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Mcasurcmcnl of Pcndra[i(m depLII A(7) in Ylla,Cu,(), * [hi”n film

JuYmmg lxx and llrtmm R. Lcmlwrgcr

D,’pirrtmtm[ (JI Phywcs, The Ohio SIaIe University, 174 W(*.SI 18th Avt’nut, (’olumhus 01 I 43210, IJSA

S. Fd!yn irnrJ X.I.). WU

lJIS Alwms Ntiti(mrl I Ah., i.,rM Alirmls, NM H7545, [ISA

Wc present the magnetic penctrirtion depth X(7’) in IWIJ lasur :Ihluted }’ll:l:(’UIOJ ~ thin Iilms, r.h:turminwl hy

IIILI [w{)-c{~il mold. ‘I”hu slt~pc ot” l/A2(7’) near 71, [ht. (rely l:xiictly l]luasllriihl~ quantity, cxtrapolutus to 930~

d f-~ tJ, which c{mpms wdl wi(h KN.)A in the high quality singl~”~.rystiilrecently rcpr)rhu.1hy I Iardy w al, , and

which exhihitti u Iimulr ‘/ dqwndcncc tit low 7’. For T < 30K, wc find A(7’)/A(0)- I ~ {I(77T,)2 whrm ~1=0.5.

1. INTROI)[J(:’I1ON”

AA( -.” A(’1)-A(0) w I(w Tmcasurw the numlwr (d’
thurnurl]y cx~.itcd qllitsipwticl~ wd thcrclorc cm

SII{IW Ihc minimum in [IIL: giip Iundi(m A(h). [n

W’S sllpl:rc~}nllllt.[t)rs, AA(7) is dIntMI umstirnt

Mow 0.27:. In hil:h- Y; supcrrxmducl(m. AA ~ 7r
W low T hw Iwcn lhmfml by wvcrul gruups, 14 M4J

tr Iimwr dclhud(mcc in singll’ rrystrrl YIIH$’UIOI “

h;w Hlso hcm rvcwrtly r(’~mtcd.s ‘Ilmrc is n urrrcnt
trcrd to mtvrprrt thlw. rwults w the cxisumw l)f m

tll]~’llllvclllifllltil (mm s-wtivc) lmlcr pmrtncmr in k

high-’l: c~lprt{[c sllln’llt~llllli~.tt~r.’fi III this pupcr, wc
t:xwninc tin: sinlil~rilil.s md difltircnms Mwccn

tilm rmd rrysbrl IIWII in nn rflijrl tt~ rwudvu the
discrqmm.iw currmlly in thr Iitwrrlurc.

2. KXIWKIMIWI”

( )ur Iw[~ lmcr ~hlut(xl YIIu2(’u I01 ~ [bin tillms un:

(’illwl~r. with dirmwtlvs i)l 21.111H:d 2.2cnl and
tll~t.km.ss(s Id .1IOA.SIuIIplc A }NW J, 10rA/CnI:

MI 4.YK, 7; H1l.\K, Iud Irwwilitm width 0.2K:

Slwlplr II 1111s./, l(PA/,111’ HI 4.2K, 7: W.[)li,

IIn.1 Ilnmililm wdth 1K.
Wt. ilt.lrrllllllt. A 11(1111 tll(. Illllllml Imllll’lum.r I~! IWIJ

(“(}IIs (III ~IlqI(wIti. sd{,s (It tilt. 111111.’‘I”ilr mnximunl

IIIIIU{IX1 wlN’It.1111{.111 III 111(’ 111111 is 4x 104A/t.111:. “l”t~
{11.111111A, wt. II,Iult,l mIIIIIVIi. IIlly [III’ ill(!:llx.tl v(IIIngr

III llI,i pI( kq) (VIII, L;,(A), IIS II 11111(411)11Id A, ‘IIw

lllCHSUrL’d Volh&” Jlt 11 ~lVLVl k’lllprirlllr~ k MMIIIIY
I“rtml [hc pickup c(]il hut it hils smrll c(mtrihnti(m

f’r(m (lth~’r pxrls I)( thr ClrL”UII. St) it is drndud us
V,,(7) 1 (’. (“ is ind(ywnrkrt t~f T wrd is kn{nvn to

k’ irh(mt m l~i~! us V,,(0). Wc cxtr~ct A(7) try

L’hlM)slng f‘, thcrr Lxlmpmng the rmmcricul Vr(A)

wilh Ihr IIl,mulcd VP(7). While physically

rcas[mddc L!hl)lL’CSIi)r (’ trrc rcslriclw.1, dilfimmt

L’hl)lL’L’S (If’ (’ lnfl UL’l)LX (k dlm(kd y’ (@CnLk511CC 01”

~. I Iirdy L?l Ml. l]lL%ISUrLd AA(y) dlrM!tly UK! k! h)

L’II(M)W A(()) I() gL:I A(7), whi!:h hm an tmtilogtms

(!t’h”d 011 [k ddillld ‘/” lh!pUllllL’llL’Lm (1~” A.

3. I)ATA

Wll(m (“ is L’htIsLmsiI 11u41IniI tw{) I’ilms huvc tlw

Sirllll” A(O) I H(x)A, Ihm III,. A(l)’s rwc.csscn[i~lly

An[il”d, 11(.llll)llstlll[illg gtrrd r(.l)rtllitlcil}ilty, This

IS M) IIWWIM[ surp Ising simw silllll}l~ A Id H ./, 10
limos Inrpl’r Ihim sumpl(’ II rmrl thcm wwc m] visildu
st.rW”h\.s III wmplu R, Appllrrnt[y, Mum stwt td”
tlrrw Ilnuts J, with(mt inlllwm.ing A. ‘1’bus, W(”
lwlirvr tlmt ImI A(’/) lx inlrinsl~’ h) Ylhl, (”ll$), ,

~lllllls,

W1’ CiI,ISLm( ‘ SI) Ihnt (1111).(1))7/A( /); WOUII.I t~m

similnl It} wlmt I Illrfly f-l (l/. + fddllind with Ihr

lhli(xt A([)) IMN)A. I; II:III(. I shows imr dIIIII II,

A rrml l{, WIII( h IIVrIIIIp III IIIIISI cIIIIIplr-II:ly with CII ,,
tdh~v, ‘[III. 1111(.11 (111.IIV. IIIt, II IMII Ilnrlly (.! III, NtJIr

liI{’ \ImIIIII 11111 p(IIIIIm II14WI.,YI Itlh 1111(1M)~ III
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I:igure I. I/A(l): vs. T Iilr the twtj Y13rI~l’II,Ol ,

films A urd Il. (’ilcb irrdicatu single cryslal &Ilu

t’rtml I Iurdy PI ~1/., IICS is druwn in drwhcd Iirw us
J+rclcrwruc.

both MIS (d’ r,htn. When the crystal wrd film duta

tiru Iw)th pl{NIed us A(())2/A(7)], there arr wwwrtiirlly

idrnticnl cxccpt hcbw 30K, where the film datu
cur-w and [hc cryshrl dHIU maintuin tlwir Iinwrily,

“1%(’othrr dilt’crtmx Iwtwcm the two IMUIIS is thnt
IIIC tihqw Of I /A) ncur ~ for the crystal is 20%

Inrgrr [hnn ti~l the Illms. cmsistcnt with the

dil”tkrcnccs in A(0)’s ‘I%is is u Id ditfurcncr,

which is nl)t uff(wtcd hy the uhoicc d’ t’lttin~
purunwtcm (’ (w A(()) in the rctqwc!iv~ andysus.

AA( ‘1) hrm ‘I* dcpcndcncc ftw T < 30K In (NII
tllms. ‘I”his might h. tin. ~-r[mwwcr twnpcrnturu
cnpccld i!l H dlsrwdrrd d-wnvc ~llln’rt.(~lldilult]r. 110

“IIw rxpmwrl d 2 in ‘“l”’” is indcpmdrnl Ill IIIC
Illling pirlHmdrr. (’, lnu.rInw any rhurrgr in wdtugr

III the plrkup cI~Il txmnss l’nlidy 1“1{1111Ihc t“hrmg(’it)
A, s(} tlwy MI(. Iutlpntitmrtl ttl WNII (~thrr. 1 ‘1’hlI mw

A*IH irlsi I SIM)W “Iddqwmlcnrr. Qurmtll~tlvdy, with

(. (Stlt)sm so tImI A(O) 1H(M)A, ttw sI/r (JI ttw i’:

trim IS AA (),5 A(0)l’/’/:’.

I:lmrlly, wr IIINII thnt thr Nightly IHIXM A III IIIIIIS

Idldlvr t{l (’ly\lIll!i L’(ll!ld I* (’IUI!4NI hy a w’ly Wllrll

um(mnt ()!’ di~mler. In Ni+h}ped Iilm.., A incrwsas

hy B factor nt 310 10 at only n fcw percent Ni.li

4. CONCLIJSlONS

A((J):/A(7)2 in two YBa:Cu,07 , thin frlrrw and
clean crystals are very clcxse, exccpl hebw 30K

where films rxhihil ~ and crystals show ‘~. Brrth
differ clearly from the simple function A(0)2/A(7)2
( I - ~/ T,2), which is rcpnrtd ul’ten I(]r tilms. Thus,

[hc di tleremses Iwtwen tilnw and crystals are
sm.:llcr than is cnmmwrly !uIicvd, anrJ thurt is

gimd rwwnn tu helicvc that data m-r Iilms reprtiscnt

th~t intrinsic Iwhavior of the super-cmwluctor.

This work IS sup~wtd Inainly by the MirJwcst
Supcruonduc.iivity C[msortium Ihrough DOE grant

#1)1:,-l~(i02-()()lIR45427.
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