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Abstract- Yttria-stabilized zirconia (YSZ) thin films were formed on Si(l l l)  substrate by chemical vapor depo- 
sition (CVD) in a temperature range of 650-800 ~ using fl-diketone metal chelates. The scanning electron micro- 
scopy (SEM) and X-ray diffraction (XRD) data evidenced that YSZ thin films have a smooth surface with fine grains 
and crystalline structure, respectively. The crystalline structure of YSZ films was affected by the deposition temper- 
ature. The X-ray photoelectron spectroscopy (XPS) data indicated that the YSZ film grows thick enough to prevent 
the diffusion of Si. 
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INT RODUCT ION 

Thin films of yttria-stabilized zirconia (YSZ) are consid- 
ered to be useful for various applications such as optical coat- 
ing, solid electrolytes in a solid oxide fuel cell, high-temper- 
ature water vapor electrolysis HTE-cells and thermal barrier 
layers. YSZ thin films have recently also attracted much at- 
tention in the preparation of  Y~Ba2Cu307-x (YBCO) high-To 
superconducting thin films on Si substrate as a buffer layer, 
on the basis of the fact that YSZ films on Si substrate have 
no reaction and the lattice matches to Si [Hashimoto et al., 
1988] within 6 % as can be seen in Table 1. If a direct'deposi- 
tion of high-To superconducting materials on popular semicon- 
ductor substrate such as Si can be made, it would accelerate 
its applicability in microelectronics. However, it has not been 
successful, mainly due to a high diffusion or chemical reac- 
tion between Si substrate and the superconductor [Komatsu 
et al., 1988]. To overcome those difficulties, low temperature 
deposition or introduction of a buffer layer has been carried 
out. The most important point in microelectronic application 
is the control of YSZ grain orientation because the quality of 
the subsequently deposited YBCO thin films depends on the 
crystallographic orientation of YSZ buffer layers. From the view- 
point of  texturization, buffer layers are necessary to produce 
uniaxially (c-axis) or biaxially (in-plane aligned) to assist the 
texturization of superconducting thin films. It has been report- 
ed that the YSZ thin films can be obtained by several depo- 
sition techniques, such as off-normal ion beam assisted deposi- 
tion (IBAD) [Iijima et al., 1992], ion assisted laser ablation 
[Reade et al., 1992] and magnelron sputtering [Chatterjee et al., 
1994]. 

In the present paper, we report the preparation of thin 
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Table 1. Relevant parameters of YBCO and some substrate 
materials 

Lattice Thermal expansion 
Material Structure constant (~) coefficient (10-6/~ 

Si diamond 5.43 3.8 
SiO2 hexagonal a=4.90 3.2 

b=5.39 
YSZ cubic 5.15 11 
YBCO orthorhombic a=3.83 8.5 

b=3.89 
c=11.7 
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films of YSZ on Si( l l l )  substrates by the CVD method, focus- 
ing on the effects of preparation conditions on the thickness, 
morphology, and crystalline structure of the films. 

E X P E R I M E N T A L  

YSZ film deposition was carried out in a hot-wall type CVD 
reactor, described in detail elsewhere [Shin et al., 1993]. Source 
materials used were fl-diketone chelates of Y(thd)3 and Zr 
(thd)4 (thd=2,2,6,6-tetramethyl-3,5-heptanedionate) (Strem Co., 
Ltd., USA). These chelates were evaporated at 122~ and 180 
~ respectively. The source vapors of Y and Zr were trans- 
ported into the hot zone by Ar gas independently and oxy- 
gen gas was introduced separately. Deposition of films was 
performed on a p-type S i ( l l l )  substrate placed normal to a 
gas stream at a substrate temperature of 600-800 ~ The Si 
wafers were cleaned in dilute HF solutions to remove the na- 
tive oxide layer from the surface before each experiment. Dur- 
ing deposition, oxygen partial pressure was maintained at 0.27 
torr. The crystalline properties and components of  deposited 
layers were investigated by X-ray diffraction (XRD) and X- 
ray photoelectron spectroscopy (XPS), respectively. Surface 
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morphology was observed by using scanning electron micro- 
scopy (SEM). Average film thickness was measured by an a 
-step profilometer. 

RESULTS AND DISCUSSION 

The deposition condition for YSZ thin films is shown in 
Table 2. Fig. 1 illustrates the X-ray diffraction patterns of the 
YSZ films deposited on S i ( l l l )  substrates in terms of depo- 
sition temperature. The crystal phases depend strongly on de- 
position temperature. The film showed no crystalline orienta- 
tion below 650 ~ indicating that a higher temperature is re- 
quired for the deposition of the film. All the films formed in 
a temperature range from 700 to 800 ~ were composed of 
only YSZ phases. As shown in the figure, the films formed 
at 750 ~ had c-axis orientation and above 800 ~ had pre- 
ferred orientation showing stronger XRD peaks of (11 ]-) than 
the other peaks. 

A scanning electron micrograph of the surface of YSZ thin 
film prepared at 750 ~ for 30 min is shown in Fig. 2. The 

adhesion of the film on the surface was quite strong. The av- 
erage grain sizes were estimated to be 0.2 pm and these 
films were dense and had a mirrorlike surface. 

Fig. 3 shows an X-ray photoelectron survey spectrum af- 
ter 30 minutes of Ar + ion sputtering. YSZ films of about 450 
nm thick on the average were deposited on Si ( l l l )  substrate 
at 750 ~ As seen in the figure, Zr peaks (183, 332, 346 and 
431 eV) and Y peaks (158 and 299 eV) were pronounced, 
but Si peaks were not detected, which means that Si was 
not diffused through the YSZ films. 

Table 3 lists the deposition rate of YSZ films according 
to the substrate temperature under the deposition condition 
described in Table 2. The deposition rate increased with the 
substrate temperature. 

Fig. 4 shows the variation of the film thickness with de- 
position time at 750 ~ The average deposition rate was 20 
nm/min. An Arrhenius plot for the YSZ thin film deposition 
is given in Fig. 5. The Arrhenius plot was not linear. A change 
in activation energy with temperature indicates a shift in the 
controlling mechanism of the reaction. The temperature de- 

Table 2. Deposition condition fo.r YSZ film 

Source Source Carrier gas flow Substrate 
material temp.(~ rate (ml/min) temp.(~ 

Y(thd)3 122 280 
600-800 

Zr(thd)4 180 280 

Total gas flow rate : 600 ml/min 
Oz partial pressure : 0.27 ton" 
Ar partial pressure : 0.73 ton- 
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Fig. 1. XRD patterns of the YSZ films prepared on Si ( l l l )  sub- 

strate as a function of temperature. 
(a) 700, (b) 750, and (c) 800 ~ 
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Fig. 2. SEM micrograph of a typical YSZ film on S i ( l l l )  at 
750 oC. 
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Fig. 3. X-ray photoelectron spectrum of YSZ film deposited 

on S i ( l l l )  at 750 ~ 



Table 3. Deposition rate of YSZ thin films vs. substrate tem- 
perature under the deposition condition listed in Table 
2 

rate increased with temperature. This means that in that re- 
gion the reaction rate is limited by kinetics at or near the 
substrate. This is the regime desired in hot-wall type CVD 
reactors. Above 750 ~ the growth rate decreased because of 
an increased desorption rate and depletion of reactants on 
reactor walls. 

Substrate temperatu~ CC) Deposition rate (nm/min) 

650 12 
700 13 
750 20 
800 21 CONCLUSION 
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Fig. 4. Plot of film thickness vs. deposition time for YSZ film 
at 750 ~ 

YSZ thin fdms could be grown on the Si( l l l )  substrate by 
CVD in a temperature range from 650 to 800 ~ with a focus 
on the effects of preparation conditions on the deposition rate, 
morphology, and crystalline structure of the films. The depo- 
sited films were dense and had a mirrorlike surface. The crys- 
talline structure of YSZ films was affected by the deposition 
temperature, while the (002) plane of the film was dominant 
at 750~ The effect of temperature on the growth rate of 
YSZ layers was discussed. Up to about 700~ film growth is 
diffusion-controlled. Above 700~ the growth kinetics are 
controlled by the surface reaction. 
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Fig. 5. Arrhenius plot for the deposition of YSZ thin film. 

pendence of the deposition rate of YSZ on Si substrate de- 
posited by CVD from the decomposition of fl-diketone met- 
al chelates exhibits three temperature intervals. In the first 
interval, up to about 700 ~ the temperature insensitivity of 
growth rate may be attributed to interdiffusion of reactants. 
In the second interval, between 700 and 750 ~ the reaction 
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