeared in the film 
annealed at about 700°C. The C a C O  3 and SrCO3 phases 
appeared in the as-sprayed film B, indicating the decompo- 
sition of metal nitrates into carbonates in the preheated sub- 
strates during the spray deposition of metal nitrate at low 
temperature, as demonstrated by the exothermic peak at 100- 
200°C. 

Fig. 9 shows XRD patterns of Ca2PbO4 in the films B 
annealed at 840°C for 5 h (a), 10 h (b), 20 h (c),  25 h (d) 
and 50 h (e). The intensity of Ca~_PbO4 peaks in the films B 
annealed at 840°C gradually decreases when the processing 
time is increased and disappeared for 50 h. The film annealed 
at 840°C for 50 h shows nearly a single 2223 phase. The as- 
sprayed films annealed at 845°C for various periods show an 
increase of high-To 2223 phase and a decrease of Ca~_PbO4 in 
the XRD relative intensities as the reaction time is increased. 
This phenomenon shows that the Ca~_PbO4 phase plays a 
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Fig. 8. Typical resistance-temperature relationship of the films A annealed 
at 840°C for 5 h (at, 10 h (b), 20 h (c), 25 h (dr and 50 h (e). 

critical role in the formation of high-To films along with the 
2223 phase and several reports have proved the catalytic 
effect of Ca2PbO4 phases in the bulk [3,4,9]. 

Fig. 10(a) and (b) shows, respectively, the critical tran- 
sition temperature (To ..... ) and volume fraction of high-To 
2223 phase for the films B annealed at 840 and 845°C for 
various periods. A high critical transition temperature of 104 
K can be achieved for the films annealed at 840°C for 10 h 
and the volume fraction of high-T~. 2223 phase also increased 
with increasing treatment time. On the other hand, the critical 
transition temperature and volume fraction of high-T~ 2223 
phase of films A annealed at 840°C for 10 h are 100 K and 
above 93%, respectively. 

Fig. t 1 shows SEM photo~aphs of the films B annealed 
at 840 and 845°C. Both needle-like and plate-like micro- 
structures appear in the films annealed at 840 and 845°C for 
5 h (Fig. l l ( a )  and (c)) ,  while the width and length of the 
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Fig. 10. (a) The critical transition temperature (Tc,~o) and (b) the volume fraction of high-T~ 2223 phase of the films B annealed at 840°C and 845°C for 5, 
10, 20, 25 and 50 h. 

plate-like microstructures increase with increasing process- 
ing time (Fig. 11 (b) and (d)) .  On the other hand, the needle- 
like microstructures gradually decrease as the duration of 
annealing treatment is increased. These results explain that 
long-period annealing treatment at an appropriate range of 
temperatures is beneficial to the formation of high-To 2223 
phases and is consistent with the reaction route in the film A 
along with Bi-based bulk. 

Fig. 12 shows the voltage-current relationship for the film 
B (a) and film A (b) annealed at 840°C for 10 h. The trans- 
port critical current densities, Jc, of the resultant films at 77 
K in zero magnetic field were calculated to be 1.8 × 104 and 
2.2 × 103 A/cm 2 for films A and B, respectively. VanDover 
et al. [24] reported that a critical current density of 5 × 104 
A/cm'- has been measured for single-crystal BizSrzCaCu2Oy 

in zero applied magnetic field and the critical current densities 
of the sample decreased with increasing magnetic field and 
vanished in a field of 5 kOe. A combination of rolling and 
uniaxial pressing with intermediate sintering on the Bi-2223 
phase is effective not only for the Ag-sheathed tape but also 
for the screen-printed film, to obtain high Joo values above 
1 × 104 A/cm 2 (77 K, 0 T) [25] and the critical current 
density of Bi-based thin film and single crystal can be 
enhanced by irradiation and creating artificial pinning centres 
during the process of thin-film growth [26]. At present, the 
preparation of high-To Bi-based superconducting films by 
spray pyrolysis and post-annealing can also achieve compa- 
rable value with the above-mentioned Bi-based films without 
additional processing steps such as rolling, pressing and 
irradiation. 



234 H.-S. Koo, T.-Y. Tseng /Materials Chemistry and Physics 56 (1998) 226-235 

: , , , -  , , , , .  , 

Fig. 11. SEM photographs of the films B annealed at 840°C for 5 h (a), 50 h (b) and at 845°C for 5 h (c), 50 h (d). 
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Fig. 12. Voltage-current relationship of the resultant films of Bi2PbSr2Ca2Cu3Oy 
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(a) and Bil.sPbo.2Sr2Ca2Cu30~. (b) which were annealed at 840°C for 10 t l .  

4. Conclusions 

Highly c-oriented and hearty high-To 2223 single-phase 
films were synthesized from as-sprayed films of 
Bil.sPbozSr2CazCu3Oy and BizPbSrzCazCu30 >, annealed at 
845°C for 20 h. The amorphous as-sprayed films were crys- 
tallized and transformed into high-T~ (2223) phase, low-To 
(2212) phase and C a z P b O  4 during the annealing process, 
these phases being detected by means of XRD in the annealed 
films. The relative intensity of the CazPbO4 phase in the XRD 

pattern gradually increased at annealing temperatures below 
800°C, decreased at above 800°C and finally disappeared at 
840-845°C, depending on the stoichiometric metal ratio. This 
indicates that the Ca2PbO4 phase plays a crucial role in the 
formation of high-Tc superconducting film as with the bulk. 
The as-sprayed films annealed in a closed system with a Bi- 
based bulk source are favourable for the preparation of the 
2223 phase, whereas the 2212 phase is formed in the open 
system. The difference may be attributed to compensation 
and diffusion of constituents in the Bi-based bulk source into 
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as-sprayed films in the closed system. The 2223 phase has 
plate-like morphology and the 2212 phase needle-like mor- 
phology. A critical transition temperature of about 104 K and 
a critical current density around 1.8 × 104 A/cm ~ could be 
obtained in the 845°C-annealed film B. 
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