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Computation of current–voltage characteristics of the SNS junctions
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Abstract

Simplified model for current–voltage characteristics of weak links (superconductor – normal metal – superconductor junctions, micro-
bridges, superconducting nanowires) is suggested. It is based on approach which considers Andreev reflections as responsible for the
transfer of dissipative current through the metallic Josephson junction. The current–voltage characteristics of tin microbridges at differ-
ent temperatures were computed.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Current–voltage characteristics (CVCs) of superconduc-
tor – normal metal – superconductor (SNS) junctions dem-
onstrate the rich peculiarities that is promising for different
applications. The Resistively-Shunted-Junction model is
commonly used for the description of CVCs of SNS junc-
tions instead poor possibilities of this phenomenological
model. It is due to simplicity of RSJ in comparison with
the microscopic-based theories of SNS junctions. Pereira
and Nicolsky suggested the simple modification [1] of the-
ory [2] where the time dependent Bogolubov–de Gennes
equations were solved for the Andreev reflected quasiparti-
cles. The model [1] simulates the general form of the exper-
imental CVCs of SNS junctions [3] and reproduces the
negative differential resistance region on CVC [4]. How-
ever, the description of CVCs by [1] is qualitative only.
New simple modification of KGN theory is proposed in
this article that may lead to more extensive using of the
KGN-based approach to the calculation of weak link char-
acteristics (see Fig. 1).
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2. Model for the dissipative current through SNS junction

The detailed description of the model is presented in [5].
A voltage-biased SNS junction is considered with a con-
stant electric field which is in the N layer in negative z-
direction perpendicular to the NS interfaces. The normal
layer N has the thickness 2a more smaller than the thick-
ness of the superconducting bank. The approximated
expression for the energy of Andreev bound states is
suggested:
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where m* is the effective mass of electron, D the value of en-
ergy gap of superconductor at the temperature T, kzF the z

component of Fermi wave vector of quasiparticles, r = 0, 1,
2,. . ., C is the fitting multiplier. Then the density of bound
states [6] has been derived:
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where A is the normal layer area.
The best agreement of the energy spectrum (1) with the

semiclassical approximation [2,6] and the density of bound
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Fig. 1. The current–voltage characteristic of Sn microbridges. Experiment
[7] (points) and calculations (solid lines).
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states (2) with one of an SNS junction with thick supercon-
ducting banks resulted by [6] is for C = p/2(1 � am*D/
�h2kF) for C > 1 and C = 1 otherwise. After transformations
and simplifications [5] the total current density is resulted:
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where l is the inelastic mean free path and RN is the resis-
tance of the N region, E1 = �D + neV for �D + neV P D
and E1 = D otherwise.

The expression (3) allows to calculate CVCs of weak
links for different thicknesses of the normal layer at differ-
ent temperatures. The subharmonic gap structure, the neg-
ative differential resistance, the excess current and the
current peak at the small voltage are reproduced on CVCs.

3. Fitting of the experimental current–voltage characteristics

The obtained model was used to compute CVCs of the
current biased tin microbridges [7,8] (Figs. 1 and 2). Both
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Fig. 2. The current–voltage characteristic of Sn microbridges. Experiment
[8] (points) and calculations (solid lines).
sets of CVCs have the similar peculiarities: the subhar-
monic gap structure, the current peak at the small voltage
and the excess current.

Comparison of the computed I(V) curves and the exper-
imental V vs. I dependencies displays satisfactory agree-
ment at temperatures smaller than 0.99Tc. The I(V)
curves were calculated with the reasonable parameters:
the critical temperature, the energy gap at zero tempera-
ture, the Fermi wave vector of Sn (Tc = 3.77 K,
D0 = 0.57 meV, kF = 1.62 Å�1). The length of microbridges
2a is 5000 Å and l = 15a. The BCS dependence of D on T

was used. The high voltages regions on experimental CVCs
are close by the computed curves at higher temperatures. It
is possibly reasoned by self-heating occurred at high volt-
ages in these experiments [7,8]. Some discrepancy of the
computed curves and the experimental points at low volt-
ages is because there were the current-biased measurements
of CVCs instead voltage-biased one.

4. Conclusion

Simplified model for calculation of current–voltage
characteristics of the weak links (SNS junctions, micro-
bridges, superconducting nanowires) was developed. This
model makes the KGN approach [2] more convenient for
description of experiments. The model was applied for
computation of the current–voltage characteristics of tin
microbridges at different temperatures.
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