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ABSTRACT 

As an alternative to bulk processing of high-T, materials for conductor applications, we 
have been studying the applicability of physical vapor deposition to the problem of developing 
flexible superconducting elements with high I,. Specifically, we have used a two-step process 
consisting of ion-assisted sputtering of textured buffer layers on nickel-based substrates, 
followed by pulsed laser deposition of Y B ~ C U , ~ , . ~  (YBCO) films. The films have been 
analyzed by measuring the J, of microbridges, I, for 1 cm-wide strips, and field dependence 
up to 9 T. In addition tests have been conducted to determine minimum bending radius of 
the films. 

INTRODUCTION 

Realizing the full potential of high-T, superconductors in applications such as wires, 
magnets, and current leads requires fabrication of the superconducting material into useful 
elements, generally long lengths of flexible tape. Further, such elements must retain a high 
J, that is not severely degraded in high magnetic field, and they must be flexible enough to 
be shaped into final form, e.g. coiled into a magnet. A number of techniques have been 
applied to this problem, including: the oxide-powder-in-tube process [ 11, screen printing[2], 
zone refining[3], liquid-phase epitaxy[4], dip coating[5], spray pyrolysis[6], and melt- 
processing[7]. In this paper, we discuss another technique -- physical vapor deposition -- with 
which we have produced superconducting thick films on nickel-alloy substrates with 
unprecedented J, and a high degree of flexibility. 

FILM DEPOSITION 

We have previously reported the laser deposition of YBCO films on single-crystal yttria- 
stabilized zirconia (YSZ) substrates having J, >1 MNcm’ at a film thickness of >6 pm[8]. 
Although there are a few applications for such films on rigid dielectric substrates, most are 
precluded because the substrates are neither available in long lengths nor sufficiently flexible 
for shaping into coils. Of the substrate candidates that are flexible, the ones that meet 
requirements for vapor deposition are generally polycrystalline metals[9- 151. However, for 
a superconductor to have high J, it must be highly textured, and, unlike the single-crystal case 
where film texture is derived from heteroepitaxial growth directly on the substrate, a textured 
surface must be created on the polycrystalline substrate before growth of a high Jc 
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proceed. This is usually 
accomplished by deposition of a 
YSZ layer with an Ar ion-beam 
simultaneously bombarding the 
growing film~l1,13,15]. 

In this work, ion-assisted ion- 
beam sputtering of YSZ was 
used to produce a textured film 
on the nickel-based substrates 
(usually Hastelloy 242). 
Following the texture layer, 
YBCO was added by pulsed 
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laser deposition in a separate Fig. 1 X-ray $-scan of (103) peaks of YBCO on a 
vacuum chamber. Upon cooling polycrystalline substrate with an ion-textured YSZ layer. 
to room temperature, the films The average peak width of 6.2" W H M  is a measure of 
were superconducting with T, 2 in-plane misalignmenc. 
89K, and were measured without 
further processing except for the application of silver contacts. Details of the film deposition 
steps are given i n  previous publications[8,16,17]. 

The ion-assisted layer provides an excellent template for successive film growth in that it 
is completely (001) oriented and highly aligned in the substrate plane. When YBCO is 
deposited on this template, the in-plane alignment improves further: The best results achieved 
to date for the angular distribution of YBCO is a EWHM of 6.2" (Figure 1). 

RESULTS 

Figure 2 illustrates the 250 

importance of YBCO in-plane m [Singla Crystal Substrarej 

t e x t u r e .  F o r  t h e s e  
measurements, the YBCO 2 
thickness was i pm. It can be h 
seen that as the in-plane l5O 

alignment improves, J, and I, $ 
increase exponentially. For 7 ,oo 

purposes of comparison resuits 
are included for a single- -" 
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crystal substrate, which had a 50 --  

YBCO FWHM of 1.5", and for 
which the I, at liquid nitrogen 

The highest IC on a nickei- 
based substrate in this series is 
-80A at 75K, corresponding to 
a J,. of 800,000 Akm'. This 
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Fig. 2 I, decreases esponentially with the degree of in- 
plane misalignment of YBCO. Inset shows sample size 
and arrangement of silver pads for current and voltage. 



~ s u l t  is coiisistcnt L v i L I i  ~ l i a t  
previously reported for  ;i 

m i c r o b r i d g e  o n  s m a l l  
sample(  16,171; however,  i t  
represents an improvement over 
that work in that i t  demonstrates 
that high J, can be achieved over 
the full width of a 1 cm tape, and 
because it has been achieved in a 
film that is 3x thicker than that for 
the microbridge. 

By further increasing the film 
thickness on I cm-wide Hasteiloy 
to 2 pm, we have reached an I, 
vaIue of 120 A at 75K (600,000 
A/cm2). When placed in a 1 T 
magnetic field parallel to the 
substrate, the I, was still nearly 50 
A, and was nearly 30 A for field 
perpendicular to the substrate. This 
illustrates another advantage of the 
vapor deposition process: Its use of 

1 o6 
I I I 

75 K 

000 

O I  e 

, I 

I I I I 1 
0 2 4 6 8 10 

Magnetic Field (T) 

Fig. 3 Critical current density of a microbridge in 
a high magnetic field that is perpendicular to the 
current direct ion . 

YBCO -- as opposed to the Bi or TI superconductors favored in bulk processing -- offers 
excellent performance in high magnetic fields. 

Recently, we have refined our 
process -- including substrate 
preparation by mechanical polishing 
instead of electropolishing -- and 
have achieved a J, of 1.3 MA/cm2 
in a 330 pm-wide bridge patterned 
on a 1.2 pm thick film. The 
performance of this sample in 
magnetic field is shown in Figure 3. 
Of note is that for a 9 T fieid 
parallel to the substrate and 
perpendicular to current, the J, is 
stili over 1OO,OOO Ncm'. 

Finally, as previously noted, a 
practical conductor must be 
flexible. To investigate this aspect 
of our films. we deposited a 1.2 pm 
film on a 130 p i  thick Hastelloy 
substrate, and fastened it  to a series 
of cylindrical mandrels of 
decreasing diameter. The results, 
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Fig. 4 Bending test results. The minimum bending 
strain with the film in tension is 0.5%. 



shown in Figure 4. indicate that the I, is unchanged from the flat value at a diameter of 1.5 
inches, drops by 5 %  at I inch diameter, and drops sharply at smaller radii. The corresponding 
strain at 1 inch diameter is 0.5%. It should be noted that the film was on the outside of the 
substrate and was therefore in tension; higher allowable strain values are expected with the 
film in compression. 
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