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Abstract

In order to apply high-7;. material to a real accelerator cavity,

it may be indispensable that the material is deposited on metal

substrate. It isnow possibleto aign the c axis of YBa;CusO,

(YBCO) film perpendicular to ametal surface. Furthermore, the
congtituent crystals can be in-plane aligned with alaser ablation
technique following the formation of yttria-stabilized-zirconia
(YSZ) buffer layer of controlled grain orientation. Using a de-
mountabl e copper cavity operated at 13 GHzinthe TEy;; mode,

the microwave surface resistance was measured over atempera

turerange from 11 K to 300 K.

|. INTRODUCTION

Sincethe discovery of ahigh-7; superconductivity, the possi-
bility to useahigh-7'c materia to an accelerator cavity has been
discussed. For high-power accelerator cavities, not only must
high-7. filmsbe deposited onto large-area substrates of complex
shape, but the use of metallic substrates of high thermal conduc-
tivity is also essential. As the thermal conductivity of high-7.
materiasisrather low[1], heat must be released to keep the film
in a superconducting state even under a high field.

In KEK we have been involved[2] in developing thick high-
T films of YBCO or Bi»Sr,CaCu,O,. The YBCO films were
prepared through alow-pressure plasma-spraying technique and
melt-reaction process either on silver substrate or nickel-plated
copper substrate. The Bi»Sr,CaCu,0, films were prepared ei-
ther by ascreen-printing or spraying method either on silver sub-
strate or silver-plated copper substrate. The microwave surface
resi stances were measured using ademountable cylindrical cav-
ity made of copper at 3 GHz inthe TE;;; mode. The surfacere-
sistanceof YBCOfilm onasilver end platewas 0.2 m at 20K.
However, the preparation of well-controlled surface of thissize
(the diameter and length is 150mm and 84mm, respectively) is
expensive, time-consuming and not necessarily successful.

Therefore we made another demountable cavity operated at
13 GHz of the same mode. It was cooled by a compact refrig-
erator and temperature-controlled from 11 K up to the room-
temperature. The high-T'c filmswere formed by alaser-ablation
method onwell-controlled Y SZ layer. The surface resistances of
the samples were found from the measured quality factors fol-
lowing the same procedure as before[2]. However, asthereflec-
tion at 13 GHz wasmore severe and temperature-dependent than
that at 3 GHz, we were required to be more cautious in measur-
ing the rf parameters.

1. FABRICATION OF FILMS

AnY SZ/Cr film was used as buffer layer for the deposition of
Y BCO on copper substrates. The Cr underlayer was found to be
essentia to protect copper against oxidation, resulting in good
adhesion of the Y SZ layer on copper. Copper substrates, 36-mm
dia. disk with a thickness of 3 mm, were polished to a mirror
finish. They were then ion-plated with the Cr layer of about 0.5
m, subsequently sputter-depositedwiththe Y SZ buffer layer of
asthick as 0.8 um.

The grain orientation of YSZ layer was controlled using a
modified bias sputtering technique. The technological funda
mental s of this method were reported el sewhere [3], [4], [5].
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Figure1. The configuration of electrodes.

SPECINEN

Figure 1 showsa pair of specially devised electrodesinstalled
in the sputtering system. Using this equipment, we made an at-
tempt to obtain Y SZ filmswithin-planetexturing over thewhole
surface of the sample. In brief, the films grown without the bi-
ased electrodes showed a poor crystallinity and random orienta
tion. In contrast, when anegatived.c. biasof 200V was applied
both to the substrate holder and auxiliary electrodes, an appar-
ent in-plane texture occurred in the films. However, the degree
of in-planetexturing varied depending upon the sample position;
films grown on the part of of the substratelocated directly above
the center between the two auxiliary electrode plates, showed
comparatively poor texture. Thisis because glancing angle ion
bombardment during deposition is one of the requirements for
the achievement of in-plane texturing. However, at this area,
ArT ionsimpinge on afilm not obliquely but at almost right an-
gles. In order to avoid the growth of this poorly-oriented film,
masks made of zirconium tape were placed at these postions,
asillustrated in Fig.1. In addition, we incorporated a movable
substrate holder el ectrode which enabled usto slidethe substrate



horizontally during deposition. After a definite time of deposi-
tion, the substrate was moved horizontally so that afilm within-
plane texturing could grow on the masked area. Consequently
the whole area of the substrate was successfully covered with
in-planetextured Y SZ thin films. We call this method " masked
and moved” depositionmode. In contrast tothis, thefilmsgrown
under "maskless and fixed” mode exhibited poor texturing from
placeto place. Inthe present paper, we characterize Y SZ buffer
layers as "untextured”, "partialy in-plane textured”, and "in-
plane textured”, each corresponding to the films grown under
(1) unbias-sputtering mode, (2)" maskless and fixed” deposition
mode, and (3)"masked and moved” deposition mode, respec-
tively.

The copper substrates thus precoated with Y SZ/Cr buffer
layer were used for deposition of YBCO filmsusing thelaser ab-
lation techniquel5]. In order to obtain uniformlargearea Y BCO
films, themirror was oscillated so that an excimer laser beam re-
flected from the mirror could be scanned on the rotating target
surface. However, the film thickness was distributed on the en-
tire substrate between 1.5 and 2 ym. Figure 2(a) showsthe pole

Figure2. Polefigurefor (a) in-planedigned YBCO,(b) in-plane
non-aligned YBCO films.

figure for (103) peaks of the YBCO films deposited on the in-
plane textured Y SZ buffer layer. From thisfigure, we can see
that the c axis of the Y BCO filmswas oriented normal to the sub-
strate, and theaand b axes were aligned to the Y SZ [110] axis at
theinterface of thefilms(designated asin-planedigned Y BCO).
Figure 2(b) shows the pole figure for the YBCO film grown on
untextured Y SZ buffer layer. The c axis of the YBCO film was
aligned perpendicular to the surface, but the others were dis-
tributed randomly (designated as in-plane non-aligned Y BCO).
Figure 3 shows resistance-vs-temperature

curves of YBCO films deposited on (a) untextured- and (b)
textured-Y SZ buffer layers, together with that (c) of YBCO film
grown on (100)MgO for comparison. This figure reveals that
both YBCO films on the Y SZ buffer layers have zero-resistance
temperature 7., of about 86 K. On the other hand, YBCO film
on (100)MgO exhibited the T:., of 88.5 K and the resistance
curve can be extrapolated to the origin. These results indicate
that the formation of the proper buffer layer can further improve
the superconducting properties of polycrystalline YBCO films
on copper substrates. Transport /. was measured using a four-
point probetechnique. Thefilm grown onin-planetextured Y SZ
buffer layer gave J. of 1.0 x 10°> A/cm?, whereas acomparable
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Figure 3. Resistance R vs I of YBCO films grown on (@)
in-plane textured, (b) untextured, YSZ buffer layers and (c)
(100)MgO.

filmonapartialy in-planetextured Y SZ buffer layer had a /. of
5.2 x 10* Alcm? at zero field and 77K. Thisresult indicated that
the growth quality of Y SZ buffer layers was found to determine
the texture of subsequently grown YBCO films.

1. MEASUREMENT OF THE SURFACE
RESISTANCE

Figure4 showstheexperimental set-up for microwave surface
impedance measurements using a 13 GHz cavity. The diameter
2a is30 mm and the length/ isalso 30 mm. It consists of a cop-
per host cavity and a copper end-plate. The end-plateis adisk
with 36 mm diameter and 3 mm thicknessand is substituted with
one covered with high-7:. film. The temperature of the cavity is
controlled from 11 K to 300 K with a closed-cycle refrigerator
and a 50 W hesater. As the coupling constants change dramati-
cally during temperature rise, we can adjust them from outside
the vacuum chamber. With aconstant temperature step, we mea-
suretheresonant frequency, quality factor ()1, and coupling con-
stant 3, and 3, of thetwo coupling ports. Asthereflectionsfrom
components change during the temperature increase, the reflec-
tion coefficients are caculated by fitting their background with
an order-two polynimal.

Initially the unloaded quality factor Qq -(7') of the copper
cavity is measured as a function of temperature 7', and the sur-
face resistance of copper R (1) is calculated. Then the end-
plate isreplaced by one covered with a YBCO film, and the un-
loaded quality factor Qo s(T") is measured. Using these quality
factors and two geometrical factors & and ¢, the surface resis-
tance Ry (T') of thefilm a temperature 7" is given by

Ry(T)/ R o(T) = k(Qo,e(T)/Qos(T) — c). @
Fora = 15mmand ! = 30mm, we have k = 13.903 and ¢ =
0.92808.
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Figure4. Experimental set-upfor microwave surface resistance.

V. EXPERIMENTAL RESULTS AND
DISCUSSION

Fig.5 showsthe surface resistance of thecopper R, -(1') com-
posing the host cavity. The value below 32.7 K fallesless than
10 mS2 and remains almost constant. The value measured for the
3 GHz cavity isalso shown.

Astheinput power to the cavity issmall, therf losses observed
inhigh-7. materialsare explained by amodel of Josephson cou-
pling between the superconductinggrains. Thethick solidlinein
Fig.6 showsthesurface resistance of thein-planealigned YBCO
film and the thick dotted line shows that of the copper. The sur-
face resistance of the sample below 71.5 K islower than that of
copper and around 1 mS2 below 45 K. As the surface resistance
of the materia decreases below than that of the copper, the rel-
ative error increases as described in Ref.2. Thus with a copper
host cavity, the absol ute measurement of alow surface resistance
is substantially inappropriate. Meanwhileit has an advantagein
measuring asurface resi stance with the same order of copper and
for awide temperature range. Note that the situation can be im-
proved to some extent, if we change the geometrical factors.

Before long the properties of the samples would be clarified
through the analysis of the data and will be reported elsewhere.
We can aso obtain the complex impedance through the data
analysis.
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Figure 5. Microwave surface resistance of copper a 3 and 13
GHz.
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Figure6. Microwave surface resistance and quality factor of the
in-plane aligned YBCO film as well as those of the copper.
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