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Zirconia films stabilized by Y,0, YSZ, films were deposition by metal organic chemical vapor deposition
(MOCVD) onto various kind of substrates. Y,0,, ZrQ, and the mixtures of these two were deposited and charac-
terized. The deposition rate, the film composition and the structure could be systematically varied through the
Y(C,,H,0,), Zr(0-t-CHy, source gas ratios and the deposition temperature. The Y/Zr ratio in YSZ film could be
adjusted by controlling the ratio of Y(C, ,H,,0.,), to Zr(O-t-C H), partial pressures. This is because the ratios of
the deposition rates of Y and Zv atoms in Y,0, and ZrO, films to those in YSZ films, ®, are constant irrespective
of the input gas concentration. However, the Y/Zr ratio was found to be smaller than that estimated based on
the deposition rates of un-mixed Y,0, and ZrO, films. This is because the ®s of Y and Zr atoms are not equal.
The activation energy of Y,0, component in YSZ films was similar to that of ZrQO, component in YSZ films.
These YSZ values were more than 4 times larger than those of un-mixed Y,0, or ZrO, films.
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I. Introduction

etal organic chemical vapor deposition(MOCVD) is

known to offer excellent control of the composition of
the source gas and the other growth parameters resulting in
highly homogeneous film. Moreover, since MOCVD can
deposit large area films uniformly, high reproducibility and
conformal deposition, it is sutable for commercial manufac-
turing of these materials. The composition of the film can be
easily controlled by the input gas composition in CVD. This
is also expected to be expanded to the preparation of the
simple component oxide films from the multl component
metal oxide films.

Typically an initial guess as to the composition of a multi
component films can be obtained from the measured indi-
vidual deposition rates of the various components of the pro-
posed system. However, the actual depositing rate of given
species will depend on the composition of the previously
deposited materials and the partial pressures of the various
gas phase source. For example, the Pb/Ti ratio in the case of
PbTiO, film" and BV/Ti ratio in the case of Bi,Ti,0,, film®
were reported by Okada et al when deposited by MOCVD.
Pb/Ti and Bi/Ti ratios in Pb-Ti-O and Bi-Ti-O films were dif-
ferent from the estimated ones from the deposition rates of
PbO and Ti0,, and Bi,0, and TiO, films, respectively.

In the present study, Y,0, 7ZrO, and Y,0,stabilized
ZrO,(YSZ) thin films were prepared by MOCVD. The depo-
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gition rates and the composition of these films were investi-
gated as functions of the input gas concentrations and the
deposition temperature. On the basis of these results, the
deposition mechanisms of Y,0,, ZrO, and YSZ films were
discussed.

II. Experimental

Y,0,, ZrO, and YSZ films were prepared by CVD using
Y(C,,H,,0,),-0,, Zr(0t-CH,),-0, and Y(C, H,,0,),-Zr(O-t-
C,Hy),-0, systems, respectively. The CVD apparatus having
the vertical cold-wall type reactor was used. Substrates
used in this study were ALO,[(102) plane], MgO[(100)
plane], 8i0, layers prepared on (100) silicon wafers, and
fused silica. The total gas pressure was maintained at 1.3
kPa and the O, partial pressure was maintained at 670 Pa
in all cases. The partial pressures of the various source
gases were controlled through the vaporizer tempera-
ture(Tv), the vaporizer pressure(Pv), and the carrier gas
flow rates(l). The source gas concentration, R[source], is
known to describe as follows.

Pi(Tv):1

Pv @)

R[source] =
The deposition rate of the film prepared by this study was
determined by the substrate weight gain and/or by the X-
ray fluoresence intensity of the depogition film. The compo-
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sition of the films was determined by XRF(X-ray fluores-
ence) and ICP(on coupling plagma).

III, Results and Discussion

3.1. Deposition rates of Y,0, and ZrO, component in
YSZ film

Fig. 1 shows the XRF intensities of (a) YLo and (b) ZrKo
as functions of the calculated deposition weights of Y,0, and
ZrQ, components in YSZ film, respectively. The deposition
weights were caleulated from the total weight gain of the
film and the film composition measured by ICP. The results
of un-mixed Y,0, and ZrO, films are also shown in Fig. 1.
When the deposition weights of Y,0, and ZrO, components
increased, the intensities increased linearly. These lines
were also applied to the un-mixed Y,0, and ZrO, films as
shown in Fig. 1. Therefore, the deposition weights of ¥,0,
and ZrQ, components in YSZ film can be estimated from the
intensities of XRF.

3.2. Effect of the input gas concentration

Fig. 2 shows the deposition rates of Y,0, and ZrO, films as
functions of R[Y(C,;H 0,);] and R[Zr(O-t-C,H,),], respec-
tively at the deposition temperature of 600°C. The substrate
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Fig. 1. XRF intensities of (a) YLo and (b) ZrKa as a function
of the calculatied deposition weights of ¥,0, and ZrO, compo-
nents in YSZ film, respectively. The data of un-mixed Y,0,
and ZrO, films are also added. (a): (@) un-mixed Y,0, film,
(A) Y,0, conponent in YSZ film and (b) :(4 ) un-mixed ZrQ,
film, (@) ZrO, conponent in YSZ film.
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Fig. 2. The deposition rates of un-mixed Y,0, and ZrO, [ilms
as a function of R{Y(C, H 0,).] and R{Zr(O-t-C,H,) ], respec-
tively at the deposition temperature of 600°C.
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Fig. 3. The deposition rates of Y,0, and ZrO, components in
YSZ thin film as a function of R[Y(C,H,0,),] under the
R[Zr(0t-C,Hy),] of 0.15 cm¥min. The deposition rates of un-
mixed Y,0, thin film is also shown as deahed line. Deposi-
tion temperature was 600°C.

was a fused silica in this case. When R[Y(C,,H,;0,),] and
R[Zr(0t-C,H,),] were increased, the deposition rates of
either the Y,0, or ZrO, films increased linearly. Therefore,
under these conditions, the deposition rates of Y,0, and
ZrQ, thin films are supply limited.

Fig. 3 shows the deposition rates of Y,0, and ZrQ, compo-
nents in YSZ thin film as a function of R[Y(C,H O,)
under the fixed R[Zr(0-t-C,H,),]. The deposition rate of Y,0,
film as a function of R[Y(C,,H,j0,);] seen in Fig. 2 is also
shown in Fig. 8 by a dashed line(this case coresponds to 0
em’/min of R[Zr(0t-CHy),]). The Y,0, component in YSZ
thin film linearly increased with increasing R[Y(C, H ,0,),].
This linear increased with R[Y(C,H,,0,),] for the case of
Y,0, component of YSZ film is almost the same as that of
the un-mixed Y,0, film. However, the increased of Y,0,
component in the YSZ film was smaller than that expected
one based on the deposition rate of un-mixed Y,0, films pre-
pared at the same R[Y(C, H ,0,),) value. On the other hand,
the ZrQO, component in YSZ film was larger than that ex-
pected based on the deposition rate of the ZrQ, film(when 0
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Fig. 4. ®(Y) and ®(Zr) as a function of R[Y(C,,H,,0,),] replot-
ted the data shown in Fig. 3. Dashed line shows the line
when @©(Y) and ®(Zr) are unity.

em*/min of R[Y(C,,H,;0,),]) but was not depend on R[Y(C,,-
H,,0,),]. From this figure, the ratios of the deposition rate of
Y,0. component in YSZ film to that of un-mixed Y,0, film is
found to be independent of R[Y(C, H,,0,),]. The same result
is also expected by the ratio of that of ZrO, component in
YSZ film to that of un-mixed ZrQ, film. Therefore, we define
the following deposition efficiency of Y and Zr atoms, ®(Y)
and ®(Zx), at the fixed R[Y(C,,H,,0,),] and R[Zx(0-t-C H,) ],
respectively:

Deposition rate of Y,0, component in YSZ film

) = Deposition rate of Y,05 film

@)
Deposition rate of ZrQ, component in YSZ film

O(7 -
(Zx) Deposition rate of ZrQ,

3

In this case, [@(Y))/[®(Zy)] ratio corresponds to the ratio of
Y/Zx ratio in YSZ film to that estimated from the deposition
rates of un-mixed Y,0, and Zr0Q, films.

Fig. 4 shows ®(Y) and ®(Zr) as a function R[Y(C,,H 0,),]
replotted the data shown in Fig. 3. Dashed line shows the
line that ®(Y) and ®(Zr) are unity; the deposition rates of
Y,0, and ZrO, compositions in YSZ film are the same as
those of un-mixed Y,0, and ZrO, films, respectively. ®(Y)
and ®(Zr) are almost constant irrespective of R[Y(C, H,,-
0,),] except below R [Y(C,,H,,0,),] of 0.03 cm®min. ®(Zr) is
above unity and ©(Y) is below unity, so that ®(Y)/®(Zr) ratio
is below unity.

Fig. 5 shows the logarithm of the Y/Zr ratio in YSZ films
as a function of the Y/Zr ratio estimated from the deposition
rates of un-mixed Y,0, and ZrO, (ilms under the same
RIY(C,;H,,0,).] and R[Zx(O-t-C H,),]. The Y/Zr ratio in Y3Z
film increased linearly with that estimated from the deposi-
tion rates of un-mixed Y,0, and ZrO, tilms. This is because
®(Y) and ®(Zr) are irrespective of the R[Y(C, H,0,).)/
R[Zr(Ot-C,H,),] ratio. However, the Y/Zr ratio in YSZ film

Y/Zr ratio estimated from depsition
rates of un-mixed Y503 and ZrQ5 film

Fig. 5. The Y/Zr ratio in YSZ films as a function of the Y/Zr
ratio estimated from the deposition rates of un-mixed Y,0,
and ZrO, films under the same R[Y(C, H0,),] and R[Zx(O-t-
C,HyJ. Dashed line shows that both of two Y/Zr ratios are
equal.

ig smaller than the estimated Y/Zr ratio. This result
appears to be related to composition dependent surface
kinetics or due to the differences of the chemical potential of
the various film constituents. The slope it Fig. 5 corre-
sponds to the ratio of ®Y) to ®Zr), [®Y))/[®(Zr)]. This
result indicates that the [©(Y)]/[®(Zr)] ratio is constant irre-
spective of R[Y(C,,H,,0,),] and R[Zr(O-t-C ,H,),]. Therefors,
the Y/Zr ratio in YSZ film can be controlled precisely by the
[@Y))/[®(Zr)] ratio. This means that Y/Zr ratio in YSZ film
can be controlled by the ratio of R[Y(C,,H,;0,);] to R[Zxr(O-t-
C,Hy) ], because the deposition rates of un-mixed Y,0, and
Zr0, films incrcased linearly with R[Y(C,;H,0,);] and
R[Zr(0-t-C,H,)] as shown in Fig. 2. In fact, the YSZ {ilm with
the Y/Zr ratio from 0.004 to 0.4 can be deposited successfully
by changing the R[Y(C, 1H|902)3]/R[ZT(O't'C4HB)4] ratio.
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Fig. 6, The logarithms of the deposition rates of un-mixed
Y,0, and un-mixed ZrO, thin films as a function of the recip-
rocal of the deposition temperature. R[R(C,;H,,0,),]: 0.027
em®/min, R[Zr(0t-C Hy),J: 0.15 em¥min. (O @): (102) AlLO,,
(A A): (100) MgO, (LIM): Si0,/(100) Si, (V¥ ): fused silica.
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Fig. 7. The logarithms of the deposition rates of Y,0, and
Zr0, components of YSZ thin film as a function of the recip-
rocal of the deposition temperature. R[R(C,,H 0,).]: 0.027
em*/min, R[Zr(0-t-C,Hy),J: 0.15 cra¥/min. (O ®): (102) ALO,,
(& Ay (100) MgO, (CIM): Si0,/(100) Si, (V¥ ): fused silica.

3.3. Effect of deposition temperature

Figs 6 and 7 show the logarithm of deposition rates of
Y,0, and Zr0, thin films and Y,0, and ZrO, components of
YS8Z thin film, respectively as a function of the reciprocal of
the deposition temperature. The various substrate exhib-
ited similar behavior. From Fig. 6, the deposition rates of
the ZrQ, thin film exhibited Arrhenius behavior between
300 and 600°C. On the other hand, the Y,0, thin films
exhibited Arrhenius behavior between 400 and 600°C, but
the deposition temperature dependency below 350°C was
different from that above 400°C. On the other hand, as
shown in Fig. 7, Y,0, and ZrO, components in YSZ film
show Arrhenius relations from 300 to 600°C. Moreover,
these slopes were almost the same. This means that the
activation energies, Ea, of these components in YSZ film are
almost the same and are calculated to be about 48 kd/mol
from the slope of the lines in Fig. 7. This value is 4 and 8
times larger than when these of un-mixed Y,0, and ZrO,
films, respectively(13 kd/mol for Y,0, film from 400 to 600°C
and 6 kJ/mol for ZrO, film from 300 to 600°C). This result
indicates that rate-determining deposition for YSZ films is
different from those of un-mixed Y,0, and ZrQ, films. More-
over the deposition rate-determining steps or the egquilib-
rium chemicals of Y,0, and ZrQ, components in YSZ [ilms
are considered to be different from those of un-mixed Y,0,
and ZrQ, thin films. As a result, the Y/Zr ratio in YSZ thin
films cannot be estimated from the deposition rates of un-
mixed Y,0, and ZrO, films. These results facilitate the prep-
aration of multi component metal oxide film. The Ea of the
YSZ thin films of the present study is similar to the reported
one by G. Garica et ol for YSZ film prepared from
Y(C, H,,0,),-Zr(0-t-C,H,),-O, system. Ea of ZrQ, thin film
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prepared by this study is similar to that reported by Itoh et
al? from the Zr(Ot-C,H,),-O, system. However, the Ea of
the present study is one of the smallest among reported val-
ues. Also, Ea of the Y,0, film prepared in this study is less
than one-tenth of that reported by Akivama et ol.® How-
ever, the comparison of Ea of YSZ thin film with those of un-
mixed Y,0, or ZrO, thin films has not been previously
detailed. Therefore, the clear difference of Ea for YSZ thin
film deposition with those of un-mixed Y,0, and ZrO, thin
films has not been previously reported.

IV. Conclusion

Y,0,, ZrO, and YSZ thin films were prepared by MOCVD.
The effects of the input gas concentration and the deposition
temperature on the deposition rate were investigated. As a
result, the following results were obtained.

(1) The deposition rates of Y,0, and ZrO, films at 600°C
appear to be determined by the input gas concentrations.

(2) The Y/Zr ratio in the YSZ film could be controlled by
the relative input gas concentration ratio. This is because
the ratios of the deposition rates of Y and Zr atoms in Y,0,
and ZrO, films to those in YSZ films, @, are constant irre-
spective of the input gas concentration. However, the Y/Zr
ratio in YSZ thin {ilm was lower than that estimated from
the deposition rates of un-mixed Y,0, and ZrO, films, This
is because the @ of Y and Zr atoms are not equal.

(3) The activation energies of both Y,0, and ZrO, compo-
nents in YSZ thin film were similar but were more than 4
times lager than those of either un-mixed Y,0, and ZrO,
thin films. Therefore, the rate-determining steps of YSZ
thin film are considered to be different from those of Y,0,
and ZrQ, films.

Reference

1. M. Okada, H. Watanabe, M. Murakami, A. Nishiwaki and
K. Tomomi, “Preparation of PhTiO, Thin Films by MOCVD
under Atmospheric Pressure,” J. Ceram. Soc. Jpn., 96(6),
687-693 (1988).

2. M. Miyajima, R. Muhammet and M. Okada, “Preparation
and Electric Properties of Ferroelectric Bi,Ti,0,, Thin Films
by MOCVD,” Nihon Kagaku Kai-shi, 10, 1373-1378 (1991).

3. G. Carcia, J. Casado, J. Libre, J. Cifre, A. Figueras, S. Gali
and J. Bassas, “Structual Properties of Yittri-Stabilized Zir-
conia Films Grows on Silicon(001) Using MOCVD,” Chem.
Vapor Dep., 3, 91-96 (1997)

4. H. Itoh, T. Tanaka, Y. Suzuki and K. Sugiyama, “Prepara-
tion of ZrO,-MgQ Thin Films by OMCVD,” J. Ceram. Soc.
Jpn., 97, 1077-1081 (1989).

5.Y. Akiyama, T. Sato and N. Imaishi, “Reaction Analysis for
ZrQ, and Y,0, Thin Films Grown by Low-Pressure Metalor-
ganic Chemical Vapor Deposition Using f-dikatonate Com-
plex,” J. Cryst. Growth, 147, 130-146 (1995).



