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LaAIO, and CeO, films have been successfully grown using sol-gel precursors. LaAIO, precursor solution has 
been prepared from a metal alkoxide route and spuncast on a SrTiO, (100) single crystal to yield an epitaxial film 
following pyrolysis at 800°C in a rapid thermal annealer. A CeO, precursor solution has been made using both an 
aqueous and an altioxide route. 

1. Introduction 

Sol-gel techniques have emerged as viable non-vacuum methods for the fabrication of long-length 
conductors. Buffer layers such as LaA10, and CeO, are of interest because critical current densities 
exceeding IO6 A/& at 77K have been repeatedly observed from superconductors grown on these 
layers.' Also, the lattice mismatch between these layers and Y-123 or T1-1223 is small. 

2. Growth of Epitaxial LaAIO, Films 

We have prepared an all alkoxide LaAIO, precursor solution from which epitaxial films can be 
grown. Aluminum rrrs-sec-butoxide (3.89 g, 15.8 mmol) was refluxed in 50 mi of 2-methoxyethanol. 
Approximately 30 mL of sec-butanol/2-methoxyethanol were distilled from the solution which was 
repeatedly rediluted with 30-50 mL of fresh 2-methoxyethanol followed by distillation. When the 
boiling point reached that of 2-methoxyethanol(124"C), exchange of sec-butoxide by methoxyethoxide 
(to help control hydrolysis) was presumed finished. A stoichiometric amount of lanthanum tris- 
isopropoxide (5.03 g, 15.9 mmol) was then added to the refluxing aluminum solution. Approximately 
30 mL of i sop~pano~2-metho~~eth~ol  were distilled off, and the solution was repeatedly rediluted with 
30-50 mL of fksh 2-methoxyethanol and m e r  distilled to insure ligand exchange. The final volume 
of the light yellow solution was adjusted with 2-methoxyethanol to 32 mL to make a 0.5 M LaAIO, 
precursor solution. 

The resulting precursor solution was stoichiometrically or partially hydrolyzed using a 1 M H,O in 
2-methoyethanol solution to produce, respectively, a light yellow, transparent gel or a solution suitable 
for spin-coating. The gel was decomposed and then fired between 500" and 800°C in air for I to 12 
hours. X-ray difiactton (XRD) studies show that crystallization begins around 600°C. A total of four 
coatings of the partially hydrolyzed solution were applied to a SrTiO, (100) single crystal which was 
pyrolyzed between coatings in 0, in a rapid thermal annealer at 800°C for 2 minutes. The resulting film 
is approximately 4000 8, thick and exhibits c-axis preferred orientation on the SrTiO, substrate (Fig. 1). 
The LaAIO, peaks are considered to correspond to (00 l), (002), and (003) planes in a cubic structure. 
A rocking curve scan of the (003) LaAlO, reflection (inset of Fig. 1) verifies the good c-axis alignment 
with the full-width at half-maximum (FWHM) determined to be 0.87". A 4 scan made from the (202) 
plane indicates that the film had good in-plane texture with a FWHM=1.07", and a typical x-ray pole 
figure of the cubic (202) reflections shows a single cube-on-cube epitaxy: SrTiO,(OO l)ltaA10,(00 
and SrTi0,[100]1~aA103[100]~~ The microstructure of the film, as seen by scanning electron 
microscopy, indicates that the grains are small, surface roughness is low, and the film is continuous. 



3. CeO, Film Growth 
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Fig1 8-28 scan ofc-axis oricnted LaAIO, (L) on SrTiO, 
(100) (S) Inset IS roching curve ofLaAI0, (003). 
(FWHM=O 87") 

Cerium(II1) acetate 1.5H20 (1.38 g, 4.00 
m o l )  was dissolved in 10 niL of a 9:i 
H,O/acetic acid solution to yield a colorless 0.4 
M CeOz aqueous precursor solution. The solvent 
from a portion of the solution was evaporated, 
and the remaining ncidue was fired between 300" 
and 800°C in air for 4 to 18 hours where 
oxidation to cerium (IV) occurred. 
Crystallization begins around 300°C as 
determined by XRD. The remainder of the 
solution was used for spin-coating on single 
crystal SrTiO,. The solution did not always coat 
well but instead would pile on the ends of the 
substrate. Only random films could be grown on 
the SrTiO, In attempts to achieve epitasial 
growth. different combinations of pyrolysis 
conditions were employed including atmospheres 
of Ar, O2 ~ or air, times from minutes to hours, 
and temperatures from 450" to 808 C, but all 
were unsuccessful. Additives such as tartaric 

acid, ethylene glycol, or a surfactant were added to the solution to obtain better coating, but little 
improvement was noticed. The solutions were also unstable after about one week when an unidentified 
phase would appear in the XRD pattern. 

Another CeO, precursor solution was obtained using a commercial cerium(1V) methoxyethoxide (1 8- 
20%) in 2-methoxyethanol dark red solution. Yellow, transparent gels were formed upon complete 
hydrolysis using the H20/2-methoxyethanol solution and heat. The product was then pyrolyzed, fred 
between 200" and 800°C in air for 4 to 18 hours, and found by XRD to begin crystallization at a slightly 
lower temperature (200°C) than seen for the aqueous solution. A partially hydrolyzed solution was spun- 
cast on (100) SrTiO,, but like the aqueous route, no epitaxial film could be grown so far and the same 
uniden~ed phase \vas detected by XRD pattern when older solutions, which turned yellow, were used. 
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