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Abstract-We report Josephson and erystallographic
properties of the Bi§r,CaCu,0, Junctlons
fabricated on MgO(100) blerysial substrates by a
molecular-beam-epitaxy tmethod Incorporating co-
evaporation and scquential deposition technigues.
With the sequentlal deposition technique which has
the advantage of promoting the surface diffusion of
adatoms, we obtalned the highly growth-controlied
films without preclpliation of any sccond impurity
phases. During the film growth, the sharp
reflection high-energy electron diffraction
(RHEED) patterns were also obsecved. llowever, the
RHEED patterns showed the a-b twin siructures due
to the lattlce mismatch, which influenced the
Josephson tramsport properties at the junction
boundary. The normal resistance of the bicrystal
Junction was 1.5 £ and the 1R, produclt was Q.75
mV at 42 K. The Shaplro steps under millimeter-
wave irradiatlon were clearly observed up to 65 K.
We nlso observed the Josephson microwave scll-
radiation spectra al reeetvlng [requency frpc=22
GHz. The observed Joscphson (ransport properties
are discussed in relatlon to the microscopic
crystaliograplc properties.

I. INTRODUCTION

A detailed study of microstructures and device
charactenistics of high-T¢ superconducting(HTSC) bicrystal
Joscphson junctions is very important for understanding the
wansport mechanism of high 7 oxide superconductor and the
application (o clectronic devices. In contrast to YBCO
bicrystal Josephson junclions, there arc only a few reports on
the Josephson microwave properties of the Bi-Sr-Ca-Cu-O
(BSCCO) junctions [1], [2] because the epitaxial growth of
the single phase thin lilm is more difficult than that of
YBCO films and three different superconducting phascs of
BizSr2Cap.1CupOy {o=1-3) are easy to be produccd during
the thin-film processing. Mast measurements on the
Josephson effect in BSCCO junctions were performed on the
magnelic-field dependence of cntical current. Thas, it is
necessary 10 demonstrate whether the BSCCO Joscphson
junction are useful devices for microwave applications. As
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comparing to S:TiO3 substrates, in reality, it is more
difficult 1o control the microstructures of the junclion
boundary on a MgO bicrystal substsate.

Among various teclmiques to grow a Bi-Sr-Ca-Cu-O thin
fitm, molecular beam epitaxy {MBE) is the most promising
method to control the microstructure in an atomic scale
including epitaxial orientation, and it allows in-situ
observation of the crystal structure by reflection high-energy
clectrondiffraction (RHEED) during the film growth. There
arc two methods for preparing BSCCO thin [ilm by MBE:
cocvaporalion [4] and sequential evaporation [5). In the
previous report [2]. we have investigaled the Josephson
transport and crystallographic properties of BizSr2Cap.
1CunOy (2212) bicrystal junclions using a coevaporalion
technique by MBE. However, it yielded the strong a twin
structure and the bumpy-line boundaries including impurity
phases. [n this work, we report the crystallographic
propertics, the Josephson transport, and the microwave
properties of the 2212 bierystal junctions fabricated on MgO
substrates by z sequential deposilion method. We also discuss
the intrinsic problems of the micro-crystal structures of 2212
fiim at the junclion boundary. We used (100) MgO bicrystal
substrate, instead of SrTi03 {3],[6]. for the purpose of the
high frequency microwave applications.

II. EXPERIMENTAL

A sequential deposition technique is an effective method
to suppress the precipitation of ilnpunty phases and cnhance
the two-dimensional growth becausc the surface migration of
adatoms can be enhanced during the interruption period [7].
The laycred 2212 films can be controlied sequentially by
conuolling the shuttcrs of four Knudsen cells. The 2212
film was grown on {100) MgO bicrystal substrate with the
misorientation angle 24° (5 x 5 mm? in size, Dowa Mining
Co.. Lid) by introducing the oxygewozone mixture gas at a
background pressure of 2.5x 10-3 Pa with ozone conlent of 10
% gencrated by an ozonizer, The growth lemperature was
740 °C and the growth ratc was kept at about 0.075 mm/s for
2212 phase. The growth interruption of 60 s after 10 s and
60 s deposilion was adopted. During the film growth, the
crystal  structure was monitored by in-situ  RHEED
measurement, The c-axis oriented films of 30-300 nm thick
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shown in [9]. Iz practice, the YBCO bicrystal junctions
have much better characteristics than those of BSCCO. The
{-V charactenstics of the YBCO junctions were conventional
RSJ-like and the Shapiro steps could be observed up to B
mYV. On the other hand, the high-frequency properties of
BSCCO bicrysal juncuons appeared to be rather poor. These
facts suggest that the microscopic mature of BSCCO
Josephson junctions are different from that of the YBCO
junctions. The poor nature of high frequency characicristics
could be caused by the influence of the BSCCO crystal
structure at the grain boundary containing the a-b twin
structures and the small grain boundary facets. Thus, a
special bicrystal substrate may be required in order to
overcome these intrinsic limitations.
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Fig. 5. Typical 1-V cbaracteristic and the Josephson microwave seli-
radistion signal at receiving frequency foper= 22 GHz lor a 2212 bicrystal
“uaction prepared by the sequential deposition method on a (100) MgO

:rystal substrate at 4.2 K. The insel bar indicstes the calibranon
mperature of the sigoal of 10 K.

Note that, the /-V characteristics close to that predicted by
the resistively shunted junction model were obtained above
30-35 K and, as temperature decreased, the /-V characteristcs
gradually changed from RSJ-type to the Nux-flow type
accormpanyiog the rouading effect. These results reflect that
the /-V charactenstics of the flux-flow type with rounding at
low temperature might arise from the anisotropy of the
transport charactenistics and the microscopic wavy structure at
the bicrystal junction bouadary. The imperfect crystallites
such as ab axes twin structure and small grain boundary
facets at the bicrystal junction interface may affect the
magnitude of Josephson current and the spatial distribution of
Josephson transport curtent. In parucular, the presence of
strong in-plane twin structures at the junction boundary,
2212[1001MgO [100] and 2212[110}MgO [110], should
affect the Josephson properties largely since ench microscopic
interface has two different crystal onentations with respect to
the MgO substrate.  For the bicrystal junctions, the
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magnitude of Josephson current strongly depended on the
bicrystal angle. The [100] in-plane direction should align
with [100] with the aogle of 12 * and 102 * with respect to
the junction boundary. Thus, it is possible to consider two
different current-phase relations and the mixture effect would
be expected for the Josephson transport and microwave
properties of the 2212 bicrystal junctions, because the
Josephson current across the grain boundary strongly depends
on the right- and lefi- crystal angles relauvely to the interface

boundary.
IV. CONCLUSIONS

We report the Josepbson and the crystallographic
propertics of the 2212 juoctions fabricated on MgO (100)
bicrysta! substrates by a MBE metbod incorporating
scquential cvaporation technique. With the sequential
deposition technique, we obtained the highly growth-
controlled films without precipitation of any second impurity
phases. Dunag the film growth, the sharp RHEED patterns
were also observed. The Shapiro steps under the millimeter-
wave irradiation aod the Josephson self-radiation spectra at
receiving frequency fpr-=22 GHz were clearly obaerved up to
68 K. In order to improve Josephson transport properties, it
13 necessary to use a novel substrate which can control the
growth of twin structure.
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