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Ramp-edge Josephson junctions with an interface-
modified barrier have been widely studied for single
flux quantum (SFQ) digital devices, because they have
higher Ic Rn products and a smaller Ic spread within
a chip than those for other types of high-Tc Joseph-
son junctions [1–6]. The barriers of interface-modified
junctions are made from an amorphous layer formed
on a superconducting base electrode by ion irradia-
tion. This amorphous layer becomes a barrier layer
through appropriate annealing and counter-layer de-
position processes [7]. The superconducting counter
electrode has been prepared by pulsed laser deposition
(PLD) and sputtering methods so far [1–6]. In these
methods, rather energetic particles are deposited dur-
ing the counter-layer deposition process. It has been
pointed out that these energetic particles significantly
contribute to the barrier re-crystallization process and
also cause a large spread of junction characteristics in
some cases [5, 6].

In the present work, we have studied fabrication of
ramp-edge junctions with an interface-modified barrier
prepared by a method in which films are prepared by
deposition of non-energetic particles, that is, metalor-
ganic chemical vapor deposition (MOCVD). Addition-
ally, this method has some advantages such as good film
coverage and large-area deposition capability. There
has been no report on the fabrication of ramp-edge junc-
tions by MOCVD. We chose NdBa2Cu3O7−x(NBCO)
and Sr2AlTaO6 (SAT) for superconducting electrodes
and insulators, respectively. NBCO is considered as
a promising candidate for junction devices because
a rather flat film surface is readily obtained and the
surface is inactive with air [8]. The preparation of
NBCO films with a thickness less than several hun-
dred nanometers by MOCVD was previously reported
by Komatsu et al. [9] and Kumagai et al. [10] Here,
we firstly examined preparation conditions of 300-nm-
thick NBCO films for fabrication of ramp-edge junc-
tions. SAT has been expected as a suitable intermediate
insulator because of its lattice constant approximately
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twice of the a- or b-axis of NBCO [11] and the low
dielectric constant (ε = 23–30) [12]. Takahashi et al.
[13, 14] previously reported successful preparation of
the SAT films with good crystallinity by MOCVD. We
fabricated the NBCO and SAT films separately using
two different MOCVD rigs.

NBCO films were deposited on 10 × 10 mm2

SrTiO3(STO) (100) substrates in a cold-wall lateral-
flow reactor by MOCVD. The substrate was heated on
a quartz plate that was placed onto an inconel alloy sus-
ceptor where RF power is converted to heat. The met-
alorganic vapors were carried by Ar gas and mixed with
O2 gas at the entrance to the reactor. Table I (a) lists the
preparation conditions for NBCO films. With the aim of
achieving homogeneous deposition over a larger area,
dpm-H was added to the carrier gas. We expected the
dpm-H to prevent Cu(DPM)2 from decomposing before

TABLE I Preparation conditions for NdBa2Cu3O7−x (NBCO) films
and Sr2AlTaO6 (SAT) films by MOCVD

(a) NBCO films (b) SAT films

Source temperature and
carrier Ar flow rate

Nd(TMOD)3 Sr(DPM)2

140–143 ◦C 200 ◦C
50 sccm 30 sccm × 2
Ba(DPM)2 · Pentaene TaAl(O-iC3H7)8

134–137 ◦C 70–80 ◦C
100 sccm ×2 70–140 sccm
Cu(DPM)2

110–115 ◦C
50 sccm
dpm-H
50 ◦C
50 sccm

Substrate temperature 820 ◦C 740 ◦C
Total gas flow rate 670 sccm 1000 sccm
Deposition pressure 10 Torr 10 Torr
O2 pressure 1 Torr 1 Torr
Deposition rate 20–25 nm/h 200 nm/h
Thickness 300 nm 300 nm
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Figure 1 Molecular structures of (a) Cu(DPM)2 and (b) dpm-H.

Figure 2 Distribution of deposited amounts of Nd, Ba, and Cu in
NdBa2Cu3O7−x films on SrTiO3 substrates measured by inductively
coupled plasma atomic emission spectrometry.

it reached the substrate. Fig. 1 shows molecular struc-
tures of Cu(DPM)2 and dpm-H. The presence of addi-
tional organic combine, -dpm, around Cu(DPM)2 prob-
ably delays complete decomposition of Cu(DPM)2.

Five STO (100) substrates were set on the substrate
holder along the direction of gas flow. Deposition ex-
periments were carried out with and without dpm-H
addition. Fig. 2 shows the composition of the deposited
NBCO films measured by inductively coupled plasma
atomic emission spectrometry. The Cu composition
significantly depends on the substrate position, while
the Nd and Ba compositions are almost unchanged.
Uniformity of Cu distribution is clearly improved by
adding dpm-H. Almost homogeneous distribution of
all the elements is attained at the substrate position
X = 15–35 mm. However, the Cu content is slightly
higher than stoichiometric. We controlled the flow rate
of Cu(DPM)2 and could prepare stoichiometric NBCO
films with a thickness of 300 nm. Fig. 3 shows the

Figure 3 Temperature dependence of the resistance for a nearly stoi-
chiometric NdBa2Cu3O7−x film on a SrTiO3 substrate.

Figure 4 X-ray diffraction patterns for a NdBa2Cu3O7−x (NBCO) film
on a SrTiO3 substrate: (a) 2θ − θ scan and (b) Rocking curve of NBCO
(005) peak.

temperature dependence of the resistance for an almost
stoichiometric NBCO film measured by a four-probe
method. The zero-resistance Tc is 90 K. Orientation
and crystallinity were examined by X-ray diffraction
(XRD). Fig. 4 shows XRD patterns for the NBCO
film. The NBCO film shows c-axis orientation and the
FWHM value of the (005) rocking curve is approxi-
mately 0.1◦, which is comparable to that of high-quality
NBCO thin films prepared by PLD [8, 15]. Fig. 5 shows

Figure 5 Surface morphology in a 10 µm square area of a
NdBa2Cu3O7−x film on a SrTiO3 substrate observed by atomic force
microscope.
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the surface morphology of the NBCO film observed by
atomic force microscope. Crystal grains with a size of
about 1 µm are tightly connected each other. The root
mean square (RMS) surface roughness for the NBCO is
0.7 nm in a 10µm square area. Thus the obtained NBCO
films seem to have sufficiently high quality for appli-
cations such as the electrodes of ramp-edge junctions.

Next, we fabricated ramp-edge junctions using the
300-nm-thick NBCO films on STO substrates by an
interface-modified process. SAT films were prepared on
the NBCO films by the same procedure that was previ-
ously reported [13, 14]. Table I (b) lists the preparation
conditions for SAT films. The SAT/NBCO bilayer was
patterned to fabricate a ramp-edge structure with the
angle to the substrate surface 30◦ by using standard
photolithography and Ar ion milling. Then an amor-
phous layer was formed on the ramp surface by Ar ion
irradiation for 90 s at an acceleration voltage of 500 V
and the incident angle of 90◦ to the substrate. A counter
NBCO layer was deposited under the same conditions
for the base NBCO layer. A 600-nm-thick Au film was
sputtered on the counter NBCO layer. Finally, the Au
layer and the counter NBCO layer were patterned to a
width of 5 µm by photolithography and Ar ion milling.
Current-voltage (I –V ) characteristics of the junctions
were measured by a four-probe method in a magnetic
shield.

Among 14 junctions on a chip fabricated with the
counter NBCO layer deposited at 820 ◦C, one junction
showed resistively-shunted-junction (RSJ) type I –V
characteristics at 4.2 K, as shown in Fig. 6. When a
magnetic field was applied, this junction showed crit-
ical current (Ic) modulation of about 20%, indicat-
ing that interface-modified Josephson junctions can be
fabricated by MOCVD. However, flux-flow type I –V
characteristics with a typical Ic of several mA were ob-
served in several junctions in the same chip and a ma-
jority of junctions exhibited linear I –V characteristics
without a supercurrent. Another chip was fabricated
with the counter NBCO layer deposited at a slightly
lower temperature of 770 ◦C. The junctions in this chip
also showed a large spread of characteristics including

Figure 6 I –V characteristics of a NdBa2Cu3O7−x ramp-edge junction
with an interface-modified barrier at 4.2 K.

RSJ, flux-flow, and resistor types. It should be noted
that most of the junctions had similar junction resis-
tance of approximately 1 � even for those exhibiting
resistor-type curves. The origin of the large spread of
characteristics in the present junctions is not clear yet.
The existence of resistor-type characteristics suggests
that superconductivity at the junction interface was de-
graded in some regions during the counter-electrode de-
position process. Since the deposition time needed for
the counter-electrode was longer than 10 hr and the de-
position temperature for the counter-electrode was sub-
stantially higher than that in other deposition methods
such as PLD (typically 670–750 ◦C), surface contam-
ination or oxygen loss in the base electrode might oc-
cur. Further investigation on the fabrication conditions
including the ion bombardment conditions, deposition
conditions, and the annealing conditions are required to
obtain Josephson junctions with lower excess current
and a smaller spread in characteristics.

In conclusion, we have attempted fabrication of
NBCO ramp-edge Josephson junctions with interface-
modified barriers by MOCVD. High-qualityc-axis ori-
entated NBCO films with a thickness of 300 nm were
successfully deposited. Dpm-H addition to the carrier
gas was effective to control the decomposition area of
Cu(DPM)2 in the MOCVD reactor and thus we could
reproducibly obtain nearly stoichiometric films. The
results of the trial fabrication of NBCO ramp-edge
junctions indicated that interface-modified Josephson
junctions can be fabricated also by MOCVD, though
optimization of fabrication conditions are necessary to
improve the quality and the homogeneity of junction
characteristics.
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