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Absrruct 

The frequency,dependence of both the ac conductiv- 
ity and dielectric constant of thin films of ZrOz- 
YzO, deposited on nickel substrates have been 
investigated in the frequency range 10 KHz to 
1OMH.z. It is shown that the total ac conductivity, 
CT(O), obeys the equation G(O) = Ao”. The frequency 
and temperature dependences of the parameter ‘s’ 
are reported and analyzed. It appears that for ZrOz 
and ZrOz- Yz03 films, the conduction mechanism is 
thermally activated and both the overlap large 
polaron tunnelling and the correlated barrier-hop- 
ping of charge carrier over localized states fit the 
experimental data, depending on the YJOJ content. 
The dielectric constant, (E), lies in the range 22 to 38 
at room temperature and (decreases with increasing 
frequency. The sample containing 8 wt% YzO3 dis- 
plays the largest dielectric constant of 38. The loss 
tangent is found to be in the order of 10m3. The 
refractive index shows some dispersion and a maxi- 
mum value of 2.19 for the ZrOr8 wt% YzO3 at the 
wavelength of 760nm. The extinction coeficient in 
the order of 10V3 is reported in the visible spectrum, 
which makes the films useful for some optical appli- 
cations. 0 1997 Elsevier Science Limited. 

Resume’ 
Nous avons ttudie la conductivite e’lectrique en 

regime alternatif (B&O)), et la constante dielectri- 
que (E) des couches minces de ZrOz et de ZrOz sta- 
bilise’e YzO3 deposees sur des substrats de nickel, 
dans la gamme de frtquence allant de 10 kHz a 
IOMHz, et pour des temperatures comprises entre 
27 et 450°C. Nous avons observe que la conductivite 
totale obe’it a l’equation Ciu,t(m) = Ace”. I1 apparait 
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que pour tous les films etudiees, la conductivitd elec- 
trique est thermiquement activee. Les don&es 
experimentales s’accordent soit sur le modele de 
conduction par eflet tunnel du polaron, soit sur celui 
du saut correle des charges au-dessus des barrieres 
separant deux sites localises voisins, en fonction de la 
concentration pond&ale de Yz03. La constante die- 
lectrique varie entre 22 et 38 a la temperature 
ambiante et diminue avec une augmentation de la 
fre’quence. L’e’chantillon dope’ a 8% en poids de 
Yz03 presente la constante dielectrique la plus dle- 
ve’e. La tangente de l’angle des pertes mesuree est de 
lbrdre de 10P3. L’indice de refraction presente une 
dispersion commune a la plupart des oxydes et une 
valeur optimale de 2.19 a la longueur dbnde de 
750nm et pour l’echantillon contenant 8% en poids 
de YzO3. Dans l’ensemble, les depots presentent un 
coeficient d’extinction de l’ordre de low3 dans le 
spectre du visible. 

1 Introduction 

The diversified properties of zirconia have led to its 
use in a wide variety of device applications. It has 
been shown that the introduction of aliovalent 
cation in pure ZrOz lattice results in the creation of 
oxygen vacancy to preserve local charge balance. 
The defects are known to be very mobile and 
responsible for rapid ionic conduction in stabilized 
Zr02.’ One prominent use of Zr02-based solid 
electrolytes is the oxygen sensor device. For most 
transition metal oxides, the dispersion of ac con- 
ductivity follows the equation D&W) = Aw’, where 
the frequency exponent ‘s’ is less than unity. The 
identification of the conduction mechanism is 
based on both the frequency and temperature 
dependence of a&w) and s. Abelard and Baumard2 



1742 M. Boulouz et al. 

reported on the electrical properties of Zr02-Y203 
single crystals in the frequency range 1.6 Hz- 
100 kHz. They attributed the frequency dispersion 
of aac to the interactions between mobile oxygen 
vacancies and randomly distributed frozen-in 
yttrium dopant ions. Badwa13 reported on the 
electrical conductivity in polycrystalline Y203- 
Zr02 in bulk form. Several other reports on the 
electrical and dielectric behaviour of Zr02 stabi- 
lized with various oxides are available in the lit- 
erature,4,5 mostly for single crystal and 
polycrystalline bulk materials. Moreover, the 
interpretation of collected experimental data is 
very often contradictory. Tcheliebou et aL6 have 
recently investigated the ac conductivity and 
dielectric properties of polycrystalline ZrOz thin 
films stabilized with MgO, CeOz, and Gd203 by 
electron-beam evaporation. It was found that the 
electrical conductivity is thermally activated and 
dominated by the correlated barrier hopping of 
charge carriers. J. D. Solier et aL7 have measured 
the ionic conductivity of rf-sputtered yttria stabi- 
lized zirconia. The authors reported the values of 
about 3x 10e6 and 2~1O-l~ Q2-’ cm-’ for tem- 
peratures of 350 and 25°C respectively. These 
values of ionic conductivity were very small com- 
pared to the conductivity measured in our work for 
the same range of temperature. Consequently, we 
neglected the contribution of oionic, the electrical 
conductivity measured is mainly electronic. 

Zirconium dioxide has attracted great interest 
concerning its use in optical coatings for systems 
operating in harsh environments, such as mirrors 
for lasers, as a high laser damage threshold can be 
achieved using this material. It has been empha- 
sized elsewhere that the properties of thin films 
depend to some extent upon the deposition techni- 
que. In a previous work, we reported on the struc- 
tural properties of polycrystalline Y203 stabilized 
Zr02 films obtained by the reactive thermal eva- 
poration technique using an electron gun.8 The 
crystallographic structure was found to change 
from a mixture of monoclinic and tetragonal phase 
for pure zirconia, to a single cubic phase for the 16 
wt% Y203 composition. We have implemented 
recently a planar magnetron-sputtering system for 
thin films fabrication. Although the deposition rate 
is low compared with the electron beam apparatus, 
improvement in film quality is expected. 

The pure zirconia films show diffraction peaks 
corresponding to the monoclinic phase. The layers 
containing 8 wt% YzO3 exhibit a mixture of 
monoclinic and cubic phases, but cubic phase is 
predominant. As the weight percentage of Y203 
increases, the mixture of the monoclinic and cubic 
phases disappears to the benefit of the single cubic 
phase. Fully stabilized zirconia in cubic phase 

appeared for the samples containing 15 and 20 
wt% Y203. The surface morphology micrographs 
are obtained with scanning electron microscopy; all 
the films show dense columnar structure with 
smooth surfaces. 

The objective of this work is to optimize the 
optical constants of ZrOz thin films for a certain 
wavelength or a wavelength range. Before that, 
however, we report the results of our basic research 
on the electrical properties including ac conductiv- 
ity, dielectric constant, and loss tangent of pure 
Zr02 and Y203 stabilized ZrOz films obtained by 
magnetron-sputtering. 

2 Theoretical discussions 

2.1 On the interpretation of UC conductivity 
Different theoretical explanations for the ac con- 
duction in dielectric materials which contain both 
amorphous as well as crystalline phase have been 
developed to explain the frequency and tempera- 
ture dependence of a,, and s. It is commonly 
believed that the pair approximation9 holds, 
namely, the dielectric loss occurs because the car- 
rier motion is considered to be localized within a 
pair of sites. Two fundamental mechanisms which 
have been developed are (1) the quantum-mechan- 
ical tunnelling (QMT) through the barrier separat- 
ing two equilibrium positions’0 and (2) the 
hopping of a carrier over the barrier. 1 L’* 

According to the QMT model, the expression for 
the ac conductivity can be written as: 

crac(o) = Ce2ksTcx - l[N(E~)]~c&(w)~ (1) 

where C is a numerical constant that may be taken 
as n4/24, cx a is the wave-function decay constant 
such that exp (-2c&) represents an electron over- 
lap integral between nearest-neighbor sites, N(E’) 
is the density of state at the Fermi level, and R is 
the hopping distance at frequency w, given by: 

R, =&-& (2) 

where to is the characteristic relaxation time. The 
frequency exponent in this model takes the form: 

4 
S=l+- 

ln(or0> 

Therefore the QMT model predicts a linear tem- 
perature dependence of sac(w), but s is tempera- 
ture-independent and frequency-dependent; s 
should decrease with an increase in frequency. 
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Longi has discussed the case where an appreciable 
overlap of the polaron-hlopping distortion cloud 
occurs (OLPT) thereby reducing the value of the 
polaron hopping energy. In this case the ac con- 
ductivity sac is shown to be of the form: 

where 

’ = 2aksT + WHO yp/R2 ’ 

WHO = e2/+rP, E* and 1~ are the effective dielec- 
tric constant and polaron radius respectively. The 
exponent s in the OLPT model is calculated to be: 

8aR -t- 68 WHorplR S=l---.- 
(2aR -t- 6 W,Yorp/R)2 

(5) 

where /I = l/ksT. In this model, s should be both 
temperature-and frequency-dependent. The fre- 
quency exponent s is predicted to decrease from 
unity with increase in temperature. 

The CBH model, which correlates the barrier W 
with the intersite separation R was proposed by 
Pike” for single electron hopping and further 
extended by Ellioti for the two electrons hopping 
simultaneously. The UC conductivity in the CBH 
model has the following expression: 

fl ac = $ N2kr,TE,,wR(o@ (6) 

where N is the concentrati’on of the localized states. 
The frequency exponent s is evaluated as: 

S=l--.--- 
6kBT 

WM t- kBTh(wq,). (7) 

Therefore, a temperature-dependent frequency 
exponent s is predicted, with s increasing towards 
unity as T => 0. 

2.2 On the Tomlin’s approach of determination of 
thin films optical constants 

The optical constants of a thin film deposited onto 
a thick substrate can be determined from the mea- 
surements at normal incidlence of the reflectance of 
the light on the film surface, R, and its transmit- 
tance, T, through the film. Let us consider light of 
wavelength h in a non-absorbing medium of refrac- 
tive index no incident normally on a film of thick- 
ness d and complex refractive index ni - ikl which 
is supported on a substrate of complex refractive 

index n2 - ik2. According to Tomlin,14 R and T are 
related to the film and substrate parameters by:i5 

l+R 1 

- = 4nm (n: + k:) T [(ni + nf + kf) 

x{ (n: + ni + $ + kz) cos h2q + 

2(nln2 + klk2) sinh2ot) + (ni - n: - q) 

x{(n:-n~+~+k~)cosh2y~+ 

2(nlk2 - n2kl) sinh2yi}] 

and 

1-R -=2n2(n;+k~)h((n:+n:+k:+~) T 

sin h2ai + 2(nln2 - k2kl) cos h2al) 

+ kl {(n: - ns + kf - ki) sin 2 yi 

- 2(ntkzn&i) COS~Y~}] 

where yi = 2nnldlh; cq = 2rrkld/h; d is the 

(8) 

(9) 

film 
thickness. The major problem is the multiplicity of 
the solutions; measurement errors should be of 
consideration when selecting meaningful solu- 
tions.16 In addition, by using the experimental data 
for R and T together with the complex refractive 
index of the substrate determined by ellipsometry, 
the solution can be obtained by a numerical 
method. An approximate value of d from profilo- 
metry measurements is helpful for evaluation. 

3 Experimental procedures 

The targets were disks of Zr (99.98%) of 51 mm 
diameter for the fabrication of pure Zr02, and of 
Zr02 stabilized with the nominal content of YzO3 
for the fabrication of Zr02-Y203 films. The 
vacuum chamber was evacuated using a turbomo- 
lecular pump to 10m6mbar. High-purity mixed 
oxygen-argon introduced during deposition raised 
the pressure to 1.3 x lop3 torr. Oxygen concentra- 
tion in the sputtering gas was 10% and the sput- 
tering power was 75 W. The target to substrate 
distance was 3.4cm and was kept fixed for each 
deposition run. Prior to the deposition, the tar- 
getswere pre-sputtered for some few minutes to 
remove any contamination on its surface. The 
films were deposited on optically polished Pyrex 
and nickel substrates of 1Omm in diameter, 
attached to a substrate holder. A heater mounted 
above the holder enables the temperature of the 
substrate to be varied from ambient to 600°C. A 
thermocouple (Chromel-Alumel) placed in contact 
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with the substrate was used to monitor the sub- 
strate temperature. 

After deposition, sputtered nickel dot electrodes 
were made on the sample deposited on nickel using 
a radiofrequency diode-sputtering system, to make 
an MIM structure for electrical measurements. These 
were carried out in a vacuum chamber evacuated 
to approximately lop3 torr. Both the electrical 
conductivity and permittivity were measured as a 
function of temperature (25”C45o”C) and frequency 
(10 kHz-10 MHz) by a capacitance bridge techni- 
que, with a Hewlett-Packard LCR meter 4275 A. 

The measurements of transmittance (T), and 
reflectance (R), at normal incidence of the films 
deposited on Pyrex substrate were performed in the 
wavelength range 350-800nm using a UV Beck- 
man 5240 spectrophotometer. The complex refrac- 
tive index n-ik and film thickness were calculated 
from R and T following Tomlin’s approach.17 Film 
thickness was also determined by surface profilo- 
metry using a Talystep. Substrate optical constants 
were measured using a phase modulation ellips- 
ometer and confirmed by the analysis of the sub- 
strate transmittance. 

4 Results and discussion 

4.1 Electrical properties 

4.1 .I. Frequency and temperature dependence of o,, 
The frequency dependence of the total ac conduc- 
tivity, a(o), for samples of different compositions 
is depicted in Fig. 1. At room temperature, for the 
overall samples, the plot is a straight line and fol- 
lows the ‘universal’ law olot D(W) = Ati, suggest- 
ing a distribution of relaxation times. This may 
arise from local disorder [Fig. l(a)]. Figure l(b) 
shows the typical frequency dependence of the 
electrical conductivity in the sample investigated. 
As the temperature increases, a(w) shows fre- 
quency-independent conductivity at low frequen- 
cies and the linear behaviour is shifted to high 
frequency. At approximately 10 kHz for the com- 
position displaying high conductivities (8 wt% 
Y203 and 15 wt% Y203) the total conductivity is 
nearly constant and increases further with increasing 
frequency. The electrical conduction is thermally 
activated. At high temperatures, the total ac con- 
ductivity can be deconvoluted in two components 
G& and AoS such as stot a,&~) follows the 
relation: 

of,,&) = a& + Aw” (10) 

where a& is the frequency-independent component, 
and A is a constant independent of frequency. The 

exponent ‘s’ of the angular frequency w lies in the 
range 0 < s < 1. It has been emphasized that when 
the same conduction process is responsible for the 
conduction, a& is different from the limit of atot(~) 
when w => 0. Therefore the above equation is no 
longer valid. 

The temperature-dependence of the electrical 
conductivity of the Zr02-Y203 thin films, mea- 
sured in the 2554OO”C, is shown in Fig. I(c). The 
log[a(w)] is plotted against 103T-’ for different 
concentrations. Pure ZrOz shows a nearly linear 
dependence on the temperature. For the samples 
containing Y203 additive, whatever the concentra- 
tion, the plot shows a curvature at about 300°C 
indicating a change in the activation energy, due to 
a gradual dissociation of oxygen vacancies - 
defects cations associates. At high temperatures, 
the conductivity is predominantly ionic and asso- 

-5.5. 

-8. 

- P=zq 

- 8wt%Y,O, 

- 15wt%Yz0, 

--o- 20wt%Y20, 

J 
-9. I 

3.5 4 4.5 5 5.5 6 6.5 7 

lodO VW 

(b) 3. 

- 70 T 
-4. - loo T 

+ 150 T 
- L 200 DC 

$ -5. - - 250 T 
c: 300 T 

2 2 -6. 

1000/T(K) 

Fig. 1. (a) Frequency dependence of the total UC conductivity 
in Zr02-based films; (b) typical variation of the total conduc- 
tivity with frequency measured at different temperatures, and 
(c) temperature dependence of the conductivity showing the 

change in the activation energy. 
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ciated with higher activation energies. In the low 
temperature region, the total conductivity is domi- 
nated by the electronic contribution (hopping over 
barriers between neighboring localized states). 
Similar variations of the conductivity have been 
reported in the literature. l8 In order to identify the 
conduction mechanism in these materials, the fre- 
quency exponent ‘s’ is plotted as a function of both 
temperature and frequency. Figure 2(a) shows an 
increase in s with increasing frequency for the pure 
Zr02 and Zr02 stabilized with 8 wt% YzOs and 15 
wt% Y203. Based on the discussion in Section 2, 
the increase in s with frequency is consistent with 
both the CBH model [eqn (7)] and the overlapping 
large polaron tunnelling (OLPT) for a reduced 
polaron radius model, developed by Long.i3 
Fig. 2(b) shows the temperature dependence of s 
for different Y203 conterrt. It can be seen that for 
all compositions, s increases with decreasing tem- 
perature. The OLPT model predicts an appreciably 
stronger temperature dependence of a&o) in the 
temperature regime where: the frequency exponent 
s is a decreasing function of temperature. Accord- 
ing to the correlated barrier hopping (CBH) model, 
a temperature dependent s is predicted with s 
increasing towards unity as T => 0. This seems to 
be rigorously met in Figu:re 2(b) only for the sam- 
ple containing 20 wt% ‘11203, but is in contrast 
with the simple hopping-over-the-barrier model. 
Therefore, the correlated barrier-hopping model is 
suitable for the interpretation of the data for 
ZrOT8 wt% Y203 and ZrOz - 15 wt% Y203. It is 
reasonable to state that the conduction mechanism 
in Zr02-Y203 is Y203 content dependent. Up to 15 
wt% Y203, the CBH model describes the data 
fairly well whereas around 20 wt% Y203, the 
OLPT model is applicable to explain the ac con- 
ductivity data. 

4.1.2. Eflect of the YzO, content 
Figure 3 shows the dependence of the UC electrical 
conductivity on the Y203 content in the Zr02 lat- 
tice. At room temperature the UC conductivity 
increases slightly from that of the pure zirconia to 
a nearly flat maximum in the range 1 O-l 5 wt% 
Y203 and decreases further. In the ZrOz-based 
systems, it has been mentioned in nearly all reports 
that a maximum electrical conductivity appears at 
the minimum dopant concentration (wt% or 
mol%) required to stabilize the cubic phase. We 
have reported on such data recently on the Ce02- 
Zr02, MgO-ZrOz and Gd203-Zr02 systems.6 We 
believe that a probable explanation of the Y203 
content dependence of a,,, may be the following: 
addition of Y203 results in the formation of defects 
responsible for the ionic conductivity. The defect 
density increases with increasing dopant content up 

(b) 1.2 

1 

0.8 

ra 0.6 

+ PWzIo* 
- zlo,- 8wt 40 Y203 

--e zq- 15wt % Y*03 

Fig. 2. (a) Frequency dependence of the frequency parameter 
‘s’ and, (b) its temperature dependence. 

to 8 wt% Y203 where the ZrOz structure changes 
from a mixture of monoclinic and tetragonal to a 
cubic structure. Further Yz03 addition results in 
an aggregation of vacancies and accordingly, a 
reduction in the conductivity occurs. It is worth 
pointing out that most of the data reported on 
stabilized Zr02 are interpreted in various ways and 
should therefore be viewed with some caution. The 
phase assemblage in these systems is complex and 
may consist of two or more phases in addition to 
variants of the same phase with different degrees of 
dopant distribution. I9 Moreover, the change in the 
conductivity behaviour with the dopant content at 
a constant temperature, and the conductivity 
behaviour as a function of temperature have been 
discussed in terms of varying degrees of interaction 
between defect pairs, ordering of vacancies and 
different defect configuration.20 

4.1.3. Dielectric constant 
Figure 4 shows the variation of dielectric constant 
(E’) and the loss tangent (tan S) with frequency for 
different temperatures in the ZrOz-8 wt% Y2O3 
sample. For other compositions, the dispersion 
depicted in Fig. 4(a) is typical. At room tempera- 
ture, E’ is nearly frequency-independent for the 
overall samples. The dispersion was found to be 
more marked at higher temperatures. The fre- 
quency response in the samples studied is consis- 
tent with the simple electrical model of a 
capacitance C, in parallel with a resistance RP if 
one neglects the electrode polarization. Therefore, 
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-5 0 5 10 15 20 25 

wt % Y*03 

Fig. 3. Effect of Y203 content on the total electrical conduc- 
tivity at various frequencies. 

the real E’ and the imaginary E” parts of the dielec- 
tric constants are determined as:21 

E’ = Em + 
Es - Elm 

1+&V 

and 

(11) 

(12) 

where t = R&Y, is the relaxation time: E, is the 
static dielectric constant whereas .soo is the high 
frequency limit. In the model described above, the 
loss is given in terms of the loss tangent, defined as 
tan 6 = E”/E’. The loss arises from the long range 
migration of charge carriers or the dissipation of 
the energy associated with the rotation or oscilla- 
tion of dipoles. 

Figure 4(b) shows the temperature-dependence 
of the real part of the dielectric constant E’. At 
room temperature, the dielectric constant is shown 
to be constant. As the temperature is raised, the 
dielectric constant increases markedly; the dielec- 
tric relaxation strength cs - E, becomes very 
important. Above 2OO”C, the rapid increase in E’ is 
associated with the presence of space charge 
polarization in the compounds. This is evidenced 
by the highest increase noticed at 10 kHz. At fre- 
quencies above 1 MHz, the space charge polariza- 
tion is negligible. It should be mentioned that the 
electrode polarization contribution increases with 
increasing temperature and the simple model 
invoked can no longer be called for to interprete 
the frequency-dependence of the high temperature 
of the dielectric constant. 

One can also see in Fig. 4(c) that in the frequency 
range considered, a maximum in E’ appears for the 
Zr02 - 8 wt.% Y203 sample. In a previous work, 
we have noticed that this corresponds to the mini- 
mum content for the stabilization of the cubic 
phase. Therefore, the optimum may be attributed 

to the change in the number of polarizable particles 
per unit cell during the phase transition to a cubic 
structure, through the well known Clausius- 
Mosotti relation:21 

&‘-1 No 
=- 

E’f2 3VEe (13) 

where N is the number of polarizable particles per 
unit cell of volume V, a! is its polarizability, and EO 
the permittivity of the free space. The appearance 
of the cubic phase is accompanied with a shrinkage 
of the unit cell. In the frequency range 103Hz- 
107 Hz, the dipolar polarization, which involves 
the perturbation of the thermal motion of ionic or 
molecular dipoles, shows the only frequency 
dependent contribution to the total polarization. 

At room temperature and at the frequency of 
1 MHz [Fig. 4(d)], tan 6 is in the order of 0.015 for 
pure ZrO2, 0.038 for Zr02-8 wt% Y2O3, which 
confirms that the real part of the permittivity is the 
largest contributor to the total dielectric constant. 
No peak of relaxation was evidenced in this work. 
However, the sharp increase in tan S for frequen- 
cies above 1 MHz may predict a relaxation peak 
above 10 MHz. 

4.2 Optical constants 

4.2.1. Refractive index 
Figure 5(a) shows the dispersion of the refractive 
index (n) for the pure Zr02 and the samples con- 
taining 8 wt% Y2O3, 15 wt% Y2O3; and 20 wt% 
Y2O3. For the overall films, the refractive index is 
relatively high and increases for shorter wave- 
lengths. The strong increase of the refractive index 
at short wavelengths is associated with the band- 
gap absorption edge. Above 700nm, only a slight 
variation of 12 with the wavelength is noticed. 
However, in the spectral range shown, the disper- 
sion of n is very large (about 10%). 

A careful examination of Fig. 5 shows also that 
for all the samples in the visible spectrum, Zr02-20 
wt% YzO3 displays the lowest refractive index. 
However, it can be seen that as Yz03 is added to 
pure Zr02, the refractive index is raised up to a 
maximum of 2.19 at the wavelength of 760nm, for 
the sample doped with 8 wt% Y2O3. Further 
increase in Y2O3 content in the mixture results in 
a decrease of the refractive index. We attribute 
this behaviour to the change in the crystallo- 
graphic structure. The cubic phase, close packed, 
appears in the Zr02-Y203 system at about 8 wt% 
Y2O3. Above this concentration, additional Y2O3 
gives rise to an increase in the volume of the unit 
cell. This is consistent with the increase in the 
lattice parameter variation reported previously.8>22 
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Feldman et a1.23 have noticed in the ZrO$Si02 
system that a large admixture of SiO2 yields films 
having an amorphous structure with high porosity. 
It may be reasonable to believe that the decrease in 
the refractive index is consistent with low packing 
density induced in the film during the stabilization 
process. Low packing density causes a decrease in 
film refractive index. 

- 3OT 

- 70°c 
- loo OC 
- 150 T 
- 200 T 
* 250 ‘T 
- 300 OC 
- 350 oc 

o.d 
4 4.5 5 5.5 6 w 7 

bTf) (Hz) 

Fig. 4. (a) Dispersion of the real part of the dielectric con- 
stant, E’; (b) temperature dependence of E’ at different fre- 
quencies; (c) effect of Y203 additive on the dielectric constant 
at room temperature; and (d) the variation of loss tangent 

withfrequency for different Y203 contents. 

4.2.2. Extinction coeficient 
The extinction coefficient (k) contributes to optical 
losses in thin optical coatings. Figure 5(b) shows 
that for the overall samples, the extinction coeffi- 
cient is less than O-009 above the wavelength of 
400 nm. Unlike the refractive index, the extinction 
coefficient is nearly wavelength independent and 
increases gradually with the dopant content in the 
Y203-Zr02 system. During the stabilization of 
Zr02 with Y2O3, points defects are generated in the 
Zr02 matrix and their concentration increased with 
the Y203 content. Scattering is likely to occur in 
the bulk of the thin film and results in the variation 
of the extinction coefficient noticed in the present 
work. The values of the extinction coefficient 
reported here are higher than those published by 
Pulker24 in pure zirconia thin films. The discre- 
pancy may be explained by the uncertainty in the 
measurements as well as the Pyrex substrates, the 
optical constants of which influence those of the 
Zr02-based thin films. 

5 Conclusion 

Electrical and optical properties of thin films of 
pure Zr02 and ZrO 2 stabilized with different 
amounts of Y2O3 deposited by rf magnetron sput- 
tering have been investigated. The ac conductivity 
was studied in the frequency range 10 kHz-10 MHz 
for temperatures varying from room temperature 
to 450°C. It was found that for dopant content up 

(4 2.1 

(b) 

300 400 500 600 700 800 

h (nm) 

- pure zlo, 

- 8 Wf % Y,03 
+ 1swt %Y20) 

+ 20 Wf 8 Y*O, 

1 Mm) 

Fig. 5. (a) Dispersion of the refractive index for different 
compositions; and (b) variation of the extinction coefficient- 

with wavelength in the visible spectrum. 
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to 15 wt% Yz03, the correlated barrier-hopping 
model fitted the experimental data whereas, for the 
the sample containing 20 wt.% Y203, the overlap 
large polaron tunnelling (OLPT) was adequate for 
the explanation of both the temperature and the 
frequency-dependence of a&o). Both the electrical 
conductivity and the dielectric constant showed a 
maximum for the 8 wt% YzOs sample, explained 
by crystallographic change according to the pre- 
vious studies. The dielectric constant is found to be 
nearly frequency-independent at room temperature 
whilst the loss tangent is less than 0.06. The analysis 
of the optical transmission and reflection of the 
films deposited on Pyrex substrates yielded a rela- 
tively high refractive index for the overall films in 
the visible spectrum and a high dispersion. At the 
wavelength of 760 nm, an optimum refractive 
index of 2.19 has been measured in the ZrOz-8 
wt% Y203. This optimum was ascribed to the high 
film density accompanying the appearance of the 
close packed cubic structure. In the visible range, 
all the films showed an extinction coefficient less 
than O-009 in the visible spectrum. It was noticed 
that the structure of ZrOz-based thin films mark- 
edly influences their electrical, dielectric and optical 
properties. 
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