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Fiske steps in surface intrinsic Josephson junctions
of Bi;Sr,CaCu,03,; single crystals
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Current—voltage characteristics of the surface intrinsic Josephson junctions under a magnetic field parallel to CuOg

planes have been studied experimentally. Fiske steps in such a junction have been observed. The Swihart velocity for

the junction is found to be 7.2 x 105m/s, which corresponds to the velocity mode of a single junction.

Keywords: Fiske steps, intrinsic Josephson junctions

PACC: 7450, 7340, 7340G

Highly anisotropic BiySraCaCusOgts (BSCCO)
cuprate superconductor can behave as stacks of intrin-
sic Josephson junctions (1JJs). Due to the stack ar-
rangement of such 1JJs, the properties of BSCCO can
be qualitatively different in many ways from those of a
single Josephson junction. For example, the velocities
of electromagnetic modes in N-stacked 1JJs are split
into N branches.['?l Krasnov et all® have observed
Fiske steps experimentally when all the stacked 1JJs
are synchronized at the lowest cavity mode branch.
The surface 1JJs, namely the junctions with the first
superconducting CuOs double-layer plus the metal
contact film as one electrode and the second CuQO,
double-layer as the other, are a special case in the
stacked 1JJs, since they are located on the top of
stacked 1JJs and the superconductivity in the first
CuO, double-layer is weakened.!*®! In this short note,
we report the first observation of Fiske steps in the
current—voltage characteristics (IVCs) of such surface
1JJs. Our results show that the surface 1JJs are more
like a single Josephson junction. These results will be

helpful to understand the properties of stacked 1JJs.

Our BSCCO single crystals were grown by the
travelling solvent floating zone method. The crys-
tals were nearly optimally doped (bulk 7. ~ 91K).

Small pieces of these crystals with a typical size

of 0.6mmx0.6mm x0.05mm were glued onto Si sub-
strates. After in situ cleaved at liquid nitrogen tem-
perature, a 50-nm-thick Au film was immediately de-
posited on the cleaved surface by evaporation. Mesas
with dimensions of 5umx5um were fabricated using

standard photolithography and Ar-ion milling.
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Fig.1.
4.2K without external magnetic field. The mesa con-

Current—voltage characteristic of an IJJ at

tains five junctions and the critical current I/ of the

surface 1JJ is only one-sixth that of the inner 1JJs.
Figure 1 shows the typical IVC of our 1JJs at 4.2K

without external magnetic field. The junction number
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N in the mesa is determined to be 5 from the number
The critical

current I of the surface 1JJ is only one-sixth of that

of the observed quasiparticle branches.

of the inner 1JJs, because superconductivity in the
first CuO4 double layer is weakened due to the possi-
ble surface degradation and its contact with the metal
film.[45]

We have successfully observed resonant-like cur-
rent steps in the first branch of IVC under mag-
netic fields. Figure 2 shows the field dependence of
the IVCs at 4.2K. When the magnetic field B is

increased from zero, I’ decreases and a clear reso-
nant step (Fiske step) first appears at about 150uV
(Fig.2(b)). For B=0.36T another resonant step ap-
pears at about 300pV (Fig.2(c)), and for B=0.54T,
I! decreases to about 40puA and the Fiske steps van-
ish. We did not observe any other resistive branches
which are regarded as the flux-flow branches caused by
the Josephson vortex-flow in the 1JJs as discussed in
Refs.[3], [6] and [7]. This indicates that the Josephson
vortex-flow does not play an important role in such a

5um-sized, weakened surface 1JJs.
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Fig.2. (a) Current—voltage characteristic of the surface 1JJ at 4.2K without external magnetic field,
in which the critical current I is about 90uA and the return current I/ is about 10pA. (b) When the
magnetic field B is increased from zero, I decreases and for B=0.18T, a clear resonant step (Fiske
step) appears at about 150 V. (c) For B=0.36T another resonant step appears at about 300pV. (d)
For B=0.54T the I/ decreases to about 40pA and the Fiske steps vanish.

As is well known, Fiske steps in IVCs are caused
by an interaction (geometric resonance) of the ac
Josephson effect with electromagnetic cavity modes in
the transmission line formed by the junction.[®l If the
Josephson frequency matches the frequency of the cav-
ity modes, a zero-frequency current step appears. As
the Josephson current is spatially modulated, due to
the applied magnetic field, a series of steps are found
in the IVCs at voltages

Vn = n¢000/2L, (1)

where L is the junction width (5um in our mesa), @, is
the flux quantum, ¢q is the Swihart velocity of the sin-
gle junction, and n is an integer. However, according

to the stacked Josephson junction model, N-stacked

junctions will have N different characteristic velocities
of electromagnetic modes in them, which are given by

the following formula:[1+2]

—1/2
™
cn:co[l—cos<N+l>] ,

n=1,2,...,N (2)

where ¢y = c\/m, c is the velocity of light in
vacuum, and ¢ is the dielectric constant of the tun-
nel barrier. It should be noted that Eq.(2) is based
on a phenomenological description of 1JJs as a se-
ries of SJJs with the following parameters: d and A
are respectively the thickness and London penetra-

tion depth of superconducting layers; t is the thickness
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of the tunnel barrier between the neighbouring CuOq
layers; s = t + d is the space periodicity of the stack;
and we should further assume A > s. So, ¢g has a dif-
ferent expression from that of a usual single Josephson
junction where the thickness of the superconducting
layers is larger than the London penetration depth.
To calculate ¢p and c,, we first evaluate C;, or ¢,

of the IJJs. C; can be calculated using the relation (9]

oI’ R2C; (4I'\?
A o
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in the limit 8. > 1, based on the resistively shunted
junction model. Here I! is the return current and 3, is
the McCumber parameter. Using I'=90uA, I'=10pA,
and R, = 20(), we obtain 3. = 131.3 and C;=1.2pF
(e=6.5). Then, with A\, = )\\/.s/_d, the effective Lon-
don penetration depth of the stack,['% the expression

of ¢y can be rewritten as

co = cy/ts/2X2 k. (4)

Using this value of ¢ and typical parameters
t=1.2nm, s=1.55nm, and \,,=170nm ! for BSCCO,
we obtain ¢y = 6.7 x 10°m/s and ¢,, of five stacked
junctions are in the range from 1.8 x 10m/s for n=1
(the highest mode) to 4.9 x 105m/s for n=>5 (the lowest

mode).

Since AV, is about 150V, we know from Eq.(1)
that the velocity of the electromagnetic wave in the
surface 1JJ is 7.2 X 10°m/s, which is quite close to the
above estimated value of ¢y. This result shows that
the surface 1JJ is more like a single Josephson junction
since the most possible Fiske step will occur when all
the stacked 1JJs are synchronized at the lowest cavity
mode branch, but the Fiske steps in our sample are
only observed at voltages corresponding to the veloc-
ity mode of a single junction. This can be understood
since the Josephson critical current of the inner 1JJs
is six times larger than that of the surface 1JJs. As
the magnetic field B is applied in the range concerned,
the critical current is subject to a much less change so
the inner I1JJs may simply serve as a superconducting
electrode.

In summary, Fiske steps in the IVCs under mag-
netic fields have been successfully observed in the sur-
face 1JJs of the BSCCO crystal. The Swihart velocity
for our sample is 7.2 x 10°m/s, which corresponds to
the velocity mode of a single junction. These results
will be helpful to understand the properties of stacked
1JJs.
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providing us with the BSCCO crystals used in this
work and for Y F Ren, HW Yu and Professor F Z Xu

for their technical help during sample preparations.
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