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~2 A theoretical model that takes into atcount renofmalization has been
developed for explaining the SAW attenuation in a supcrconducting NOLN

film with a sheet resistivity of 30 k&/sqy.

Bulk ultrasonic measurements

in the ferromagnetic superconductorsEryHoj ,RhigBgq jindicate that spin
phonon interaction increases in the superconducting state of these Lernary

compounds .

Ultrasonic measurements in very pure vanadium single crystals

provide low temperature data which yield a scro Lemperature eneryy yap
24(0) that is very close to the BCS value of 3.5 k1 bul the data close
to the superconducting transition temperatlure T¢ wolffd yield 2a(0) :

4.2 k1¢. A theoretical model is being 1nvcutiqufed to ascertain if it

will resolve this apparent discrepancy. P

The research goals and objectives o
No significant reorientations

the same.

L

thiv investigation will remain
e anticipated for the svoond

and third years of this research project.
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RESEARCH OBJECTIVES AND APPROACHES

The objective of this invesiigation i+ to ¢l berize thin (ilu ,puer
N conductlors with surface acoustic waves (A7, Ly wmeacuring the elect o phonon .

interaction in thin films, the temperalure dependence of the supercondact ing

f% energy gap and the electiron mean free path way o determined. Tty olso be ]
?iz possible to determine the cxistence of vories culivoriox bound peic, i anor-
. ] phous supcrconductors and the cffective encigy vgan in wtrongly localized super i
:;: conduclors. By measuring the piczoelectyric coupling to the sheel resiniivity 5
;T of granulae filus it may be possible to detevimine the <ize distribulion of the ;
\"" granules and the distribution of the coupling hetvecn granules.  Surtface '
i} acoustic wave measurements of Josephson junction networks may be correlated ﬁ
'ﬁ; with their signal processing properlies. SAY measurement of superconducting g
f superlattice films may provide information about the mechanical propertlies of :
li: these films. Measuremenis with bulk waves will provide information about spin i
-i; phonon coupling in magnetic superconductors and electron phonon interaction in E
E the transition metal superconductlors. !
f; ACCOMPI ISHMENTS
fz, Both the d¢ electrical resistivily and lhe surface acoustic wave (SAW) -
i; attenuation coefficient were measured in the superconducting state of « ;
;{ granular lead film as a function of an applicd maginetic field normal to the ?
_! film plane at several constant temperatures. An anaiysis of the data based on =
:% our flux model appears to yield type 11 magnetization curves wilth upper ;
?f critical fields for this granular Tead {ilm which e as high as 60 K Gauss, t
(‘ and lower critical fields of about 20 K Gauu ol 4.2 10 4
: HStribion 1y 1o "eleage ;
y
- Chier ;
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ro We have evolved a theoretical model that tabes into account renurimliza-
%}; tion Lo explain the experimental discrepancy in the wuperconducting Lidie

i;ﬁ between the SAN attenuation in o NBN film and il sheel resistivily,

ilz The {ilm has a BCS transition tempurature of aboul 10 K, and a Kosleriily

'j Thouless transition temperature of 5 K, and a norimal stale sheel resinlivily

i; of 30 K@/sq. An exact solution has been found for the renormalized dielec

é; tric function of a two dimensional supercondncior vhich has Kosteriiis
i Thouless flux line dipoles.

jy Bulk ultrasonic measurementis in the seriesw of ferromagnetic superconduc -

; tors ErxHo]deh/lB4 (received from Dr. Brian Maple, UCSD) appear 1o indicate

y that spin phounon interact® o is supressed by crystalline electric ficld, byt

superconductivity screens these fields permitling the interaction lu appedr.

g This may be the reason for the increase in attenuation Lhat we have observed

. in the superconducting state of these ternary compounds.

e
;;: Ul rasonic measurements on very pure vanadium single crystals (received

;;: from Dr. frederick Schmidt, lowa State University) exhibit data similer Lo that

{ found for pure crystals of Nb, b and Hg . Analysis of the low temperatlure

ﬁki data yields a zero temperature energy gap 2A(0) that is very close Lo the

;Z BCS value of 3.5 ch while analysis of the high temperature data close to
:T' the superconducting transition temperature 1c yields a larger value for

Eé; 28(0). For pure single crystals of vanadium we find this value to be
;i; 24(0) ~ 4.2 ch. 1t may be that a model based on the effect of L
b renormalization in the superconducting state may be able to explain tLhis :6;’¢ff
e LY

53 discrepancy. ;%

ki One paper has been submitted to the Physical Review, one paper to Phys. T
o Rev. Letters and another is being prepared for submission Lo the Physical SO
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Review. Two additional papers have becn submilted to the International
Conference on Materials and Mechanisms of Superconductivily to be held in Ames,
Iowa on M¥ay 29-31, 1985. And, ¢a invited paper and two contributed papers have
been submitled to the Eighth Inleenationad Canferen e un Internal Friction and
Ultrasonic Attenuation in Solids to be held ot Hrbany, 111inois on June 3-6,

1985.

FORECAST

The research goals and objectives of this investigation will remain the
same. 1he number of graducte research assictants will be maintained at the
same level.  The rate of exnenditure of funds iy expected to continue at the
proposed level. No sigmiiicant reorientalions are anlicipated for the second
and third years of this research project.

When the equipment provided by DOR-URLP Grant No. 84-0221 s assembled it
will he peasible to carry out these measurements down to sub millikelvin
temperatures and up to frequencies of 4 GHz. 1he dilution refrigerator has
been ordered from Oxford Instruments and is expected in a few monlhs. The

automatic velocity and attenuation measurcment apparatus up to frequencies of

160 MHz has been ordered from Matec. A schematic and list of the equipment

necessary to extend the frequency range up to 4 Gz is being designed in
. collaboration with Malec and assembied at . Several oplions for a computer
» to interface with this equipment are being investigaled. Because of dolays at
;!! the manufacturers, an additional cost exten~ion heyond 1% July 85 will be
:ﬂ necessary and has been requesied.
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TECHNICAL PERSONNEL

In addition to the principal investigalor, the following gradunie students
have worted and will be working on this grant. 1he university has suppoeted

soric of them as part of their matching comailment.

Full Time:

Mr. Anders Schenstrom

Mr. Jeff Schmidt

Mr. Keun -denn Sun

Mr. Roy Wieqgert

Part line:

Mr. Hugues Pierre Baum

Mr. Qiang Qian

Mr. Dale Walikainen

Mr. Min feng Xu

e hac e aae s

(Senijor Graduate Research Assistant)

Theoretical renormmtization model for acousto-
etectric effect in <uperconducting HBR, and SAR
investigation of granular {films and supertaitices.

(Senior Graduate Regearch Assistant)
SAW investigalion ot qrantlar Pb films and
amorphous f1lm..

(Senior Graduate Kesearch Assistant)
Ultrasonic investigation of ternary ferromagnetic
superconductors and pure vanadium single crystals.

(Senior Graduate Kescarch Assistant)
Responsible for aasenhiting avtomatic ultrasonic
attenuation and velooity measuring apparatus.
(DUD -URTP Grant No. 84 0221)

(Junior Graduale Research Assistant)
Will work on layered compounds, strong coupled
superconduclors, and AlY superconductlors.

(Junior Graduate Research Assistant)
Will work on dilution regrigerator.
(DOD-URIP Grant No. 84 0021)

(Junior Graduate Rescarch Assistant)
Will work on Josephson coupled superconducting

arrays.

| LML

(Junior Graduate Research Assistant)
Will work on single crystal vanadium, lernary
alloys and cheviel phase superconductlor:.
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SCIENTIFIC INTERACTIONS

1. §Q3§p and Nb3Ge Films
For cur research, Dr. Robuert flammond, “tanford University, wili aitempt
to deposit NbSGe fihms on aluminum niti ide salitratoes, He will oy
attempt to deposit NDBSH atid NbBGr b e e bed Vithiben noos e
substrates.
2. Terna.x Alloys
Polycrystalline Samples of HOer1~x“hﬂHﬂ have boen oblained 1 rowm
Professor Brian Maple, U.C. San Dicqgo.  !hice awples have a ferronagnetic
transition temperature that is accessitbe with o Hv4 cryostal,

Therefore, the interplay between ferromagnetiom and superconductivity can

be more e¢asily investigated ultrasonically.

3.  Amorphous Superconductors

We have obtained from Professor Ted Geballe and kKobert Hammond, Stanford ;
University, amorphous molybdenum films stabilized with a small amount of i
niobium, which were deposited on quaris and 1Tithium niobale substrates. ]
Interdigital electrodes will be deposited on the substrates and i
preliminary measuremenls will be initiated. i
4. Tin Based Ternary Single Crystals j

e
We obtained from J. P. Remeika, Bell laboratories, single crystais of tin :

based ternary single crystals thal are bolh nagictlic and superconducting.

These crystals will permit the transmission of higher frequencies than in

the polycrystalline ternary alloys. 1lhe frequency dependence of the

attenuation coefficient should make it pouible to distinguish between

different models that have heen proposed to ceplain the observed offects.
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brittle. New samples have been obtained from J. P. Remeika. A HuJ probe
has been built and tested for these moaswements.  Preliminary measurce
ments have been performed but the crystaly titl do not appear adiequate
for ebtaining ultrasonic dala.

5. Single Crystals of the Ternary Alloy
Continucd discussions with Dr. David Hinky, Argonne National taboratory,
concerning the possibility of oblaininyg »ingle crystals of the lernary
altoys. The first crystals will be ol erhquﬁ. fhese crystals will
also he measured with the H03 probe.

6. Single Crystal of Cu,Mo S,
Correspondence with Dr. Renee Flukiger, Solid Ltate Institute, Karlsruhe,
concerning the possibility of obtaining a single crystal of C“?MUbSB
was conducted. He has grown such as crystal and hopefully il will be sent
to us for characlerization.

1. Array of Josephson Coupled Superconductors
Discussions were held with Professor R. S. Newrock, University of
Cincinnati, concerning the deposition of an array of Josephson coupled
superconductors on a piezoelectric substrate. Interdigital electrodes
will then be evaporated on this substirate in order to investigate the
array with surface acoustic waves in ihe 700 MH/ frequency range.

8. Films of Va,Sn

Discussions were initiated with Dr. John Gavaicr, Hestinghouse, sbout

obtaining thin films which will be measurcd with surface acoustic waves,

Two substrates covered wilh films have been abilained.
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- 9. Artificially Produced Superlattice
' Discussions were initiated with Dr. Ivan Schuller, Argonne #alional
Laboratories, about the possibility ob obtaininmg superlatlices made of Wb K
d
and Cu in order to investigate theiv choaractery bics with surface .
. - . . ‘ ) y
. acoustics viaves,  Similar discussions wero heid vith Professor God Geballe 4
- and Ur. Rohbert Hanmond, Stanford Unive. ity 1o obiain superloilice )
. 4
. 4
N stractares of Nb and /v, g
] d
l 10, d98d 1ity Ultrasonic Syipusium i
B On Hdovember 14-16 chaired session at (he Halias, Toxas, conference, .
) 3
11, visit to Physics Departmenl, Universiiby of Tilinois, Urbanad g
: b
; Presented seminar on November 20, 1984
"Surface Acoustic Wave Investigation of Superconducting Films.*® ‘
- Discussed measuremenls on superconducting filtms wilh Professor Dan
' Ginsberg and measurcments in the mixed superconducting state with
: Professor Andrew Granato. Visited the low temperature labs and discussed
the installation of their dilution refrigerators because of the installa-
! tion we were planning for our new refrigerator (DUD -URIP Grant Ho.
5 84 -0221).
s 12. During travel in Furope Professor tevy maude visils Lo the following: ]
.' 12.1 Yisit to_the Institute of Physical Chemistry, Polish Acadeay of j
: scicnces, Warsaw, Poland N
- . 9
3 On December 27, 1984 presented toniingar on Y
i o
“Surface Acoustic Waves." -
Visited the surface studies laboratory. N
. ®
' :
)
"1
]
N
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Z 12.2 Vi it to Swiss tederal Institute vto), Jaricn, Switzer i
' Un January 4-%, 1984, visited the b oo rature Faborotory oo
divcussed the merits o) the SHE b cotord idation refeigerators
inctalled at the Yabe there.  Diooa ood it Bel Hans Rudi oty his
| measurements on heavy fermion s roondac oy and discussued with Dr.
Aa Celia Mola her measuremente oo the prosiaity ef fecl at mitii-
kelvin temperatures.  Also discn. o thooe topics with Profossor
Jorgen L. Olsen.
12.3 Visit to_the Baverian Walther Hei soer Low femperature taboratory,
Munich, West Germany
On January 7 and 8, 1485, Profes-or fevy vicited the Wallher Heissner
Low Temperature Laboratory and dicu..od with the director, Dr.
Klaus Andres, the merits of their ditferent targe dilution refri-
gerators and the advisability of building specialized smal) dilutlion
refrigerators and using superinsulaled dovars for these small refri-
gerators in order not to require Jiguid nitrogen in their operation.
13. 1985 _1LLE Ultrasonic Symposium
Meaber of the program committee of the conference to be held in San
Francisco on October 16-18, 1985.
14. #arch Mecting of the American Physical Sociely
Attended the conference on March 25-29, 198%, which was held in Baltimore,
Maryland and chaired a session on "Supcrconductivity: Al5 Compounds.”
Held ¢*vcussions with Professor Ted Geballe, and Hr. Robert Hauwmond,
Stanford University, concerning supertattico, of Nb and Zr.  Held
discussions with Dr. John Gavaler abou! measuring some of their pure Wb
e e T e e e T T e et s
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single crystal films in ocdger to estenli b oo siandard comparison v the
Alh supcrconducting tilis.  leld divcuwion. with Ur. George Liss e,
Argonne Mational Laboratery, aboul the Tegie coyntals of frih,o had

[}

they are attempting to yrowr ot Avgon ione ! Daoratory. P e
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wvith frofessor R Newrock his centimong cilempin Lo make Jonopi on
coepled arrays.  They are going lo tne b Corneld submicron dar i ity to

produce these arrays. Oiscussed with Ui Aca Colia Mola the nooniaility

of making surface acouslic wave measuromeiits on systems which di piay the ]
4
. - . . . 1
large superconducting pruximity effecl that <he recently discovered. ;
Continued discussions with Dr. Jim Smith, Tos Alamos Laboralory, about
the possibility of ootaining heavy ifermion wuperconducting crystals from
hic tor adtrasonic measurements.,  Discussed our bulk wave measurcments on
L
tne ternary superconductors and our SAU nicacurements on granular super - )
L
condectors with Or. tewis Testardi, #Hational Burceau of Standards. ]
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