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Glass Thin Films Prepared by Sol-Gel Method
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Crystalline or glass oxide thin films ca 50 — 210 nm in thickness and ca 5 — 17% in porosity
were prepared on Si(100) wafers by sol-gel method, and were left standing at room
temperature in dry and humid atmospheres and in water. The in-plane residual stress was
measured on the films as a function of time during storing at room temperature, where the
stress was obtained by measuring the radius of curvature of the substrate surface. The
anatase, silica and ceria films fired at 1000, 600 and 800C , respectively, had tensile in-plane
stress, which decreased with time, finally becoming constant, at room temperature. The rate
and the extent of stress reduction was larger in the order, "in water" > "in humid
atmosphere" > "in dry atmosphere". The silica films fired at 1000C , on the other hand, had
compressive in-plane stress, which was stable, not decreasing with time, at room
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temperature. After showing a decrease in tensile stress in humid atmosphere, the ceria film
showed an increase in stress when heated at 300C, followed by a decrease with time at
room temperature when stored again in humid atmosphere. The stability of compressive
stress and the reversibility of tensile stress excluded the structural relaxation as the cause of
the tensile stress reduction at room temperature. The ceria films showed a decrease in
tensile stress even when stored in acetone and #n-heptane vapors. This suggests that the
adsorption of vapor molecules and the resulting volume expansion of the films may be the
origin of the decrease in tensile stress. Yttria stabilized zirconia films fired at 1000C also
had tensile stress, but the stress was constant with time at room temperature. Its reason is
unknown, and further studies should be made.
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Table 1 Crystalline phase, thickness, refractive index and porosity of the films.

Film  Firing Crystalline Thickness  Refractive Porosity  Figures
temperature/°C  phase /nm index* (%)

T10, 1000 Anatase 79+3 2384 +0.012 6.1+£05 Fig. 1
Si02 600 Amorphous 192 +8 1.4324+0.000 4.7+0.1 Fig.2
1000 Amorphous 146 + 15 1.457+0.001 00+0.2 Fig. 5

YSZ 1000 Fluorite structure 143 + 3 1.952+0.004 123+03 Fig. 3
CeO, 800 Fluorite structure 49 +3 2.069+0.110 173+56 Fig. 4
800** Fluorite structure 182 + 3 2.212+0.024 103+1.1 Fig. 6

800*** Fluorite structure 212 +8 2.200+0.009 11.0+0.4 Fig. 7

*: The values are at a wavelength of 632.8 nm except that for anatase, which 1s at 589.3nm.
**: Five time coating with calcination at 300°C
*#%: Five time coating with calcination at 500°C
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Fig.1 (a) XRD pattern, (b) stress-time curves, and
SEM Pictures of the surface obtained (c) before
and (d) after storing in the humid atmosphere
for the titania thin films fired at 1000C . The
films were stored in dry and humid
atmospheres and in water at room temperature
for obtaining the stress-time curves.
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Fig.2 (a) XRD pattern, (b) stress-time curves, (c) stress-time
curves on magnified time scale, and SEM Pictures of the
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Fig.3 (a) XRD pattern, (b) stress-time curves, Fig.4 (a) XRD pattern, (b) stress-time curves,

and SEM Pictures of the surface obtained
(c) before and (d) after storing in the
humid atmosphere for the YSZ thin films
fired at 1000C . The films were stored in
dry and humid atmospheres and in water
at room temperature for obtaining the
stress-time curves.

and SEM Pictures of the surface obtained
(c) before and (d) after storing in the
humid atmosphere for the ceria thin films
fired at 800C . The films were stored in
dry and humid atmospheres and in water
at room temperature for obtaining the
stress-time curves.
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Fig.5 stress-time curves of the silica thin films
fired at 1000°C . The films were stored in
dry and humid atmospheres at room

temperature.
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Fig.6 stress-time curves of the ceria thin films
prepared via five cycles of deposition and
calcination at 300°C, followed by firing at
800C. The film was stored in humid
atmosphere at room temperature. After
41 days of storing, the film was heated at
100C for 1h, followed by heating at 300C
for 10min. Then the film was again stored
in humid air at room temperature. After
67 days of storing, the film was again
heated at 100C for 1h, followed by
heating at 300C for 10 min.
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Fig.7 stress-time curves of the ceria thin films
prepared via five cycles of deposition and
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DL EZ TR TRIE Z A0 F2

DEBYTHoTZRK2IZALNS giﬁ VR Table 2 Bulk moduls K of the oxides.
YSZ ORRE R IZ, I OmA R L7z e TGP e
YT EREDLLVITLLANS Y, L2 TiO (Anatase) 179 17
Mo Ty WRHMERD, YSZ OIS Hsiid Si0s (Glass) 36 18
Laho2BNTIIREZE) THbH, YSZ 204 19

YSZ BEDISTIDWA L 7 2o 72 I D CeO, 220 20
WTIE, 5%, JILRZ RN W#HP T2k
S, I ORHELZRNS & &I, 200
WA A4 bEwIElEL, R E B8
FX—% L LTHY kP, Bald ags B 2907
H2bo 4 00 |

2

3.4 EHEOJYOEL £ 10

VETI, STOWECE), BEOT 5 4 |
RIS SRR T L & b b T s E - $K(100) substrate
EEBNTE, TS FERC, B & T [ S
DR HHERH & & I T 5 & % HIR 0 - N N
LTWwWa, XI8IZ, #bakL 3— (i 0 10 20 30

i 500C) DD B 800C THEM L 72k ) 7 Time / day

i A Y 2R PR A I B E L 72 B o SR FE Fig.8 AR-time curve of the ceria thin film

DR AR (R(2) OB ZAL 2 525, pre[?are‘d via five Sycles of dep051t19n and
i S 1me BRI E & b o calcination at 500 C, followed by firing at
CORICRLNL £ 912, KH = 800C. The film were stored in humid
FRENPBMICREL 2D (Y 2/hEL atmosphere at room temperature.
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BBH)ZENbRNL, TOXHIZ, BRTORSIOZEALIX, BETINAL 2O - BIRE
EVEOENSLEETH 5,

4. #EER

VIV =V X D) Si(100) 7 =N EIZHER L, 1000C CTHERL L 727 F 7 — A, 600C
THERL L7230 A, 800C THEK L7zt ) 7D NG BRI IS I 1d, HimCHRER & &
HBITWMP L, FOHh—EL ol 72 LINTOWAME &A%, K > 5
A >R PR DONEIZ K & 5 720 1000C THEE L 72 2 U A RO FEMEERZR IS T H = iR
THME E BB L oz k. 800C THEK L7zt ) THEDWA L 725 RIS
2. 300CTIMEAT AL EL, ZOBRIEMTHRE LW L2 E05, FIREE
IS DWW, BRI D L OB TR ERwmIT oz, 512, B
FHEHTIE%RL, T M BERTRAT Y VRGP THIE M & & DI T 5
ZENS, GRS TOWAEIC L > TEPBERL, 51RBIOBLEZHF Wb EE 2 72,
B, 1000C TR L7724 v M) 7ZE by a=7 (YSZ) BTN [ BEES IS L EE
TR L L I E T, —EDlER S 7205 ZOEKIZOWTIZSHOME A
BThbo

5. W&
AWF7eiE HABEE AR 2B R R O e 2 2 THiT % 2 72 b D TH %o MK
RO XY EHBEL £9,

8
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