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ABSTRACT

Electron Beam Physical Vapor Deposition (EB-PVD) was applied to fabricate a thin film YSZ electrolyte with large area on the
porous NiO-YSZ anode substrate. Microstructural and thermal stability of the as-deposited electrolyte film was investigated via SEM
and XRD analysis. In order to obtain an optimized YSZ film with high stability, both temperature and surface roughness of substrate
were varied. A structurally homogeneous YSZ film with large area of 12 x 12 cm? and high thermal stability up to 900°C was
fabricated at the substrate temperature of T/T,, higher than 0.4. The smoother surface was proved to give the better film quality. Precise
control of heating and cooling rate of the anode substrate was necessary to obtain a very dense YSZ electrolyte with high thermal
stability, which affords to survive after post heat treatment for fabrication a cathode layer on it as well as after long time operation

of solid oxide fuel cell at high temperature.
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Fig. 1. Schematics of deposition process with EB-PVD.
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Table 1. Experimental Conditions of EB-PVD Process

Sample Temperature Cooling  Surface Thickness

T, °C)  T/T, (um)
A 520 0.22 - with F/L  5.51
B 750 0.32 - - 132
C 850 0.36 - - 3.97
D 850 036 with E/B - 8.10
E 920 039  with E/B with F/L 827
F 950 0.40 - - 11.5
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Fig. 2. Temperature change of NiO-YSZ substrate during each
deposition process.
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Fig. 3. SEM cross-sectional images of YSZ thin films deposited
by EB-PVD,; (a) Case-A, (b) Case-B, (c¢) Case-C, (d) Case-
D, (e) Case-E, and (f) Case-F (All scale bars correspond to
1 um).
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Fig. 4. SEM surface images of YSZ thin films deposited by
‘EB-PVD (Scale bar : 2 um); (a) Case-A, (b) Case-B, (c)
Case-C, (d) Case-D, (¢) Case-E, and (f) Case-F (Insect
is a micrograph showing enlarged view of specific
region (Scale bar : 400 nm)).
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Fig. 5. XRD patterns of the YSZ films deposited by EB-PVD.
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Table 2. Comparison between Relative Peak Intensity Norma-
lized with Peak Intensity of (111)

Deposition Relative intensity
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Fig. 6. SEM cross-sectional images of YSZ thin films after
1200°C heat treatment for 2 h; (a) Case-A, (b) Case-B,
(c) Case-C, (d) Case-D, (e) Case-E, and (f) Case-F (All
scale bars correspond to 1 pum).
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Fig. 7. SEM surface images of YSZ thin films after heat
treatment at 1200°C for 2 h (Scale bar : 2 um); (a) Case-
A, (b) Case-B, (c¢) Case-C, (d) Case-D, (e) Case-E, and
(f) Case-F (Insect is a micrograph showing enlarged
view of specific region (Scale bar : 400 nm)).
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