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1590 .50 K -5 131 MmN mMVI19100N DINN 972 DY) DN NNNI MNP ININ YTTIIY

NPINONN MRHND P2 N0 NHPRNN NPV IRRIM Hot Spots Hv H71in nona myrapa

12 0NN DY NNVINNVLI MONN DR PADNY NVNYNN ,TAPNA DTN DY NPIPITION PIY

SY NNINA TOIN DXIWIN DY 1IDNTNN YAIND D220 DMIND) DXIVNIY NITY NNAPN NYNINND

- depairing currents MMY9NN 1991 W2 MYON NPHIN ¥ »H1N 1IN ; Hot Spots Y1
MY IWIL NN KD NYOIND .DWON depairing currents 59)2 MNAPN NYMND OIIPY 11T
depairing currents -1 NN NNV 27T ,(7 TR NINI) NYIN 12 HYN MDDV DTN HWIA IR
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Abstract

Technological advances that enable manufacturing superconducting nano wires has
brought back to research forefront questions related to energy dissipation in
superconducting current carrying wires. In superconducting nano wires magnetic vortices
may to be larger than the width of the wire and it is unclear how this fact affects the
mechanism of dissipation in either homogeneous or granular wires in which the
homogeneity of the wire is of length scale smaller than the vortex size. These questions
are the focus of the present work. In this work we describe measurements of Voltage-
Current (V-I) curves in granular superconducting nano wires made of YBa;Cu3O7x
(YBCO). The wires were fabricated utilizing high resolution electron beam lithography
on ultra-thin YBCO film that was grown using the Pulsed Laser Deposition technique.
The V-I curves show three types of behavior — slow monotonic increase of the voltage
for low currents, exponential growth with an exponent close to 1 for higher currents, and
in between a region of exponential growth with a larger exponent. When approaching the
transition temperature, T¢, the behavior observed in the first two zones, namely lower and
intermediate current regimes, gradually disappear. In addition, one of the wires showed
‘jumps’ in the voltage at relatively high current. The current and voltage in which the
Jumps' occur, decrease with temperature until these jumps disappear altogether at high

temperatures.

We successfully explain the voltage jumps as stemming from “hot spots” and analyze
these results based on a model proposed by Tinkham et al. [J. Appl. Phys. 45, 4054
(1974)]. The model attributes the jumps in the voltage to the formation of normal areas
in the wire as a result of breakage of the superconductivity in the weak regions of the
wire. These regions are kept in normal phase due to Joule heating, as the heat does not



dissipate fast enough from the wire. The formation of such normal regions is the cause to

the voltage jumps observed in the measurements.

We tried to explain the observed V-I curves using a model proposed by Kogan
[Europhys. Lett. 73, 948 (2006)]. This model, which assumes an homogeneous wire,
describes the formation of voltage in ultra-thin bridges as a result of movement of the
vortices crossing the wire. In this model the vortex motion is affected by a potential
barrier arising from the dependence of the vortex energy on the distance from the edge of
the wire. Vortices can overcome the barrier in two ways: thermal activation at high
temperatures and quantum tunneling at low temperatures. The model, however, can
explain our experimental results only partially. We, therefore, propose an alternative
model that takes into account the granular nature of our system, and describe it as a
collection of Josephson junctions connected in series. Our model successfully describes

the experimental behavior both at low temperatures and at high temperatures.
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