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   Abstract--YBa2Cu3Ox (YBCO) films have been deposited on
buffered metal substrates by metal  organic chemical-vapor
deposition (MOCVD). Nickel alloy substrates with biaxially-
textured yttria-stabilized zirconia (YSZ) buffer layers deposited
by ion-beam-assisted deposition (IBAD) were used. A liquid-
static precursor delivery system was designed, constructed, and
used in the MOCVD facility at Intermagnetics for the reported
work. At 77 K, under self-field conditions, we achieved a critical
current (Ic) of 97.5 A in YBCO film grown by MOCVD on an
IBAD substrate.  This Ic corresponds to a critical current density
of 1.3 MA/cm2 and 130 A/cm width of tape.

   Index Terms--MOCVD, IBAD, current density, biaxial-texture

I. INTRODUCTION

GC-SuperPower has been developing a metal organic
chemical-vapor-deposition (MOCVD) process for the
fabrication of high-current YBa2Cu3Ox (YBCO) conductors

with substrates prepared by ion-beam-assisted deposition
(IBAD). MOCVD has several special features such as
nonline-of-sight coating, separation of precursors from the
deposition chamber, high deposition rates, and no target
fabrication expense, all of which can be important for
production of long lengths of YBCO conductor for electric
power applications. The possibility of using YBCO to
produce high-current tapes was first demonstrated with IBAD
substrates [1], and only IBAD substrates have been used to
produce a 100-A YBCO tape in meter-long lengths [2].
Earlier, we reported that we had achieved both high (50-A)
critical currents (Ic) and high (>1 MA/cm2 at 77 K) critical
current densities (Jc) in YBCO films fabricated by MOCVD
on IBAD substrates [3]. The performance of the MOCVD-
prepared YBCO films in high magnetic fields was shown to
be   comparable   to  that  of   pulsed-laser-deposition  (PLD)-
prepared YBCO films.  Here, we report the use of a liquid
precursor delivery system, a doubling of the Ic to almost
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100 A, and microstructure analysis of MOCVD-prepared
YBCO films.

II. EXPERIMENTAL

The metal substrates used for MOCVD of YBCO consisted
of biaxially-textured buffer layers of yttria-stabilized-zirconia
(YSZ) deposited by IBAD at Argonne and Los Alamos
National Laboratories (ANL and LANL), respectively.
Polished Hastelloy-C and Inconel 625 metal substrates, 100
�m thick were used. The YSZ buffer layers were typically
0.5-1 �m thick.  In the process used at ANL, an 8-cm
Kaufmann-type DC ion source was used to produce a 300-eV
assisting ion beam of Ar/10%O2 that was directed onto the
substrate surface at an angle of 35°. Electron-beam
evaporation was used for YSZ deposition. The atomic
deposition rate was 1.6 Å/s and the ion flux was 200 µA/cm2,
yielding an ion-to-atom flux ratio of 2.8.  Details of the IBAD
process used at LANL have been published in Ref. 4.
Briefly, Inconel 625 substrates were polished to a surface
roughness of 3 +1 nm.  The assisting ion was produced by a
linear DC Kaufmann-type source, with beam dimensions of
2.5 x 23 cm.  The atomic deposition rate was 0.5 Å/s, the
assist ion energy was 200 eV, and the ion flux was 190
�A/cm2.  The YSZ-buffered metal substrates were cut into
1-cm-long, 4-8-mm-wide segments for YBCO deposition by
MOCVD. Single-crystal SrTiO3 substrates were also used for
deposition, for comparison 

MOCVD of YBCO was conducted at Intermagnetics in a
custom-built facility that has been described previously
[3],[5].  Tetramethyl heptanedionate (thd) precursors were
used for Y, Ba, and Cu. YBCO films, 1 �m thick, were
deposited within a temperature regime of 700-800°C under a
reactor pressure of 1-5 torr and an oxygen partial pressure of
0.3-0.8 Torr. After deposition, YBCO films were coated with
silver pads, annealed at 400°C in oxygen.

The out-of-plane and in-plane textures of the YSZ buffer
layers were examined by X-ray diffraction and pole figure
measurements. The surface morphology of the YBCO films
was studied by scanning electron microscopy (SEM),
followed by compositional analysis by energy dispersive
X-ray spectroscopy (EDS). The thickness of the films was
measured by surface profilometry. The current density of the
films was tested in liquid nitrogen in zero applied magnetic
field. The samples were not patterned and Jc was measured
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across the entire width of the sample; continuous DC currents
up to 100 A were used in the measurements. 

III. LIQUID PRECURSOR DELIVERY

The schematic diagram in Fig. 1 shows the configuration of
the MOCVD system at Intermagnetics. Precursor delivery is
a three-step process.  In the first step, a liquid precursor is
pumped at a constant flow rate by a liquid-delivery pump. In
the second step, the liquid precursor is flash-vaporized in a
vaporizer maintained at a constant temperature. The
vaporized precursor then flows in a carrier gas, such as Ar,
through heated lines and is injected onto a hot substrate
through a shower head. All components of the precursor
delivery system have been designed and developed at IGC-
SuperPower.

There are several advantages to liquid-precursor delivery
when compared with solid-precursor delivery. The key
advantages are listed in Table I.

The composition of YBCO films prepared by the liquid-
precursor delivery system during 12 deposition runs showed
that the film composition was reproducible within +5% of the
target composition.

IV. CRITICAL CURRENT MEASUREMENTS

It was reported previously that Ic values of 50 A were
achieved in YBCO films grown by MOCVD on IBAD
substrates at 77 K under self-field conditions [3].  High
values of Ic were also maintained in the presence of a
magnetic field.  At 75 K, with the magnetic field
perpendicular to the c-axis (B � c), Jc values of 570,000 and
240,000 A/cm2 were achieved in fields of 1 and 5 T,
respectively.  With  the  field parallel to the  c-axis  (B || c), Jc
values of 215,000 and 100,000 A/cm2 were achieved in fields
of 1 and 2.5 T, respectively.  At 64 K, the Jc values were 1.2
MA/cm2 and 770,000 A/cm2 at 2 and 5 T, respectively, in the
B � c orientation.  In the B || c orientation, the Jc values were
680,000, 520,000, and 300,000 A/cm2 at 1, 2, and 5 T,
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Fig. 1.  Schematic diagram of the MOCVD system used at Intermagnetics.

TABLE I

COMPARISON OF SOLID- AND LIQUID-PRECURSOR
DELIVERY SYSTEMS

Solid-state
Precursor

Liquid-state
Precursor

Technique Precursors are
individually sublimed
separately from 3
separate ovens

Precursor is flash
vaporized at a single
location

Temperature
Control

Difficult (film
composition is
sensitive to even
1�C change)

Single-point of
control. Easier

Precursor
Stability

Bad for long
deposition periods

More stable in
solution form

Precursor
Vapor
Pressure

Changes as precursor
is depleted

Constant volume of
precursor is
vaporized. Vapor
pressure is constant

Deposition
Rate

Difficult to increase
due to turbulence of
carrier gas at high
rates

Easily increased by
increasing precursor
flow rate.

respectively.  Since that report was published, the Ic of YBCO
films made by MOCVD on IBAD YSZ substrates has been
doubled to almost 100 A, as shown in the current-voltage (I-
V) curve in Fig. 2. The Ic of 97.5 A exhibited in Fig. 2
corresponds to a Jc value of 1.3 MA/cm2 and translates to 130
A/cm width of film. These values compare very well with
those achieved in YBCO films deposited on buffered-metal
substrates by pulsed-laser deposition.



0
0.2
0.4
0.6
0.8

1
1.2
1.4

0 20 40 60 80 100

Current (A)

V
ol

ta
ge

 (µ
V

) Jc (77 K) = 1.3 MA/cm2

Fig. 2.   I-V curve obtained from YBCO film deposited by MOCVD on
IBAD substrate. The Ic is 97.5 A, which corresponds to 130 A/cm width of
tape.



V. MICROSTRUCTURE ANALYSIS

A puzzling finding was that the rougher films almost always
yielded a higher Jc than the smoother films.  Figs. 3 and 4,
respectively, show a relatively smooth film and a very rough
film, both 1 �m thick.  The particles on the surface of the
films were usually Y-rich. Contrary to expectations, the
smooth film sustained an Ic of only 1 A, whereas the rough
film exhibited an Ic of almost 100 A. 

The cause of high Jc and surface roughness in film
observed in fig. 4 could be because the film was deficient in
Ba. It has been noticed that films deficient in Ba typically
yielded high current densities. 

The information obtained from the analysis of the
surface morphology of the films does not provide complete
details of the microstructure and its influence on the critical
current.  Therefore, steps have been taken to examine the
cross-sectional  microstructure  of  MOCVD-prepared YBCO
 

2 �m

Fig. 3.  Microstructure of a 1 �m YBCO film deposited by MOCVD on a
IBAD substrate.  In spite of the relatively smooth film surface, the film
sustained an Ic of only 1.3 A.

2 �m

Fig. 4.  Microstructure of a 1 �m YBCO film deposited by MOCVD on a
IBAD substrate.  In spite of the rough film surface, the film sustained a Ic of
97.5 A (data shown in Fig. 2).

films.  Samples were fractured and their cross sections
examined by SEM.  Fig. 5 shows the microstructure of a 

Fig. 5  Fracture surface of a YBCO film on an IBAD YSZ substrate.  A
dense film structure with abundant particles on surface is seen. 

YBCO film with a high Jc and microstructure similar to that
shown in fig. 4, i.e. with abundant particles on the surface.
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Figure 5 shows that in spite of the large and abundant
particles on the surface, the rest of the film is dense and
uniform. Therefore, it was confirmed that the roughness seen
on the surface of the high Jc films is indeed restricted to the
surface only. 

VI. CONCLUSIONS

YBCO films have been deposited by MOCVD on
biaxially-textured YSZ buffer deposited by IBAD.  A liquid-
precursor delivery system was designed and constructed for
use in the MOCVD facility. Through improvement to the
MOCVD equipment and optimization of process conditions,
Ic as high as 97.5 A (corresponding to a Jc of 1.3 MA/cm2)
was achieved at 77 K under self-field conditions. This Jc
value corresponds to 130 A/cm-width of tape. Microstructure
analysis of the tapes revealed a very rough surface
morphology in the high-Jc films. Cross-sectional
microstructure examination showed that the roughness was
mainly restricted to the surface and the rest of the film to be
dense and uniform.
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