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In the drive to develop HTS (high-temperature super- 
conducting)-based electronics,l the quest for new, chem- 
ically inert, HTS lattice/thermal expansion-matched, low 
dielectric constant/dielectric loss insulators represents a 
major theme.2 Such materials are needed as buffers, 
dielectrics, substrates, "seed layersnZa and overlayers.ls2 
As for HTS film g r ~ w t h , ~  metalorganic chemical vapor 
deposition (MOCVD) offers the potential in the case of 
dielectric films of low growth temperatures, simplified 
apparatus, and amenability to the large-scale coating of 
substrates having complex  shape^.^ Among the dielectric 
materials of great current interest, the cubic ternary Sr2- 
A1Ta06 (SAT) is particularly attractive since it exhibits 
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an excellent lattice and thermal expansion match with 
YBCO, BSCCO, and TBCCO, a low dielectric constant 
and low tan 6,5 as well as the absence of phase transitions 
between 25 "C and typical H T S  film growth 
temperaturese2B The presence of the latter is known to 
seriously degrade the electrical/microwave characteristics 
of proximate HTS films.2d Unlike a number of the binary 
perovskite dielectrics, the crystal structure of SAT is cubic: 
so that films having potentially deliterious multiple growth 
or ientat i~ns~b,~~'  are unlikely. We report here the first in 
situ growth of phase-pure, epitaxial SAT films by MOCVD 
as well as observations relevant to optimization of the 
MOCVD film growth process. 

In  situ MOCVD growth of SAT films was carried out 
in a horizontal metal reactor having individual inlet tubes 
for introducing the volatile, metalorganic precursors as 
well as the oxidant gas N2O. The operating system 
pressure was 1.5 Torr (background pressure = 0.10 Torr). 
Cleaned single-crystal (110) LaA103 (indexed here in the 
rhombohedral system) specimens were employed as the 
substrates. Within the reactor, the substrates were located 
in a resistively heated quartz tube. The temperature of 
the substrates was measured by a K-type nickel-chromium 
vs nickel-aluminum thermocouple attached to the back 
of the substrates. The deposition temperatures were 
maintained in the range 750-850 "C. NzO was introduced 
at a flow rate of 200 sccm immediately upstream of the 
susceptor. The precursors Al(acac)a (acac = acetyl- 
acetonate) and Sr(hfa)~(tetraglyme) (hfa = hexafluoro- 
acetylacetonate)8 were synthesized from high-purity metal 
precursors and were multiply vacuum sublimed prior to 
use. Ta2(0CH&H3)5 was obtained from Gelest Inc. and 
used as received. The precursors were contained in Pyrex 
reservoirs maintained at  90,130, and 60 "C, respectively, 
and were transported to the reaction chamber by Ar flowing 
at 60-100 sccm. 

X-ray diffraction studies of the MOCVD-derived SAT 
films reveal a very large sensitivity of composition and 
microstructure to the deposition conditions. Thus, films 
grown at  750 "C are multiphase and largely unoriented as 
indicated by 8-28 scans (Ni-filtered Cu Ka radiation). 
Identified phases include SAT, SrF2,9 and SrA140,.10 The 
source of fluoride is doubtless the hfa ligand. In contrast, 
film growth at a 800 "C substrate temperature, with all 
other conditions identical, yields phase-pure SAT thin 
films (Figure 1A). Diffractometric rocking curves of these 
films (w scans) performed with a double-crystal diffrac- 
tometer (Cu Ka radiation) indicate a low degree of 
alignment/perfection of the film growth planes with respect 
to the substrate surface. Thus, the films exhibit a full 
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Figure 1. (a) 8-20 X-ray diffraction scan of a SrzAlTaO6 film 
growth by in situ MOCVD at 800 "C on a (110) LaA103 substrate. 
(b) X-ray diffraction w-scan rocking curve of the (400) reflection 
of an MOCVD-derived SrzAlTaO6 film grown on a (110) La.4103 
substrate a t  800 "C. The fwhm of the reflection is 2.04". (c) 
X-ray diffraction @-scan of an MOCVD-derived SrzAlTaO6 film 
grown on a (110) LaA103 substrate at 800 "C. 

width at half-maximum (fwhm) for the SrzAlTaO6 (400) 
reflection of 2.08" (Figure 1B; fit by least-squares analysis) 
versus 0.20" for the corresponding (220) reflection of the 
LaA103 single-crystal substrate. In-plane +-scans were 
also performed to assess the quality of the in-plane epitaxy 
using a diffractometer (Cu Ka radiation) equipped with 
a four-circle goniometer. In theory, four equivalent planes 
of reflection should be observed, repeating every 90". 
Typical + scans of the (220) family of SrpAlTaO6 dif- 
fraction planes (Figure 1C) grown at 800 "C exhibit the 
requisite 4-fold symmetry but with rather broad peaks. 
Increasing the substrate temperature to 850 "C during 
deposition results in significant enhancement in growth 
plane alignment and crystallinity (Figure 2A). Rocking 
curves now exhibit a full width at half-maximum (fwhm) 
for the SrzAlTaO6 (400) reflection of 0.51' (Figure 2B; fit 
by least-squares analysis). Typical + scans of the (220) 
family of Sr&TaO6 diffraction planes (Figure 2c) exhibit 
sharp reflections having the requisite 4-fold symmetry; 
hence, a high level of in-plane epitaxy. SEM images of 
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Figure 2. (a) 8-20 X-ray diffraction scan of a SrzAlTaO6 film 
grown by in situ MOCVD at 850 OC on a (110) LA103 substrate. 
(b) X-ray diffraction w-scan rocking curve of the (400) reflections 
of an MOCVD-derived SrzAlTa06 film grown on a (110) LaAlO3 
substrate a t  850 OC. The fwhm of the reflection is 0.51°. (c) 
X-ray diffraction $-scan of an MOCVD-derived SrzAlTaOe film 
grown on a (110) LaA103 substrate a t  850 "C. 

the 850 "C SAT films reveal smooth, featureless surfaces, 
while AFM images indicate smooth surfaces with rough- 
ness features on the order of *75 All 

Cross-sectional high-resolution electron microscopy 
(HREM) indicates that the MOCVD-derived SAT films 
grow with sizable regions of defect-free, single-crystal 
epitaxial microstructure having an atomically abrupt 
interface with the LaA103 substrate (Figure 3A). These 
images and selected area diffraction patterns (Figure 3B) 
reveal that the SAT films grow exclusively with a (100) 
growth orientation. Preliminary pulsed laser deposition 
studies to be discussed elsewhere, indicate that the present 
MOCVD-derived SAT films are suitable substrates for 
high-quality (Tc = 90.0 K) YBCO film growth.ll 

These results show that phase-pure films of the HTS 
lattice-matched ternary cubic perovskite dielectric Srz- 
AlTaO6 can be efficiently grown in a single orientation in 

(11) Han, B.; Goodreau, B. H.; Roshko, A.; Rudman, D. A.; Marks, T. 
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Fignre3. (a) Cross-sectional HREM image of an MOCVD-derived SrpAITaOB film grown on (110) LaAl0~ at 85OOC. (b) Selected-area 
TEM diffraction pattern of an MOCVD-derived SrlAlTaOe film grown on (110) LaAIOJ. The electron beam is parallel to the film 
surface. 

situ on LaAl0~ substrates by MOCVD. The deposition 
is highly sensitive to substrate temperature, presumably 
reflecting both the volatilities of the corresponding metal 
fluorides and kinetic aspects of the precursor thermolysis 
and film nucleation/growth/crystallization processes. Fur- 
ther studies of the growth process and applications to 
multilayer architectures are in progress. 
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