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MAGNETIC FIELD DEPENDENCE OF THE ULTRASONIC ATTENUATION AND
RESISTANCE OF A SUPERCONDUCTING GRANULAR LEAD FILM*

J. SCHMIDT, A. SCHENSTROM AND M. LEVY

Department of Physics, University of Wisconsin-Milwaukee,
Milwaukee, WI 53201, U.S.A.

Abstract - We report on the measurements of the ultrasonic attenuation and
the d.c. resistance of a superconducting granular lead fiim as a function
of both temperature and applied magnetic field. In the absence of an
applied magnetic field, the d.c. resistance and ultrasonic attenuation can
be accounted for, qualitatively, by using percolation theory. When a
magnetic field is appliied, we find that if we assume that both the ultra-
sonic attenuation and the resistivity are proportional to the effective
area through which the field penetrates the film, we can deduce magnetiza-
tion curves for the film from the normalized attenuation and resistance
data. The shapes of these magnetization curves are consistent with those
of a type 11 superconductor.

In this paper will report on the measurements of the d.c. resistance and
surface acoustic wave (SAW) attenuation of a superconducting granular lead film
as a function of both temperature and magnetic field. The fiIm that was studied
was reactively diode R.F. sputtered from a 99.999% pure lead target in an argon/
oxygen atmosphere onto a yz-LiNbO3 substrate. Prior to the sputtering, the
substrate was equipped with a pair of interdigital electrodes for sending and
receiving the surface acoustic waves, and with four platinum resistance contacts
which were used tQ measure the resistance by a four-probe technique. The film is
approximately 500A thick and has a normal state sheet resistance of 1000 Q/O.
Electron microscope photographs /1/ show that a granular lead film with a normal
state sheet_resistance in this range consist of metallic granules with an average
size of 500k surrounded by oxide. The frequency of the surface waves used in
this investigation was 700 MHz and the SAW attenuation in the normal state was
found to be 4.2 dB/cm.

*Research supported by the Air Force Office of Scientific Research
under grant n°AFOSR 84-0350

Article published online by EDP_Sciences and available at http://dx.doi.org/10.1051/jphyscol:198510156



http://www.edpsciences.org
http://dx.doi.org/10.1051/jphyscol:198510156

C10-712 JOURNAL DE PHYSIQUE

The mechanism producing the SAW attenuation is piezoelectric coupling of the
surface wave to the film resistivity and not electron-phonon interaction /2/. 1In
the absence of an external magnetic field, the observed attenuation can be
accounted for, qualitatively, by using a model based on percolation arguments
(Kuper,- Schmidt, .Levy, Ron, Revzen .and Shapiro, to be published). In this model,
long-range superconducting order sets in by means of percolation between neighbor-
ing metallic grains. The granular film is treated as a random resistor network
in which the resistors of the network represent the oxide barriers between neigh-
boring metallic grains. The normal resistance of a particular junction-resistor
is assumed to be of the form R = Roed where Ry is some resistance and § is a
random variable distributed according to a distribution function W(E). Thus,
the values of the resistors in the network in the normal state will be distribut-
ed according to a function W(R) which is derivable from W(E). As the temper-
ature is lowered below the transition temperature of the grains Tg, those grains
whose Josephson coupling energy is greater than the available thermal energy will
couple by means of Josephson tunneling. In the resistor network analogy, this
corresponds to shorting out some of the resistors in the network. As the temper-
ature decreases, the number of shorted junction-resistors increases. When the
fraction of shorted junction-resistors reaches the percolation threshold, corre-
sponding to a temperature T., an infinite superconducting cluster is formed in
the film and the d.c. resistance drops to zero and remains zero for T < T..

The ultrasonic attenuation,’ on the other hand, remains nonzero for T < T¢
because the surface wave effectively measures the resistance of “"sub-networks®
whose dimensions are on the order of the acoustic wavelength. When macroscopic
superconductivity first occurs in the film (as determined by the d.c. resistance
measurement), there are still regions of the film which contain junction-resistors
that have not yet been shorted. These regions will prodice an attenuation so the
SAW attenuation will decrease more slowly than the d.c. resistance, remaining
nonzero even when the d.c. resistance is equal to zero.

Figure 1 shows the data obtained at T = 4.2 K when a magnetic field is applied
perpendicular to the surface of the film. As it can be seen, the sample exhibits
a large value for the upper critical field (approximately 60 kilogauss). The
shapes of these curves can be accounted for, at least qualitatively, by using. our
random resistor network model. When a magnetic field is.applied, flux 1ines will
be forced between the metallic grains and thus some of the superconducting junc-
tions become normal. As the field is increased, more and more junctions will be
made normal. For the d.c. resistance, there will be a value of the magnetic field
for which the infinite superconducting cluster will be destroyed.’ This corre-
sponds to the onset of resistance in Figure 1. Eventually, as the field is in-
creased further, all of the junctions will be made normal and the d.c. resistance
of the sample will equal its normal value.

The process is the same for the SAW attenuation -- as the magnetic field is
increased, more and more junctions are forced into the normal state resulting in
an increase in attenuation. Once a junction is made normal, there exists a region
around the junction which is in the normal state. The magnetic field can be con-
sidered to penetrate the sample uniformily in this "effective" area containing the
normal junction. Let us denote by f the ratio of the total effective area
associated with all of the normal junctions to the total area of the film. If we
assume that the normalized attenuation is proportional to the effective area
through which the magnetic field penetrates /2/, then for a film containing a
mixture of normal and superconducting regions we can write

~4eM = H-f H )

Since there is a residual attenuation at any temperature (compare Figure 7 of
reference 3 to our Figure 1), we have f = (a(H)-ap)/ (ap-ap) where ap is the
normal state attenuation and «y is the residual attenuation. Substituting this
expression for f into equation (1) we get
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Fig. 1: Resistance (solid curve) and SAW attenuation (points) as a function of
applied magnetic field for T = 4.2 K.

o = a(H)
*n T %

—4aM = ( ) H (2)

If we plot the right hand of equation (2) as a function of H using the normaliized
attenuation data, we get the curve shown in Figure 2. It is interesting to note

that this curve looks very much like the magnetization curve for a type II super-
conductor.

A similar analysis can be carried out for the resistance data. In this case,
however, f represents the fraction of the infinite cluster which is in the normal
state, and not the fraction of the entire film that is normal. This is because
the resistance measurement is only sensitive to the formation of the infinite
superconducting cluster. For the resistance data we have f = R(H)/R, where Ry
is the normal state resistance. Substituting this expression for f into equation
(1), we get

Rn R(H)

e i (3)
Rn

—4qM = (

Plotting the right hand of equation (3) as a function of H using the resistance
data, we get the second curve shown in Figure 2. Notice that this curve also
looks very much 1ike a magnetization curve for a type 11 superconductor. 1In
addition, note that the maximum for the curve obtained from the resistance data
occurs at a higher value of magnetic field then does the curve obtained from the
SAW attenuation data. This is to be expected since the SAW attenuation is sensi-
tive to all of the normal junctions in the film whereas the resistance is only
sensitive to those normal junctions in the infinite cluster.
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Fig. 2: Magnetization as a function of applied magnetic field from the SAW
attenuation (points) and the d.c. resistance data (solid curve).

In conclusion, we have presented data on the d.c. resistance and SAW attenua-
tion in a superconducting granular lead film as a function of both temperature and
magnetic field. We have found that when a magnetic field is applied perpendicular
to the surface of the film, the shapes of the resistance and attenuation curves
could be explained, qualitatively, by using a model based on percolation in a
random resistor network. Furthermore, by using simple arguments, we were able to
deduce magnetization curves for the film (from the SAW attenuation data) and the
infinite superconducting cluster (from the resistance data). These magnetization
curves were found to be similar to that of a type II superconductor.
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