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reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



-1- UCRL-20312

ﬁtECTRIC”TRANSPORT CURRENTS ACROSS NORMAL—SUPERCONDUCTING INTERFACES
J. Clarke*
Department of Physics, University of California and

IMRD, Lawrence Radiation Lab., Berkeley, Calif. 94720
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ABSTRACT
The electric re51stance of Pb/Bi-Cu~Pb/Bi sandw1ches is independent of
temperature in the range 1-LK whereas that of Pb/Bi- Zn—Pb/B1 drops markedly.
The difference occurs because the induced pair potential in the Cu is small
compared with kT whereas in the Zn it ie comparable with kT. ‘The resistance
of the Zn junétionsvis ttrongly dependent upon current.apd magnetic field

whereas that of the Cu junctions is not.
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Whenl a normal metal (N) is in contact with a superconductor (S), a fi-
nite pair aﬁﬁlitude (FN) is induced in N. At finifé temperatures, FN de-

cays exponentially, except near the interface.l In a clean normal metal
' -1

whose transition temperature.(TcN) is zero, the décay length iseikN =

hv/(2mcT) ~ 3000 A at UK. If T is finite, k= ~ hv [ome(1-T /T 17T

cN N F
This paper is concerned with the transport of an electric current across
the SN interfaces’h and the way in which the dissipative flow in the normsal

metal is transformed into superfluid flow in thevsuperconductor.

Consider first a normal metel with TCN=0. The effective pairing inter-

* ’
and the pair potential,.AN(X)=ANFN(X) are both zero (Fig. 1).

*
N

Consider an electron in a state ke incident on the SN interface from the

action, A

N-side, at an energy E(ké) which is less than the value of the pair poten—
(i) |
S
state kh by the pairing potential which can pair the incident electron with

5-T

tial, A , at the interface. The electron will be scattered ihto a hole

one inside the Férmi séa, iéaving a hole excitation. A hole propagates
‘back across the normel metal while avCoopér pair propagates into the super-
conductor. Thé convér5i0n~ from normal currént to supercurrent occurs at
the SN interface.

In the case where 0 < T . < T, both AN and A, are finite (see Fig. 1).

N

An electron incident‘from the N-side with an energy E(ke) which is less
than the valﬁe of AN at fhe interface, A&i), will encounter a finite pair
potential well inside N. As the electron moves into a region of increasing
‘AN, itstgroup velocity will décreasé, becoming zero where e(ke)=AN. The
electron is scattered as before effectively at this point and the conver-

sion from normal to superfluid flow occurs inside the normal metal, at a

position depending upon the energy of the incident electron.
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Since AN decays exponentially, in principle a.fini@e value‘of AN ex-
ﬁends indefinitelj into N. 1In practice ANAwill be broken up by thermal
fluctuations at a finite distance from the SN infeffaCe. Electrons with
Zero or very smallE(ké)‘will be reflected at a point deternined by these
fluctuations.. This distance may be estimated Em?iiically by considering an
SNS junction8 in which N_is.sufficiently thin for it to carry a supercur-
rent, - ?he critical cnrrent (ic) is proportignal'£0 eXP(—kNd), whe?e d is
the thickness of N. As'd is‘increased, ic will decrease end tne phase-
coupling of the juncfion.will be broken when9 ic¢o ~ kT, where ¢Q is the
flux gquantum. An experimental study of the critical cnrrents of SNS junc-
tionsBrsuggests that at LK, AN is broken'up by thermal fluctuations at a
distance of roughly 8 kﬁl from the SN interface.

Experiments have been performed in whieh the resistances of SNS sand-
wiches were measured as a function of tem@erature, current density and
magnetic field. Specimens consisted_of a clean normal metsal, either Cu or
Zn, sandwiched between twoisupercbndueting electrodes (fb/Bi). The resis-
tance of»Pb/Bi-Cu~Pb/Bi junctions'(Fig; 2) was independent of temperature in
the range 1-LK. qu is known te be eﬁfficiently small that ACu << kT,
éi) is large enough that most of the incident electrons are re-

flected at the BN interface over this temperature range. The measured

whereas A

resistence is therefore independent of temperature.

The resnlts for Pb/Bi-Zn-Pb/Bi specimens are also shown in Fig. 2.
The resistance drops markedly as the temperature is lowered towards the
zine transition, 0.88K. The value of:A;n is such that a significant number
of electrons. are reflected by the pain potential in;the zinc. As the tem-

perature is lowered, the decay length increases while the electron energies
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decrease{_ Both mechanisms move the'pointé of réflection away ffom the SN
interface;and iowér thé résistancé.

The resistance of the Pb/Bi—Cu—PB/Bi junctions;was independént of the
current used in the resistance measurémént over thé range 1-50 mA. On the
‘other hand, the resistancé of thé Pb/Bi-Zn-Pb/Bi junctions was strongly
current-dependent as shown in Fig. 3 (witﬁ ambient magnetic field < 5 mG).

This would be expecfed because the current quenches ¥ _ at the extremities of

N
the exponential tails invthé zince. As the current is incréased, the points.
at wﬁich superconductivity is déstroyed move towards the SN interfaces.
"The exponential décay of AN doés not howévér imply that the depenaence of
resistance upon currént is logarithmic because the contribution to the re-
sistance of_the very low enérgy»éxcitations is affécted more thah that of
the highér éhérgy éxcitations. Présumably thé resistance at vefy low cur-
rents is set by thermal fluethations.

The variation of resistance of the Pb/Bi-Zn-Pb/Bi specimens with mag-
netic field (applied perpendicular to the current flow) ‘is also shown in
» Fig. 3. The marked dependence agéin arises from the quenching of the low
values of FN' The resistance of the_Pb/Bi—Cu—Pb/Bi junctions was independ-
ent of magnetic field.

Experiments have also been performed on In-Cu-In junctions. Near

Tc(In), A méy be much less than kT and many of the incident electrons

In
have a finite probability6 of being transmitted into the superconductor in
which they will decay dissipatively. The measured resistance of the junc-
tions increased markedly as T was increased towards Tc(In), in qualitative

agreement with the model.

A detailed model of these effects should tske account of the finite

o
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E-ficld which must exist over part of the condensate in the normal metal.
The condensate is timé—dépénaént and thére arisés thé possibility of vor-
tex motion contributing to thé'obsérvea résistancé. A proper calculation

f the effect of fluctuations on.thé'résistancé'wouldAalso be interesting
as it scems likely that thésé effécts are Qbsérvablé, at least at low
values of measuring current.

Finnlly, measureménts of this type at very low temperatureé pro&ide a
very sensitive test of whether or not N bécomes superconducting at even
lower temperatures.

This work was done under the'auspicés of thé U. S. Atomic Energy Com-

mission.
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FIGURE CAPTIONS

. % *
1. Variation of A across SN interface for A =0 and A > O. The
points of reflection for incident electrons are indicated.

2. Variation of resistance with temperature of Pb/Bi;Cu—Pb/Bi and

vPb/Bi—Zn—Pb/Bi Junctions.

3. Variation of resistance with current and magnetic field of

Pb/Bi-Zn-Pb/Bi junctions.
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