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Abstract—Thefilm bicrystal Josephson junctions of anew type based on ametal oxide high-T, superconductor
of theY Ba,Cus05 _, (YBCO) system are suggested and studied. In junctions of the new type, in contrast to the
known ones, the working surfaces situated on the opposite sides of the bicrystal interface have different crystal
orientations: oneis (001)YBCO and the other is rotated (misoriented) relative to it by an asymmetric bicrystal
angle around a certain axis lying in the substrate plane. The main electrical and dynamic (microwave) charac-
teristics have been determined for junctions of the new type based on NdGaO; bicrystal substrateswith the mis-
orientation angle varying from 13 to 28°. These junctions exhibit high values of the critical parametersat T =
77 K, including the critical current density I = (2-5) x 10° A/cm? and the characteristic voltage V¢ = IRy =
0.6-0.9 mV. Advantages of the bicrystal Josephson junctions of the new type over the known junctions are con-

sidered. © 2005 Pleiades Publishing, Inc.

According to the existing models of the bicrysta
Josephson junction [1-3], relatively large values of the
superconducting order parameter in metal oxide super-
conductors create prerequisites for the formation of
junctions with high values of the characteristic voltage
(up to severa millivoltsat T =77 K). Asisknown, this
voltage determines the signal and noise parameters of
the Josephson devices. However, metal oxide bicrystal
junctions of the well-known (and the only practically
used) type based on YBa,Cu;0;,_, (YBCO) show the
real valuesof V- at T =77 K not exceeding 300 uV [4].
In the junctions of thistype, the working surfaces situ-
ated on the opposite sides of the bicrystal interface have
the same orientation (001)YBCO and are misoriented
by a symmetric bicrystal angle around the [001] Y BCO
axis (Fig. 1a). A characteristic feature of the junctions
of thistypeisthat the misoriented (001) Y BCO surfaces
occur in the same plane, so that we deal with a planar
bicrystal junction (PBJ).

Recently, it was experimentally demonstrated [5, 6]
that Ve in bicrysta Josephson junctions with
(001)YBCO surfaces also misoriented by a symmetric
bicrystal angle, but around the [100]YBCO axis lying
in the substrate plane (Fig. 1b), may reach 1.2 mV at
T =77 K. Orientations of theworking bicrystal surfaces
in these junctions are also the same, albeit different
from (001)YBCO. Since the (001)YBCO planesin the
junctions of this type make a bicrystal angle with each
other, the structure is called tilted bicrystal junction
(TBJ) [5]. Unfortunately, thejunctions of thistype have
a significant disadvantage related to the anisotropic

electric properties of the working surf aces, which leads
to difficultiesin the creation of a preset topology of the
electric chain involving superconducting electrodes
and Josephson microbridges (e.g., the quantization cir-
cuitsin SQUIDs).

This paper describes film bicrystal Josephson junc-
tions of a new type based on a metal oxide high-T,
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Fig. 1. Schematic diagram showing the bicrystal Josephson
junctions of various types: (a) planar bicrystal junction
(PBJ); (b) tilted bicrystal junction (TBJ) with symmetric
misorientation angle; (c, d) tilted asymmetric bicrystal junc-
tion (TABJ) with asymmetric bicrystal angles +f3 and 3,
respectively.
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Electric parameters of planar (PBJ) and tilted symmetric (TBJ) and asymmetric (TABJ) bicrystal Josephson junctions

Jutnction Bicrystal Sample No. T=77K T=42K
ype angle p lc, MA R.Q | VemV | lo,mA R.Q | Ve mVv
PBJ 24° a1 0.035 0.9 0.032 16 0.9 14
2 0.047 21 0.1 17 1.9 3.2
B 0.065 05 0.032 3.7 0.6 2.2
PBJ 28° a1 0.017 4.4 0.075 - - -
2 0.012 2.0 0.050 - - -
B 0.012 2.8 0.033 - - -
TBJ 22° a1 1.25 0.54 0.67 - - -
2 15 0.60 0.90 11 0.6 6.6
B 15 0.46 0.69 10 0.6 6.0
TBJ 28° a1 0.11 25 0.28 - - -
2 0.24 13 0.31 - - -
B 0.075 45 0.34 - - -
TABJ 21° a1 2.6 0.33 0.87 - - -
2 171 0.4 0.68 - - -
B 15 0.41 0.69 - - -
TABJ 28° a1 0.49 164 0.80 4.0 0.7 2.8
2 0.26 1.04 0.27 41 0.5 21
B 0.1 1.92 0.19 2.2 18 4.0

superconductor of theYBCO system and characterizes
the main parameters of this junction.

In contrast to the known junctions of the types
described above, the working surfaces situated on the
opposite sides of the bicrystal interface of the proposed
junction have different crystal orientations. one is
(001)Y BCO and the other isrotated (misoriented) rela-
tiveto it by an asymmetric bicrystal angle around acer-
tain axis lying in the substrate plane (Figs. 1c and 1d).
By anaogy with the junction described in [5], the new
type will be referred to as the tilted asymmetric bicrys-
tal junction (TABJ).

In order to assess the prospects of using the tilted
asymmetric bicrystal Josephson junctions, we have
studied their main electrical and dynamic (microwave)
characteristics for various values of the bicrystal angle.
In order to provide for an objective judgment, we have
also prepared and characterized the samples of junc-
tions of the known types with symmetric (planar and
tilted) misorientations. The junctions of al the three
types were prepared using the same technology, based
on the (001)YBCO films grown on the corresponding
NdGaOP, bicrystal substrates with the misorientation
angles 3 varying from 13 to 28°. The substrates for all
junctions were also grown using the same technology
[7] and had the bicrystal interfaces of almost identical
quality. The tilted junctions of both type were misori-
ented relative to the [100] Y BCO axis.
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The metal oxide high-T, superconductor YBCO
films with a thickness of 150 nm were deposited by
means of the dc cathode sputtering of a stoichiometric
YBCO target in oxygen at a pressure of 300—-400 Pa.
The films were deposited onto substrates heated to
780-800°C and then cooled to room temperature for
1.5 h in the oxygen atmosphere. The obtained hete-
roepitaxial YBCO films had critical temperature within
T = 87-89 K. The Josephson bridges acrossthe bicrys-
tal interface had awidth of 4 um and alength of 10 um
and were formed by high-frequency plasma etching in
argon, followed by chemical etchingin a0.5% bromine
solution in ethanol [8].

The current—voltage (1-V) curves were measured at
varioustemperaturesin therangefrom4.2to 77 K. The
measurements were performed in the absence of amag-
netic field and in afield of up to 100 Oe, or on the sam-
ples exposed to amonochromatic el ectromagnetic radi-
ation with afrequency from 30 to 100 GHz. In order to
decrease the influence of uncontrolled external fields,
the investigation was performed in a screened room,
with filtration of all signalsin the leads connected to a
sample.

The results of determination of the electric parame-
ters of the Josephson junctions of the three types are
summarized in the table. As can be seen from these
data, the tilted junctions with both symmetric and
asymmetric bicrystal angles possess (for the same cross
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section areas) significantly (tenfold) higher critical
parametersat T = 77 K as compared to those for the pla-
nar junctions. The critical current densities of thetilted
junctions are I = (2-5) x 10° A/cm?, and their charac-
teristic voltages are Ve = IcRy = 0.6-0.9 mV.

Figure 2 showsthe |-V curves of thetilted asymmet-
ric junctions with the bicrystal angles 3 = 21 and 28°.
Both curves correspond to a hyperbolic dependence and
are analogous to the |-V curves of the tilted junctions
with symmetric bicrystal angles. Asisknown [8, 9], this
dependence is characteristic of aresistive model of the
Josephson junction, with two channels of the charge
transfer: viathe current of quasiparticles (V/Ry) and the
superconducting current Ig(¢) = Ising. It should be
noted that the tilted junctions with asymmetric misori-
entation (as well as the known junctions of two types
with symmetric misorientation) for 3 < 19° exhibit non-
hyperbolic 1-V curves typical of a viscous vortex flow
[9]. When the misorientation angle increases above
21°, the tilted junctions with asymmetric misorienta-
tion show adecreasein|. Theinsetin Fig. 2 showsthe
I-V curves plotted on agreater scale with respect to the
voltage. As can be seen, the junction with B = 21°
exhibits an increase in the resistance upon an eight-fold
growth in the current density, which is most probably
related to the breakage of the superconducting state in
the current leads. Thus, the working range of this junc-
tion is determined by the relations |- <1 < 8I¢.

In the tilted asymmetric junction, the critical current
lc was maximum at a zero applied magnetic field
strength and exhibited a nonmonotonic decrease with
increasing field, which is analogous to the behavior
known for the distributed Josephson junctions[9]. The
I-V curves of such junctions exposed to a monochro-
matic el ectromagnetic radiation in the millimeter wave-
length range, Asin(2rt.t) with f, = 56 GHz, showed a
good agreement between the characteristics measured
in the dynamic regime and in thedc mode at T = 77 K.
A decrease in the temperature gives rise to the excess
current and leads to deviation from the resistive model.

The results of our investigations of the main param-
eters of the bicrystal junctions of the new type indicate
that it is possible to obtain Josephson junctions with
high critical parameters, 1. = (2-5) x 10° A/cm? and
Ve = IcRy = 0.6-0.9 mV, which is evidence of good
prospects for their use in both microwave and low-fre-
guency superconducting electronics.

It should be noted that bicrystal junctions of the
tilted asymmetric type are free of the main disadvan-
tagesinherent in the known types. Aswas demonstrated
above, the new junctions provide much better critical
parametersat T =77 K as compared to those of the pla-
nar junctions. In contrast to the tilted symmetric junc-
tions, one of the working surfaces in the asymmetric
junctionisapractically isotropic (100)Y BCO plane, on
which additional elements of the Josephson devices
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Fig. 2. Typical 1-V curves of the tilted asymmetric bicrystal
junctions with the misorientation angles 3 = 21 and 28° at
T =77K. Thin solid line corresponds to the ohmic behavior.
The inset plots the J-V curves on a greater scale with
respect to the voltage; dashed lines show the asymptotic
behavior of the linear components.

(filters, antennas, voltage control schemes, etc.) can be
readily fabricated.

In addition, the Josephson junctions of the proposed
type can be obtained not only on the bicrystal sub-
strates, but on the usual substrates of the so-called
biepitaxial configuration as well. This can be achieved
by selecting appropriate materials of the dielectric sub-
layer(s) and substrate and finding the optimum sub-
strate orientation by using the known criteria of mutual
orientations for heteroepitaxy (see, e.g., [10]). Despite
numerous investigations, only biepitaxial Josephson
junctions with one fixed value of the bicrystal angle
(45°, which far from the optimum [11]) have been
obtained and characterized so far. According to our esti-
mates, bicrystal junctions of the tilted asymmetric type
in biepitaxial configuration can be obtained with amis-
orientation angle different from 45° and approaching
the optimum value. The latter circumstance is
extremely important, for opening way to the creation of
biepitaxial bicrystal Josephson junctionswith high crit-
ical parameters based on metal oxide high-T, supercon-
ductors.
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