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a  b  s  t  r  a  c  t

High-�  hafnium-oxide  thin  films  have  been  fabricated  by  radio  frequency  (rf)  reactive  magnetron  sput-
tering  technique.  To  avoid  formation  of  an  undesired  interfacial  suboxide  layer  between  Si  and  high-�
film,  prior  to  HfO2 deposition,  a thin Hf  buffer  layer  was  deposited  on  p-type  (1  0  0) Si substrate  at  room
temperature.  Effect  of oxygen  gas  quantity  in the O2/Ar gas  mixture  was  studied  for  the  optical  and  struc-
tural  properties  of  grown  HfO2 high-�  thin  films.  The  grown  thin  oxide  films  were  characterized  optically
using  spectroscopic  ellipsometer  (SE)  in  detail.  Crystal  structure  was  studied  by grazing  incidence  X-ray
diffractometer  (GIXRD)  technique,  while  bonding  structure  was obtained  by  Fourier  transform  infrared
spectroscopy  (FTIR)  analyses.  In  agreement  with  GIXRD  and  FTIR  analyses,  SE results  show  that  any  incre-
eactive rf sputtering
n situ SE
TIR
IXRD

ment  above  ideal  quantity  of  oxygen  content  in  the  gas  mixture  resulted  in  decrements  in  the  refractive
index  and  thickness  of  HfO2 dielectric  film,  while  increments  in  SiO2 thickness.  It is  apparent  from  exper-
imental  results  that  oxygen  to  argon  gas  ratio needs  to be  smaller  than  0.2  for  a good  film  quality.  The
superior  structural  and  optical  properties  for grown  oxide  film  were  obtained  for  O2/Ar gas  ratio  of about
0.05–0.1 combined  with  ∼30 W  constant  rf sputtering  power.

© 2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

It is commonly known that SiO2, silicon oxynitride (SiOxNy),
nd Si3N4 gate dielectric materials for ultra-large scale integration
ULSI) need to be replaced by high-� dielectric films due to their
eakage current problem below 2 nm thickness [1,2]. Recently, HfO2
as been proposed as a replacement since it has a large bandgap
Eg > 5 eV) as well as high dielectric value of ∼25 and thermody-
amically stable when grown on Si [3,4]. Moreover, having high
efractive index value and good transmission characteristics in the
isible spectrum range, HfO2 has been of interest for antireflective
ultilayer coating technology [5,6]. Another important aspect of

his novel material is its application on thermal barrier coatings
or turbine blades operating in harsh and high temperature ambi-
nt due to its high melting temperature (∼2800 ◦C) and thermal

tability [7].

A number of compatible methods have been developed to fab-
icate high-� materials such as thermal oxidation [8], a variety

∗ Corresponding author. Tel.: +90 232 750 7715; fax: +90 232 750 7707.
E-mail address: gulnuraygun@iyte.edu.tr (G. Aygun).

ttp://dx.doi.org/10.1016/j.apsusc.2014.03.077
169-4332/© 2014 Elsevier B.V. All rights reserved.
of chemical vapor deposition techniques [9], ion beam deposi-
tion [10], atomic layer deposition [11,12], pulsed laser deposition
[13], laser oxidation [14,15], remote plasma oxidation [16], dc and
rf sputtering [8,17,18]. Among them, magnetron sputtering tech-
nique has attracted special attention due to its high growth rate,
good control over physical properties of grown film and ability to
grow in amorphous phase.

However, a common problem in all production methods is that
an unavoidable interfacial layer formation occurs between the
grown high-� film and Si substrate [19]. Since many film prop-
erties like dielectric constant and refractive index depend on the
thin film composition, various research groups have been trying
different methods in order to prevent formation of this undesired
interfacial layer [17]. It was shown in the literature that the physical
parameters during oxidation are crucially important on the quality
of grown film [20,21]. Recently, we  examined thin Hf-oxide films
grown on Si substrate by d.c. reactive sputtering method using XPS
depth profiling experiments [22]. We showed that, being highly

reactive with oxygen radicals, the sputtered Hf atoms consume
some of the oxygen constitutions from the underlying native SiO2
film in order to form Hafnium-oxide and leave either elemental Si
or Si Si bonds behind.

dx.doi.org/10.1016/j.apsusc.2014.03.077
http://www.sciencedirect.com/science/journal/01694332
http://www.elsevier.com/locate/apsusc
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The aim of this study is not only to understand the oxygen
mpact on the grown high-� thin films’ quality, but also to deter-

ine the dependence of the incorporated oxygen quantity on the
ormation of an undesired interfacial layer having a lower refrac-
ive index between the Si substrate and high-� thin oxide film.
herefore, suboxide formation has been tried to be eliminated by
epositing a thin Hf buffer prior to reactive oxidation of Hf in Ar and
2 environment to grow HfO2 thin film on Si substrate. We  aimed

hat thin Hf buffer would interact with underlying native oxide of Si
o diminish its oxygen atoms just leaving Si substrate behind [22].
n summary, we grew initially a thin Hf buffer layer on Si substrate,
ater focused on the importance of oxygen quantity variation in the

2/Ar gas ratio during radio frequency (RF) reactive sputtering of
hin HfO2 films.

. Experimental details

p-Type (1 0 0) Si wafers with a resistivity of 7–17 �-cm were
sed as substrates. Initially, they were etched for 30 s in a 1%
ydrofluoric (HF) acid in order to remove the silicon’s native oxide

rom Si substrates. Then, they were rinsed in de-ionized water,
ried with pure N2 gas and mounted onto the substrate holder hav-

ng a 7.6 cm distance to the target of magneto-sputtering deposition
hamber vacuumed below 10−6 Torr with a turbo molecular pump
TMP). A 2 “diameter with 0.25” thick of 99.9% pure hafnium was
sed as the sputtering target. In spite of its high purity, an additional
re-sputtering with Ar gas flow for 1 min  was realized to remove
he possible surface contaminants from the target surface. Ar gas
ow was held constant at 30 sccm for all experiments. During sput-
ering, not any intentional substrate heating was applied and the
orking gas pressure was 0.44 × 10−3 Torr.

Thin film deposition process consists of two growth stages. Ini-
ially, a thin Hf buffer layer was deposited on chemically cleaned Si
ubstrate in order to be able to avoid the formation of any undesired
nterfacial suboxide layer [8,17,22]. Thickness of Hf buffer layer
rown for 60 s with 30 W sputtering power was measured 5 nm by

 profilometer. Following Hf buffer layer deposition on Si substrate,
xygen as being the reactive gas was sent into the growth chamber
n a controlled manner, additional to Ar sputtering gas. The first
roup of samples were grown with 30 W constant rf power with
ariable oxygen quantity between 0.75 and 15 sccm to obtain O2 to
r gas ratio from 0.025 to 0.5. The second group of films were grown
ith 7.5 sccm constant amount of oxygen with different rf power

anging from 30 W to 60 W.  Sputtering time was kept at 3 min  for
he growth processes. The flow chart for the experimental process
s given in Fig. 1.

Fig. 2 shows the schematic view of experimental setup. Spectro-
copic ellipsometer (SE) mounted onto the sputtering chamber was
sed to evaluate the optical parameters, i.e. refractive index and
ielectric constant as well as thickness of grown hafnium oxide
lm. SE measurements were made at 70◦ fixed incident angle in
he wavelength range of 300–850 nm by SENTECH SE-801. Spec-
raRay program was used for modeling and fitting processes of
E data to determine the refractive index (n), thickness (d) and
eal part of dielectric constant (ε1). Thickness and refractive index
f HfO2 and SiO2, and dielectric constant of HfO2 obtained from
E measurements were compared according to their O2/Ar gas
atio for the first group and different rf power for the second
roup.

Crystalline structure of grown films were examined by taking
razing incidence X-ray diffraction (GIXRD) of a thin film XRD

ystem (PANALITICAL X’Pert Pro MRD) using CuK˛ line with the
avelength of 1.5402 Å. The XRD patterns were analyzed by means

f a computer software program including ICDD database with the
iffraction patterns of well known structures. The peak matching
Fig. 1. The details of experimental process flow chart.

process was carried out with relative intensities of the peaks based
on the observed peak positions at specific 2� values.

A BRUKER Equinox 55 type Fourier transform infrared (FTIR)
spectrometer was used to obtain information on both the chemical
composition and the structure of the films. The bonding structure
of the films was studied in the range of 1200–400 cm−1 by FTIR
spectroscopy.

3. Results and discussion

3.1. XRD structural properties

Grazing incidence X-ray diffraction (GIXRD) measurements of
HfO2 thin films were measured with 0.5◦ grazing angle from 10◦ to
65◦ in the 2� range at room temperature (Fig. 3(a)). XRD peaks were
matched to the ones from ICDD (International Center for Diffraction
Data) [23]. It is barely visible that the films have an extremely broad
signal corresponding to amorphous HfO2 (2�  ∼ 32◦) [23–25]. The 2�
peaks at ∼51.6◦ and 53.8◦ are attributed, respectively, to (−2 2 1)
monoclinic and (0 2 3) orthorhombic phases of HfO2.

Formation of polycrystalline structure can be inferred from XRD
plot having a very low peak intensity combined with a high FWHM.
Since the spectrum has a very broad peak ranging between 54.1◦

and 57.5◦ with low intensity, it corresponds to the combination of
a few polycrystalline structures of HfO2 [23]. Since the crystalline
state affects leakage current levels of materials in a negative man-
ner [14], it is not a desired material property for high-� dielectrics
[26]. It is obvious that the film grown with the oxygen to argon gas
ratio content of 0.1 shows very weak crystallization state while the
peak intensities increase as the referred gas ratio content increases
from 0.1 to 0.5.

Fig. 3(b) shows the crystalline structure of sputter grown thin
hafnium-oxide films depending on applied sputtering power. Since
HfO2 is used as an insulator in microelectronic technology, obtain-
ing its amorphous structure is important. It is clearly seen that as
the sputtering power is increased, the crystallization of Hf-oxide
film also increases. It is inferred for sputtering power of 30 W that
not only the peak at 51.6◦ is absent, but also the peak about 53.8◦

has the lowest intensity. This implies that the lowest level of crys-

talline state is detected for 30 W of sputtering power. Also, we
observed that the films grown at higher sputtering powers than that
of 30 W have a very broad and low intensity signal of (1 1 1) mono-
clinic phase of HfO2 (2�  ∼ 32◦) [19,24,25]. Since the sputtered Hf
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Fig. 2. Schematic view of sputtering growth cha

Fig. 3. GIXRD patterns for HfO2 films deposited at O2/Ar = 0.25 for (a) different
amount of O2/Ar gas ratio with P = 30 W and (b) different sputtering powers.
mber combined with an in situ SE system.

particles under higher sputtering powers gain increased velocities,
they probably transfer heat onto the film surface resulting in a pos-
sible temperature increment of film surface. It is well known from
literature that the substrate heating generally results in crystal-
lization of grown film [20,26,27], which is undesirable for high-�
dielectrics because of the formation of leakage current in the films
[14,28,29]. Even though the substrate is not intentionally heated
during the deposition and the sputtering is realized at room tem-
perature, an unintentional heating of film’s surface take place as a
result of increased sputtering power giving rise to a crystalline thin
film structure. The second possible consequence of the elevated
sputter power on the grown film is the increase of porosity. Void
concentration increments as a result of higher rf sputtering power
levels was  also reported by Pereira et al. [29]. As a result of high sub-
strate temperature, the diffusion probability for the reactive oxygen
atoms increases giving rise to interaction with Si substrate and for-
mation of the oxide layer at the interface. Such an interfacial layer
formation was previously verified by SE and FTIR analyses [22].

3.2. FTIR spectra of rf sputtered HfO2 films

Fig. 4(a) shows Fourier transform infrared (FTIR) spectrum of
Hf oxide film grown under different oxygen to argon gas ratios
ranging from 0.1 to 0.5. The bonding structures of HfO2 films are
detected in the 7500–370 cm−1, but the important features are seen
in the 400–1200 cm−1 spectral region. To observe only the effect of
grown film, the infrared absorption spectra of substrate were taken
as background signal and subtracted from the measurement.

FTIR spectrum for 0.1 gas ratio choice has no features in the
expected region while FTIR spectrum of 0.2 gas ratio has a hardly
visible broadband peak which is centered about 1080 cm−1. It
corresponds to transverse optical component of the asymmet-
ric stretch of SiO4 [30,31]. Neumayer et al. observed a broad
absorption band between 1200 and 810 cm−1 [30]. They stated
that it was composed from three components namely, asymmet-

ric stretch of SiO4 between 1180 and 1080 cm−1 [32], a shoulder at
∼970 cm−1 assigned to HfSiO and a shoulder at ∼880 cm−1 assigned
to Si–O−(O−is the non bridging oxygen ion bonded to a proton).
FTIR spectra of the films grown with the gas ratio higher than 0.2
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given structure. After having constructed the model (Fig. 5), the
ig. 4. FTIR spectrum of sputter grown thin high-� HfO2 layers with respect to (a)
2/Ar gas ratio levels at P = 30 W,  (b) applied power levels at O2/Ar gas ratio 0.25.

how some specific features. A peak located around 1108 cm−1 is
bserved with increasing intensity with respect to the increments
n the gas ratio of 0.3, 0.4 and 0.5 corresponds to Si O vibra-
ion. According to the report of Alers et al., the absorption peak
ocated around 1105 cm−1 assigned to interstitial oxygen in the Si
ulk [33]. Even though no features corresponding to HfSiOx were
etected in 960–980 cm−1 for the film grown with 0.3 gas ratio,
ome peaks were observed for the films grown with 0.4 and 0.5
as ratios [11,34]. The peak at 820 cm−1 is commonly attributed
o Hf O Si stretching vibrations and the one lying from 934 cm−1

o 838 cm−1 corresponds for Si O− [35]. It is clear that when the
xygen content increase in HfO2, intensity of the absorption peak
ttributed to HfSiOx becomes strong as well as the Si O vibration.
s a result of an increase in the amount of incorporated oxygen,
ore oxygen may  be adsorbed on the film surface during deposi-

ion, later these oxygen radicals penetrate from the deposited layer
o the Si substrate to form the SiOx and HfSiOx interface. The strong
eak observed at 610 cm−1 for the film grown with 0.4 and 0.5 gas
atio is related to absorption of a Si phonon [31] and also the broad
eak lying from 758 to 703 cm−1 consists of two convoluted peaks

ocated about 720 cm−1 and 748 cm−1 corresponding to HfO2 [31].
he other main peaks around 512, 503 and 415 cm−1 are due to
f O chemical bonds [22,30,36].

To determine C H bonding and water molecules adsorbed in the
lm, FTIR spectrum from 2500 to 4000 cm−1 under vacuum condi-
ions was realized for the films grown with different O /Ar gas ratio.
2
he broad and weak peak detected between 2820 and 3027 cm−1

s assigned to the C H bonding [30,36]. The peak positioned at
743 cm−1 is attributed to terminal O H peak.
cience 318 (2014) 199–205

Fig. 4(b) shows FTIR spectrum of HfO2 samples with respect to
applied sputtering power at 0.25 gas ratio. It is remarkable that
the intensity of peak at 610 cm−1 representing absorption of a Si
phonon increases with applied power. Additionally, the single peak
at 512 cm−1 for Hf O and the peak at 1108 cm−1 corresponding to
Si O vibration were observed for all samples. As a result, it can be
inferred that different applied power has a noticeable effect on Si
phonon vibration.

3.3. Spectroscopic ellipsometer (SE)

Complex refractive index, N = n + ik, and dielectric constant,
ε = ε1 + iε2, describe the optical properties of any medium. The real
and imaginary components of complex refractive index, respec-
tively, n and k are called the refractive index and extinction
coefficient. Relations between real and imaginary parts of complex
refractive index and dielectric constant are given by:

ε1 = n2 − k2 and ε2 = 2nk (1)

k = �

4�
 ̨ (2)

I(x) = I0e
−ax (3)

where  ̨ is absorption coefficient and I is intensity of light in the
dielectric material from which light is passing through. The five
parameters, n, k, ε1, ε2 and  ̨ define the optical characteristics and
they are, in the mean time, related to the electronic properties of
the medium.

Measurement technique of an ellipsometer is based on the
changes in polarization state during reflection off of a light from
a film surface at an oblique incidence angle, � [37]. Complex reflec-
tion ratio, �, is obtained as an outcome of matching the electric and
magnetic fields at the interface between different materials;

� = rp
rs

=
∣∣rp∣∣
|rs| e

i(ıp−ıs) = tan 	ei
 (4)

where  , 
 and � are the parameters of an ellipsometer measure-
ment. The relation between optical and electrical parameters of
bulk materials is found as:

ε = ε1 + iε2 = sin2 �

[
1 + tan2 �

(
1 − �

1 + �

)2
]

(5)

Dielectric constant of any material is given by Eq. (5). Real part,
ε1, and imaginary part, ε2, of dielectric constant define, respec-
tively, the transparency and absorbance of the interested material.
Since HfO2 is transparent to the used wavelength range of SE mea-
surements, imaginary part, ε2 vanishes.

SE measurements of HfO2 thin film grown on p-type (1 0 0) Si
were realized with respect to wavelength over the spectral range
of 300–850 nm at 70◦ fixed incidence angle of light [22]. Ellipso-
metrically measured parameters, i.e.,   and 
,  are fitted to the
calculated ones using a suitable modeling in order to determine
the film thickness and optical constants of the layer.

Since the sputtered grown HfO2 thin film and SiO2 interfacial
layer are optically transparent to the light used in the spectral
range of interest, i.e. � > 350 nm,  Cauchy dispersion relation was
used for the modeling step. It is well known that the Cauchy dis-
persive model is usually being used to fit ellipsometric data for
dielectrics and semiconductors in spectral regions where they are
transparent (i.e. where the extinction coefficient is zero) [36,38].
This model allows determination of optical coefficients (i.e. refrac-
tive index, dielectric constant) and thickness of analyzed layers of
parameters, namely, thickness and refractive index of HfO2 thin
high-� layer as well as thickness of SiO2 interfacial layer were left as
fitting variables. Measurements were taken from 300 nm to 850 nm
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n=3.65  p–Si (100) substrate 
                                   k=0.0028 

70o

Cauchy –HfO2         n≤2.1 

Cauchy – SiO2 n=1.452 

n=1 Air 

Fig. 5. Modeling used for SE of the grown film layers on p-Si (1 0 0) substrate.

Table 1
MSE  values for thickness of HfO2 film grown at 30 W.

O2/Ar Mean squared error for thickness of HfO2

0.1 0.64
0.2  0.50
0.3  0.49
0.4 0.38
0.5  0.47

Table 2
MSE  values for thickness of HfO2 film grown at 0.25 O2/Ar gas ratio.

Power Mean squared error for thickness of HfO2

30 1.08
40 1.05

w
6
t
M
o

T
i
t
s
r
m

F
s

50 0.88
60 1.75

avelength range, but fitting was performed at the wavelength of
32 nm.  Table 1 shows the mean-squared error (MSE) error for HfO2
hickness with respect to variable gas ratios while Table 2 shows

SE  errors with respect to sputter power values for the thickness
f HfO2 films.

We begin with the optimization of sputtering power for HfO2.
he effect of applied sputter power increments on the refractive
ndex of HfO2 layers is shown in Fig. 6 and on the crystalline struc-
ure is given in Fig. 3(b). It is seen from Fig. 6 that when the rf

puttering power is increased gradually from 30 W to 60 W,  the
efractive index of grown Hf-oxide layer decreases. This result
ay  probably be explained in a few possible ways. Since the
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ig. 6. Dependence of refractive index, n, at the wavelength of 632 nm on applied
puttering power. Gas ratio of 0.25 was used for all cases of this plot.
Fig. 7. Change in film thickness with respect to O2/Ar gas ratio increment at P = 30 W
for (a) HfO2, (b)SiO2.

sputtered Hf atoms with the effect of gradually increased sputter-
ing powers gain more energy, they probably hit to the substrate
with higher velocities resulting in some defect in the film already
grown on the substrate. Second possible reason is that Ar ions
with elevated energies can remove bigger sized particles from
Hf target, therefore, resulting in a porous film formation on the
substrate. The observed reduction in refractive index of grown
Hf-oxide film as a result of increased sputtering power has also
been reported by some other groups [39]. Therefore, the sputter-
ing power should be suitably arranged in order not to give any
detectable damage to the surface of already grown film, as well
as to be able to realize the growth of dense enough high-� thin
film. Dependence of refractive index on applied sputter power
is described with an exponentially decaying function having a
fit relation of n = 1.445 + 0.453e−(Sputter power)/28.101. Since the bulk
refractive index value of 2.1 for HfO2 is obtained at the sputter
power of ∼26.8 W as a result of the best fit equation, our exper-
imentally predicted value of 30 W for the best sputtering power
choice is, accordingly, in a very well estimation range.

Fig. 7(a) shows the thickness of grown HfO2 layer with respect
to O2/Ar gas ratio ranging from 0.025 to 0.5. It is apparent that the
thickness of grown film is found to be first increasing till O2 to
Ar gas ratio reaches to ∼0.1 and, after then, it decreases again as
a result of an increment of the oxygen quantity in the O2/Ar gas
ratio. Specifically, the thickness of grown film is decreased in an
exponential manner when O2/Ar gas ratio is getting increased from
0.1 to ∼0.2. Therefore, HfO2 thickness reaches a maximum value at
∼0.1 gas ratio. Fig. 7(b) shows the thickness of unintentional grown
SiO interfacial layer with respect to O /Ar gas ratio. Since HfO has
2 2 2
the poor barrier property to oxygen diffusion [40], it is clear that
while the thickness of HfO2 layer get shrinks for increasing amount
of oxygen gas, the thickness of SiO2 starts to be significant when
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ig. 8. Change in refractive index of grown hafnium-oxide film as a function of O2/Ar
as ratio for P = 30 W at the wavelength of 632 nm.

2/Ar gas ratio exceeds 0.2. Moreover, there is a linear increase in
he SiO2 thickness when the gas ratio is higher than 0.2 which is
upported by FTIR analysis. As a result, O2/Ar gas ratio needs to be
maller than 0.2 in order to be able to grow only HfO2 but not SiO2.

Fig. 8 shows the refractive index of grown HfO2 layers with
espect to O2 to Ar gas ratio. It is apparent from Fig. 3(a) that the gas
atio affects the state of crystalline structure of grown HfO2 films,
.e., ranging from amorphous for the lowest to polycrystalline to the
ighest oxygen contents. We  observed that optical refractive index
ecreases while the oxygen gas content. This indicates that the films
ith low oxygen content gas ratio have amorphous structure as also

onfirmed by GIXRD measurements. It is well known from the lit-
rature that an increase in the level of disorderness has a positive
ffect on the refractive index of thin films [41]. Therefore, the amor-
hous structured films obtained with the lower oxygen contents
ad higher refractive index. It is apparent that the refractive index
alue being 2.13 for the O2/Ar gas ratio of 0.05 is extremely close
o that of HfO2’s bulk value (n = 2.1).

Fig. 9 gives the dielectric constant’s real part for HfO2 layers
ith respect to O2/Ar gas ratio. Real part of the dielectric constant

f hafnium-oxide film depend the amount of the gas ratio on an
xponentially decaying function satisfying a best fit equation of
1 = 2.1577e(−(O2/Ar)/0.2039) + 3.1847. The highest dielectric constant
as obtained for the lowest O2/Ar gas ratio value of ∼0.1. The film is

ransparent in the wavelength range of 300–850 nm,  therefore, the

maginary part of dielectric constant (ε2) goes to zero (no extinction
oefficient), i.e., ε1 varies with square of refractive index.
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ig. 9. Real part of dielectric constant of grown hafnium-oxide layer as a function
f O2/Ar gas ratio at the wavelength of 632 nm.
cience 318 (2014) 199–205

Results of increasing oxygen amount in O2/Ar gas ratio can be
summarized as follows: (i) increased amount of oxygen gas in the
vacuum chamber is possibly resulting in an increment of the scat-
tering centers for the sputtered Hf atoms and, therefore, preventing
these sputtered Hf atoms from reaching to the substrate, (ii) oxy-
gen diffusion into the interfacial region may  lead to the formation
of undesired interfacial layer between high-� thin film and Si sub-
strate. Therefore, increased amount of oxygen leads to not only the
variations in the hafnium-oxide film thickness but also formation
of a porous film structure as well as an uncontrollable interfacial
layer. As a result, the oxidation process is found to be more effective
at lower oxygen contents of O2/Ar ratio between 0.05 and 0.1.

4. Conclusion

We  have studied the optical and structural properties of HfO2
high-� thin films produced by magnetron sputtering and discussed
how these properties are affected by the O2/Ar gas ratio as well as
applied sputtering power during deposition. FTIR and SE analysis
of the as-deposited samples are used in our work to monitor the
interfacial layer formation, while GIXRD measurements are used
to determine the crystalline structure of films. Since it is desirable
that the high-� dielectric films have amorphous structure without
any suboxide film at the interface and that they have the refrac-
tive index close to bulk value that of HfO2 (n = 2.1 at 632 nm), we
have drawn the conclusion that the film deposited 30 W applied
power combined with 0.05–0.1 gas ratio satisfied the expected film
quality.

It is concluded that the crystalline structure, thickness and the
optical properties of the grown films depend strongly on the depo-
sition parameters. The best rf sputtering oxidation conditions at
room temperature in terms of structural and optical parameters of
grown HfO2 films is found as 30 W of sputtering power combined
with oxygen to argon gas ratio (O2/Ar) between 0.05 and 0.1.
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