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ON THE WF SURFACE RESISTANCE OF THE PEROVSKITE SUPERCONDUCTORS AT 3 GHZ

M Hewi, N.Kiown, FMMuler®, @ Miullar. HPigl, RW Rlth, W Wengarten”", J.0 Wilkie®

Fachberewh Physik dor Bergschen Unwversitht Wuppertal, Western Germany
° Les Alames Nauenal Laberatery, Les Alames, USA , “*CERN, Geneva, Switzeriand

Abgtraclt: We have measuwred the rf surface rusmtance eof
v,n.za,o, samples fsbricated in d@fferent laboratorwes by
oxpesing them te the rf figid & 3 nighuwm cavity at 3 GHz n
a tempersiure rangs frem 42 w 300 K. The rf surface
resistance of the best sample decresses sharply at the
transition temperature from typecally 0.2 () at W00 K by more
shen twe erders of magrtude. The resdual wsses messured
at 42 K in the superconduciing hest cawty are strengly
dependont on the purity of the sample. The ebserved depen-
donce of the resdudl lesses on the rf feld lsvel u attributed
s the gramuer structiwre of the supercenductier. Rf magnetic
fotts of up te 1800 A/m have boen schaved iIn puised eperation
Tiws Heid corresperds ts 8 murface current density eof
1.30%A/cm2. The lew reswual levies ndicate that less than
ene percent of the conduction elecirent of the pecevsiite
superconduclers remain unpaired.

Intcaduction: Hent Londen was the first o suggest the
investigation of the conducusn mechanism in super conductery
MQMMhaMran".mmm
aen versshung Joule lesses are atirbuted 0 these cenducion
sloctrens which are ast cond d wts C pairs. The rf
mugnetic feld poretrates ivte the samgpie by the Lendon
ponetrption depth, which in thy new supsrcenduciers ® sbeut
1400 49!, and induces 3 time varping slectria feld. Becruse
of the ineriig of the Cospar pairs the induced electric fioid n
not shunted 0 1ere. The unpeired cenduction electrens witt
goin energy frem thws r{ Rgid, transfer i t9 the latlice ieng
ard thereby preduce Jauvie heating. A sishium cavity which
ool becomes r.oorconducing ot 9.2 K and ke sn intrmsc
Oﬁmoromwa 81 4.2 K i 8 weelul “onicroweve laberstery”
O invostigats the charge transpert preperiius of supersenduc-
hww-”.me--howm
dctermination of the rf purfaee resigtance of YazCuy0y i
the nermal ard supercendhgting siate at 3 @Mz,

Bamels scanpraten. Steschiornstric miztures ¢ high purity
pewders (> 99.99%) of Y305, B2COy and Cu wern ground
or boll miles. Aher & hosi Westmant in air at 930°C for
moce than 18 heurs end s fingl bell miing peliets with 13 mm
dameler and 1,8 mm thicknoey were pressed with a presnwre
of 7 khar. The pelets were annasied in 8 pure erypen sinres-
phero a1 930°C for st nast 8 hours and then slewly ceeled
down. Figures | and 2 summarize the retuits of dc measure-

ments perfermed on sample WO-T8 .
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LA ) 'emperaire Gependence of the d¢ resstace of @
Y 85Cu30; sample measured by faur point techmigue with o
mudpoint Ty, ® 92,1 K and a waneiien wighh (10 - POL) of
1.0 K. The derived valus of the resistim’y at 300 K of the

rectangularly shayed sample i 8001180 pOlam,
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. 2. Magnetic susceplbdity of & Y,82.Cuy0;y sample
vorsus lamperalure. Ceeling with (100 Oe) and witheut may-
natic flold resuits in a suoceptibdity of JI7X (AR circles)
respectively 68X (epen circle) of the cemplete Meisiner
viinct.

Lunyrimenial eresadurs aod remidis; We have mesasured the
r{ surface resietance of V,lnzCu,07 samples fabricated at
@ftereni laborateries by expating them to the rf feld of a
sishium covity 8t 3 OHz In a tempersture range frem 4.2 1o
300 K. The pollet is located  the hgh megnutic feld region
of & cavity (Fig. 3) which is cosled In Squid hellum. At 42 K
tws hoat cavity i supercenducting and the rf residual letses
of the poliet san be measured. A sufficient gesing of the
polet is provided by a helium gas prasswre of 20 mbar iInside
the cavity. During the slew warming up the ditfer ance between
the lower and the wpper resisler thermemeters was less
than 2 K.

—'-—‘_ Fa. ); Csperimental satup far
measuring the ! lesses of &
¥,82;Cu30; sample.

——
\ The surface resistance R, =
\\ ./Q‘ of the V.BazCu,O7 sample
\ - has been derived frem the
\ - & difterence of the inverse Q-values
\\ wih ad witheut o sample
) (Fig.4s). The geemetry facter @
\ of 6900 () t 10X was determined
\\;“‘ = by salibration measurements with

sampies of well kngwn resisitwiy
Fig. 4b ochaws Whe shlained rf
surfere resistance A, ond He
emperalure dependentce.

The residual surface resistanse of \he sample was mesturad
ot 4.2 K (dashed Ine) in the supsraenductng hes' cavily a1
tha minehum peesible field vel. The metalic behariour of the
sample v well demanstrated by the surface resistence above
00 K. Using the mermal shin offect formua R, (300 X)
correspends te & remnlivily o (300 K} of 400 ulem This
value agrees well with the 800 t 180 uDem found in the dc
mmasuremantis, e9peciaky H ene takes the parenity of sbout
24X of he sample inte scceunt.
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Eig. &: o) Temperature dependence of the inverse unissded
quality facter messured with sample W7-T8. The decrease of
the ri-lssses (- Q.") st absut 90 K shews rf-superconducti-
wiy of Y 823Cu30; Al lswer temperaiwres the Jevie lnsses
o! the nermal cenductmg nsbwm (dolted ine) deminate.

0) Surface resistence R, derved frem Fy. 4a)

The hgh fioid perfermnance of W7-T6 was mrasured
In puised speration Wuty cycle: 3077) and m shewn in Fig 8.
The sireng decrease of the quality facter Q, at 42 K with
growing surface magnetic fiwid H_ is attributed te the granular
struciure of the supercenductor. The rf lwtses In singie
grams with peer thermal contact t9 the buk eshould heat
then wp abeve T ond & rapidly growing part of the sample
will (urn asrmuicondudting for incressing fleld evel or pulse
iwngth. Neglecting the field periurbation cavsed by the sample
a manimum H, of 1800 A/m wae achisver, al which a large
pori of the sample AUt be still supercanduciing. Fer an
sseumed penitration depth of 400 4 ths feld cerrespendo

® 8 suface current denuity of 1.310% a/em?.
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Fa. 4. Q, degradation of the tupercondutiing righiurn gavily
due to the Jevie leases in o Y(0s3Cu40y sample (W?-T&) a0
a functien of the magnetic Neld at the surface of the sample.

A tweial of ols samples have been tented scerdng W0 the
precesure descrbed avove. The resuts of these Mmeasurement)
ore surnmarized 1 table 1.

Iabls |; Cemparisen of chairacteristic rf superconductvity
parameters st 3GMz of #fferent samples with nominal compo-

sitien V,lnzl:%o, and In ene case (sample K3-TY)
€ugBa,Cuy07
Barmpis T AT, LS Lt L Y]
.-e01
e oo o oK | TTX 4a1c a/m]
w-n 90.7 [ X [ -] - rs -
w3-12 0.0 s 450 « 0 0 340
x3-T) 0’ | B4 420 «” s ) 200
s1-T1 . - 40 [ -] [ X ] 200
wr-Te 20 33 ™o o oo
we-T8 (1] .2 no 8 [0 “o

Frem the eiperwnenial deta i table | ene can senciude that
s high T, and a small tramsition width AT, are goed mércators
of the quality of a semple. k appears nevertheless that the rf
surface resistance M o1 300 K, the reeidual resistance at
4.2 K and the improvement facier n & Ry (300 KI/R (4.2 K)
together with the maxzmum sbtamable sv ce magnetic fieid
HM (4.2 K) are oven mers senritve indicaters of the
phase purry snd compaciness of 8 o.c. perevehite sample.
The improvement g of samplea WO-TS i3 clese te 300 This
indicates that less than X of afl the sonductien electirons
remain unpared. Our werking assumngtion fer the centnuation
of our enperiments is that practically of the cwnduction
slacirons wi be condensed ta Cosper pairs as dw tempera-
e appresches zere. We sitrdnite the reswual resistance
which is a8 yot larger or oqual to 0.4 m() st I GH1 o 1he
imper{sct ssntact regimes between yraing. Imp-wverment of
tivs contact v alos holy W ingress. the maslnum surface
field.

Ceochusiany: R - supercenductivity measurements promde
weethd infarmgtion on the cherge transpart preperiies of
pecovskite supercanduciors. A minimum surface resisiance of
0.4 mO) has beon achisved for a YBa7Cu3y07 sampie st 42K
and iww flold Lvel. This in sbeut & factier of five belew the
surface resiawance of high purily copper at the sams tempere-
wre. The improvement fagier R (300 KI/R (42 K) which is
ciose 10 500 in the best sampie indicates that isss than erw
porsont of the senducien elecirens remain wnpeired. Al 2
surface magnetic fleid of 1500 A/m parts of ene avmple are
stll wupersendusting. This flold correnpends 0 8 surface
aurrent deneity of 1208 aseml,
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