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Measurcment of penetration depth M(7) in YBa,Cu,0),, thin film

JuYoung lee and Thomas R. Lemberger
Duepartment of Physies, The Ohio State University, 174 West 18th Avenue, Columbus OH 43210, USA
S. Foltyn and X.D. Wu
LLos Alamos National T.ab,, Los Alamos, NM 87545, USA
We present the magnetic penctration depth X(T) in two laser ablated YBa,Cu, O, , thin films, determined hy
the two-coil method. The slope of I/N(T) near T,, the only exactly measurable quantity, extrapolates to 930A

at -0, which compares well with 830A in the high quality single crystal recently reported by Hardy er al., ang
which exhibited a lincar 7 dependence at low 7. For T < 30K, we find M(D/AO)-1 - a(T/T)* where a=:0.5.

1. INTRODUCTION

ANTY ANCD-AO) at low T measures the number of
thermally excited guasiparticle and therefore can
show the minimum in the gap function A(k). In
BCS superconductors, AMT7) is almost constant
below 0.27. In high- 7' superconductors, AN oo T°
at low 7 has been observed by several groups,' * and
a lincar dependence in single erystal YBa,Cu (), ,
has ulso been recently reported. ‘There is a current
trend to interpret these results as the existence of an
unconventional (non s-wave) order parameter in the
high-7 cuprate superconductor.™ In this puper, we
examine the similaritics and difterences between
filtm and crystal data ain an effort to resolve the
discrepuncies currently in the literature,

2. EXPERIMENT

Our two luser ablated YBa,Cu, (), , thin films are
circular, with dinnwters of 2em and 2.2em and
thicknesses of 330A. Suple A has /. 10°A/end?
at 40K, T, BRSK, und transition width 0.2X:
sample B has J, HPA/cm wt 42K, T, - SROK,
and transition width 1X.

We determune A from the mutual inductance of two
cenls on opposite sudes of the il The mnximum
mduced supercnrtent i the hlm s 4 10'A /e’ To
olMtun N, we medel mnmencally the imdisieed voltage
1w the prchup eonl, V(N 08 0 function of A The

measured voltage at a given temperature is mainly
from the pickup coil but it has small contribution
from other parts of the circuit. So it is denoted as
V(N + €. Cisindependent of 7and is known to
be about as bip as V,(0).  We extract \(7) by
choosing €, then companng the numerical V,,()\)
with  the  mweasured V(). While physically
reasoniable choices for C oare restricted, different
choices of C influence the deduced T dependence of
A. Hardy ct al. measured AN(T) directly and had to
choose NMO) to get N(7), which has an analogous
effect on the deduced T dependence of A,

3 DATA

When C s chosen so that omr two films have the
same A(0) 1800A, then the A(D)'s are essentially
wentical, demonstrating good reproducibilty, This
s somewhat surpnising since sample A had a J, 10
times larger than sample B and there were no visible
scrutches in sample B, Apparently, some sort of
tlaw lumits J, without influencing XA, ‘Thus, we
believe that our A7) iy dntrinsie to YBa,Cu O,
guuns,

We chose € so that one L()YIND) would be
similar to whut Hardy ¢r al.® obtained with the
choice NO)  1500A. Fipure | shows our datn fe
A and B, which overlap alimost completely withen .
other. The open cireles me from Hardy et al. Note
the simnlm tlat portion bhetween WK and 50K 1in
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Figure 1. UNCTY vs. T for the two YBa,Cu 0, ,
films A and B. Circles indicate single erystal data
from Hardy er al.. BCS is drawn in dashed line as
a reference.

both scts of data.  When the erystal and filin data
are both plotted as MO)/N(TY, there are essentially
identical except helow 30K, where the film data
curve and the crystal data maintain their linearity.
The other difference between the two results is that
the slope of /N near T, for the crysal is 20%
larger than for the films, consistent with  the
ditferences in AMO)'s  This is a real ditlerence,
which is not affected by the choice of fitting
parumeters C or M0) in the respective analyses.

AN has 1% dependence for T < 30K in out
tdms.  This might be the crossover temperature
expected ia a disordered d-wave suprecconductor,"
The exponent of 2 in T is independent of the
htting paiameter, C, because any change in voltage
n the pickup cotl comes entirely from the change in
A, so they are propottional to each other.' The raw
datw also show 7° dependence. Quantitatively, with
¢ chosen so that MO)  VBOOA, the size of the T¢
term 1s AA (),5M())'l'/'l:’.

Finally, we note that the shghtly luger X n il
relative 1o crystals conld be cansed by a very small

amount of disorder. In Ni-doped films, X increases
by a factor of 3 to 10 at only a few percent Ni."

4. CONCLUSIONS

MOY/MD? in two YBa,Cu,0, , thin films and
clean crystals are very close, except below 30K
where films exhibit 7% and crystals show T'. Both
differ clearly from the simple function NO)*/N\(T)? --
(1 - T'/T}), which is reported often tor films, Thus,
the differences between films and  crystals are
smaller than is commonly believed, and there is
good reason to believe that data on hims represent
the intrinsic behavior of the superconductor.

This work 1s supported uminly by the Midwest
Superconduciivity Consortium through Dol grant
#DE-YFGO2-901:R45427.
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