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a b s t r a c t

Dielectric ceramic thin film was fabricated on SiO2 (1 1 0) substrates by radio frequency (RF) magnetron
sputtering method using a Zn-enriched (Ba0.3Sr0.7)(Zn1/3Nb2/3)O3 target. The microstructure, compo-
nents, and morphological properties of the thin films were characterized thoroughly. The results reveal
that the main phases of the thin films are BaxSr1−xNb2O6, which are of different compositions from that of
the ceramic target due to Zn loss. The thin films are polycrystalline and of dense structure with uniform
grain sizes and well-defined grain boundaries.
eywords:
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puttering deposition

. Introduction

Recently, dielectric ceramic thin films have been intensively
tudied for the potential applications in microelectronic and
icrowave integration circuits [1,2]. The researches of these

eramic thin films, such as Ba(Zr0.3Ti0.7)O3 [3], BaTi4O9 [4], and
a(Zn1/3Ta2/3)O3 [2] have been reported by different methods
uch as Sol–Gel [5], PLD [2], and so on. In the past years, our
roup has studied ceramic thin films fabricated by radio fre-
uency (RF) magnetron sputtering method using stoichiometric
Ba0.3Sr0.7)(Zn1/3Nb2/3)O3 ceramic as target [6,7]. However, there
xist many problems for these thin films, such as the composition
iscrepancy between the target and the thin films (i.e., serious Zn-

oss) and oxygen-vacancies not only in PLD method [2] but also
n magnetron sputtering deposition [3,4,6,7]. Taking into account
hat a major barrier in the widespread use of these films in a num-
er of high-frequency applications is their high leakage currents
etermined by structural defects as grain boundaries and oxygen

acancies [8], it is significant for the research on the microstruc-
ure and the composition of the thin films. To obtain a dense thin
lm with fewer oxygen vacancies and less Zn loss, in this article, we
djusted the target component to fabricate ceramic thin films using
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magnetron sputtering deposition, which differs from those targets
reported previously [6,7], i.e., 1 mol excess ZnO was incorporate in
this stoichiometric (Ba0.3Sr0.7)(Zn1/3Nb2/3)O3 target so as to com-
pensate the ZnO volatilization during the sputtering and annealing
process.

2. Experimental procedure

Ceramic thin films were deposited on SiO2 (1 1 0) substrates by RF magnetron
sputtering, using a Zn-enriched target comprised of a homogeneous mixture of 1 mol
(Ba0.3Sr0.7)(Zn1/3Nb2/3)O3 and 1 mol ZnO, which were synthesized by a conventional
solid-state sintering technique. The monocrystal SiO2 (1 1 0) substrates were placed
on the substrate holder, which can rotate around a central axis to improve the homo-
geneity of the thin films. The thin films were deposited using an Ar–O2 gas mixture
in a JGP450 RF magnetron sputtering system with the process parameters: 200 W of
sputtering power, 0.25 Pa of sputtering pressure, and 610 ◦C of the substrate temper-
ature. The Ar gas flow rate was fixed at 16 ml/min and the oxygen flow rate was fixed
at 3.2 ml/min, i.e., the O2/Ar flow ratio of 0.2:1 was used as working atmosphere.
The distance between the substrates and the targets was 11 cm, the sputtering time
was 180 min, and the base pressure of the chamber was 1.0 × 10−3 Pa. As-deposited
films were annealed in flowing oxygen (99.999%) at 1150 ◦C for 30 min in a tube
furnace.

A Rigaku D/max-rB X-ray diffraction (XRD) meter with Cu K�-line, X-ray pho-
toelectron spectroscope (XPS, ESCALAB 250) with Al and Mg K�-lines, a Hitachi

S-450 scanning electron microscope (SEM), a Park Autoprobe CP atomic force
microscope (AFM) and a Hitachi H-8010 transmission electron microscope (TEM)
were the equipments employed to characterize the microstructure, components,
crystallinity, and surface morphological properties of the ceramic thin films. The
cross-sectional morphologies of the thin films were examined by SEM (S-4800) to
evaluate the thickness of the thin film.

dx.doi.org/10.1016/j.jallcom.2010.11.171
http://www.sciencedirect.com/science/journal/09258388
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dense structure and homogeneous grains and well-defined grain
boundaries, which are consistent with the results shown in Fig. 3.

Fig. 5 shows the AFM images of the sample, with a scan area
of 10 �m × 10 �m. As seen in Fig. 5(a), the sample is regular in
Fig. 1. XRD spectrum of the thin film.

. Results and discussion

Fig. 1 is the X-ray diffraction patterns of the thin films, exhibit-
ng the presence of the well-crystallized thin films. No preferential
rientation for the thin film is observed. The thin films con-
ain a mixture of Ba0.5Sr0.5Nb2O6 (as compared with the JCPDS
ard of No. 39-0265, International Center for Diffraction Data,
002), Ba0.67Sr0.33Nb2O6 (No. 73-0126), Sr0.744Ba0.247Nb2O6 (No.
0-3747), and SrNb2O6 (No. 72-2088), which can be written as
axSr1−xNb2O6. And ZnO is also observed, as compared with the
haracteristic peak of ZnO [9]. As we all know, the various sputter-
ng yields of Ba, Sr, Nb, Zn, and O elements are a knotty problem
n the deposition of (Ba0.3Sr0.7)(Zn1/3Nb2/3)O3-based thin films. The
iscrepancy between thin film and target probably results from the
olatilization of ZnO during the process of sputtering and annealing,
ecause Zn has a significant larger vapor pressure than the other
etal elements (Ba, Sr, Nb) [2]. Therefore, ZnO may either not stick

o or be re-evaporated from the growing surface [2], worsening the
omposition deviation with the target.

According to the Scherrer’s formula [10], the grain size in the
0 1 3) plane can be estimated by the following expression:

(0 1 3) = ��

ˇ0 cos �

here � is a constant with a value of about 0.89 for the Cu tar-
et, � is the X-ray wavelength with a value of about 1.54718 Å,
0 is the FWHM of the (0 1 3) peak, and � is the diffraction angle.

n the Scherrer’s formula, ˇ0 = 0.003 rad and � = 29.065◦; therefore,
he grain size in the (0 1 3) plane of the thin film is about 52.76 nm.

Fig. 2 shows the XPS spectrum of the thin film in the binding
nergy range from 0 eV to 1200 eV, and the binding energies at var-
ous peaks were calibrated using the C1s (284.6 eV) as a standard
ample. The inset images in Fig. 2 show the XPS spectrum of O1s
eak. All the XPS spectra of Ba3d, Nb3d, Sr3d, Sr3p, and Zn2p of
he thin films consist of two peaks corresponding to their angular

omentum of electron. Only one spin–orbit doublet is observed
or the individual element, i.e., Ba3d5/2 and Ba3d3/2 peaks at 780.67
nd 795.95 eV, Nb3d5/2 and Nb3d3/2 peaks at 206.57 and 209.47 eV,
r3d5/2 and Sr3d3/2 peaks at 133.07 and 135.02 eV, Sr3p3/2 and
r3p1/2 peaks at 267.84 and 278.37 eV, Zn2p3/2 and Zn2p1/2 peaks

t 1023.27 and 1046.51 eV, indicating that only one chemical state
xists in the thin films for each element of Ba, Nb, Sr, Zn, i.e., chemi-
al state of Ba2+, Sr2+, Nb5+, and Zn2+. A doublet structure is observed
n the XPS spectrum of O1s peak. Its component peak in the spec-
rum is fitted to a Gaussian-type distribution with the lower binding
Binding Energy/Ev

Fig. 2. XPS spectrum of the thin film.

energy of 530.45 eV and the higher binding energy of 532.65 eV,
as shown in the inset spectrum, corresponding to the lattice oxy-
gen and the adsorbed oxygen [10], respectively. In general, the
peak of adsorptional oxygen is much weaker than that of lattice
oxygen, which would be favorable for the dielectric property of
the thin films, because the oxygen vacancies result in the dielec-
tric loss [11]. The quantitative analysis using Ba3d, Sr3d, Zn2p,
Nb3d, and O1s peaks reveals that the Ba:Sr:Zn:Nb:O atomic ratio is
3.01:5.33:0.96:27.90:62.80, respectively.

Fig. 3 shows the SEM image of the thin film, which shows that
fine spherical particles are distributed on the sample’s surface. The
surface morphology of the thin film is of dense structure with less
small holes. It is evident that the grains are of uniform grain size,
and are distributed homogenously on the surface of the thin film.

Fig. 4 shows the thickness of the thin film is about 1.38 �m with
Fig. 3. SEM image of the thin film.
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Fig. 4. Cross-sectional SEM images of the thin film.

urface with fine and uniform grains, and a few spherical parti-
les are observed growing along the c axis. The root-mean-square
urface roughness (RMS, calculated from the AFM data using the
SI ProScan Image Processing software package version 1.0, Park
cientific Instruments, Sunnyvale, CA) of the thin films is about
7.4 nm. Fig. 5(b) shows the formation of the ceramic thin film with
igh-quality crystalline.
The TEM image and the selected area electron diffraction (SAED)
pectrum are shown in Fig. 6. The spherical particles with the well-
efined boundaries are observed in Fig. 6(a). The spherical shape
f the grains is consistent with the results acquired by the SEM

ig. 5. AFM images of the thin film. (a) Longitudinal cross-section and (b) horizontal
ross-section.
Fig. 6. TEM image and the SAED spectrum of the thin film. (a) TEM and (b) SAED.

and AFM. The SAED spectrum indicates that the thin films are
polycrystalline, as shown in Fig. 6(b). About the (0 1 3) grain size,
there is considerable discrepancy between the measured grain size
(approximate 1600 nm by TEM) and calculation size (53 nm obtains
from the Scherrer’s formula), which may be because the grain size
obtained through the Scherrer’s formula is the average size of the
orderly arrangement grains, however, the grain size measured by
the TEM is the size of the clusters consisting of many small grains,
which have not spacial periodicity [12].

4. Conclusion

The main phase of the ceramic thin film is BaxSr1−xNb2O6. The
thin film presents a high crystalline quality, with few adsorbed
oxygen. The surface morphology indicates that the thin film
is of dense structure. The grains are polycrystalline and uni-
form in size with the spherical shape and well-defined grain
boundaries.
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