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A thin interlayer is incorporated in ramp-type Josephson junctions to obtain an increased
transparency. The interlayer restores the surface damaged by ion milling and has the advantage of
an all in situ barrier deposition between two superconductors, leading to clean and well-defined
interfaces. The method has been applied to Josephson junctions between higBy®a 5) and

low temperaturéNb) superconductors, separated by a Au barrier. Transmission electron microscopy
images of these junctions reveal crystalline ¥B8e;0,_ 5 up to the interface with the Au barrier.

The junctions have improved critical current density values exceeding 20 KAlsotmal state
resistances of 81078 Q cn? and | R, products of 0.7 mV at 4.2 K. Furthermore, the junction
properties can be controlled by varying the Au barrier thickness.2002 American Institute of
Physics. [DOI: 10.1063/1.1485305

For vias and Josephson contacts in thin film devices inmetal is used to cover the freshly milled ramp edge, this in
volving high temperature superconductors, the ramp¥ype contrast to the all-higf-, ramp-type junction where a com-
interface configuration is frequently used, exploiting theplex oxide barrier like PrB&Cu;O; is used.
maximal superconducting coherence length and charge den- Initially, YBa,Cu;O;_s/Au/Nb ramp-type junctions
sity of states in theb plane of the cuprates. A further ad- were made following usual procedures developed for the
vantage of the ramp-type geometry is the opportunity to taipreparation of all-highf. ramp-type junctions. Bilayers of
lor junction properties by the choice of the barrier material1l50 nm[001]-oriented YBaCu;O,_s and 100 nm SrTiQ
and its thickness. A crucial step in the preparation of rampare grown by pulsed laser deposition ¢801]-oriented
type interfaces is the structuring of the beveled edge in th&rTiO; single crystal substrates. In these films, beveled
superconducting base electrode. Unfortunately, this proceedgesramps are etched by Ar-ion milling under an angle of
dure can severely degrade the quality of the base electrodts® using a photoresist stencil, yielding ramps with an angle
near the interface. Transmission electron microso@®M)  of ~20° with the substrate plarfeln order to facilitate a
studies of YBaCu;O;_ s/Au ramp-type interfacésclearly  good alignment of the junction with the YB@WUO;_ s
show an amorphous layer with a thickness up to 2 nm at the100-axes, edge-aligned substrates are used, with an align-
ramp edge between the high-base electrode and the Au ment accuracy better than 1°. After stripping of the photo-
layer deposited at the freshly milled ramp edge. Fronvesist, a low-voltage ion mill step is applied to clean the
energy-dispersive x-ray analysis it is concluded that the Cgurface,in situ followed by an annealing step and the depo-
content of this amorphous layer is nearly zero. Interestinglysition of Au. The anneal procedure is introduced to recrys-
the damage invoked by the ion beam can also be used tallize residual amorphous material present at the ramp edge.
create a Josephson barrier between two fAiglsupercon-  To avoid large outgrowths the sample is heated at
ducting electrodes, as is done in the interface engineered 35°C/min to 740°C in a 0.30 mbar oxygen environment,
junctions (IEJ9. Wen et al* found that in this all-highF,  and annealed for 30 min at these conditiérBue to the
IEJ-technology nonsuperconducting Ba-based perovskiteeduced mobility of the particles at the ramp surface com-
structures are apt to form at the interface, most likely duringpared to the 780°C deposition temperature of
the deposition of the counter electrode, which takes place atBa,Cu;0;_ s, crystallization occurs only on a small length
elevated temperatures. Although with IEJs results compascale. After deposition of the Au-barrier layer with a thick-
rable to the early higf-, ramp-type junctions have been ness ranging from 8 to 120 nm, a photoresist lift-off stencil is
obtained, these junctions are based on structural damaggpplied to define the junction area. Before Nb deposition,
which is less favorable in the quest to achieve high controlmaximally 2 nm of the Au layer is removed by rf-sputter
lability and reproducibility of junction properties. In order to etching, followedin situ by dc-sputter deposition of 150 nm
study the influences of the ion mill on the ramp edge inter-Nb. After lift-off, the redundant uncovered Au is removed
face, and to derive ways to reduce their effects on the transssing ion milling.
port properties, we have investigated ,Ba;O;_ 5/Au/Nb Even though special care was taken to obtain clean in-
ramp-type junctions. In this configuration, an inert nobleterfaces with the above preparation procedure, critical cur-

rent densities did not exceed 1 A/émt T=4.2 K, with nor-

aAuthor to whom correspondence should be addressed; electronic maiMal —state SrESi?’tance REA) values of the .Order. of
d.h.a.blank@tn.utwente.nl 104 Q cn?.® This poor interface transparency is attributed
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FIG. 2. Bright-field transmission electron microscopy image of the

. YBa,Cu;0;_ 5/Au interface at the ramp-edge area, including an interlayer

Il YBa,Cu3075 (1 SrTiO; CJAu EE Nb of 6 nm deposited YB#u;0;_,. Crystalline YBaCu,O,_ s material is
observed up to the Au interface, while no clear interface is observed be-

FIG. 1. Schematic cross section of the ¥BayO,_;/Au/Nb ramp-type  tween the base electrode and the interlagaished ling

junction including the interlayer.

analysis, and become amorphous in a few seconds during the

to the fact that just an anneal procedure will not recover th@bservation, indicating an unstable Y-Ba—Cu—0O phase.
correct stoichiometry at the ramp-edge surface. To improve In order to investigate whether the interlayer deposited
the transparency it is desirable to separate the barrier forman the bare substrate becomes superconducting nevertheless,
tion to the base electrode and the effect of the ion mill on thea 10 um wide bridge is structured along with the prepared
ramp edge. Therefore, it is proposed to deposit a thin interramp-edge junctions. This trilayer bridge consists of the
layer of 5—7 nm YBaCu;O;_ 5 at standard conditions after YBa,Cu;O;_ 5 interlayer, Au barrier and Nb top electrode,
cleaning and annealing of the ramp edge, before depositingnd is prepared simultaneously with the ramp-edge junc-
the Au layer. This interlayer is expected to stabilize the off-tions. Such a bridge is characterized electrically using a bias
stoichiometric etched surface of the base electrode and ewurrent ofl,,s~ 0.1 uA. Indications of superconductivity in
ablesin situ formation of the interfaces between the elec-the interlayer on the bare substrate were never observed, and
trodes and barrier, leading to a much cleaner interface. It itherefore it is concluded that the interlayer is not shunting
remarked that application of the low-voltage ion mill resultsthe junction underneath the Nb contact paths.
in a negligible reduction of the superconducting coupling  The ramp-type YBsCu;0;_ s/Au/Nb junctions, which
between the bottom electrode and the highcuprate are oriented along th€l00) directions of the highF. crystal,
interlayer? are characterized for their electrical properties. A minimum

A schematic of the junction obtained in this way is pre-interlayer thickness of 5 nm is found to improve the critical
sented in Fig. 1. The interlayer concept employs the differcurrent density considerably to values beyond 20 k&/cm
ence in homoepitaxial and heteroepitaxial growth of high- which is well comparable with the best &fl situ fabricated
material. The thin interlayer is anticipated to be supercona-axis-oriented trilayer junctiofi$ obtained with these mate-
ducting only if deposited on the YB&u;O,_s the ramp rials. In Fig. 3 the critical current density as a function of the
area, whereas on the SrjGubstrate and isolation layer itis Au-barrier thickness af=4.2 K is given, usig a 7 nm
anticipated not to become superconducting. This is, e.g., duéBa,Cu;0; _ s interlayer. By modifying the Au-barrier thick-
to the strain as a result of the lattice mismatch. On SgTHO ness, junction properties, such as the critical current density,
takes about 7 nm to obtain the superconducting orthorhomean be adjusted. The minimum Au barrier thickness to be
bic phasé®* Moreover, roughening of the SrTiGubstrate  used turns out to be 8 nm. For thinner barriers, it appears that
surface, due to the ion milling, is unfavorable for growing the Au layer is not closed completely and the Nb reacts with
very thin superconducting YBEu;O;_ 5. the base electrode material forming niobium oxides. The re-

Figure 2 presents a TEM micrograph of the ramp edgeaction leads to a significant decrease in critical current den-
area near the YB&u;O;_ 5/Au interface. Because of the sity and barrier transparency at low temperatures. This ob-
application of the thin YBsCu;O;_ s interlayer, crystalline servation is in agreement with TEM analysis, exhibiting
high-T. material extends up to the Au barrier, and an amor-areas in the base electrode, where such a reaction seems to
phous layer was never observed. The interface between theve taken place.
base electrode and the interlayer could not be distinguished For junctions with closed Au barriers, a clear
by TEM, indicating nearly perfect homoepitaxial growth. Fraunhofer-like magnetic field dependence of the critical cur-
Observation of the interlayer, Au barrier, and Nb top elec-rent is observed. A typical example is shown in the inset of
trode grown on top of the bar@n milled) SrTiO; substrate  Fig. 3. Such nearly ideal magnetic field dependences indicate
shows that, besides amorphous material, only small isolateal good homogeneity of the critical current density along the
spots in the interlayer contain crystalline material. These arjunction.

eas were very sensitive to the electron beam used inthe TEM From separate resistance measurements of pulsed laser
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RRrYY> T ion-beam structured highz base electrode and before depo-
E 02 sition of a barrier and top electrode, high transparency ramp-
b oo type interfaces have been realized. Crystalline
e 10 4’_0_2 i YBa,Cu;O;_ 5 is observed up to the interface with the Au
o 04 barrier material. Applying this technique to Josephson junc-
5 -100 -50 0 50 100 tions between higf-. and low-T. superconductors improved
= ° the R,A value by 106, and reproduciblg, values exceeding
(&) 20 kA/cn? were obtained. Besides the fact that the obtained
1} - R,A values are in agreement with approximations based on
o band bending, the introduction of the interlayer improves the
0 760 260 360 ] controllability of the junction properties in ramp-type tech-

nology significantly*’ This technique is not restricted to this
dAu I a'bYBCO [nm] type of Josephson junction and is expected to be useful for

o _ _ __all-high-T; ramp-type junctions as well.
FIG. 3. Average critical current density as a function of the Au barrier
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