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ABSTRACT

Thick (8 to 10 um) Ba-Ca-Cu-0 films have been rf
magrietron sputtered onto Ag alloy (Consil 995) substrates.
The films were given a post-depositicn anneal in an over
pressure of Tl in order to form the superconducting phases.
Annealing protocols were done which result in predominantly
the 1212 and 2212 phases. The substrate orientation was
varied to determine its effect on film orientation. Material
properties of the films were characterized by x-ray
diffraction (XRD), ion beam backscattering spectroscopy,
energy dispersive x-ray analysis (EDAX), and scanning
electron microscopy (SZM). Electrical characterization of
the films was done using dynamic impedance (DI) at 10 kHz and
rf surface resistance (Rg) at 18 GHz in a TEpj) fundamental
mode cavity.

INTRODUCTION

High-temperature superconducting (HTS) materials have
potential practical apglication in rf and microwave
accelerating cavities. This applicgtion Eequires that
relatively large-area substrates (10¢ - 10 m“) be used
which have good thermal conductivity to the coolant medium.
Further, the substrate material must be capable of: being
shaped or machined into non-planar geometries; having good
bonding properties; being resistant to oxidation at elevated
temperatures; and having minimal deleterious effects on the
electrical properties of the HTS material. 1In a few
instances, these stringent requirements are met by pt? and
Au. However, other work shows both of these ?1ements to be
deleterious to the superconducting properties. Silver has
been more frequently used as a substrate material or in
combinatign wét9 gTS systems with no deleterious effects
detected.4+3:6,7, Also, it is far less expensive than the
former metals. Consil 995 is an age-hardenable alloy of Ag
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as well as having increased strength at high ternperatures.9
Its composition is 99.5% Ag, 0.25% Ni, and 0.25% Mg.

Film deposition on large areas is practical using a
variety of techniguig which incluae orginometallic chemical
vapor_deposi%i?g, ' plasma spraying, or sputter
deposition.*<’ This work uses rf magnetron sputtering from
a single oxide target of Ba-Ca-Cu-0. The Tl is introduced in

a post-deposition annealing step when the HTS phases are
formed.

Using these sputtered oxide precursor tilms, anneal
protocols were varied to determine the parameter space needed
to obtain predominantly c-axis oriented Tl-based HTS films on
rolled Consil substrates. In the second phase of this work,
this information was combined with variations in substrate
orientation to optimize materials properties of the final
films. Finally, the surface resistance of a 38 mm diameter
film on a rolled Consil substrate (the most facile method for
metallic substrate preparation) is measured.

EXPERIMENTAL JROCEDURES

A metal oxide target of the nominal BajCajCujCy
compositicon was used in a 12 cm diameter rf magnetron sputter
gun. Substrates were placed 35 mm from the target on a
planetary style (dual-axis) rotator. During deposition, as
many as five 38 mm diameter substrates may be coated
simultaneously. Deposition conditions are input power=1.7
W/cm“, deposition rate=8 nm/min, film thickness=0.8x10" to
1.0x10% nm, _and spgtter gas composition-paitial pressures of
Ar/02=8x10'3/4x10' torr. The background plasma heats the
substrates to over 200 °C during ¢ position. Ion beam
backscattering spectroscopy snowed the cation composition of
the films to be within 10% of the comgosition of the target.
The substrates used were either ~1 cm“ for comparative
studies in materials and DI characteristics, or were 38 mm in
diameter for materials characterization and Rg measurements.

The post-deposition annealing apparatus used t? generate
the Tl over pressure has been described previnusly. 4
Annealing temperatures varied from 885 to 910 °C. The dwell
times at these temperatures were also varied from a few
minutes up to thirty minutes. Several 1 cm“ films could be
annealed simultaneously but only one of the 38 mm diameter
films could be annealed at a time.

The effect of substrate texture on the orientation of
the HTS film was considered. 1If the lattice spacing of the
substrate can be made an integral multiple of the HTS film a-
axis, preferential c-axis orientation of the film should ke
enhancad. In the case of cubic Ag, several choices exist.
Rolling of Consil produces predominantly (220) texturing with
lattice spacing differing by 12.¢% [rom that of the T1 HTS a-
axis. Drawing of Consi' produces predominantly (200)
texturing which results in a 6.2% difference. 'These two
cases plus an as cast, unoriented Ag substrate were examined
to determine the effect of substrate texture on film
orientation. (311) »r (331) substrate textures would also
result in comparable lattice matching but were not pursued.



Films of Tl superconductor (1 cm2) were prepared
simultaneously on the three substrate types. They were then
characterized by XRD, ion beam backscattering, EDAX, SEM, and
DI. A 38 mm diameter film on rolled Consil was also produced
for this study so that an 18 Gliz Rg measurement could be
obtained in addition to the other materials
characterizations.

The temperature dependent Rg of the large-area film was
measured using an end wall repigcement technique, which is
described in a previous paper. Briefly, the cavity is a
cylinder operating in the fundamental TEgj, mode. One of the
end walls is replaced with a HTS superconducting film. The
Rg of the film is then computed from the change in the cavity
quality factor (Q) caused by the replacement.

The DI technique is similar to ac susceptibility
measurements. However, the DI technique uses only one
inductive coil and measures its out-~of-phase (inductive)
component at a set drive frequency caused by the coupling
between the coil and the supercurrents induced in the £ilm.16
This information correlates to the onset of supercurrents in
a superconducting film as a function of temperature. This
technique also provides a relative measure of the amount of
material which gets converted into the superconducting state.
Currently, the DI measurements can only be done on films
whose diameters are < 25 mm.

RESULTS

Using rolled Consil substrates, it was found that
predominantly c-axis orientation of the HTS films occurs only
when a threshold temperature is reached during the anneal
cycle. For a dwell time of two minutes, XRD showed the film
structure to be unoriented if the maximum temperature was 885
°C, or less. This is illustrated in Figure la. If the
maximum anneal temperature was increased to 890 °C, then XRD
showed (Figure 1b) the films to have a predominantly c-axis
orientation. For both films, a ramp-up and ramp-down rate of
16 °C/min was used. Thus, orientation occurs relatively
rapidly during the higher temperature anneal. SEM showed the
unoriented films to be equiaxed with angular edges while the
c~axis oriented films consist of flat tabular grains that are
nominally parallel to the substrate surface. These plate
like grains are rounded at the edges. This latter
observation as well as the rapidity of anneal used implies
that a liquidus state is attained during the higher
temperature anneals which result in the c-axis films.

For the films deposited and anneale'l 3imultaneously on
the three separate types of Consil substrates, an anneal time
of thirty minutes was used. Figure 2 illustrates the XRD
patterns of the three films. For these films the predominant
HTS phase is 1212. A small amount of 2212 material is also
found on the film on the cast substrate (I'ig. 2a). All of
the films have c-axis orientation. The abundance of
favorakle lattice matching orientations of Ag with the HTS
basal plane makes even a cast unoriented Ag substrate 1ikely
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to produce HTS film orientation. It is seen that the peak
intensities increase as the lattice match of the substrate
with the HTS basal plane becomes more favorable. That is,
the least to greatest peak 1212 intensities are for films on
the cast, rolled, and drawn substrates, respectively. The
non-HTS oxides found on all three substrates are Ca0 and
T120. The intensities of these non-HTS oxides are
approximately the same for the films on the drawn and cast
substrates and slightly less for the film on the rolled
substrate.

Note that the (00£) peaks of the 1212 phase in figure 2
are narrower than those of the 2212 (007) peaks seen in
figure 1b. Equally narrow (00f) peaks have been seen on
every 1212 textured film made to date in our program. The
(002) peaks for non-1212 phases seen on other films made in
this program have always heen found to be wider than for the
1212 (002) peaks. This is attributed to fewer defects within
the 1212 grains than those of osber phases. Defects arise
from the intergrowth of phases.”’ This implies that the 1212
phase liig at the left edge of a pseudo-binary phase
diagram.

SEM of the three films shows essentially the same
features. As shown in figure 3a, the films consist of large
(= 30 um) flat tabular grains which appear to be fused
together. Figure 3b shows concentrations of hemispheres
which are also found on all three films. EDAX shows these
hemispheres to be primarily calcium oxide. However, an
occasional hemisphere is found to be primarily Ag. The
specific gravity of calcia is roughly one-half that of the
HTS material. Also, the melting point of calcia is more than
twice that of the HTS material. Thus, it is not unreasonable
to assume that it rises to the surface of the superconducting
material during the liquidus portion of the anneal cycle. No
reasnn can be advanced for the Ag globules found on the
surface.

Using an election probe beam energy of 25 keV, EDAX of
the platelets shows them to be Tl-Ba-Ca-Cu-0 material with no
Ag detected. (The limits of detection for Ag are 0.1 to 0.5
wt.$ for this technigie.) Assuming a HTS density of 6.5
gm/cm”, a Monte Carlo simulation of the penetration depth for
25 keV electrons is approximately 1.6 um. Thus, (except for
the distinct surface globules of Ag) the Ay has not diffused



(2a) (2b)
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Fig. 2 X-ray diffraction patterns of three HTS films
deposited and annealed simultaneously on three different
substrat»s: (a) cast Consil, (b) rolled Consil, and (c) drawn
consy

(3a) (3b)

Fig 3. Scaniing electron micrographs ot anncaled (ilms on
rolled Consil substrace. 3(a) shows the grains to be tabular
with rounded edqge:. 3(k) shows a vegion where Cao
hemisphere: have congregated.



Figure 4 shows the spectra for high-energy (8.8 MeV)
ion-backscattering from an as-deposited and annealed film.
Also shown is a BajCajCuj;0, simulation of the unannealed
film. The as-deposited film spectrum indicates that some Ag
diffusion has occurred during deposition of the oxides. The
annealed film spectrum shows the Tl addition to the film as
well as a greater degree of Ag diffusion into the film. A
simulation of the spectrum which most closely fits the
annealed films’ backscattering data indicates the
stoichiometry to be Tlg gBaj; gCaj, gCus . gOg. (This fit
assumes the addition of the Tl has increased the film
thickness to 11 um and the atom density is 3.43 at/cm3.)

The backscattering data provides a qualitative estimate
of how near Ag is to the film surface. It is observed that
the high-energy backscattering limit for Ag occurs at
= 6. 6MeV. (This v?&ue would be 7.6 MeV for Ag at the
surface.) A TRIM (1Ransport of Ions in Matter) calculation
of the energy loss of the detected ions on their trajectories
within the target suggests a corresponding scattering depth
of =3 um. There is, therefore, little or no Ag within
approximately 3 um of the film surface.

Dynamic impedance measurements of the films show all
three to have transitions approximately 40 K wide. Other
films whose XRD spectra exhibit weak orientation (e.g. for a
1212 film with (103) peak intensity 1/4 that of the (005)
peak) show no transition at all using the DI method. As
shown in figure 5, the 1212 film on the drawn substrate has a
transition which starts at approximately 90 K. The film on
the rolled substrate had a transition nearly identical to
that of Fig. 5. The film on the cast substrate, which has a
small amount of 2212 material has a transition which starts
at 105 K. The relatively good quality of the XRD data for

20
E=8.8 MeV
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heavy. unanncaled
dotted: simulation
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Fig 4. Backscattering spectra of unannealed and annealed
film. Alsn shown is a simulation for an unannealed
BayCaiCuj0x film.
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Fig. 5. Dynamic impedance measurement of a HTS film on a
drawn Consil substrate.

these films makes the 40 K transition width seem rather high.
These widths are attributed to the non-HTS material found on
the surface by SEM.

A 38 mm diameter film was then prepared on rolled Consil
in a fashion similar to the previous films. The annealing
times were shortened in an attempt to reduce the amount of
the non-HTS material on the film surface. Figure 6 shows the
XRD spectrum for this film to be primarily c-axis oriented
and predominantly the 1212 phase. The amount of non-HTS
oxide is also much less than for the previous films. SEM
showed the surface morphology of this film to be similar to
that of the film illustrated in Fig. 3. However, EDAX shows
the residual material seen on the surface of the large
tabular grains to be primarily HTS rather than CaO. The non-
HTS oxide that is found is BaCuO;. The Rg Vvs. temperature of
this film is shown in figure 7. The Rg for this film is 4.2
ma (@ 12 K, 18 GHz). This is the lowest value we have
attained to date for large-area films on metallic substrates,

CONCLUSIONS

In summary, 11 um thick superconducting films of Tl-Ba-
Ca-Cu-0 on Consil 995 have been prepared by rf magnetron
sputtering from a compound target of Ba-Ca-Cu-O and annealing
in a over pressure of Tl. The tilms become orlented with the
c-axis predominantly perpendicular to the substrate surface
if the anneal temperature is sufficiently high. The c-axis
orientation is further improved if the substrate is textured
so that its lattice spacing is nearly an integral multiple of
that of the HTS basal plane. This occurs by two common metal
processing techniques, rolling or drawing. SEM shows the c-
axis oriented tilms to have attained a liquidus state during
their annealing with some segregation of calcia to the
surface of the films. Dynamic impedance shows the films to
have comparable transitlion widths. Ion-beam backscattering
shows the Ag to diffuse into the films. A TRIM calculation
indicates that the Ag is no closer than =3 um from the film
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Fig. 7. Surface resistance versus temperature for a 38 mm
diameter HTS film on a rolled Consil substrate.

surface. EDAX shows that the diffusion of Ag into the films
does not come any closer than =1.6 um from the surface.
Surface resistance measurements of a 38 mm diameter highly-
textured HTS film on rolled Consil yield a value of 4.2 mo at
18 GHz and 12 K.

ACKNOWLEDGEMENTS

The authors graiefully acknowledge the technical
assistance of Caleb Evans, Joe Tesmer, and Mark Hollander of
the LANL Ion Beam Materials Laboratory. This research was
supported by the US Army SDIO Contract W31RPD-9-P4047 and the
DOE/LANL Superconductivity Pilot Center.



REFERENCES

1. D. W. Cooke and E. R. Gray, High-frequency cavity
applications and measurements of high-temperature
superconductors, in: "Conference on Righ Temperature
Superconductivity", Huntsville, Alabama, GACIAC, IIT Research
Institute, Chicago, IL May 23-25, (1989).

2. S. Hatta, H. Higashino, K. Hirochi, H. Adachi, and K.
Wasa, Pt-coated substrate effcct on oxide superconductive

films in low-temperature processing Appl. Phys. Lett. 53:148
(1988).

3. ¢. L. Chien, Gang Xiao, F. H. Streitz, A. Gavrin, and M.
Z. Cieplak, Effect of noble metal buffer layers on

superconducting YBaj;Cuq0 thin films_Appl. Phys. Lett.
51:2155 (1987).

4. S. Jin, R. C. Sherwood, T. H. Tiefel, G. W. Kammlott, R.
A. Fastnacht, M. E. Davis, and S. M. Zahurak
Superconductivity in Bi-Sr-Ca-Cu-0 Compounds with Noble Metal
Additions Appl. Phys. Lett. 52:1628 (1988).

5. J. M. Zhang, B. W. Wessels, L. M. Tonge, and T, J. Marks,
Formation of oriented high T, superconducting Bi-Sr-Ca-Cu-0
thin rilms on silver substrates by organometallic chemical
vapor deposition, Appl. Phys. lLett. 56:976 (1990).

6. C. L. Bohn, J. R. Delayen, U. Balachandran, and M. T.
Lanagan, Radio frequency surface resistance of large-area Bi-

Sr-Ca-Cu~0 thick films on Ag plates Appl, Phys. lLett. 55:304
(1989).

7. K. Heine, J. Tenbrink, and M. Thoner, High-field critical
current densities in Bij;Sr;CaCu0g4+x/Ag wires Appl. Phys.
Lett. 55:2441 (1989).

§. D. W. Cooke, E. R. Gray, P. N. Arendt, J. G. Beery, B. L.
Bennett, D. R. Brown, R. J. Houlton, M. S. Jahan, A. J.
Klapetzky, M. A. Maez, I. D. Raistrick, G. A. Reeves, and B.
Rucnak, Microwave characterization of high-temperature
superconductors, in: "Processing of Films for High Tc
Superconducting Electronics," T. Venkatesan ed., SPIE
Bellingham, WA, (1989).

9. C. Caldwell, R. Santandrea, R. Beauregard, Babcock and
Wilcox Report No. NTR-3770, Jan. 16, (1989).

10. A. D. Beery, D. K. Gaskill, R. T. Holm, E. J. Cukauskas,
R. Kaplan, and R. L. Henry, Formation of high T,
superconducting films by organometallic chemical vapor
deposition Appl. Phys. Lett. 52:1743 (1988).

11. K. Tachikawa, I. Watanbe, S. Kosuge, M. Kabasawa, T.
Suzuki, Y. Matsuda, and Y. Shinbo, High T, superconducting
films of Y-Ba-Cu oxides prepared by low-pressure plasma
spraying, Appl. Phys. Lett. 52:1011 (1988).

12. J. H. Kang, R. T. Kampwirth, and K. E. Gray,
Superconductivity in sputtered thin films of Tl-Ba-Ca-Cu-0O
Phys, Lett, A 131:208 (1988).



13. M. Hong, S. H. Liou, J. Kwo, and B. A. Davidson,
Superconducting Y-Ba-Cu-O oxide films by sputtering Appl.
Phys. Lett. 51:696 (1987).

14 P. Arendt, W. Bongianni, N. Elliott, and R. Muenchausen,
Magnetron sputtering of thin films of Tl-Ba-Ca-Cu-0, in:
"Science and Technology of Thin Film Superconductors,"R. D.
McConnell and S. A. Wolf eds., Plenum New York (1989).

15. D. W. Cooke, E. R. Gray, R. J. Houlton, B. Rusnak, E. A.
Meyer, J. G. Beery, D. R. Brown, F. H. Garzon, I. D.
Raistrick, A. D. Rollett, and R. Bolmaro, Surface resistance
of YBasCuj07 films on SrTiO; and LaGaOj substrates Appl.
Phys. Lett. 55:914 (1989).

16. H. L. Libby, 1971, "Introduction to Electromagnetic
Nondestructive Test Methods," Robert E. Krieger Publishing
Company, Malabar FL.

17. K. Higaki, H. Itozaki, S. Tanaka, K. Harada, and S. Yazu,
High Jc BiSrcCacCuO supercconducting thin film, in "Critical
Currents in High-Temperature Superconductors," J. Clem, J.
Ekin, S. Jin, and D. Kroeger eds. MRS, San Francisco Ca Apr.
17-10, (1990) in press.

18. T. Kotani, T. Kaneko, H. Takei and K. Tada, Crystal
Growth and Superconductivity of Tl-Ca-Ba-Cu-O0 System, Jpn, J.
Appl. Phys 28:L1378 (1989)

19. J. F. Zeigler, J. P. Biersack, and U. Littmark, 1985,
"The Stopping and Range of Ions in Solids," Pergamon Press,
New York NY.



