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Effect of Relative Humidity on the Crystallization
of Sol—-Gel Lanthanum Zirconium Oxide Films

films by metal organic deposition (MOD), the diffusion of

Ni was found to be contained within the first 75 nm of the
LZO film.” However, to be viable as a stable manufacturing
process, a complete understanding of the various process
variables that need to be regulated is imperative. In this paper,
we investigate the effect of relative humidity during the

ngggidge lalaét:ional Lfaboratory,IOak Ridge, coating step on the texture and microstructure of-sil
Tennessee 37831, an enter for Materials Processing, processed LZO thin filma:

Department of Materials Science and Engineering, and
Department of Physics, Ungrsity of Tennessee, X-ray diffraction (XRD) patterns obtained for samples spin
Knoxille, Tennessee 37996  coated under relative humidity ranging from 10% to 80%,
and processed at 110G for 15 min are illustrated in Figure
_ _Receied August 17, 2006 1 The intensity of the LZO (222) peak, which gives an
Revised Manuscript Receed October 26, 2006 estimate of the amount of random polycrystalline fraction
Sol—gel processing is a versatile solution based processingin the film, decreases as the relative humidity during the
approach for the synthesis of a variety of ceramic oxides. coating process is increased, dropping to background levels
The main attraction of this process is the flexibility and when relative humidity of 40% or above is used. Similar
control it offers in terms of stoichiometry, microstructure, trends were also seen at 900 and 10Q0process temper-
and crystallographic texture. This process has been used tatures. Figure 2 illustrates the percentage of random poly-
synthesize a variety of technologically important oxides such crystalline material in the films as a function of relative
as PbTiQ? BaTi0s2 Pbh(Zr,Ti)O; (PZT)? SrBi;TaOy humidity at various temperatures. The effect of humidity on
(SBT)} and so forth. In our work, we have extended this the percentage of random polycrystalline material seems to
approach to deposit highly oriented films of K&,° RE- be less exaggerated at lower temperatures. However, since
zirconates,RE-niobate$,and so forth, on biaxially textured  all samples were processed only for 15 min, the lower
Ni—alloy substrates. In the area of coated conductor fabrica-amount of random material at lower temperatures could be
tion, there is a need for highly oriented films that can act as due to slower crystallization kinetics. As the amount of
a buffer layer to prevent interdiffusion between the metal random-oriented material decreases a concomitant increase
substrate and the YB&wO;-4 (YBCO) superconductor in the amount of cube-textured material [lower bounds
film.® A non-vacuum, scaleable process such as-gel calculated using the pole figures from the LZO (222) peak]
processing could be ideally suited for the deposition of these is observed. This is illustrated for samples processed at 1100
buffer layers over long lengths of tapes because of the °C for 15 min in Figure 3.
significant cost advantages it offers. In our previous work  Figure 4 shows the reflection high energy electron dif-
we have shown that lanthanum zirconium oxide (LZO) is fraction (RHEED) patterns collected from samples processed
an effective buffer layer for processing coated conductors 5t 900 °C and 1100°C after coating at 20% and 40%
with critical currents greater than 250 A/cm, which is the hymidity levels. Samples coated at 40% relative humidity

state-of-the-art for LZO processirigother researchers are  show a clean spot pattern showing a fully oriented material
also exploring the use of LZO as a buffer layer in coated

conductors? During the processing of 0/8m thick YBCO
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(11) Experimental details: The sefjel precursor solution was prepared
from alkoxides of lanthanum and zirconium. Lanthanum isopropoxide
(Alfa, La 40% assay), zirconium-propoxide inn-propanol (Alfa, 70%,
w/w), and 2-methoxyethanol (Alfa, spectrophotometric grade) were
used as received. For 20 mL of 0.75 M solution, stoichiometric
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guantities of lanthanum isopropoxide (2.37 g) and zirconiom
propoxide (3.51 g) were dissolved in 2-methoxyethanol and refluxed
in 40 mL of excess 2-methoxyethanol using a Schlenk-type apparatus.
After multiple solvent exchanges, the final volume of the solution was
reduced to 20 mL. LZO films were prepared by spin coating the
precursor solution onto Ni5 atom % W substrates (1 cx 1 cm)

with a 75 nm Y03 seed layer using a spin speed of 2000 rpm for 30
s. The spin coating was carried out in a controlled humidity
environment (using ETS model 5100 humidifier) with relative humidity
changing from 10% to 80% at Z&. The samples were crystallized
by introducing them directly into a preheated furnace after purging
with Ar—4% H, for 3 min. This approach yields a ramp rate greater
than 300°C/min. The samples were heat treated immediately after
coating without any pyrolysis step to burn off the organics. The coated
films were crystallized at temperatures from 900 to 12Q0for 15

min in a flowing atmosphere of Ar4% H, gas. These conditions
yield a LZO film thickness of 75 nm. The phase purity and texture
of the samples were analyzed using XRD with a Philips XRG3100
diffractometer and a Picker four-circle diffractometer, respectively,
using Cu Ko radiation. The microstructure of the samples was
characterized using a field emission scanning electron microscope.
The surface crystallinity and roughness of the samples were character-
ized using RHEED and AFM in contact mode, respectively.
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Figure 1. XRD patterns of samples coated under different relative humidity
levels (16-80%) and processed at 1100 for 15 min.
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Figure 2. Variation of percent random polycrystalline material as a function
of relative humidity during coating for a series of processing temperatures.

40 T T T T T T T T 100

35 - 95

304 - 90
g 1 [
iol
§ 20 - 80 g
o 0,
e 15 +0¢ random F75 &
S —o— % cube texture =
e L7035
@ 10
o
< - 65 I i

5 (b) Coated at 50% relative humidity

- 60 ) . - ' . .
04 - —= Figure 5. Effect of relative humidity during coating on the microstructure
- 55 for samples processed at 1100 for 15 min illustrated using scanning
5 T T T T T T T T electron microscopy images.
0 10 20 30 40 50 60 70 80 90
Relative Humidity (%) tions using XRD suggesting that, at lower humidity levels,

Figure 3. Variation of percent randomly oriented and cube textured material the LZO film is not completely crystallized at 90C. Apart
ilnl(t)r(‘)i (‘;"';“S s a function of relative humidity for samples processed at from the differences in electron and X-ray diffraction patterns
or &> min. of samples coated under different relative humidity levels,
at both temperatures. The pattern obtained from the samplea clear difference was also observed in the microstructure
coated at 20% relative humidity and processed at ’TD0  of the films. Figure 5 shows the SEM microstructures of
shows a mixture of spots and rings suggesting a mixture of two LZO films processed at 110 for 15 min coated at
oriented and random material at the surface of the sample.two different humidity levels (Figure 5a, 20%, and Figure
In contrast, the sample coated at 20% relative humidity and 5b, 50%). In samples coated with optimal humidity levels a
processed at 90T for 15 min shows no diffraction pattern, pronounced granularity was seen at the surface, while
suggesting that the surface of the film is completely samples processed at lower humidity showed mostly smooth
amorphous. This observation is consistent with the observa-surface with a few particulates distributed randomly on the
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been reported to cause a decrease in epitaxy by promotion
of homogeneous nucleation which competes with the het-
erogeneous nucleation at the substrate surface film
substrate interface). The effect seen here is quite different
from the hydrolysis effects reported by others. This suggests
that the effect of relative humidity should not be due to
hydrolysis. The present results seem to indicate that, for this

system, there is a threshold humidity level that is required
for complete epitaxial nucleation and growth. In samples
coated at low humidity, as a result of an insufficient amount
of moisture at the interface, the extent of epitaxial nucleation
may be reduced. Thus, other modes of nucleation (with
random orientation) at the film surface, substrate surface,
and film bulk may become active. On the other hand, above
a threshold humidity level there would be a uniform
distribution of moisture throughout the thickness, and since
epitaxial nucleation and growth initiated from the substrate
surface are energetically favored, the dominant mode of
crystallization should be through epitaxial nucleation at the
substrate surface. Further studies on the changes to the
chemical nature of the amorphous precursor film as a
function of coating humidity may help elucidate the reasons
for the effects reported in this work. Once this study is
complete, an additional manuscript providing a detailed
discussion on this topic will be published.
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surface. The amount of particulates observed was found to
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