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Abstract

The temperature evolution of current–voltage characteristics (CVCs) of break junctions made from polycrystalline

Y0:75Lu0:25Ba2Cu3O7 and La1:85Sr0:15CuO4 is investigated. The experimental CVCs have hysteretic features that reflect a

part of a curve with negative differential resistance. The temperature evolution of the CVCs is discussed within the

framework of the K€ummel–Gunsenheimer–Nicolsky theory for superconductor/normal-metal/superconductor junc-

tions considering multiple Andreev reflections. It is shown that the shape of the CVCs of break junctions is determined

by the ratio of the number of ‘‘short’’ and ‘‘long’’ intergrain normal regions in the polycrystalline HTSC under

investigation.
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1. Break junctions in HTSC

The break junction technique allows to investigate

quantum phenomena in bulk HTSCs. The formation of

a microcrack in a bulk sample leads to a significant

reduction of the effective cross section for charge

transport, A. In the non-tunneling case two massive

polycrystalline banks are connected by weak links which

constitute narrow bottlenecks. The critical current and

the current–voltage characteristics (CVCs) of the whole

sample are determined by the cross section A. For this

reason we can measure CVCs at bias currents that are

much smaller than the critical current of the bulk sam-

ples, and self-heating effects and vortex motion should

not matter.
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La1:85Sr0:15CuO4 (LSCO) and Y0:75Lu0:25Ba2Cu3O7

(YBCO) were sintered by standard ceramic technology.

The Tc values of LSCO and YBCO are 38 and 92 K

respectively. Details of the break junction technique are

described in [1]. Comparison of sample resistances be-

fore the creation of the microcracks and after (typical

resistance after: <10 X) shows that the value of A de-

creased by factors between approximately 30 and 100.

The CVCs were measured by four probe technique un-

der bias current.
2. Current–voltage characteristics

A typical CVC of an YBCO break junction is shown

in Fig. 1. The hysteretic peculiarity reflects a part of a

current ðIÞ versus voltage ðUÞ curve with negative dif-

ferential resistance which one would be able to observe

under voltage bias. The temperature evolution of the

CVC of a LSCO break junction is shown in Fig. 2a.
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Fig. 2. Temperature evolution of CVC of one break junction of

La1:85Sr0:15CuO4: (a) experiment, (b) simulation.

Fig. 1. Experimental CVC of YBCO break junction at 5 K

(circles) and fitting curve (solid line).
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Again the CVCs exhibit the hysteretic peculiarity and, in

addition, an arch-like structure.

Among the theories developed for SNS structures we

use the KGN theory [2] to describe the experiment. This

theory considers multiple Andreev reflections of quasi-

particles. According to [2] the expression for the CVC is

given by:
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where we use the same notations as in Ref. [2]: f0ðEkÞ––

Fermi distribution function; PN , from Eq. (2.19) of [2], is

the probability of finding the quasiparticles in the N
region of thickness 2a and with inelastic mean free path

‘; e––charge and m�––effective mass of electron; n––

number of Andreev reflections which a quasiparticle that

starts its motion from an Andreev level characterized by

the quantum-number set k undergoes before it moves

out of the pair potential well; A�
n ðEk � eU=2Þ,

Aþ
n ðEk þ eU=2Þ from Eqs. (A.32) and (A.33) of [2] are

the probability amplitudes of n Andreev reflections of

quasiparticles with directions of propagation parallel (+)

or antiparallel ()) to the electric field; ISh � U is the

Sharvin current, see Eq. (3.22) of [2].

The resistive state of a break junction is determined

by a finite number of intergrain normal regions. For this

reason the experimental CVC in Fig. 1 has a compli-

cated form that cannot be reproduced by Eq. (1). The

experimental CVCs are described using a heuristic for-

mula for a series of weak links:

UðI ; T Þ ¼
X

ViUiðI ; T ; aiÞ; ð2Þ

where the sum is over all weak links; UiðI ; T ; aiÞ are the I–
U characteristics of SNS junctions defined by Eq. (1); Vi
is a weight factor indicating the effect of a junction of
thickness 2ai. We find that Eq. (2) correctly describes the

experimental data for YBCO when the sum contains at

least two terms. The best agreement has been reached for

values 2a1=‘ ¼ 0:15, V1 ¼ 0:34 and 2a2=‘ ¼ 0:5,

V2 ¼ 0:66. The solid curve in Fig. 1 shows this superpo-

sition of the theoretical I–U characteristics. The tem-

perature evolution of the experimental CVC has been

successfully described in a range from 5 K to Tc. For

LSCO a good fit of UðI; T Þ of Eq. (2) to the experimental

CVC has been obtained for two terms in the sum with

parameters 2a1=‘ ¼ 0:2, V1 ¼ 0:93 and 2a2=‘ ¼ 0:6,

V2 ¼ 0:07, see Fig. 2. As the simulation curves demon-

strate (Fig. 2b), the arch in the experimental CVC of

LSCO is the last arch of the subgarmonic gap structure

that is due to multiple Andreev reflections. The temper-

ature dependence of the two ends USGS1 and USGS2 of this

arch in Fig. 2a is close to the BCS gap dependence.

Although the simulated and the experimental CVCs in

Figs. 1 and 2 agree quite well, a precautionary note

should be added. Eq. (1) has been derived from wave

packets that travel ballistically in a normal layer between

conventional superconductors without elastic scattering

from, e.g., lattice defects. Its applicability to break

junctions from HTSCs should be substantiated by

further investigations involving elastic scattering and
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time-dependent density functional theory for supercon-

ductors [3].
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