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Abstract the rf critical current density, and the suitability of high-
T, material forsupercoducting rf cavity.
We havestudiedthedependence dhemicrowave fieldat13 ~ Three regimes (Meissner-Ochsenfeld phase at low field,
GHz on the surface resistance of high-superconducting mixed phase at intermediate fields and a normal metallic
Y BaxCuzO7-x films. Themicrowave fieldvaries fromthe phase at higfields) of observetiehavior can belassified[1]
weak field (Meissner effect region) to the field about 408s R.(residual loss) proportional to H2, H and
A/m. The sampleYBa,;CuzO7-x film with c-axis normal |Hgy; — H|, respectively. For the surface impedance of a
to thesurfacewasprepared bjaser ablation method on to superconductor to have its simple forfy = R + jwuA
a copper substrate 36 mm in diameter. From the independent ofH, it is necessary that the superconductor
dependence of the surface resistance thatifatr current remains in the Meissner state. Thized state[3inayoccur
density Jo (T) was determined by grain boundary weakat a low critical magnetic field depending on the material
links model. Jo¢ about 2.8&10° A/cm? at 20 K and quality. For dc field, many studiesi the phase diagram,
about 4x10% A / cm? at 77 K were obtainedly¢ (T) was vortex dynamics, and order parameter effect on the critical
expressed ad;(T) O (1-T/T.)M™with m0.6, 1.2and 1.4 state have been done experimentally and theoretically for

for ourthree highT. samples. type llsuperconductors. Of particular interesto$ paper is
the rf behavior of YBaxCuzO7-x(YBCO) films in the
1 INTRODUCTION critical state, i.e., when magnetic flux has partially pene-

The high-T,, superconductorspen up many possibilities tratedinto the ;ample in the form @fua_nhzedmrﬂges. We
for practicalapplications in various fields. fapid progress Present experiment results of the microwave field depend-
has been made in understanding the new superconduct§RCE On the surface resistance of YBAInd at several
developing better higF, material and fabricating many points of temperature, which yields the intergranular
high-T,. devices or systems such as multilayer SQUIDs‘,Jcrf (T).
thin film or thick film compact filter hybrid oxidedevices,
textured wires and tapes (power transmission cables, mo- 2 CRITICAL STATE
tors, transformers, magnets)ith bulk form,and so on. The microwave response of YBQ@s beeinterpreted in

Of our interest is to study the possibility to the applicderms ofseveral microscopimodels. However, thenly one
tion of a high-T, material in an accelerator cavity. For &or which there is quantitative comparison between theory
high-power accelerator not only must hi@h-films be andexperimentis thenodel ofPortis et al.[Spased on the
deposited on large-area metallic substrates of complexeraction between the microwave currents and free or
shape, bubwer microwave powdoss in highpower levels pinned fluxons created by an external field. When vortices
is essential as well. In conventional superconducting miove along graiboundaries driven biyhe LorentZorce, the
cavity, the accelerating gradient liited by such as the dissipation appears. The surface power absorption per unit
heating caused by the induced rf currents at its surface, #rea isgiven by P = RJ¢ /2, whereJg = [ Jdx = Hg (Hg
critical field orthe superheating critical fieldnd son. The is the peak microwave field) is the peak surface current
dc critical current density Jc of Nb is about density, giving for the absorption rafg = RHS /2. The
10% ~107 A/ cm? at 4.2 K, the rf critical current density work performed irone rfperiod pewunit is the integradver
Jot is 210* A/ cm?[1]. While, for high-T, films the dc  a cycle W, = [Hdgs. The surface flux density is given by
critical current densityde >2x10% A/cm? at 77 K was ¢ =[Bdx=H2u/2J. based on the critical-state field
reported for thin films; Jegp >10° A/ cm?[2] (determined gradient related to the critical current density, by
by the flux-pinning strength of the grains) in dc magneticdH / dx =+J;. Thus, the surface resistance can be ex-
field can besasilyachieved aiow temperaturesiowever, at pressed as Ry = (4uqg/3)(w/2m)(Hg/ J.). The field
microwave frequencietfie behavior of the rf criticalirrent  dependencé is linear in the magnitude ddg. The Ry(H)
density is still unclear. The field dependence of microwawgives the value of the criticalirrent density
surface resistance e of the sensitive probe determine 3 [A/ o1_ 0.167[F[GHz]
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where J.. is the ntergranular rf critical current density or the By this configuratiorng, is negligible in comparison with

Josephson junction rf criticalirrent density. B1, Qy can be evaluated &gy UQ, (1+ ;). While, as
Ref. [7,8] mentioned, the data of microwave surface resis-
3 EXPERIMENTS tance of copperR; ¢, (T) was obtained previously. The
surface resistance of high films can be calculated. Con-
3.1 YBCO filmsamples sequently, the transmission powRy is also negligible in

comparison with theeflection powerP, ; the dissipation

detail. An yttria-stabilized-zirconia(YSZz)/Cr film was used’>"'¢" Pq of the cavity was simply found frorfi, and

as a buffelayer tocontrol the orientation of the YBCIOm Pret @5 Py DPin = Pret, where Prgs is evaluated byPy,
and 3;. For TEp; the magnetic field as a functidg, and

on copper substrate which is essential for high therma] . : -
T . . q in the cavitycan bededucedrom the definition ofQg.
conductivity in application for accelerator dé®s. The Cr The definition of Qy is in terms of the stored eneldy

underlayer was found to be essential to protect copper _
against oxidation, resulting in good adhesion of the ysd'gular frequencyay, andPy as Qo =wU/Py. The
layer on copper. The copper substrate disk(36 mm in g\ mu™ of magnetield related tdy, andpowerloss can

y pp pp ( i

S . . . e expressed as

ameter, 3 mm in thicknessgrepolished to mirror-like, and c 1
ion-plated with 0.5 mm Cr layer, subsequently sputter-  |Hy max| = 0.825(=2)V/4(=
deposited with the texturing in-plane YSZ buffer layer as Ho a .
thick as 0.8 mm by using a modified bias sputtering techherea=16.5 mmandl = 19 mm aréhe mdiusandength
nique Finally it wasdeposited by BCOfilm (1.5~2mm in  Of the cavity.Therefore,R;(H) of YBCOfilms atdifferent
thickness) using the laser ablation technique. In our dgmperatures was tined.
periments threBamples (EC230, EC22hdEC232)made
by this method were characterized as c-axis normal to the =~ 4 RESULTS AND DISCUSSION
film surface by x-ray diffractioanduntexturing in plane by  Figure 2 is oneepresentative afur experimental results
pole figure. R,(H) at temperature fixed t20, 30, 50, 60, 7@nd 80 K
for sample EC231. Thd&; is independent oH in lower
field region. This Ry value is consistent with the data

The experimental set-up for thécrowaveH -dependence obtained previously[8] in the Meissner effect regime as a
on R of YBCO films is shown in Fig.1. The cavity (33thin line shown in Fig.3. This thin lin€(T) in high
mm in diameter, 19 mm in length and 13.6 GHEy;; accuracy was obtained by usingpper and niobium de-
mode)consists of @opperhostcavityand arendplate. The mountable caties after the data correction described else-
cavity can beset to dixed point oftemperaturérom 11 K  where[8]. WhenH, 5 > 100 A/m, as shownin Fig.2, and
to 300 K by a closed-cycle refrigerator and a 50 W heat8r the surface resistanég(H) become apparently larger
controlled by a temperature controller. At a fixed temperéhan the data in low field, and increases linearly wien
ture, network analyzer automatically determined the resicreases. In terms d®(H), the rf criticalcurrent density
nance peakf, and aalf-powerpoints Af from whichthe can be extracted with Eq.(1) from the linear regime of
loadedquality factorwascalculatedThe incident poweP;,  Rs(H). The rfcriticalcurrent density foour three samples
of the cavity varies from a low field level (~1A/m) up toEC230, EC231 and EC232 were obtained as shown in
high (~500A/m). The couplingoefficient 3; wastunedto Fig.4. At 20 K, J; for sample EC23andEC232 is about
about 0.&ear aritical coupling, which isletermined from 2.8x105 A /cm?; J; for sample EC230 is aboutx404
the reflection coefficient by the network analyz8s was A /cm?. At77K, 4x10* A /cm? for EC231andEC232,

The fabrication of YBCO wadescribecklsewhere[6,7]in
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3.2 The experimentakt-up

set to very loose (6.001). and 1.210% A /cm? for EC230 were obtained]. of
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Figure 1: The experimental set-up for measurement of tiiégure 2: The dependence of the microwave field on the
field dgpendence oithe surface resistace. surface resistander the YBCO sarmple EC231.
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Figure 3: TheT -dependence of the surface resistance afigure 4: TheT -dependence dhe rf criticalcurrent density
differentmagnetidield. for YBCO sample€£C230, EC23-ndEC232.

EC230 is almost one order lower than one of EC231 astfucture and grain size were observed by the Scanning
EC232 at 20 K. Electron Microscopy, which gives the grain size about
For thesdghreesamplesthere is ndig difference intheir 0.6 ~0.8 um. Thus, the behavior of the critical current
structure (c-axis normal to the film, untexturing in a-lensity isdominated byweak-links betweegrains.
plane). However, thim surfaceguality of EC230 ipoorer For our data results it is worth to note that thelyf of
than the other two samples examined by the optical MBCO films at 77 K is the same order as theJgf of
croscopy. At microwave frequencies, current flow for bothiobium at 4.2 K. This result implies that there is a poten-
type | and Il superconductors is concentrated at the hidial for the application of the highi+, superconductorsin the
T, surfaceand decaysxponentially from theurfacewith a  rf cavity. Although many other aspects of high-material
London penetration depth. The 3 is sensitive to the propertiesarestill lacking, e.g.for our measuremert,;
surface quisty , which is different of dc volume current is quitelow only about 0.1 MV/ntorresponding tdHg max
density since the dd. is uniformly distributed across the400 A/m (converted by the empirical formula as
cross section for type Huperconductors. Hs max / Eacc =50 Og /1 MV in the conventional super-
For this measurement itself, several issues require disamiducting rf cavity), we can expect that much future prog-
sion. First, according to the expression léfin TEy; ress of the highF. superconductor will lead its real
mode, H, becomes the maximum whez=0 and application to the rf caty.
r 0J0.5a, or z=I| and r [00.5a, which shows that the
maximum of H is located at the endplate. It is useful to 4 REFERENCES
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