Zeitschrift: Helvetica Physica Acta

Band: 65 (1992)

Heft: 2-3

Artikel: Self-field effects and subharmonic Shapiro steps in Josephson junction
arrays

Autor: Bortner, L.J. / Lee, Hyun C. / Newrock, R.S.

DOl: https://doi.org/10.5169/seals-116442

Nutzungsbedingungen

Die ETH-Bibliothek ist die Anbieterin der digitalisierten Zeitschriften auf E-Periodica. Sie besitzt keine
Urheberrechte an den Zeitschriften und ist nicht verantwortlich fur deren Inhalte. Die Rechte liegen in
der Regel bei den Herausgebern beziehungsweise den externen Rechteinhabern. Das Veroffentlichen
von Bildern in Print- und Online-Publikationen sowie auf Social Media-Kanalen oder Webseiten ist nur
mit vorheriger Genehmigung der Rechteinhaber erlaubt. Mehr erfahren

Conditions d'utilisation

L'ETH Library est le fournisseur des revues numérisées. Elle ne détient aucun droit d'auteur sur les
revues et n'est pas responsable de leur contenu. En regle générale, les droits sont détenus par les
éditeurs ou les détenteurs de droits externes. La reproduction d'images dans des publications
imprimées ou en ligne ainsi que sur des canaux de médias sociaux ou des sites web n'est autorisée
gu'avec l'accord préalable des détenteurs des droits. En savoir plus

Terms of use

The ETH Library is the provider of the digitised journals. It does not own any copyrights to the journals
and is not responsible for their content. The rights usually lie with the publishers or the external rights
holders. Publishing images in print and online publications, as well as on social media channels or
websites, is only permitted with the prior consent of the rights holders. Find out more

Download PDF: 28.11.2025

ETH-Bibliothek Zurich, E-Periodica, https://www.e-periodica.ch


https://doi.org/10.5169/seals-116442
https://www.e-periodica.ch/digbib/terms?lang=de
https://www.e-periodica.ch/digbib/terms?lang=fr
https://www.e-periodica.ch/digbib/terms?lang=en

Vol. 65, 1992 Contributed Papers: Superconductivity

Self-field Effects and Subharmonic Shapiro Steps
in Josephson Junction Arrays

L. J. Bortner, Hyun C. Lee, R. S. Newrock, D. B. Mast
Physics Department, ML0O11, University of Cincinnati
Cincinnati, Ohio, USA 45221-0011

C. J. Lobb
Physics Department,University of Maryland
College Park, Maryland, USA 20742

373

Abstract. Subharmonic giant Shapiro steps have been observed in the current-voltage characteristics of
2D arrays of proximity coupled Josephson junctions in zero field. Simulations indicate that the magnetic

field generated by currents in the array generate these subharmonic steps.

Introduction

Recent experiments' on proximity coupled Josephson junction arrays driven by RF and DC currents
demonstrated the existence of both giant Shapiro steps (at integer-valued normalized voltages n=2eV/Nav
where A(is the number of junctions in the direction of the current and v is the RF frequency) and
fractional giant steps. The fractional steps occur in transverse magnetic fields that give rational values of
the flux per plaquette of p/q times the flux quantum and they occur at voltages np/q. They result from

motion of the field-induced vortex superlattice due
to the external current.

40

In addition to the field-induced step at p/q=1/2,
we also observe half-integer steps in zero applied
field”. We believe that these "subharmonic” steps -
are the result of vortex nucleation induced by the 'E
asymmetric self-field of the array currents. 20} 4
Simulations that include such self-fields show S
similar half steps. =
Experiments and Simulations 5

0 1/2 1 3/2

The experiments were performed on 300x300
square arrays of niobium crosses on a gold

Voltage n=2cV/N

underlay: the lattice constant is 10 pm. Measure- Figure 1 Experimental dynamic resistance vs.
ments of Vpc vs. I, clearly show the integer giant voltage for 300x300 array in zero applied field.
and fractional giant Shapiro steps. To see the Giant Shapiro steps occur at integer values of the

weaker subharmonic steps, we looked at the n=3/2

voltage. Note the subharmonic steps at n=1/2 and
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dynamic resistance, dV/dI, vs. V. A typical plot ' J
is shown in Fig. 1. In this representation, Shapiro 0]
steps appear as dips in dV/dl.

For an MxN array, where M is the number of
islands across the array and N is the number in the
direction of the current, we may approximate the
self-field by calculating the field of a set of M
infinite wires coincident with the parallel elements
of the array. The drive current is assumed to be

dv/dl (arb.)

distributed uniformly among these wires. We treat 0

the resultant field across each junction as an 0 1/2 1 3/2 2
external field, using the Landau gauge (the only Voltage n=2eV/Ahv
junctions affected by the field are parallel to the ,

external current). Figure 2 Simulated dynamic resistance vs. voltage

We model each junction as a resistively-shunted for 9x5 array, with the self-field included.
junction and numerically solve the coupled Subharmonic steps exist at n=1/2 and n=3/2.
nonlinear differential equations as others have’.

A representative plot of the simulated dynamic resistance in the absence of an applied field is shown in
Fig. 2. The subharmonic half-integer steps which appear are absent in simulations that don’t include the
self-field.

A better approximation to the self-field involves calculating the fields for each current element in the
array. Preliminary data from simulations using this approach also show the half-steps, as well as
subharmonics at 1/3, 2/3, and 3/4, as one might expect.
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