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Absence of Shapiro-Like Steps in Certain The structures considered in both the theoretical [2]
MesoscopicS-N-S junctions and the experimental [1,4] work are somewhat more
involved, with additional external normal leads. A normal
In dc transport through mesosco@eN-S junctions, it  current Iy flows through these leads in response to
has been observed [1] that as the temperature is increasadvoltage Vy applied to them. The corresponding dc
the Josephson coupling rapidly disappears, but the phasifferential conductancé&, was shown in Ref. [2] to be
dependence of the conductance persists to much higherultivalued when the frequency of the ac Josephson effect
temperatures and decreases only #3.1 In a recent is commensurate with that of an ac drive. This means
Letter [2] ac dynamical effects in such junctions werethat a plot ofGy vs V4. would exhibit dramatic features
discussed, and it was shown that this type of phasespikes and dips) at certain values @j., even in the
dependent conductance should lead to Shapiro-step-likebsence of Josephson currents. We point out that such an
features, which would also decrease in size only/as In  effect would differ substantially from the standard Shapiro
this Comment it is pointed out that such a phase-dependesteps: In junctions of the type considered hévg, is
conductance cannot, by itself, lead to the formation ofalways equal td/y./G, so no phase-locking mechanism

Shapiro steps. is present. In order to observe the effects considered
A simple model for arSN-S junction is given by the in Ref. [2], one would have to either precisely tukg,
following expression for the curret and/or the ac drive to make their frequencies equal and

_ control their relative phase, or rely on a phase-locking
I'=J)+ GV, (1) mechanism which has not yet been identified. The range
whereJ(¢) is the Josephson currenp, is the supercon- in Vg (or Iy.) over which such phase locking would occur
ducting phase difference across the junctigne dé/dr - will depend on the nature of this unidentified mechanism.
is the voltage, and;(¢) is the shunt conductance, (¢, This work was supported by ONR, Grant No. NO0014-
andV are time-dependent quantities; we have/s&e =  92-3-1452, by NSF, Grant No. PHY94-07194, and by
1). In the standard resistively shunted-junction (RSJQUEST, a National Science Foundation Science and
model, the conductand® is taken to be independent of Technology Center (NSF Grant No. DMR91-20007).
¢. When the junction is driven by a dc and an ac biasN. A. acknowledges the support of a Fulbright fellowship.
Eq. (1) allows for phase locking between the ac Joseph-

son effect and the ac drive, over a range of values of thé-G.E. Harris,* N. Argamah,and S.J. Allen*

dc current. This gives rise to Shapiro steps in the time- University of California

averaged-V curve. Santa Barbara, CA 93106

In long diffusive junctions such as those considered
in Ref. [2], the Josephson current becomes vanishingl)&eceived 7 August 1996 [S0031-9007(97)02819-6]
small, J(¢) = 0, at temperatures which are still well pacg numbers: 74.50.+1, 74.80.Fp
below the critical temperature of the superconducting
electrodes. In this case no phase locking takes place, as *Physics Department.

can be seen by directly integrating Eq. (1) over time [3] Tinstitute for Theoretical Physics.
T [1] See, for example, H. Courtois, Ph. Gandit, D. Mailly, and
I — lim ~ f G(o() 2L ar B. Pannetier, Phys. Rev. Lef6, 130 (1996).

T—= T Jo dt [2] A.F. Volkov and H. Takayanagi, Phys. Rev. Left,
o ¢ 4026 (1996). See also the last paragraph in F. Zhou and
= }[nm T s G(p)do B. Spivak, cond-mg9604185.

— [3] A closely related point was already made in the 1970s
= GVqyc . (2)

(albeit only for a specific model) by R.E. Harris, Phys.
Rev. B10, 84 (1974), Sec. VI.

[4] J.G.E. Harris, H. Drexler, E.L. Yuh, Ki Wong, E.G.
Gwinn, E.L. Hu, H. Kroemer, and S.J. Allen (unpub-

HereG = [{” G(¢)de /2 is the phase-averaged con-
ductance, andy. and Vg, = limr_« [ (T) — ¢(0)]/T

are the time averages, or dc components$,afdV. Thus, lished). In these experiments, Shapiro steps were ob-
the time-averagedV curve for a junction described by served inSN-S junctions, at temperatures for which the
Eq. (1) with J(¢) = 0 is completely unaffected by the dc Josephson coupling vanished, and at very high Joseph-
phase-dependent part G—in such junctions an ac drive son frequencies (of orda0!! Hz). The present discussion
does not bring about Shapiro steps. This is independent rules out the use of simple models, such as that of Eq. (1),
of the nature of the applied bias (current or voltage). for the description of these junctions.

2678 0031-9007797/78(13)/2678(1)$10.00  © 1997 The American Physical Society



