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Abstract

Step edge Josephson junctions in c¢-axis oriented YBa,Cu;0, films were fabricated on CeO, buffered sapphire substrates.
The step angle was controlled in the wide range of 20°~75° by the Ar ion milling technique. /-7 curves of junction fabricated
on the thickness ratio of ~0.8 and the step angle of 35° were exhibited RSJ-like behavior with IRy product of ~250 pA and
critical current density of ~2x 10* A/em?at 77 K. Critical current of step edge junction was increased linearly with decreasing
temperature but the normal resistance was almost constant. Total samples of step edge Josephson junction was satisfied a

scaling behavior of /eRyoc(Jo)™.
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I. Introduction

Step edge weak links in c-axis oriented
YBa,Cu;0; (YBCO) films can be used for high
temperature Josephson junction device operating at
77 K. High-Tc¢ Josephson junction technology and
superconducting quantum interference devices
(SQUID) based on step edge junctions have been
investigated by a large number of groups [1~12]. Step
edge junctions have attracted a merit due to the free
position of step, the low cost and the easy of
fabrication process, and the low 1/f noise [13]. Step
edge junctions have been fabricated on wvarious
substrates of SrTiO; [1,7,8,12], LaAlO; [4,10,12],
MgO [2,11], and sapphire [3,9]. Sapphire substrate is
of considerable interest in view of its modest
dielectric constant and its commercial availability in
large diameter substrate at low cost, compared with
the other oxide single crystal substrates commonly
used in high-Tc superconductor thin films deposition.
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However, buffer layer is necessary in order to prevent
reaction between sapphire substrates and high
temperature oxide superconducting films, and to
permit the oxide superconducting films to grow
epitaxially. STO [14], MgO [15,16], YSZ [17~19]
and CeO,[16, 20~21] have been investigated for the
buffer layers. Among them, CeO, has been shown to
be excellent as buffer layer of r-plain sapphire
substrates. During the last years, encouraging results
have been reported on the CeQ, buffered sapphire
substrates.

In this paper, we report the results of the
characteristics of step edge Josephson junctions on
CeO, buffered sapphire substrates prepared with the
various step angles and the thickness ratios of YBCO
thin film to the step height.

II. Experiments

Step-edge junctions were fabricated on 6 mm X
6 mm r-plane sapphire substrates. First, 15-nm-thick
Au film was deposited on substrate by rf sputtering
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method to enhance the clearness of the PR mask. The
steps were fabricated by Ar-ion milling through
photoresist (PR) mask. The step height (d) was
controlled about 150 nm by the milling time. The
step angle was adjusted by the incident angle of Ar-
ion beam and the rotation angle of the PR mask.
After removing the PR mask and Au thin film, the
stepped  sapphire substrates were annealed in
flowing oxygen at 1050 C for 3 h, in a quartz tube
furnace. The substrates were mounted on a heater
block using silver paste. CeO, buffer layer and in situ
YBCO thin films were deposited on the stepped

sapphire substrates by pulsed laser deposition method.

CeO, buffer layer was grown typically 15-nm
thickness. The YBCO film thickness (f) was varied to
obtain the thickness ratio (¢/d) of the film to the step
height (d) in a range from 0.5 to 1. The YBCO thin
film was patterned by Ar ion milling using
photolithography, and the Au contact pad was
deposited by rf sputtering method. Fabricated step
edge junction was annealed in flowing oxygen at
500 C for 1 h. The step edge junction width was
obtained by pattering 3, 5, and 10-um micro-bridges
positioned across the steps. The samples were
ultrasonically bonded with aluminum wire onto a
sample holder. Superconducting proper-ties of the
junctions were measured by using the four-probe
method.

I11. Results and Discussion
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Fig. 1. Control of step angle (o) on sapphire substrate b
adjustment of the photoresist mask rotation angle ().

Fig. 2. SEM image of cross section of stepped sapphire
substrate after annealing at 1050 C for 3 h.

Fig. 3. AFM image of sapphire substrates. (a) commercia
substrate, (b) damaged substrate by Ar ion milling process

(c) annealed substrate in the flowing oxygen at 1050 C fo
3h
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High quality YBCO thin films on CeO, buffered
sapphire substrates were prepared by pulsed laser
deposition method with optimized conditions. The
patterned YBCO thin films with 10-pm width and 5-
mm length exhibit Tc> 89 K, AT¢< 0.5 K, and J-2
3%10° A/em? [22]). The step angle (o) were
controlled adjusting both the incident angle (6) of Ar
ion and the rotation angle (@) of photoresist mask to
the incident Ar ion beam. Figure 1 shows the
dependence of step angle on PR mask rotation angle
with fixed Ar ion incident angle of 60°. The step
angle determined from cross sectional SEM images
of the step were in the 75°~20° when the rotation
angle of PR mark were changed from 0° to 90° with
the fixed tilt angle of 60°. The step angle gradually
decreased with increasing PR mask angle. Especially,
the step angle was controlled from 20° to 35° at the
PR mask rotation angle (>45°). The SEM image of
the cross section of the stepped sapphire substrates
after annealing in a flowing oxygen at 1050 C for 3
h is shown in Figure 2. The stepped sapphire
substrate was not reactive of redeposition and
backsputtering. This leads to the clean and straight
step edge fabricated on the sapphire substrates. The
roughness of the sapphire surface examined using
atomic force microscopy (AFM). Figure 3 shows
AFM image of sapphire substrate for the commercial,
damaged, and annealed substrates. A commercial
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Fig. 4. I-V curves of YBCO step edge junctions of 3, 3, an
10 pum junction width fabricated on same line step measure
at 77 K.

sapphire substrate was examined to have a peak-to-
peak roughness of 5~6 A. The roughness of damaged
sapphire substrate by Ar ion milling and annealed
sapphire substrates after milling process were
measured ~25 A and ~3 A, respectively. Therefore, it
is regarded that during oxygen annealing process, the
damaged substrate surface is recovered successfully.

From now, let us compare the transport properties
of step edge junctions for various step edge angles.
Step edge junction fabricated in the low step angle
(<40°) showed a good junction properties with RSJ-
like behavior at 77 K. Junction fabricated in high step
angles (250°) measured only a normal resistance over
50 Q. Figure 4 shows a typical /-V curve of YBCO
step edge junction of 3-pm-wide, 5-um-wide and 10-
pm-wide junctions fabricated onto the same step line
of sapphire substrates with a step angle of 35°. /-Ry
product of the junction is measured about 250 pV. -V
curves show a sharper transition without thermal
rounding for the higher step angle than for the lower
step angle.

Figure 5 shows the critical current (/c) and normal
resistance (Ry) dependence on the varying thickness
ratio (#/d) with step angles of 35° Normal resistance
increases with decreasing the #4d, while the critical
current of junction decreases. YBCO micro-bridges
formed on lower thickness ratio (#/d <0.5) exhibit no
junction behavior, but zero resistance in the I-V
measurement at 77 K. The 5-pm width junction
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Fig. 5. Critical current and normal resistance dependence o
the varying thickness ratio of YBCO thin film with ste
angle of 35°
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Fig. 6. Temperature dependence of critical current o
the YBCO step edge junctions fabricated junctio
width of 3 and 3 pm and step angle of 35° For th
junction width of 5 and 3 pm, critical current o
junction measured 60 pA and 30 pA at 77 K, norma
resistance showed 4.5 Q and 8 €, respectively.

exhibit /-Ry product of 250 uV for the thickness ratio
of 0.8.

Figure 6 shows temperature dependence of critical
current in the step edge junctions with junction
widths of 3 and § um. Critical current of junction was
increased linearly, as temperature is decreased. For
the junction width of 5 and 3 um, critical current
measured 60 pA and 30 pA at 77 K, and normal
resistance measured 4.5 Qand 8 Q, respectively.
Normal resistances of junctions were constant 4.5
Qand 8 Qover the wide temperature range of 30
K~80 K. Yi et al. [10] reported that the /-Ry product
increased linearly and Ry remained almost constant
with to the decreasing temperature for step edge
junctions fabricated on LaAlOs substrates. YBCO
thin film grain boundary junctions and junction with
artificial barriers show a scaling I Ryec(Jo)', where
P=0.5 [23]. Figure 7 shows scaling behavior of
various step-edge junctions fabricated on sapphire
substrates in the wide range of thickness ratio and
step angle.

1V. Conclusion

We have fabricated YBCO step-edge junctions on
sapphire substrates with CeO, buffer layer. The step
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Fig. 7. Scaling behavior of step edge junction fabricated o
sapphire substrates: (open) YBCO thickness ratio of 0.54
0.62, 0.71. 0.79. and 0.89 to the 35° step angle, (solid) ste
angle of 20°, 30°, and 40°.

angle determined from cross sectional SEM images
of the step were in the 75°~20° when the rotation
angle of PR mark were changed from 0° to 90° with
the fixed tilt angle of 60°. We have compared the
transport properties of step edge junctions for various
step angle and YBCO thickness ratio. /-V curves of
junction fabricated on the thickness ratio of ~0.8 and
the step angle of 35° were exhibited RSJ-like
behavior with /Ry product of ~250 pA and critical
current density of ~2x10* A/em® at 77 K. Critical
current of step edge junction was increased linearly
with decreasing temperature, but the normal
resistance was almost constant. Total samples of step
edge Josephson junction was satisfied the scaling
behavior of the junctions.
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