" TILE COPY

REPORT DOCUMENTATION PAGE

YOTEBOAT §ECLR T

- -
~ -, -
- .-

CLASSF Ca S

1o RESTRCT VE MAAKINGS

e LR TN C_ASSIF CATION A

ELECTE
NG IANTY'S 1990

> CEC.ASSIFICATION.DOWNG

3 D/STRIBLTION, v‘”_‘a“:if‘v OF AEPOR™
. PPrOVeEsd o P.vlie release ;
‘ distrititionuailimited, —

a4 PEACSAMING DRGANIZATID

'5 MONITORING ORGANIZATION REFPORT NUMBERI(S.
i

. APOSR.TR. 89-1730

68 NAME CF PEREORMING ORGANIZATION

UNIVERSITY OF MINNESOTA

OFF1CE Symeal
If appucadie

:

Ta NAME OF MONITORING ORGANIZATION

Air Force Qffice of Scientific Research

6c. ADDRESS ;City. Siste ana ZIP Coae:

School of Physics & Astronomy
Minneapolis MN 55455

7o ADDRESS (City. Swite end ZIP Coae:
Bldg 410
Bolling AFB DC 20332-6448

8a. NAME-OF FUNDING/SPONSORING-
ORGANIZATION

AFOSR

Bb. OFFICE SYMBOL
(1 appiuceabie

NE

9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

AFOSR-84-0347

8 AOORESS (City State ana ZIP Code i -

10 SOURCE OF FUNDING NOS.

_ PROGRAM PROJECT i TASK WORK UNIT
~ ELEMENT NO. NO. i NO. i NO
Bolling AFB DC 20332-6448 61102F 2306 | cl !

11 TITLE tinciuae Security Ciassification)

UCTIVITY OF THIN FILM IN

TERMETALLIC COMPOUNDS

12 PERSONAL AUTHORIS) :

13b. TIME COVERED

rRom 24 04 ¢y To 4504 ¢

YPE OF REPORT

18. DATE OF REPORT /¥r. Mo.. Day/
March 31, 1985 -

15. PAGE COUNT
18

|
|
1

16. SUPPLEMENTARY NOTATION

COSAT: CODES
GROUP

SUB. GR

FVELD |
‘ N

18. SUBJECT TERMS (Continue on reverse i necessary and identity by biock number:

Upgrading,]multi-source electron beam deposition system

that are being studied under the program.

system for monitoring substrate temperature.

in two adjacent wavebands.

up to four. (oo q{ar T ...,

o

We have rct purchased a rate monitor which uses Electron Impact Emission Spectroscopy (EIES)I
The currently commercially available instrument, supplied by Inficon, has the capability
for controlling only two sources, whereas in our applications there is a need for control of

."-/.'/[_{-( ['f,‘.‘* 4 '.[{‘s‘ 54/',’“-q‘\;( :

19. ABSTRACT ‘Conlinue on reverse i/ necessary ond identify by biock numbers

e major effort related to facilities has been the upgrading of the multi-source electron
beam deposition system which is used to prepare the ternary and pseudoternary compounds

The vacuum chamber has been equipped with a Williamson noncontacting temperature sensing

With this system the temperature of the

substrate is determined by computing the ratio of radiant energies emitted from the surface

A
T

OISTRIBUTION/AVAILABILITY OF ASSTRACT

21. ABSTRACT SECURITY CLASSIFICATION

DD FORM 1473, 83 APR

SLASSIFIED/UNLIMITED & SAME AS RPT. I OTic usens ) UNCLASSIFIED
22s. NAME OF RESPONSIBLE INDIVIDUAL 220 TELEPHONE NUMBER lzze. OFFICE SYMEBOL ‘l?
tInel Ares C ]
DR HAROLD WEINSTOCK (36%Y Y¥67°8933 NE \

COITION OF 1 JAN 73S OBSOLETE.

UNCLASSIFIED

CEALIMITY A ARRIEIFAATIAN AF THIS PaE

h|

-




A'“RJ‘“. 89-1730

Research Progress and Forecast Report

Superconductivity of Thin Film Intermetallic Compounds

[
2%, -
Grant No. AFQSR-84-0347 % 2%
o v
\\%es'on For
e el
NTIS CRa&I Y
DTIC  1AB 0
March 31, 1985 Unannoiir.ced a
’ UG
By .
Oistribution |
Availabiity Codes
) Avalt andjor
Dist Special
School of Physics and Astronomy Hzl l

University of Minnesota

Minneapolis, Minnesota 55455

Principal Investigator: Allen M. Goldman




TABLE OF CONTENTS

PAGE
I. INTRODUCTION. covsvenneerranacacocananncas 1
I1. PROGRESS....... cucesmatsaasssrasercnocnas 2
ITI. TECHNICAL FORECAST..ivverrnenencceannanns 9
Iv. PERSONNEL...eveeinnncannann B K

APPENDIX Aivevenvvnsannsncennas cesanccrnans seeens 14




I. INTRODUCTION
\\N~““:>'The study of thin-film superconducting compounds has become an
important frontier of solid state séience and a part of the technical and
scientific base of both large-scale and small-scale applications of
superconductivity. Both of these classes of applications should have
increasing impact on industrial and military technologies in areas related to
energy, electronics and 1nfqrmation processing as the twentieth century
approaches. The program described here, which began 1 September 1984, is
designed to take advantage of the control of chemica14composition and
morphology possible with thin film techniques such as sputtering and electron
beam co-evaporation. Materials fabricated and studied include the Chevrel
phase compounds and low carrier density systems.2 These are of potential
technological significance. In addition, fundamental problems such as the
interplay between magnetic order and superconductivity, and the nature of the
mechanism for superconductivity in the heavy fermion mater1a1s3 will be
investigated. An important aspect of the work is the correlation of
microscopic superconducting parameters determined by tunneling with
composition and structure. Macroscopic properties of.the superconducting
state such as the critical field, critical current and critical temperature
will also be studied and correlated with microscopic parameters, composition
and structure.

Although the efforts described here by and large involve fundamental
scientific studies, the materials efforts involved in preparing samples needed
to test theoretical models and answer scientific questions are intimately
related to efforts needed for the development of the technology. The

optimization of the superconducting properties of a film for scientific study
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is not unrelated to the optimization of the material for use as a conductor in
electromagnets, and the solution to the problem of preparing tunneling

junctions is certainly related to the problem of preparing practical devices.
II. PROGRESS

A. Facilities

The major effort related to facilities has been the upgrading of the
multi-source electron beam deposition system which is used to preparé the
ternary and pseudoternary compounds that are being studied under the program.
Specificially, a sample insertion system has been designed, fabricated, and
tested successfully. The vacuum lock of this system is presently pumped by a
100 1/s ion pump, which will be replaced in the near future by a
turbomolecular pump. The latter should permit even more rapid turn-around
than currently possible.

The vacuum chamber has been equipped with a Wi]]iamson4 noncontacting
temperature sensing system for monitoring substrate temperature. With this
system the temperature of the substrate is determined by computing the ratio
of radiant energies emitted from the surface in two adjacent wavebands. In
this way the results are independent of the emissivity of the substrate. The
signals are processed through one silicon detector for long-term stability and
drift-free operation. The electronics are outside the vacuum system with the
viewing of the sample surface accomplished with a fiber optic link. With this
instrument it should be possible to greatly tighten the reproducibility of the
control of substrate temperature which appears to be a . ~itical factor in the

control of the properties of films.
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We have not purchased a rate monitor which uses Electron Impact
Emission Spectroscopy (EIES). The currently commercially available
instrument, supplied by Inficon, has the capability for controlling only two
sources, whereas in our applications there is a need for control of up to
four. We have discovered that the limitation of our currently-used crystal
oscillator rate/thickness monitoring system, saturation of the crystal which
monitors the sulfur flux, can be overcome by periodically heating the crystal
to evaporate the sulfur which may have collected on it. We have thus decided
to continue to use collimated crystal oscillator rate/thickness monitors. We
will replace the DCC-116 minicomputer used to monitor deposition rates with a
suitably equipped microcomputer such as an IBM PC. This will be done to avoid
delays and possibly large expenses that might be associated with the
maintenance of the DCC microcomputer which is a copy of a Data General NOVA
1200. This change in computers will be made before 1 July 1985. An account
of the operation of the deposition system has been submitted for publication

in the Journal of Vacuum Science and Technology.

B. Work on the Chevrel Phase Compounds

The experimental effort in this area has been concentrated on the study
of HoMo6S8 thin films prepared during the €all. HoMoGS8 is a reentrant
superconductor6 and is an excellent model system for the study of the
interplay of ferromagnetism and superconductivity. The studies of these
films, which will be described below, are preliminary to electron tunneling
investigations.

A technigue which we have called reactive annealing has been

deve'loped.7 After a film has been made and characterized it is possible to
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reinsert it into the vacuum system, and in the the presence of a flux of
sulfur vapor anneal it. This process can be repeated. It was found that as-
prepared HoMo6S8 films were barely metallic and did not undergo a complete
transition into the superconducting state. Annealing for an hour at 800°C
resulted in reentrant superconductivity very similar to that observed in bulk
polycrystalline samples. Further annealing resulted in a further reduction of
the resistivity of the film, an increase in its resistivity ratio and the
disappearance of the reentrance into the normal state below 1 K.

Extensive measurements of the resistance as a function of temperature
and magnetic field have been carried out to determine the nature of the
superconducting state at low temperatures in non-reentrant films. It is found
that in these films reentrance into the normal state actually occurs in a
field of 200 G. At temperatures of the order of 0.1 K the time constants of
the films in response to changes in the magnetic field appear to be the order
of one hour. This is the case for films which are only 1/2 um thick.

At the present time we believe that the remarkable low temperature
behavior of these films has two possible causes. Zero resistance may be a
consequence of domain boundary superconductivity first discussed by Tournier
and co-workers.8 Alternatively it may result from the transformation of
HoM0658 from a ferromagnet at low temperatures to an antiferromagnet possibly
as a consequence of the depletion of Ho in the annealing process.9 The latter
will be checked shortly by chemical analysis of the samples. By studying the
critical fields of the films in both parallel and perpendicular fields it
should be possible to infer the temperature dependence of the magnetization.10

If this can be done with sufficient precision, the nature of the low




65—

temperature magnetic phase which appears to coexist with superconductivity in
this peculiar manner will be ascertained.

A preliminary account of this work will be presented at the March
meeting of the American Physical Society. The work will also be presented at
the Conference on Superconducting Mechanisms and Structures which will be held
in Ames, Iowa in the late spring of 1985. It is hoped that by the time of
this second meeting a definitive explanation of these unusual results will be

in hand.

C. Heavy Fermion Superconductors.

These materials have attracted attention because of the remarkable fact
that the effective masses of the electron quasiparticles can be as much as a
thousand times larger than the free electron effective mass. An important
consequence of this is that the Debye temperature of some of these materials
can be larger than or comparable to the Fermi temperature. Thus many of the
steps used in simplifying the theoretical analyses of solids are no longer
valid. In the case of heavy fermion materials which are superconducting it is
highly probable that the usual mechanism for superconductivity involving a
retarded effective electron-electron interaction moderated by the phonons is
not valid. Some investigators have suggested that heavy fermion
superconductors may involve higher spin and angular momentum pairing than is
the case for usual BCS superconductors.11

We have undertaken the study of the superconductivity of UPt3 thin
films. This compound is a heavy fermion superconductor which may actually be
a triplet superconductor. Our efforts have been concentrated on preparing

thin films using a sputtering technique which could be suitable for electron
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tunneling investigations. The latter, when incorporated as electrodes in
tunneling junctions, could be used to measure the energy gap of this
remarkable material. If the junctions were of sufficiently high quality,
the coupling between the electrons and the magnetic and vibrational internal
degrees of freedom of the compound could be investigated in a quantitative
way. If Josephson junctions could be made, it might be possible to learn
something about the details of the pairing.

We have solved one major technical problem in the preparation of UPt
films, and are trying to solve a second. In all of our early efforts at
preparing UPt3 we always obtained oxides of uranium rather than the desired
compound. We discovered that uranium was reacting with the oxygen in the
sapphire substrates at the high temperatures needed to form UPt3. We were
able to form UPt3 on tungsten substrates, on tungsten-coated sapphire
substrates, and on Berylia (BeO) substrates. However, although the X-ray
patterns of these films were reasonabiy sharp, their resistivity ratios were
not high enough to result in superconductivity at anyrattainab1e temperature.
Attempts at annealing were not successful for a variety of reasons. In the
case of the Berylia and tungsten substrates the disordered film doesn't anneal
because it is pinned by the roughness of the substrate, whereas in the case of
tungsten-coated sapphire substrates. tungsten appears not to be an adequate
barrier against the interaction of the UPt3 film with the oxygen in the
sapphire substrate. What appears to be necessary for successful annealing is
a smooth, single-crystal substrate which doesn't react with uranium. The
success of this enterprise depends on finding such a material and successfully
preparing either a single crystal films or films with large enough

crystallites that their resistivity ratios are high.
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Scrutiny of standard tables of free energies of formation of binary
compounds reveals why BeO and W are suitable substrates for the reactive
deposition of UPt3 at relatively high temperatures.12 Using the tables, we
have also identified CaF2 as a suitable substrate material. It will not react
with uranium under the deposition conditions needed to form UPt3 and is

13

available in the form of polished single crystals. In the near future we
will be sputter-depositing UPt3 films onto this material. If the process is
successful, we will be in an excellent position to carry out quantitative
microscopic studies of the mechanisms of superconductivity in UPt3.
D. Low-Carrier Density Superconductors and the Field Effect

The demise of the superconducting computer project at IBM was in part a
consequence of a three-terminal superconducting switching device with FET-1ike
characteristics not having been developed. Josephson devices require design
rules entirely different from those of semiconductor devices and were two-way
devices. In addition, the circuit concepts requied to apply the Josephson
effect, because they involved magnetic-field driven switching, were not easily
incorporated into high-density systems. If a three-terminal superconducting
switch with isolation, high-speed, low-power dissipation and gain could be
developed, then the perceived advantages of superconducting digital
electronics relating to lower power dissipation, high packing density and ease
of interconnection might be practically realized.14

It may be possible to produce a superconducting device with FET-like
characteristics using the field effect in low carrier density

superconductors. In order for the effect to be significant, a low carrier

concentration system is needed because the field effect in metals is extremely
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weak. Ban1_xB1'XO3 is a prototype low carrier density material with a

superconducting transition temperature above 10 K.15

However, problems in
fabricating it in a controlled way seem to preclude its use in a simple
demonstration of the field effect. On the other hand, PbTe doped with T1 is a
relatively simpler material with a transition temperature above 1.4 K which
may be very useful in demonstrating the field effect even if it is not
actually useful in practical devices.16

If the areal carrier density of a film is sufficiently low, then it
should be possible to effect a large percentage change in its surface charge
density using the field effect. In a material such as PbTe doped with T1, in
which TC = 1.5 K and the carrier concentration is 10]9 cm-3, large changes in
the areal charge carrier density can be induced with a bias of the order of a
volt. It may thus be possible to switch superconductivity on and off in a
film by biasing it with a voltage applied across an insulating layer using a
gate electrode.

We have undertaken a design study and a pilot project involving PbTe to
see whether it is possible to produce a significant change in the
superconductivity using an applied potential. Subsequent to our work on this
project we discovered an analysis by Shapiro of surface superconductivity
induced by an electric fie]d.]7 Although this analysis was focussed on a low
transition temperature material SrTiO3, its results were essentially identical
to our own. We plan to produce T1-doped PbTe films by a sputtering process
and have been preparing masks, substrates and sputtering targets. We

anticipate some tangible experimental results within the next few months. A

brief outline of the idea is attached as Appendix A.




IT1I.  TECHNICAL FORECAST

A, Chevrel Phase Compounds (Maps, Berkely, Kang, Goldman)

We will continue our studies of HOMOGSS' expanding the work to include
tunneling investigations of this compound. Since there are no quantitative
studies of tunneling in any magnetic superconductor, this sort of
investigation should be of some significance.

We plan to extend and substantially broaden the scope of our
investigation of other Chevrel phase films, taking advantage of our unique
sample preparation facilities. We will prepare additional CuMo6S8 films and
attempt to carry out quantitative studies of electron tunneling. CuMoGS8 is a
high-critical field material. We will also prepare the pseudo-ternary
compound, europium-tin-molybdenum sulfide, and study superconductivity induced
by high external magnetic fie]ds.18 This phenomenon is supposed to involve
spin compensation resulting from a negative exchange interaction between the
conduction electrons and magnetic ions. The effect, originally proposed by

19 may be a key to achieving superconductivity in ultra-

Jaccarino and Peter,
high magnetic fields. We will study the systematics of the phenomenon as a
function of temperature and magnetic field as well as carry out tunneling

studies in a magnetic field.

B. Heavy Fermion Superconductors (Kang, Maps, Goldman)

If the fabrication procedure involving the use of polished single
crystal substrates of CaF2 results in films with high resistivity ratios, then
this project will proceed to the stage of characterization of the macroscopic

superconducting properties of the films and attempts to fabricate high-quality
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tunneling junctions will be initiated. If films of the appropriate quality
cannot be prepared, the effort will be dropped and the resources will be
channeled into other aspects of the program. This effort, if successful,
could result in a major contribution to the fundamental understanding of heavy

fermion superconductors.

C. Low Carrier Density Superconductors and the Field Effects
(Jaeger, Goldman)
We plan to fabricate films of PbTe doped with T1 with carrier

8 610" en 3, This will be done using a

concentrations of the order of 10°
sputtering technique. With a suitable electrode configuration we should be
able to bring about a shift of TC resulting from the change of the carrier
concentration due to the field effect. This effort should be completed some
time during the present grant period. If this pilot effort is sufficiently
successful, we will expand the effort in this area as the development of a
vthree-termina] FET-1ike superconducting device would represent a major
breakthrough in superconductive electronics. This expansion could involve the
preparation of films and devices using MBE techniques. The use of these

techniques should lead to higher quality films and devices, and perhaps to

higher Tc's for the low carrier density material.




~ oo 0 b
a s o 8

10.

1.

12.

13.

14,
15.

~11-

References

Superconductivity in Ternary Compounds I and II, edited by @. Fischer and

M.B.Maple (Springer-Verlag, New York and Berlin, 1982).

C. Methfessel and S. Methfessel in Superconductivity in d- and f-Band
Metals, edited by W. Buckel and W. Weber (Kernforschungszentrum,
Karisruhe, 1982), p 393.

For a review see: G.R. Stewart, Rev. Mod. Phys. 56, 755 (1984).
Williamson, Concord, MA (1742,

Inficon, Leybold-Heraeus, East Syracuse, NY 13607.

M. Ishikawa and @. Fischer, Solid State Commun. 23, 37 (1977).

R. Webb, A.M. Goldman, J. Maps, and J. Kang, Proceedings of the IEEE
Transactions on Magnetics, to be published.

J.L. Genicon, B. Laaboudi, R. Tournier, R. Chevrel, and M. Sargent, J.
Physique 45, 1079 (1984).

F. Holtzberg, S.J. LaPlaca, T.R. McGuire, and R.A. Webb, J. Appl. Phys.

55, 15 (1984).

R.H. Cantor, E.D. Dahlberg, A.M. Goldman, L.E. Toth, and G.L. Christner,
Solid State Commun. 34, 485 (1980).

D.J. Bishop, C.M. Varma, B. Batlogg, E. Bucher, Z. Fisk, and J.L. Smith,
Phys. Rev. Lett. 53, 1009 (1984).

Free Energy of Formation of Binary Compounds, by Thomas B. Reed (MIT

Press, Cambridge (1971)).

Ado1f Mellor Company, Providence, RI 02940.
Richard E. Harris, Cryogenics 20, 171 (1980).
B. Batlogg, Physica 126B, 275 (1984).




16.

17.
18.

19.

-12-

I.A. Chermik, S.N. Lykov..and N.I. Grechko, Sov. Phys. Solid State 24,
1661 (1982).

B. Ya. Shapiro, Physics Lett. 105A, 374 (1984).

H.W. Meul, C. Rossel, M. Decrouh, and @. Fischer, Physica 126B, 44
(1984).

V. Jaccarino and M. Peter, Phys. Rev. Lett. 9, 290 (1962).




Iv.

-13-

PERSONNEL

A. A. M. Goldman, Professor of Physics

B. J. Maps, Research Associate in Physics

C. J. Kang, Research Assistant in Physics

D. D. Berkely, Research Assistant in Physics
E. H. Jaeger, Graduate Student in Physics




14-

Appendix A

A Three-Terminal Superconducting

Field Effect Switch (SuperFET)

B. G. Orr, H. M. Jaeger, and A. M. Goldman
School of Physics and Astronomy
University of Minnesota

Minneapolis,MN 55455

A major problem in the use of superconducting digital technology is the
lack of a high-speed, low-power three terminal device with properties similar
to those of a semiconducting field effect transistor (FET). Specifically such
a device has three-terminals, a high input impedance, input-output isolation,
low power dissipation, and a very fast switching speed. Josephson devices
have been used as building blocks of digital superconducting circuitry, but
they require unusual design rules and there have been problems in achieving
fabrication tolerances on various parameters which are consistent with the
margins required by circuit design considerations. Many important Josephson
digital circuit configurations, especially those used in memory applications,
are based on the SQUID configuration which cannot be easily miniaturized be-~
cause if they were the magnetic field associated with the flux quantum would
become prohibitively large.

Various three-terminal superconducting devices are discussed in the at-
tached reprints. The so-called superconducting FET is a device which is just

like an ordinary FET, but relies on the superconducting proximity effect to
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induce superconductivity in the conducting channel. Because of the low car-
rier density in the channel, the superconducting source and drain electrodes
must be very close to each other in order to achieve any effect at all. Here
we propose a totally different approach to the problem of constructing a su-
perconducting FET. There is a small class of doped semiconductors or
semimetals which, although having low charge carrier concentrations, are
nevertheless superconductors. The most well-nown and intensively studied is
PbBaxBl-xOS’ which can have a superconducting transition temperature up to 13
K, depending upon the carrier concentration which is ordinarily set by x.
Remarkably these materials, even with Tc " 13 K, have carrier concentrations n
= = 1019 cm-3. There are also a number of semiconductors with very low car-
rier concentrations which can be doped so that they are superconductors. With
the exception of PbTe doped with Te, all of these materials have transition
temperatures less than 1 K. This compound has a TC which can be as high as 2
K.

An important feature of all of these low carrier density superconductors
is that Tc is changed (increased) as the carrier concentration is changed
(increased) by doping or altering the chemical composition. An alternative
way to vary the carrier concentration, at least at a surface layer, is to use
the field effect. The material of interest is incorporated as one electrode
of a capacitor which, when biased, results in negative or positive charges
being stored. For a metal these charges would be confined to a surface layer.
Also the charge density change resulting from biasing up to the breakdown
electric field of the dielectric at most would produce a change in the charge
density of a metal by at most a part in 104. Consequently, the metal field

effect, which is the phenomenon actually involved in this instance, will have
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a barely perceptible affect on the superconducting transition temperature.
The possibility of changing Tc by electrically charging a superconducting film
was demonstrated by Glover a number of years ago. In this instance the mag-
nitude of the change in Tc resulting from biasing the material would be
expected to be orders of magnitude larger than what was observed by Glover.

The proposed device would be a thin film of a semiconducting semimetal
which is a superconductor.

Our pilot studies will involve the use of PbTe doped to give TC’V 1.5 K.
There would be two superconducting electrodes gttached to the film. This
structure would be covered with an insulating layer about 100 X thick., A
third superconducting electrode would be deposited over the insulator to form
a capacitor with the underlying PbTe film. Bias would be applied between the
PbTe layer and this upper film. The operation of the device would involve
stabilizing its temperature above Tc of PbTe and then inducing superconduc-
tivity in the latter with the application of a voltage bias to the capacitor
plates. The device could operate by setting the temperature below Tc and
using a reverse bias, to deplete the carrier concentration in the PbTe film
thus shutting off the superconductivity. Either scheme would result in the
realization of‘a switch, between the normal and superconducting states of the
PbTe or other suitable material, where the control gate had a very high im-
pedance, limited by leakage and tunneling through the dielectric layer. The
time constant would be limited by the RC product of the gate where R is the
resistance of the inputlcircuitry and C is the capacitance of the control gate
with respect to the PbTe layer. This time would be as short as that achieved

in any FET type of device fabricated using Si or GaAs technology.
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The power dissipated in the device would be the I2R product in the normal
state of the PbTe conducting channel. This could be optimized by a suitable
choice of biasing conditions. There would be no power dissipated when the
PbTe film was in the superconducting state.

It is useful to estimate the magnitude of the potential change in the
carrier concentration of the PbTe layer as a result of the field effect. We
assume a 100 Z thick PbTe film separated from the control electrode by a 100 Z
thick insulating layer. We also assume that the PbTe film has a TC of 1.5 K

19

, . -3 .
and a carrier concentration of 10°” cm ~. We assume a 1 volt bias. Then the

total charge Q transferred is given by

Q=CV (1)
where C is the capacitance which is
-4y (2)
Then Eq. (1) can be rewritten as
R »

where £ is the dielectric constant of the insulator,'% is the electric field,
e is the charge on an electron and N is the carrier concentration/area.
Taking e = 10 €, @ reasonable value for a dielectric such as A1203 or Si0 and
€ = %gvr x 10~2 in SI units we find N = 5.5 x lola/cmz. The areal charge
density in a 100 X thick PbTe film with n = 1019/cm3 is 1013 cmz. Thus the
bias will increase the carrier concentration in the inversion layer of PbTe by
a factor of 50 over its original value. This may be sufficient to bring about
superconductivity in the film or in a significant fraction of its cross
section. The uncertainty is in the extent to which the charge added to the

PbTe electrode penetrates away from the surface. The more insulating the

character of the nmormal state behavior, the deeper the penetration and the
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greater the likelihood of success. A possibility is to employ a thinner PbTe
film, but such a choice way compromise the power dissipation in the normal
state.

The demonstration of feasibility will consist of demonstrating that the
superconducting state in PbTe can be induced by the application of a bias
voltage to the structure described above. If this can be done, then serious
studies relating to finding better materials and optimizing the geometry be-

come relevant.




