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Ultrasonic Characterization of High Tc and Other Unconventional Superconductors 

Moises Levy 

ANNUAL SUMMARY REPORT 

June 1, 1995 to June 30, 1996 

A. Description of Project 

The objectives of this research project are to characterize the properties of high Tc 

superconductors and other unconventional superconductors using ultrasonic techniques in order 

to provide insights into the mechanisms that are responsible for the unusual superconducting 

properties of high Tc superconductors. 

B. Approaches Taken 

A new very sensitive resonance technique was developed for investigating small platelet 

single crystal samples of high Te superconductors. 

Bulk acoustic wave attenuation and velocity measurements as a function of temperature 

and magnetic field were performed on melt textured samples of Y1Ba2Cu307. 

Surface acoustic waves were used to investigate single crystals and thin films of 

Y1Ba2Cu307. 

The resonant ultrasonic spectrometer technique was used to determine the elastic 

constants of small samples of single crystal Si. 

The radiation impedance of RUS modes was analyzed. 

C.       Accomplishments 

A new technique was developed for studying vortex motion in the superconducting state 

of an untwinned single crystal of Y,Ba2Cu307 whose dimensions are 1 mm by 1 mm by 50 /xm. 

The crystal is brought into close proximity of a 5 MHz x-cut quartz transducer. It is pressed 

by two 25 ;xm strands of varnish to the transducer, which is held by copper wires.   This 
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ensemble has a resonant frequency of 3 MHz.   The quality factor Q of the system is the 

measured as a function of temperature and magnetic field in the vicinity of the superconducting 

transition temperature.  Quality factors as high as 104 may be achieved in this system; and, the 

change in Q produced by a change in attenuation in the superconducting sample is proportional 

to Q.   This is how the sensitivity of the measurements is enhanced.   A sensitivity of 1 x Iff4 

dB/cm can be achieved for the system which translates to a sensitivity of 5 x 10~3 dB/cm for the 

superconducting sample.   The measurements were done with the magnetic field parallel to the 

ab plane of the crystal.  The motion of the transducer was parallel to the c-axis.  This resulted 

in a Lorentz force parallel to the ab plane so that the vortex motion was also along the ab plane. 

As a function of magnetic field at a constant temperature below Tc, the attenuation was 

proportional to the magnetic field below 0.2 T,  which indicates that the interaction is 

proportional to the vortex density and therefore the interaction is, essentially, with individual, 

weakly interacting vortices, or a soft vortex system.   At fields above 0.28 T the attenuation is 

proportional to approximately the cube of the applied field. This is probably due to the fact that 

with increasing vortex density the interaction between vortices becomes stronger leading to a 

quadratic increase in the viscosity of the system.   Thus, at around 0.2 to 0.28 T there is a 

transition from a soft vortex system to a rigid, strongly interacting vortex system.  Preliminary 

measurements very close to Tc, appear to indicate that slightly below the upper critical field the 

vortex lattice undergoes another transition from the rigid vortex system to the soft vortex system, 

as predicted by a recent theoretical model in a paper we submitted to Philosophical Magazine 

Letters. 

Surface acoustic wave SAW measurements were made on a granular thin film of YBCO. 

The film is modeled as a two-dimensional network of Josephson junctions. A percolation model 

developed in our group to describe the SAW attenuation was modified to take into account the 
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resistivity of the grains in the normal state, and a reasonable fit to the data was obtained. 

SAW measurements, using the pontoon technique described in a previous report were 

continued on an untwinned single crystal platelet of YBCO, and preliminary evidence for a peak 

in attenuation associated with a melting transition in this crystal with a low density of pinning 

sites is verified. Pontoon SAW measurements on a thin film of YBCO grown epitaxially on 

a LiNb03 subtrate were also continued. Since the film had a large density of vortex pinning 

sites, the behavior of the observed peak in attenuation for different applied constant magnetic 

fields, as a function of temperature, was consistent with a depinning transition, since the 

magnitudes of the peak depended on the square of the applied magnetic field. This dependence 

is expected from thermally activated flux flow models, where the attenuation can be shown to 

be proportional to the shear modulus of the vortex system which is proportional to the square 

of the flux density. The field dependence of the magnitude of the peaks observed in the 

untwinned single crystal was larger than quadratic which may imply that there is increased defect 

motion in the vortex system which could be associated with a melting transition. Thus, these 

two sets of measurements demonstrate the role played by pinning sites in determining whether 

a vortex system will undergo a depinning transition, a melting transition, or both, depending on 

the density of pinning sites. 

The data on resonant ultrasonic spectroscopy RUS that the UCLA group have obtained 

on fused silica as a function of pressure for different gas compositions has been analyzed. For 

both compressional and torsional modes, the inverse of the Q's appear to be linearly dependent 

on the applied pressure. If it is assumed that this effect is being produced by the radiation of 

sound into the surrounding gas, then one can deduce that the radiation resistance is linearly 

dependent on the pressure; and, furthermore, the data also show that the radiation resistance 

increases monotonically as the molecular mass M of the surrounding gas is increased.   These 
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effects appear to be larger for the compressional modes than for the torsional modes.   The 

velocity of the individual vibrating rectangular surfaces of the sample have been approximated 

by the product of two orthogonal sine functions for the torsional modes and two orthogonal 

cosine functions for the compressional modes.   The radiation impedance of these surfaces has 

been calculated numerically.   It is found that this model yields that the radiation resistance 

increases linearly with pressure, and increases with the molecular mass of the gas.   However, 

the experimental data show a change that increases linearly with M for the torsional modes and 

as M3/4 for the compressional modes, while the model gives an increase as M1/2; and, although, 

the model does predict a larger value for the compressional modes it is not as large as is found 

experimentally.   It appears that it may be necessary to solve the problem three dimensionally 

instead of modeling the rectangular parallelopiped sample as six independent vibrating surfaces 

which do not interact with each other.   It was assumed that this was a valid model since the 

wavelengths in the gases are much larger than the individual dimensions of the sample, and the 

directivity would be mostly perpendicular to the vibrating surfaces. 
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