
Transactions of the Materials Research Society of Japan 29[4] 1331-1334 (2004) 

Preparation of Josephson Junctions by MOCVD films 
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With the aim of fabricating ramp-edge Josephson junctions (JJs) which include 
NdBa2Cu30 7_" (NBCO) superconducting electrodes and Sr2A1Ta06 (SAT) insulators, we have 
examined the fabrication processes and properties of NBCO and SAT thin films prepared by 
metalorganic chemical vapor deposition (MOCVD). Excellent insulating property of SAT films 
sandwiched by two superconducting layers was confirmed. NBCO ramp-edge JJs on SrTi03 
substrates were fabricated using these films. Resistively-shunted-junction type current-voltage 
characteristics were observed, although they showed a large spread of characteristics. 
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1. INTRODUCTION 
Single flux quantum (SFQ) digital devices that show 

high speed and low power consumption have been 
widely studied. To realize the SFQ devices using 
High-Tc superconductors, establishment of fabrication 
technique of ramp-edge Josephson junctions (JJs) having 
large IcRn products and a small spread of 
characteristics on a superconducting ground plane 
has been desired [1-2]. Films for SFQ devices have been 
prepared by a pulsed laser deposition (PLD) and 
sputtering methods so far. Metalorganic chemical vapor 
deposition (MOCVD) has some advantages such as 
good film coverage and large-area deposition 
capability. However, there has been no report on 
the fabrication of ramp-edge JJs by MOCVD. 
Figure 1 shows a schematic illustration of the 
device structure we study. Here, NdBa2Cu30 7_x 

(NBCO) and Sr2A1Ta06 (SAT) are chosen for 
superconducting electrodes and insulators, 
respectively. NBCO shows a high Tc and good 
surface stability [3,4]. SAT has been expected as a 
promising intermediate insulator because of its 
lattice constant approximately twice of the a- and 
b-axes of NBCO [5] and the low dielectric 
constant ( c =23-30) [6]. As preparatory 
experiments to fabricate the JJs shown in Fig. 1, 
we focus on two subjects; (1) properties of SAT 
films as an intermediate insulator and (2) 
fabrication of NBCO ramp-edge JJs without a 
ground plane. For the latter subject, JJs were 
fabricated by an interface-modified process [7]. 

2. EXPERIMENTAL 
To examine the properties of SAT films as an 

intermediate insulator, we prepared SAT films 
sandwiched by two superconducting layers. A 
10-~tm-thick YBCO film with c-axis orientation 
prepared by liquid phase epitaxy (LPE) on an 
MgO substrate was used as a lower super-
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conducting layer. The LPE-YBCO has an atomically 
flat surface and is expected to be a promising 
candidate for a ground plane. SAT films were 
deposited on the YBCO by MOCVD. The 
preparation conditions are listed in Table I. 

Fig. 1. Schematic illustration of the device structure. 

Table I 
Preparation conditions for SAT films by MOCVD. 

Source temperature and carrier Ar flow rate 
Sr(DPM)2 200 oc 

Substrate temperature 
Total gas flow rate 
Deposition pressure 
0 2 pressure 
Deposition rate 
Thickness 

30 seem X 2 
70-80 oc 
70-140 seem 
740 oc 
1000sccm 
10 Ton 
1 Ton 
200nm/h 
300nm 
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A 200-nm-thick NBCO film for the upper 
superconducting layer was deposited by PLD at 
770 oc. Circle-shaped planer capacitors with Au 
electrodes were made for characterization. 
Dielectric constant and conductance of the SAT 
films were measured by using an HP4194A 
impedance analyzer after oxygenation of the 
superconducting layers by post annealing. 
Crystallinity and surface morphology of the multilayer 
films were examined by Rutherford backscattering 
spectroscopy (RBS) and atomic force microscopy 
(AFM), respectively. Resistivity for the upper 
NBCO was measured by a four-probe method. 

To fabricate NBCO ramp-edge JJs without a 
ground plane, we firstly deposited NBCO and 
SAT films on SrTi03(100) substrates by MOCVD. 
Table II lists the preparation conditions for 
NBCO films. For NBCO deposition, dpm-H was 
added to the carrier gas in order to prevent 
Cu(DPM)z from decomposing before it reaches the 
substrate. Next, ramp-edge structures with the 
angle to the substrate surface of 30 o were 
fabricated by using photolithography and Ar ion 
milling. Then amorphous layers were formed on 
the NBCO ramp surfaces by Ar ion irradiation for 
90 sec at an acceleration voltage of 500 V and the 
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incident angle to the substrate of 90° . A counter 
NBCO layer was deposited under the same 
preparation 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 !till by photolithography and Ar ion milling. 
Current-voltage (I-V) characteristics of JJs were 
measured by a four-probe method in a magnetic 
shield. 

3. RESULTS AND DISCUSSION 
3.1 Properties of SAT films as an intermediate 
insulator 

Figure 2 shows the conductance of the SAT 
films in 300 !till (jJ capacitor structures at room 
temperature. Measurements were carried out for 15 
pieces of capacitors with and without an NBCO 
film on the SAT film. In both cases, 11 pieces 
exhibited conductance below 10·6 S. Figure 3 
shows the dielectric constant and conductance for 
the SAT film with an NBCO film at low 
temperatures. Below 40 K, the dielectric constant is 
approximately 23 and the conductance is lower 
than 10·6 S. 

(b) 
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Fig. 2. Conductance of the SAT films at room temperature. Measurements were carried out for 15 pieces of 
capacitors (a) with and (b) without an NBCO film on the SAT film. 

Table !I 
Preparation conditions for NBCO films by MOCVD. 

Source temperature and carrier Ar flow rate 
Nd(TMOD)J 140-143 "C 

50 seem 
Ba(DPM)2 • Pentaene 134-147 "C 

100 seem X 2 
Cu(DPM)2 110-115 "C 

Substrate temperature 
Total gas flow rate 
Deposition pressure 
Oz pressure 
Deposition rate 
Thickness 

50 seem 
820 "C 
670sccm 
10 Torr 
1 Torr 
20-25nm/h 
300nm 
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Fig. 3. Dielectric constant ~nd conductance for 
the SAT film with an NBCO film at low temp­
eratures. 
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Figure 4 shows the RBS spectra of the NBCO 
film on an SAT/YBCO bilayer. The RBS minimum 
yield, X mim is 3.1 %. For comparison, an NBCO 
film on SrTi03 substrate was deposited by PLD. 
For the NBCO film, the FWHM value of the 
NBC0(005) rocking curve was 0.1° and the Xmin was 
4.8 %. It is thus considered that the NBCO film on 
SAT/YBCO bilayer has good crystallinity. Figure 5 
shows the surface morphologies of SAT/YBCO and 
NBCO/SAT/YBCO films observed by AFM. The 
NBCO surface was flatter than SAT one. The root 
mean square (RMS) of surface roughness for the 
NBCO is 0.65 nm in a 2 !!m square area. Figure 6 shows 
the temperature dependence of the resistivity for the 
NBCO film on an SAT/YBCO bilayer. The zero­
resistance Tc is 90.8 K. 

3.2 Fabrication of NBCO ramp-edge JJs without 
a ground plane 
Among measured 14 JJs on the sample at 4.2 K, one 

junction showed resistively-shunted-junction 
(RSJ) type 1-V characteristics, as shown in Fig. 7. 
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Fig. 4. RBS spectra of the NBCO film on SAT/YBCO 
bilayer. 

(b) 

Fig. 5. Surface morphologies of (a) SAT/YBCO and (b) NBCO/SAT/YBCO films observed by AFM. 
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Fig. 6. Temperature dependence of the resistivity 
for the NBCO film on SAT/YBCO bilayer. Fig. 7. 1-V characteristics at 4.2 K. 
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Other JJs showed flux-flow type or linear I-V 
characteristics, indicating superconducting contact 
or resistor, respectively. We speculate that this 
spread in characteristics may be caused by 
difference in the preparation conditions for the 
counter NBCO layer at individual ramp surfaces in a 
sample. Non-uniformity of Cu distribution in 
NBCO films is also considered as a possible 
cause. 

4. CONCLUSION 
Excellent insulating property of SAT films 

sandwiched by two superconducting layers was 
confirmed. For the NBCO ramp-edge JJs without 
a ground plane fabricated by MOCVD, RSJ type 
current-voltage characteristics were observed. We 
proved that ramp-edge JJs could be fabricated by 
MOCVD. 
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