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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.

Acknowledgements

This research was supported in part by USAF Wright Research and Development Center through Acurex
Corp. and the Ohio Supercomputer Center. Samples were provided by D. C. Harris and J. C. Garland.

References

1. S.P. Benz, M. Rzchowski, M. Tinkham, and C. J. Lobb, Phys. Rev. Lett. 64, 693 (1990); H. C. Lee,

D. B. Mast, R. S. Newrock, L. J. Bortner, K. L. Brown, F. P. Esposito, D. C. Harris, and J. C.
Garland, Physica B 165-166, 1571 (1990).

2. H. C. Lee, R. S. Newrock, D. B. Mast, S. E. Hebboul, J. C. Garland, and C. J. Lobb, Phys. Rev. B
44 921 (1991)

3. K. H. Lee, D, Stroud, and J.S. Chung, Phys. Rev. Lett 64, 962 (1990); F. Falo, A. R. Bishop, ans P.
S. Lomdahl, Phys. Rev. B 41, 10983 (1990); K. K. Mon and S. Teitel, Phys. Rev. Lett. 62, 673
(1989); W. Xia and P. L. Leath, Phys. Rev. Lett. 63, 1428 (1989)



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

